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Abstract:

Chemical compositions and methods of synthesis thereof. The compositions disclosed and described
herein are directed toward thyroid hormone 3 integrin receptor antagonists conjugated to targets of
the norepinephrine transporter (NET) or the catecholamine transporter. The compositions have a
dual targeting effect and increased targeting efficiency in the treatment and diagnostic imaging of
neuroendocrine tumors.
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COMPOSITION AND METHOD FOR DUAL TARGETING IN TREATMENT OF
NEURGENDOCRINE TUMORS

TECHNICAL FIELD
{0001} The present disclosure relates generally to compositions for targeting and treating
neurocndocrine tumors. The composition in particular may imclude thyroid hormone avf33 integrin
receptor antagonists (referred to as “thyrointogrin antagonists”) and compounds that arc targets of the
norgpinephrine transporter (NET) or the catecholamine transporter (such as benzyl guanidine ("BGM) or

its derrvatives).

BACKGROUND
{00021 The norspmephrinc/catecholamine transporter (“norepinephrine transporter”) is essential for
norepinephrine uptake at the synaptic terminals and adrenal chromaffin cells. In newrcendocrine tumors,
the norepinephrine ransporter is highly active and can be targeted for tmaging and/or therapy with
localized radiotherapy. One of the most widely used theranostic agents targeting the norepinephring
transporter is meta-iodobenzylguanidine (MIBG), a guanidine analog of norepinephrine. 123V131-MIBG
theranostics have been applied 1n the climical cvaluation and management of ncuroendocrine tumors,
espacially in newroblastoma, paraganghioma, and pheochromocytoma. 1231-MIBG imaging has been used
in the evaluation of neuroblastoma, and 13 11-MIBG for the reatment of relapsed high-risk
newroblastoma. however, the outcome remains sub-optimal. Positron Emission Tomography (BET) tracers
targeting the norepinephrine transporter and 1ts targets represent 2 better option for the imaging and
assessment afier frcatment of newroblastoma, paraganglioma / pheochromocytoma, and carcinoids.
{0003]  Integrins are a super-family of cell surface adhesion receptors, which conirol the attachment of
cells with the solid extracellular environment, both {o the extracellular matrix (ECM), and to other cells.
Adhesion is of fundamental importance {0 a cell; it provides anchorage, cues for migration. and signals
for growth and differcntiation. Integring are directly involved 1n nwmerous normal and pathological
conditions, and as such are primary targets for therapeutic mtervention. Integring are miegral
transmembrane proteins, heterodimers, whose binding specidicity depends on which of the 14 a-chaing
arc combined with which of the 8 B-chains. The integrins are classified in four overlapping subfamilies,
containing the 1, B2, B3 or gv chams. A cell may express several different tatepgring from each
subfamiy. In the last several decades, it has been shown that micgring axe major receptors nvolved 1n coll
adhesion, and so may be a suntable farget for therapeutic intervention. Integrin avp3 regulaies cell growih
and survival, since ligation of this receptor can, under some circumetances, induce apoptosis in twaor
cells. Disruption of cell adhesion with anti-avB3 antibodies, RGD peptides, peptide mimetic or non-
peptide derivatives, and other integrin antagonists has been showas o slow tumor growth.
{00041 Thyrointegrin antagonists have been shown to effect tumor angicgenesis by interaction with

integrin avfi3. The effect of thyroiategrin antagomsts i described m US Pat. Pub. No. 2017/0348425
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titled Non-Cleavable Polymer Conjugated with Alpha V Beta 3 (avf3) ntegrin Thyroid Aantagomists, the
contents of which are incorporated by reference.
{00031 A composition comprising both a thyrointegrin antagonist compound and a norepinephrine

transporter target compound would be well received in the art.

SUMMARY

[Q006]  According to an aspect, a composition comprises a compound of a general formula:

ot a salt thereof, wherein R1, R2, R3, and R4 are cach independently selected from the group consisting
of hydrogen, iodine, fluorine, bromine, a methoxy group, a nitro group, an anune group, and a nitrile
group; wherein R3, R6, R7, and KR8 are each independently selected from the group counsisting of
hvdrogen, odine, and an alkane group: and n; > O; 1> 1 and Y includes an amine,

{00071  According to another aspect, a method for dual targeting of tumor cells, comprises

adminisiering a composition comprising: a compound of a general formula:

e

or a sall thereofl wherein R1, RZ, K3, and R4 are each independently selected from the group consisting
of hydrogen, 1oding, fluorine, bromine, a methoxy group, a nure group, an amine group, and a mitrile
group; wherein R5, R6, R7, and R8 are cach mdependently selecied from the group consisting of
hydrogen, iodine, and an alkane group; and my > 0; n22> 1; and Y includes an amine.

{0008]  According to another aspect, a composition comprises N-benzyl guanidine; and

a thyvromtegrin avB3 receptor antagonist; wherein the N-benzyl guanidine and the thyrointegrin gvp3

roceplor antagonist are connected by a hinker,

BRIEF DESCRIPTION OF THE BRAWINGS
{0009)  The patent or application file contains at least one drawing executed in color. Copies of this
patent or patent application publication with color drawing(s) will be provided by the Office upon reqguest

and payment of the necessary fee.
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{0010] Some of the embodiments will be described in detail with reference made o the following
figures, 1o which like designations depote ke members, whereine

{0011} Figure 1 depicts a general formula of an exemplary composition for use in dual targeting of
neuroendocrine twinors,

{0012} Figure 2a depicts another gencral formulsa of an exemplary composition having a hinker with a
monoamnine,;

{0013] Figure 2b depicts another general formula of an exemplary composition having a linker with a
diaming;

{0014]  Figure 2¢ depicts another general forouila of an exemplary composition having a linker with a
triazole:

{00151 Figure 3 depicts one exemplary composition for use i dual {argeting of neurcendocrine {urors,
referred to as Composinion 300, BG-PEG-TAT, or BG-P-TAT,

[0016]  Figure 4a depicis an overview of a synthetic pathway {ar Composition 300 {rora Figure 3;
{0017} Figure 4b depicts a detailed schematic of the synthetic pathway of Figure 4a;

{0018] Figure 4¢ depicis an overview of possible synthetic pathways for the production of two other
exemplary compositions, referred o as Composition 201 (BG-PEG-MAT) and Composition 202 (BG-
PEG-DAT), in which the production uses cither a tosylate group or an aldehyde;

{0019} Figure 4d depicts an overview of alternative synthetic pathways for the production of the
compositions shown m Figare 4¢ in which the production uses cither a tosylate group or an aldehyde;
{00201 Figure 4e depicts a detailed schematic of the synthetic pathways of Figures 4¢ and 4d that use
an aldehyde;

{0021} Figure 4{ depicts a detailed schematic of the synthetic pathways of Figures 4c and 4d using a
tosylate group;

{0022] Figure 3 depicts a graph showing no significant changes in body weight of mice during molti-
day treatment with either a control or Composition 300 when admimistered at different doses ranging from
1-10 mg/ky subcutaneously daily for 15 days;

{0023} Figurc 6 dopicts a graph showing dosc-dopendent decreascs in tumor velume over time (15
days) it the mice during the multi-day treatment at 1-10 mg/ky, subcutancously with Composition 300,
compared with increase in tumor volume for a control group,

{0024} Figure 7a shows images of mice in the control group with visible large subcutancous tumors,
along with abnormal animal head movements suggesting accompanving central behavioral changes;
{00251 Figure 7b shows buages of mice that have been treated with Composition 300 and demonstrate
stgonificant reduction or absence of visible subcutansous tumors (significant shrinkage 1o elindnation of
tumors) in a dose~-dependent manner along with disappearance of the obscrved abnormal anmimal head
movements;

{00261 Figurce 8 is a graph of tumor weight as a function of dosage of Composition 300 showing

significant tumor shrinkage (o complete disappearance of the umor,
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{00271 Figuere 9a are photographs of tumors showing relative tumor size and de-vascularization as a
tunction of dosage of Composition 300;

{00281  Figure 9b are photographs of tumors showing absolute tumor size as a function of dosage of
Composition 300 demonsirating distiact tumor shrinkage to disappearance at the 10 mg/kg dosage level;
{0029]  Figure 10 is a graph of newroblastoma cancer cell vigbility as a function of dosage of
Composition 300 showing loss of cancer cell viability to complete loss at the 10 mg/kg dosage level;
{0030] Figure 11 is a graph of neurcblastoma cancer cell necrosis as a function of dosage of
Composilion 300 showing increase i cancer cell necrosis from 80-100% at the 3 and 10 me/kg doses;
{0031} Figure 12ais a graph of tumor weight shrinkage as a function of treatment with different benzyl
guanidine derivatives inchuding MIBG, BG, and polymer conjugated BG adnunisiered subcutansously
daily for 15 davs at 3 mg/kg showing comparable shrinkage ranging from 40-30% as compared to controf
{PBS vehicle);

