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1
POLYAMINE TRANSPORT SELECTIVE
THERAPEUTIC AGENTS WITH ENHANCED
STABILITY

FIELD OF THE INVENTION

The present invention relates to compositions and meth-
ods for the treatment of disorders characterized by unre-
strained cell proliferation and/or differentiation, and more
particularly to novel polyamine transport ligands, composi-
tions, and methods for their use.

BACKGROUND

Polyamines are essential growth factors for cells.! Tumor
cells have been shown to contain elevated polyamine levels
and have active polyamine transport systems to import
exogenous polyamines.'* This unique characteristic of can-
cer cells allows for cell selective drug delivery of
polyamine-drug conjugates to particular cell types.'* The
polyamine transport system (PTS) is an important target as
many cancer cells need to import polyamines in order to
sustain their growth rate, especially in the presence of
polyamine biosynthesis inhibitors like difluoromethylorni-
thine (DFMO).!> DEMO resembles the natural substrate
ornithine for ornithine decarboxylase (ODC), a key enzyme
in putrescine biosynthesis.'

Although the PTS has been recognized as an important
target for cell selective drug delivery, the PTS is still poorly
understood. What is known is that the PTS is an energy-
requiring and carrier mediated process.> Recently, in mam-
malian polyamine transport two models of polyamine trans-
port that have been proposed by Poulin® and Belting’,
respectively. Poulin suggested that polyamines enter the cell
through an active plasma membrane transporter, followed by
the sequestration into polyamine sequestering vesicles
(PSV’s).** In order for polyamines to internalize within
these PSV’s, the process needs to be driven by a vesicular
H*/polyamine carrier, which also aids in the escape from the
PSV** It was also found that the PSV’s colocalized with
acidic vesicles of the late endocytic compartment and the
trans Golgi.** Belting, on the other hand, provided a multi-
step endocytic process where polyamines bind to heparan
sulfate proteoglycans in caveolae.”® Once the polyamines
have bound to heparan sulfate, they are then endocytosed
and their heparan sulfate chains are cleaved and further
processing by NO liberates the polyamines.>®

Drug conjugates, which join a cytotoxic agent to a
polyamine, have exhibited selective and enhanced cytotox-
icity to cancer cells compared to their normal cell counter-
parts."> To assess whether there was any advantage in
tethering a polyamine message to a toxic agent, a method
was needed to investigate if these drug conjugates were
indeed targeting the polyamine transport system. Delcros et.
al. demonstrated that the Chinese hamster ovary (CHO) cell
line was very effective for identifying drug conjugates which
are PTS selective.® This cell line was chosen along with its
mutant (CHO-MG) in order to demonstrate which drug
conjugates effectively utilize the PTS and which ones pro-
vide non-specific toxicity.”# ° The CHO-MG cell line devel-
oped by FlintofTet. al.” is polyamine transport deficient. This
mutant cell line was developed by treating the CHO cell line
with ethyl methanesulfonate and subsequent dosing of the
surviving cells with methylglyoxal-bis(guanylhydrazone)
(MGBG) to determine their resistance to cytotoxic
MGBG."” The surviving cells that were found to be resistant
10 MGBG were also found to have a marked decrease (less

20

25

40

45

60

65

2

than 1% as compared to the wild type) in the uptake of
radiolabeled spermidine, demonstrating a defective PTS.”?
When evaluating the polyamine drug conjugates, the IC,, is
determined for both CHO and CHO-MG, with their ratio
(CHO-MG IC,,/CHO IC,,) being utilized as an evaluator
for the PTS selectivity of the compound. Compounds with
high CHO-MG/CHO IC,,, ratios are considered PTS selec-
tive.

Several factors can affect PTS selectivity. For example,
polyamine oxidase (PAQO) activity severely reduces the PTS
selectivity of polyamine based drugs via drug degradation.
Since polyamine oxidase targets primary amines, it also
metabolizes polyamine based drugs. Since cancers have
higher polyamine uptake than normal cells, polyamine-
based drugs offer the opportunity to selectively target can-
cers via their reliance on polyamine uptake. Polyamine
drugs which are stable to amine oxidases are thus needed to
create anticancer agents which selectively target cancers,
while having enhanced stability to amine oxidases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a National Cancer Institute (NCI) 60
cell-line screen of 6a (44Ant44)

FIGS. 2A-2C show a NCI 60 cell-line screen for 6b
(MeN44Ant44NMe), 7b (MeN44Nap44NMe), and 8b
(MeN44Bn44NMe).

FIG. 3 shows the ability of Spd to rescue MALME-3M
and MALME-3 cells treated with compound 6a (44
Ant44)*5e4 ¢Cells were incubated for 96 h at 37° C. with
compound 6a at 0.02 uM (MALME-3M) and 0.6 pM
(MALME-3).” 1 mM aminoguanidine (AG, an amine oxi-
dase inhibitor) was determined to be non-toxic and was
incubated with cells for 24 h prior to drug addition.” Control
is no drug control.? All experiments were done in triplicate
using RPMI 1640 supplemented with 10% FBS and 1%
penicillin/streptomycin.

FIG. 4 shows the ability of Spd to rescue MALME-3M
and MALME-3 cells treated with compound 6b
(MeN44Ant44NMe)*> “Cells were incubated for 96 h at
37° C. with compound 6b at 0.06 uM (MALME-3M) and 1
UM (MALME-3).” 1 mM AG was determined to be non-
toxic and was incubated with cells for 24 h prior to drug
addition.® Control is no drug control.“ All experiments were
done in triplicate using RPMI 1640 supplemented with 10%
FBS and 1% penicillin/streptomycin.

FIG. 5 shows the ability of Spd to rescue MALME-3M
and MALME-3 cells treated with compound 7a (44
Nap44)*>>4 2Cells were incubated for 96 h at 37° C. with
compound 7a at 0.02 pM (MALME-3M) and 1 pM
(MALME-3).” 1 mM AG was determined to be non-toxic
and was incubated with cells for 24 h prior to drug addition.®
Control is no drug control.# All experiments were done in
triplicate using RPMI 1640 supplemented with 10% FBS
and 1% penicillin/streptomycin.

FIG. 6 shows the ability of Spd to rescue MALME-3M
and MALME-3 cells treated with compound 7b
(MeN44Nap44NMe)>*> “Cells were incubated for 96 h at
37° C. with compound 7b at 0.02 pM (MALME-3M) and 0.8
uM (MALME-3).” 1 mM AG was determined to be non-
toxic and was incubated with cells for 24 h prior to drug
addition.® Control is no drug control ¥ All experiments were
done in triplicate using RPMI 1640 supplemented with 10%
FBS and 1% penicillin/streptomycin.

FIG. 7 shows the ability of Spd to rescue MALME-3M
and MALME-3 cells treated with 8a (44Bnd4)™*> “Cells
were incubated for 96 h at 37° C. with compound 8a at 0.01
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uM (MALME-3M) and 0.1 pM (MALME-3)." 1 mM AG
was determined to be non-toxic and was incubated with cells
for 24 h prior to drug addition.© Control is no drug control.”
All experiments were done in triplicate using RPMI 1640
supplemented with 10% FBS and 1% penicillin/streptomy-
cin.

FIG. 8 shows the ability of Spd to rescue MALME-3M
and MALME-3 cells treated with 8b (MeN44Bnd44N
Me)“Cells were incubated for 96 h at 37° C. with compound
8b at 0.01 uM (MALME-3M) and 0.02 uM (MALME-3).%
1 mM AG was determined to be non-toxic and was incu-
bated with cells for 24 h prior to drug addition.” Control is
no drug control.” All experiments were done in triplicate
using RPMI 1640 supplemented with 10% FBS and 1%
penicillin/streptomycin.

DETAILED DESCRIPTION OF THE
INVENTION

The present inventors have synthesized novel di-substi-
tuted aryl polyamine compounds, which selectively target
the polyamine transport system (PTS) with high efficacy.
Relative to mono-substituted amine based drugs (e.g., those
containing a free primary amine as in R—NH,), di-substi-
tuted compounds (MeN—R—NMe) better target the PTS.
In addition, N-alkylation of the di-substituted compounds
also demonstrated improved stability to amine oxidase activ-
ity relative to their non-alkylated counterparts. While not
wishing to be bound by theory, it is thus believed that the
di-substituted N-alkylated compounds described herein may
have a longer half-life in vivo and have a lower degree of
metabolic degradation. A National Cancer Institute (NCI)
screen of 60 human cell lines revealed that the compounds
have exquisite selectivity in targeting specific cell types.
These included MALME-3M (melanoma), T47D (breast),
and K562 (leukemia) cells. Compounds 6b and 7b showed
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its higher selectivity in targeting the cancer line (MALME-
3M) over the normal line (MALME-3). Moreover, the large
difference in toxicity to the respective cell types (cancer vs.
normal) suggests that a reasonable therapeutic window is
available for dosing with the compounds described herein in
vivo. The compounds described herein could be used alone
or in combination with known and/or new therapies (e.g.,
chemotherapeutic agents or radiation) to treat selected can-
cers in vivo. In addition, the compounds described herein
may be also be suitable as therapies for other cancers,
including but not limited to breast cancer and leukemias,
based upon the results obtained from the NCI (see FIGS. 1
and 2A-2C). In accordance with one aspect, there is pro-
vided a compound comprising the formula:

RHN—(CH,),—NH—(CH,),—NH—CH,—R—

CHy—NH—(CH,),,—NH—(CH,),,—NHR" %)

wherein R is selected from the group consisting of anthra-
cene, naphthalene, and benzene:;

wherein R' and R" are independently selected from the

group consisting of H and an alkyl group;
wherein x, xx, y, and yy are independently selected from
the group consisting of 3 and 4;

or an analog, a conjugate, a derivative, a prodrug, a
stereoisomer, or a pharmaceutically acceptable salt thereof.

Aspects of the present invention contemplate all varia-
tions of formula (I), and or any analog, a conjugate, a
derivative, a prodrug, a stereoisomer, or a pharmaceutically
acceptable salt thereof. In one embodiment, R' and R" are
independently selected from the group consisting of methyl,
ethyl, propyl, isopropyl, and butyl. In a particular embodi-
ment, R' and R"=methyl; x, xx, y, yy are each 4; and R=Ant
(anthracene) to define compound 6b. In another particular
embodiment, R and R"=methyl; x, xx, y, yy are each 4; and
R=Nap (naphthalene) to define compound 7b.

In another aspect, there is provided a compound compris-
ing the formula:

)

i1 u
N N
R,HN/\/\/ \/\/\g/\R/\g/\/\/ \/\/\NHR,

N J

N

polyamine arm 1

particular specificity to the PTS, as well as enhanced sta-
bility to amine oxidase activity.

