2011/113005 A2 I 00 O O 01 A0 A O

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /’@T‘?’i‘\
International Bureau v{ ’0
&)
(43) International Publication Date N\

15 September 2011 (15.09.2011)

(10) International Publication Number

WO 2011/113005 A2

(51) International Patent Classification:
A61K 31/13 (2006.01) A61K 38/08 (2006.01)
A61K 31/136 (2006.01) AG61P 35/00 (2006.01)
A61K 31/34 (2006.01)

(21) International Application Number:
PCT/US2011/028206
(22) International Filing Date:
11 March 2011 (11.03.2011)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
61/313,313 12 March 2010 (12.03.2010) US
(71) Applicants (for all designated States except US): THE
JOHNS HOPKINS UNIVERSITY [US/US]; 3400 N.
Charles Street, Baltimore, MD 21218 (US). PROGEN
PHARMACEUTICALS [US/US]; 2479 East Bayshore
Road, Suite 709, Palo Alto, CA 94303 (US).
(72) Inventors; and

(75) Inventors/Applicants (for US only): CASERQ, Robert,
A. [US/US]; 4937 Long Green Road, Glen Arm, MD
(US). MARTON, Laurence, J. [US/US]; 581 Military

Wayipa, Palo Alto, CA 94306 (US).

(74) Agent: HAILE, Lisa, A.; DLA Piper LLP (US), 4365
Executive Drive, Suite 1100, San Diego, CA 92121-2133
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

62y

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

[Continued on next page]

(54) Title: COMPOSITIONS AND METHODS FOR COMBINATIONS OF OLIGOAMINES WITH 2-DIFLUOROMETHY -

LORNITHINE (DFMO)

PG-11144

PE-11180

PE-INIST

P&-11168

B

S A

P G41169 ,{3

""“‘-\.;s“"'“"m.«“"\\.?ig"““‘\w*’“k@“ M N

Fig. 1A

(57) Abstract: The present invention is based on the seminal discovery of a synergistic eftect for combinations of oligoamines
with 2-ditluorornethylornithine (DFMO) for treatment of cancer. The invention provides combinations of at least one inhibitor of
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COMPOSITIONS AND METHODS FOR COMBINATIONS OF
OGLIGOAMINES WITH Z-DIFLUOROMETHYLORNITHINE (DFMO)

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
10661}  Thewnvention relates generally to combivation therapy for treatment of cancer, and
more specifically to compositions and methods of use a combination of oligoamines with 2-

diftuorornethylornithine (DFMO).

BACKGROUND INFORMATION
{08021  Epigenetic gene silencing is an important mechanism for the loss of gene expression
in cancer. Abnormal DNA CpG island hypermethylation and altered patterns of histone
modifications are involved in aberrant silencing of tumor suppressor gene. The flavin-
dependent lysine-specific demethylase 1 (LSD1) 1s the first enzyme wdentified to specifically
demethylate Lyvsine 4 of histone H3. Methylation of H3K4 is an important mark associated
with active chromatin transcription. The FAD-binding amine oxidase domain of LSD1 has
considerable sequence homology to two polyamine oxidases SMO (spermine oxidase) and

APAQ (acetylpolyamine oxidase).

10603]  Epigenetic changes in chromatin including methylation of gene promoter region
CpG islands collaborate with histone moditications, including histone methylation,
acetylation, and phosphorylation to regulate gene expression, Aberrant epigenetic silencing of
gene cxpression plays a key role in the gencesis and progression of cancer. Specific polyamine
analogues have been demonstrated to inhibit the chromatin-remodeling and transcriptional
epressive enzyme, lysine specific demethylase 1 (LSD1}). In specific instances, inhibition of
LSD1 by polyarmine analogues results in the re-expression of genes that are aberrantly silenced
in cancer. These results have been confirmed both in virro and in vive. In vivo treatment of
established hurnan tumors 1o nude mice dewounstrated that long chain polyamine analogues
{oligoamines} effectively inhibited L.SD1 in situ and resulted in a dramatic decrease in tumor
size. fn vitro results with the oligoamines demonstrated that treatment of various different
cancer cell types including colon, breast, and leukemias resulted in increased methylated

tysine 4 of histone 3, the target of LSD1 and increased expression of various previcusly
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stlenced genes. Each of these results is consistent with the hypothesis that mhibition of L8D1

by the oligoamines is responsible for the re~-expression of the silenced genes.

SUMMARY OF THE INVENTION
10064}  The present invention 1s based on the seminal discovery of a synergistic offect for a
combination of oligoamines with 2-diflucromethylornithine (BFMO) for the treatment of
cancer. In onc aspect, the invention provides combinations of at least one inhibitor of a
histone demethylase enzyme and at feast one inhibitor of ormithine decarboxylase (ODC). The
invention also provides methods for treatment of cancer using such combinations and methods
for altering wethylation i a cell using such combinations. The invention provides that certan

stlenced genes can be re-expressed using combinations disclosed herein.

[0605] I one embodiment, the present invention provides a composition including (a} a
therapeutically effective amount of at least one inhibitor of a histone demethylase enzyme; and
{b} a therapeutically effective amount of at least one inhibitor of ornithine decarboxylase

(ODC),

[0006]  In one aspect, the histone demethylase enzyme includes lysine-specific demethylase
T{LSD ). In another aspect, the wnhibitor of LSD1 includes a polyarsine. In another aspect,
the composition is with the proviso that the inhibitor of a histone demethylase enzyme does

not include a natural polyamine.

[9067]  In one aspect, the histone derncthylase enzyme includes Jumonju domain-
containing (JmjC) histone demethylase. In an additional aspect, the JmjC histone demethylase
is PHFS or KIAAI718. In another aspect, the inhibitor of ODC inecludes 2-
diftuoromethylornithine (DFMO or alpha-ditfluoromethylormithine). In an additional aspect,

the inhibitor of ODC includes enriched D-cnantiomer of DFMO.

[0008]  In one aspect, the polyamine of the disclosed composition includes a compound of

formula (B
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or a pharmaceutically acceptable salt thereof, wherein:
1 s an integer from 1 to 125
m and p are cach independently an integer from [ o §;
qis@orl;
cach R, 1s independently sclected from the group consisting off
Ci-Cy substituted or unsebstituted alkyl, Cs-Cis substituted or unsubstituted cycloalkyl,
(3-Cys substituted or unsubstituted branched alkyl, Co-Cy substituted or unsubstituted
aryl, Ce-Ung substituted or unsubstituted heteroaryl, C7-Coq substituted or unsubstituted
aralkyl, and C;-Coy substituted or unsubstituted heteroaratkyl and;
cach Ry 18 independently sclected from hydrogen or a C-Cg substituted or

unsubstituted alkyl.

108091  In another aspect, the polyamine of the disclosed composition includes an

oligoamine of formula ()

IT Ryg Ry Rao Ry Ry

Rag [ M

Rog Ry Ry Ry ()
or a pharmaceutically acceptable salt thereof, wherein:
n and m are each independently an integer from 1 to 12
each Ros, Roy, Rog, Ros, Rao, and Ra: 13 independently selected from hydrogen, a Ci-Cy
substituted or unsubstituted alkyl, a Cy-Cyy substituted or unsubstituted aryl, and an

amine; and is a single bond or double bond,
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combination thereof,

10011}  In various aspects, the dosage tor DFMO usced 1s less than about 100 mg/kg. In
various aspects, the dosage for DFMO used is less than about 10 mg/kg. In various aspects,
the dosage for DFMO used 1s less than about | mg/kg. In various aspects, the dosage for
DFMO used s less than about 0.1 mg/kg. In various aspects, the dosage for DFMO used is
between about 8.1-10 mg/kg. In various aspects, the dosage for the polyamine of the
invention is less than about 100 pg/kg. In various aspects, the dosage for the polyamine of the
invention is less than about 10 pg/kg. In various aspects, the dosage for the polyamine of the
wvention is less than about 1 pg/kg. In various aspects, the dosage for the polyamine of the
invention is less than about 0.1 pg/kg. In various aspects, the dosage for the polyvamine of the

invention 1s between about 0.1-10 pg/kg.

10012}  In another embodiment, the present tnvention provides a method for treatment of

cancer in a subject. The method includes administering to the subject a therapeutically
effective amount of at least one inhibitor of a histone demethylase cnzyme in combination

with a therapeutically effective amount of at least one inhibitor of ornithine decarboxylase

(ODC).
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108131 Inone aspect, the mhibitor of ODC 1nclades 2-difluoromethylornithine (DFMO or
alpha-difluoromethylornithine} and the inhibitor of a histone demethylase enzyme inclhudes a
polyamine, In another aspect, the method s with the proviso that the inhibitor of a histone

demethylase enzyme does not include a natural polyamine.

10614]  In various aspects, the polyamine of the method disclosed tneludes a compound of

formula (I} or formula (X):
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or a pharmaceutically acceptable salt thereof, wherein:
18 an integer from | to 125
m and p are each ndependently an integer from 1 to §;
qis@orl;
cach R, 1s independently sclected from the group consisting off
1-Cy substituted or unsubstituted alkyl, Cs-Cis substituted or unsubstituted cycloalkyl,
(3-Cy5 substituted or unsubstituted branched alkyl, Cs-Cyp substituted or unsubstituted
aryl, Ce-Ung substituted or unsubstituted heteroaryl, C7-Coq substituted or unsubstituted
aralkyl, and Cy-Cha substituted or unsubstituted heteroaratkyl and;
each Rz is independently selected from hydrogen or a C~Cg substituted or

unsubstituted alkyl; or

Ryy Rayg Rsg }T“”
Rag N Foye
N
i Rz Rag Ry ?ng ? (X}

or a pharmacecutically acceptable salt thereof, wherein:
n and m are cach independently an integer from 1 to 12
cach Rys, Ray, Rog, Rog, Rae, and Ry 1s independently selected from hydrogen, a Ci-Cy
substituted or unsubstituted alkyl, a Cy-Cyg substituted or unsubstituted arvl, and an

amine; and is a single bond or double bond.
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[0815]  In vanous aspects, the corpound of the method disclosed s selected fror
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combination thereot, In various aspects, the subject 18 a human patient.

10016]  In another embodiment, the present wvention provides a method of altering DNA
methylation in a cell. The method includes admunistering the cell with at least one inhibitor of
a histone demethylase enzyme in combination with at least onc inhibitor of ornithine

decarboxylase (ODC).

108171 Inone aspect, the mhibitor of ODC 1nclades 2-difluoromethylornithine (DFMO or
alpha-difluoromethylornithine ) and the inhibitor of a histone demethylase enzyme includes a
polyamine, In another aspect, the method s with the proviso that the inhibitor of a histone
demethylase enzyme does not include a natural polyamine. In another aspect, the polyamine
of the methoed disclosed includes a compound of formula (1) or formula (X} as described
above. In another aspect, the compound of the method disclosed is selected from specific

compounds described above.

10818]  In various aspects, the cancer is selected from the group consisting of bladder, brain,
breast, colon, esophagus, kidney, liver, lung, mouth, ovary, pancreas, prostate, skin, stomach,
hematopoictic system and uterus. In various aspects, the hematopoictic cancers include at

fcast one of acute myeloid leukemia, mesothelioma, cutancous T-cell lymphoma (CTCL),
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multiple myeloma and myelodysplastic syndrome (refractory anerma, refractory anemia with
ringed sideroblasts, refractory anemia with excess blasts, refractory anemia with excess blasts
in transformation, refractory cytopenia with nultilincage dysplasia, myclodysplastic syndrome
associated with an isolated del{5q) chromosome abnormality, or unclassifiable

myclodysplastic syndrome} or combinations thercof.

[0819]  In another embodiment, the present invention provides a method for enhancing
inhibition of a histone demethylase enzyroe in a cell. The rocthod includes (a) admimistering
the cell with at least one inhibitor of orntthine decarboxylase (ODC); and (b} administering the

cell with at least one mhibitor of a histone derethylase enzyme.

10028]  In one aspect, the mhibttor of ODC includes 2-difluoromethylornithine (BFMO or
alpha-diftuoromethylornithine} and the inhibitor of a histone demethylase enzyme includes a
polyamine. In another aspect, the method is with the proviso that the inhubitor of a histone
demethylase enzyme does not include a natural polyamine. In another aspect, the step (a)
includes a pretreatment period from about 2 hours to about 48 hours. In another aspect, the
step (&) includes a pretreatment period from about one day to about one week, In another
aspect, the step (a} inchudes a pretreatment period of at east 10 hours. In another aspect, the

step {a) includes a pretreatment period of at least 24 hours.

[0021]  In another aspect, the polyamine of the method disclosed mncludes a compound of
formuda (I) or formmula (X) as described above. In another aspect, the compound of the method
disclosed is selected trom specific compounds described above. In various aspects, the subject
is human. In various aspects, the cell includes a cancer cell. In various aspects, the cell
mchudes a colorectal cancer cell. In various aspects, the composiiions and/or mcthods
disclosed are useful for treatment of cancer, In various aspects, the cancer is colorectal cancer,
In other aspects the cancer is bladder, brain, breast, colon, esophagus, kidney, liver, lung,
mouth, ovary, pancreas, prostate, skin, stomach, heraatopoietic system or uterus. fo various
aspects, the cell to which the inhibitors of the invention are administered may be performed in
vivo (for cxample an individual cell or a cell that is part of a tissuc or an organ within a
subject), ex vive (for example in cell cultures), or a combination thereof. In various aspects,
the methods disclosed are usetul for diagnostic purpose, treatment of diseases, or a

combination thereof,
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100221 Inapother erabodinent, the present invention provides the use of at least one
inhibitor of a histone demethylase enzyme in combination with at least one inhibitor of
ornithine decarbosylase (ODC) in the manufacture of a medicament for treating cancer in a
subject. In another embodiment, the present invention provides a combination of at least one
mhibitor of a histone demethylase enzyme and at least one nhibitor of ornithine decarbosylase

(ODC) for use in a method of treating cancer i a subject.

