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211-ASTATINE CONTAINING
RADIOTHERAPEUTICS FOR THE
TREATMENT OF CANCER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the priority of
U.S. Provisional Patent Application No. 62/156,534, filed
May 4, 2015, which 1s mcorporated by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] The subject matter disclosed herein was made with
government support under grant number DE-SE0012476
awarded by the Department of Energy. The Government has
certain rights 1n the ivention.

TECHNICAL FIELD

f 211

[0003] This invention relates to the field o -astatine

containing radiotherapeutics for treating cancer.

BACKGROUND

[0004] The sigma-2 receptor 1s a promising target for
cancer therapy due to its overexpression 1n multiple malig-
nancies including: breast, pancreatic, ovarian, lung, renal,
melanoma, neuroendocrine and colon. The molecular func-
tion of the sigma-2 receptor has been defined through
pharmacological studies that have validated 1t as a bio-
marker that can be utilized to non-invasively measure the
proliferative status of tumors. During cell proliferation the
sigma-2 receptor 1s overexpressed by a factor of 10 com-
pared with quiescent or nonproliferative cells. Confocal
microscopy studies have shown the subcellular localization
of sigma-2 receptors on cell membrane, lysosomes, endo-
plasmic reticulum, and mitochondrna.

[0005] Sigma-2 ligands, classified as azabicyclononane
derivatives, have been shown to undergo rapid internaliza-
tion and are capable of inducing caspase dependent and
independent cell death pathways. More recently, the molecu-
lar 1dentity of the sigma-2 receptor was identified as the
progesterone receptor membrane component 1 (PGRMC1),
providing new insight and potential for further defining its
biological, pharmacological and molecular properties. Three
classes of sigma-2 ligands have been characterized pharma-
cologically through caspase-3/7 activation as agonist, partial
agonist or antagonist. Azabicyclononane and tropane ana-
logs 1nduce or partially induce downstream caspase 3/7
activation, and therefore are considered agonist to the
sigma-2 receptor. The benzamide class of ligands acts as
antagonists, unable to induce caspase activity, and 1s
believed to interact with binding sites on the surface mem-
branes, although passive diffusion across the cell membrane
has not been evaluated.

[0006] Sigma-2 antagonists have been historically devel-
oped as 1maging agents due to their safe toxicity profile and
high afhinity and selectivity for the sigma-2 receptor, as well
as fast tumor targeting and clearance 1n vivo. Numerous
selective sigma-2 ligands have been reported, however,
N-(4-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)bu-

tyl)-2-(2-F-fluoromethoxy)-5-methylbenzamide 1s the only
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diagnostic 1maging agent used clinically in a research set-
ting. Other sigma-2 ligands have been applied 1n chemo-
sensitization and the targeted delivery of cancer therapeutics
showing a beneficial therapeutic response in pre-clinical
models. Currently, only sigma-2 agonist conjugates have
been used as therapeutics. This has been most likely due to

the lack of cytotoxicity observed with sigma-2 antagonists
and evidence to support whether this class of ligands enters
the cell, which 1s an 1important characteristic for the thera-
peutics ability to reach the site of action.

I O
N
H

b

N-(4-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yD)butyl)-2-(2-F-fluoroethoxy)-5-methylbenzamide

[0007] What are needed in the art are alternate chemo-
therapeutics for treating cancer.

SUMMARY OF THE INVENTION

[0008] In one aspect, a compound having the structure of
formula (I), or a pharmaceutically acceptable salt or prodrug
thereof, is provided, wherein R'-R*, n, and m are defined
herein.

()

R! y*\m\/\/ O
N
\/ F

R —— —R* \/\ e
Y 0
/\*‘/’\
2“At R3
[0009] In another aspect, the compound has the structure

of formula (II), or a pharmaceutically acceptable salt or
prodrug thereof, is provided, wherein R'-R*, n, and m are
defined herein.

(1D)
R

| m O
PYPITS

| H N N

R3/\‘/\R4

211At
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[0010] In a further aspect, the compound has the structure
of formula (III), (IV), (V), (VI), (VII), or (VIII):

(I11)

1
R O - o\
R4 (CH,)
N/ 2 n'--..N
H
o

211 At
(IV)
R! O O
AN
R2 N /(CHZ)n-\.N
H PN O/
R’ R*
211 At
(V)
R! O O
(\/\/ DN
R2 CEN| |
R’ R*
211 At
(VI)
m O
R! O " ™
RZ /\/ ~
NH O
R’ R*
211 At
(VID)
R! O
O
R* N )‘\ ™~
NH N
‘ \/\/
O/
R3 / \ R4
211 At
(VIID)
1 i)
R O o\
RZ /\/\/N
NH
O/
R’ R*
211 At
[0011] In yet another aspect, 5-(*'' astatine)-N-(4-(6,7-

dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)butyl)-2,3-di-
methoxybenzamide, derivative, salt, or prodrug thereof 1s
provided.