The present inventors have confirmed the sensitivity of
MALME-3M to the compounds described herein, and have
shown that the related MALME-3 (normal) cell line is up to
59-fold less sensitive to the drug class, confirming the
PTS-targeting specificity. Compound 7b, for example, may
be particularly useful for the treatment of melanomas due to

N J

%

polyamine arm 2

wherein R is selected from the group consisting of anthra-
cene (Ant), naphthalene Nap), and benzene (Bn); and
wherein R' and R" are independently selected from the
group consisting of H and an alkyl group;
or an analog, a conjugate, a derivative, a prodrug, a
stereoisomer, or a pharmaceutically acceptable salt thereof.
In accordance with another aspect, there is provided a
compound comprising the formula:

(I

H H
N N
R’HN/\/\/ \/\/\ﬁ/\R/\ﬁ/\/\/ \/\/\NHR’

N J

~"

polyamine arm 1

N J

~"

polyamine arm 2
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wherein R is selected from the group consisting of anthra-
cene (Ant) (6b), naphthalene (Nap) (7b), and benzene
(Bn) (8b); and
wherein R' is methyl,
or an analog, a conjugate, a derivative, a prodrug, a
stereoisomer, or a pharmaceutically acceptable salt thereof.
In one embodiment, R=anthracene in formula (IIT) such
that the compound defines compound 6b, or an analog, a
conjugate, a derivative, a prodrug, a stereoisomer, or a
pharmaceutically acceptable salt thereof.

6

In another embodiment, R=naphthalene in formula (IIT)
such that the compound defines compound 7b, or an analog,
a conjugate, a derivative, a prodrug, a stereoisomer, or a
pharmaceutically acceptable salt thereof.

In yet another embodiment, R=benzene in formula (III)
such that the compound is compound 8b, or an analog, a
conjugate, a derivative, a prodrug, a stercoisomer, or a
pharmaceutically acceptable salt thereof.

In accordance with one aspect, there are provided com-
pounds 6b, 7b, 8b, 34a, 34b from the following structures:

Iv)

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

5a: R =11, 3 ICl (Antd4)
5b: R = Me, 3 HCI (Ant44NMe)

RHN\/\/\N/\/\/§

H

6a: R = H, 6 HCI (44Ant44)
6b: R = Me, 6 ECI (MeN44Ant44NMe)

)2t
g/\/\/N\/\/\NHR
RHN\/\/\g/\/\/§

7a: R=H, 6 HCI (44Nap44)
7b: R =Me, 6 HCl (MeN44Nap44NMe)

H
g/\/\/N\/\/\NHR
RHN\/\/\N/\/\/§
H

8a: R = H, 6 HCI (44Bn44)
8b: R = Me, 6 HCI (MeN44Bn44NMe)

39

4]

40a:R =Boc, R’ =H
40b: R = Boe, R' = (CH;)4NHBoc
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-continued

N N
NN NN N

N N
\/\/\N/\/\/ \R’

R

R

|
R
|
|

R

3426 HCLR=H,R'=H
34b: 8 HCL, R = H, R = (CH>uNH,

or an analog, a conjugate, a derivative, a prodrug, a
stereoisomer, or a pharmaceutically acceptable salt thereof.

In another aspect, there is provided a pharmaceutical
composition comprising a compound of formula (I), and a
pharmaceutically acceptable carrier.

In another aspect, there is provided a method for prevent-
ing or treating a disorder characterized by unrestrained cell
proliferation and/or differentiation. The method comprises
administering to a subject a composition comprising a
compound of formula (I) in an amount effective to reduce an
amount of cell proliferation or differentiation. In one
embodiment, the disorder is a cancer, such as breast cancer,
a leukemia, or a melanoma.

In another aspect, there is provided a method for treating
or preventing a melanoma in a subject comprising admin-
istering to the subject an effective amount of a compound of
formula (I).

In another aspect, there is provided a method for treating
or preventing breast cancer in a subject comprising admin-
istering to the subject an effective amount of a compound of
formula (I).

In another aspect, there is provided a method for treating
a cancer in a subject comprising administering to the subject
an effective amount of a composition comprising a com-
pound of formula (T) and a chemotherapeutic agent. In one
embodiment, the cancer is breast cancer, a leukemia, or a
melanoma.

In another aspect, there is provided a method of inhibiting
the growth of a cell. The method comprises contacting the
cell with an effective amount of a compound of formula (I)
such that the cell is targeted via its active polyamine
transport system and its growth is inhibited. In one embodi-
ment, the cell is a cancerous cell.

In accordance with yet another aspect of the present
invention, there is provided a method for preventing or
treating a disorder comprising unrestrained cell proliferation
and/or differentiation, wherein the method comprises admin-
istering to a subject a composition comprising compound
6b, 7b, 8b, 344, 34b, combinations thereof, or an analog, a
conjugate, a derivative, a prodrug, a stereoisomer, or a
pharmaceutically acceptable salt thereof in an amount effec-
tive to reduce the number of proliferating cells.

1.1 Definitions

The compounds according to formulas (I)-(V) referred to
herein include all compounds encompassed by those formu-
las and any analog, conjugate, derivative, prodrug, stereoi-
somer, or pharmaceutically acceptable salt thereof. Formu-
las (IV) and (V) are understood to encompassed all
structures pictured. Thus, by “by compounds of formula (I),”
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“compounds according to formula (I),” or the like, for
example, it is meant the compounds according to formula
(D, or any analog, conjugate, derivative, prodrug, stereoi-
somer, or pharmaceutically acceptable salt thereof. Com-
pounds 34a and 34b also include those compounds, and any
analog, conjugate, derivative, prodrug, stereoisomer, or
pharmaceutically acceptable salt thereof. The compounds
according to formulas (I)-(V), as well as compounds 34a,
34b, may be collectively referred to as “PTS targeting
agents” or individually as a “PTS targeting agent.”

As used herein, the terms “administering” or “adminis-
tration” of a compound or agent as described herein to a
subject includes any route of introducing or delivering to a
subject a compound to perform its intended function. The
administering or administration can be carried out by any
suitable route, including orally, intranasally, parenterally
(intravenously, intramuscularly, intraperitoneally, or subcu-
taneously), rectally, or topically. Administering or adminis-
tration includes self-administration and the administration
by another.

As used herein, the terms “alkyl” or “alkyl group” refer to
a straight- or branched-chain C1-C10 alkyl group.

As used herein, the term “analog” refers to a compound
having a structure similar to that of another one, but differing
from it with respect to a certain component. The compound
may differ in one or more atoms, functional groups, or
substructures, which may be replaced with other atoms,
groups, or substructures. In one aspect, such structures
possess at least the same or a similar therapeutic efficacy.

The term “cancer” as used herein refers to a class of
diseases in which a group of cells display uncontrolled
growth, invasion (intrusion on and destruction of adjacent
tissues), and sometimes metastasis (spread to other locations
in the body via lymph or blood). According to the invention,
the cancers to be treated include but not limited to melano-
mas, leukemias, and breast cancer.

As used herein, the term “cell differentiation” refers to a
process by which a less specialized cell develops or matures
to possess a more distinct form and function in a subject.

As used herein, the term “cell proliferation” refers to a
process increase in cell number by division.

As used herein, the terms “co-administered,” “co-admin-
istering,” or “concurrent administration,” when used, for
example with respect to administration of a conjunctive
agent along with administration of a PTS targeting agent
refers to administration of the PTS targeting agent and the
conjunctive agent such that both can simultaneously achieve
a physiological effect. The two agents, however, need not be
administered together. In certain embodiments, administra-
tion of one agent can precede administration of the other,
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however, such co-administering typically results in both
agents being simultaneously present in the body (e.g. in the
plasma) of the subject.

As used herein, “conjugate” means a compound that has
been formed by the joining of two or more compounds by
covalent and/or non-covalent bonds.

As used herein, “derivative” refers to a compound derived
or obtained from another and containing essential elements
of the parent compound. In one aspect, such a derivative
possesses at least the same or similar therapeutic efficacy as
the parent compound.

As used herein, the terms “disease,” “disorder,” or “com-
plication” refers to any deviation from a normal state in a
subject. In preferred embodiments, the methods and com-
positions of the present invention are useful in the diagnosis
and treatment of diseases characterized at least in part by
unrestrained cell proliferation and/or differentiation.

As used herein, by the term “effective amount,” “amount
effective,” “therapeutically effective amount,” or the like, it
is meant an amount effective at dosages and for periods of
time necessary to achieve the desired result.

As used herein, the terms “pharmaceutically acceptable
carrier” or “physiologically acceptable carrier” as used
herein refer to one or more formulation materials suitable for
accomplishing or enhancing the successful delivery of the
pharmaceutical composition prepared and delivered accord-
ing to aspects of the invention.

As used herein, term “pharmaceutically acceptable salt” is
intended to include art-recognized pharmaceutically accept-
able salts. These non-toxic salts are usually hydrolyzed
under physiological conditions, and include organic and
inorganic acids and bases. Examples of salts include sodium,
potassium, calcium, ammonium, copper, and aluminum as
well as primary, secondary, and tertiary amines, basic ion
exchange resins, purines, piperazine, and the like. The term
is further intended to include esters of lower hydrocarbon
groups, such as methyl, ethyl, and propyl.

As used herein, the term “pharmaceutical composition”
comprises one or more of the PTS targeting agents described
herein as active ingredient(s), or a pharmaceutically accept-
able salt(s) thereof, and may also contain a pharmaceutically
acceptable carrier and optionally other therapeutic ingredi-
ents. The compositions include compositions suitable for
oral, rectal, ophthalmic, pulmonary, nasal, dermal, topical,
parenteral (including subcutaneous, intramuscular and intra-
venous) or inhalation administration. The most suitable
route in any particular case will depend on the nature and
severity of the conditions being treated and the nature of the
active ingredient(s). The compositions may be presented in
unit dosage form and prepared by any of the methods
well-known in the art of pharmacy. Dosage regimes may be
adjusted for the purpose to improving the therapeutic
response. For example, several divided dosages may be
administered daily or the dose may be proportionally
reduced over time. A person skilled in the art normally may
determine the effective dosage amount and the appropriate
regime.

As used herein, the terms “polyamine transport agent,”
“PTS agents,” “PTStargeting agents,” “PTS-targeting com-
pounds,” or the like includes a compound that selectively
utilizes the polyamine transport system (e.g.. for cell entry).
The PTS targeting agent may be any compound defined by
formulas (I)-(V) as set forth herein.

As used herein, the term “preventing” means causing the
clinical symptoms of a disorder or disease state not to
develop, e.g., inhibiting the onset of disease, in a subject that

20

25

40

45

60

65

10

may be exposed to or predisposed to the disease state, but
does not yet experience or display symptoms of the disease
state.

As used herein, the term “prodrug” refers to a compound
that is converted to a therapeutically active compound after
administration, and the term should be interpreted as broadly
herein as is generally understood in the art. Generally, but
not necessarily, a prodrug is inactive or less active than the
therapeutically active compound to which it is converted.

As used herein, the term “stereoisomer” refers to a
compound which has the identical chemical constitution, but
differs with regard to the arrangement of the atoms or groups
in space.

As used herein, term “subject” refers to any animal (e.g.,
a mammal), including, but not limited to, humans, which
may be the recipient of a particular treatment. The term is
intended to include living organisms susceptible to condi-
tions or diseases caused or contributed to by unrestrained
cell proliferation and/or differentiation where control of
polyamine transport is required. The term is intended to
include living organisms susceptible to conditions or dis-
eases caused or contributed to by unrestrained cell prolif-
eration and/or differentiation. In one aspect, the disorder
includes an elevated usage of the PTS in the subject relative
to a normal state. Examples of subjects include humans,
dogs, cats, cows, goats, and mice.

As used herein, the terms “treating” or “treatment” refers
to both therapeutic treatment and prophylactic or preventa-
tive measures, wherein the object is to prevent or slow down
(lessen) the targeted pathologic condition or disorder.