{0032} Figure 12b is a graph of tumor weight shrinkage as a function of treatment with benzyl
guanidine, TAT derivative, or BG and TAT derivative co-administered versus BG-P-TAT (Composition
300) all administered at 3 mg/ke, subcutaneously daily for 15 days (data demonstrated 40-50% tumor
shrinkage with BG, TAT, or BG co~admmistered with TAT versus 80% shrinkage with BG-B-TAT
{Composition 300) as wel as maxiral loss of cancer cell viability with BG-B-TAT),

{0033] Figure 13a are photographs of fluorescence images of various mice at 1 and 2 hours post-
admmnistration of Cv 3 labeled polymer conjugated TAT {Group 1), polymer conjugated BG (Group 2,
and Polvmer conjugated BG-TAT (Composition 300) (Group 3);

{0034] Figure 13b are photographs of fluorescence images of the mice of Figure 13a at 4, 6, and 24
howurs post-adoninistration (data clearly showed distinct and highest intensity accumulation (delineation
and imaging) m neuroblastoma tuwmor and its spread with Cy5-labeled polymer conjugated BG-P-TAT
{(Composition 300y},

{0035] Figure 14 depicts another exemplary compasition for use in dual targeting of neurcendocrine
tumors, referred to as Composition 7a or dI-BG-P-TAT,

{0036] Figure 13 depicts another exemplary compaosition for use in dual targeting of neurcendocrine
tumors, referred to as Composition 7b or dM-BG-P-TAT;

10037} Figuwe 16 dopicts ancther exemplary composition for usc in dual targeting of scurcendocrine
tumors, referred to as Composition 15 or BG-P-PAT,

{0038} Figure 17 dopicts an overview of a synthetic pathway for Compositions 7a and 7b from Figures
15 and 16;

{00391 Figure 18 dopicts an overviow of a portion of synthetic pathway for Composition 13 from
Figure 16,

{0040} Figure 19 depicts an overview of ancther portion of synthetic pathway for Composition 15 from
Figure 16;

{0041} Figure 20 depicts respective binding affinity for exemplary compositions;
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{00421 Figere 21 A depicts respective cellular uptake for exemplary compositions;

{0043] Figure 218 depicts respective cellular uptake for exemplary compositions;

{0044} Figure 22 depicts a graph showing decreases in tumor vohume over time (20 days) in mice
during multi-day treatment at Smg/kg, subcutancously with Compositions 7a, b, and 15, compared with
inereage in tumor volume for a control group,

10045]  Figure 23 depicts a graph showing decreases in tumor weight over time (20 davs) in mice
during mulu-day treatment at 3mg/kg, subcutancousty with Composttions 7a, 7b, and 135, compared with
increase in tumor weight for the control group; and

{0046]  Figure 24 depicts lustology images showing the effects of Compositions 7a, b, and 13

compared with the control group.

DETAILED DESCRIPTION
10047} A detailed description of the hercinafler-described embodiments of the disclosed composition
and method is presented herein by way of exemplificaton and not mitation with reference to the
Figores. Although certain embodiments are shown and described in detail, it should be understoed that
varions changes and modifications might be made without departing from the scope of the appended
clatme. The scope of the present disclosare will in no way be linuted to the nomber of constitating
componcnts, the matenals thercof, the shapes thereof, colors thereof, the relative arrangoment thercof,
ete., and are disclosed simply as an example of embodiments of the present disclosure. A maore complete
anderstanding of the present embodiments and advantages thercof may be acquired by referring to the
following description taken in conjunction with the accompanying drawings, in which like reference
mumbers mdicate hke feahures.
{0048]  As a preface to the detailed doseription, it should be noted that, as uscd in this specification and
the appended claims, the singular forme “8”, “an” and “the” include plural referents, unless the context

clearly dictates otherwise.

OVERVIEW
{00421 Embodiments of the present disclosure deseribe new chemical compositions, and methods of
synthesis thereof. The compositions disclosed and described herein may be directed toward anti-
angiogemc agents, particularly thyrointegrin antagonists, which may be capable of interacting with one or
more cell surface receptors of the ntegrin avP3 receptor family. The compositions disclosed and
described herein may also be divected toward targets of the norepinephrine transporter {also known a¢ the
catecholamine transporter). Targets of the norepinephrine transporter may act as neuroendocrine tumor
cell targeting agenis.
{0050] The compositions disclosed and described herein may be directed toward a composition

containing both a thyroitegrin antagomst and a norepinephrine transporter target. Further, the
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composition may use a polyvmer or other nker o link the thyrointegrin antagonist and the norepinephrine
ransporter target.

{0051] The norepinephirine transporter is a regulator of catecholamine uptake in normal physiology and
is highly expressed and over-active in neurcendocrine tumaors like neuroblastoma. Although the
norepinephnine analog, meta-iodobenrylguanidine (MIBG). is an established substrate for the
norepinephrine wansporter, analogs such as (123) / (13 1)I- MIBG or analogs having Fhuoride (FIE8)
instead of lodide (radioactive) may also be used for diagnostic imaging of neuroblastoma and other
neuroendocrine tumors.

{00352] TIavestigations have demonstrated that various neurablasioma cell lines highly express the av3
integrin receptors (80-95%). However, high affinity avB3 integrin receptor antagonists showed Hmited
{40-30%) efficacy in teom of tumor growth rate and cancer viability inhibition. Sumiladdly, beneyl
guanidine and s derivatives deraonstrated limited anti-cancer efficacy of neuroblastoma despite s
maximal (23-100%: sptake into newroblastoma and other nenroendocrine tumors. Furtherrore, treatment
combinations of norepinephrine transporter targets such as benzy! guanidine or its derivatives together
with thyrointcgrin antagonists such as triazole tetraiodothyroacctic acid derivatives did not oxcced 50%
suppression of neuaroblastoma growth and viability

{00S3]  In contrast and uncxpectedly, conjugation of norcpinephring transporter targets such as bonzyl
gcuanidine dervatives and thyrointegrin astagonists such as tnazole tetraiodothryoacetic acid derivatives
via different polymer linker such as Polyethylene Glycol (PEG) nto a single novel chemical entily
rosulicd in maxiraal uptakc vto nouroblastoraa and other seuroendocring tumors along with maximal (80-
100%:) suppression of tomor growth and viabdily at differend doses. A thyrointegrin antagonist
conjugated via a linker with a norepinephrine / catecholamine transporter target compound may provide a
composition that has a dual targeting effect for neuroendocring tomor targeting. For example, the
composition may comprise an alpha-V-beta-3 (ovP3) integrin-thyvroid horowone receptor antagonist linked
to benzyl guanidine {(or a benzyl guanmdine dertvative) according to one embodiment of the invention.
{00541 The compositions described herein may be comprised of compounds, for example a
thyromtegrin antagonist or derivative thereof covalently linked to a target of the norepinephring
transporter to form a single chemucal cotity. The thyrointegrn antagonist and the norepimnephrine target
may be joined via a linker.

[0055] Reference may be made to specific thyrointegrin compounds and norepinephrine compounds,
for example, tetrac, triac, and benzyl guanidine. These phrases include derivatives of such compounds in
accordance with the full teachings of this disclosure, even where such dertvatives are nol specifically
listed.

{0056} Referring to the drawings, Figure | depicts an embodiment of a general formula 100 comprising
a thyrointegrin antagonist 110 joined to a norepinephrine transporter target 120 via a linker 130, The
composition may be referred (o as a thyrointegrin antagonist derivative conjugated to a benzyl guamding
derivative via the haker 130, or a thyrointegrin antagonist derivative conjugated (¢ a benzyl guamding

derivaiive modified with the linker 130, Figure 1 depicts a carboxyhic acid form of the general foomula

CA 03220332 2023-11-24



WO 2022/260918 PCT/US2022/031876
7

100, As would be apparent (o one skilled in the art, a sali {¢.g. a sodium salty of the general formula 100
may also be used.

{0057]  The lnker 130 compriscs a spacer 132 and a polymer 131, The linker 130 resiuls
bindegradation such that the linker remains uncleaved under physiological conditions. Inone
embodiment, the spacer 132 comprises a CHo, unit and an adjacent repeating bnkage of methylene (CHy)
units which may be defined by nl repeats wherein ni is an integer that is = . In other embodiraents, ni
may be > 1, > 2 or > 3. The hinker 130 further comprises a mwiety “Y.” Embodinienis of the moiety 7Y™,
may in some instances be may be an amine. For example, the moiety Y of the general formula may be a
divalent alkane having one amine group or a divalent alkane baving two amine groups as shown by the
examples of general formula 200z and 200b of Figures 2a and 2b. In another embodiment, the moiety Y
may be a riavole as shown by the example of general formuda 200c shown tn Figure 2¢. The polymer
131 may comprise a polyether such as polyethylene glycol (PEG). Other polvimers may be used,
including chitosan, alginic acid, hyaluronic acid, and other polymers. In embodiments using PEG as the
polvmer 131, the polymer may have a molecular weight between 200 and 4,000g per mole.

{0058} The torm thyroid antagonist describes a compound that has the ability to inhibit or antagonize
one or more thyroid hoomone recepiors knowan by a person skilled in the ard, for example the indegrin
tamily of thyroid hormone receptors, such as the thyroid hormone coll surface receptor ovp3. The
thyroiniegrin antagonist 110 may be an anti-angiogenic thyroid hormaone or a thyroid honmone receptor
antagonist. For example, the thyrointegrin antagonist 110 may be an alpha-~V-beta-3 {avf3) mtegrin-
thyroid hormone receptlor antagonist.