Jun. 14, 2018

[0012] In still a further aspect, a composition 1s provided
and contains a compound described herein and a pharma-
ceutically acceptable carrier or diluent.

[0013] In another embodiment, a method of preventing or
reducing proliferation of cancer cells 1s provided and
includes contacting the cells with a compound or composi-
tion described herein.

[0014] In a further aspect, a method of sensitizing cancer
cells to a chemotherapeutic 1s provided and includes com-
prising contacting the cells with a compound or composition
described herein.

[0015] In still another aspect, a method of modulating
expression of the sigma-2-receptor/progesterone receptor
membrane component 1 on a cell 1s provided and includes
contacting the cell with a compound or composition
described herein.

[0016] In yet a further aspect, a method of treating cancer
in a patient 1s provided and includes administering a com-
pound or composition described herein to the patient.
[0017] In another aspect, a method of administering radio-
therapy to a patient in need thereof 1s provided and includes
administering a compound or composition described herein
to the patient.

[0018] Other aspects and embodiments of the invention
will be readily apparent from the following detailed descrip-
tion of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present application 1s further understood when
read 1n conjunction with the appended drawings. For the
purpose of illustrating the subject matter, there are shown in
the drawings exemplary embodiments of the subject matter;
however, the presently disclosed subject matter 1s not lim-
ited to the specific compositions, methods, devices, and
systems disclosed. In addition, the drawings are not neces-
sarily drawn to scale.

[0020] FIG. 1 are examples of *''At-containing com-
pounds encompassed by the structure of formula (I).
[0021] FIG. 2 1s a schematic of an apparatus for the dry
distillation of *'' Astatine.

[0022] FIG. 3 1s a graph illustrating in vitro sigma-2
receptor binding of *'"At—N-(6,7-dimethoxy-3,4-dihy-
droisoquinolin-2(1H)-yl)butyl)-2,3-dimethoxybenzamide
alone (@) or in combination with a standard (¥ ) to human-
derived breast cancer cells. Error bars are presented as the
standard of error measure (SEM). The time of half-maximal
binding (T, ,,) 1s represented by a dashed line.

[0023] FIG. 4 1s a bar graph 1llustrating the tumor:muscle
(l) and tumor:blood ratios (X ) over a period of 24 h. Error
bars are represented as standard deviation (SD).

DETAILED DESCRIPTION OF THE
INVENTION

e¢_ 2?2

[0024] In the present disclosure the singular forms “a”,
“an’ and “the” include the plural reference, and reference to
a particular numerical value includes at least that particular
value, unless the context clearly indicates otherwise. Thus,
for example, a reference to “a material” 1s a reference to at
least one of such materials and equivalents thereof known to
those skilled in the art, and so forth.

[0025] When a value 1s expressed as an approximation by
use of the descriptor “about” or “substantially” 1t will be
understood that the particular value forms another embodi-



US 2018/0162818 Al

ment. In general, use of the term “about” or “substantially”
indicates approximations that can vary depending on the
desired properties sought to be obtained by the disclosed
subject matter and 1s to be interpreted in the specific context
in which 1t 1s used, based on 1ts function. The person skilled
in the art will be able to interpret this as a matter of routine.
In some cases, the number of significant figures used for a
particular value may be one non-limiting method of deter-
mining the extent of the word “about” or “substantially”. In
other cases, the gradations used in a series of values may be
used to determine the intended range available to the term
“about™ or “substantially” for each value. Where present, all
ranges are inclusive and combinable. That 1s, references to
values stated 1n ranges include every value within that range.

[0026] When a list 1s presented, unless stated otherwise, 1t
1s to be understood that each individual element of that list
and every combination of that list 1s to be interpreted as a
separate embodiment. For example, a list of embodiments
presented as “A, B, or C” 1s to be interpreted as including the
embodiments, “A,” “B,” “C,” “Aor B,” “Aor C,” “B or C,”
or “A, B, or C.”

[0027] It 1s to be appreciated that certain features of the
invention which are, for clarity, described herein in the
context of separate embodiments, may also be provided 1n
combination 1n a single embodiment. That 1s, unless obvi-
ously incompatible or excluded, each individual embodi-
ment 1s deemed to be combinable with any other embodi-
ment(s) and such a combination 1s considered to be another
embodiment. Conversely, various features of the invention
that are, for brevity, described in the context of a single
embodiment, may also be provided separately or in any
sub-combination. It 1s further noted that the claims may be
drafted to exclude any optional element. As such, this
statement 1s 1ntended to serve as antecedent basis for use of
such exclusive terminology as “solely,” “only” and the like
in connection with the recitation of claim elements, or use of
a “negative” limitation. Finally, while an embodiment may
be described as part of a series of steps or part of a more
general structure, each said step may also be considered an
independent embodiment 1n 1tself.