1.2 Pharmaceutical Compositions

In accordance with one aspect, there are provided phar-
maceutical compositions comprising a PTS targeting agent
as described herein (e.g., any of the compounds defined by
formulas (I)-(V)), or combinations thereof, which can be
administered to a patient to achieve a therapeutic effect, e.g.,
target the polyamine transport activity in the cancer cells of
a subject and/or deliver a cytotoxic polyamine-based drug.

In addition to the active ingredients, these pharmaceutical
compositions can contain suitable pharmaceutically accept-
able carriers comprising excipients and auxiliaries, which
facilitate processing of the active compounds into prepara-
tions which can be used pharmaceutically. Pharmaceutical
compositions of the invention can be administered by any
number of routes including, but not limited to, oral, intra-
venous, intramuscular, intra-arterial, intramedullary, intrath-
ecal, intraventricular, transdermal, subcutaneous, intraperi-
toneal, intranasal, parenteral, topical, sublingual, or rectal
means. Pharmaceutical compositions for oral administration
can be formulated using pharmaceutically acceptable carri-
ers well known in the art in dosages suitable for oral
administration. Such carriers enable the pharmaceutical
compositions to be formulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions, and the
like, for ingestion by the patient.

Pharmaceutical preparations for oral use can be obtained
through combination of active compounds with solid excipi-
ent, optionally grinding a resulting mixture, and processing
the mixture of granules, after adding suitable auxiliaries, if
desired, to obtain tablets or dragee cores. Suitable excipients
are carbohydrate or protein fillers, such as sugars, including
lactose, sucrose, mannitol, or sorbitol; starch from corn,
wheat, rice, potato, or other plants; cellulose, such as methyl
cellulose, hydroxypropylmethylcellulose, or sodium car-
boxymethylcellulose; gums including arabic and tragacanth;
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and proteins such as gelatin and collagen. If desired, disin-
tegrating or solubilizing agents can be added, such as the
cross-linked polyvinyl pyrrolidone, agar, alginic acid, or a
salt thereof, such as sodium alginate.

Dragee cores can be used in conjunction with suitable
coatings, such as concentrated sugar solutions, which also
can contain gum arabic, talc, polyvinylpyrrolidone, carbopol
gel, polyethylene glycol, and/or titanium dioxide, lacquer
solutions, and suitable organic solvents or solvent mixtures.
Dyestuffs or pigments can be added to the tablets or dragee
coatings for product identification or to characterize the
quantity of active compound, i.e., dosage.

Pharmaceutical preparations which can be used orally
include push fit capsules made of gelatin, as well as soft,
sealed capsules made of gelatin and a coating, such as
glycerol or sorbitol. Push fit capsules can contain active
ingredients mixed with a filler or binders, such as lactose or
starches, lubricants, such as talc or magnesium stearate, and,
optionally, stabilizers. In soft capsules, the active com-
pounds can be dissolved or suspended in suitable liquids,
such as fatty oils, liquid, or liquid polyethylene glycol with
or without stabilizers.

Pharmaceutical formulations suitable for parenteral
administration can be formulated in aqueous solutions,
preferably in physiologically compatible buffers such as
Hanks’ solution, Ringer’s solution, or physiologically buff-
ered saline. Aqueous injection suspensions can contain
substances which increase the viscosity of the suspension,
such as sodium carboxymethyl cellulose, sorbitol, or dex-
tran. Additionally, suspensions of the active compounds can
be prepared as appropriate oily injection suspensions. Suit-
able lipophilic solvents or vehicles include fatty oils such as
sesame oil, or synthetic fatty acid esters, such as ethyl oleate
or triglycerides, or liposomes. Non-lipid polycationic amino
polymers also can be used for delivery. Optionally, the
suspension also can contain suitable stabilizers or agents
which increase the solubility of the compounds to allow for
the preparation of highly concentrated solutions. For topical
or nasal administration, penetrants appropriate to the par-
ticular barrier to be permeated are used in the formulation.
Such penetrants are generally known in the art.

The pharmaceutical compositions of the present invention
can be manufactured in a manner that is known in the art,
e.g., by means of conventional mixing, dissolving, granu-
lating, dragee making, levigating, emulsifying, encapsulat-
ing, entrapping, or lyophilizing processes. The pharmaceu-
tical composition can be provided as a salt and can be
formed with many acids, including but not limited to,
hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic,
etc. Salts tend to be more soluble in aqueous or other
protonic solvents than are the corresponding free base forms.
In other cases, the preferred preparation can be a lyophilized
powder which can contain any or all of the following: 150
mM histidine, 0.1%2% sucrose, and 27% mannitol, at a pH
range of 4.5 to 5.5, which is combined with buffer prior to
use.

In one embodiment, the reagent is delivered using a
liposome. Preferably, the liposome is stable in the animal
into which it has been administered for at least about 30
minutes, more preferably for at least about 1 hour, and even
more preferably for at least about 24 hours. A liposome
comprises a lipid composition that is capable of targeting a
reagent, particularly a polynucleotide, to a particular site in
an animal, such as a human. Preferably, the lipid composi-
tion of the liposome is capable of targeting to a specific
organ of an animal, such as the lung, liver, spleen, heart
brain, lymph nodes, and skin.
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A liposome useful in the present invention comprises a
lipid composition that is capable of fusing with the plasma
membrane of the targeted cell to deliver its contents to the
cell. Preferably, a liposome is between about 100 and 500
nm, more preferably between about 150 and 450 nm, and
even more preferably between about 200 and 400 nm in
diameter.

Suitable liposomes for use in the present invention
include those liposomes standardly used in, for example,
gene delivery methods known to those of skill in the art.
More preferred liposomes include liposomes having a poly-
cationic lipid composition and/or liposomes having a cho-
lesterol backbone conjugated to polyethylene glycol.
Optionally, a liposome comprises a compound capable of
targeting the liposome to a particular cell type, such as a
cell-specific ligand exposed on the outer surface of the
liposome.

1.3 Determination of a Therapeutically Effective
Dose

The determination of a therapeutically effective dose is
well within the capability of those skilled in the art. A
therapeutically effective dose refers to that amount of active
ingredient which causes cytotoxicity of cancer cells in a
subject and/or metastatic behavior which occurs in the
absence of the therapeutically effective dose.

For any compound, the therapeutically effective dose can
be estimated initially either in cell culture assays or in
animal models, usually mice, rabbits, dogs, or pigs. The
animal model also can be used to determine the appropriate
concentration range and route of administration. Such infor-
mation can then be used to determine useful doses and routes
for administration in humans.

Therapeutic efficacy and toxicity, e.g., ED;, (the dose
therapeutically effective in 50% of the population) and LD,
(the dose lethal to 50% of the population), can be determined
by standard pharmaceutical procedures in cell cultures or
experimental animals. The dose ratio of toxic to therapeutic
effects is the therapeutic index, and it can be expressed as the
ratio, LDsy/EDsy.

Pharmaceutical compositions which exhibit large thera-
peutic indices are preferred. The data obtained from cell
culture assays and animal studies may be used in formulat-
ing a range of dosage for human use. The dosage contained
in such compositions is preferably within a range of circu-
lating concentrations that include the ED., with little or no
toxicity. The dosage varies within this range depending upon
the dosage form employed, sensitivity of the patient, and the
route of administration.

The exact dosage will be determined by the practitioner,
in light of factors related to the subject that requires treat-
ment. Dosage and administration are adjusted to provide
sufficient levels of the active ingredient or to maintain the
desired effect. Factors which can be taken into account
include the severity of the disease state, general health of the
subject, age, weight, and gender of the subject, diet, time and
frequency of container and labeled for treatment of an
indicated condition. Such labeling would include amount,
frequency, and method of administration.

Normal dosage amounts can vary from 0.1 to 100,000
micrograms, up to a total dose of about 1 g, depending upon
the route of administration. Guidance as to particular dos-
ages and methods of delivery is provided in the literature and
generally available to practitioners in the art.

In any of the embodiments described above, any of the
pharmaceutical compositions of the invention can be admin-
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istered in combination with other appropriate therapeutic
agents. Selection of the appropriate agents for use in com-
bination therapy can be made by one of ordinary skill in the
art, according to conventional pharmaceutical principles.
The combination of therapeutic agents can act synergisti-
cally to effect the treatment or prevention of the various
disorders described above. Using this approach, one may be
able to achieve therapeutic efficacy with lower dosages of
each agent, thus reducing the potential for adverse side
effects. Any of the therapeutic methods described above can
be applied to any subject in need of such therapy, including,
for example, mammals such as dogs, cats, cows, horses,
rabbits, monkeys, and most preferably, humans.

The compositions and methods described herein may be
useful for the treatment and/or prevention of any disorder
characterized by: (a) unrestrained cell proliferation and/or
differentiation; and/or (b) an elevated utilization of the PTS
relative to a normal state. In one embodiment, the disorder
is an inflammatory bowel disease, e.g., ulcerative colitis.

In another embodiment, the disorder is cancer. In a
particular embodiment, the cancer is one of a leukemia, a
melanoma, and/or breast cancer. In yet another embodiment,
the cancer is a non-small cell lung cancer, colon cancer, CNS
cancer, or pancreatic cancer. Indeed, it is expected that any
disorder which has active polyamine transport processes
should be susceptible to the compounds of this invention
which have been optimized to target and utilize the PTS for
cell entry. Accordingly, without limitation, the methods and
compositions described herein may be utilized for the treat-
ment or prevention of any disorder characterized by unre-
strained cell proliferation and/or differentiation where
increased utilization of polyamine transport system would
bring about a therapeutic effect.

1.4 Conjugates

Due to the high selectivity of the PAT-targeting agents
described herein for the PAT, aspects of the present invention
contemplate the bonding or tying of agents, such as anti-
cancer or cytotoxic agents, to the PAT-targeting agent mol-
ecule. In this way, the PAT-targeting acts a carrier of the
anti-cancer agent to the cell. In one embodiment, a conjugate
may be formed between the PAT-targeting agent and a
chemotherapeutic agent for the treatment of melanoma or
breast cancer. Exemplary chemotherapeutic agents are set
forth herein.

1.5 Conjunctive Delivery

In one embodiment, compositions comprising a PTS
targeting agent may be administered to the subject alone or
along with a conjunctive therapy, such as one or more other
additional therapeutic agents, that are active in diseases
characterized at least in part by unrestrained cell prolifera-
tion and/or differentiation where polyamine transport is
involved. In one embodiment, the PTS targeting agent may
be delivered along with another chemotherapeutic agent as
is known in the art for treating the particular type of cancer.
The compositions and methods described herein may be
useful for the treatment and/or prevention of any disorder
characterized by unrestrained cell proliferation and/or dif-
ferentiation where polyamine transport is involved. In one
embodiment, the disorder is an inflammatory bowel disease,
e.g., ulcerative colitis. In another embodiment, the disorder
is cancer. In a particular embodiment, the cancer is one of a
leukemia, a melanoma. and breast cancer. Thus, composi-
tions comprising a PTS targeting agent may be administered
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to the patient along with known therapies for treating
leukemia, melanoma, and breast cancer in vivo, for example,
including chemotherapeutic agents, radiation and/or any
other suitable therapy.