108231 Inone aspect, the mhibitor of ODC 1nclades 2-difluoromethylornithine (DFMO or
alpha-difluoromethylornithine ) and the inhibitor of a histone demethylase enzyme includes a
polvamine. In another aspect, the use or corabination provided is with the proviso that the

inhibitor of a histone demethylase enzyme does not include a natural polyamine.

10624]  In various aspects, the polyamine of the use or combination provided includes a

compound of formula (1) or formula (X

M
or a pharmaceutically acceptable salt thereof, wherein:
18 an integer from | to 125
m and p are each ndependently an integer from 1 to §;
qisOorl;
each R;is independently selected from the group consisting off
1-Cy substituted or unsubstituted alkyl, Cs-Cis substituted or unsubstituted cycloalkyl,
(3-Cys substituted or unsubstituted branched alkyl, Cg-Cyp substituted or unsubstituted
aryl, Ce-Cog substituted or unsubstituted heteroaryl, C-Cy4 substituted or unsubstituted
aralkyl, and C;-Coy substituted or unsubstituted heteroaralioyl and;
each Rz is independently selected from hydrogen or a C~Cg substituted or

unsubstituted alkyl; or
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or a pharmaccutically acceptable salt therecof, wherein:
n and m are cach independently an integer from 1 to 12
each Rog, Ra7, Rus, Roo, Rae, and Ry 1s independently selected from hydrogen, a Ci-Cy
substituted or unsubstituted alkyl, a Cg-Chg substituted or unsubstituted aryl, and an

aming; and —===== is a single bond or double bond.

109251 In various aspects, the compound of the use or combination provided is selecle
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combination thereof. In various aspects, the subject is a human patient.



WO 2011/113005 PCT/US2011/028206

10

BRIEF DESCRIPTION OF THE DRAWINGS
[0826]  Figure | shows that combination of DFMO with oligoamines produces a synergistic
increases global H3K4me2. Figure 1A shows exemplary chenmical structures of the
oligoamines disclosed herein. Figures 1B, 1C, and 11 show that HCT116 cells are first
treated for 24 hours with 5 M DFMO followed by another 24 hour treatment of replenished
5 mM DFMO and oligoamunes (PG-11144, PG-11150 and PG-11157 for panel B, PG11158
and PG-11159 for panel C} alone or simultanecusly. Nuclear fractions are prepared using NE-
PER Nuclear and Cytoplasmic Exiraction reagents. 30 pg of nuclear protein/lane are analyzed
by Western blotting analysis for expression of H3K4meZ, PCNA is shown as a loading
control. Shown are representative Western blotting tmages of triplicate treatments. Relative
protein expression levels were determined by quantitative Western analysis using the Odyssey
infrared detection system shown as bar graphs. The results represent the mean of three
treatments + standard deviation (8D or 8§.13.). The protein expression level for control samples

ts setto avalue of 1,

[0027]  Figure 2 shows synergy of oligoamines and DFMQ in the re-expression of
aberrantly silenced SFRP2. HOT116 cells are first treated for 24 hour with 5 aM DFMO
followed by another 24 hour treatment of replenished 5 mM DFMO and oligoamines {(PG-
11144 and PG-11150 for panel A, PG-11157, PG11158 and PG-11159 for pancl B) alone or
stimultancously. RNA is extracted using TRIzol reagents and first-strand cDNA 1s synthesized
using M-MLV reverse transcriptase with an oligo{dT) primer (Invitrogen), gPCR for SFRP2 is
performed in a Myi{} single color real-time PCR machine with GAPDH as an internal control.
The SFRPZ primers used for gPCR are: sense, 5’AAG CCT GCA AAA ATA AAA ATG
ATG(SEQ ID NG: 1); antisense, S"TGT AAA TGG TCT TGC TCT TGG TOT (SEQ 1D NOG:
2} (annealing at 53 °C). The quantificd results are the mean of triplicate treatments. The

transcript fevel for control samples was set to a value of 1. 8.5, is indicated by the ervor bars.

[0028]  Figure 3 shows dose response of PG-11144 with co-treatmaent of BDFMO in the
synergistic re-expression of SFRP2, HUT116 cells are first treated for 24 hours with 5 mM
DEFMO followed by another 24 hours treatment of replenished 5 mM DFMO and PG-11144 1n
the indicated doses alone or simultaneously. RNA isolation and gPCR are performed. The
quantified results are the means of triplicate treatments with 8.1, as indicated. The transcript

fevel for conirol saraples is set to a value of 1.
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108281  Figure 4 shows an exeraplary pathway to synthesize various polyamine analogs.

[0038]  Figure S shows that DFMO in combination of PG-11144 synergistically increases
activating H3K4meZ mark at the promoters of SFRP2Z. HCT116 cells are first treated for 24
hours with 5 mM DFMO followed by another 24 hours treatiment of replenished 5 mM DFMO
and 2.5 pM PG-11144 alone or simultanecusly. Chromatin immunoprecipitation (CHIP)
analysis is performed using EZ-chip kit (Millipore). In brief, cells are exposed to 1%
formaldehyde to cross-link proteins, and two million cells are used for each CHIP assay,
Antibodies against H3K4me?2, and for control, H3 are used as indicated for
imrumoprecipitation of protein-DNA complexes, Quantitative ChiP is performed using gPCR
ont the Myi(} single color real-time PCR machine. The PCR primer sets used for amplification
of precipitated SFRPZ promoter fragments are as follows: sense, S’CTC CCT CCC AGC
CTG CCC ATC TT (SEQ 1D NO: 3); antisense, S’ ACT GCC CAC CAT TTC CCC GTT TTG
(SEQ ID NO: 4) (annealing at 61 °C). The relative ennichment of H3K4me?2 for control

samples 1s set to a value of 1.

DETAILED DESCRIPTION OF THE INVENTION
[0031]  The present invention provides that certain long chain polyamine analogues, named
oligoanunes, act as jnhibitors of lysine-specific demethylase 1 (LSD1}. The present invention
provides unexpected synergistic effects of specific oligoamines in combination treatment with
2-diftuoromethylornithine (DFMO), especially in human colorectal cancer cells, DFMO 1s an
inhibitor of ornithine decarboxylase (ODC), which is a rate-limiting enzyme to generate
putrescine. Reducing the level of putrescine leads to accumulation of decarboxylated S-
adenosylmethionine {(dcSAM) and can subsequently result in alteration of DNA
methyltransferase activity and changes in DNA methylation. In addition, DFMO treatment is
known to increase uptake of circulating polyamines. Exposure of colorectal tumor cells to
oligoamines and DFMO results in a synergistically global increase of H3K4me? and induction

of re~expression of aberrantly silenced genes including the secreted fnzzled-related protein 2

(SERP2) gene, which encodes Wnt signaling pathway antagonist and plays an anti-

tumorigenesis role in colorectal cancer. Chromatin immumnoprecipitation analysis indicates
that the re~expression of SFRP2 1s associated with increased H3K4me? active marks at the
gene promoter. The combination of LSD1-inhibiting oligoamines and DFMO represents a

unigue, highly valuable, and novel approach to epigenetic therapy of cancer.
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108321 The natural polyamunes disclosed include polyamune cationic alkvlarmines that
positively charged at physiologic pH. They are closely associated with chromatin and are
thought to have a role in the regulation of multiple cellular functions, inchading gene
expression. An inhibitor of the first, rate-limiting step in polyamine biosynthesis, ornithine
decarboxylase, 2-diftuoromethylornithine (DFMQ) can be used to greatly reduce wntraccliular
polyamine concentrations, both in vitro and in vive. The present wnvention provides that the
reduction of the natural polyamines in cancer cells by pretreatment with DFMO can enhance
the epigenetic effects of oligoamine treatment through two mechanisms, 1) The reduction of
the natural polyamines would allow the analogues to have greater access to their targets and;
2} the reduction of natural polyamines is known to result in increased uptake of polyamine like
compounds, thus possibly increasing the effective intracellular concentrations of the
oligoarmnes, Therefore, the present invention provides effects of combination treatment of
human tumor cells with DFMO and the oligoamine analogues. As the requirement for, and the
metabolism of, polyamines are frequently dysregulated in cancer, this combination of agents
could also be expected to be relatively selective for tamor cells, thus potentially increasing the

therapeutic index of the combination.

10033]  The present invention provides that the combination of the polyamine depleting
treatment with DFMO can lead to increased expression of tumor suppressor genes in hurnan
colon cancer cells that exceeds that induced by L8P inhibition alone. The surprising results
disclosed here 1ndicate that not only does this combination increase the effectiveness it
actually produces synergistic effects both with regards to inhibition of LSD1 activity and

increased expression of aberrantly stlenced tumor suppressor genes.

10034] A “therapeutically effective amount” or “pharmacentically active amount” refers to
an amount at least partially effective, at dosages and {or periods of time vecessary, to achieve
the desired therapeutic result to thereby influence the therapeutic course of a particular disease
state. A therapeutically effective araount of an active agent may vary according to factors
such as the discase state, age, sex, and weight of the individunal, and the ability of the agent to
elicit a desired response in the individual, Dosage regimens may be adjusted to provide the
optimum therapeutic response. A therapeutically effective amount ts also one in which any
toxic or detrimental effocts of the agent arc outweighed by the therapeutically beneficial
ctfects. A “therapeutically effective araount” or “pharmaceutically active amouunt” is an

amount sufficient to at least partially atfect beneficial or desired results, including clinical
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results, An effeciive amount can be administered in one or more admindstration. The

g

administration can be sequential or simultaneous for example. When simultaneous, the
admunistration can be a co-administration in a single dosage format or separately administered.
For purposes of this invention, an effective amount of an adenoviral vector is an amount that 18
sufficient to at least partially palliate, amchiorate, stabilize, reverse, slow or delay the

progression of the disease state,

108351  In apother emabodiment, the active agent according to the methods of the wnvention
is formulated in the composition in a prophylactically effective amount. A “prophylactically
effective amount” refers to an amount effective, at dosages and for periods of tirae necessary,
to achieve the desired prophylactic result. Typically, since a prophylactic dose is used in
subjects prior to or at an carlier stage of discase, the prophylactically effective amount will be

fess than the therapeutically effective amount.

[0836]  As used berein, the phrase “polyamine” refers to generally a molecule having more
than one amine group. The phrase “oilogoamine” refers to a molecule having repeated units
{as monomers) and each unit has at least one amine groups. Thus, in some embodiments, an
oligoamine of the invention can be a polymer having monomer units of polyamines. In some
embodiments, an oligoamine 1s also a polyamine because the oligoamine has more than one
amine group. In some embodiments, the oligoamines or polyamines of the invention exclude
natural polyamines. Such natural polyamines include, tor example, putresine, spermidine, or

spermine.

10637]  Asused herein, “treatment” of a subject includes the application or administration
of a therapeutic agent to a subject, or application or administration of a therapeutic agent to a
cell or tissue from a subject, who has a diseases or disorder {e.g., cancer), has a symptom of a
disease or disorder, or is at risk of {or susceptible to) a disease or disorder, with the purpose of
curing, healing, alleviating, relieving, aliering, revoedying, ameliorating, improving, ot
affecting the discase or disorder, the symptom of the disease or disorder, or the risk of (or

susceptibility to) the disease or disorder.

[0038]  “Treating” or “to treat” a disease using the methods of the mvention s defined as
administering oue or more polyamines or polyamine analogs, with or without additional
therapeutic agents, m order to palhate, ameliorate, stabilize, reverse, slow, delay, prevent,

reduace, or elimivate either the disease or the symptoms of the disease, or to retard or stop the
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progression of the disease or of symptorus of the disease. “Therapeuntic 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 prevent) a disease, as defined above.

Prevention or suppression can be partial or total.

[0039]  As used herein, “suppressing tumor growth” refers to at least partially reducing the
rate of growth of a tumor, haliing tumor growth completely, causing a regression i the size of
an cxisting tumor, eradicating an existing tumor and/or preventing the occurrence of additional
tumors upon treatment with the compositions, kits or methods of the present invention.
ot e T L L ]
Suppressing” tumor growth indicates a growth state that is curtailed when compared to
growth by cells treated only with a DNA-damaging agent {e.g., radiation or chemotherapy},
without treatment with the siRNA of the invention. Tumor cell growth can be assessed by any
means known in the art, including, but not limited to, directly measuring turor size,
radiographic imaging, utilizing serurn biomarkers of disease burden (e.g., serurn PSA),
determining whether tumor cells are proliferating using a "H-thymidine mcorporation assay or

clonogenic assay, or counting tumor cells.