[0028] Alpha-emitting radionuclides have the potential for
new therapeutic drug development and can result in new
treatments for clinical utilization to combat cancer.

[0029] I. The Compounds

[0030] “''Astatine (*''At) is a radionuclide that decays
through the emission of a high-energy alpha particle and has

a halt-life of 7.21 h. Alpha-particles travel approximately
2-3 cell diameters (50-100 um) and cause dense 10nizations
along the track resulting 1n clustered DNA damage capable
of inducing cell death. The short path-length of an alpha
particle also ftranslates to a highly specific cell killing
capability. Cells only within immediate proximity to the
radioactive decay event are aflected. It 1s hypothesized that
as few as 10 alpha-particles traversing a cell have a high
probability of inducing cell death.

[0031] The compounds discussed herein are alpha-emit-
ting radionuclides. The compounds modulate expression of
the sigma-2-receptor/progesterone receptor membrane com-
ponent 1 on a cell and are, thereby, eflective in treating
conditions, 1.e., cancer, associated with the same. The com-
pounds discussed herein contain a *'' At group as a substitu-
ent of the molecule. Such compounds are anticipated to be
highly effective in treating a number of conditions which
require applying internal radiation to a patient. In one

Jun. 14, 2018

embodiment, the compounds discussed herein may have a
high therapeutic index. In another embodiment, the com-
pounds have the potential to overcome resistance pathways
through direct tumoricidal DNA damage. Accordingly, the
compounds discussed herein have use as a radiopharmaceu-
tical. Advantageously, it is anticipated that the cost of *'' At
and compounds containing same will be less than the cost of
commercially available, radioactive '*°I.

[0032] The compounds discussed herein have the structure
of formula (I) or a pharmaceutically acceptable salt or
prodrug thereof.

o 0O
R (CIL) ~ YT
r\\ N~ PPTN
RZ_I _R4 H /\ /

()

| O
2”At R3
[0033] In this structure, mi1s 1 or2andnis 1 to 10. In one

embodiment, n 1s 2 to 4.

[0034] R'to R* are attached to the benzene ring at carbon-
atoms the 2-, 3-, 4-, 5-, or 6-position. R' to R*, indepen-
dently, occupy any position of the benzene ring, with the
proviso that two of R'-R* and *'* At do not occupy the same
position on the benzene ring. R' to R* are, independently, H,
C, to C, alkyl, C, to C, alkoxy, C, to C, haloalkyl, halogen,
C, to C, fluoroalkoxy, C, to C, thioalkyl, C, to C, thio-
haloalkyl, NH,, C, to C45 aminoalkyl, or —(OCH,CH,)_—F
and q is 2 to 6. In one embodiment, R' is C, to C,
fluoroalkoxy. In another embodiment, R' is —O(CH,),F
and p 1s 1 to 10. In a further embodiment, the halogen 1s a
radioactive 1sotope.

[0035] Alternatively, any two of R' to R* together may
form a 3- or 6-membered benzene ring. In one embodiment,
R' and R*; R® and R’; or R® and R* together form a 5- or
6-membered benzene ring. This benzene ring may be sub-
stituted with H or 1 to 4 R>. R” is H, C, to C, alkyl, C, to
C, alkoxy, C, to C; haloalkyl, halogen, C, to C, fluoro-
alkoxy, C, to C, thioalkyl, C, to C, thio-haloalkyl, NH,, C,
to Cy aminoalkyl, or —(OCH,CH,)_—F, where q 1s defined
above. In one embodiment, the halogen 1s a radioactive
1sotope.

[0036] The “''At substituent may be any position, i.e., the
2-, 3-, 4-, 5- or 6-position, of the benzene ring. In one
embodiment, the “*" At is 3-position of the benzene ring.
[0037] In one embodiment, the compound has the struc-
ture of formula (II), wherein R'-R”*, m, and n are defined
herein.

(1)

e
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[0038] In another embodiment, the compound has the
structure of formula (IIT), wherein R', R*, m, and n are
defined herein.

(I11)

R! O o
N
RZ )L CH,),
| . o
F
211At

[0039] In a further embodiment, the compound has the
structure of formula (IV), wherein R'-R* and n are defined
herein.

(IV)

R! O
e VY
R2 7 (CHz)H“-.N/\ | \ \
E \./
\/\O/
R’ RY
2“At
[0040] In yet another embodiment, the compound has the

structure of formula (V), wherein R'-R* and n are defined
herein.

(V)
R! 0O 0\
R N/ (CHy)p I\O@i P
8| 0O
R? R*
211 At

[0041] In still a further embodiment, the compound has
the structure of formula (VI), wherein R'-R* and m are
defined herein.