{0039]  Specific erubodiments of the thyrointegrin antagonist 110 may include tetraodothyroaceiic acid
{tetrac), triiocdothvroacetic acid (iniac), derivatives thereof and variations thereof. Examples of one or
wore variations of the thyrointegrin antagonist comprising tetrac and triac may mnclode, 10 some
embodiments Diaminotetrac (DAT) or Diaminotriac (3ATr) thereinafier may be referred to
interchangeably as "DATT), Monoaminotetrac (MAT) or Monocaminotriac (MATT) (hereimafier referred
to interchangeable as “MAT”), Triazoletetrac (TAT) or Triaroletriac {TATri) (hereinafler referred to
interchangeable as “TAT™), denivatives thereof or other thyroid antagonist known by those skilled in the
art. Thyroinicgrin antagonists may be of the tvpe described in ULS, Pat. Pub. No, 2017/0348425 wded
Mon-Cleavable Polvmer Conjugated with Alpa V Beta 3 Integrin Thyroid Antagonists, the contents of
which are incorporated by reference.

{0060} Exenplary thyrointegrin antagonists based on the general structure 100 from Figure 1 are
shown below in Table 1.

{0061} Table 1

Exemplary Thyrointegrin Antagonists

1 R R iy R
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R
3 I H H H
4 H 1 H H
5 H H I H
6 H H H }
7 i I H H
8 ] H I H
8 H B I {
16 I i I H
11 H H I f
12 ] { i I
i3 H H H H
14 Hs G H H H
HLC
I8 H H3C H H
HaC
16 H H HaC, H
H,C
17 H H H HyC
Hsc:}n
18 M, C H5C H H
H3{3>” Hzc:}a
1% HaC H H,C H
H,C HaC
240 H H HaC HaC
HyC HaO
23 HaC 13C HaC H
HSC> H-C H3C>
22 Ha S s H,C
H3c>_— HsC HLC
3 HaG H,C Hae H.C
HAC H,C H,C H,C
24 CH, H H H
FHyC——CHy
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25 H CH, H H
H3C+CH3
26 H H CH, H
Hg% CHy
27 H H H CH,
HyC—CH,
28 CH,q CH, H H
HQC"“"“"CHS HsC ‘CH3
2% CH; H CH, H
HyC—4—CHy HaC—-CHy
34 H H CH, u—i3
H--C““‘""sz HC ""CHS
3 3 ““E
31 CH, CH, CH, H
HQC+CH3 HyCi—CHy HaG——CHy
3% H CH, CHy CHgy
HyC——CHy HaCrt—CHy HyC—t—CHy
33 CH, CH, CH, CH,
HEC“{»CHB HyCri—CHy Ha GGy H, S CiHy

{0062] In some embodiments of the thyrointegrin antagonist 110, the variables depicted as RS, R6, R7,
and R8 may cach independently be substituted for molecules such as hydrogen, iodine, and alkanes. In
some embodiments, the alkanes have four or fewer carbons. For example, ag shown in Table |, in some
embodiments of the thyrointegrin antagonist 110, the vanables depicted as R5, R6, R7, and RE may each
independently be substituted for molecules of hyvdrogen, wodine, or atkane proups such as tsopropyl or
ischutyl In the embodiments of Table 1, the alkanes have foor or fewer carbons.

{0063] The norepmephring transporter target 120 may be a neuroendocrine tumor cell targeting agent.
Ag an example, the norepinephrine transporter target 120 may be benzyl goanidine or a benzyl guanidine
derivative. As a furthor example, the norepinephriae transporter target 120 may be N-beazyl guanidine or
a derivative thereof

{0064] Exemplary norepinephrine transporter targets 120 based on the general formula 100 from Figure
1 are shown below in Table 2.

{0065] Table 2

Exemplary Norepinephrine Transporter Turgets
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it
Ry R R; R

f F H H H
2 F H

3 H H K H
4 H 51 H F
] Br H H H
6 H Br H H
7 H H Br H
8 H B H Br
9 i H H H
14 H 1 H H
i1 H H i H
12 H H H 1
13 OH H H H
i4 H OH H H
i H H OH H
i6 H H H OH
i7 OMe B H H
i8 1 OMe H H
i3 H H OMe H
26 H H H OMe
21 NOz2 H H H
22 H NO2 H B
z3 H H NO2 H
24 H 51 H NO2Z
28 H H H NH2
29 CN H H H
36 H N H H
31 H H N H
32 H B H CN

[0066]  In some embodiments of the norepinephrine transporter target 120, the variables depicted ag R1,
R2, R3, and R4 may be each independently be substituted for molecules such as hydrogen, iodine,

{luorine, bromine, 2 methoxy group, a ritro grovp, an aminge group, and a nitrile group. For example, in
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some embodiments of the norepinephrine transporier target 120, the vanables depicted as R1, R2, R3, and
R4 may be cach mdependently be substituied for molecules of hydrogen, todine, fluorine, bromine, a
methoxy group, a nitro group, an amine group, and a nitrile group as desenibed above i Table 2.
Additional embodiments and substitutions may also be used. In one embodiment at least one of R1, R2,
R3 and K4 15 a radiclabel. Examples of suitable radiclabels include 1(123), I(131) and F(18). The
compound may be admpistered to bmans or anirpals.

{0067]  Any of the exemplary thyrointegrin antagonisis 110 {along with any of the other thyrointegrin
antagonist embodiments taught herein) may be joined via the linker 130 to any of the exemplary
norepinephrine wransporter targets 120 (along with any of the other norepinephring fransporier target
embodiments taught herein) to form a composition.

{0068]  As is clear from Table | and Table 2, there are a large number of compounds that may be used
as the thyrointegrin antagonist 110 and 3 {arge mumber of compounds that may be used as the
norepinephrine ransporter target 120 in the composition. Further, the various thyrointegrin antagonists
110 mayv be combined with various norepinephrine transporter targets 120, resulting io a large mumber of
potential chemircal structures for the composition described herein.

{0069] Embodiments of each of the compositions described herein may have multiple types of utility
for treating a plurality of different diseases modulated by angiogenesis or the imhibition thereof. Each of
the compositions described in the present disclosure, in view of presence of the thyrointegrin antagonist
110 present in the described compositions, may have an affinily for targeting the integrin receptor avf3
located on numcrous types of oclls fouad throughout the homan body and various anirmal bodics.

{0070} Morcover, embodiments of cach of the compositions described in the current application may
have utibty for treating a plurality of diffcrent discases characterized by activity of the norepinephirine
transporier. Each of the compositions described 1o the presend disclosure, 10 view of presence of the
norepinephrine transporter target 120 present in the described compositions, may each have an affinity for
targeting numerous types of cells found throughout the human body and varous antmal bodies that utilize
the norepinephrinc transporter. Each of the compositions described in the present disclosure may have
mereased affinity for fargeting cells demonstrating mereased or above average aciivity of the
norepinephring transporter, such as neurocndocrine tomor cells. As a more specific example, the
composition may have increased affinity for targeting neuroblastoma, pheochromocyioma, pancreatic
neuroendocrine tumor, and carcmoid tumor colls.

{0071} Sull further, due to the composition’'s use of both a thyrointegrin antagonist 110 and a
norepinephrine ransporter target 120, the composition may have moreased atility and efficacy agarst
certain diseases and/or conditions. For example, neurcendocrine tumors are susceptible to freatracnt with
thyrointegrin antagonists while also demonstrating increased activity of the norepinephrine transporter.
The compositions described hercin make use of both compounds for a dual targeting cffect in treatment of
neuroendocrine tumor cells. Further, the increased effect surpasses any increasce expected or achicved by
stmultanecus separate treatment with a thyrointegrin antagonist and a norepinephrine fransporter target.

Further details regarding the bencficial utility is discussed below with respect to experimenial studies.
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{00721  As shown by the chemical structure of the general formala 100 of Figure 1, embodiments of the
chemical structure may raclude one or raore variables defining the additional features of the thyvroiatogrin
antagonist 110 of the general formula 100, For example, in some embodiments of the thyrointegrin
antagonist 110, the variables depicted as R3, R6, R7, and R¥ may be each independently be hydrogen,
iodine, and alkanes as described above in Table 1.

{0073} There is thus 3 wide range of thyrointegrin antagonist compounds that may be used as the
thyromiegrin antagonist 110 of the gencral formula 100, For example, as shown in Figure 2a, the
thyroiniegrin antagonist 110a may comprise a substitution of 1odine {for R3-RA, resuliing in the formation
of a tetraiodothyvroacetic actd (fetrac) derivative having a three-carbon linker and a monoamine asthe Y
moiety. General formula 200a may be referred to as monocamine-tetrac {MAT) conjugated via PEG (o
benzyl guanidine or a benzyl guanidine derivative. Likewise, in Figure 2b, the tetrac molecule further
comprises a diamine Y moietly connected to the carbon finker. This general formula 200b may be referred
to as diamine tetrac (DAT) conjugated via PEG to benzyl guanidine or a benzyl guanidine derivative. In
the alternative embodiment of Figure 2¢, the general formula 200¢ may comprise a trigzole moiety
connceted to the single carbon of the carbon linker. This general formula 200¢ may be referred o as
iriazole ietrac (TAT) comjugated via PEG o benyyvl guanidine or a beneyl guanidine dexivative.