10848]  As used berein, “pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, antibacterial and antifimgal agents, isotonic and absorption
delaying agents, and the hike that are physiclogically compatible. The type of carrier can be
selected based upon the intended route of administration. In various embodiments, the carrier
1s suitable for intravenous, intraperitoncal, subcutaneous, intramuscular, topical, transdermal
or oral administration. Pharmaceuntically acceptable carriers include sterile aqueous solutions
or dispersions and sterile powders for the extemporaneous preparation of sterile injectabic
solutions or dispersion. The use of such media and agents for pharmaceutically active
substances is well known in the art. Except insofar as any conventional media or agent is
incompatibie with the active compound, use thereo{ 1u the pharmaceutical compositions of the
invention is contemplated. Supplementary active compounds can also be incorporated into the

COMpPOSILons,

10041]  “Biological sample” mcludes soctions of tissues such as biopsy and autopsy
samples, and frozen sections taken for histologic purposes. Such samiples include blood and

blood fractions or products {e.g., serum, plasma, platelets, red biood cells, and the like),
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sputum, tissue, cultured cells, e.g., primary cultures, explants, and trausformed cells; stool,
urine, ejaculate, or other biological fluids. A biclogical sample also includes a surgical sample

taken from a patient during a surgery, for example, from a tumor or tumor margius.
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108421 The term “alloyl” 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 1s specified, having up to 12 carbon atoms. “Straight-chain alkyl” or
“linear alky!l” groups refer to alkyl groups that are netther eyclic nor branched, commonly
designated as “n-alkyl” groups. € -C ¢n-alkyl consists of the following groups: —CHy—, —
CHoCH-, —CHCHCHy—, —CHCHCHCHy—, —CHCHCHRCHCHy—, —
CH,CH,CH,CH,)CHYCHy, —CHCHCHCH,CHCHCHy—, and —
CHyCHCHCHCHLCHLCHRCH

. Other examples of alkyl groups melude, but are not
fimited to, groups such as methyl, ethyl, n-propyl, isopropyl, butyl, n-butyl, isobutyl, sec-
butyl, t-butyl, pentyl, n-pentyl, hexvl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, neopentyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyvelohexyl, and adamantyl. Cycloalkyl groups can
consist of one ring, including, but not limited to, groups such as eycloheptyl, or nuluple
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, ¢.g.,
2,6,6~trivaethylbicyclo]3.1.1theptane, 2-methyldecalin (2~methyldecahydronaphthalene),

cyclopropyimethyl, cyclohexylmethyl, cycloheptyimethyl, and the like.

10043]  “Substituted alkyl” refers to alkyl groups substituted with one or more substituents
including, but not hmited to, groups such as halogen (including fluoro, chloro, bromo, and/or
iodo-substitited alkyl such as a monohaloalkyl, dihaloalkyl, trihaloalkyl or multihaloalkyl,
mchuding a perhalooalkyl, for example, perfluoroaliyl, percholoralkyl, trifluoromethyl or
pentachloroethyl}, alkoxy, acyloxy, amino (including NH; , NHalkyl and N{alioyl), 3, hydroxyi,
mercapto, carboxy, benzyloxy, phenyl, benzyl, cyano, nitro, acyl, acylamino, anmidino, alkyl
amidino, thioamidino, arainoacyl, aryl, substituted aryl, arvloxy, azido, thicalkyl, -OS(O),-
alkyl, thicalkoxy, carboxaldehyde, carboalkoxy and carboxamide, or a functionality that can
be suitably blocked, i necessary for purposes of the invention, with a protecting group.
Examples of substituted alkyl groups include, but are not Himited to, CF;, CF,CF;, and other

OH; —CH,CH,CH(NH;)CH;, ete. Alkyl groups can

perfluoro and perhalo groups; —CH;

be substituted with other altkyl groups, e.g., C3-Caacycloalkyl groups.

[0644]  The term “alkenyl” refers to unsaturated aliphatic groups including straight-chain
(linear), branched-chain, cyclic groups, and combinations thercof, having the number of
carbou ators specified, ot if vo nuraber 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
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timited to, —CHy—CH=CH—CH;; and —CH,—CH,~cyclobexenyl, 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 (lincar), branched-
chain, cyclic groups, and combinations thereof, having the number of carbon atoms specified,
or if no number is spectfied, having up to 12 carbon atoms, which contain at least one iriple
bond (—C=C—). “Hydrocarbon chain” or “hydrocarbyl” vefers to any combination of
straight-chain, branched-chain, or cyclic alkyl, alkenyl, or alkkynyl! groups, and any

% 6é

combination thereof, “Substituted alkenyl,” “substituted abloynyl,” and “substitate
hydrocarbon chain” or “substituted hydrocarbyl” refer to the respective group substituted with
one or more substituents, including, but not himited to, groups such as halogen, alkoxy,
acyloxy, amino, hydroxyl, mercapto, carboxy, benzyloxy, phenyl, benzyl, cyano, nitro,
thicalkoxy, carboxaldchyde, 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.

[00845]  “Aryl” or “Ar” refers to an aromatic carbocyclic group having a singie ring
{(including, but not limited to, groups such as phenyl), two or more rings conuected to cach
other (inchuding, but not limited to, groups such as biphenyl and p-diphenylbenzene) or two or
more condensed rings (including, but not imited to, groups such as naphthyl, anthryl, or
pyrenyl), and includes both unsubstituted and substituted aryl groups. Arvis, unless otherwise
specified, contain from 6 to 20 carbon atoms in the ring portion. A preforred range for aryls
contains 6 to 12 carbon atoms in the ring portion. “Substituted aryls” refers to aryls substinted
with one or more substituents, including, but not imited to, groups such as substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl,
substituted or unsubstituted hydrocarbon chains, halogen, alkoxy, acyloxy, amino, hydroxyl,
wmercapto, carboxy, benzylory, phenyl, benzyl, cyano, nitro, thicalkoxy, carboxaldehyde,
carboalkoxy and carboxamide, or any group listed above for “Substituted alkyl,” or a
functionality that can be suitably blocked, i 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 chainsof 1 to 6
carbon atoms each or one, two, or three branched chains of 3 to 6 carbon atoms each or any
combination thercof. Aralky! groups can consist of two aryl groups connected by an alkyl

group, such as diphenylmethane or 2-methyi-I-(phenethylibenzene. When an aralkyl] group is
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indicated as a substituent, the aralkyl group can be conpected o the remainder of the wolecule
at any available valence on either its alkyl moiety or aryl moiety; e.g., the tolyl aralkyl group
can be connected to the remainder 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, Preferably, the aralkyl

group 1s conuecied to the remander of the molecule via the alkyl moiety.

10846]  An exeruplary aryl group is phenyl, which cau be substituied or unsubstituted.

s

Substituents for substituted phenyl groups include lower alkyl (—C;-Cyalkyl), or a halogen

%

{chlorime (Ch), brormame (Br), iodine (1}, or fluorive (F); hydroxy (—OH), or lower alkoxy

-4 alkoxy), such as methoxy, sthoxy, propyloxy {propoxy) (either n-propoxy or i-propoxy},
and butoxy {(either n-butoxy, 1-butoxy, scc-butoxy, or tert-butoxy); a preferred altkoxy
substituent is methoxy. Substituted phenyl groups preferably have one or two substituents;

more preferably, one substituent.

100477  “Heteroalkyl,” “hetercalkenyl,” and “heteroalkynyl” refer to alkyl, alkenyl, and
allkoynyl groups, respectively, that contain the number of carbon atoms specified (or ifno
number is specified, having up to 12 carbon atoms) which contain one or more heteroatoms as
part of the raamn, branched, or cyche chains in the group. Hetercatoms include, but are not
limited to, N, 8, 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 such as —O--CH;, —CHy0O-—CH;, —CHyCH- 0O CH;,
------- S—CHy—CHy—CHs, —CH—CH{CH;3 }—5—CH;, —CHy—CHy—NH—CH—CHyp—,
1-ethyl-6-propvipiperidine, and morpholino. Examples of heteroalkenyl groups include, but
are not limited to, groups such as —CH=CH-—NH—CH{CH;z}—CH—. “Heteroaryl” or
“HetAr” refers to an aromatic carbocyclic group having a single ring (including, but not
fimited to, examples such as pyridyl, imidazolyl, thiophene, or furyl) or two or more
condensed rings (including, but not imited to, examples such as mdolizinyl, indole,
benzimidazole, benzotriazole, 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. “Substitited heteroalkyl,”
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“substituted hetercalkenyl,” “substituted heteroalloynyl,” and “substituted heteroaryl” groups
refer to beteroalkyl, heteroalkenyl, heteroalkynyl, and heteroaryl groups substituted with one
or more substituents, including, but not hmited to, groups such as substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted benzyl, substituted or unsubstituted hydrocarbon chains, halogen, alkoxy,
acyloxy, amine, hydroxyl, mercapto, carboxy, benzyloxy, phenyl, benzyl, cyano, nitro,
thicatkoxy, carboxaldehyde, carboalkoxy and carboxamide, or any group listed above for
“substituted alkvl,” or a functionality that can be suitably blocked, i necessary for purposes of
the invention, with a protecting group. Examples of such substituted heteroalkyl groups
mchude, 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 ona
carbon or nitrogen, —NH—SOy-phenyl, —NH—C=0)0-alkyl, —NH—(C=0}0-alkyl-aryi,
and —MNH-—{{"==0}-alkyl. If chemically possible, the heteroatom(s} and/or the carbon atoms
of the group can be substituted. A “heteroaralkyl” group is a heteroaryl group substituted with
at feast one alkyl group. The heteroator(s) can also be in oxidized for, if chernically

possible.

10048]  The term “alkoxy”™ as used herein refers to an alkyl, alkenyl, alkynyl, or
hydrocarbon chain linked to an oxygen atom and having the mumber of carbon atoms
specified, or if no number is specified, having up to 12 carbon atoms. Examples of alkoxy
groups include, but are not himited to, groups such as methoxy, cthoxy, propyloxy (propoxy)
{either n-propoxy or i-propoxy), and butoxy {either n-butoxy, i-butoxy, sec-butoxy, or tert-

butoxy).

100491  The terms “hale” and “halogen” as used herein refer to the Group Vila clements
{Group 17 elements in the 2005 [UPAC Periodic Table, [UPAC Nomenclature of Inorganic

Chemistry) and inclade Cl, Br, F and I substituents.

[0058]  “Protecting group” refers to a chenucal group that exhibits the following
characteristics: 1) reacts selectively with the desived functionality in good yield to give a
protected substrate that is stable to the projected reactions for which protection is desired; 2} is
sclectively removable from the protected substrate to yield the desired functionality; and 3} is
removable in good vield by reagents compatible with the other functional group(s) present or

generated in such projected reactions. Examples of suitable protecting groups can be found in



WO 2011/113005 PCT/US2011/028206

20

Greene et al, (1999} Protective Groups in Organic Synthesis, (Wiley-Interscience., New
York). Amino protecting groups include, but are not limited to, mesitylenesulfonyl {Mts),
benzyloxyearbonyl (CBz or 7}, t-butyloxycarbonyl (Boe), t-butyldimethylsilyl (TBS or
TBDMS), 9-fluorenylmethyloxycarbonyl (Fmoc), tosyl, benzenesulfonyl, 2~-pyridyl sulfonyl,
or suitable photolabile protecting groups such as 6-nitroveratryloxy carbonyl (Nvoc),
nitropiperonyl, pyrenylmwethoxycarbonyl, mitrobenzyl, dimethyl dimethoxybenzil, S bromo 7-
nitroindolinyl, and the like. Hydroxyl protecting groups inclade, but are not limited to, Fmoc,
TBS, photolabile protecting groups (such as witroveratryl oxymethyl ether (Nvor}), Mom
{mcthoxy methyl ether), and Mem (methoxy cthoxy methyl ether), NPEOC (4-

nitrophencthyloxycarbonyl) and NPEOM (4 nitrophencthyloxymethyloxycarbonyl).

[9051]  Various inhibitors of histone demethylase enzymes have been disclosed in ULS.
Patent Publication No. 2010/0273745, the entire content of which is herein incorporated by

reference,

[0052]  In one embodiment, the compound is a polyaminoguanidine of the formmla (I):
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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, qis 0 or 1, each R, 1s independently selected from the
group consisting of C;-Cg substituted or unsubstituted alkyl, C4-Cy5 substituted or
unsubstituted cycloalkyl, C3-Cys substituted or unsubstituted branched alkyl, Ce-Cyp substituted
or unsubstituted aryl, Cq -Cop substituted or unsubstituted heteroaryl, C7-Cra substituted or

unsubstituted arabiovl, and C-Cos substituied or unsubstituted heteroaralkyl, and cach Rp1s

independently selected from hydrogen or a C;~Cg substituted or unsubstituted alkyl.

186531  In one embodiment, the compound is of the formula (I} wherein at least one or both
Ry is a Cs-Cy substituted or unsubstituted arvl, such as a single ring substituted or
unsubstituted aryl, including without liraitation, substituted or unsubstituted phenyl. In one
embodiment, the compound is of the formula (I} and each R, is phenyl. In one embodiment, g

is 1, mand p arc 3, and n 18 4. In another embodiment, gis |, mand pare 3, and nis 7.
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10054]  In one embodiment, the compound 1s of the formula (I) wherein at least one or both
Ryis a Ce-Crpor a Ci-Cy substituted or unsubstituted alloyl, such as a linear alkyl. One or both
Rymay be a C-Cy 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 (4-Cys cycloalkyl
group, such as a cycloalkyl group containing a linear alkyl group, where the cycloalkyl group
15 connected to the molecule either via its alkyl or cyeloalkyl moiety, For instance, each or
both R: may be cyclopropylmethyl or cyclohexylmethyl. In one embodiment, one R, is
cyclopropyimethyl or cyclohexylmethyl and the other Ry s a linear alkyl group, such as a
linear C;-Cy unsubstituted alkyl group, including without linutation an ethyl group. In one
embodiment, Ry 18 a C3-Cys branched alkyl group such as isopropyl. When Ry is a C-Cy
substituted alkyl, the substituted alkyl may be substituted with any substituent, including a
primary, secondary, terfiary or quaternary amine., Accordingly, in one ermbodiment, Ryisa Cy-
(g alkyl group substituted with an amine such that Ry may be e.g., alkyl-NH; or an alkyl-
amtine-alkyl moiety such as —{CH, )}, NH{CH,)zCH; where y and z are independently an

mteger from 1 1o 8, In one embodiment, Ry s —{CHz 1 NH,.