(VD)

R! 0 ’” O
R2 N
NN ST 0
NP o
211 At

[0042] In another embodiment, the compound has the
structure of formula (VII), wherein R'-R* are defined herein.
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(VI)

O

Rz\‘)\)I\NH\/\/N C(IO\
o

Rl
X
R3/\K\ R4
211 At

[0043] In a further embodiment, the compound has the
structure of formula (VIII), wherein R'-R* and m are defined
herein.

(VIIT)

R! O m o\
NH
O/

& R

211
At

[0044] In still another embodiment, the compound 1s a
compound set forth i FIG. 1, or a denivative, salt, or
prodrug thereof.

[0045] In yet a further embodiment, the compound 1is
5-(*''astatine)-N-(4-(6,7-dimethoxy-3,4-dihydroisoquino-
lin-2(1H)-yD)butyl)-2,3-dimethoxybenzamide, dernivative,
salt, or prodrug thereof.

[0046] The term “‘alkyl” 1s used herein to refer to both
straight- and branched-chain saturated aliphatic hydrocar-
bon groups. In one embodiment, an alkyl group has 1 to
about 10 carbon atoms. In another embodiment, an alkyl

group has 1 to about 6 carbon atoms. In a further embodi-
ment, an alkyl group has 1 to about 4 carbon atoms.

[0047] The term “alkoxy” as used herein refers to the
O-(alkyl) group, where the point of attachment i1s through
the oxygen-atom and the alkyl group 1s defined above.

[0048] The term “thioalkyl” as used herein refers to the
S-(alkyl) group, where the point of attachment 1s through the
sulfur-atom and the alkyl group 1s defined above.

[0049] The term “aminoalkyl” as used herein refers to
both secondary and tertiary amines where the point of
attachment 1s through the nitrogen-atom and the alkyl
groups are defined above. The alkyl groups can be the same
or different.

[0050] The term “halogen” as used herein refers to Cl, Br,
F, or I groups.
[0051] The term “haloalkyl” as used herein refers to an

alkyl group that 1s substituted at one or more carbon atom of
the alkyl chain with a halogen group. The point of attach-
ment of the haloalkyl 1s through a carbon atom of the alkyl
chain.

[0052] The term “fluoroalkoxy” as used herein refers to an
alkoxy group that 1s substituted at one or more carbon atom
of the alkyl chain with a fluorine atom. The point of
attachment of the fluoroalkoxy 1s through a carbon atom of
the alkoxy chain.
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[0053] The term “thio-haloalkyl” as used herein refers to
the —S(haloalkyl) group, where the point of attachment 1s
through the sulfur-atom and the haloalkyl group 1s defined
above.

[0054] II. Methods of Production

[0055] The compounds described above may be prepared
by known chemical synthesis techniques. These compounds
may also be purchased from commercial vendors, e.g., the
Sigma-Aldrich Co. Among such preferred techniques known
to one of skill in the art are included the synthetic methods
described 1n conventional textbooks relating to the construc-
tion of synthetic compounds.

[0056] In one embodiment, *'" At is prepared as described
by irradiation of a *°“bismuth target in a cyclotron through
the nuclear reaction Bi1-209(a, 2n)At-211 as described
below. In one embodiment, the cyclotron produce alpha
beams at energies of about 28.5 MeV. In one embodiment,
the cyclotrons and/or systems utilized to prepare the *** At or
the compounds described herein would be readily accessible
to a facility for treating a patient. In another embodiment, the
systems and/or cyclotrons are located no more than about 24
hours from a facility for treating a patient with the com-
pounds discussed herein. In a further embodiment, the
systems and/or cyclotrons are located no more than about 12
hours from a facility for treating a patient with the com-
pounds discussed herein. In yet another embodiment, the
systems and/or cyclotrons are located no more than about 8
hours from a facility for treating a patient with the com-
pounds discussed herein. In still a further embodiment, the
systems and/or cyclotrons are located no more than about 4
hours from a facility for treating a patient with the com-
pounds discussed herein.

[0057] III. Compositions Containing the Compound

[0058] Pharmaceutical compositions useful herein, in one
embodiment, contain a compound discussed above 1n a
pharmaceutically acceptable carrier or diluent with other
optional suitable pharmaceutically inert or inactive ingredi-
ents. In another embodiment, a compound described above
1s present 1n a single composition. In a further embodiment,
a compound described above 1s combined with one or more
excipients and/or other therapeutic agents as described
below.

[0059] (i) Salts

[0060] The compounds discussed above may encompass
tautomeric forms of the structures provided herein charac-
terized by the bioactivity of the drawn structures. Further,
the compounds may also be used in the form of salts derived
from pharmaceutically or physiologically acceptable acids,
bases, alkali metals and alkaline earth metals.