By way of example, when the disorder being treated is
breast cancer, the conjunctive therapy may comprise radia-
tion, surgery, and/or administration of chemotherapeutic
agents, including targeted therapies, such as Abitrexate
(Methotrexate), Abraxane (Paclitaxel Albumin-stabilized
Nanoparticle Formulation), Adriamycin PFS (Doxorubicin
Hydrochloride) Adriamycin RDF (Doxorubicin Hydrochlo-
ride), Adrucil (Fluorouracil), Anastrozole, Arimidex (Anas-
trozole), Aromasin (Exemestane), Capecitabine, Clafen (Cy-
clophosphamide), Cyclophosphamide, Cytoxan
(Cyclophosphamide), Docetaxel, Doxorubicin Hydrochlo-
ride Efudex (Fluorouracil), Ellence (Epirubicin Hydrochlo-
ride), Epirubicin Hydrochloride, Exemestane, Fareston (To-
remifene), Faslodex (Fulvestrant), Femara (Letrozole),
Fluorouracil, Folex (Methotrexate), Folex PFS (Methotrex-
ate), Fulvestrant, Gemzar (Gemcitabine Hydrochloride),
Ixabepilone, Ixempra (Ixabepilone), Lapatinib Ditosylate
Letrozole, Methotrexate, Methotrexate LPF (Methotrexate),
Mexate (Methotrexate), Mexate-AQ (Methotrexate), Neosar
(Cyclophosphamide), Nolvadex (Tamoxifen Citrate),
Novaldex (Tamoxifen Citrate), Paclitaxel, Paclitaxel Albu-
min-stabilized Nanoparticle Formulation Tamoxifen Citrate,
Taxol (Paclitaxel), Taxotere (Docetaxel), Toremifene, Tyk-
erb (Lapatinib Ditosylate), or Xeloda (Capecitabine).

When the disorder being treated is melanoma, the con-
Junctive therapy may may comprise radiation, surgery, and/
or administration of chemotherapeutic agents, including
targeted therapies, such as imiquimod (Zyclara), Bacille
Calmette-Guerin (BCG) vaccine, interleukin-2 immuno-
therapy with cytokines, Ipilimumab (Yervoy), Vemurafenib
(Zelboraf), Dacarbazine (DTIC), and temozolomide (Temo-
dar), a combination uses low doses of interferon, interleu-
kin-2, and temozolomide (Temodar).

The mode of administration for a conjunctive formulation
in accordance with the present invention is not particularly
limited, provided that the PTS targeting agent and the
conjunctive agent are combined upon administration. Such
an administration mode may, for example, be (1) an admin-
istration of a single formulation obtained by formulating a
PTS targeting agent and the conjunctive agent simultane-
ously; (2) a simultaneous administration via an identical
route of the two agents obtained by formulating a PTS
targeting agent and a conjunctive agent separately; (3) a
sequential and intermittent administration via an identical
route of the two agents obtained by formulating a PTS
targeting agent and a conjunctive agent separately; (4) a
simultaneous administration via different routes of two
formulations obtained by formulating a PTS targeting agent
and a conjunctive agent separately; and/or (3) a sequential
and intermittent administration via different routes of two
formulations obtained by formulating a PTS targeting agent
and a conjunctive agent separately (for example, a PTS
targeting agent followed by a conjunctive agent or its
composition, or inverse order) and the like.

The dose of a conjunctive formulation may vary depend-
ing on the formulation of the PTS targeting agent and/or the
conjunctive agent, the subject’s age, body weight, condition,
and the dosage form as well as administration mode and
duration. One skilled in the art would readily appreciate that
the dose may vary depending on various factors as described
above, and a less amount may sometimes be sufficient and
an excessive amount should sometimes be required.
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The conjunctive agent may be employed in any amount
within the range causing no problematic side effects. The
daily dose of a conjunctive agent is not limited particularly
and may vary depending on the severity of the disease, the
subject’s age, sex, body weight and susceptibility as well as
time and interval of the administration and the characteris-
tics, preparation, type and active ingredient of the pharma-
ceutical formulation. An exemplary daily oral dose per kg
body weight in a subject, e.g., a mammal, is about 0.001 to
2000 mg, preferably about 0.01 to 500 mg, more preferably
about 0.1 to about 100 mg as medicaments, which is given
usually in 1 to 4 portions.

When a PTS targeting agent and a conjunctive agent are
administered to a subject, the agents may be administered at
the same time, but it is also possible that the conjunctive
agent is first administered and then the PTS targeting agent
is administered, or that the PTS targeting agent is first
administered and then the conjunctive agent is administered.
When such an intermittent administration is employed, the
time interval may vary depending on the active ingredient
administered, the dosage form and the administration mode.
For example, when the conjunctive agent is first adminis-
tered, the PTS targeting agent may be administered within 1
minute to 3 days, preferably 10 minutes to 1 day, more
preferably 15 minutes to 1 hour after the administration of
the conjunctive agent. When the PTS targeting agent is first
administered, for example, then the conjunctive agent may
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ing agents: a polyamine biosynthesis inhibitor (difluorom-
ethylornithine, DFMO) and a PTS targeting agent as
described herein. It is known that DFMO increases the
potency of polyamine transport-targeting drugs. See Syn-
thesis and Biological Evaluation of N*-(anthracen-9-ylm-
ethyl)triamines as Molecular Recognition Elements for the
Polyamine Transporter, Wang, C.; Delcros, J-G.; Bigger-
staff, J.; Phanstiel 1V, O. J. Med. Chem. 2003, 46, 2663-
2671. and Structure-activity Investigations of Polyamine-
anthracene Conjugates and their Uptake via the Polyamine
Transporter. Phanstiel, 1 V, O.; Kaur, N.; Delcros, J-G.
Amino Acids, 2007, 33, No. 2, 305-313.). In this regard, a
combination therapy involving DFMO and the PTS target-
ing agents described herein should have increased potency
relative to the PTS targeting agent alone.

EXAMPLES

The following example(s) are intended for the purpose of
illustration of the present invention. However, the scope of
the present invention should be defined as the claims
appended hereto, and the following example(s) should not
be construed as in any way limiting the scope of the present
invention.

1.6 Synthesis

The following paragraphs provide synthesis details for
compounds 6b, 7b, and 8b.

Scheme 1.7 General synthesis of aryl-polyamines (6b, 7b, and 8b):

Boc Boc
LN a,b H c I d I
NN — N — —
OH M NTN"Non AN PN NG
Me OH Me OMs
9
20 21 22
le
X §
Me” \/\/\Iﬁf/\/\/ Boc f,g, Boe
ik N NH, M '
N Me” \/\/\II\I/\/\/ 2 Me’N\/\/\g/\/\/NHZ
Me. N Boe
Iﬁ]/\/\/ \/\/\g 3 2

29: R = Boe, Ar = Anthryl

30: R = Boe, Ar = Naphthyl

31: R = Boc, Ar = Benzyl

6b: R = H, Ar = Anthryl; 6 HCI
7b: R = H, Ar = Naphthyl; 6 HCI
8b: R = H, Ar = Benzyl; 6 HCI

—
|

“Reagents: (a) Ethyl formate, EtOH; (b) LiAlH,, THF; (¢) 10% TEA/MeOH, di-tett-butyl dicarbonate; (d) MsCl, TEA/CH,Cl,; (e) putrescine, K,CO;,
CH;CN; (f) salicylaldehyde, Nay SOy, 25% MeOH/CH,Cly; (g) di-tert-butyl dicarbonate, MeOH; (h) 0.1 M HCI, EtOH; (i) aq. Na,CO3, CH,Cly; (3) aryl

dialdehyde, 25% MeOH/CH,Cl; (k) NaBHj, 50% MeOH/CH,Cly; (1) 4 M HCI, EtOH

be administered within 1 minute to 1 day, preferably 10
minutes to 6 hours, more preferably 15 minutes to 1 hour
after the administration of the PTS-targeting agent.

It is understood that when referring to a PTS targeting
agent and a conjunctive agent, it is meant a PTS targeting
agent alone, a conjunctive agent alone, as a part of a
composition, e.g., composition, which optionally includes
one or more pharmaceutical carriers. It is also contemplated
that more than one conjunctive agent may be administered
to the subject if desired.

In a particular embodiment, the present invention pro-
vides for combination therapies, which include the follow-
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The compounds were made in good yield and character-
ized by 'H, *C NMR, mass spectrometry and each passed
elemental analysis.

1.7 Biological Evaluation

Once synthesized, the compounds were screened for
toxicity in MALME-3M, CHO, and CHO-MG cells.
MALME-3M cells were selected due to a NCI-60 cell
screen, which showed compound 6b to have incredible
selectivity for this cell line. CHO cells were chosen along
with a mutant PTS deficient line (CHO-MG*) in order to
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comment on polyarnine transport selectivity.2** © The CHO/
CHO-MG* results are shown in Table 1.

The CHO-MG?* line was derived from the original CHO-
MG line obtained from Flintoff et al.” Due to freezer failure,
the CHO-MG line had to be re-isolated from a thermally
compromised lot. This re-isolation was successful in pro-
viding a mutant line, CHO-MG*, with the same phenotype
(deficient polyamine transport). However, this cell line
proved to be slightly more sensitive to polyamine drugs
making the CHO-MG/CHO ratio reduced. For example,
CHO-MG/CHO IC4, ratio for 5a was 150, whereas the
CHO-MG*/CHO IC, ratio for 5a was 43.

1.8 CHO and CHO-MG* Studies

IC,, Determinations.

CHO cells were chosen along with a mutant cell line
(CHO-MG*) to comment on how the synthetic conjugates
gain access to the cells.** © As discussed earlier, the

10
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As reported earlier,®® dramatic differences in CHO and
CHO-MG cytotoxicity (Table 1) were observed for 5a,
however, the difference was not as great as the original
CHO-MG line used (e.g., CHO-MG/CHO ICy, ratio of Sa:
148, CHO-MG*/CHO 1C,,, ratio of 5a: 43). This slightly
modified CHO-MG* cell line still showed less sensitivity to
the polyamine conjugate drugs than CHO, however, not to
the extent as the original cell line, CHO-MG. This led to the
determination of the ICs, values of all drugs previously
tested in this modified CHO-MG* cell line.

15

This CHO screen again showed a dramatic increase in
PTS selectivity when a second polyamine message was

attached to the opposite side of the cytotoxic (aryl) core (e.g.

CHO-MG cell line is polyamine-transport deficient and 20 cpHO-MG*CHO IC,, ratio of 6a: >3571, CHO-MG*/CHO

represents a model for alternative modes of entry (other than
PTS) including passive diffusion or use of another trans-
porter. The CHO cell line on the other hand, represents cells
with high polyamine transport activity.”> '°° A comparison

of toxicity in these two CHO cell lines allowed for a screen 25

that would detect selective use of the polyamine transporter.
This is seen where high utilization of the PTS would be very
toxic to CHO cells, however, there would not be the same
level of toxicity found in CHO-MG cells.*** ® Ultimately, a
CHO-MG/CHO IC,, can be determined where a high ratio
would be achieved for highly PTS selective compounds.

TABLE 1

1C;, ratio of Sa: 43). This was expected as it was thought that
an increase in the number of appended polyamine messages
would increase the drug conjugates’ ability to gain entry via
the PTS. As observed earlier'', however, adding a third
polyamine message did not demonstrate the expected
increase in PTS selectivity, but instead showed a tremendous
decrease in PTS selectivity for the trisubstituted compound
32 (CHO-MG*/CHO ICy, ratio of 1).