108558]  In one embodiment, the compound 1s of the formula (T} where at least one Ry is a
C-Crq 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 15 an aralleyl
moiety wherein the alkyl portion of the moiety is substituted with two aryl groups and the
motcty is connected to the molecule via its alkyl group. For instance, in one embodiment at
feast one or both R, is a (-, aralkyl wherein the alkyl portion is substituted with two phenyl
groups, such as when Ry 1s 2,2-diphenylethyl or 2,2-dibenzylethyl. In one embodiment, cach
Ry of formula (1) 18 2,2-diphenviethyl and nis 1, 2 or 5. In one embodiment, cach Ry of

formula (I} is 2,2-diphenylethyl, nis 1, 2 or 5 and m and p are cach 1.

[0056]  In one embodiment, at least one R is hydrogen. When at least one R is hydrogen,

the other Ry may be any motety histed above for Ry, wnclading an aryl group such as benzyl.

90571 Any of the compounds of formula (I) listed above include compounds where at least
one or both of Ry s hydrogen or a C1-Cy substituted or unsubstituted alkyl. Inone
embodiment, cach Ry 18 an unsubstituted alkyl such as methyl. In another embodiment, cach

Rz s hydrogen.
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[0858]  Any of the compounds of formula (1) listed above may be corapounds where g is 1
and m and p are the same. Accordingly, the polyaminoguanidines of formula (I} may be
symmetric with refercnce to the polyaminoguanidine core {¢.g., excluding Ry ). Alternatively,
the compounds of formula (I) may be asymmetric, e.g., when g is . In one embodiment, m

and p arc 1. In one cmbodiment, ¢ is 0, In one embodiment, n 1s an integer from 1 to 5.

[0659] It is understood and clearly conveyed by this invention that cach Ry, Ry, my, n, p and
g disclosed in reference to formula (1) intends and inclhudes all combinations thereof the same
as if cach and every combination of R, Ry, m, n, p and g were specifically and individnally

Hsted.

10068} In one embodiment, the compound 18 a polyaminobiguanide or N-alkylated
polvaminobiguanide. An N-alkylated polyaminobiguanide intends a polyaminobiguanide
wherein at least one irmine nitrogen of at least one biguanide is alkvlated. In one embodiment,

the compound is a polyaminobiguanide of the formmla (1)
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or a salt, solvate, or hydrate thereof, wherein n is an integer from | to 12, m and p are
independently an integer from 1 to 5, g 1s O or 1, each R, is independently selected from the
group cousisting of C;-Cyg substituted or unsubstitated alkyl, Cs-Cro substituted or
unsubstituted aryl, Ce-Cyp substitute or unsubstituted heteroaryl, Cr-C o4 substituted or
ansubstituted arabiovl, and Co-Cyy substituied or unsubstituted heteroaralkyl and each Ry s

independently hydrogen or a C-Cy substituted or unsubstituted alkyl.

[8¢61]  In one cmbodiment, at least one or each Ryis a C-Cy substituted or unsubstituted
alkyl, such as those histed above n reference to formula (1), For instance, when Ry is a C-Cg
substituted alkyl, the substituted alkyl may be substituted with any substituent, including a
primary, secondary, tertiary or quaternary amine. Accordingly, in one embodiment, Ryisa -
(g alkyl group substituted with an amine such that Ry may be e.g., alkyl-NH, or an alkyl-
amtine-alkyl moiety such as —{CH, )}, NH{CH,)zCH; where y and z are independently an

mteger from 1 1o 8. In one erabodiment, Ry 18 —(CH 1 NH,. Ry may also be a Cy-Cys
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sabstituted or unsubstituted cycloalkyl or a C5-C 5 substituted or unsubstituted branched alkyl,
such as described for formula (1) above. In one embodiment, at least one or cach Ry 15 a Cs-Cog
substituted or unsubstituted aryl, such as those histed above in reference to formula (1), In one
embodiment, g 13 1, mand p are 3, and n is 4. In another embodiment, gis I, mand p are 3,

andnnis 7.

[0062]  In onc embodiment, the compound 18 of the formula (11} where at least one or both
Ri1s a (5-Cyy substituted or unsubstituted aralkyl, which in one embodiment is an aralky]
connected to the molecule via its alkyl moiety. In one embodiment, each R, is an aralicyl
moiety wherein the alkyl portion of the moiety s substituted with one or two aryl groups and
the moiety is connected to the molecule via its alkyl motety. For instance, in one embodiment
at least one or both Ry is an aralkyl wherein the allyl portion s substituted with two phenyl or
benzyl groups, such as when R, is 2,2-diphenylethyl or 2.2-dibenzylethyl. In one embodiment,
each R, of formula (IT) 1s 2,2-diphenylethyl and n 18 1, 2 or 5. In one embodiment, cach R, of

formula (1) s 2,2-diphenylethyl and v is 1, 2 or § and m and p are cach 1.

[0663]  Any of the compounds of formula (I1) listed above include compounds where at
icast one or both of Ry is hydrogen or a {;-Cy substituted or unsubstituted alkyl. In one
embodiment, each R, is an unsubstituted alkyl, such as methyl. In another embodiment, each

Ry is a hydrogen.

10864]  Any of the compounds of fornula (11} listed above mclude compounds where q is |
and m and p are the same. Accordingly, the polyaminobiguanides of formula (I} may be
symmetric with reference to the polyaminobiguanide core {e.g., excluding Ry). Alternatively,
the compounds of formula () may be asymmetric, e.g., when q is 0. In one embodiment, m
and p are 1. In one embodiment, g is §. In one embodiment, n 18 an integer from 1 to 5. In one

embodiment, g, mand parecach landnis 1, 2 or 5.

10065 It 1s understood and clearly conveyed by this invention that each Ry, Ry, m, i, p and
g disclosed 1o reference to formula (11 intends and 1nclades all combinations thereof the same
as it each and every combination of R;, Ry, my, u, p and g were specifically and individually

fisted.
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108661  In one embodiment, the cotapound 18 a polyarnine. In one embodiment, the

polyamine ts of the formmula (1)
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or a salt, solvate, or hydrate thereot, wherein n is an integer from 1 to 12; m and p are
independently an integer from 1 to 5; R; and Ry are independently selected from the group
consisting of hydrogen, C-Cg substituted or unsubstituted alloyl, Cs-Chg substituted or
unsubstituted aryl and C;-Coq substituted or unsubstituted aralkyl; Rs, Ro, R, Ryand Rgare
independently selected from the group consisting of hydrogen and C-C; substituted or
ansubstituted alkyl; and wherein either m and p are not the same nteger or at least one of Rs,

Ry, Rs, Ryand Rgis a C-Cy substituted or unsubstituted alkyl.

[0667]  In onc embodiment, Ryis a C-Cy substituted or unsubstituted alkyl, When Rois a
(-Cy substituted alkyl, the substituted alkyl may be substituted with any substituent, including
a primary, secondary, tertiary or quaternary amine. Accordingly, in one embodiment, Ryis a
C1-Cs alkyl group substituted with an amine such that Romay be ¢.g., alkyl-NH » or an alkyl-
amine-alkyl motety such as —{CH;), NH{CH2)zCH; where y and 2 are independently an

integer from 1 to 8. In one embodiment, Re s —{(CH, 13 NHCH,CHa,

[0068]  In one embodiment, one or both of Ry and Ry is hydrogen. If only one of Ryand Ruis
hydrogen, the R or Ry that is vot hydrogen may be any wotety described herein, such as a Cy-
(g substituted or unsubstituted alkyl group, inchuding a cyclic alkyl group such as

cyclopropyimethyl or cycloheptyimethyl.

[866%]  In one embodiment, one or both of Ry and Ryis a C-Cy substituied or unsubstituted
alkyl, including without himitation a substituted or unsubstituted n-alkyl {such as n-pentyl),
substituted or unsubstituted branched (C3-Cg) alkyl (such as 2-methylbutyl) or substituted or
unsubstituted (C5-Cy) cycloalkyl (such as cyclohexylmethyl). Larger chain alkyl (linear,
branched and cyclic) arc also considered, such as a Co-Cy5 substituted or unsubstituted alkyl,

Where one or both of R;and Rsis a Ci-Cyg substituted or unsubstituted n-alkyl, the moiety may

be any n-alkyl, such as methyl or ethyl. In one embodiment, both Ryand Ryare a C-Cy



WO 2011/113005 PCT/US2011/028206
25

substituted or unsubstituted alkyl, wherein one of R; and Ry is an n~alkyl moiety and the other
is a cyclic motety, which 1s understood to contain at least three carbon atoms. Alternatively,
both Rz and Rymay be a C-Cy substituted or unsubstituted n-alkyl. When one or both of Ry
and Ry is a substituted alkyl, whether linear, branched or cyclic, the alioyl may be substituted
with onc or more substituents such as those histed under “Substituted alkyl” and includes alkyl
substituted with any halogen, such as a mounohaloalkyl, dihaloalkyl, trihaloalkyl or
nuktthaloalkyl, including a perhaloocalkyl, for example, perfluorcalkyl and percholoralkyl,

such as trifluororucthyl or pentachloroethyl.

{80761  In one embodiment, one or both of Ry and Ryis a Cg-Chy substituied or unsubstituted
aryl. In one embodiment, one or both of Ry and Ryis a Ce-Cag 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 Rais a Cs-Cop substituted aryl,
which aryl groups may be substituted with one or more alkyoxy (such as —OCH;), alkyl
{(including a brauched alkyl such as tert-butyl), or halo groups (such as fluoro). In one
embodiment, one or both of Ry and R4 is a halo-substitined aryl or a halo-substituted aralkyl,
such as 2.4,5-triflucrophenyl or 2,4, 5-triflucrobenzyl. In one embodiment, one or both of Rs
and Ry is a di-alkyl-monoalkoxy-substituted aryl or aralicyl, such as 4,5-di-tert-butyl-2-

methoxybenzyl or 4,5-di-tert-butyl-2-methoxyphenyl.

[8671]  In one embodiment, one or both of Ry and Ryis a $5-Cys substituted or unsubstituted
arallkyl or heteroaralkyl such as an aralkyl or beteroaralioyl connected to the molecule via its
alkyl motety. In one embodiment, one or both of R; and R4 is a substituted aralkyl or
heteroaralkyl connected to the molecule via its alkyl moiety. A substituted aralloyl 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 maore substituents such as those histed
under “substituted heteroaralkyl.” In one embodiment, one or both of Rsand Ry is a substituted
heteroaralkyl] having at feast one nitrogen atom. fn one embodiment, one or both of Ryand Ry
is a single ring heteroaralkyl having at least one nitrogen atom. In one embodiment, one or

both of Rs and Ry 18 [-(2-N-methylpyrrolyly-methyl,

196721  In one embodiment, at least 1 or at least 2 or at least 3 of Rs, Re, Rg, Ryand Rgis a
1-Cg substituted or unsubstituted alkyl. Rs, Rg, Rs, Ryand Rgmay be a C-Cy substituted or

unsubstitited alkyl. In one embodiment at least | or at least 2 orat least 3 ot Rs, Ry, Rg, Ryis a
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y-Cy unsubstituted n-atkyl, such as methyl or ethyl. In one embodiment, both Ryand Rsare
methyl or ethyl. In one embodiment, at least one Ry and Ry is methyl or ethyl. In one

embodiment, Ry is methyl.

100731 It 1s understood and clearly conveyed by this invention that each Ri, Ry, Rs, Ro, Rg,
R7, Rg, my, 1, v, z and p disclosed in reference to formuda (1) intends and includes all
combinations thereof the same as if each and every combination of Ry, Ry, Rs, Ry, Rs, Ry, Ry,

w, 1, v, 2 and p were specifically and individually histed.
10874]  In one embodiment, the polyamine is of the formula (IV):
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or a salt, solvate, or hydrate thereof, wherein A, Rygand Ry are independently (CHp), or
ethene-1,1-diyl; n 15 an integer from 1 to 5; Ry, and Ry are independently selected from the
group consisting of hydrogen, Co-Cs substituted or unsubstituted alkenyl and C-Cs substituted
or unsubstituted alkyl; and at least one of A, Ryp, Ry, Rppand Rys comprises an alkenyl moiety,
In another embodiment, when any one or more of A, Ry, and Ry, is alkenyl, the alkene portion
branches off the direct chain connecting the nitrogen atoms; that is, no more than one sp’-
hybridized carbon occurs 1u the carbon nodes along the shottest path from one nitrogen
flanking A, Ry, and/or Ry, to the other flanking nitrogen. For example, when A is ethene, the
segment containing A 13 of the form —CH,U{ECH, ) —CHy— and the three nodes in the
shortest carbon path between the nitrogens containing the A moiety has only one sp-
hybridized carbon., When A s propene, the segment containing A can be of the form —

CHyC=CHUH O Hy o —CHC=UHs=CH - CHp

[0675]  In one embodiment, A 18 (CHyhyand nis 1. In one embodiment, A is ethene-1,1-
diyl. In onc embodiment, A is {(CH,), and one or both of Ry, and Ry; comprises an alkenyl

wotety, such as propen-2-yi.

160761 In one embodiment at least one or both of Rygand Ry 18 ethene-1,1-divl. In one

embodiment, both Rygand Ry are (CHy ), such as CH; (where n=1}.
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160771 In one embodiment, at least one or both of Ry, and Ry5is hydrogen. In one
embodiment, at least one or both of Rizand Rys s a U-Cy substituted or unsubstituted alkenyl,
such as propen-2-vl. In onc embodiment, at least one or both of Ry and Ryz1s a C-Cy
substituted or unsubstituted alkvl, such as methyl or ethyl or any C-Cy substituted or

unsubstituted alkyl mentioned above in reference 1o any one of formulace (1), (1D or ().