[0061] In one embodiment, pharmaceutically acceptable
salts can be formed from organic and 1norganic acids includ-
g, e.g., acetic, propionic, lactic, citric, tartaric, succinic,
fumaric, maleic, malonic, mandelic, malic, phthalic, hydro-
chloric, hydrobromic, phosphoric, nitric, sulfuric, methane-
sulfonic, napthalenesulfonic, benzenesulionic, toluenesulio-
nic, camphorsulionic, and similarly known acceptable acids.

[0062] In another embodiment, pharmaceutically accept-
able salts may also be formed from inorganic bases, desir-
ably alkali metal salts including, e.g., sodium, lithium, or
potassium, such as alkali metal hydroxides. Examples of
iorganic bases include, without limitation, sodium hydrox-
1ide, potasstum hydroxide, calcium hydroxide, and magne-
sium hydroxide. Pharmaceutically acceptable salts may also
be formed from organic bases, such as ammonium salts,
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mono-, di-, and trimethylammonium, mono-, di- and trieth-
ylammonium, mono-, di- and tripropylammonium, ethyl-
dimethylammonium, benzyldimethylammonium, cyclo-
hexylammonium, benzyl-ammonium, dibenzylammonium,
piperidinium, morpholintum, pyrrolidinium, piperazinium,
1 -methylpiperidinium, 4-ethylmorpholinium, 1-1sopropy-
lpyrrolidinium, 1,4-dimethylpiperazinium, 1 n-butyl piperi-
dinium, 2-methylpiperidimmum, 1-ethyl-2-methylpiperi-
dinium, mono-, di- and triethanolammonium, ethyl
diethanolammonium, n-butylmonoethanolammonium, tris
(hydroxymethyl)methylammonium, phenylmono-ethano-
lammonium, diethanolamine, ethylenediamine, and the like.
In one example, the base 1s selected from among sodium
hydroxide, lithium hydroxide, potassium hydroxide, and
mixtures thereof.

[0063] (11) Prodrugs

[0064] The salts, as well as other compounds, can be 1n the
form of esters, carbamates and other conventional “pro-
drug” forms, which, when administered in such form, con-
vert to the active moiety in vivo. In one embodiment, the
prodrugs are esters. In another embodiment, the prodrugs are
carbamates. See, e.g., B. Testa and J. Caldwell, “Prodrugs
Revisited: The “Ad Hoc” Approach as a Complement to

Ligand Design”, Medicinal Research Reviews, 16(3):233-
241, ed., John Wiley & Sons (1996), which 1s incorporated
by reference.

[0065] (111) Carriers and Diluents

[0066] The pharmaceutical compositions include a com-
pound described herein formulated neat or with one or more
pharmaceutical carriers for administration, the proportion of
which 1s determined by the solubility and chemical nature of
the compound, chosen route of administration and standard
pharmacological practice. The pharmaceutical carrier may
be solid or liquid.

[0067] The compound may be administered to a subject by
any desirable route, taking into consideration the specific
condition for which 1t has been selected. The compound
may, therefore, be delivered orally, by 1njection, 1.e., trans-
dermally, intravenously, subcutaneously, intramuscularly,
intravenous, intra-arterial, intraperitoneal, intracavitary, or
epiduraly, among others.

[0068] Although the compound may be administered
alone, 1t may also be administered 1n the presence of one or
more pharmaceutical carriers that are physiologically com-
patible. The carriers may be in dry or liquid form and must
be pharmaceutically acceptable. Liquid pharmaceutical
compositions are typically sterile solutions or suspensions.

[0069] When liquid carriers are utilized, they are desirably
sterile liquads. Liquid carriers are typically utilized in pre-
paring solutions, suspensions, emulsions, syrups and elixirs.
In one embodiment, the compound 1s dissolved a liquid
carrier. In another embodiment, the compound 1s suspended
in a liquid carrier. One of skill in the art of formulations
would be able to select a suitable liquid carrier, depending
on the route of administration. In one embodiment, the
liquid carrier includes, without limitation, water, organic
solvents, oils, fats, or mixtures thereof. In another embodi-
ment, the liquid carrier 1s water containing cellulose deriva-
tives such as sodium carboxymethyl cellulose. In a further
embodiment, the liquid carrier 1s water and/or dimethylsul-
foxide. Examples of organic solvents include, without limi-
tation, alcohols such as monohydric alcohols and polyhydric
alcohols, e.g., glycols and their derivatives, among others.
Examples of oils include, without limitation, fractionated
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coconut o1l, arachis o1l, corn o1l, peanut o1l, and sesame o1l
and o1ly esters such as ethyl oleate and 1sopropyl myristate.