Biological Evaluation of Polyamine Derivatives (5a-8b) in CHO
and CHO-MG* Cells in the Presence and Absence of AG*>4

CHO-MG* CHO CHO-MG* CHO

1Cs0 (LM) ICs (M) 1Cs ratio® 1Cs (UM) ICsp (M) 1Cs ratio®
Cmpd w/AG w/AG w/AG wio AG w/o AG w/o AG
Sa 13.7 (=1.3) 0.32 (x0.01) 42.8 2.2 (£0.1) 1.5 (x0.02) 1.4
(Ant44)
5b 10.72 (£1.2) 2.8 (x0.2) 3.8 11.3 (£2.2) 2.1 (£0.06) 54
(Ant44NMe)
6a >100 0.028 (£0.001)  >3571 8.4 (£0.7) 4.0 (x0.3) 2.1
(44Ant44)
6b >100 0.083 (x0.004)  >1204 >100 0.084 (£0.002)  >1190
(MeN44Ant44NMe)
Ta >100 0.022 (£0.002)  »4545 52.1 (£7.5) 5.5 (£0.5) 9.5
(44Nap44)
7b >100 0.044 (£0.002)  »2272 >100 0.039 (£0.001)  >2564
(MeN44Nap44NMe)
8a 19.6 (x0.8)  0.027 (x0.001) 727 56.5 (£3.5) 10.3 (x0.9) 5.5
(44Bn44)
&b 51.5 (£2.6)  0.030 (x0.001) 1715 54.0 (£2.4)  0.041 (£0.002) 1316
(MeN44Bn44NMe)

“Cells were incubated for 48 h at 37° C. with the respective conjugate.

| mM AG was incubated with cells for 24 h prior to drug addition

“The ratio denotes the (CHO-MG*/CHO) ICs;, ratio, a measure of PTS selectivity

all experiments were done in triplicate
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Despite these unprecedented PTS selectivities that were
found for the di-substituted polyamine conjugates, they were
found to have one distinct limitation. This limitation was
found to be their sensitivity to serum amine oxidase Amin-
oguanidine'® (AG) is a known inhibitor of serum amine
oxidases and is routinely added (1 mM) during our cell
culture experiments to avoid polyamine drug degradation by
the serum oxidase. Experiments done in the absence of AG
showed a severe decrease in the ability of the drugs to
exhibit a high level of PTS selectivity (e.g. CHO-MG*/CHO
1Cs, ratio W/AG of 6a: >3571, CHO-MG*/CHO IC,,, ratio
w/o AG of 6a: 2.1). This loss in PTS selectivity in the
absence of AG is thought to be attributed to the serum amine
oxidases degrading the polyamine conjugates and convert-
ing them to other metabolites, which in turn could affect the
PTS selectivity of the conjugates.

Prior work demonstrated that N-alkylated polyamines
appear to have enhanced metabolic stability through their
ability to avoid degradation by serum amine oxidases
(polyamine oxidase, PAQ).1%% 1314 In order to determine if
this enhanced metabolic stability could be used to our
advantage a series of polyamine conjugate drugs (com-
pounds 5b-8b) were synthesized and tested in CHO and
CHO-MG*. The first conjugate synthesized, 5b, showed that
metabolic stability could be achieved (CHO-MG*/CHO
1Cs, ratio w/AG=3.8, CHO-MG*/CHO ICs, ratio w/o
AG=54).

Compounds 6b-8b were synthesized to combine the best
features of the di-substituted platforms with the N-methyl-
ation strategy. In the presence of AG, these compounds
exhibited some loss in PTS selectivity, however, still pos-
sessed very high PTS selectivities (>2272 to >1204). In the
absence of AG, compounds 6b-8b proved that a polyamine
based drug conjugate could be designed to be metabolically
stable while at the same time being highly PTS selective.

1.9 MALME-3 and MALME-3M Studies. ICs,
Determinations

Once compounds 6a-b, 7a-b, and 8a-8b were evaluated in
CHO and CHO-MG*, these compounds were sent to the
National Cancer institute (NCI) to conduct its 60 cell-line
screen to determine if these compounds could also be potent
anti-cancer agents for human cancer cell lines. As shown in
FIG. 1, by way of example, this screen showed that 6a was
toxic to a wide range of different cancer cells and thus was
chosen to advance to the hollow fiber tube assay. While
compound 6a was chosen for its general toxicity to numer-
ous cell lines, compound 6b is interesting due to its cell-
targeting specificity, especially for the MALME-3M cell
line. As shown in FIGS. 2A-2C, dose response curves were
generated based upon the 60 cell-line screen at different
molar concentrations of each PTS targeting agent 6b, 7b, and
8b.

a
/\/\/ N\/\/\
N NH,
H

32:9 HCI
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To generate FIGS. 2A-2C, the respective drug was dosed
at 10 pM into each human cancer cell line and cell viability
was assessed after a 48 h incubation at 37° C. in an
environment of 5% CO,, 95% air and 100% relative humid-
ity. A more descriptive methodology can be found at the NCI
website:  http://dtp.nci.nih.gov/branches/btb/ivclsp.html.
Cell lines which gave bar graphs which extend to the right
of the central line were more sensitive to the drug than cell
lines which extended to the left of the center line. Cell lines
which gave results near the central line indicated that the
drug had little effect on the cell line at the 10 uM concen-
tration.

As shown, each of the compounds 6b, 7b, and 8b inhibited
the proliferation of melanoma cell lines, particularly the
MALME-3M cell line. In addition, to a lesser but still
significant extent, each of the compounds 6b, 7b, and 8b
exhibited an anti-proliferation effect in breast cancer cell
lines, particularly the T-47D cell line.

It was also interesting to note that 6a was seen to enhance
the growth of several cell lines, whereas 6b did not show this
effect to the same extent. This effect could be explained by
the absence of AG during the 60 cell-line screen. As seen
previously in CHO cells, cells dosed with polyamine drug in
the absence of an amine oxidase inhibitor (aminoguanidine,
AG), had dramatic changes in their transport-targeting selec-
tivity due to the action of PAO. Extending this to the NCI
screen, we believe that the 6a drug was metabolized to some
extent, which modified its toxicity and cell targeting ability.
This drug degradation effect, however, was not observed for
the N-methylated derivative 6b because in the absence of
AG the IC,, remained unchanged.

The sensitivity of the MALME-3M cell line to 6b, 7b, and
8b was reconfirmed by NCI through a 5-dose assay where a
dose dependent response was observed. Armed with this
insight, compounds 5a-8b were evaluated in the MALME-
3M (melanoma) cell line and its non-cancerous counterpart
MALME-3 obtained originally from the same patient. These
matched cell lines provided a method to assess PTS selec-
tivity for the cancer line (MALME-3M) over the non-
cancerous cell line (MALME-3). These results can be seen
in Table 2.

TABLE 2

Biological Evaluation of Polyamine Derivatives (5-8)
in MALME-3M and MALME-3 Cells™*4

MALME-
3/MALME-

MALME-3 MALME-3M 3M
Cmpd IC50 (UM) IC50 (UM) ICs ratio
Sa 0.83 (:003) 027 (£0.01) 3.1
(Ant44)
sb 0.62 (x001) 045 (£0.01) 14
(Ant44NMe)
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TABLE 2-continued
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TABLE 3-continued

Biological Evaluation of Polyamine Derivatives (5-8)
in MALME-3M and MALME-3 Cells®*¢

Biological Evaluation of Polyamine Derivatives (5-8)
in MALME-3M Cells in the Presence and Absence of AG*>¢

MALME-
3/MALME-
MALME-3 MALME-3M M
Cmpd 1Cs0 (UM IC50 (UM) 1C5, ratio
6a 0.69 (£0.02) 0017 (0.001) 41
(44Ant44)
6b 1.00 (0.01) 0,062 (£0.002) 16
(MeN44Ant44NVe)
Ta 127 (0.09) 0,018 (=0.001) 7
(44Nap44)
7b 0.82 (£0.06)  0.014 (£0.001) 59
(MeN44Nap44NMe)
8a 009 (£0.01)  0.005 (£0.002) 18
{44Bn44)
8h 0.02 (£0.001) 0.0 (£0.0001) 2
(MeN44Bn44NMe)

“Cells were incubated for 96 h at 37° C. with the respective conjugate.

?l mM AG was determined to be non-toxic and incubated with MALME-3M and
MALME-3 cells for 24 h prior to drug addition.
“The ratio denotes the (MALME-3/MALME-3M) ICj;, ratio, a measure of selectivity

?All experiments were done in triplicate in RPMI 1640 supplemented with 10% FBS and
1% penicillin/streptomyein.

1.10 IC,, Determinations in the Presence and
Absence of AG

Prior to the ICs, determinations for MALME-3M and
MALME-3 in a 96 h assay, IC;, values were determined for
MALME-3M in a 48 h assay as shown in Table 3 below. In
order to further prove the enhanced metabolic stability of
methylated compounds Sb, 6b, 7b, and 8b over their non-
methylated counter parts (5a, 6a, 7a, and 8a), their ICy,
values were determined in MALME-3M with and without
AG. While the mono-substituted compounds 5a and 5b
showed little to no difference in IC,, values in the absence
of AG, respectively, a dramatic change was seen for the
di-substituted compounds (6-8). While the methylated com-
pounds demonstrated the same ICs, values in the presence
and absence of AG, a profound increase in IC,, value (4 to
70 fold) was observed for the non-methylated derivatives.
This trend was also observed in CHO (Table 1), where an
absence of AG led to increased ICs, values for the non-
methylated derivatives and not for the N-methylated deriva-
tives. This finding also lends itself well to future in vivo
studies as compounds 6b, 7b and 8b can be dosed without
the addition of AG.

TABLE 3

Biological Evaluation of Polyamine Derivatives (5-8)
in MALME-3M Cells in the Presence and Absence of AG***

MALME-3M MALME-3M
Cmpd 1IC5 (UM) W/ AG 1C5o (UM) w/o AG
3a 0.48 (£0.03) 0.29 (£0.03)
(Ant44)
3b 0.60 (£0.06) 0.62 (£0.06)
(Ant44NMe)
6a 0.088 (£0.004) 0.29 (=0.005)
(44Ant44)
6b 0.13 (£0.004) 0.16 (x0.02)
(MeN44An44NMe)
Ta 0.043 (£0.001) 0.43 (£0.06)
(44Nap44)
7b 0.10 (£0.002) 0.17 (0.006)
(MeN44Nap44NMe)
8a 0.01 (£0.0002) 04 (x0.02)
(44Bn44)
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MALME-3M MALME-3M
Cmpd ICso (UM) W/ AG ICs, (UM) W/o AG
8b 0.007 {x0.0001) 0.007 (£0.0004)
(MeN44Bn44NMe)

“Cells were incubated for 48 h at 37° C. with the respective conjugate.

%] mM AG was determined to be non-toxic and incubated with MALME-3M cells for 24
h prior to drug addition,

°All experiments were done in triplicate using RPMI 1640 supplemented with 10%
Nu-Serum IV and 1% penicillin/streptomycin.

