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SPERMINE PRO-DRUGS

BACKGROUND

[0001] Snyder Robinson Syndrome (SRS) was first
described by Snyder and Robinson in 1969.' In 2003, Cason
et al demonstrated that this syndrome resulted from a
mutation in the spermine synthase gene (SMS).? SMS pro-
tein converts spermine (SPM) from its precursor, spermidine
(SPD), via the transfer of an aminopropyl group. As shown
in FIG. 1, the aminopropyl unit comes from the amino acid
methionine after its conversion first to S-adenosylmethio-
nine (SAM) and then to decarboxylated S-adenosylmethio-
nine (dc-SAM) by S-adenosylmethionine decarboxylase
(SAMDC).? Biochemically, the SMS patients have low
levels of intracellular spermine, and elevated spermidine/
spermine levels (due to almost no SMS activity). With a low
level of SPM, the patients with SRS often battle osteopo-
rosis, scoliosis, facial asymmetry, speech abnormalities,
seizures and low bone density.*> This phenotype, in part,
may stem from the role of spermine in calcium import®*°
and other processes.'! Another phenotype from this
X-linked disorder is impaired intellectual function, presum-
ably due to reduced spermine levels in the brain.

[0002] Very recently, Casero et al. demonstrated that lym-
phoblastoid/fibroblast cells derived from SRS patients are
capable of transporting exogenous spermine and its ana-
logues (Me,SPM) into the cell and which result in a sig-
nificant decrease in the intracellular spermidine pools.'™*
While our understanding of this disease has led to new
diagnostic genetic tools, there are, unfortunately, no thera-
peutics which cure this ultra-rare disease and physicians are
relegated to treating the symptoms. Attempts to treat SRS
patients with spermine (the polyamine lacking in these
patients) have been unsuccessful.** The literature in this area
suggests that the administration of spermine (SPM) by
intraperitoneal injection or through dietary supplementation
led to toxicity or low patient compliance.'>*°

BRIEF DESCRIPTION OF DRAWINGS

[0003] The accompanying drawings, which are incorpo-
rated herein and constitute part of this specification, illus-
trate exemplary embodiments of the invention, and, together
with the general description given above and the detailed
description given below, serve to explain the features of the
invention.

[0004] FIG. 1. Panel A, A diagram showing quinone
prodrug designs and cyclization chemistry to liberate sper-
mine; Panel B, shows the structures of the native
polyamines: putrescine, spermidine, and spermine.

[0005] FIG. 2. TLC analysis showing deprotection of
prodrug design with a reducing agent. TLC (10% MeOH/1%
NH,OH in CH,Cl,) showed the free tri-Boc protected
spermine 3 was liberated from the Boc-protected prodrug
intermediate 8a, when treated with the reducing agent
Na,S,0,. Lane 1: compound 8a, Lane 2: crude reaction
mixture of 8a in the presence of aq. Na,S,0, (shows the loss
of 8a and the presence of 3 suggesting that 8a was converted
to 3), Lane 3: pure compound 3, Lane 4: a co-spot of Lanes
1-3 showing that the retention factor (R, value) on the TLC
plate is not changed in the presence of the reaction mixture.

[0006] FIG. 3. A diagram showing the principle of the
molecular release of the ‘trimethyl lock’ quinone systems
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FIG. 4. Naturally occurring redox of coenzyme Q10 to
ubiquinol and the structure of 1b (in box).

[0007] FIG. 5. Rebalancing of polyamine pools (expressed
in nmol/mg protein) in SRS fibroblasts compared to wild
type fibroblasts. Either the prodrug 1b or exogenous sper-
mine at 5 uM in the presence of 250 pM aminoguanidine
(AG, an amine oxidase inhibitor) was able to enter and
rebalance polyamine pools (as measured by the N-dansy-
lation HPLC protocol) after 72 h at 37° C. The prodrug
resulted in a five-fold increase in intracellular spermine
pools in the SMS mutant consistent with successtul delivery
as planned. Legend: UT=untreated, prodrug=compound 1b,
Spm=spermine, color codes: Put=putrescine,
spd=spermidine, spm=spermine

[0008] FIG. 6: HPLC polyamine levels (expressed in
nmol/mg protein) in the presence of spermine or prodrug 1b
treatments in the presence of DFMO (27.7 mM for wild
type, 17.1 mM for mutant cells) and AG (250 pM) in SRS
(SMS mutant) fibroblasts compared to wild type fibroblasts.
Legend: UT=untreated, DFMO=difluoromethylornithine,
Spm=spermine, prodrug=compound 1b, D+S=DFMO+
Spm, D+P=DFMO+prodrug 1b; color  codes:
Put=putrescine, spd=spermidine, spm=spermine

[0009] FIG. 7. Stability studies of prodrug 1b in the
presence and absence of AG (250 uM) in complete DMEM
media containing 15% fetal bovine serum and Pen/Strep
antibiotic cocktail.

[0010] FIG. 8. Synthesis of di-substituted system, prodrug
9
[0011] FIG. 9. Prodrug 1b synthesis and spermine release

after bio-reduction of prodrug 1b (red)

DEFINITIONS

[0012] As used herein, the terms “administering” or
“administration” of an agent, drug, or peptide to a subject
includes any route of introducing or delivering to a subject
a compound to perform its intended function. The admin-
istering or administration can be carried out by any suitable
route, including orally, intranasally, parenterally (intrave-
nously, intramuscularly, intraperitoneally, or subcutane-
ously), rectally, or topically. Administering or administration
includes self-administration and the administration by
another.

[0013] The term “co-administration” “co-administer(ed)”
or “co-administering” as used herein refers to the adminis-
tration of one agent before, concurrently, or after the admin-
istration of another agent such that the biological effects of
either agents overlap. The combination of agents as taught
herein can act synergistically to treat or prevent the various
diseases, disorders or conditions described herein. 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.

[0014] The term “exemplary therapeutic agent(s)” as used
herein refers to a spermine prodrug compound described
herein or spermine.

[0015] The term “prevent” or “preventions” as used herein
means either 1) the reduction in frequency or severity of
symptoms commonly associated with a disorder; or 2) a
delay or avoidance of additional symptoms associated with
the condition or disease, or complete prevention of the
disease. One skilled in the art will recognize that wherein the
various embodiments are directed to methods of prevention,
a subject in need thereof (i.e. a subject in need of prevention)

2 <
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shall include any subject or patient (preferably a mammal,
more preferably a human) who has experienced or exhibited
at least one symptom of the disorder, disease or condition to
be prevented. Further, a subject in need thereof may addi-
tionally be a subject (preferably a mammal, more preferably
a human) who has not exhibited any symptoms of the
disorder, disease or condition to be prevented, but who has
been deemed by a physician, clinician or other medical
profession to be at risk of developing said disorder, disease
or condition. For example, the subject may be deemed at risk
of developing a disorder, disease or condition (and therefore
in need of prevention or preventive treatment) as a conse-
quence of the subject’s medical history, including, but not
limited to, family history, pre-disposition, co-existing (co-
morbid) disorders or conditions, genetic testing, and the like.
In another example, a newborn may not immediately exhibit
aspects of the disease at birth but will develop these symp-
toms over time. In this regard there may exist a time period
to prevent the onset of SRS symptoms.

[0016] The term “Snyder-Robinson syndrome” or “SRS”
as used herein refers to an inherited condition that is
characterized by intellectual disability, muscle and bone
abnormalities, and other problems with development. Due to
this being an X-linked disease, the most profound phenotype
typically occurs in males. Symptoms of affected individuals
have delayed development that begins in early childhood,
speech difficulties, low muscle tone (hypotonia) and muscle
mass, difficulty walking and an unsteady gait; thinning of the
bones (osteoporosis), an abnormal curvature of the spine
(kyphoscoliosis), and unusual facial features including a
prominent lower lip, cleft palate, and facial asymmetry.
Snyder-Robinson syndrome is caused by mutations in the
spermine synthase (SMS) gene and is inherited in an
X-linked recessive fashion.

[0017] As used herein, the term “subject” refers to any
animal (e.g., a mammal), including, but not limited to,
humans, non-human primates, rodents, and the like, which is
to be the recipient of a particular treatment. We also note that
Drosophila (fly) models exist for studying for Snyder Rob-
inson Syndrome (SRS) as well. As such, a subject can also
refer to an insect.

[0018] A “subject in need” refers to a subject that is
diagnosed to be in need of a treatment that involves admin-
istration of one or more exemplary therapeutic agents.
Typically, a subject in need will exhibit one or more symp-
toms of SRS.