[0074] Other thyromicgrin antagonist compounds may also be used in forming the compositions
described herern. For example. the general siracture of the thyroiniegrin antagonisis 110a, 110b, and
110¢ mayv be used wheremn only R3-R7 include iodine, thereby giving similar {riac derivatives. Further,
as shown in Table 1 above, sumilar structures may be used 1n which the thyrointegrin antagonist
comprises a substitution of other elements or functional groups for any and/or all of R5-R&.

{0075} The norepinephrine transportor target 120 may comprise benzy! guanidine or a benzyl guamdine
derivative. Embodimenis of the chemical structure of the norepinepbrine transporier target 120 may
include one or more variables defining the additional features of the norepinephrine fransporter target 120
of the general formula 100 shown in Figure 1. For example, in sore embodiments of the norepinephrine
fransporter target 120, the variables depicted as R1, R2, R3, and R4 mav be each independently be
substituted for molecules of hydrogen, 1oding, fluorine, bromine, a methoxy group, a nilro group, an
amine group, and a nitrde group as described above 10 Table 2.

{0076} Figure 3 depicts an sxemplary Composition 300 of the general formulda 100, Composition 300
comprises triazole tetrac conjugated to benzyi guanidine modified PEG. Composition 300 may also be
referred to as BG-PEG-TAT or BG-P-TAT.

10077} Synthesis of the compositions described herein is demonstrated below, primarily with reference
1o the exemplary composition shown in Figure 3, namely Composition 300. Synthesis of similar
compositions, namely Composition 201 and Composition 202 (see Figure 4¢--4{) are also provided as
examples and without luniting the disclosure to such compositions.

{0078} Example la: Synthesis of Exemplary Composition 300
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{00791  This exaraple provides a sampic method for preparing Composition 300 shown in Figure 3.
Composition 300 is referred to as BG-PEG-TAT or BG-P-TAT. Cowmposition 300 has the chemical narmac
of 2-(4-(3-{(1~20~(4~(guanidmomethy Dphenoxy)-3,6,9,12 13,1 8-hexaoxaicosyD-1H-1,2 3-trigeoi-4-
yhmethoxy -3, 3-dizodophenoxy -3, 3-ditodophenyjacetic acid, or [4-(4-{1-[2-(2-{2-{2-2-{2-{2-(4-
Guanidinomethyvl-phenoxy)~cthoxy j-ethoxy t-ethoxy y-ethoxy }-ethoxy -ethoxy)-cthyl]- 1 H-[1, 2 3jriazol-
4-yImethoxy -3, 5-diiodo-phenoxy)-3, 5-diiodo-phenylf-acetic acid. The molecular weight of
Composition 300 is 1284 44g/mol.

{0080} All commercially available chemicals were used without further purification. All solvents were
dried and anhydrous solvents were obtained using activated molecular sigves (0.3 or 0.4 not depending on
the type of solvent). All reactions (f not specifically containing water as reactant, solvent or co-solvent)
were performed under Ar or M atmosphere, in oven-dricd glassware, All new compounds gave
satisfactory "H NME and mass spectrometry resulis. Melting points were deterniined on an
Electrothermal MEL-TEMP® melting point apparatus and then on a Thomas HOOVER Uni-mel
capillary melting point apparatus. Infrared spectra were recorded on a Thermao Flectron Nicolet Avatar
330 FT-IR apparatus. UV speetra were obtained from a SHIMADZU UV-1630PC UVevis
specirophotometer. The solvtion-state NMR experimentis were all performed a Bruker Advance [ 800
MHz spectrometer equipped with a cryogenically cooled probe (TCH) with z-axis gradients (Bruker
BioSpin, Billerica, MA} at the Center for Biotechnology and Interdisciplinary Studics, Rensselaer
Polytechnic Tastimite (RPE, Troy, NY). All tubes used were 5 mim outside diameter. NMR data were
referenced to chloroform (CDCls; 7.27 ppm "H, 77.20 ppm PC) or DMSO-d6 (8= 2.50 ppm, 38.92 ppm
Yy as intemal reference. Chemical shifis § are given in ppm; multiplicities are indicated as s (singlet), d
{doublet), t (iriplet), g (quartet), v (multiplet) and br (broad); coupling counstants, I, arc reported in Hz.
Thin laver chromatography was performed ou silica gel plates with fluorescent mdicator. Visuablization
was accomplished by UV light (254 and/or 363 nn) and/or by staining in ceric ammonium molybdate or
sulfuric acid solution. Flash cohunn chromatography was performed following the procedure indicated in
J. Org. Chem. 43, 14, 1978, 2923-2925, with 230-400 mesh silica gel. High resolution mass spectral
analvsis was performed on etther an Applied Biosystems API4000 LC/MS/MS or Applied Biosystems
QSTAR XL mass spectrometers.

[0081] This cxample uses propargylated tetrac (PGT). Preparation of PGT or a derivative thereof from
tetrac is described in U.S. Pat. Pub. No. 2017/0348423 utled Non-Cleavable Polvimer Conjugated with
Alpha ¥V Beta 3 Integrin Thyroid Antagonists, the contents of which are incorporated by reference.
{00821 Figure 4a depicts an overview of a synthetic pathoavay for Compostiion 300

{0083} Figure 4b depicts a deiailed schematic of the syathetic pathway from Figure 4a. Figure 4a
shows the scheme of synthesis of Composition 300 as an example of confugation of fetrac snalogs to
benzyl guanine modificd PEG via chick chomistry. Other synthetic pathways may be used.

{0084] The individual steps of the scheme of synthesis of Composition 300 shown in Figure 4b will be
described in more detail below in which the indermediary products arc rofereed to by the nomber shown in

the click chenustry scheme.
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{0083]  Svrhesis of heterobifunciional PEG. Although heterobifunctional linker is commercial
available, for the purposcs of this example the following synthetic route for preparation is used:

HC‘\/\O/\J«Q\/\ QA\/O‘V/’\Q/\MO\/\OH

l

HGWQA\/D\/\O/\/G\/H\O/\\/O\/"\OTS

%70, NaNB/LE)MF dry, 70 ©

HG\/\Q/A\/O\/\O/\\/O\/’\O/\VQ\/\Na

N ZOT4, 30, 1Y307 -19308 %40, PBr,/ l DCMdry, 6 C

BE'I\VADA\/O\/\\ONO\/’\\O/'\/O\/&\E\%

[00B6]  Synthesis of Product 2 tert-butyl [(d-hydroxyphenyDmethyljcarbamate 2.

| P

OH
{0087} Terr-butyl [(d-hydroxypheny Dmethyljcarbamate was syathesized according (o the proteciing
method previously published {1) ACS Medicmal Chemistry Letters, (103, 1025-1030; 2017, 23
Fuwropean Journal of Medicinal Chenustry, 126, 384-407, 2017. 3) Tetrabedron Letiers, 47(46), 8039~
8042; 3006} the contents of which are hereby incorporated by reference. Product 1, 4-
Hydroxybenzylamine (0.62 g, 5 mmol) slowly added with stirring to a solution of di-tert-butyl
dicarbonate (1.2 g, 5.1 munol) ai room icmperature. Afller the reaction mixture was sttrred for 8 b, the oily
residue was purified by column chromatograpby {5102 EtOAc/hexanes (1:4)] to afford 0.82 g of N-Boe-
4-hydroxybenzylamine as a colorless ot with 719 yield.

[0088] Synthesis of Product 3 ctherification of tert-Butoxycarbonyl-4-hyvdroxybenzylamine to Bromo-

azido modified PEGH00) 3
NH o

K

N

»

~F
‘3\/‘\0/‘\/0»/’\0/\\/0»/\0""\.»“O\/\ N

3
{00891 CsCO3 (867 myg, 2.67 mmol, 3 ¢q) was added with stirring to a solution of tert-Butoxycarbonyl-
4-hydroxybenzylamine (300 mg, 0.896 mmol, Icg) in CAN (25 mL) at room cmperature. Afler the
reaction raixture was stirred for 30 min, Bromo-azide modified PEG(400) (445 mg, 1.05 munol, 1.2 ¢g)

added to mixture and then temperature mercascd ull reflux for 244 It was filtered o romove excess of
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CsCO3. The solvents were removed under reduced pressure, and the oily residue was purified by column
chromatography [Si02:; EtOAc/hexanes (5:5)1 to afford product 3 as a yellow oil. Yield: 433 mg, 87%.
{0090} Synthesis of Froduct 4. BOC de-protection

N,

3

e

»
O\//\D,ﬁ\,a\_/’\(]/‘\,—c\,/’\co"‘\/ev"\;\;3

4

{00911 Product 3 (100 mg, 0.179 minol, 3 eq) was dissolved in 3 mi anhydrous 1,4-dioxane and 3 mi
HC] (4N i dioxanc) added to it god stitred at room teroperature. After 24 hours, the solvent was temoved
under reduced pressure, and the oily residue was purified to afford product 4 as a yvellow oif in
gquantitative yield (Yield: 73 g, 90%)
{0092]  Syauthesis of Product 5. Guanidination of Product 4

HN,B(}Q

s, BOC
M

)

~ O@\,O\ﬁxoﬁv'ﬁ\ﬂo,~\,UVAN3

\

),.-..