1.11 Spermidine Rescue Experiments

In order to validate that these drugs were toxic due to their
use of the polyamine transport system, spermidine rescue
experiments were conducted. Spermidine is a native
polyamine and uses the PTS for cell entry. High concentra-
tions of spermidine should outcompete the PTS-targeting
drugs for cell entry. In this regard, spermidine when dosed
at a non-toxic concentration should rescue the cells from the
toxic effects of the PTS targeting agents. Spermidine was
shown to be non-toxic up to 100 pM in both MALME cell
lines. The results are shown in the FIGS. 3-8. Significant
rescue was observed with either 100 uM or 10 spermidine
(i.e., non-toxic dose) for most of the drugs tested at their
respective 1C,, concentrations. Both the anthryl and naph-
thyl systems when dosed at their IC.,, concentrations gave
>02% viability at 10 pM spermidine validating their use of
the PTS. Rescue was observed from the initial 50% viability
to >92% viability after co-dosing 10 pM spermidine.

The benzyl system (8b) showed a reduced rescue effect by
spermidine (75% viability at 10 pM spermidine) and dem-
onstrated significantly reduced targeting capabilities (8b:
MALME-3M/MALME-3 IC,, ratio=2, vs 59 for 7b). These
two observations suggested that 8b likely enters cells by
multiple pathways including a non-PTS uptake pathway.
The fact the spermidine at a significantly higher dose was
unable to significantly rescue cells from 8b is consistent with
this speculation. In contrast, 6b and 7b were deemed very
PTS-selective due to the high degree of rescue by exogenous
spermidine and their high selectivity in targeting the
MALME-3M line over the MALME-3 counterpart (see
Table 2).

In summary, compounds 6b and 7b are preferred PTS-
targeting drugs due to their enhanced stability to amine
oxidase activity, which allows them to be dosed without
aminoguanidine as a co-additive. Moreover, these two com-
pounds (6b and 7b) demonstrated significant 16- and 59-fold
ability to target cancer cell line (MALME-3M) over the
normal MALME-3 line, respectively. Compound 7b, the
naphthyl derivative, would be preferred for use in the
treatment of a melanoma due to its higher selectivity in
targeting the cancer line over the normal line.

As stated above, in an effort to determine if the cytotox-
icities seen for compounds 6-8 were polyamine transport
related, MALME-3M and MALME-3 were dosed near the
1C,, value of each drug. These cells were also treated with
increasing amounts of spermidine to see if it could outcom-
pete compounds 6-8 for cellular entry and thus rescue the
cells. Compounds 6-7 each showed that exogenous spermi-
dine was able to significantly rescue (~90% viability)
MALME-3M and MALME-3 cells from the cytotoxicity of
these compounds. This supports the premise that these
compounds gain access to these cells primarily via the PTS.



US 9,926,260 B2

23

When exogenous spermidine was added to 8a and 8b (FIGS.
7-8 respectively), a much lower level of rescue was observed
in MALME-3M (<80% viability). However, complete res-
cue was observed in MALME-3. Since the viability of
MALME-3M cells could be partially rescued by spermidine,
compounds 8a and 8b may gain access via the PTS and via
non-PTS related pathway(s). These results correlate well
with the finding that 6 and 7 (anthryl and naphthyl cores
respectively) prefer MALME-3M and its upregulated PTS
over MALME-3. In contrast, 8a and 8b did not demonstrate
the same degree of selectivity.

Itis also interesting to note that while spermidine was able
10 rescue both MALME-3M and MALME-3 from the toxic
effects of 6-8, a large excess of spermidine was necessary. As
seen in FIGS. 3-8, between 10 and 100 pM spermidine was
needed to get significant rescue. Since compounds 6-8
exhibited ~50% viability at very low doses (0.01 pM to 0.06
uM for MALME-3M, and 0.02 uM to 1 uM for MALME-3),
a very large molar excess of spermidine was necessary to
outcompete these compounds. These results can be partially
attributed to significant differences in Ki values (lower

a,b
—_—
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class to target the polyamine transport system. These meta-
substituted systems (34a and 34b) could then be compared
to the para-substituted benzene derivative 8a. As shown in
Scheme 2 below, the synthesis began with the reductive
amination of aldehyde 39 with the protected polyamine 37a
or 37b.>¢ Extra caution was taken to dry methanol and
NaBH, so as to minimize the generation of alcohol byprod-
ucts, which were difficult to separate from the desired
product. This became evident in the purification of 40a, as
the mono-alcohol side product and the excess amine used
initially had very similar R, values to the desired product.

The purification problem was alleviated through the use
of a unique TLC solvent system (hexanes/NH,OH/freshly
distilled THF) which ultimately led to the isolation of
compound 40a. Deprotection of 40a gave the final HCI salt
34a. This provided 34a in 24% yield over 3 steps. The
related compound 40b was isolated in 55% yield using the
more conventional CH,CL/MeOH/NH,OH TLC solvent
system. Finally, 40b was deprotected to give the di-substi-
tuted extended amine system 34b in 98% yield. In sum, 34b
was generated in 54% yield over these steps.

Scheme 2.° Synthesis of 34a and 34b

R
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R
: !
\/\/\Il\/\/\/ \R’
R
402: R=Boc, R'=H
40b: R - Boc, R = (CH,);NHBoc
R
g !
\/\/\N/\/\/ Y
R
R
i |
\/\/\N/\/\/ ~

R

34a:6 HCLR=H R =H
34b: 8 HCL, R = H, R’ = (CH,),NH,

“Reagents: (a) 25% MeOH/CH,Cly, respective Boc-protected polyamine; (b) 50% MeOH/CH,Cly, NaBHy; (¢) 4 M HCIEtOH

Ki=better binding affinity) observed in L1210 cells for
compounds 6a (Ki=0.39 pM), 7a (Ki=0.17 pM), and 8a
(Ki=0.52 puM) as compared to spermidine (Ki=2.46
uM). % 2 These findings suggest that these di-substituted
compounds have a much higher affinity for the PTS as
compared to spermidine, thus requiring a large molar excess
of spermidine to outcompete 6-8 for the PTS.

1.12 Orientation of the Appended Polyamine
Chains

Di-substituted derivatives 34a and 34b were also gener-
ated to determine if the orientation of the appended
polyamine chains influenced the ability of the compound
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TABLE 4

Biological Evaluation of Polyamine Derivatives (32, 34a,
and 34b) in CHO and CHO-MG* Cells®>%¢

MTD  CHO-MG* CHO-
(UM) in ICsp CHO ICsq MG*/CHO ICsq
Compound CHO (uM) (M) ratio
32 80 >100 >100 ND
(Trimerd4)
34a 0.0¢  30.0 (z0.8) 0.028 (£0.002) 1072
(mBn44)
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TABLE 4-continued

Biological Evaluation of Polyamine Derivatives (32, 34a,
and 34b) in CHO and CHO-MG* Cells*>44¢

MID CHO-MG* CHO-
@M)in  ICy, CHOIC,, MG*/CHO ICs,
Compound CHO (M) (M) ratio
34b 0.01¢ 134 (£0.8)  0.04 (0.007) 335
(mBn444)

?CHO and CHO-MG* cells were incubated with 1 mM AG for 24 h prior to drug addition.
The ratio denotes the (CHO-MG*CHO) ICsq ratio, a measure of PTS selectivity.
“Cells were incubated for 48 h at 37° C. with the respective conjugate.

All experiments were done in triplicate.

“ND: not determined due to the low toxicity in both CHO cell lines.

Jat 0,01 pM, 34a displayed ~90% viability.

2At 0.01 uM, 34b displayed ~90% viability.

Note:

MTD = maximum tolerated dose

The above compounds were evaluated in the CHO and
CHO-MG?* screen to determine if the meta substituted
compound s were also PTS selective agents. The maximum
tolerated dose (MTD) of each agent (Table II-1) was deter-
mined along with the CHOMG/CHO IC50 ratio. As dis-
cussed earlier, 1,3,5-tri-substituted analogue 32 exhibited a
very high IC,,, value in both CHO and CHO-MG* (>100 uM
for both), demonstrating it to be fairly non-toxic. This was
in stark contrast to the 1,4-di-substituted platform used for
8a which was very PTS selective (CHO-MG*/CHO 1C,
ratio: 727). This proved to be a very interesting finding as
both 32 and 8a possess near identical K; values in [.1210
cells (0.520.11 and 0.49x0.02 respectively).>® This indi-
cated that while these two compounds bind to the cell
surface equally as well, a feature is present which imparts
significant toxicity with 8a and less so with 32.

To better understand these differences, new derivatives
were made to investigate whether the orientation of the
polyamine messages is a driver of this phenomenon. The
results for 34a and 34b in CHO and CHO-MG* proved to be
very interesting. Both compounds were shown to be highly
PTS selective as seen in Table 4. Compound 34a was seen
10 be the most PTS selective (CHO-MG*/CHO ICy,, ratio:
1072), and clearly demonstrated that the third polvamine
arm of 32 eliminated toxicity. For example, in the CHO cell
line, 32 is >3500-fold less toxic than 34a. Compound 34b
was shown to be less PTS selective (CHO-MG*/CHO IC,,
ratio: 335) than its counterpart 34a, demonstrating that the
longer polyamine message (tetraamine arm) lowered the
PTS selectivity of the design. A similar finding was noted in
the comparison of mono-substituted triamines and tet-
raamines.>

1.13 Experimental

1.13.1 Materials

Silica gel (32-63 pm) and chemical reagents were pur-
chased from commercial sources and used without further
purification. All solvents were distilled prior to use. All
reactions were carried out under an N, atmosphere. 'H and
13C spectra were recorded at 400 or 75 MHz, respectively.
TLC solvent systems were listed as volume percents, and
NH,OH referred to concentrated aqueous NH,OH. All
tested compounds (6-8) provided satisfactory elemental
analyses.

1.13.2 Biological Studies

CHO and CHO-MG cells were grown in RPMI 1640
medium supplemented with 10% fetal calf serum and 1%
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penicillin/streptomycin. Note: the media must contain
L-proline (2 pg/mL) for proper growth of the CHO-MG
cells. MALME-3M cells were grown in RPMI 1640 medium
supplemented with 10% FBS and 1% penicillin/streptomy-
cin. All cells were grown at 37° C. under a humidified 5%
CO, atmosphere Aminoguanidine (1 mM) was added to the
growth medium to prevent oxidation of the drugs by the
enzyme (bovine serum amine oxidase) present in calf serum.
Cells in early to mid-log phase were used.

1.13.3 IC,, Determinations

Cell growth was assayed in sterile 96-well microtiter
plates (Costar 3599, Corning, N.Y., USA). CHO and CHO-
MG?* cells were plated at 10,000 cells/mL.. MALME-3M
and MALME-3 cells were plated at 5,000 cells/mL. Drug
solutions (10 uL per well) of appropriate concentration were
added after an overnight incubation for each CHO cell line
(90 pL). 48 h MALME-3M experiments were conducted
using 10% Nu-Serum IV, and 96 h MALME-3M and
MALME-3 experiments were conducted using 10% FBS.
After exposure to the drug for 48 h (CHO, CHO-MG*, and
MALME-3M) or 96 h (MALME-3M and MALME-3), cell
growth was determined by measuring formazan formation
from  3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulphenyl)-2H-tetrazolium) inner salt (MTS)
using a SynergyMx Biotek microplate reader for absorbance
(490 nM) measurements.**

1.13.4 Synthetic Procedures and Characterization

N1,N1'-(Anthracene-9,10-diylbis(methylene))bis
(N4-(4-(methylamino)butyl)butane-1,4-diamine), 6b

Orange solid (93%); "H NMR (D,0) 8 8.33 (dd, 4H), 7.82
(dd, 4H), 5.18 (s, 4H), 3.38 (t, 4H), 3.16 (12H), 2.76 (s, 6H),
1.84 (m, 16H); *C NMR (D,0) & 185.5, 129.9, 127.7,
1251, 124.0, 48.2, 47.5, 46.9, 46.8, 42.9, 32.7, 22.9, 22.8,
227, 22.6. HRMS (FAB) m/z calc for C3,HscNg (M H)
549.4566. found  549.4639. Elemental  analysis
C,,H,NCls.1.25 H,O theory C; 51.69, H; 8.23, N; 10.64.
found C; 51.66, H; 8.05, N; 10.49.