[0019] As used herein “therapeutically effective amount”
refers to an amount which, when administered in a proper
dosing regimen, is sufficient to reduce or ameliorate the
severity, duration, or progression of the disorder being
treated, prevent the advancement of the disorder being
treated, cause the regression of the disorder being treated, or
enhance or improve the prophylactic or therapeutic effect(s)
of another therapy. The full therapeutic effect does not
necessarily occur by administration of one dose and may
occur only after administration of a series of doses. Thus, a
therapeutically effective amount may be administered in one
or more administrations per day for successive days.

[0020] The term “treat” or “treatment” as used herein
means administering a compound to manage the symptoms
or underlying cause of a condition with the goal of reducing
symptoms or signs of the disease and either to prevent or to

Jan. 7, 2021

slow progression, to arrest or potentially to reverse mani-
festations of the disease, or to inhibit the underlying mecha-
nism(s) causing the disease.

DESCRIPTION

[0021] Disclosed herein are new compounds and synthesis
methods, wherein the compounds use the special reactivity
of the core quinone system to deliver spermine inside cells.
Spermine is one of the naturally occurring polyamines and
plays important roles in maintaining cell health.™* In par-
ticular, the compounds were tested on Snyder Robinson
Syndrome (SRS) cells. It has been found that both spermine
and the prodrug 1b successfully delivered spermine to SRS
fibroblast cells compared to the wild-type control fibro-
blasts. Most importantly, both interventions (spermine or 1b)
rebalanced intracellular polyamine pools to resemble those
found in control fibroblasts. In addition, it was found that the
prodrug was effective at doses well below its maximum
tolerated dose in vitro. This exciting early discovery pro-
vides new hope for a potential therapy for Snyder Robinson
Syndrome (SRS).

[0022] The approaches disclosed herein rely upon cells
recognizing and importing a spermine prodrug (see com-
pounds la and 1b; see FIG. 1) into cells via the polyamine
transport system. This is possible because they present a
‘spermidine message’ to the putative cell surface receptor,
because one end of the spermine molecule is capped by a
latent reactive quinone group (FIG. 1, red color spermidine
tail). Once the prodrug is imported into the cell, it encounters
the reductive intracellular environment and the quinone is
reduced into the respective reactive hydroquinone motif (the
respective compound 2a or 2b). This hydroquinone rapidly
performs an intramolecular cyclization reaction to liberate
free spermine and a stable lactone byproduct (FIG. 1).
[0023] Beyond the unique redox abilities of quinone sys-
tems, quinones containing a ‘trimethyl lock’ (TML) motif
are found in several prodrug designs due to their intracel-
Iular reduction to the reactive hydroquinone form. As shown
in FIG. 2, the hydroquinone undergoes a rapid intramolecu-
lar lactonization to release an appended bioactive compo-
nent. The “trimethyl lock™ (TML) is a highly versatile
molecular release system, which dramatically increases the
rate of lactonization of trialkyl-substituted quinone propi-
onic acid derivatives. Due to their special conformational
restriction and bio-reductive release, TMLs have been used
in modern drug design and cell imaging. The trimethyl lock
concept was first described by Carpino et al (Carpino, L. A.;
Triolo, S. A.; Berglund, R. A. Reductive lactonization of
strategically methylated quinone propionic acid esters and
amides. J Org Chem 1989, 54, 3303-3310.)

[0024] In surveying different amine pro-drug technolo-
gies, it was elucidated that the ‘trimethyl-lock’ quinone-
hydroquinone method was very effective and has been used
to deliver alcohols and amines.'” A methyl group at R' and
alarge group at R have been shown to dramatic increase the
rate of ring closure, which facilitates amine release. More-
over, ring mesomeric effects can be used to increase amine
release rates by placing electron-donating groups on the
aromatic ring in related coumarin systems.'® In this regard,
compound 1b incorporates the best features for optimal
delivery and, rewardingly, it works in vitro.

[0025] In another embodiment, provided is a chemical
synthesis scheme for synthesizing spermine pro-drugs, see
Scheme 1 below:



US 2021/0000769 Al Jan. 7, 2021

Scheme 1.
0
0 OH o 0
NayS,04 ~ OCH; NBS
—_— ___NbS
Diethyl ether CH3S03H, 70° C. CH;CN:H,O
R? R! it R? R! R2 Rl
0 OH OH
4a:R!'=R2=Me, R*=H Sa,b 6a,b
4b:R!=CHs, RZ =R*=0OMe
0
0 OH
R3
R? R!

Ta,b

0 OH 0 0

2 he

R RI )\ o}
0 0

(@]
Ta,b
3
HATU
DIPEA
DMF, 50° C.
(@] O
| he
H
/\/\ /\/\/N\/\/N O
0 N N \“/ \K
H
R )\ 0
(@) (@]
R? R!
(@]

8ab

l4M HCI in dioxane



US 2021/0000769 Al

Jan. 7, 2021

-continued
O
H
NN TN N\/\/NH2
R? 3HCI

R? R!
(6]
la:R'=R?=Me, R®*=H
1b:R! =CH;z, R2=R*=OMe
Prodrug
[0026] As shownin Scheme 1, two prodrug designs 1a and

1b were synthesized and evaluated for their ability to release
spermine in vitro. These synthetic details and compound
characterization data are further described in the Examples
section herein.

[0027] General Chemistry

[0028] One skilled in the art will recognize that, where not
otherwise specified, any exemplified reaction step(s) may be
performed under suitable conditions, according to known
methods, to provide the desired product. One skilled in the
art will further recognize that, in the specification and claims
as presented herein, wherein a reagent or reagent class/type
(e.g. base, solvent, etc.) is recited in more than one step of
a process, the individual reagents are independently selected
for each reaction step and may be the same of different from
each other. For example, wherein two steps of a process
recite an organic or inorganic base as a reagent, the organic
or inorganic base selected for the first step may be the same
or different than the organic or inorganic base of the second
step. Further, one skilled in the art will recognize that
wherein a reaction step of various embodiments may be
carried out in a variety of solvents or solvent systems, said
reaction step may also be carried out in a mixture of the
suitable solvents or solvent systems.

[0029] Examples of suitable solvents, bases, reaction tem-
peratures, and other reaction parameters and components are
provided in the detailed description which follows herein.
One skilled in the art will recognize that the listing of
specific examples is not intended, and should not be con-
strued, as limiting in any way the various embodiments set
forth in the claims which follow thereafter.

[0030] To provide a more concise description, some of the
quantitative expressions given herein are not qualified with
the term “about”. It is understood that whether the term
“about” is used explicitly or not, every quantity given herein
is meant to refer to the actual given value, and it is also
meant to refer to the approximation to such given value that
would reasonably be inferred based on the ordinary skill in
the art, including approximations due to the experimental
and/or measurement conditions for such given value.

[0031] To provide a more concise description, some of the
quantitative expressions herein are recited as a range from
about amount X to about amount Y. It is understood that
wherein a range is recited, the range is not limited to the
recited upper and lower bounds, but rather includes the full
range from about amount X through about amount Y, or any
range therein.

[0032] For use in medicine, the salts of the exemplary
therapeutic agents refer to non-toxic “pharmaceutically
acceptable salts.” Other salts may, however, be useful in the
preparation of compounds according to various embodi-
ments or of their pharmaceutically acceptable salts. Suitable
pharmaceutically acceptable salts of the compounds include
acid addition salts which may, for example, be formed by
mixing a solution of the amine containing compound with a
solution of a pharmaceutically acceptable acid such as
hydrochloric acid, sulfuric acid, fumaric acid, maleic acid,
succinic acid, acetic acid, benzoic acid, citric acid, tartaric
acid, carbonic acid, phosphoric acid or linear alkanoic acids
like caproic acid to form a salt. Furthermore, where the
compounds of various embodiments carry an acidic moiety
(like in compound 7 in Scheme 1), suitable acceptable salts
thereof may include alkali metal salts, e.g., sodium or
potassium salts; alkaline earth metal salts, e.g., calcium or
magnesium salts; and salts formed with suitable organic
ligands, e.g., quaternary ammonium salts or the free acid
form may be preferred for long term storage of this synthetic
intermediate. Thus, for the prodrug designs representative
pharmaceutically acceptable salts include, but are not lim-
ited to, the following: acetate, benzenesulfonate, benzoate,
bicarbonate, bisulfate, bitartrate, borate, bromide, calcium
edetate, camsylate, caprate, carbonate, chloride, clavulanate,
citrate, dihydrochloride, edetate, edisylate, estolate, esylate,
fumarate, gluceptate, gluconate, glutamate, glycollylar-
sanilate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isothionate, lac-
tate, lactobionate, laurate, malate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, N-methylglucamine ammonium
salt, oleate, pamoate (embonate), palmitate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate, stear-
ate, sulfate, subacetate, succinate, tannate, tartrate, teoclate,
tosylate, triethiodide, and valerate.