[0070] Alternatively, the compound may be formulated 1n
a solid carrier. In one embodiment, the composition may be
compacted into a umt dose form, 1.e., tablet or caplet. In
another embodiment, the composition may be added to unit
dose form, 1.e., a capsule. In a further embodiment, the
composition may be formulated for administration as a
powder. The solid carrier may perform a variety of func-
tions, 1.¢., may perform the functions of two or more of the
excipients described below. For example, the solid carrier
may also act as a flavoring agent, lubricant, solubilizer,
suspending agent, filler, glidant, compression aid, binder,
disintegrant, or encapsulating material. Suitable solid carri-
ers include, without limitation, calcium phosphate, dical-
cium phosphate, magnesium stearate, talc, starch, sugars
(including, e.g., lactose and sucrose), cellulose (including,
e.g., microcrystalline cellulose, methyl cellulose, sodium
carboxymethyl cellulose), polyvinylpyrrolidine, low melt-
1ng waxes, 1on exchange resins, and kaolin. The solid carrier
can contain other suitable excipients, including those
described below.

[0071] Examples of excipients which may be combined
with the compound include, without limitation, adjuvants,
antioxidants, binders, buflers, coatings, coloring agents,
compression aids, diluents, disintegrants, emulsifiers, emol-
lients, encapsulating matenals, fillers, flavoring agents, gli-
dants, granulating agents, lubricants, metal chelators, osmo-
regulators, pH adjustors, preservatives, solubilizers,
sorbents, stabilizers, sweeteners, surfactants, suspending
agents, syrups, thickening agents, or viscosity regulators.
See, the excipients described 1in the “Handbook of Pharma-
ceutical Excipients”, 57 Edition, Eds.: Rowe, Sheskey, and
Owen, APhA Publications (Washington, D.C.), Dec. 14,

2005, which 1s 1incorporated herein by reference.
[0072] IV. Methods of using the Compound

[0073] Since the compounds described herein, and com-
positions containing same, contain *''At, they are radioac-
tive and, thereby effective in radiotherapy applications 1n a
patient.

[0074] The terms “patient” or “subject” as used herein
refer to a mammalian animal. In one embodiment, the
patient or subject 1s a human. In another embodiment, the
patient or subject 1s a veterinary or farm animal, a domestic
anmimal or pet, or animal normally used for clinical research.
In still a further embodiment, the subject or patient has
cancer. The subject or patient has either been recognized as
having or at risk of having cancer.

[0075] As noted above, the compounds here are capable of
modulating expression of the sigma-2-receptor/progesterone
receptor membrane component 1 on a cell. In one embodi-
ment, the cell 1s a cancer cell. The compounds and compo-
sitions prevent and/or reduce the proliferation of cancer cells
thereby curing a patient or putting a patient 1n remission.
Accordingly, the compounds discussed herein are useful in
treating cancer by contacting the cells with a compound or
composition discussed herein.

[0076] As used herein, “treatment” encompasses treat-
ment of a subject clinically diagnosed as having a disease or
medical condition. In one embodiment, the subject 1s treated
and the disease or medical condition 1s eradicated, 1.e., the
subject 1s cured. As used herein, “prevention” encompasses
prevention of symptoms 1n a subject who has been 1dentified
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as at risk for the condition, but has not yet been diagnosed
with the same and/or who has not yet presented any symp-
toms thereof.

[0077] The term “cancer” as used herein, refers to neo-
plastic cells 1n a patient which have abnormal cell group and
invade or have the potential to invade one or more body
parts of the patient. In one embodiment, the cancer 1s a
neuroendocrine cancer. In another embodiment, the cancer 1s
of the adrenal gland, appendix, bladder, blood, brain, bone,
breast, bronchus, central nervous system, cervix, chest,
colon, esophagus, eye, gallbladder, head, intestines, kidney,
larynx, liver, lung, lymph nodes, mouth, neck, ovaries,
pancreas, pharynx, pituitary, prostate, rectum, skin, stomach,
testicles, throat, thymus, thyroid, uterus, urinary tract, or
vagina, or 1s a leukemia. In a further embodiment, the cancer
1S breast cancer.

[0078] The compounds are also useful in sensitizing a
cancer to treatment with a chemotherapeutic. In doing so,
the compounds weaken some or all of the cancer cells to
apoptosis by another chemotherapeutic agent or radiation.
Alternatively, the compounds kill some of the cancer cells
and a second chemotherapeutic or radiation may be utilized
to kill the remaining cancer cells.