N1,N1'-(Naphthalene-1,4-diylbis(methylene))bis
(N4-(4-(methylamino)butyl)butane-1,4-diamine), 7b

Yellow solid (98%); "H NMR (D,0) 8 8.25 (dd, 2H), 7.83
(dd, 2H), 7.75 (s, 2H), 4.85 (s, 4H), 3.34 (1, 4H), 3.15 (t,
12H), 2.75 (s, 3H), 1.83 (m, 16H); ">*C NMR (D,0) d 134.3,
132.2, 131.5, 130.9, 126.8, 51.2, 51.0, 50.2, 49.9, 35.7, 25.9,
25.8, 25.6. Elemental analysis C;,H,N,Cl..2 H,O theory
C; 47.82, H; 8.56, N; 11.15. found C; 47.85, H; 8.35, N;
10.82.

N1,N1'-(1,4-Phenylenebis(methylene))bis(N4-(4-
(methylamino)butyl)butane-1,4-diamine), 8b

While solid (99%); "H NMR (D,0) 8 7.61 (s, 4H), 4.28
(s, 4H), 3.21-3.12 (t, 16H), 1.78 (m, 16H); °C NMR (D,0)
§135.0, 133.4, 53.5, 51.1, 49.7, 49.4, 35.6, 25.7, 25.6, 25.5.
HRMS (FAB) m/z cale for C,;Hs,Ng (M H) 449.4253.
found 449.4326. Elemental analysis C,Hs,NCl, theory C;
46.79, H; 8.76, N; 12.59. found C; 46.69, II; 8.82, N; 12.33.

4-Methylamino-butan-1-ol, 20."®

To a stirred solution of 9 (4.31 g, 48.4 mmol) in EtOH (50
mL) was added ethylformate (5.86 mL, 75.5 mmol) and the
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mixture was stirred at reflux for 18 hrs under N,. The
solution was evaporated under reduced pressure, and the
crude product was used for the next step without further
purification. The crude reaction mixture was dissolved in
THF (25 mL) and added to a suspension of LiAlH, (5.50 g,
145 mmol) in THF (50 mL) dropwise under a drying tube
while stirring. The reaction mixture was brought to reflux
and monitored by TLC (20% EtOH/80% CHCL,) and 'H
NMR (CDCL,). After 2 hours, the starting material was
consumed, and H,O (4.16 mL) was added to the cooled
reaction mixture, followed by 4 M NaOH (4.16 mL) and
H,O (12.5 mL) while stirring vigorously. The precipitate
was then removed by filtration, and the filtrate concentrated
in vacuo. The residue was re-dissolved in CHCl,, dried over
Na,SO,, filtered and concentrated under reduced pressure to
give 20 as a colorless oil (2.76 g, 56%): '"H NMR (CDCl,)
d 3.74 (br, 2H), 3.57 (t, 2H), 2.62 (t, 2H), 2.43 (s, 3H),
1.50-1.75 (m, 4H)."®

(4-Hydroxy-butyl)-methyl-carbamic acid tert-butyl
ester, 21.1°

Assolution of 20 (2.76 g, 26.8 mmol) in TEA/MeOH (1:7
v/v, 100 mL) was stirred at 0° C. for 10 min. A solution of
di-tert-butyl dicarbonate (8.76 g, 40.2 mmol) in MeOH (20
mL) was added dropwise over 10 min. The mixture was
stirred for 1 hr under N, atmosphere. The temperature was
allowed to gradually rise to room temperature, and the
solution was stirred overnight. The solution was evaporated
under reduced pressure, and the residue was dissolved in
CH,(Cl, and washed with deionized water. The organic layer
was separated, dried over anhydrous Na,SQ,, filtered, and
concentrated to give a colorless oil 21 that was used in the
next step without further purification (4.54 g, 84%); 'H
NMR (CDCl,) 6 3.66 (t, 2H), 3.23 (t, 2H), 2.83 (s, 3H), 1.78
(br s, 1H), 1.51-1.60 (m, 4H), 1.44 (s, 9H)."°

Methanesulfonic acid
4-(tert-butoxycarbonyl-methyl-amino)-butyl ester,
22

To a solution of the alcohol 21 (4.54 g, 22.24 mmol) and
TEA (15.5 mL, 111 mmol) in CH,Cl, (60 mL) at 0° C.,
methanesulfonyl chloride (12.73 g, 111 mmol) was added
dropwise over 30 min under a N, atmosphere. The reaction
mixture was stirred at 0° C. for 1 hr and was slowly warmed
10 room temperature and stirred overnight under N,. The
reaction mixture was then cooled to 0° C., and a 1 M NaOH
solution (500 mL) was added slowly with vigorous stirring.
The organic phase was separated and washed with deionized
water. The organic phase was again separated, dried over
anhydrous Na,SO,, filtered and concentrated to give the
product 22 as a colorless oil that was used in the next step
without further purification (6.03 g, 96%); 'H NMR
(CDCl,) 8 4.25 (t, 2H), 3.28 (t, 2H), 3.02 (5, 3H), 2.84 (s,
3H), 1.78 (m, 2H), 1.66 (m, 2H), 1.44 (s, 9H).

[4-(4-Amino-butylamino)-butyl]-methyl-carbamic
acid tert-butyl ester, 23

Putrescine (9.45 g, 107 mmol) was dissolved in acetoni-
trile (200 mL) with K,CO; (14.79 g, 107 mmol) and stirred
under N,. Mesylate 22 (6.03 g, 21.4 mmol) dissolved in
acetonitrile (60 mL) was added dropwise over 30 min while
stirring under N,. After 30 min, the reaction mixture was
brought to reflux and stirred overnight. The reaction mixture
was then cooled, solid K,CO; was filtered off and the filtrate
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concentrated in vacuo. The residue was re-dissolved in
CH,CI, (200 mL) and washed six times with sat. aqueous
Na,CO; to remove the unreacted putrescine. The organic
layer was then dried over anhydrous Na,SO,, filtered, and
concentrated to give the product 23 as a clear oil that was
used in the next step without further purification, yield: 5.31
g (90%); "H NMR (CDCl,) 8 3.21 (t, 2H), 2.84 (s, 3H), 2.71
(t, 2H), 2.62 (t, 4H), 1.40-1.60 (m, 17H).

tert-Butyl (4-((4-aminobutyl)(tert-butoxycarbonyl)
amino ))butyl)(methyl)carbamate, 28

To a stirred solution of 23 (5.54 g, 20.3 mmol) and
anhydrous Na,SO, (23 g, 160 mmol) in 25% MeOH/CH,Cl,
(500 mL) at room temperature was added salicylaldehyde
(2.47 g, 20.3 mmol) dropwise over 5 min, and the reaction
was allowed to stir for 1 hour. After '"H NMR showed
complete conversion to the imine, the reaction was cooled to
0° C. and di-tert-butyl dicarbonate (4.42 g, 20.3 mmol) was
added as a solid. The reaction was then stirred for 45 min at
room temperature. The volatiles were then removed under
reduced pressure and the residue was re-dissolved in abso-
lute EtOH (400 mL) and cooled to 0° C. A1 M HC1 (30 mL)
solution was added dropwise and then the reaction was
warmed to room temperature and allowed to stir for 2 hours.
After hydrolysis was complete, the volatiles were removed
under reduced pressure, and the residue was washed 3 times
with deionized water to remove excess salicylaldehyde. The
residue was then re-dissolved in CH,Cl, and washed 3 times
with sat. aq. Na,COj to generate the free base. The free base
was then purified by column chromatography R,~0.28 (1%
NH,OH/10% MeOH/89% CH,Cl,) to give a pale yellow oil
(3.55 g, 47%). "HNMR (CDCl5) 8 3.18 (1, 6H), 2.82 (s, 3H),
2.71 (t, 2H), 1.25-1.65 (m, 26H).

Di-tert-butyl(((anthracene-9,10-diylbis(methylene))
bis(azanediyl))bis(butane-4,1-div1))bis((4-((tert-bu-
toxycarbonyl)(methyl)amino )butyl)carbamate), 29

To a stirred solution of amine 28 (600 mg, 1.61 mmol) in
25% MeOH/CH,Cl, (25 mL) was added a solution of
anthracene-9,10-dicarboxaldehyde (172 mg, 0.73 mmol) in
25% MeOH/CH,CI1, (20 mL). The reaction was then stirred
at room temperature under N, overnight. After complete
imine formation was determined by *H NMR, the solvents
were then removed in vacuo and the residue was re-dis-
solved in 50% MeOH/CH,CI, (25 mL). The solution was
then cooled to 0° C. followed by addition of NaBH, (166
mg, 4.38 mmol) in small portion and the mixture was stirred
at room temperature for 2 hours. After complete reduction,
the solvents were removed in vacuo and the residue was
re-dissolved in CH,Cl, and washed three times with aqueous
Na,CO,, then dried over Na,SO,, filtered, and concentrated
in vacuo to give 29 as a yellow oil (505 mg, 73%). R=0.28
(6% MeOH/0.5% NH,0H/93.5% CH,CL,); 'H NMR
(CDCl,) & 8.37 (dd, 4H), 7.53 (dd, 4H), 4.70 (s, 4H), 3.19
(t, 12H), 2.89 (t, 4H), 2.81 (s, 6H), 1.57-1.44 (m, 52H); **C
NMR (CDCl,) 8 155.8, 155.6, 132.1, 130.1, 125.7, 124.9,
79.1, 50.4, 46.9, 46.0, 34.1, 28.5, 27.5. HRMS (FAB) m/z
calc for C;,Hg N Oy (M*) 949.3119. found 949.6736.
Elemental analysis Cs,HggNO4.0.5 H,O theory C; 67.68,
H; 9.36, N: 8.77. found C; 67.78, H; 9.09, N; 8.57.

Di-tert-butyl(((((naphthalene-1,4-diylbis(methyl-
ene))bis(azanediyl))bis(butane-4,1-diyl))bis((tert-
butoxycarbonyl)azanediyl))bis(butane-4,1-diyl))bis
(methylcarbamate), 30

Yellow oil (55%), R=0.29 (10% MeOH/0.5% NH,OH/
89.5% CH,CL,); "H NMR (CDCl,) 6 8.21 (dd, 2H), 7.52
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(dd, 2H), 7.71 (s, 2H), 4.22 (s, 4H), 3.19 (t. 12H), 2.81 (s,
3H), 2.75 (t, 4H), 1.31-1.62 (m, 52H); *C NMR (CDCl,) &
155.8, 155.6, 135.5, 132.2, 125.8, 125.6, 124.4, 79.2, 79.1,
51.8, 49.8, 469, 34.1, 28.5, 27.5. Elemental analysis
CsoHgoNgOy theory C; 66.78, H; 9.64, N; 9.35. found C;
66.55, H; 9.61, N; 9.13.