[0033] Representative acids which may be used in the
preparation of pharmaceutically acceptable salts of the prod-
rug include, but are not limited to, the following: acids
including acetic acid, 2,2-dichloroacetic acid, acylated
amino acids, adipic acid, alginic acid, ascorbic acid, L-as-
partic acid, benzenesulfonic acid, benzoic acid, 4-acetami-
dobenzoic acid, (+)-camphoric acid, camphorsulfonic acid,
(+)-(1S)-camphor-10-sulfonic acid, capric acid, caproic
acid, caprylic acid, cinnamic acid, citric acid, cyclamic acid,
dodecylsulfuric acid, ethane-1,2-disulfonic acid, ethane-
sulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid,
fumaric acid, galactaric acid, gentisic acid, glucoheptonic
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acid, D-gluconic acid, D-glucoronic acid, L-glutamic acid,
a-oxo-glutaric acid, glycolic acid, hipuric acid, hydrobro-
mic acid, hydrochloric acid, (+)-L-lactic acid, (x)-DL-lactic
acid, lactobionic acid, maleic acid, (-)-L-malic acid,
malonic acid, (+)-DL-mandelic acid, methanesulfonic acid,
naphthalene-2-sulfonic acid, naphthalene-1,5-disulfonic
acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, nitric acid,
oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic
acid, phosphoric acid, L-pyroglutamic acid, salicylic acid,
4-amino-salicylic acid, sebaic acid, stearic acid, succinic
acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocya-
nic acid, p-toluenesulfonic acid, and undecylenic acid.
[0034] Various embodiments may include spermine prod-
rugs. As used herein, the term “prodrug” refers to a biologi-
cally inactive compound that can be metabolized in the body
to produce a drug. In general, such prodrugs may be func-
tional derivatives of the compounds which are readily con-
vertible in vivo into the required compound. Thus, in the
methods of treatment of various embodiments, the term
“administering” shall encompass the treatment of the vari-
ous disorders described with the compound specifically
disclosed or with a compound which may not be specifically
disclosed, but which converts to the specified compound in
vivo after administration to the patient. Conventional pro-
cedures for the selection and preparation of suitable prodrug
derivatives are well-known to those of ordinary skill in the
art.

[0035] Pharmaceutical Compositions, Dosing and Thera-
peutic Methods

[0036] The exemplary therapeutic agents according to
various embodiments are useful in the treatment of disorders
that involve low levels of spermine, such as SRS. Various
embodiments may, therefore, provide a method of treating
disorders associated with low spermine levels comprising
administering to a subject in need thereof a therapeutically
effective amount of one or more exemplary therapeutic
agents. To those skilled in the art a similar reactive TML
quinone approach could be used to create putrescine and
spermidine prodrugs to deliver putrescine or spermidine for
treating disorders associated with low putrescine or spermi-
dine levels. In this regard, the invention describes a general
method to deliver polyamines to cells via a quinone prodrug
design.

[0037] In an optional embodiment, methods involve
administering one or more exemplary therapeutic agents and
co-administering one or more adjunctive agents. Examples
of adjunctive agents include antioxidants and amine oxidase
inhibitors. Examples of antioxidants include, but are not
limited to, curcumin, resveratrol (3,5,4'-trans-trihydroxystil-
bene), quercetin, 3,3,4,5,7-penta-hydroxyflavone, silymarin,
milk thistle or Saint Mary’s thistle, naringenin is also
recognized as 5,7,4'-thihydroxyflavanone, (-)-epigallocat-
echin-3-gallate (EGCG), alpha lipoic acid, lycopene (LYC)
is an acyclic isomer of beta-carotene, N-acetylcysteine, and
vitamin C (Ascorbic acid). Examples of amine oxidase
inhibitors include, but are not limited to, aminoguanidine,
N1-Methyl-N2-(2,3-butadienyl)-1,4-butanediamine (MDL
72521), N1,N2-bis(2,3-butadienyl)-1,4-butanediamine
(MDL 72527), chlorhexidine, PXS-4728A, methoctramine.
1,8-diaminooctane, 1,12-diaminododecane, N-prenylagma-
tine (G3), and guazatine.

[0038] According to various embodiments, an exemplary
therapeutic agent or adjunctive agent may be administered in
a therapeutically effective amount in the range of from about
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0.01 mg/kg of body weight to about 20 mg/kg of body
weight, or any amount or range therein. For example, an
exemplary therapeutic agent may be administered in a
therapeutically effective amount in the range having a lower
limit and/or an upper limit. The range can include or exclude
the lower limit and/or the upper limit. The lower limit and/or
upper limit can be selected from about 0.01, 0.5, 1, 1.5, 2,
2.5,3,3.5,4,45,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5,10, 10.5,
11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 15.5, 16, 16.5, 17,
17.5, 18, 18.5, 19, 19.5, and 20 mg/kg of body weight. For
example, according to certain embodiments, an exemplary
therapeutic agent may be administered in a therapeutically
effective amount in the range of from about 1 mg/kg of body
weight to about 15 mg/kg of body weight, or any combi-
nation of lower limits and upper limits described.

[0039] Various embodiments may further comprise phar-
maceutical compositions containing one or more exemplary
therapeutic agents with a pharmaceutically acceptable car-
rier. Pharmaceutical compositions containing one or more of
the compounds according to various embodiments as the
active ingredient can be prepared by intimately mixing the
compound or compounds with a pharmaceutical carrier
according to conventional pharmaceutical compounding
techniques. The carrier may take a wide variety of forms
depending upon the desired route of administration (e.g.,
oral, parenteral). Thus, for liquid oral preparations such as
suspensions, elixirs and solutions, suitable carriers and addi-
tives include water, glycols, oils, alcohols, flavoring agents,
preservatives, stabilizers, coloring agents and the like; for
solid oral preparations, such as powders, capsules and
tablets, suitable carriers and additives include starches,
sugars, diluents, granulating agents, lubricants, binders, dis-
integrating agents and the like. Solid oral preparations may
also be coated with substances such as sugars or be enteric-
coated so as to modulate major site of absorption. For
parenteral administration, the carrier will usually consist of
sterile water and other ingredients may be added to increase
solubility or preservation. Injectable suspensions or solu-
tions may also be prepared utilizing aqueous carriers along
with appropriate additives.

[0040] Furthermore, compositions may be provided that
include at least one exemplary therapeutic agent combined
with at least one adjunctive agent. Examples of adjunctive
agents include antioxidants and amine oxidase inhibitors.
Examples of antioxidants include, but are not limited to,
curcumin, resveratrol  (3,5,4'-trans-trihydroxystilbene),
quercetin, 3,3.4,5,7-penta-hydroxyflavone, silymarin, milk
thistle or Saint Mary’s thistle, naringenin is also recognized
as 5,7,4'-thihydroxyflavanone, (-)-epigallocatechin-3-gal-
late (EGCQG), alphalipoic acid, lycopene (LYC) is an acyclic
isomer of beta-carotene, N-acetylcysteine, and vitamin C
(Ascorbic acid). Examples of amine oxidase inhibitors
include, but are not limited to, aminoguanidine, N1-Methyl-
N2-(2,3-butadienyl)-1,4-butanediamine (MDL  72521),
N1,N2-bis(2,3-butadienyl)-1,4-butanediamine (MDL
72527), chlorhexidine, PXS-4728A, methoctramine. 1,8-
diaminooctane, 1,12-diaminododecane, N-prenylagmatine
(G3), and guazatine.