[0079] As described herein, a therapeutically or prophy-
lactically effective amount of a compound 1s that amount of
a compound which provides a suflicient amount of radiation.
The suflicient amount of radiation may vary depending upon
the formulation and route of delivery. In one embodiment,
the amount (1.e., per unit) of the compound 1s that which
does not exceed normal organ dose limits and delivers a
tumoricidal dose to cancer cells. In one embodiment, the
dose of the compound 1s dependent on the specific organ and
cancer being treated. In another embodiment, the dose of the
compound 1s the maximum dose tolerated by the patient. In
a further embodiment, the compound delivers about 0.01 to
about 100 mCi of radiation. In still another embodiment, the
compound delivers about 0.05 to about 75 mCi of radiation.
In still a further embodiment, the compound delivers about
0.1 to about 30 m(Ci of radiation. However, the effective
amount to be used 1s subjectively determined by the attend-
ing physician and varnables such as the size, age and
response pattern of the patient.

[0080] These eflective amounts may be provided on regu-
lar schedule, 1.e., daily, weekly, monthly, or yearly basis or
on an irregular schedule with varying administration days,
weeks, months, etc. Alternatively, the eflective amount to be
administered may vary. In one embodiment, the effective
amount for the first dose 1s higher than the eflective amount
for one or more of the subsequent doses. In another embodi-
ment, the effective amount for the first dose 1s lower than the
effective amount for one or more of the subsequent doses.

[0081] The methods described herein may be performed
by administering a compound described herein via a com-
bination therapy in prior to, concurrently with, or subsequent
to another medication such as a chemotherapeutic. Such
combination treatment may occur by administering compo-
sitions containing multiple active ingredients, as described
above. However, also encompassed 1s a method of admin-
istration of chemotherapeutics 1n conjunction with a com-
position containing a compound described herein. In one
embodiment, the compound and chemotherapeutic are
administered to the patient by one or more selected routes of
administration sequentially. In another embodiment, a che-
motherapeutic agent 1s administered before treatment with a



US 2018/0162818 Al

compound described herein. In another embodiment, a che-
motherapeutic agent 1s administered after treatment with a
compound described herein. In still another embodiment, a
chemotherapeutic agent 1s administered during treatment
with a compound described herein.

[0082] In one embodiment, a method of preventing or
reducing proliferation of cancer cells 1s provided and

includes contacting the cells with a compound or composi-
tion described herein.

[0083] In a further embodiment, a method of treating
cancer 1n a patient 1s provided and includes administering a
compound or composition described herein to the patient.

[0084] In another embodiment, a method of sensitizing
cancer cells to a chemotherapeutic 1s provided and includes
contacting the cells with a compound or composition
described herein.

[0085] In yet a further embodiment, a method of admin-
1stering radiotherapy to a patient 1n need thereotf 1s provided
and includes administering a compound or composition to
the patient.

[0086]

[0087] Also provided herein are kits or packages of phar-
maceutical formulations containing a compound or compo-
sition described herein. The kits may be organized to 1ndi-
cate a single formulation or combination of formulations to
be taken at each desired time. The composition may also be
sub-divided to contain appropriate quantities of the com-
pound. For example, the unit dosage can be packaged
compositions, e.g., packeted powders, vials, ampoules, pre-
filled syringes or sachets containing liquids.

[0088] Suitably, the kit contains packaging or a container
with the compound formulated for the desired delivery
route. Suitably, the kit contains 1nstructions on dosing and an
msert regarding the compound. Optionally, the kit may
further contain 1nstructions for monitoring circulating levels
of product and materials for performing such assays includ-
ing, e.g., reagents, well plates, containers, markers or labels,
and the like. Such kits are readily packaged in a manner
suitable for treatment of a desired indication. For example,
the kit may also contain 1nstructions for use of the delivery
device. Other suitable components to include 1n such kits
will be readily apparent to one of skill 1n the art, taking 1nto
consideration the desired indication and the delivery route.
The doses are repeated daily, weekly, or monthly, for a
predetermined length of time or as prescribed.

[0089] The compound or composition described herein
can be a single dose or for continuous or periodic discon-
tinuous administration. For continuous administration, a
package or kit can include the compound 1n each dosage unit
(e.g., solution, lotion, tablet, pill, or other unmit described
above or utilized 1n drug delivery). When the compound 1s
to be delivered with periodic discontinuation, a package or
kit can include placebos during periods when the compound
1s not delivered. When varying concentrations of a compo-
sition, of the components of the composition, or of relative
ratios of the compound or other agents within a composition
over time 1s desired, a package or kit may contain a sequence
of dosage units, so varying.

[0090] A number of packages or kits are known 1n the art
for the use 1n dispensing pharmaceutical agents for oral use.
In one embodiment, the package has indicators for each
period. In another embodiment, the package 1s a labeled
blister package, dial dispenser package, or bottle.

V. Kits Containing the Compound

Jun. 14, 2018

[0091] The packaging means of a kit may 1tself be geared
for administration, such as an 1nhalant, syringe, pipette, eye
dropper, or other such like apparatus, from which the
formulation may be applied to an infected area of the body,
such as the lungs, injected 1nto a subject, or even applied to
and mixed with the other components of the kait.