[6078] It 1s understood and clearly conveyed by this invention that cach A, n, Ry, Ry, Ry
and Ryz disclosed in reference to formula (1V) 1ntends and includes all combinations thercof
the same as if each and every combination of A, n, Ry, Ry, Ryp and Ryy were specifically and

individually hsted.

10079]  In one cmbodiment, the polyamine is of the formula (V)

V)
or a salt, solvate, or hydrate thereof, wherein n 18 an integer from 1 to ¥; m is an integer from 1
to 8; Rysand Ry are independently selected from the group counsisting of hydrogen, C-Cy
substituted or unsubstituted n-alkyl or (C5-Cg} branched allkoyl, Co-Cop substituted or
unsubstituted aryl or heteroaryl and Cy-Chy substituted or unsubstituted aralkyl or
heterparalkyl; Ris and Ry7 are independently hydrogen or a {1-Cs substituted or unsubstituted
alkyl; and wherein the cormpound contains no more than three secondary amino groups except
when R7is a {1-Cg substituted or unsubstituted alkyl and wherein the compound is free froma

methylphosphonate or hydroxy moicty.

[0086]  In one embodiment, at least one or both of Rysand Ry, is hydrogen, When only one
of Risand R4 is hydrogen, the Ris or Rysthat is not hydrogen may be any other moiety liste
above, such as a Cg-Cyg substituted or unsubstituted aryl or heteroaryl {e.gz.; 4-isopropytbenzyl,
Z-phenylbenzyl, 3,3,~diphenylpropyl and the like or any Ce-Cyp substituted or any

unsubstituted aryl or heteroaryl listed above in reference to any one of formulae (1-(AV31).
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1B081]  In onc embodiment, at least one or both of Rysand Rysis a C-Cg substituted or
unsubstituted n-alkoyt or (Cs-Cy) branched alkyl, such as methyl, ethyl, 3-methyl-butyl, 2-ethyl-
butyl, 5-NHy-pent-1-yl, prop-1-yl-methyl{(phenyhphosphinate and the like or any C)-Cy
substituted or unsubstituted n-alkyl or (Cs5-Cx) branched alkyl listed above in reference (o
formulac (1)3-(1V). In one embodiment, at lcast one or both of Rysand Ry41s a C-Cy substituted
or unsubstituted n~alkvl, such as an n-alkyl substituted with a methyl(phenyljphosphinate
moiety or a NHy-substituted n-alkyl. In one embodiment, both Rys and Rygare C-Cy
substituted or unsubstituted n-alkyl or (C5-Cy) branched atkyl moieties, such as when Rysand
Ryqare both 3-methyl-butyl or when Ris and Ry, are both 2-ethyl-butyl. Risand Ryymay be
ditferent C;-Cy substituted or unsubstituted n-alkyl moicties, such as when one of Rysand Ry

is propyl and the other is ethyl.

130821 In one embodiment, at least one or both of Rysand Rygis a Cy-Coy substituted or
unsubstituted arabicyl or heteroaralkyl. In one embodiment, at least one or both of Rysand Ry
is a 7-Coq substituted or unsubstituted aralkyl or heteroaratkyl having two rings, such as 2-
phenylbenzyl, 4-phenylbenzyl, 2-benzylbenzyl, 3-benzylbenzyl, 3,3,~diphenyipropryl, 3-
{benzotmidazolyh-propyl and the like. In one embodiment, at least one or both of Risand Ry
is a C7-Cy 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 Risand Risis a 5-Cyy substituied or unsubstituted aralkyl
or heteroaralkyl, such as any of the specific substituted or unsubstituted aralicyl or
heteroaralkyl moteties histed for any other formula, and the other Rysand R;sis hydrogen or a
C1-Cy substituted or unsubstituted n-alkyl or (C5-Cy) branched alkyl, such as ethyl, methyl, 3-

methyibutyl and the like.

100831  For any compound of formula (V), m and n may be the same or different. lu one
embodiment, m does not equal n, such as when m s | and n 18 2. For instance, in one
embodiment, mis 1, nis 2 and both Rysand Ry, are 2-benzylbenzyl, However, it is understood

that all possible combinations of m, n, Rysand Rysare intended.

[3084]  In one embodiment, at least one or both of Rysand Ry7is hydrogen. In one
embodiment, at least one or both of Rigand Ryr 18 a C-Cg substituted or unsubstituted alkyl,
such as a methyl, ethyl and a C,-Cg alkyl substituted with e.g., ap —NH—C;-{g alkyl such as

when at least one or both of Rygand Rys is —{CH,:NHCH,CH;.
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[0088] It is understood and clearly conveyed by this invention that each Ry4, Rys, Ryg, Ryo,
m, and n disclosed in reference to formula (V) intends and includes all combinations thereof
the same as if cach and every combination of Rys, Rys, Ry, Ri7, m, and n were specifically and

individually histed.

[00686]  In one embodiment, the polyamine is of the formula (Vi)
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or a salt, solvate, or hydrate thereof, wherein n is an integer from | to 12; mand p are
independently an integer from | to 5; Rig and Rys are independently selected from the group
cousisting of hydrogen, C;~Cs unsubstituted alkyl (e.g., methyl, ethyl, Cert-butyl, isopropyl,
pentyl, cyclobutyly, Ci-Cy n-alkyl substituted with a cycloalkyl group comprising at least two
rings, Cr-Chy substituted or unsubstituted aralkyl or heteroaralkyl comprising at least two
rings; and wherein: nis 1 when Rygand Rysare identical C;-Cy n-alkyl moieties substituted
with a cycloalkyl group comprising at least two rings, or are wdentical aryl groups comprising
at least two rings; and, at least one of Rygand Rygis either a C-Csn-alkyi substituted with a
cycloalkyl group comprising at least two rings or a Co-Ch4 substituted or unsubstituted aralkyl

comprising at least two rings.

{60871 In one embodiment, at least one or both of Rigand Rye s a C-Cen-alkyl substituted
with a cycloalkyl group comprising at least two rings. The cycloalkyl group comprising at
feast two rings may be a spiro, fused or bridged cycloalkyl group. Representative examples of
a C;-Cyn-alkyl substituted with a cycloalkyl group comprising two rings include moieties such
as 2-{6,6-dimethylbicycio]3.1.1theptyhethyl and 2-(decahydronaphthyhethyl In one
embodiment, both Rigand Rye are 2-(6,6-dimethylbicyclo{3.1. Theptyliethyl. In one
embodiment, both Rz and Ry are 2-(decahydronaphthyl)ethyl In one embodiment, one of Ryg
and Ryois 2~{6,6~-dimethylbicyclo]3.1.1theptyhethyl or 2-(decahvdronaphthyiethyl and the

other Ryp and Ryy1s hydrogen or a C;-Cyunsubstituted abicyl such as ethyl.

18088} In one embodiment, at least one or both of Rygand Rygis a Cr-Chy 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 heteroaralloyl with reference to formula
(V1) intends and mcludes alkanoyl motetics substituted with an aryl or heteroaryl group, 1.¢.,

»»»»»» C{=0y-aryl, —C(=0}-heteroaryl, and —C{=0}-heteroaralicyl. In one embodiment, the
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alkyl portion of the aralky] or hetercaralkyl motety is connected to the wolecule via its alkyl
motety. For instance at least one or both of Rz and Riomay be an aralkyl motety such as 2-
phenylbenzyl, 4-phenylbenzyl, 3,3,-diphenylpropyl, 2-(2-phenylethyDbenzyl, 2-methyl-3-
phenylbenzyl, 2-napthylethyl, 4-(pyrenylibutyl, 2-(3~-methylnapthyhethyl, 2-(1.2~
dihydroacenaphth-4-yhethyl and the like. In another erabodituent, at least one or both of Ry
and Ryomway be a heteroaralkyl moiety such as 3-(benzoimmdazolyljpropanoyl, 1-
{benzoimidazolyhymethanoyl, 2-(benzoimidazolyliethanoyl, 2-(benzoimidazolyliethyl and the

ke,

10089]  In one embodiment, cach of ma, nand p is the same, such as when w, u and p are

cach 1.

[0696] It is understood and clearly conveyed by this invention that cach Ryg, Rig, m, nand
p disclosed in reforence to formula (V1) intends and mcludes all combinations thereof the
same as if each and every combination of Ryg, Rye, my, 1 and p were specifically and

individually listed.
[00%1]  In one cmbodiment, the polyamine is of the formula (Vi)
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or a salt, solvate, or hydrate thercof, wherein o 8 an integer from 1 to 12; mand p are
independently an integer from | t0 5; g is 0 or 1; Rypand Ry are independently selected from
the group consisting of hydrogen, C;-Cyg substituted or unsubstituted alkyl, —C(=0)—(C,-Cy
substituted or unsubstituted alkyl, —C{E0—-Cy substituted or unsubstituted alkenyl, —
C(=)—{1-Cy substituted or unsubstituted alloynyl, and Cr-Chy substituted or unsubstituied
arallkyl; and wherein the compound comprises at least one moiety selected from the group
consisting of t-butyl, isopropyl, Z-ethylbutyl, {-methyipropyl, I-methylbutyl, 3-butenyl,
wsopent-2-enyl, 2-methylpropan-3-olyl, ethylthiyl, phenyithivi, propynoyl, T-methyl-1H-
pyrrole-2-yl, trifluoromethyl, cyclopropanccarbaldehyde, halo-substituted phenyl, nitro-
substituted phenyl, alkyl-substituted phenyl, 2,4,6-trimethylbeneyl, halo-S-substituted pheny]

{such as para-(F38}-phenyl, azido and 2-methyibutyl.

[0692]  In one embodiment, g is 1. In one erubodiment, qis Tandnis 1.
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16083] In one embodiment at least one of Rypand Ry 18 hydrogen. In one embodiment at
feast one of Rypand Ry is €-Cy substituted or unsubstituted alkyl, sach as any of the
substituted or unsubstituted alkyl motetics mentioned above for formulas (D-(VI), In one
embodiment at least one of Rygand Ryy 18 a Cr-Chy substituted or unsubstituted aralkoyl, such as

any of the C7-Co4 substituted or unsubstituted arallcyl mentioned above for tormulas (H-(V1).

[0094] It is understood and clearly conveyed by this invention that cach Ry, Ry, myn, g
and p disclosed in reference to formula (VI intends and includes all combinations thereof the
same as if cach and every combination of Ry, Rai, m, 1, q and p were specifically and

individually hsted.

10095]  In one cmbodiment, the polyamine is of the formula (VHIE):

(Viih

or a salt, solvate, or hydrate thereof, wherein m and p are 1ndependently an integer from [ to §;
X 18 -{(CHy)n- or cyclohex-1,3-divl; n is an integer from 1 to 5; Ry; and Rys are independently
selected from the group consisting of hydrogen, n-butyl, ethyl, cyclohexyimethyl,
cyclopentylmethyl, cyclopropylmethyl, cycloheptylimethyl, cyclohexyleth-2-vl, and benzyl;
and when n s 5, at least one of Ry and Rys 18 hydrogen; when Ry is ethyl, Ry 18 hydrogen, n-
butyl, cyclopentylmethyl, cyclohexyleth-2-vl or benzyl: and when Razis ethyl, Ry is hydrogen,
n-butyl, cvelopentylmethyl, cyclohexyleth-2-y1 or benzyl; when X 1s eyclohex-1,3-diyl, Roy

and Ro; are not both benzyl or cyclopropyimethyl.

[8696]  In one embodiment, X s -{(CHym- {(e.g., CHy where n is 1}, In one embodiment, X s
CHj and m and p are both 1. In one embodiment, X is cyclohex-1,3-divl. In one embodiment,
Xs cyclohex-1,3-diyl and m and p are both 1. In other embodiments, w and p are not the

same, ¢.g, whenmis 3and p is 4,

189971 It 1s understood and clearly conveyed by this invention that each Ry, Rus, 1y, nand
p disclosed m reference to formula (VI intends and includes all combinations thereof the
same as if each and every combination of Ry, Ros, m, n and p were specifically and

individually listed.
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[0028]  In one embodiment, the polyamine is of the formula (IX)

(%)
or a salt, solvate, or hydrate thereof, wherein p 18 an integer from 1 to 5; R 2415 an amino-
substituted cycloalkyl {e.g., a cycloalkyl group substituted with a primary, secondary, tertiary
or quaternary amine) or a C ,-C g substituted or unsubstituted alkanoyt (which substituied
alkanoyl may be substituted with one or more substituents such as those listed for “Substituted
alkyl” including without imitation an alkanoy! substituted with a methyl and an alkylazide
group); and R 2518 a C 1 ~C 3 substituted or unsubstituted alkyl or a C 7-C o4 substituted or

unsubstituted aralkyl, such as those listed above for any of formulae (D-(VHI).

[0099]  In onc embodiment, R 54 1s an amino-substituted C 3 -C o4 cycloalkyl, such as 5-NH »
-cycloheptyl, 3-NH » -cyclopentyl and the like. In one embodiment, R 5182 C-Cyg
substituted or unsubstituted alkyl, which includes an n-alkyl group substituted with a
cycloalkyl, such as m cyclopropylmethyl. In one embodiment, R ;515 cyclopropylmethyl or
ethyl and R 2418 5-NH ; ~cycloheptyl or 3-NH , -cyclopentyl. In one embodiment, R 4182 C 2~
C ¢ substituted or unsubstituted alkanoyl and R »4158 a C 7 -C 14 substituted or unsubstituted

aralkyl, such as 4-phenylbenzyl.