[0041] To prepare the pharmaceutical compositions
according to various embodiments, one or more compounds
may be intimately admixed with a pharmaceutical carrier
according to conventional pharmaceutical compounding
techniques, which carrier may take a wide variety of forms
depending on the form of preparation desired for adminis-
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tration, e.g., oral or parenteral such as intramuscular. In
preparing the compositions in oral dosage form, any of the
usual pharmaceutical media may be employed. Thus, for
liquid oral preparations, such as for example, suspensions,
elixirs and solutions, suitable carriers and additives include
water, glycols, oils, alcohols, flavoring agents, preservatives,
coloring agents, and the like; for solid oral preparations such
as, for example, powders, capsules, caplets, gelcaps and
tablets, suitable carriers and additives include starches,
sugars, diluents, granulating agents, lubricants, binders, dis-
integrating agents, and the like. Because of their ease in
administration, tablets and capsules represent the most
advantageous oral dosage unit form, in which case solid
pharmaceutical carriers are obviously employed. If desired,
tablets may be sugar-coated or enteric-coated by standard
techniques. For parenterals, the carrier will usually comprise
sterile water, through other ingredients, for example, for
purposes such as aiding solubility or for preservation, may
be included. Injectable suspensions may also be prepared, in
which case appropriate liquid carriers, suspending agents
and the like may be employed. The pharmaceutical compo-
sitions herein will contain, per dosage unit, e.g., tablet,
capsule, powder, injection, teaspoonful and the like, an
amount of the active ingredient necessary to deliver an
effective dose as described above. The pharmaceutical com-
positions according to various embodiments may contain an
active ingredient in an amount, per unit dosage unit, e.g.,
tablet, capsule, powder, injection, suppository, teaspoonful
and the like, of from about 0.01 to about 1500 mg or any
amount or range therein. For example, the pharmaceutical
compositions according to various embodiments may con-
tain an active ingredient in an amount, per unit dosage unit,
e.g., tablet, capsule, powder, injection, suppository, tea-
spoonful and the like, within a range having a lower limit
and/or an upper limit. The range may include or exclude the
lower limit and/or the upper limit. The lower limit and/or
upper limit can be selected from about 0.01, 0.5, 1, 5, 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700,
800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700,
1800, 1900, and 2000 mg. For example, according to certain
embodiments, the pharmaceutical compositions according
to various embodiments may contain an active ingredient in
an amount, per unit dosage unit, e.g., tablet, capsule, pow-
der, injection, suppository, teaspoonful and the like, of from
about 0.01 to about 1500 mg, or any combination of lower
limits and upper limits described.

[0042] Furthermore, the pharmaceutical compositions
according to various embodiments may be administered at a
dosage of from about 0.01 to about 100 mg/kg/day, or any
amount or range therein, preferably from about 0.01 to about
20 mg/kg/day, or any amount or range therein. The dosages,
however, may be varied depending upon the requirement of
the patients, the severity of the condition being treated, and
the compound being employed. The use of either daily
administration or post-periodic dosing may be employed.
For example, the pharmaceutical compositions according to
various embodiments may be administered at a dosage
within a range having a lower limit and/or an upper limit.
The range may include or exclude the lower limit and/or the
upper limit. The lower limit and/or upper limit can be
selected from about 0.01, 0.5, 1, 5, 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, and
200 mg/kg/day. For example, according to certain embodi-
ments, the pharmaceutical compositions according to vari-
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ous embodiments may be administered at a dosage of from
about 0.5 to about 50 mg/kg/day, or any combination of
lower limits and upper limits described.

[0043] Preferably these compositions are in unit dosage
forms from such as tablets, pills, capsules, powders, gran-
ules, sterile parenteral solutions or suspensions, metered
aerosol or liquid sprays, drops, ampoules, autoinjector
devices or suppositories; for oral parenteral, intranasal,
sublingual or rectal administration, or for administration by
inhalation or insufflation. Alternatively, the composition
may be presented in a form suitable for once-weekly or
once-monthly administration; for example, an insoluble salt
of the active compound, such as the decanoate salt, may be
adapted to provide a depot preparation for intramuscular
injection. For preparing solid compositions such as tablets,
the principal active ingredient is mixed with a pharmaceu-
tical carrier, e.g. conventional tableting ingredients such as
corn starch, lactose, sucrose, sorbitol, talc, stearic acid,
magnesium stearate, dicalcium phosphate or gums, and
other pharmaceutical diluents, e.g. water, to form a solid
preformulation composition containing a homogeneous
mixture of a compound according to various embodiments,
or a pharmaceutically acceptable salt thereof. When refer-
ring to these preformulation compositions as homogeneous,
it is meant that the active ingredient is dispersed evenly
throughout the composition so that the composition may be
readily subdivided into equally effective dosage forms such
as tablets, pills and capsules. This solid preformulation
composition is then subdivided into unit dosage forms of the
type described above containing from about 0.01 to about
1000 mg of the active ingredient of various embodiments, or
any amount or range therein. The tablets or pills of the novel
composition can be coated or otherwise compounded to
provide a dosage form affording the advantage of prolonged
action. For example, the tablet or pill can comprise an inner
dosage and an outer dosage component, the latter being in
the form of an envelope over the former. The two compo-
nents can be separated by an enteric layer which serves to
resist disintegration in the stomach and permits the inner
component to pass intact into the duodenum or to be delayed
in release. A variety of material can be used for such enteric
layers or coatings, such materials including a number of
polymeric acids with such materials as shellac, cetyl alcohol
and cellulose acetate.

[0044] The liquid forms in which the novel compositions
of various embodiments may be incorporated for adminis-
tration orally or by injection include, aqueous solutions,
suitably flavored syrups, aqueous or oil suspensions, and
flavored emulsions with edible oils such as cottonseed oil,
sesame o0il, coconut oil or peanut oil, as well as elixirs, and
similar pharmaceutical vehicles. Suitable dispersing or sus-
pending agents for aqueous suspensions, include synthetic
and natural gums such as tragacanth, acacia, alginate, dex-
tran, sodium carboxymethylcellulose, methylcellulose,
polyvinyl-pyrrolidone, or gelatin.

[0045] The method of treating low spermine disorders or
diseases described in various embodiments may also be
carried out using a pharmaceutical composition comprising
any of the compounds as defined herein and a pharmaceu-
tically acceptable carrier. The pharmaceutical composition
may contain between about 0.01 mg and 1000 mg of the
compound, or any amount or range therein; preferably about
0.5 to 500 mg of the compound, or any amount or range
therein, and may be constituted into any form suitable for the
mode of administration selected. Carriers include necessary
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and inert pharmaceutical excipients, including, but not lim-
ited to, binders, suspending agents, lubricants, flavorants,
sweeteners, preservatives, dyes, and coatings. Compositions
suitable for oral administration include solid forms, such as
pills, tablets, caplets, capsules (each including immediate
release, timed release and sustained release formulations),
granules, and powders, and liquid forms, such as solutions,
syrups, elixers, emulsions, and suspensions. Forms useful
for parenteral administration include sterile solutions, emul-
sions and suspensions.

[0046] Advantageously, compounds according to various
embodiments may be administered in a single daily dose, or
the total daily dosage may be administered in divided doses
of two, three or four times daily. Furthermore, compounds
according to various embodiments can be administered in
intranasal form via topical use of suitable intranasal
vehicles, or via transdermal skin patches well known to
those of ordinary skill in that art. To be administered in the
form of a transdermal delivery system, the dosage admin-
istration will, of course, be continuous rather than intermit-
tent throughout the dosage regimen.

[0047] For instance, for oral administration in the form of
a tablet or capsule, the active drug component can be
combined with an oral, non-toxic pharmaceutically accept-
able inert carrier such as ethanol, glycerol, water and the
like. Moreover, when desired or necessary, suitable binders,
lubricants, disintegrating agents, and coloring agents can
also be incorporated into the mixture. Suitable binders
include, without limitation, starch, gelatin, natural sugars
such as glucose or beta-lactose, corn sweeteners, natural and
synthetic gums such as acacia, tragacanth or sodium oleate,
sodium stearate, magnesium stearate, sodium benzoate,
sodium acetate, sodium chloride, and the like. Disintegrators
include, without limitation, starch, methyl cellulose, agar,
bentonite, xanthan gum and the like.

[0048] The liquid forms in suitably flavored suspending or
dispersing agents such as the synthetic and natural gums, for
example, tragacanth, acacia, methyl-cellulose and the like.
For parenteral administration, sterile suspensions and solu-
tions are desired. Isotonic preparations which generally
contain suitable preservatives are employed when intrave-
nous administration is desired.

[0049] To prepare a pharmaceutical composition accord-
ing to various embodiments, a compound of formula (I) as
the active ingredient is intimately admixed with a pharma-
ceutical carrier according to conventional pharmaceutical
compounding techniques, which carrier may take a wide
variety of forms depending of the form of preparation
desired for administration (e.g. oral or parenteral). Suitable
pharmaceutically acceptable carriers are well known in the
art. Those having ordinary skill in the art will be well-
apprised of various pharmaceutically acceptable carriers.
[0050] Exemplary therapeutic agents according to various
embodiments may be administered in any of the foregoing
compositions and according to dosage regimens established
in the art whenever treatment of low spermine related
disorders is required.