4

C

"\1\

QO

(213

{0093] Product 4 (85 mg, 0.17 mmmol, 1 eq), N.N-Di-Bog-1 H-pyrazole-1-varboxamidine (34 mg, 17
me, feqy was dissolved in 3-4 mi anhvdrous dicthyvicarbodiinide “DUM™ and then triethyl amine “TEA”
(48 ul, .35 movol, 2 o) was added to the solution. The reaction muixture was stirred at roora emperature
for 12 h. After completion of the reaction the solvent was removed under reduced pressure and the
residue disgolved 1 EiOAc (30 ml). The organic phase washed with % 3 HCU (25 mi) and brine (23 mD)
and then dried (Mg2ZS804). The solvent was removed under reduced pressure to vield product § which was
purified by column chromatography [S102: EtOAc/hexanes (2:8)] Yield: 92 myg, 80%

[(094]  Synthcsis of Produoci 6

H\I

/,L‘\Q BOC

INH

/[j
\F{ — / ( 0
O\‘/\O»VOvz\ox\/u\/‘\of\/ov’\N/%_‘ ~ ,.J A\/ /\[\,

8 M=y

{00951  Product 3 (100mg, 1 eq) and 1 eg of PGT were dissolved in 20 ml THF and stirred for 5 min
then 0.5 ¢q of NaAscorbatc and 0.5 ¢g of coppersalfate 1 2 mi water added to muxture and stirred for 24
hours in 63 o, After 24 hours, the solvents were removed under reduced pressure, and Product 6 purified
in 63% vield.

{0096]  Synthesis of Composition 300 (2-(4-(4-((1 -(20-{4~(guasidinomethy phenoxy-3,6,9,12,15 18-

hexaoxaicosyDy-1H-1,2 3-iriazol-4-vDmethoxy 3-3, 5-ditodophenoxy)-3, 3 -ditodophenyhacetic acid)
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{00971 Product 6 (530 mg) was dissolved in 3 ml anhydrous 1,4-dioxane and 3 ml HC! (4N in dioxane)
added to it and stirred at 40C. After 24 hours, the solvent was removed under reduced pressure, and the
oy residue was purified to afford Composition 300 as a vellow powder.

{00981 Other methods of synthesis may be used to reach Composition 300 or to reach other
composttions having the general formula 180 shown in the Figure L

{00991 Example 1b: Synthesis of Additional Exemplary Compositions

{0100} Figurcs 4e and 4d depict overviews of synthetic pathway for other cxemplary compositions, for
example Comaposition 201 following the general formula 200a and Composition 202 followiag the
general formula 200b, using cither a tosvlate group or an aldchyde.

{0101] Composition 201 may be relerred to0 as BG-P-MAT, BG-PEG-MAT, ar benzy] guasidine
comjugated to moncaminoteirac via PEG. Composition 202 may be referred to as BG-P-DAT, BG-PEG-
DAT, or benzyl guanidine conjugated to dianvacictrac via PEG. Benzyl guanidine dertvatives or other
norepinephrine transport targets may be used as described herein. Tetrac derivatives or other
thyrointegrin antagorists may also be used as described herein, including but not limited to triac and triac
derivatives,

{0102} Figures 4¢ and 4f depict detailed schematics of the synthetic pathway from Figures 4c and 4d.
Figures 4¢ and 4f shows the scherae of synthesis of Compositions 201 and 202 as furber examples of
conjugation of tewac analogs to benzyl guanine modified PEG via click chemistry, Agaim, other synthetic

pathways may be used.

METHODS OF USE
{0103] The compositions disclosed herein (inclading but not Hmited to the exemplary compositions
such as Composition 300, Composition 201, and Composition 202) demonsirate novel dual targeting in
treatment of cancer cells and tumors, particularly in treatment of neurvendocringe tumors such as
neuroblastoma, pheochromocytoma, pancreatic neuroendocrine tumors, and carcinoid tumors. Further,
the compositions show increased efficacy against nevroendocrine tumor cells when compared with
thyroindegrin antagonist or norepinephrine transporter targets used or administered separately, i.e., not
conjugated into a single composition.
{0104] The compositions may also be used for imaging of cancer cell/tumors. For example, the
compositions described herein may be used to image nouroblastoma, pheochromocyioma, pancreatic

curcendocrine tumors, and carcinoid tumors. Imaging may be desirable for diagnosis and/or for
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treatment monitoring. Moreover, the compositions may be used for simuliancous treatment and imaging.
For exarple, the compositions may demonstate increased retention 1o the targeted cancer cells/tumors,
allowing for enhanced freatment and more effective imaging.

{0108] Exarople 2: Effect on Subcutaneously Implanted Tumor in Female MNude Mice

{0106]  The efficacy of Composition 300 (BG-P-TAT) was tested using newroblastoma SKNF2 cells
mnplanted into nude fomale mice.

{0107] Fifteen (15) female nude mice were implanted with twice with 10%celis/implant. The SKNF2
cell line was used with subcuiancous xenografts.

{0108] Eight (8) days following implantation, the mice were divided into four groups receiving the

following treatment for 15 days:

Group Treatment Compound Dosage
Group 1 Control — PBS

Group 2 Composinon 306 (BG-PEG-TAT) Imegike
Group 3 Composition 300 (BG-PEG-TAT) 3mg/kg
Group 4 Composition 200 (BG-PEG-TAT) 10mg/kg

{0102} Following fificen (15) days of treatment, tumors were collected in order to evaluate
histopathology, and the following resulis were coliected:

{0110} Figurc 5 shows the cffeet of the control and Composition 300 (BG-PEG-TAT) trcatment on
body weight of mice implanted with SKNF2 coll lines. As ts shows, the body weight was congisicnt
across all groups. Data demonstrate that daily treatment with Composition 300 (BG-PEG-TAT) at
different doses 1, 3 and 10 mg/kg daily for 135 davs have no effect on amimal body weight versus control
animals,

{0111} Figure 6 shows the effect of Composition 300 (BG-PEG-TAT) treatraent versus control on
umor voluraes of mice implanted with SKNF2 cell ines. As shown, the control group showed an
increase in tumer volume from approximately #25mm” to 1050mm” over the 15 days of treatment. Al
groups receiving treatment with Composition 300 (BG-PEG-TAT) showed decreased tumor size.
Further, the groups receiving weatment with Comaposition 300 (BG-PEG-TAT) showed dose-dependent
decreases in umor size, with the 10 mg/kg Group showing a tumor size reduction from approximately
£25mm” to H00mm’®.

{0112} Figures 7a-7b comprise photographs of mice from cach treatment group in which subeutancous
fwners 70 can be visually compared. As shows in Figwe 7a, the costrol group shows large, clearly
visible umors 70. Control amimals also showed abnormal circling (head rotation) 79, which was absent
wn all treatment arms. The aboormal circling is belicoved to be an effect of the tumor on the sontral

nervous sy steimn.
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{0113] As shown in Figure 7b, the treatment groups show clear dose dependent reductions in the size of
the tumors 70 to complcic abscace at the 10 mg/kg dosc. As shown, i the 10 mg/kg treatment group
there is an absence of any visible tumor at the wmor location 70°.

{01 14] Figure 8 shows the ¢ffect of the control and Composttion 30U (BG-PREG-TA'L) reatment on
tumor weight of mice implanted with SKNF2 cell lines. As can be seen, the treatment groups show a
dose-dependent reduction of tumor weight in comparison with the control group. Data showed 60%, 80%
and F00% tumor shrinkage at the 1, 3, ad 10 mg/kg doses, respectively.

{0113} Figure 9a and Figure 9b shows the effect of the control and Composition 300 (BG-PEG-TAT)
treatment on vasculature and tumor size of nuce implanted with SKNFZ cell fings. As can be seen, the
control group demonstraled sigmificant mncreases in sive of the tumors 70 ag increased vascularizaiion.
Vascularized arcas 90 of the control group tumors 70 are cleary visible., In condrast, the treatment groups
show a dose-dependent reduction in size of the tumors 70, mcluding fumor shrinkage at the 10 mg/kg
dose. Tuamor vasculature was also clearly dimninished ag shown. In fact, as shown mn Figure 9b, with
respect to the 10 mg/kg group, there was only necrotic skin 75 at the location of the implanted tumor 707
{sce Figure 7b) to be removed for histopathological examination; the treatment demonstrated tumor
shrinkage at this dose.