[0108] It 1s understood and clearly conveyed by this invention that cach R 4, R 2sand p
disclosed in reference to fornmla (1X) intends and includes all combinations thereof the same

as if each and every combination of R %, R ssand p were specifically and individually listed.

10161} For all formulae listed herein, such as formulae (D-(IX), even if not expliciily stated,
any substituent mentioned 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 1 in formula § is intended to describe any other R
found in any other formula to the cxtent that the description conforms to the structural
characterization of the formula described. Similarly, any description of, e.g., C-Cy substituted
or unsubstituted alkyl 18 intended to describe any other C-Cg substituted or unsubstituted alicyl
found 1o any other formula to the extent that the description conforms to the structural

characterization of the formula described.
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101021 It 1s also recognized that any compounds histed as a particular salt thereof is not
intended to limit the compound to such salt or form thereof. Simularly, where compounds are
listed as a sali, 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 vather all possibilities are intended.

10103} Any of the polyamine compounds, such as compounds of the formula (H-(1X) may be
in a protected form, such as when any one or more amine {¢.g., —NH-—) is protected by a
protecting group (Pg), such as in (—NPg-). Pg may be any protecting group, such as mesityl
{c.g., NMes}, Boc {e.g., —NBoc) or any other protecting group such as those described in, ¢.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.

10104] Synthetic Methods—Synthesis of Alkylpolyamines: Several synthetic methods are
available for synthesis of polyamine analog compounds, including both symmetrically-
substituted and asyrometrically-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., Bicorg. Med. Chem. Lett. 11:1613 (2001), and Casero ¢t al,, J. Med. Chenm.
44:1 (2001,

10105} Figure 4 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 presence of 1.2 to 1.4 equivalents of alkyl halide or tosylate affords primarily
the monosubstituted product 9, and disubstituted materials and unreacted starting material can
then be separated and recycled (Bellevue et al., Bioorg. Med. Cher. Lett. 6:2765 (1996); Zou
et al,, Biocorg. 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 provides the
desired asymumetrically substituted alkylpolvamine, Treatment of 8 with 2.2 equivalents of
alkyl halide in the presence of NaH and DMF atfords the bis-substituted intermediate 16,

which upon deprotection yields the corresponding symmetrically substituted alkylpolyamine.
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Thus three distinet alkylpolyamines can be readily synthesized from a single mtermediate, and
the central carbon chain can be made in any desired length (n=(-8). Synthesis of the
intermediate 8 18 readily accomplished in large quantities using previously reported synthetic
strategies {Bellevue et al., Bioorg. Med. Chen. Lett. 6:2765 (1996); Zou et al., Bioorg. Med.
Chern, Lett. 11:1613 (2001)). A sinular strategy can be used to access spermidine-like analogs
of formula (X1}
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10106] Anunopropyl {or other aminoalkyl) mwotetics can be added to selectively 'pmtected
primary amines by standard peptide coupling technigues {(Method A, Woster et al., J. Med.
Chem. 32:1300 (1989)). Thas treatment with the protected bemramiru_q‘)mpiona,‘te (DCC , HoBt,
N-methylmorpholine} affords the corresponding amide, which is then reduced in the presence
of diborane (Woster ot al., 1989) to afford the desired secondary amine. Compound may be
synthesized directly by reductive amination, in which the appropriate aldehyde is added i the
presence of sodium cyanoborohydride. Alkyl substituents that contain an allylic acetate
functionality can also be appended using a palladium catalyzed coupling reaction that proceeds
with retention of configuration (Method C, Sirisoma et al., Tetrahedron Lett. 39:1489 (1998},
This method can also be used to introduce phthalimide or benzylamine (o an allylic acetate sile
as a synthetic equivalent for nitrogen. These nitrogens can then be deprotected and

funciionalized.

10167] Syothesis of polvaminoguanidines: The requisite amine (produced when necessary
from the corresponding alkyl or aralkyleyanide) s reacted with cyanogen bromide (Goldin et
al,, U.S. Pat. No. 6,288,123 (2001)) to atford the corresponding aminocyanogen, When the
desired amine is not commercially available, it can be prepared from the appropriate cyano
compound by catalytic reduction (Bellevue et al,, 1996, Zou et al., 2001). Intermediate
(Bellevue et al,, 1996; Zou et al,, 2001} is then coupled {chlorobenzene, refhux}, followed by
deprotection (30% Hbr in AcOH) to produce alkylpolyaminoguanidines. Using these methods,

substituted polyaminoguanidine analogs {e.g., Rs=H, methyl, ethyl, cyclopropylmethyleune,
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cycloheptylructhylene, phenyl, benzyl) can be syuthesized. An analogous route (not showu)

utilizing the N-Boc protection group was also employed.

[0108] The synthesis of polyaminobiguanides is deseribed in Bi et al., Bicorg. Med. Chem.
Lett. 16:3229 (2006). Sinular strategy 1s employed for the synthesis of
alkylpolyaminobiguanides. Amines {produced when necessary from the corresponding alkyl
or aralkylcyanide} are converted to the corresponding cyanoguanidines (NaN{CN},,
BuOH/H:0) (Gerhard, R.; Heinz, B, Herbert, F. J. Prakiische Chem . ( Leipzig ), 1964, 26,
414-418}, which were combined to afford the mesityl protected target molecules. Deprotection
as described above then provided the substituted biguanides. An analogous route utilizing the

N-Boc protection group was also employed.

10109} Solid phase synthetic techniques can be used for the rapid and efficient synthesis of
both alkylpolyamines and their alpha-methy] homologs. Compound can be produced using a
commercially available trityl chioride resin, as described in Wang et al., 1. Am. Chem. Soc,,
95(4):1328 (1973}, where the attached amine is primary or secondary prior o attachment, an
alpha-methyl s preseunt or absent, and the X group 1s etther a protected amine or a synthetic
equivalent such as an azide or a phthalamide. This intermediate is then deprotected or
converted to the corresponding privnary amine, Three strategies can be used for chain
elongation: 1. reductive amination with aldehydes in the presence of sodium
cyanoborohydride; 2. addition of an appropriate carboxylate under peptide coupling conditions
{Woster et al., I. Med. Chem. 32:1300 (1989}, followed by diborane reduction of the resulting
amide; 3. direct alkylation with a protected halide (Woster et al., J. Med, Cher, 32:1300
{1989}). Repetition of these steps then allows the synthesis of a variety of alkylpolyamines and

alpha-methyl-alkylpolyamines with substituents as desired.

10110 The invention includes all salts of the compounds described herein. The invention also
includes all non-salt corapounds of any salt of a compound named herein, as well as other salis
of any salt of a compound named herein. In one embodiment, the salts of the compounds
comprise pharmaccutically acceptable salts. Pharmaccutically acceptable salts are those salts
which retain the biological activity of the free compounds and which can be administered as
drugs or pharmaccuticals 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 mnorganic acids include, but are not linuted to, hydrochloric acid,
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hydrobromic acid, sulfurnic acid, nitric acid, and phosphoric acid. Exaruples 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, mandelic acid, sulfonic acids, and salicylic acid. Salis of
basic compounds with amino acids, such as aspartate salts and 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 mclude, but are not lirmited to, alkal metal and alkaline earth salis, sach 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-cthylpipenidine, N N'-dibenzylethylenediamine, and triethylamine salts.

Salts of actdic compounds with amino acids, such as lysine salts, can also be prepared.

10111} As used herein, “pharmaccutically acceptable salis” refer to dertvatives of the disclosed
compounds wherein the parent compound 1s modified by making acid ot base salts thereof.
Examples of pharmaceutically acceptable salts include, but are not limited to, mineral or
organic acid salts of basic residues such as amines; alkali or organic salts of acidic residues
such as carboxylic acids; and the like. Thus, the term “acid addition salt” refers to the
corresponding salt dertvative of a parent compound Eat has been prepared by the addition of
an acid. The pharmaceutically acceptable salts include the conventional salts or the quaternary
ammonium salts of the parent compound formed, for example, from inorganic or organic
acids. For example, such conventional salts include, but are not limited to, those derived from
inorganic acids such as hydrochloric, hydrobromic, sulfuric, sultamic, phosphoric, nitric and
the like; and the salts prepared from organic acids such as acetic, propionic, succinic, glycolic,
stearic, lactic, malic, tartaric, cifric, ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic,
glutamic, beunzoic, salicylic, sulfanilic, 2-acetoxybenzoic, fumarie, toluenesulfonic,
methancsulfonic, cthane disulfonic, oxalic, isethionic, and the like. Certain acidic or basic
compounds of the present nvention may oxist as zwitterions, All forms of the compounds,
inchuding free acid, free base, and zwitterions, are contemplated to be within the scope of the

present invention.

19112] The mvention mcludes all solvates of the compounds described herein, such as
hydrates (in any ratios, e.g. monohydrates, dihydrates, hermhydrates, sesquihydrates),

methanolates, ethanolates, cic.
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10113] Any compound described herein may oceur in a combined salt and solvate form, for

example the hyclate {monohydrochloride hemiethanolate hemihydrate} form.

101 14] The invention includes all stereoisomers of the compounds described heretn, inclading
diastercomers and enantiomers in optically pure or substantially optically pure form, as well as
mixtures of sterecisomers in any ratio, including, but not limited to, racemic mixtures. Unless
stereochenustry is explicitly indicated in a chemical structure or chemical name, the chemical
structure or chemical name 18 fntended to embrace all posaible stereoisomers of the compound

depicted.

10115} The invention includes all crystal and non-crystalline forms of the compounds
described herein, including all polymorphs, polycrystalline, and amorphous forms and any

mixtures thereof

10116] Biological Applications-Lysine-Specific Demethylase~-1 (L5I31} Inhibitors: Histones
are proteins found i eukaryotic cells which act as support scaffolds for DNA (sometimes
compared to a protein spool supporting the DNA thread). Histones, together with other
proteins and DINA, form the chromatin of the cell nucleus, Because of their close association
with DNA, histoues play a role in gene regulation. The tails of histone proteins are a frequent

site for covalent modifications which affect gene expression.

10117] The enzyme lysine-specific demethylase~-1 {(L.SD1; also known as BHC11¢ and
KIAA(601) 1s an enzyme that affects the covalent modification of histone tails, by
demethylating lysine 4 of the histone H3. Shi et al. (Cell, 119:941 (2004)) showed that RNAi
inhibition of LS 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.

Conversely, inhibition of LSD1 allows transcription by preventing demethvlation.
o " } o o

{0118} Because of the observed homology between the active site of LSD1 and monoamine
oxidase (MAQ), Lee et al. (Chemistry & Biology 13:563 (2006)) tested various MAO
inhibitors for their ability to inhibit LSD1. They identified tranylcypromine ((1R,28)-2-
phenyleyclopropan-1-amine) as an inhibitor with an ICs less than 2 micromelar. Treating P19
embryonal carcinoma cells with tranyleypromine led to transcriptional de-repression of the

Egrl and Oct4 genes.
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10119] International Patent Application WO 2006/07 1608 1s directed to a method for
monitoring cukaryotic histone demethylase activity, methods for up-regulating and down-
regulating methylated histonc-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, and the content of which 1s incorporated by reference in

ils entirety,

10128] MTT dose respouse experuments in 235, MCF7, 435, and 10A cells can be performed.
MTT is a standard colorimetric assay used for measuring metabolic activity in cells. Briefly,
about 200 pl of media not containing celis 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
mcubated overnight. The remaining wells contain about 4000-5600 MCF7 cells/well, 3000
231 cells/wells, 12,000 468 cells/well, or 9800 MCF 10A cells/well. Following incubation, the
media in the wells was aspirated and replaced with 200 pl of tresh media in columns A and B
of the 96 well plate. Coluron B was used as a control. Next 200 ul of fresh media containing
the compound being tested was added to the remaining wells and incubated for 96 hours.
Compounds can be routinely tested at concentrations ranging from 8.1 micromolar to 50
nucromolar. Following incubation for 96 hours, the media in cach well was aspirated and
replaced with 100 pl of 5 mg/ml MTT (3-(4,5-Dimcthylthiazol-2-y1}-2,5-diphenylietrazolium
bromide} 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 solution 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. 1Csg values for

the test compounds can be extracted based on the results,

[0121] A detailed protocol for determining SSAT activity is described in Casero et al., Cancer
Research, 49:3826 (1989). Briefly, the SSAT activily was measured by harvesting the treated
cells at the exposure time. The cells were then lysed and treated with spernmiidine, and 1-
[*Clacetyl coenzyme A for 5 minutes, Enzyme activity was measured in term of picomoles of

['*Clacetyispermidine formed per mg of cell protein per min (pmol/migP/min).
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101221 A detailed protocol for measuring SMO activity 1s described in Wang et al., Cancer
Rescarch, 61:5370 (2001). The compound identifier, the treatment concentration, the control
activity, the activity tollowing treatment and the exposure time are listed in colurans 1, 2, 3, 4,
and 5 respectively. The activity results are reported in picomoles of spermine converted per

mg of cell protein per min (pmol/mgP/min}.

812371 A detailed protocol for measuring ODC activity is described in Pegg et al., Methods
E’ g o OHH

Enzymology, 94:158 (1983).

10124} Following exposure of the cells to a compound of interest, at a concentration of, for
exampie, 10 pM, for 24 hours, the cells can be harvested, prepared and transferred to a FACS
for ccll cycle analysis. (See Carlisle et al., Clinical Cancer Research 8:2684 (2002) and

references therein).