[0051] The daily dosage of the products may be varied
over a wide range from about 0.01 to about 1,500 mg per
adult human per day, or any amount or range therein. For
oral administration, the compositions are preferably pro-
vided in the form of tablets containing, 0.01, 0.05, 0.1, 0.5,
1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100, 150, 200, 250 and
500 milligrams of the active ingredient for the symptomatic
adjustment of the dosage to the patient to be treated. An
effective amount of the drug is ordinarily supplied at a
dosage level of from about 0.01 mg/kg to about 100 mg/kg
of body weight per day, or any amount or range therein.
Preferably, the range is from about 0.01 to about 50.0 mg/kg
of body weight per day, or any amount or range therein.
More preferably, from about 0.01 to about 20.0 mg/kg of
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body weight per day, or any amount or range therein. The
compounds may be administered on a regimen of 1 to 4
times per day.

[0052] Optimal dosages to be administered may be readily
determined by those skilled in the art, and will vary with the
particular compound used, the mode of administration, the
strength of the preparation, the mode of administration, and
the advancement of the disease condition. In addition,
factors associated with the particular patient being treated,
including patient age, weight, diet, and time of administra-
tion, will result in the need to adjust dosages.

[0053] One skilled in the art will recognize that, both in
vivo and in vitro trials using suitable, known and generally
accepted cell and/or animal models are predictive of the
ability of a test compound to treat or prevent a given
disorder. One skilled in the art will further recognize that
human clinical trials including first-in-human, dose ranging
and efficacy trials, in healthy patients and/or those suffering
from a given disorder, may be completed according to
methods well known in the clinical and medical arts. The
determination of a therapeutically effective dose of the
exemplary therapeutic agents is well within the capability of
those skilled in the art. A therapeutically effective dose refers
to that amount of active ingredient which increases intrac-
ellular spermine compared to that which occurs in the
absence of the therapeutically effective dose. Therapeutic
efficacy and toxicity, e.g., ED50 (the dose therapeutically
effective in 50% of the population) and L.D50 (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, LD50/EDS50.

[0054] The exact dosage will be determined by the prac-
titioner, in light of factors related to the subject that requires
treatment. Dosage and administration are adjusted to pro-
vide 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, activity of the
defective SMS protein, general health of the subject, age,
weight, and gender of the subject, diet, time and frequency
of administration, drug combination(s), reaction sensitivi-
ties, and tolerance/response to therapy. Long-acting compo-
sitions can be administered every 3 to 4 days, every week,
or once every two weeks depending on the half-life and
clearance rate of the particular formulation.

[0055] 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 dosages and methods of delivery is provided in the
literature and generally available to practitioners in the art.
Those skilled in the art will employ different formulations
for nucleotides than for proteins or their inhibitors. Simi-
larly, delivery of polynucleotides or polypeptides will be
specific to particular cells, conditions, locations, etc. In
typical embodiments, exemplary therapeutic agents accord-
ing to various embodiments may increase intracellular sper-
mine by at least about 10-100 percent.

EXAMPLES

Example 1: Synthesis of Prodrugs la and 1b

[0056] These were synthesized by similar methods. For
example, to an ice cold solution of compound 8b (0.2 mmol)
in DCM (1 mL) was added 4M HCl in dioxane (1 mL). The
resulting reaction mixture was allowed to stir at room
temperature for 45 min. The solvent was then evaporated to
dryness to provide a light brown solid. Diethyl ether (5 mL)
was added to the obtained solid and sonicated for 2 min. The
solvent was then decanted and the remaining solid was dried
under reduced pressure to give the hydrochloride salt of 1b
as a light brown, highly hygroscopic solid.
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N N
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O

[0057] 1a: Light brown very hydroscopic solid, yield 61%,
'HNMR (400 MHz, D,0) § 6.74 (s, 1H), 3.60 (dq, 6H), 3.12
(m, 14H), 2.16 (m, 12H), 1.78 (m, 7H), 1.60 (m, 5H), 1.17
(m, 9H).

Jan. 7, 2021

la
Hcl

HClL

[0062] Colorless solid, yield 90%, 'H NMR (500 MHz,
CDCl,) & 6.49 (d, 1=0.7 Hz, 1H), 5.39 (s, 1H), 5.27 (s, 1H),
3.91 (s, 3H), 3.88 (s, 3H), 2.17 Sd, J=0.7 Hz, 3H); *C NMR
(125 MHz, CDCl,) & 141.6, 140.4, 139.1, 137.2, 1194,
111.3, 60.8, 60.7, 15.4.

1b
HCl

(¢] (¢]
HC1 I
MeO /\/\ /\/\/N\/\/ NH,-HCI
N N
H H
MeO CH;
(0]

[0058] 1b: Light brown solid, yield 85%, ‘H NMR (500
MHz, ds-DMSO) § 9.29-9.22 (m, 4H), 8.12 (s, 4H), 3.92 (s,
3H), 3.88 (s, 3H), 2.97-2.92 (m, 6H), 2.83 (s, 6H), 2.05-1.90
(m, 6H), 1.67-1.64 (m, 6H), 1.11 (s, 3H), 0.91 (s, 3H); '°C
NMR (125 MHz, D,0) § 196.7, 196.2, 192.5, 177.0, 149.5,
149.2, 61.4, 61.2, 48.0, 47.0, 44.5, 44.0, 42.1, 36.5, 24.8,
23.7, 22.7, 22.4, 16.3; Anal. Chem. for C,,H,sCI;N,O;.
1H,0; theory: C, 47.10, H, 7.74, N, 9.15; found: C, 47.33,
H, 7.59, N, 9.13.

[0059] Quinone starting materials 4a and 4b (Scheme 1)
were purchased from Sigma Aldrich and used without
further purification.

Example 2: Synthesis of Hydroquinone 3

[0060] In general, to a solution of the respective quinone
4 (Scheme 1, 5.4 mmol) in diethyl ether (25 mL.) was added
a solution of Na,S,0, (16.2 mmol) in water (25 mL)." The
resulting reaction mixture was stirred at room temperature
for 1 h. After consuming the starting material, water was
added (15 mL) and extracted using diethyl ether (2x50 mL).
The combined diethyl ether layer was dried over anhydrous
sodium sulfate, filtered and concentrated to dryness to give
pure hydroquinone 5 (Scheme 1) in 66-90% yields.

[0061] Colorless solid'?, yield 66%, R~0.4 (20% EtOAc:
Hexanes).

H;C CH;

5b
OH

MeO

MeO CH;

OH

Example 3: Synthesis of Lactone 6 (Scheme 1)

[0063] To a mixture of the respective hydroquinone 5
(Scheme 1; 5.4 mmol) and methyl 3,3-dimethylacrylate (7.0
mmol) was added methanesulfonic acid (10 mL).>° The
resulting reaction mixture was stirred at 70° C. for 90 min.
Upon completion of the reaction, the contents were cooled
to room temperature. Cold water (50 mL.) was added and the
mixture extracted using ethyl acetate (2x30 mL). The com-
bined organic layer was washed with saturated sodium
bicarbonate solution (30 mL), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to
give the crude product. The obtained crude product was
recrystallized from 10% ethylacetate:hexanes to produce the
pure lactone 6 in 67-72% yields as colorless solid.

[0064] Colorless solid, yield 67%, 'H NMR (400 MHz,
CDCl,) 8 1.45 (s, 6H), 2.23 (s, 3H), 2.37 (s 3H), 2.56 (s, 2H),
4.76 (s, 1H), 6.71 (s, 1H); *C NMR (100 MHz, CDCl,) §
169.1, 149.6, 145.1, 128.9, 123.1, 122.5, 117.1, H,C CH,
46.4,35.7, 28.1, 16.2, 14.8.
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6a

H;C CH;

OH

[0065] Colorless solid, yield 72%, 'H NMR (400 MHz,
CDCl,) 8 5.76 (s, 1H), 3.97 (s, 3H), 3.90 (s, 3H), 2.57 (s,
2H), 2.33 (s, 3H), 1.45 (s, 6H); *CNMR (125 MHz, CDCl,)
8167.7,143.9,138.6, 138.4, 138.3, 126.4, 116 .4, 61.5, 61.2,
459,358, 27.7, 13.7

6b

CH;
MeO
CH;

MeO CH;

OH

Example 4: Synthesis of Sodium Salt 7a (Scheme
D

[0066] To a solution of lactone 6a (3.1 mmol) in acetoni-
trile (100 mL) was added N-bromosuccinimide (NBS) solu-
tion (3.1 mmol) at room temperature.* The reaction mixture
was stirred at the same temperature for 1 h. After consuming
the starting material as indicated by TL.C, water (20 mL) was
added and extracted using diethyl ether (3x25 ml.). The
resulting crude was dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure to give the
crude product (476 mg, 2 mmol). The crude was then
dissolved in acetonitrile (50 mL) and basified (pH 10) using
a 5% NaHCO; solution (41 mL) and stirred overnight. After
conversion of the crude to the sodium salt, as observed by