{0116} Figure 10 shows the effect of the control and Composition 300 (BG-PEG-TAT) treatment on
tumor cell viability of mice implanted with SKNF2 cell lincs. As can be seen, the treatmaeat groups show
a dose-dependent reduction i tumor cell viability. 70-75% cell viability was shown in control with 20-
30% necrosis 1 the center of the tumor. In contrast, Composition 300 (BG-PEG-TAT) treatinent at
different doses showed loss of cell viabilily 1o 30%, 20, and 0.00% at 1, 3, and 10 mg/ke, daly treatment
for 13 days, respectively. The 10mg/kg group domonstrated a total lack of viable tumor cells following
{iflcen (13) days of treatment.

{0117} Figure 11 shows the effect of the control and Composition 300 (BG-PEG-TAT) treatment on
tumor cell necrosis of mice mplanied with SKNF?2 cell hnes. Ag can be seen, the treatment groups show
a dose-~dependent increase in tumor cell necrosis. The 10 mg/kg group demonsirated a tumor cell necrosis
rate approaching 100%, the 3me/ke oroup demonsirated a tumor cell necrosis rate of approximately 809%,.
and the T mg/kg demonstrated a tomor cell necrosis rate of approximately 50%.

{0118} Example 3: Comparative Examples:

{0119] Figures 12a and 12b shown the effect of the control and treatment with BG, BG derivatives,
thyrointegrin antagonists such as TAT dernvatives, and combinations {(co-adnunistration) thereof, versus
Composition 300 (BG-P-TAT) on tumor cell necrosis of mice implanted with SKNF2 cell lines.

{01201  In summary, known thyrointegrin antagonists for treatment of tumor cells achieve substantially
inferior resulis when compared with Composition 300 (BG-P-TAT). For example, triazole tetrac
derivatives delivered subcutancously daily for three (3) weeks at 2mg/kg has been shown to reduce tiimor
. Similarly,

growth by approximately 40-30% and reduce tumor viabibity by approximately 40-509

triazole tetrac derivatives have also been shown to reduce tumor growih by approximately 40-50% and
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reduce turmor viability by approximaiely 40-50%. Further, even a combination {reatient of two triazole

tetrac derivatives in combination delivered subcutancousty daily for three (3) weeks at 3mg/kg only
achieves a reduction of 40-50% for tumor growth and twmor viability. Similar results are obtained with
treatments using benzyl gouanidine and benzyl guanidine derivatives. Farther, even co-admimstration of
benezyl guamidine and thyromtegrin antagonisis fails to demounstrate mcreased efficacy over the 40-36%
mark.

{01211 1o contrast, treatment with Composition 300 (BG-P-TAT) resulted in 80% reduction in tumor
where the viability of residual tumor was reduced by 86%.

{0122] Comparative Example 3a; Effect of TAT Derivative on Tumor Weight:

{0123] The avp3 mnleprin receptor antagonists (thyromiegrin anlagonisis) shawed hmited (40-50%)
efficacy in term of tumor growth rate and cancer viability inhibition in the case of neuroendocrine tumors
such as nouroblastoma, pheochromocyioma, pancreatic neuroendocrng tumors, and carcinoid fimors,
For example, the graph of Figure 12b includes the etfect of a inazgle tetrac derivative (referred (o as
TAT) on tumor weight when compared with a control group (phosphate-buifered saline "PBS™). The
specttic derivative tested was beta cyclodexirin triazole tetrac. As shown, the 3 mg/ke dosage resulted in
approxunately 40-30% reduction of tumor weight.

{0124} Comparative Example 3b: Effcct of Benzyl Guanidine and Derivatives on Tumor Weight:
{01251 Similarty, benzyl guanidine and its derivaiives demonstrate limited (40-50%) efficacy in feroy of
tumor growth rate and cancer vighility mhibition in the case of neuroendocring tumors such as
neuroblastoma, pheochromocyioma, pancreatic neurcendocrine tumors, and carcinoid tumors. For
example, the graph in Figure 12a includes the effect of benzy! guanidine (BG) and benzyl guanidine
derivatives (such as MIBG and a polymer conjugated benzyl guanidine (specifically PLGA-PEG-BG,
referred to as polvmer-B(G) on tumor weight when compared with a control group (PBS). The treatment
compounds demonstrated linuted anti~cancer efficacy of neuroblastoma despite its maximal (90-100%)
uptake inio neuroblastoma and other neurcendocrine tumors.

{0126] Comparative Example 3¢: Effect of Co-Adminustration of Separate Norepinephrine Transporter
Target and Thyrointegna Astagonist

{0127} Furthermore, treatment combinations comprising co-administration of norepinephrine
transporter targets such as benzyl guanidine or derivatives together with thyrointegrin antagonisis such as
triazole teiraiodothyroacetic acid derivatives did not exceed 40-30% suppression of neuroblastoma
growth and viability. For example, benzyl guamidine co-administered with a tetrac denvanve (BGHTAT)
did not surpass the 40-50% efficacy demonstrated by individual reatment with either compound ag
shown m Figure 12b (BG+TAT). Again, beta cyclodextrin triazole tetrac was the tetrac derivative used.
{0128] Comparative Example 3d: Effect of Composition 300 (BG-P-TAT) (Benwy! guanidine
conjugated to TAT via PEG):

[0129] Again, treatment with Composition 300 (BG-P-TAT) resalied in significant improvernent in the

effect on umor weight compared with both the control and other types of treatments as shown 1o Figure
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12b. Composition 300 achieves approximately 80% reduction in twnor. Further, the viability of residual

fiaer was reduced by 80%. In fact, Composition 300 (TAT conjugated to BG) demonstraied a

significant increase in cfficacy over even co~admimstration of TAT and BG separately (BGHTAT).

{0130] The comparative examples from Figures 12a and 12b are summarized in the following Table 3:

[0131] Table 3

Comparative {umor Growth Suppression

and Tumor Survival Suppression Effect

Treatment Compousnd/Composition Dosage Percentage of Percentage of
Tumor Groewih Tumor Survival
Suppression Suppression
Benzyl guanidine (BG) 3mg'kg 4G-30% 40-50%
Metaiodobenzylguanidine (MIBG) 3mg'kg 40-50% 40-50%
Benzyl guanidine with Polymer (PLGA- 3mgikg 40-30% 40-50%

PEG-GEY (Polvmer-BGY

Triazole Tetrac Dernivative 1 (beta 3mg/ke 40-30% 40-30%,

cyclodextrin tnazole tewac) (TAT)

Co-Administration of Benryl guanidine 3mgikg 46-30% 40-30%
and Triazole Tetrac Dervative 1

(BG+TAT)

Composition 300 (BG-B-TAT) 3mgkg RG-90% #0-G0%

{0132] Exaraple 4: Imaging of Subcutaneously Implanted Tumor in Athymic Female Mice.

[0133]  Athynuc female mice were implanted twice each with 10°cells/implant. The SKNF1 cell hine
was used with subcutancous xenografis.

{0134} Group 1 consisted of three mice and were treated with PEG-TAT-dye (Cy35). Group 2 consisted
of three mice and were treated with PEG-BG-dye (Cy¥3). Group 3 consisted of three mice and were
treated with TAT-PEG-BG-dye (Cv3) wherein the TAT and BG were covalently linked with a PEG linker

as corapound 300 The treatment groups are shown below:

Group Trcatment Composition
Group 1 PEG modificd triazole tetrac derivative with Cy 3 dye
Group 2 PEG modified benzyl guanidine derivative with Cy 3 dye
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Group 3 Composition 300 with Cy3 dve

{01351 Fluorescence imaging {(Cy3) was conducied 1 hour, 2 hours, 4 hours, 6 hours, and 24 hours
post-adrmouustration.  Imagmg results are shows m Figures 3a and 13b, m which the tumor location s
circled in yellow and the Cy5 dye appears as red. As shown in these figures, there was a dramatic
increase i the flucrescence signal when the TAT and BG were covalently linked and Composition 300
showed marked improvement in both uptake into the SKNF1 ncuroblastoma tumors and retention time
within the tumor when compared with either a friazole tetrac denvative alone or a benzyi guanidine
derivative alone.
{0136] Neuroblastoma {umor cells were used in the treatment example discussed. Those skilled in the
art would appreciate these exaraples are valid models for treatmend of other tumnor types, particularly
other neurcendocrine tumors, Further, any tumor or disease state demonstrating mcreased activity of the
norepinephrine transporter 1 which thyrointegrin moderated antiangiogenic activity would be desired
may be treated by the disclosed compositions.
{0137] In light of these examples, the compositons described herein show increased efficacy against
wmor cells, particularly neurcendocrine tumors. These compositions may be used to freat
neuroendocrine mmors such as neuroblastoma, pheochromocytoma, pancreatic neuroendocringe Gunors,
and carcinoid tumors, for example by injectable, topical, sublingual, oral, and other routes of
admmistration.