10125} 2-Difluoromethylornithine (DFMO) is an irreversible inhibitor of ornithine
decarboxylase (QDC), the key enzyme in mammalian polyamine biosynthesis, The two
epantiomers of DFMO have been reported to differ in their ability to inhibit ODC, with the L
form being more potent then the D enantiomer. Although the physiologic functions of
polyamines are not completely understood, it 1s clear that thew intracellular concentration is
highly regulated and that normal cell growth, replication, differentiation, secretory and repair
functions require polyamines, Polyamines have been found i high levels in many tumeor cells
and support sustained cell growth that is essential for the multistep process of cancer
development, In animal models of colon carcinogenesis, ihibition of ODC by DFMO reduces
the number and size of colon adenomas and carcinomas. Elevated levels of OBC have also
been reported in transitional cell carcinoma of the bladder and the use of DFMO as a treatment
for bladder cancer patients has been reported. One of the untortunate side effects of DFMO
treatment is disruption of auditory function. Accordingly, the synergistic effect provided in
the present invention is useful for treatroent of cancer using DFMO with low concentrations,

and therefore, with less side effect.

10126] Toxicity of DFMO can be greatly reduced by using the D-enantiomer of DFMO, or
mixtures of D- and L-isomers which are enriched for the D-isomer content such that the D-
isomer comprises at least 60%, and preferably more than 90% by weight of the isomeric
mixture, D-DFMO, while still an inhibitor of ODC, has lower toxicity, including ototoxicity,

in animal models. In a study on guinea pigs, the enantiomers of DFMO did not show
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significant toxicity. The D-form of DFMO was found to have no significant effects on either
the compound action potential or cochlear microphontc. An evaluation of auditory function

found that the L-form of DFMO produced significant disruption of normal cochlear potentials.

10127] The use of D-DFMO or enriched D-isomer nuxtures can overcome many of the
problems associated with the use of racemic (54/50) D.L-DFMO. D-DFM{ or enriched I-
DFMQO isomer mixtures may be administered at a dosage higher than a racemic mixture, due
to lower aunticipated toxicity associated with the I evantiomer. In three separate studies using
concentrations from 0.6 pM to 88 uM D+, L-, and D, L-DFMO, the effective concentration
level of each which inhibits 50% of the ODC activity (K} can be determined. Both
enantiomers, as well as the racemic mixture, were inhibitory, The K; of B-DFMO can be four

fold lower than the L-form and 3 fold lower than the mixiure.

[0128] DFMO and 1is use in the treatment of benign prostatic hypertrophy are described n
two patents, 1.5, Pat, Nos. 4,413,141 and 4,330,559, U8, Pat. No. 4,413,141 describes
DFMO as being an inhibitor of ODC, both in vitre and in vivo. Administration of DFMO
reportedly causes a decrease in putrescine and spermidine concentrations in cells 1o which
these polyamines are normally actively produced. Additionally, DFMO has been shown to be
capable of slowing neoplastic cell proliferation when tested 1 standard tumor models, U5,
Pat, No. 4,330,559 describes the use of DFMO and DFMO derivatives for the treatment of
benign prostatic hypertrophy. Benign prostatic hypertrophy, like many discase states
characterized by rapid cell proliferation, 18 accompanied by abnormal elevation of polyamine
concentrations, The treatment described within this reference can be administered to a patient

either orally, or pareuterally.

10128} In addition, the growth of six human tumors (three manumary carcinomas, a maligoant
melanoma, a bladder carcinoma, and an endocervical carcinoma) can be significantly
decreased after DFMO treatment compared Lo growth in control mice. The effect of DFMO
can also be observed in xenographs of human breast and colon carcinoma cells inoculated into

nude mice,

[8136] I s to be understood that the embodiments of the invention herein doscribed are
merely thustrative of the application of the principles of the invention. Reference herein to

details of the illustrated embodiments 1s not intended to limit the scope of the claims, which
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themselves recite those features regarded as essential to the invention. The following

examples are intended to illustrate but not limit the invention.

EXAMPLE 1

Treatment and Measurement of Intracellular Polvamines

[0131] DFMO (2- or o~-difluoromethylornithine} can be obtained from Merrell Dow
Pharmaceutical Inc. (Cincinnati, OH). Polyamine analogues are provided by Progen
Pharmaceuticals Lid. (Queensiand, Australia). Stock solutions of each compound are diluted
with medinm to the desired concentrations for specific experiments, HCT 116 colorectal
carctnoma cells are mamtained in McCoy’s 5A roedium sapplemented with 9% FBS (Atlania
Biologicals, Lawrenceville, GA} and 1% penicillin/streptomycin {(Mediatech, Manassas, VA),
and grown at 37 °C in 5% CO, atmosphere. For experimuents, HCT116 cells are first treated
for 24 hours with 5 mM DFMO followed by another 24 hours treatment of replenished 5 mM
DFMO and polyamine analogues in the indicated doses alone or simultancously. Intracellular

polvamine concentrations are deterroned by high pressure hquad chromatography.

10132] Western Blotting: Nuclear fractions are prepared using NE-PER Nuclear and
Cytoplasmic Extraction reagents (Pierce, Rockford, 1L). Equal amounts (50 pg/lane) of
nuclear protein are fractionated ou SDS-PAGE gels and transferred onto PVDF wembranes.
Primary antibody against H3K4me?2 1s from Millipore (Billerica, MA}. The PCNA polyclonal
antibody used for loading countrol is purchased from Calbiochem (Gibbstown, NJ). Dye-
conjugated secondary antibodies are used and relative protein expression levels are determined
by quantitative Western analysis using the Odyssey infrared detection system and software

{(LI-COR Biosciences, Lincoln, NE}.

EXAMPLEZ
BNA Isolation and gPCR Analysis

10133] RNA Isolation and gPCR: RNA 1s extracted using TRIzol reagents (Invitrogen,
Carlsbad, CA). First-strand cDNA is synthesized using M-MLV reverse transcriptase with an
oligo{dT) primer (Invitrogen), gPCR 1s performed i a My single color real-time PCR
machine {(Bio-Rad, Hercules, CA} with GAPDH as an internal control. The SFRP2 primers
used are: sense, 3AAG CCT GCA AAA ATA AAA ATG ATG (SEQ ID NO: 1); antisense,
5TGT AAA TGO TCT TGO TCT TGG TOT (SEQ 1D NO: 2) (annealing at 53 °C).
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10134} Chromatin lnmunoprecipitation (ChiPy: CHIP analysis s performed using EZ-chip kit
{Millipore) according to the manufacturer’s instruction, In brief, cells are exposed to 1%
formaldehyde to cross-link proteins, and two million cells are used for cach CHIP assay.
Autibody against H3 can be obtained from Abeam (Cambridge, MA} and antibody against
H3K4me? can be obtained from Millipore. Quantitative ChiP is performed using qPCR on the
MyiQ single color real-timie PCR machine. The PCR primer sets used for araplification of
precipitated SFRP2 promoter fragments are as follows: sense, 5’CTC CCT CCC AGC CTG
CCC ATC TT (SEQ ID NO: 3); antisense, STACT GCC CAC CATTTC CCC GTTTTG
{(SEQ ID NO: 4) (annealing at 61 °C).

EXAMPLE 3

Combination Treatments Using Olicoamines with DFMO

13135] The combined treatment of DFMO with oligoamines increases global levels of
H3K4meZ2. The present invention provides that certain specific oligoamines are etfective
inhibitors of LSD1. The present mnvention also provides that by pre-treating tumor cells with
DFMQ, the resulting decrease in intracellular polyamines can lead to increased effectiveness
of the oligoanunes o inhibiting LSDT thus resulting in increased levels of H3K4me?Z, a
substrate of the transcriptionally repressive LSD1 enzyme. The present invention further
provides that even though cach of the oligoamines arc etfective alone in mcrcasing global
H3K4me2 levels the combination of 5 mM DFMO with § uM of any of the oligoamines
resulted in a massive inerease in global H3K4me?2 lovels, indicating synergy when cells are
pre-treated with DFMO (Figure 13, These results suggest that the intracellular decrease of

polyamines by DFMO pre-treatment resulis in greater inhibition of LSD1 by the oligoanmunes.

10136] The combination of DFMO plus oligoamines results in synergistic re-expression of an
aberrantly silenced gene. L.SD1 is a part of transcriptional repressor complexes and its activity
is associated with transcriptional repression of aberrantly silenced genes in cancer. Since there
is functional synergistic inhibition of LSD1 wheun oligoamines and DFMO are combined, the
present invention provides that global increases in H3K4meZ can be mirrored by increases in
expression of previously stlenced genes, Therefore, the present mvention provides that the
expression of the Wnt-signaling antagonist, secreted frizzle-related protein 2 {(SFRPZ), a gene
that 1s frequently silenced n colon cancers as represented by the HCT6 colorectal cancer
cell line, can be significantly indaced by the combination of DFMO and oligoamives. The

results indicate that pre-treatment of HCT116 cells with 5 mM DFMO, followed by 5 uM of
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the selecied oligoamines all resulted 1u the synergistic re-expression of the previously stlenced

gene.

[3137] The combination of DFMO and the oligoamine PG-11144 displays dose~-dependency
with respect to mereased PG-11144 concentration and synergistic re-expression of SFRP2.
The preseut invention provides that PG-11144 is effective in treating established tumors in a
nude mouse model and its antitumor activity is linked with functional inhibition of LSDI1.
Therefore, the present invention also provides the dose dependency of SFRP2 gene re-
expression with increasing concentrations of PG-11144 with 5 mM DFMO. The present
invention provides that 3 pM PG-11144 results 1 the greatest synergy with BFMO (Figure 3).
Higher concentrations actually resulted in less SFRP2Z expression, presumably a result of

mereased cytotoxicity.

[3138] The combination of DFMO with PG-11144 results in increased H3K4me?2 in the
promoter region of the SFRP2 gene. The present invention provides that the re-expression of
SFRPZ are directly linked to LSD1 inhibition and changes to chromatin that favors
transcription, and the level of H3K4me2 in the promoter of SFRP2 can increase when cells are
treated with the combination. ChiP analysis of the promoter region of SFRP2 clearly
demonstrates a significant increase i the transcriptional activating mark, H3K4me?2 (Figure
4). The present invention provides that the 2.5 uM concentration of PG-11144 alone does not
lead to increased SFRP2 expression (Figure 3} or increases in the promoter H3K4me? levels
{Figure 4). The increase of SFRPZ and H3K4 methylation only occurs when PG-11144 s

combined with DFMQO,

EXAMPLE 4

Effects of Disclosed Combinations on FEpigenetic Siencine of Gene Expression

1013%] Epigenctic silencing of gene expression plays a key role in the eticlogy and
progression of cancer. Strategies to reverse aberrant gene silenciog have been demonstrated to
be efficacious in specific cancers and further clinical trials are ongoing to evaluate drugs
targeting epigenetic regulation of gene cxpression, Targeting epigenctic changes is an
attractive strategy as these changes, unlike gene loss or mutations, are reversible. To date,
most drugs studied to alter epigenetic gene regulation have targeted cither the DNA
methyhtransferases (DNMTs) or the histone deacetylases (HDACs), However, other

significant targets exist. With the discovery of the transcriptionally repressive lysine specific



WO 2011/113005 PCT/US2011/028206

44

demethylase, LI, the present invention provides that inhibition of this enzyme can lead o
the re-expression of some aberrantly silenced genes. As the FAD-dependent amine oxidase
LSD1 1s structurally and mechanistically homologous to the polyamine oxidases, the present
invention provides that certain specific polyamine analogues can effectively inhibit L8D1
activity and lead to gene re-expression. The present invention also provides that specific
polyamine analogues and/or combinations of the invention cau inhibit LSD1, increase

promoter bound levels of H3K4me?2, and lead to re-expression of previously silenced genes.

10148] The present invention further provides that pretreatiment of human colon cancer cells
with the ornithine decarboxylase inhibitor, DFMO, results in wiracellular polyamine
depletion, and acts in a synergistic manner with the oligoamine analogues, with respect to
mhibition of LSD, increased both local and global H3K4me?2 levels, and re-expression of an
aberrantly silenced gene. The present invention provides that the reduction of cellular

polyamine pools 1s necessary for the observed effects,

10141} The natural polyanunes are known to play a role in chromatin structure and there
cationic nature at physiological pH makes them 1important counter ons to the phosphate
backbone of DNA. The present invention provides that the reduction of polyamines alters
chromatin conformation and/or makes the target LS more accessible for the oligoamine
wrhibitors. It should be noted, however, that there are no data to indicate that the natural

polyamines are inhibitors of, or subsirates for LSD1.

10142} The combination of DFMO and the oligoarnines may have particular significance in
colon cancer. Recent chemoprevention studies by Gerner, Meyskens, and colleagues
demonstrate that DFMO is a promising agent {or the prevention of sporadic colorectal
adenomas, These studies cornbined with the present invention showing that PG-11144 alone,

is cffective in shrinking established HCT116 human colon tumors in nude mice.

10143} Increased intraceliular polyamines have been implicated in alterations in the histone
acetyltransferases and HDACs, potentially resulting 1o epigenetic changes that lead to the
initiation and progression of tumors in a transgenic mouse model where ODC, the target of
DFMO, 1s over expressed. Another recent report indicates that polyamine depletion by DFMO
can induce differentiation in cardiac myoeytes through epigenetic mechanisms. Taken
together, the present invention provides that inhibition of polyamine synthesis by DFMO can

reduce or block, some epigenetic changes necessary for cancer, Thus the effective
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combination of LSD inhibiiors with DFMO may be a result of mudtiple beneficial

mechanisms,

13144] In summary, it has been demonstrated that the novel combination of the LSD1-
inhihiting oligoamines with the ODC mhibitor, DFMO, results in increased expression of an
important Wnt-signaling antagonist that s silenced in many colon cancers. Importantly, this
combination results in a synergistic response in treated cells at the level of global and local
fevels of the LSD1 target, H3K4me?2 and expression of the SFRP2Z gene. This combination
represents promising new and entirely unigue strategy for the targeting of epigenetically

silenced genes i the treatment of cancer,

EXAMPLES

Effects of Disclosed Combinations on Natural Polvamine Metabolism

[0145] DFMO treatments have been shown to alter natural polyamine metabolism in cells.
The present invention provides that DFMO treatments can enhance transports of polyamines
{oligoamines) of the invention into cells. The present invention further provides that such
enhancement of polyamine transport involved a mechanism distinet from DFMO’s effects on

natural polyamine metabolism.