Me Me

TLC (5% MeOH in DCM), the reaction was concentrated to
dryness to yield the sodium salt 7a. Colorless solid, yield
19%, 'H NMR (400 MHz, D,0) 8§ 6.46 (d, J=1.3 Hz, 1H),
2.64 (s, 2H), 2.00 (s, 3H), 1.85 (d, J=1.1 Hz, 3H), 1.28 (s,
6H).
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Ta

H;C CH;

Example 5: Synthesis of Acid 7b (Scheme 1)

[0067] Similarly, to a solution of lactone 6b (0.75 mmol)
in acetonitrile (10 ml) was added N-bromosuccinimide
(NBS) solution (1.5 mmol, 10% aqueous acetonitrile) at
room temperature.® The reaction mixture was stirred at the
same temperature for 1 h. After consuming the starting
material, as indicated by TL.C, water (20 mL) was added and
extracted using diethyl ether (2x25 ml.). The combined
organic layer was washed with saturated NaHCO; solution
(20 mL). The aqueous layer was acidified to pH 2 using 1N
HCI and extracted using diethyl ether (3x25 mL). The
combined organic layer was dried over anhydrous sodium
sulfate, filtered, and evaporated to dryness to give acid 7b in
25% yield as a yellow oil. We observed that the obtained
acid was unstable, when exposed to light and air.

[0068] Yellow oil, yield 25%, 'H NMR (500 MHz,
CDCl,) 8 3.97 (s, 3H), 3.90 (s, 3H), 3.06 (s, 2H), 2.15 (s,
3H), 1.46 (s, 6H); '*C NMR (125 MHz, CDCl,) 8 186.4,
184.5, 177.7, 149.8, 1453, 142.4, 137.7, 60.9, 60.4, 47.1,
38.2, 28.9, 14.0.

7b
(€] (€]
MeO
OH
MeO' CH;
(6]
Example 6: Synthesis of Amide 8 (Scheme 1)
[0069]
8a
Boc
N &
N/\/\N/\/\/ \Boc

[0070] In general, each acid was coupled to the Boc-
protected spermine motif 3. For example, to a solution of
acid 7 (0.12 mmol) in DMF (1 mL) was added HATU (0.36
mmol) and diisopropylethylamine (DIPEA, 0.36 mmol) at
room temperature. The resulting reaction mixture was
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stirred at 50° C. for 15 min. Next, a solution of tri-Boc-
spermine 3 (0.13 mmol in 0.2 m[. DMF) was added and the
solution stirred overnight. After the starting materials were
consumed (as indicated by TLC), the mixture was cooled to
room temperature, water (10 mL) added and the product
extracted using ethyl acetate (2x10 ml). The combined
organic layer was washed with saturated aqueous NaHCO,
(10 mL), followed by 1N HC1 (10 mL), the organic layer was
separated, dried over anhydrous Na,SO,, filtered, and con-
centrated to give the crude product. The obtained crude
product was purified through column chromatography using
ethyl acetate:hexanes as eluent to provide each of the pure
respective amides 8 in 60-70% yields as a light orange oil.
[0071] 8a: Light orange oil, yield 70%, 'H NMR (400
MHz, CDCl;) 8 6.75 (s, 1H), 3.17 (m, 14H), 2.87 (m, 2H),
2.12 (m, 8H), 1.51 (s, 6H), 1.45 (m, 27H) 1.46 (m, 4H), 1.45
(s, 3H), 0.90 (s, 3H); '*C NMR (100 MHz, CDCl,) 8 (196.8,
194.5, 174.0, 155.7, 1553, 151.5, 137.3, 82.4, 79.0, 78.9,
77.3,77.0,76.7,53.2,49.9, 46.2,40.9,39.8, 30.5, 29.6, 28.1,
25.6,22.4,15.7,9.8; Anal. Calcd for C;3Hg,N,0,.0.5 H,O:
C, 61.76; H, 8.87; N, 7.58. Found: C, 61.86; H, 8.73, N,
7.86.

(€] (€]
MeO
Boc
MeO CH;
(6]
[0072] 8b: Light orange oil, yield 70%, 'H NMR (500

MHz, CDCL,) 8 3.89 (s, 3H), 3.86 (s, 3H), 3.17 (s, 4H), 3.04
(s, 8H1), 2.79 (s, 2H), 2.73 (s, 3H), 1.39 (s, 18H), 1.37 (s, 9H),
1.35 (s, 8H), 1.18 (s, 6H); *C NMR (125 MHz, CDCL,) &
186.4, 184.6, 171.8, 165.8, 156.5, 156.1, 151.9, 146.4,
141.9, 135.3, 79.9, 79.8, 79.6, 60.7, 60.2, 56.0, 49.3, 46.7,
43.2,38.7,38.2, 35.3, 29.7, 28.6, 28.5, 27.8, 14.2, 13.8.

Example 7: Biological Evaluation

[0073] The quinone motif in la was first tested for its
ability to unmask and eject an adjacent amine motif. To
demonstrate that the methylated quinone design in 1a would
react under reducing conditions, we attempted to de-protect
8a using a reducing agent. The Boc-protected compound 8a
was placed in the presence and absence of the reducing agent
sodium dithionite (Na,S,0,) and analyzed by thin layer
chromatography (TLC). As shown in FIG. 3, in the presence
of the inorganic reductant (Na,S,0,), tri-Boc-spermine 3
was released and appears at the correct R, for the authentic
tri-Boc-spermine (3) on the thin layer chromatography
(TLC) plate.

[0074] The prodrug la was tested in cell culture using an
‘induced SRS scenario’ in [3.6pl pancreatic cancer cells
using the known spermine synthase inhibitor, cyclohexyl-1,
3-diaminopropane (CDAP). Prior work demonstrated that
100 uM CDAP was not toxic to [3.6pl cells after 72 h
incubation at 37° C., but had a profound effect on the
intracellular polyamine levels, with a severe 95% decrease
in spermine levels.>' It was then demonstrated that CDAP
(100 uM), the prodrug 1a (10 uM) and spermine (1 M) were
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not toxic to these cells under the conditions of the experi-
ment (72 h). Exogenous spermine (1 uM) or the prodrug la
(at 1 or 10 uM) were tested to determine whether they could
re-balance the polyamine pools of these cells as measured by
HPLC analysis of washed [.3.6pl cell lysates.

[0075] As shown in Table 1, neither the prodrug la nor
spermine significantly increased the intracellular spermine
pools in these cells under these conditions of SMS inhibi-
tion.

TABLE 1

Polyamine levels in 13.6pl pancreatic cancer cells in the
presence and absence of the SMS inhibitor CDAP.

Putrescine Spermidine Spermine
(nmol/mg (nmol/mg (nmol/mg
Experiment protein) protein) protein)
Untreated control 12.1 £3.3 35.6 £ 134 152 £ 6.5
CDAP (100 uM) 1.9 £0.7 53462 0.8 +0.1
CDAP (100 uM) + 3821 694 = 11.0 13+02
Spermine (1puM)
8b
Boc
k %
~

Boc

TABLE 1-continued

Polyamine levels in L3.6pl pancreatic cancer cells in the
presence and absence of the SMS inhibitor CDAP.

Putrescine Spermidine Spermine
(nmol/mg (nmol/mg (nmol/mg
Experiment protein) protein) protein)
CDAP (100 uM) + 32+03 65.7 £ 4.5 1.1+02
prodrug la (1 pM)
CDAP (100 uM) + 33+1.2 63.9 = 185 1.2£03

prodrug la (10 uM)

[0076] FIG. 3 clearly showed that if the quinone was
reduced, it would liberate the attached amine motif. How-
ever, the data in Table 1 suggested that the prodrug was not
releasing spermine inside 1.3.6pl cells. This implied that the
methylated quinone motif in 1a may not be reduced in vitro
to produce significant amounts of spermine. It was specu-
lated that lack of reactivity of la might be responsible for
failure to generate spermine inside cells and that this out-
come might have to do with the reduction potential of the
methylated quinone in la.