Di-tert-butyl(((1,4-phenylenebis(methylene))bis
(azanediyl))bis(butane-4,1-diyl))bis((4-((tert-butoxy-
carbonyl)(methyl)amino)butyl)carbamate), 31

Yellow oil (74%), R=0.25 (7% MeOH/0.5% NH,OH/
92.5% CH,CL,); 'H NMR (CDCL;) 8 7.27 (s, 4H), 3.76 (5,
4H), 3.20 (t, 12H), 2.83 (s, 6H), 2.64 (t, 4H), 1.53-1.45 (m,
52H); '*C NMR (CDCL,) 8 155.7,155.5, 138.9, 128.1, 79.0,
53.6,49.0,46.9, 34.0, 28 .4, 27.3. HRMS (FAB) nv/z calc for
C,sHgNOy (M+H) 849.6351. found 849.6423. Elemental
analysis C,sHg,NOy theory C; 65.06, H; 9.97, N; 9.90.
found C; 65.02, H; 9.87, N; 9.60.

N N*'-(1,3-phenylenebis(methylene))bis(N*-(4-
aminobutyl)butane-1.4-diamine) (34a)

Compound 40a (174 mg, 0.21 mmol) was dissolved in
EtOH (30 mL) and stirred at 0° C. for 10 min, and then a 4
M HCl solution (12 mlL, 48 mmol) was then added dropwise
and stirred for 30 min. The temperature was then allowed to
rise to room temperature and the solution was then stirred
under N, for four hours. The solvents were then removed in
vacuo and the remaining white solid was washed three times
with hexanes to remove BHT. The hexanes were then filtered
away to give a white solid (80 mg, 24% over 3 steps). 'H
NMR (D,0) 8 7.57 (s, 3H), 7.55 (s, 1H), 4.26 (s, 4H),
3.20-3.01 (m, 16H), 1.76 (m, 16H); *C NMR (D,0) &
134.7,133.9,133.8, 133.0, 53.6, 49.8, 49.5, 41.7, 26.8, 25.7.
HRMS (FAB) m/z calc for C, H, N, (M H)*421.3940,
found 421.4013. Elemental Analysis: C,,Hs,ClcNg.0.75
H,O theory C; 44.15, H; 8.57, N; 12.87. found C; 44.07, H;
8.57, N; 12.71.

N',N'*-(1,3-phenylenebis(methylene) ybis(N*-(4-((4-
amino )butyl Jamino )butyl)butane-1,4-diamine) (34h)

Compound 40b (130 mg, 0.11 mmol) was dissolved in
EtOH (10 mL) and stirred at 0° C. for 10 min, and a4 M HCIl
solution (6 mL, 24 mmol) was added dropwise and stirred
for 30 min. The temperature was then allowed to rise to
room temperature and the solution was stirred under N, for
four hours. The solvents were then removed in vacuo to give
a white solid (95 mg, 98%). "H NMR (D,0) 8 7.59-7.57 (m,
4H), 4.30 (s, 4H), 3.17-3.04 (m, 24H), 1.79-1.77 (m. 24H);
13C NMR 187.9, 134.4, 133.8, 133.7, 132.9, 53.4, 49.6,
493, 41.5, 26.6, 25.5. HRMS (FAB) nv/z calc for C5,HgNg
(M H)*563.5410, found 563.5483. Elemental Analysis:
C5,H,,ClgN;.0.5 H,O theory C; 42.54, H; 8.37, N; 12.40.
found C: 42.57, H; 8.63, N; 12.07.

Di-tert-butyl (((1,3-phenylenebis(methylene))bis
(azanediyl)bis(butane-4, 1-diyl))bis((4-((tert-butoxy-
carbonyllamino)butyl)carbamate) (40a)

In order to maximize the yield, MeOH was dried and
distilled prior to this reaction. To a stirred solution of
N' N°.diboc-homospermidine (566 mg, 1.58 mmol) in 25%
MeOH/CH,Cl, (20 mL) was added a solution of 1,3-ben-
zene dicarboxaldehyde 39 (69.9 mg, 0.52 mmol) in 25%
MeOH/CH,Cl, (15 mL). The reaction was then stirred at
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room temperature under N, overnight. After imine formation
was complete (by 'H NMR), the solvents were removed in
vacuo and the residue was redissolved in 50% MeOH/
CH,Cl, (25 mL). The solution was then cooled 10 0° C.
followed by addition of pre-dried NaBH, (118 mg, 3.13
mmol) in small portions and the mixture was stirred at room
temperature under N, for 2 hours. The solvents were then
removed under reduced pressure and the residue was redis-
solved in CH,Cl, and washed three times with aqueous
Na,CO;. The organic layer was separated, dried over
Na,SO,, filtered, and concentrated in vacuo. After column
chromatography (R~0.25, 25% hexanes/0.1% NH,OH/
74.9% THF), compound 40a was isolated as a mixture with
BHT and was deprotected without further purification. 'H
NMR (CDCl;) 8 7.26-7.15 (m, 4H), 3.62 (s, 4H), 3.14 (t,
12H), 2.58 (t, 4H), 1.58-1.27 (m, 16H); *C NMR (CDCl,)
8 155.0, 154.5, 139.5, 126.9, 78.1, 66.9, 53.0, 48.2, 45.6,
39.2, 26.8, 25.8, 24.5. Note: The BHT impurity could be
avoided by pre-distilling the THF prior to chromatography.

Di-tert-butyl (((1,3-phenylenebis(methylene))bis
(azanediyl)bis(butane-4,1-diy1))bis((4-((tert-butoxy-
carbonyl)(4-((tert-butoxycarbonyl)amino)butyl)
amino )butyl)carbamate) (40b)

To a stirred solution of N' N® N''-triBoc-homospermine
(705 mg, 1.33 mmol) in 25% MeOH/CH,CI, (20 mL) was
added a solution of 1,3-benzene dicarboxaldehyde 39 (52.3
mg, 0.39 mmol) in 25% MeOH/CH,Cl, (15 mL). The
reaction was then stirred at room temperature under N,
overnight. After imine formation was complete by ‘H NMR,
the solvents were removed in vacuo and the residue was
redissolved in 50% MeOH/CH,CI, (25 mL). The solution
was then cooled to 0° C. followed by addition of NaBH,
(88.5 mg, 2.34 mmol) in small portions and the mixture was
stirred at room temperature under N, for 2 hours. The
solvents were then removed under reduced pressure and the
residue was redissolved in CH,Cl, and washed three times
with aqueous Na,CO,. The organic layer was separated,
dried over Na,SO,, filtered, and concentrated in vacuo.
After column chromatography (R~=0.31 (10% MeOH/1%
NH,OH/89% CH,Cl,)), compound 40b was isolated as a
colorless oil (240 mg, 53%) '"H NMR (CDCl,) d 7.32-7.19
(m, 4H), 3.77 (s, 4H), 3.15 (t, 20H), 2.65 (t, 4H), 1.60-1.44
(m, 78H); *C NMR (CDCl,) § 156.0, 155.5, 140.5, 128 4,
127.8,126.7, 79.1, 54.0, 49.3, 46.9, 46.6, 40.2, 28.5, 27 4,
26.1. HRMS (FAB) m/z calc for Cy,H,;.N;O,, (M+H)*
1163.8629. found 1163.8629. FElemental Analysis:
Ce2H,14N50, , theory C; 64.00, H; 9.87, N; 9.63. found C;
64.24, H; 9.96, N; 9.82.
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The teachings of all cited references are incorporated in
their entirety to the extent they are not inconsistent with the
teachings herein. U.S. Patent Pubs 20090069441,
20090155265, and 20070213397 are further incorporated by
reference herein for background information, as well as
teachings on pharmaceutical compositions, fornwlations,
dosages and modes of administration that can be applied to
the compounds and compound combinations described
herein.

While various embodiments of the present invention have
been shown and described herein, it will be obvious that
such embodiments are provided by way of example only.
Numerous variations, changes and substitutions may be
made without departing from the invention herein. Accord-
ingly, it is intended that the invention be limited only by the
spirit and scope of the appended claims.

What is claimed is:

1. A pharmaceutical composition comprising a compound
according to Formula I:

R'HN—(CH,),—NH—(CH,),—NH—CH, R—
CH,—NH—(CH,),,—NH—(CH,), —NHR" o)
wherein R is selected from the group consisting of anthra-
cene, naphthalene, and benzene;
wherein R' and R" are each independently an alkyl group;
wherein X, xX, v, and yy are independently selected from

the group consisting of 3 and 4,
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5. The composition of claim 1, wherein x, xx, y, and yy
are each 3.

6. The composition of claim 1, wherein R' and
R"=methyl, wherein X, xx, y, and yy are each 4, and wherein
R=anthracene.

7. The composition of claim 1, wherein R' and
R"=methyl, wherein x, xx, y, and yy are each 4, and wherein
R=naphthalene.

8. The composition of claim 1, wherein R' and
R"=methyl, wherein x, xx, y. and yy are each 4, and wherein
R=benzene.

9. The pharmaceutical composition of claim 1, further
comprising a pharmaceutically acceptable carrier.

10. A method for inhibiting polyamine transport in cells of
a subject having an active polyamine transport system, the
method comprising administering to the subject a composi-
tion of claim 1 in an amount effective to reduce polyamine
transport in the cells.

11. The method of claim 10, wherein the composition
further comprises a pharmaceutically acceptable carrier.

12. The method of claim 10, wherein R' and R of Formula
IIT are methyl and anthracene, respectively.

13. The method of ¢laim 10, wherein R' and R of Formula
11T are methyl and naphthalene, respectively.

14. The method of claim 10, wherein R' and R of Formula
11T are methyl and benzene, respectively.

15. A method of inhibiting the growth of a cell, the
method comprising contacting the cell with an effective
amount of a composition of claim 1 such that the cell is
targeted via its active polyamine transport system and its
growth is inhibited.

16. A method for inhibiting polyamine transport in cells of
a subject having an active polyamine transport system, the
method comprising administering to the subject a composi-
tion in an amount effective to reduce polyamine transport in
the cells, wherein the composition comprises a compound of
the following formula:

(II)

H H
N N
R’HN/\/\/ \/\/\ﬁ/\k/\ﬁ/\/\/ \/\/\NHR’

\ J

%

polyamine arm 1

or a pharmaceutically acceptable salt thereof, and difluo-
romethylomithine (DFMO), at least one chemothera-
peutic agent, or both.

2. The composition of claim 1, wherein R' and R" are
independently selected from the group consisting of methyl,
ethyl, propyl, isopropyl, and butyl.

3. The composition of claim 2, wherein R' and R" are each
methyl.

4. The composition of claim 1, wherein x, xx, y, and yy
are each 4.
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\ J

%

polyamine arm 2

wherein R is selected from the group consisting of anthra-
cene, naphthalene, and benzene; and

wherein each R' is independently selected from the group
consisting of methyl, ethyl, propyl, isopropyl, and
butyl; or a pharmaceutically acceptable salt of said
compound; and difluoromethylornithine (DFMO), at
least one chemotherapeutic agent, or both.