[0146] Table 1 shows effects of the combination treatment of DFMO and the oligoamine PG-
11144 on polyamine pools in HCT116 cells. A mixture of both D-cnantiomer of DFMO and

L-enantiomer of DFMO is used to generate data in Table 1.

101471 The data in Table 1 indicate that the observed synergy between DFMO and the
oligoamine PG-11144 1s not simply due the etfect of the combination on natural polyamne
metabolism. In fact the combination of DFMO and PG-11144 actually leads to a less dramatic
effect on the decrease in polyamine pools as compared to DFMO treatment allow. The present
wvention provides that the unexpected synergy between DFMO and P(G-11144 on histone
modification and gene re-expression are surprising in view of the observed changes in
polyamine homeostasis, Thus, the synergistic effect of disclosed combinations is not sivuply
an accumulated result from either DFMO or polyamines/sligoamines alone, but involves a

ditfferent mechanism from natural polyamine metabolism,
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Table 1. Effects of the combination treatmeunt of DFMO and the oligoarnine PG-11144

Polyamines (nmol/mg Protein)'
Treatment’ Putresine Spermidine Spermine
Coutrol 3.5 14.6 18.4
PG-11144 0.5 uM 4.7 9.1 11.2
PG-11144 1T pM 4.7 8.4 10.1
PG-11144 2.5 uM 3.8 5.6 6.2
PG-11144 5 uM 0.0 4.2 4.9
PG-11144 10 uM 0.0 4.1 6.4
DFMO S mM 0.0 0.0 13.9
DFMO 5 mM + PG-11144 0.5 uM 0.0 2.0 11.2
DFMO S mM + PG-11144 1 gM 0.0 2.9 10.9
DFMO S mM +PG-11144 2.5 uM 0.0 2.7 10.2
DFMO 5 mM + PG-11144 5 M 0.0 23 133
DFMO S mM + PG-11144 10 pM 0.0 1.5 14.4
' Values represent the mean of 2 determinations from a representative experiment.
* Where indicated, HCT 116 cells are protreated with DFMO for 24 hours prior to an
additional 24-hour treatment with the indicated conceuntration of PG-11144,

10148] Although the tovention has been described with reference to the above examples, it
will be understood that modifications and variations are encompassed within the spirit and

scope of the invention, Accordingly, the invention 1s limited only by the following claims.
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What 1s claimed is:

1. A composition coraprising
{a} a therapeutically effective amount of at least one inhibitor of a histone demethylase
enzyme; and
(b} a therapeutically effective amount of at least one inhibitor of ornithine

decarboxylase (ODC).

2. The composition of claim |, wherein the histone demethylase enzyme comprises

tysine-specific demethylase 1 (LSD1)
3. The composition of claima 2, whereiu the wnhibitor of LSD1 corprises a polyamiue.

4. The compositions of claim 1, with the proviso that the inhibitor of a histone

demethylase enzyme does not comprise a natural polyamine.

5. The composition of claim 1, wherein the histone demethylase enzyme comprises

Jumonjii dormmain-containing (JijC) histone demcthylase.

6. The composition of claim 5, wherein the JmjC histone demethylase is PHFS or
KIAATTIR.
7. The composition of claim 1, wheren the mhibitor of ODC comprises 2-

difluoromethylornithine (DFMO or alpha-difluoromethylornithine).

nny

&. The composition of claim 7, wherein the inhibitor of ODC comprises enriched D-

cnantiomer of DFMO.
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9. The composition of claima 3, whereiu the polyamine comprises a compound of formula

S,
/
Fd
A,
,b'i',_%
‘; ] 70
y,
5,
3
-
st

a‘*‘

or a pharmaceutically acceptable salt thereof, wherein:
nis an integer {from 1 to 12;
m and p are each independently an integer from 1 to 5;
gisQor
each R; is independently selected from the group cousisting of
Cy-Cy substituted or unsubstituted alkyl, Ci-Cys substituted or unsubstituted cycloalkyl,
Ca-Cis substituted or unsubstituted branched alloyl, Co-Cop substituted or unsubstitoled
aryl, Ce-Cop substituted or unsubstituted heteroaryl, C7-C14 substituted or unsubstituted
aralkyl, and Cy-Cys substituted or unsubstituted heteroaralkyl and;
cach R is independently selected from hydrogen or a C1-Cy substituted or

unsubstituted alkyl.

10.  The composition of claim 3, wherein the comprises an ohigoamine of formula (X

Ra7 Ry Rz Ry Ry T”
Ras N Rse
N N
ng Ry Rs; ?L»zx ” (X}

or a pharmacecutically acceptable salt thereof, wherein:
n and m are cach independently an integer from 1 to 12;
cach Ry, Ray, Rug, Rao, Rye, and Ry, is independently selected from hydrogen, a Ci-Cy
substituted or unsubstituted alkyl, a Cs-Cyg substituted or unsubstituted aryl, and an

amine; and is a single bond or double bond.
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11, The composition of claim 3, wherein the compound is selected from

‘»\? “n g f"
~ , . Eﬁé -------- &ai* A ?\
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g § F

) .-~“d{\“ § ..“ng\(wq_p o o s
Po1I68 i -

2
PEA418s ~ e

< anda

combination thereof

i2. A method for treatment of cancer in a subject comprising:
adnunistering to the subject g therapeutically effective amount of at least one inhibitor
of a histone demethylase enzyme in combination with a therapeutically effective

amount of at least one imhibitor of ornithine decarboxylase (ODC).

13 The method of claim 12, wherein the inhibitor of ODC comprises 2-
diftuoromethylornithine (DFMO or alpha-difluoromethylormithine} and the inhibitor of a

histone demethylase enzyme comprises a polyanine.

14, The method of claim 13, with the proviso that the inhibitor of a histone demethylase

enzyme does not comprise a natural polyamine.
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15, The wmethod of claim 13, wherein the polyamine comprises a compound of formula (1)

or formula (X):

/

%,
%,
P

i

or a pharmaccutically acceptable salt therecof, wherein:
n s an ioteger from 1 to 12;
m and p are each independently an mteger from 1 to 5;
qisBorl;
each R; is independently selected from the group consisting oft
C;-Cg substituted or unsubstituted alkyl, Cs-Cys substituted or unsubstituted cycloalloyl,
C5-Cs substituted or unsubstituted branched alkyl, Ce-Cy substituted or unsubstituted
aryl, Cs-Cop substituted or unsubstituted heteroaryl, C5-Coy substituted or unsubstituted
aralkyl, and Cr-Cog substituted or unsubstituled heteroaralkyl and;
cach R is independently selected from hydrogen or a C-Cyg substituted or

unsubstituted atkyl; or

m
R2S Rf‘f 1 R31 R23 /X}

or a pharmaceutically acceptable salt thereof, wherein:
n and m are each independently an integer from 1 to 125
each Ros, Roy, Rog, Rog, Rao, and Ra; 13 independently selected from hydrogen, a Ci-Cs
substituted or unsubstituted alkyl, a Cg-Coy substituted or unsubstituted arvl, and an

amine; and is a single bond or double bond.
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16, The method of claim 14, wherein the compound is selected from
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and a
comtbination thereof,

17 A method of altering DNA methylation in a cell comprising

adiunistering the cell with at least one inhibitor of a histone demethylase enzyme in

combination with at least one inhibitor of ornithine decarboxylase (ODC).

18. The method of claim 17, wherein the inhibitor of ODC comprises 2-
difluoromethylomithine (DFMO or alpha-difluoromethylormithine) and the inhibitor of a

histone demethylase enzyme comprises a polyamine.

19. The method of claim 18, with the proviso that the inhibitor of a histone demethylase

enzyme does not comprise a natural polyamine.
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20, The method of claira 17, wherein the polyamine comprises a compound of formula (1)

or formula (X):

or a pharmaceutically acceptable salt thereof, wherein:
nis an integer from 1 to 12;
m aud p are each independently an integer from 1 {0 5;
qisBorl;
cach R; 1s independently selected from the group consisting of:
C;-Cy substituted or unsubstituted alkyl, C4-C 5 substituted or unsubstituted cycloalkyl,
C3-C 5 substituted or unsubstituted branched alkyl, Ce-Cop substituted or unsubstituied
aryl, Ce-Cog substituted or unsubstituted heteroaryl, C7~-Coy substituted or unsubstituted
aralkyl, and C4-Cyy substituted or unsubstituted heteroaralkyl and;
cach Ry is independently selected from hydrogen or a C-Cy substituted or

unsubstituted alkyl; or

Ry Ry Rap Ry Ry Ryy
N Rag

Ryg Rap Rap Ryg (X}
or a pharmaceutically acceptable salt thereof, wherein:
n and m are independently an integer from 1 to 12;
cach Rog, Ryy, Rog, Rog, Rae, and Ry; 18 independently selected from hydrogen, a C-Cy
substituted or unsubstituted alkyl, a Us-Cog substituted or unsubstituted aryl, and an

amine; and is a single bond or double bond.
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21. The method of claim 20, wherein the compound is selected from

1 & ‘v “n o
p@wﬁ‘%ﬁ&@ % &, f\\".{iﬁ-‘\ -------- g‘m "” \_,,.v“‘ z\y
. PReraen VH o Y - ! e > 6';‘3,% <
PG-11150 o e e W
3! oy S v.,%:'
PGATIET Al s g e
g § ad
. H
. g' N T «"\'\g‘@ -
) ..-“"{\" & ..-“‘f“\:.,.«“"h’\" ﬁ}: .. ,.a'm’w o Eé.o T g ; ’.\,A.e
PGB8 7 N ¢ &

2
PEA418s ~ e

< anda

combination thereof

22. A method for enhancing inhibition of a histone demethylase enzyme in a celi
comprising:
admimistering the cell with at least one mhibitor of orntthine decarboxylase (ODC);
and

administering the cell with at least one hibitor of a histone demethylase enzyme,

23. The method of claim 22, wherein the inhibitor of ODC comprises 2-
difluoromethylomithine (DFMO or alpha-difluoromethylornithine) and the inhibitor of a

histone demethylase enzyme comprises a polyamine,

24. The method of claim 23, with the proviso that the inhubitor of a histone demethylase

enzyme does not comprise a natural polyamine.

25, The method of claim 22, wherein the step (a) comprises a pretreatment period from

ahout 2 hours to gbout 48 hours.
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26.  The method of claira 23, wherein the polyamine comprises a compound of formula (1)

or formula (X):

@
or a pharmacecutically acceptable salt thereof, wherein:
nis an integer from 1 to 12;
m and p are cach independently an mteger from 1 to 5;
qisBorl;
cach R; is independently selected from the group consisting of:
C;-Cg substituted or unsubstituted alkyl, C4-Cis substituted or unsebstituted cyeloaloyl,
Cs-C s substituted or unsubstituted branched alkyl, Cg-Cop substituted or unsubstituted
aryl, Cs-Cop substituled or unsubstituted heteroaryl, Cr7-Cpy substituted or unsubstituted
aralkyl, and C5-Coq substituted or unsubstituted heteroaralkyl and;
cach R s independently selected from hydrogen or a C-Cy substituted or

unsubstituted alloyl; or

Ra7 Rag Ry Ry Ry Ry

m
Ry Ray Rip Ry )

or a pharmaceutically acceptable salt thereof, wherein:
n and m are independently an integer from 1 to 12;
each Rog, Ryy, Rag, Ryg, Rao, and R, 1s independently selected from hydrogen, a C-Cy
substituted or unsubstituted alkyl, a Ce-Cyp substituted or unsubstituted arvl, and an

amine; and is a single bond or double bond.
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27. The method of claim 26, wherein the compound is selected from
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combination thercof.
28.  The method of claim 12, wherein the subject is human.
29, The method of claim 17 or 22, wherein the cell comprises a cancer cell.

34 The method of claim 12, wherein the cancer is selected from the group consisting of
biadder, brain, breast, colon, esophagus, kidney, liver, lung, mouth, ovary, pancreas, prostate,

skin, stomach, hematopoietic system and wterus.

31, The method of claim 30, wherein the hematopoietic cancers conmprise at least one of
acute myeloid leukemia, mesothelioma, cutancous T-cell lymphoma {(CTCL), multiple
myeloma and myelodysplastic syndrome (refractory anemua, refractory anemia with ringed
sideroblasts, refractory anemia with excess blasts, refractory anemia with excess blasts in
transformation, refractory cytopenia with multilincage dysplasia, myelodysplastic syndromwe
associated with an isolated del{5q) chromosome abnormality, or unclassifiable

myelodysplastic syndrome) or combinations thereof.
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32. The use of at least one inhibitor of a histone demethyvlase enzyme in combination with
32 Th f at least hibit {a hist ! thyl y binat tt
at feast one inhibitor of ornithine decarbosylase (ODC) in the manufacture of a medicament

for freating cancer n a subjoct.

33, A combination of at lcast one inhibitor of g histone demethylase enzyme and at least
one inhibitor of ornithine decarbosylase {ODC) for use in a method of treating cancer in a

subject.
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