[0077] To address this presumed lack-of-reactivity issue,
prodrug 1b was synthesized. This dimethoxy-quinone motif
in 1b resembles the naturally occurring ubiquinone (coen-
zyme Q) and is readily reduced inside cells (see FIG. 4). The
methoxy groups facilitate the quinone reduction. The syn-
thesis of prodrug 1b is shown in Scheme 1 and is made by
a similar approach to la.
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[0078] Armed with a more reactive prodrug design 1b, its
toxicity and ability to replenish spermine levels in SRS cells
was evaluated. Spermine was also tested and a recent paper
suggested that spermine itself could enter and rebalance
polyamine pools in SRS lymphoblast cell lines.>* Since SRS
lymphoblasts had already been studied, these studies
focused on the SRS fibroblast cell lines.

[0079] The toxicity of the polyamine biosynthesis inhibi-
tor DFMO and compound 1b and spermine in SRS and
control fibroblast cells (CMS-24949 and CMS-26559) was
tested. As shown in Table 2, these cells were relatively
insensitive to DFMO and had very high IC,, values (Table
2). As shown in Table 3, spermine, prodrug 1b, and lactone
6b were all non-toxic to cells at the highest dose tested (100
uM).

TABLE 2

72 h IC5q values (mM) for DFMO in wild type and
SRS fibroblast cells

Entry Cells DFMO ICs, (mM)
1 CMS-24949 (wild type) >27.7
2 CMS-26559 (SMS-mutant) 17.1

TABLE 3

72 h Toxicity Evaluation of Spermine, prodrug lb, and
lactone 6b in CMS-24949 (wild type) and CMS-26559
(SMS-mutant) fibroblast cells

Entry Compound ICs50 (UM) MTD (uM)
1 Spermine >100 >100
2 Prodrug 1b >100 >100
3 Lactone 6b >100 >100
[0080] The cells were dosed and evaluated to determine

how much spermine was present inside the cells (i.e. suc-
cessfully delivered) in the presence and absence of each
compound (spermine vs prodrug 1b). Successful spermine
delivery would appear as increased spermine levels inside
the cell by HPLC analysis. As shown in FIG. 5, significant
increases in intracellular spermine levels in the presence of
either exogenous spermine or prodrug 1b at 5 uM was
observed. This was also tried with and without DFMO
addition to see if ‘triggering’ obligate polyamine transport
(via DFMO addition and inhibition of polyamine biosyn-
thesis) would increase uptake of these two polyamine-
containing compounds into cells. As shown in FIG. 6, the
increase in intracellular spermine levels was essentially
independent of DFMO addition suggesting that basal
polyamine uptake was sufficient to take up exogenous
spermine or prodrug 1b.

[0081] Snyder Robinson Syndrome fibroblast cell lines
were received from the Greenwood Genetic Center (GGC).
The wild type (CMS-24949) and mutant (CMS-26559) cells
were grown in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 15% fetal bovine serum (FBS),
1% penicillin/streptomycin and 1% glutamine in in a
humidified 5% CO, atmosphere at 37° C. For uptake experi-
ment, the wild type (0.25x10° cells per 10 cm dish) and
mutant (0.65x10° cells per 10 cm dish) were grown in the
presence of 250 uM aminoguanidine (AG) to inhibit extra-
cellular oxidation of spermine by bovine serum amine
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oxidase present in the culture medium. The fibroblast cells
CMS-24949 (wild type) and CMS-26559 (SMS-mutant)
were incubated in the presence of exogenous spermine
(Spm) or prodrug 1b alone or in combination with the ODC
inhibitor DFMO to determine if basal or obligate polyamine
uptake/transport was required to deliver spermine or prodrug
1b in SRS fibroblast cells. Specifically, the mutant and wild
type cells were incubated with 250 uM AG and six different
conditions such as untreated (UT), DFMO (the 72 h IC,,
value 17.1 mM for the mutant or the max DFMO dose tested
27.7 mM for the wild type), Spm (5 uM), prodrug 1b (5 uM),
combination of DFMO+Spm (D+S) and DFMO+prodrug 1b
(D+P) for 72 h and the results are depicted in FIGS. 5 and
6. The presence of DFMO did not drastically alter the rescue
effect (FIG. 6).

[0082] Regardless of condition, the intracellular
polyamine levels (putrescine (Put), spermidine (Spd), and
spermine (Spm); structures in FIG. 1 Panel B) were not
significantly changed in the wild type cells CMS-24949 and
the relative pattern was similar to control (FIG. 5). Surpris-
ingly, these wild type fibroblast cells were very insensitive
to DFMO even at the very high dose of DFMO (27.7 mM).
Due to the high levels of DFMO needed to affect growth of
these wt cells, the IC50 dose of DFMO in this wild type cell
line was not determined and we simply used the high dose
of'27.2 mM to see what effect, if any a high dose of DFMO
would have on the polyamine pools. In sum, DFMO did not
have much of an effect on changing spermine pools when
co-dosed with spermine or prodrug 1b (FIG. 6).

[0083] As shown in FIG. 5, as expected, the basal sper-
mine level was found to be very low in the untreated
SMS-mutant cells and the spermidine (Spd) level was very
high. Treatment of SMS-mutant cells (CMS-26559) with the
ODC inhibitor (DFMO) at its IC, concentration (17.1 mM)
significantly reduced putrescine levels and increased the
intracellular Spd and Spm levels. Interestingly, treatment
with either exogenous Spm or prodrug 1b only at 5 uM
dramatically increased the intracellular Spm level and
decreased the Spd level. The same trend was observed in the
presence of DFMO+Spm and DFMO+prodrug 1b suggest-
ing that basal and not obligate transport was sufficient to
replenish polyamine pools in SRS fibroblasts. This experi-
ment suggests that the basal polyamine transport system was
active, and the SRS fibroblast cells could rebalance their
polyamine pools in presence of either exogenous spermine
or our synthesized prodrug 1b in a similar manner. The
Spd/Spm ratios of the SRS lines decreased from their
baseline (untreated) values 11.12 to 0.23 for Spm and 0.52
for prodrug 1b treatment (FIG. 5).

[0084] One interesting finding was that the high ‘commit-
ment’ of wild type fibroblast cells to spermine as evidenced
by the high intracellular spermine levels compared to sper-
midine in the untreated wild type fibroblasts. In sharp
contrast, the mutant SMS fibroblasts had very low spermine
(as expected) and had high intracellular spermidine levels.
Interestingly, the wild type fibroblasts were insensitive to
DFMO (even to very high doses like 27.7 mM) and were
seemingly unchanged by most of our interventions. In
contrast, the intracellular levels of polyamines were rebal-
anced in the mutant SMS fibroblasts in the presence of
exogenous spermine or our prodrug 1b. It was observed that
these mutant SMS fibroblast cells were also more sensitive
to DFMO (72 h IC4, 17.1 mM) than wild type fibroblasts.
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These results show that a therapeutic intervention is possible
by harnessing polyamine transport to replenish depleted
spermine pools.

[0085] A priori, prodrug 1b contains a free aminopropyl
‘tail’ and was thus expected to be a substrate for amine
oxidases present in the culture media.**> As such, one would
expect to see a slower rate of degradation in the presence of
the amine oxidase inhibitor AG. As shown in FIG. 7, the rate
of decomposition of the prodrug was, indeed, slower in the
presence of AG, which directly supports amine oxidases as
being a major degradation pathway for this prodrug com-
pound in culture. After 24 h, there was 93% prodrug 1b
remaining in the presence of AG (250 uM), but only 65%
remaining in the absence of AG. The estimated half-life of
prodrug 1b in the absence of AG was 72 h (where 50% of
the prodrug still remained intact). In the presence of 250 uM
AG, 64% of the prodrug remained intact after 72 h suggest-
ing that one could increase the level of AG to better protect
the prodrug over longer term experiments >24 h. These
experiments suggested that addition of an amine oxidase
inhibitor like AG would be beneficial to a prodrug 1b or
spermine based therapy by slowing down or inhibiting the
degradation of the polyamine motifs present in these amine-
containing substances.