ADDITIONAL EXEMPLARY COMPGUNDS
{0138]  As discussed above, composifions based on the general structure 100 may include variations at
K1 through R8 and/or vanations in the linker 130, for example, variations 1n the spacer 132, the polvmer
131, and/or the moiety Y. Exemplary embodiments including such variations are discussed in more detail
below. These exemplary embodiments are not meant (o init the disclosure to any of the specifically
presenied embodiments. Instead. the descriptions of the vanous embodimenis have been presented {or
purposcs of llustration, and are not intended to be exhaustive or himited to the embodiments disclosed.
Many modifications and vanations will be apparent to those of ordinary skill in the art without departing
frora the scope and spirit of the described embodiments,
{0139] Figure 14 depicts an exemplary Composition 7a of the general formula 100, Composition 7a
comprises triazole tetrac conjugated o beazyi guanidine modified PEG wherein iodo groups have been
chosen as substituents on the benzyi guanidine aromatic ring. Composition 7a may aiso be referred to as
di-BG-PEG-TAT or dI-BG-P-TAT.
{0140] Figure 13 depicts an exemplary Composition 7b of the general formula 108, Composition 7b
comprises triarale tetrac conjagated to bensyl guamidine modified PEG wherein macthoxy groups have
been chosen as substituents on the benzy! guanidine aromatic ring. Composition 7b may also be referred

to as dM-BG-PEG-TAT or dM-BG-P-TAT.
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{0141] Figure 16 depicts an exemplary Coraposition 13 of the general formula 100. Composition 15
compriscs tetrac conjugated o beazyl guandine modificd PEG whoercia the amine of the moicty Y is
piperazine. Composition 13 may also be referred o as BG-PEG-PAT or BG-P-PAT wherein PAT refers
to piperazine tetrac.

{0142]  Synthesis of these compositions is demonstrated below.

{0143] Example 3: Svnthesis of Compositions 7a and 7b

{0144] The synthesis of dI-BG-B-TAT (7a) and dM-BG-B-TAT (7b) was accomplished as described in
Scheme 1. Amine groups of 1odo and methoxy substiluted 4-hyvdroxy benzyl amine were protected with
di-fert-buty! di-carbonate, Compounds 2a and 2b were characterized with 'H-NMR. The peak observed at
1.49 ppm was assigned to feri-butyioxycarbonyl (Boc) protons. In the next reaction, compounds 2a and
Zb were reacted with commercially avalable Br-PEGS-Ns i the presence of K,CO; and ACN uader
reflux conditions to get compound 3a and 3b with 90% and 85% vields, respectively. The "H-NMR
spectra of compounds 3a and 3b exhibited peaks of PEG protons between 3.40 and 3.97 ppm. Then,
amino groups were deprotected in 4 N HCI (in dioxane) and the product was confumed by disappearance
of Boc-profon signals at 1.48 and 1.49 ppm 10 the "H NMR specira of 4a and 4b. In the next step, W N'-di-
Boc-1H-pyrazole-1-carboxanudine was reacted with compounds 4a and 4b to acquire Boc-protecied
guanidine compounds 3a and 5h. The 'H-NMR spectra of compounds 35a and 5b clearly showed peaks at

1.49-1.52 and 130-1.52 ppun, respectively, which can be assigned o two separate Boc groups’ protons.

N, HHBos NHBoe NH; NHB@@
\@ 8 "*’\ xm—-n»b e * —E. \L BncN“"N
QH Q"\/\‘O\/\} N ’“\/{g\r’\ﬂ 'JA“Q \'{QV/\Ns
X
1 2@ K= | 3a: = 43: X= 1} Sar X=|
A H=-OCH; 3b: X=-QCH; 4 X=-0OCH, 8l X=-QCH,
NHBoo §§H
i
e .o}’\
»»»»»»»»» - Bogh® N I:: 5. HN N"\f/j\
= 8 ¥
“C,A 4@\4 » /?,l QA@A\N M, ;‘X
Hey @
ga: X=1 Tar X=1
30145} 8h X= -03!“!3 B X= -OCHg

Scheme 1. Synthesis diagram of compounds 7a and 7b. a) Roc2, 6 ki by KOO, ACN, Br-PEG6-N3,
reflux, 24 ke o) HCE {4 W i dioxane), t, 4 h, &) DCM, TEA, N N'-di-Boc-1 H-pyrazole-1-carboxamidine,
ri, 12 h; ) PGT, THY :water 4:1, CuSOy, Na Ascorbate, rt, 24 h; ) HCL (4 N in dioxane), rt, 24 h,
Scheme 1 is shown in Figure 17

{0146] Then, azide-containing compounds 3a and 5b were conjugated with propargylaied tetrac,
{(PGTY", which is terminal alkyne-containing tetrac, in a click reaction by forming a trinzole ring to get
compounnds Ga and 6b. CuS0/Na Ascorbate (0 3eq:(.6eq) in THF rwater (4:1) was used to genarate Cu'
in situ at room temperature. The characteristic singlet peak of triazole ring protons appeared at 8.39 and
8.60 ppm in the 'H-NMR spoctra of compounds 6a and 6b, respectively. Lastly, protccting Boc groups

were removed in 4 N HCH (In dioxane), and the resulting product was purified with reverse phase colimn
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chromatography with MeGH water (706:30) i get compounds 7a and 7b. The 'H-NMR (Figure 521, 523},

BCNMR, and mass spectra of componnds 7z and 7b confirmed their structure.

{01471 Example 6 Synthesis of Composition 13

{0148] 'the synthesis of BG-P-PAT 15 was accomplished as described m Scheme 2. First, the amine

group of 4-hyvdroxybenzy! amine 8 was protected with Boc group. Then, Br-PEG7-0OH was reacted with

the phenclic OH group of 9 in the presence of KoUGs and ACN at reflux temperature to get 10, and 1l was

characterized with 'H-NMRK by observing PEG proton peaks at 3.6-3.8 ppo.

NHy NHBoc KHBoo NHBos NHBoo
k/:L el D O DI Y e ol
Sy N T S o TR “oTos \/"“0"\@‘”;;‘7\4\ /‘N’\”\G-J:,;l‘; \]Ll
7 i}
8 18 1 12 HLo
NLH2 i NHBoc
2NN T seaep NP
i D . il i Bocl x o P
e " "’;N\_JN \/\Ql; ! /\L H \[\/L O"\'{G \/"{‘N\_:N""’\ N B /\/T[
o © ? i Hsmlﬁ
13 14
gl
K, i
<0 iehe
) - I . - o
o a’vic\/ tN\_,N’““Q 1) P
e
L H]

{01491 Scheme 2. Synthesis dlagram of compound 15, a) Boc2O, 6 by b) KoCOs, ACN, Br-PEGT7-OH
reflux, 24 b, ¢) Tos-Cl DCM, TEA, 0°C-rt, 2 b, &) compound 19 (see Scheme 3), ACN, KuC0O;60°C, 18
h; ey HCHL (4 N in droxane), rt. 4 h; §) DCM, TEA, N N'-di~-Boc-1H-pyrazole-1~carboxamidine, rt, 12 h; g
dioxane ~water, cong, HCL ri, 24 b, Schemse 2 is shown in Figure 18,

{0150] A different method was used o introduce a tetrac unit on the PEG (Scheme 3). First, carboxylic
actd group of tetrac 16 was converted to methyi ester in MeOH and SOCL o get 17 Then it was reacied
with feri-butyl 4-(3-(methanesulfonyloxy)propyl)piperazine- | ~carboxylate hydrochloride 18 and CsCOs
as a hase in AON, followed by treatment with HCI (4 N in dioxane) solation to deprotect the Boc group.
The structure of resulting compound 19 was characterized with "H-NMR. Arcmatic protons of tetrac were

oy oy oy

observed at 7.32 and 8. 04 ppm and piperazine protons were observed at 2. 77 and 2.94 ppm.
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{0131] Scheme 3. Synthesis diagram of compound 19, a) SOCI,, MeOH; by 17, ACN, Cs,COs, 60°C,
18 h; ¢y 4 N HClin dioxane, 2 h. Scheme 3 is shown in Figure 19,

{01321 Compound 19 was introduced (Scheme 2) to a PEG unit after the tosvlation reaction of PEG-
O 10 in the presence of KoCOs and ACN to give compound 12, The 'H-NMR spectram of 12 (Figure
540) confirmed the structure by observing tetrac and N-Boc benzylamine aromatic proton peaks at 7.18-
7.79 and 6.88-7 .20, respectively. After N-Boc deprotection of compound 12, free amine of 13 was used
with N N'-di-Boc-1H-pyrazole-1-carboxamidine in DCM and TEA as a base to introduce Boc-protected
guanidine group and afforded compouad 14, Finally, methyl ester and Boc protection groups were
hydrolyzed with cone. HC in dioxanc rwater o give desired compound 15, TH-NMR (Figure 546) and
the mass spectoum of 13 condirmed e steucture. Purities of final synthesized producis 7a, 7b, and 15 were
confirmed to be >95% by HPLC.

{0153] Compounds dL-BG-P-TAT (7a), dAM-BG-P-TAT (7b). and BG-P-PAT (15) showed relatively
higher binding affinity towards purified ntegrin avB3 receptor with Jower ICso values 1.1 oM, 0.3 nM,
and 0.3 nM, respectively, compared to 10.3 oM for BG-P-TAT. Thus, Compound 15 BG-P-PAT shows
approxtmately a 30-fold increase in binding affinity relative to BG-P-TAT. Figure 20 shows the
respective binding percentage towards purified infegrin avB3 receptor.