Sample Preparation and Derivatization®*:

[0086] The biological samples (~2 million cells washed 3x
with ice cold PBS and then harvested by trypsinization)
were homogenized using a hypersonic needle for 5 sec
(typically three times) in presence of 150 pl of 0.2 M
perchloric acid buffer (HC1O,/1M NaCl) and 50 pl. of 0.9%
aqueous NaCl solution. The obtained milky solution was
then centrifuged at 5000 rpm for 10 min to give clear
supernatant layer. The total volume of supernatant layer was
measured by pipette and recorded for each sample. The
remaining cell pellet was saved and used for protein level
determination using the Bicinchoninic Acid (BCA) method.
Each supernatant (100 pl.) was transferred to a 4 mL glass
vial, and two internal standards, a-methyl-phenylalanine (10
ul, 2 mM in 2% PCA solution) and 1,7-heptanediamine (10
ul, 400 um in 2% PCA solution), were added and resulting
mixture was vortexed for 30 sec. Next, an aqueous carbonate
buffer (pH 9.5, 240 pl) was added to each vial followed by
freshly prepared dansyl chloride solution (400 pL) in dry
acetone (20 mg/ml.) addition. All vials were then capped,
vortexed for good mixing, and incubated at 60° C. in rotary
shaker for 60 min. After this incubation, 25 pL. of L-alanine
(100 mg/mL in water) was added to quench the remaining
dansyl chloride in each vial and the incubation was contin-
ued for an additional 15 min. The solvent was evaporated to
dryness using a rotary evaporator to give a colorless solid
residue. The residue was then dissolved in water (300 pL)
and chloroform (1.0 mL) was added to this water solution
and the mixture was vortexed for 30 sec. The reaction
mixture was then centrifuged at 1000 rpm for 4 min to obtain
a clean layer separation. The bottom chloroform layer (con-
taining the dansyl polyamines) and top water layer (con-
taining the amino acids) were each transferred separately
into different vials. The chloroform layer was evaporated to
dryness under reduced pressure give a residue. To this
residue, methanol (1.0 ml) was added and vortexed to
dissolve the dansylated polyamines. The methanol solution
(containing the dansylated polyamines) was passed through
a C18 plug and additional methanol (0.5 mL) was passed
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through the plug to generate approximately 1.5 mL of a
filtered methanol solution containing the dansylated
polyamines. The water layer (containing amino acids) was
acidified using 1M HCI solution (300 pl) to pH 3 and
methanol (0.9 mL) was added to this mixture. The mixture
was filtered through a 0.45 pum nylon syringe filter (to
remove any particles) into another vial. To analyze the
polyamines and amino acid together in the same HPLC run,
we mixed the chloroform-derived and water-derived metha-
nol solutions equally by volume (0.75 mL each, total of 1.5
ml volume in the HPLC vial) and the solution (80 L) then
injected into the HPL.C for analysis.

HPLC Conditions:

[0087] A 0-40% gradient of mobile phase A [100%
acetonitrile (ACN)] and B [25 mM sodium acetate buffer
(pH 5.94) containing 3% 1-propanol, and 10% ACN] was
run for 40 min at 1 mL min™" to elute all N-dansylated amino
acids. In order to elute the dansylated polyamines within the
same run, the gradient was then raised from 40% to 100%
ACN in 15 min at a flow rate of 2.5 mL min~".

[0088] Other Considerations.

[0089] Since spermine alone was effective in rebalancing
the spermine content in SRS cells, a diet rich in spermine
(e.g., natto) may also provide a potential therapy.> Indeed,
the toxicity of oral spermine is known to be 19 mg spermine/
kg body weight/day.”® However, high doses of spermine
(475 mg/kg/day, 5000 ppm) were shown to have adverse
effects in rats including emaciation, aggressiveness, convul-
sions, and paralysis of the hind legs.>® The toxicity is
thought to occur via the oxidation of spermine by amine
oxidases to form reactive aldehydes and reactive oxygen
species. Interestingly, this issue can be overcome by the
addition of aminoguanidine, a known amine oxidase inhibi-
tor. Indeed, the spermine rescue experiments shown here
were conducted in the presence of 250 uM aminoguanidine
to suppress the degradation of spermine in cell culture. The
success of this approach of using a combination therapy of
spermine with an amine oxidase inhibitor (like aminogua-
nidine) to rebalance polyamine pools and increase spermine
in SRS cells suggests that a therapy containing spermine and
aminoguanidine could also be used to treat SRS patients.
The same benefit of AG can be applied to the prodrug 1b,
where more remained over time. There are other known
inhibitors of polyamine oxidase that could also benefit this
approach including N1-Methyl-N2-(2,3-butadienyl)-1,4-bu-
tanediamine (MDL 72521) and N1,N2-bis(2,3-butadienyl)-
1,4-butanediamine (MDL 72527) are specific, potent,
enzyme-activated, irreversible inhibitors of polyamine oxi-
dase in vitro.?” In addition, chlorhexidine and methoc-
tramine have been shown to inhibit polyamine oxidase.® *°
[0090] Another approach is the synthesis of a prodrug 9
(FIG. 8) where both ends of the spermine molecule are
capped with the TML quinone substituent present in la or
1b. This di-substituted design illustrated in FIG. 8 caps both
free terminal amine groups of spermine and should protect
the prodrug from degradation by amine oxidases.

Summary.

[0091] As demonstrated in the Examples and related data,
a pro-drug for spermine was successfully developed, which
releases spermine inside cells and rebalances the spermi-
dine/spermine ratios inside SRS cells closer to those
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observed in wild-type fibroblasts. It has also been shown that
spermine by itself can also be taken up by these cells in the
presence of an amine oxidase inhibitor like aminoguanidine
and can be used to rebalance the intracellular polyamine
pools. Importantly, the prodrug is effective at concentrations
well below its maximum tolerated concentration (MTC) in
vitro. FIG. 9 shows the scheme of synthesizing prodrug 1b
and the reduction in cells to produce spermine and a lactone
byproduct. We note that the Boc-protected prodrugs (e.g., 7
in FIG. 9) may also liberate spermine under the right
conditions of high acidity (low pH encountered after oral
uptake in the gastric acid of the stomach) and a reductive cell
environment. In this regard, the precursors themselves (e.g.
7 in FIG. 9 or 2 in FIG. 3) may be prodrugs of spermine as
well.

[0092] Having described the many embodiments of the
disclosed invention in detail, it will be apparent that modi-
fications and variations are possible without departing from
the scope of the invention defined in the appended claims.
Furthermore, it should be appreciated that all examples in
the present disclosure, while illustrating many embodiments
of the invention, are provided as non-limiting examples and
are, therefore, not to be taken as limiting the various aspects
so illustrated.

[0093] Itis intended that the invention not be limited to the
particular embodiment disclosed herein contemplated for
carrying out this invention, but that the invention will
include all embodiments falling within the scope of the
claims.

[0094] The teachings of references cited herein are incor-
porated herein in their entirety to the extend not inconsistent
with the present disclosure and embodiments.
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What is claimed is:

1. A spermine prodrug comprising Formula I:

Formula I

{ {
N ~ N \/\/\N/\/\NH2
H

spermine prodrug

wherein R is a chemical moiety that is released intracellu-
larly.
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2. The spermine prodrug of claim 1, wherein the prodrug
comprises on of the following:

Prodrug

laR'=R?=Me,R*=H
1b: R! =CHj, R? =R3 = OMe

3. A method comprising administering a therapeutically
effective amount of a spermine prodrug according to claim
1 to a subject in need.

4. The method of claim 3, wherein the subject in need has
a diminished ability to make spermine.

5. The method of claim 3, wherein the subject in need
exhibits one or more symptoms of SRS.

6. Compound la, 1b, 5a, 5b, 6a, 6b, 7a, 7b, 8a, or 8b, or
a pharmaceutically acceptable salt thereof.

7. A method of treating SRS comprising administering a
therapeutically effective amount of spermine or a compound
according to claim 1, or both, to a subject in need.

8. (canceled)

9. The method of claim 7, wherein the subject in need has
diminished ability to make spermine.

10. The method of claim 7, wherein the subject in need
exhibits one or more symptoms of SRS.

11. The method of claim 7, wherein the subject in need
possesses a mutation in their spermine synthase gene.

12. A composition comprising a spermine containing
molecule of claim 1, and a pharmaceutically acceptable
carrier.

13. The composition of claim 12 formulated for oral
administration.

14. The composition of claim 12 formulated for parenteral
administration.

15. (canceled)
16. (canceled)

17. A method of treating SRS comprising administering a
therapeutically effective amount of spermine and an amine
oxidase inhibitor to a subject in need, wherein the subject in
need exhibits one or more symptoms of SRS.

18. The composition of claim 17 which includes ami-
noguanidine as the amine oxidase inhibitor.

19. (canceled)
20. (canceled)
21. (canceled)
22. (canceled)
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23. A spermine prodrug 9 comprised of the formula:

Jan. 7, 2021

Me OMe

OMe

)i )i
PN /\/\/N\/\/N o
0 N N
H H

MeO

MeO Me

or suitable pharmaceutically acceptable salt thereof.

24. A method comprising administering a therapeutically
effective amount of a composition according to claim 23 to
a subject in need.

25. The method of claim 23, wherein the subject in need
exhibits one or more symptoms of SRS.
26-42. (canceled)