{01534] Further, the compounds displayed in vifro cellular apiake (SK-N-F1 neuroblasioma cells)
similar to BG-P-TAT. The uptaks is shown graphically in Figures 21 A and 21B.

{0155] Molecular docking studies were also carried out for Compounds 7a, 7b, and 15, The molecular
docking results show a bent structure of the molecnles at the binding site. The interaction and docking
analysis rovealed that 15 has the best intcrastion rate with high binding cocrgy -14.4 keaV/mol and forms 9
hydrogen bonds with integrin $3 subunit 73 and 7b had binding cnergics of -6.1 kealV/mol and -7.8
keal/mol, respestively, and 7a formed 6 hydrogen bonds (1 with uv domain and 5 with B3 domain) and 7b
formcd 6 hydrogen bonds (1 with av domain, 4 with 3 domain and T with Mn atom). Encrgy vahucs for
7a, b, and 135 with binding cnergics and residues involved in interactions arce listed in Table 4. The 30~
{old lugher ovB3 binding affinity of 15 versus the close analog BG-P-TAT may be due to additional
hydrogen bonds of the BG portion of 15 in with Asp-127 and Asp-126, which may be a result of the
longer linker chain in BG-P-PAT, allowing the BG portion easter access to this domain than the BG in

BG-P-TAT, as well as additional hydrogen bonding of the piporazios nitrogen.
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Table 4: Binding energies of compounds with integrin gvi3

: Score Bond Bistance

Compound {keal/mol) Interacting Residugy {A) E

L Kk Bebain
(iev-sukrumit) : {F3-subunit)

M-BG-P-TAT (7b)

METHODS OF USE

{0156] Example 7: Bifect on Subcutancously hmplanted Tumor in Female Nude Mice

{0157} The efficacy of Compositions 7a (I-BG-P-TAT), 7b (dM-BG-P-TAT), and 135 (BG-P-PAT)
were tested using neuroblastoma SKNFI cells mmplanted mto nude fomale mice similar to the cxamples
discussed above for Composition 300 (BG-P-TAT).

{0158} Following twenty (20) days of treatment at 3mg/kg (7 days for Composition 7a due {o skin
irritation and discomfort) tumors were collecied in order to evaluate histopathology, and the following

resulis were collected:
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{0159] Figure 22 shows the effect of Compositions 7a (d-BG-P-TAT), 7b (dM-BG-P-TAT), and 15
{BG-P-PAT) versus control on tumor volumes of suice taplanted with SKNF1 ccll lincs. As shown, both
completed treatment groups (Compositions 7b (dM-BG-P-TAT) and 15 (BG-P-PAT)) showed decreased
wirnor volume compared with the control. The control group showed an increase frore 175mum” to
1000mm” over twenty days while the completed treatment groups showed no substantial increase in
tumor volume.

{0160} Figure 23 shows the effect of Compositions 7a (dI-BG-P-TAT), 7b (dM-BG-P-TAT), and 15
(BG-P-PAT) versus control on lumor weight of mice implanied with SKNF1 cell nes. As can be seen,
the completed treatraent groups show a reduciion of tumor weight in comparison with the control group.
Data showed a 90% decrease in tumor weight for Composition 15 (BG-P-PAT) and an 86% decrease n
tumor weight for Composition 7b (dM-BG-P-TAT), Even the halted treatment group for Composition 7a
(di-BG-P-TAT) showed a 67% decrease in funor weight.

{0161] Further, to compare the histopathological changes in tumors of untreated and treated groups,
tumors were harvested, fixed, and stamed with hematoxylin and cosin (H&E). Mecrosis at low
magnmfication of tumors from amimals treated with compounds 7a, 7b, and 15 versus contrel is seen
clearly as showan in Figure . The staining showed large areas of necrosis, fibrosts, and cell debris with
approxunately 98% (Composition 15 BG-P-PAT), 85% (Composition 7b dM-BG-P-TA'D), and 70%
{(Composition 7a dI-BG-P-TAT) . On the other hand, tumors from the unireated group had mosily viable
mumor cells. At higher magnification (40X), the tumor freated with Cornposition 15 BG-P-PAT showed
large arcas of nccrosis replaced with normal fissuc. (Again, Compound 7a d1-BG-P-TAT was
admraisiered for only 7 davs versus 20 days for the other two regimes).

{0162} Neuroblastoma tumor colls were used i the freatment examples discussed. Those skilled in the
art would appreciate these examples are valid models {or treatment of other tumor types, particularly
other neurcendocrine tumors. Further, any tumor or disease state demonsirating mncreased activity of the
norepinephrine transporter in which thyrointegrin moderated antiangiogenic activity would be desired
may be treated by the disclosed compositions.

{0163] In light of these examples, the compositions described herein show increased efficacy against
turaor cells, particularly neurcendocrine tumors, These compositions may be used 1o reat
neurcendocrine tumors such as neuroblastoma, pheoclromocytoma, pancreatic neuroendoornne twmnors,
and carcinoid twmors, for example by tjectable, topical, sublingual, oral, and other routes of
adminisiration.

{0164} The descriptions of the various embodiments of the present invention have been presented for
purposes of illustration, but are not intended t© be exhaustive or limited 1o the embodiments disclosed.
Many modifications and variations will be apparent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments. The tenminology wsed herein was chosen to best
explain the principles of the embodiments, the practical application or technical improvement over
tcchnologics found in the marketplace, or to caable others of ordinary skil in the art to understand the

embodimenis disclosed herein.
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CLAIMS

What is claimed:

1. A composition comprising:

a compound of a gencral formula:

or a salt thereof,

whorein R1, R2) R3, and R4 are cach independently sclected from the group consisting of hydrogen,
iodine, Muorine, bramiae, a meethoxy group, a nitro group, an amine group, and a nitrife groupy;
whercin RS, R6, R7, and R3 are each independently selected from the group consisting of hydrogen,
iodine, and an alkane group:; and

m =0

n> 1) and

Y includes an amine.

2. The composition of claim 1, wherein at least one of RS, B6, R7, and BS are selected from the

group consisting of an isopropyl group and a tert-buty! group.

3. The composition of ¢laim 1, wherein Y is sclected from a monoamino, a diamino, a triazole, and
piperazine.

4, The composition of claim 1, wherein atleast two of R1, R2, R3, and R4 arc wodine.

3. The composttion of claim 1, wherein at least two of R1, R2, R3, and B4 are methoxy groups.

. The composition of claim 1, wherein the compound has a chemical formula of:

7. The composition of claim 1, wherein the compound has a chemdcal formula of’
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Q. A method for dual targeting of tumor cells, comprising:
adminigicring a cComposition comprising:

a compound of a general formula:

A 8
RPN
R “ o
v ig
¥ . EED
=] - \§ e
1

or a salt thereof,

wherein K1, R2Z, K3, and R4 are each independently selected from the group consisting of hydrogen,

iodine, fluorine, bromine, a methoxy group, a nitro group, an amiae group, and a nitrile group,;

wherein RS, RS, R7, and R¥ are cach independently sclected from the group consisting of hydrogen,

1oding, and an athane group; and
22 UL

Y mcludes an aming.

14, The method of claim 9, wherew the compound includes one of N-benzyl guanidine and an N-

benryl guamdine dervative.
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i1 The method of claim 9, whercin the composition comprises a thyrointegrin avf3 receplor
antagonist selected from the group consisting of tritodothyroacetic acid, triicdothyroacetic acid

derivatives, tetraiodothyroacetic acid, and tetraiodothyroaccetic acid denvatives.

12. A compound comprising:
N-benzyl guanidine; and
a thyroinlegrin gvB3 receptor antagonist;

wherein the N-benzyl guanidine and the thyrointegrin ovB3 receptor antagonist are connected by

a linker.
13. The compound of claim 12, wherein the linker compriscs a polvmcer.
14, The compound of claim 12, wherein the polymer is polyethyiene glveol (PEG).
5. The compound of claim 12, wherein the polyethylene glycol (PEG) bas a molecular weight

between 200 and 4,000 grams per mole.
i6. The compound of claim 12, wherein the thyrointegrin ¢vB3 receptor antagonist is selected from
the group consisting of tritiodothyroacctic acid, tritodothyroacetic acid derivatives, tetraiodothy roacetic

acid, and tetraiodoihy roacetic acid derivatives,

17. The compound of claim 12, wherein the compostiion has a utility for the treaiuent of a
3t ;! 3

newroendocrnne twnmor.

18. The compound of claim 12, wherein the neurcendocrine tunor is onc of a newoblastoma,

pheochromocytoma, pancreatic neureendocrine twmor, and carcinoid tumor.

{9 The compound of claim 12, wherein the utility for the treatment of the neurcendocrine tamor is

maximnally provided by both the N-benzyl guanidine and the thyrointegrin avf3 receptor antagonist.

248 The compound of claim 12, wherein the composition targets newroendocrine tumor cells via a

norepinephrine transporier.
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Mice showing the effect of Composition 300 BG-P-TAT
on subcutaneous tumors (SKNF2 cells) on Day 15
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Group 3

FIG. 13a

Fluorescence Imaging of Neuroblastoma Xenograft Tumors

Group 1
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