[0092] The compound or composition of these kits also
may be provided in dried or lyophilized forms. When
reagents or components are provided as a dried form,
reconstitution generally 1s by the addition of a suitable
solvent. It 1s envisioned that the solvent also may be
provided 1n another packaging means.

[0093] The kits may include a means for containing the
vials 1n close confinement for commercial sale such as, e.g.,
injection or blow-molded plastic containers into which the
desired vials are retained.

[0094] Irrespective of the number or type of packages, the
kits also may include, or be packaged with a separate
instrument for assisting with the injection/administration or
placement of the ultimate complex composition within the
body of an animal. Such an instrument may be an 1nhalant,
syringe, pipette, forceps, measuring spoon, eye dropper or
any such medically approved delivery means. Other instru-
mentation includes devices that permit the reading or moni-
toring of reactions in vitro.

[0095] In one embodiment, a pharmaceutical kit 1s pro-
vided and contains a compound of formula (I). The com-
pound may be 1n the presence or absence of one or more of
the carriers or excipients described above. The kit may
optionally contain a chemotherapeutic and/or instructions
for adminmistering the chemotherapeutic and the compound
to a subject having cancer.

[0096] In a further embodiment, a pharmaceutical kit 1s
provided and contains a chemotherapeutic 1n a first dosage
unit, one or more of a compound selected from those
described herein 1n a second dosage unit, and one or more
of the carriers or excipients described above in a third
dosage unit. The kit may optionally contain instructions for
administering the chemotherapeutic and/or compound to a
subject having cancer.

[0097] The following Examples are provided to illustrate
some of the concepts described within this disclosure. While
cach Example 1s considered to provide specific individual
embodiments of composition, methods of preparation and
use, none of the Examples should be considered to limit the
more general embodiments described herein.

[0098] In the following examples, efforts have been made
to ensure accuracy with respect to numbers used (e.g.
amounts, temperature, etc.) but some experimental error and
deviation should be accounted for. Unless indicated other-
wise, temperature 1s 1n degrees C., pressure 1s at or near
atmospheric.

EXAMPLES

Example 1

* At Production and Distillation

[0099] “*''At was produced via the nuclear reaction *“”Bi
(o.,2n)*'*At, on a Japan Steel Works BC3015 cyclotron
using external solid target (8) positioned perpendicular to

the beam line. The solid target (8) diameter was 1.6 cm and
consisted of a 75 um thick *°’Bi layer backed by 1100
aluminum alloy. The beam energy was degraded from 30 to
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28.4 MeV by using a 75 um thick aluminum degrader foil
attached directly to the **”Bi surface. A defocused beam
profile was used to spread the beam across a larger surface
area to mitigate pinpoint heating and subsequent melting due
to the poor thermal properties of “°”Bi and the perpendicular
incident beam angle.

[0100] Dry distillation was performed to isolate *''At
from the solid target (8). See, FIG. 2. The foil was removed
from solid target (8) and the backing with *°"Bi/*'' At layer
was cleaned to remove any thermal paste using alcohol
wipes, hexane and acetone. The cleaned and dried target was
placed 1n a quartz boat and was positioned inside the quartz
furnace tube (7). The entire distillation apparatus was
assembled and vacuum 1mtiated through vacuum outlet (1).
The apparatus also contained a vacuum trap (3) to trap
extraneous liquids, a charcoal trap (2) to prevent volatilized
*H At being discharged, and a liquid NaOH trap (5) to collect
the *'*At. Once the entire system was evacuated, a slow
argon gas stream was turned on from argon inlet (10) along
with furnace (6). A vent (9) was attached to the argon inlet
(10) to for modulation of the pressure. Furnace (6), which 1s
adjacent to the quartz furnace tube, was adjusted to a
maximum temperature of 700° C. and was held for 10
minutes. Radioactivity 1 the collection vessel (5) was
monitored 1n real time with dose calibrator (4; Capintec, Inc,
Ramsey N.J.) using the °°Xe setting and a 2.3 conversion
factor to calculate *'' At radioactivity.

[0101] *''At production yields up to 340.4 MBq were
achieved and are presented in Table 1. Dry distillation of
“MT At resulted in decay corrected recovery yields from
50-89%, median=60% (Table 1). Monitoring the collection
vessel radioactivity 1n real time provided instant feedback of
the distillation process and helped adequately fine tune the
parameters of temperature and argon flow. The entire dis-
tillation process lasted about 45 min.

TABLE 1

211 At production and distillation - distillation yield presented as recovered
radioactivity from measured solid target.

Average Production Distillation  Decay Corrected

Current Yield Yield Distillation Yield
(LA) LA *h  (MBg/pA * h) (MBg) (o)
10 30.1 10.4 238 89
10 20 9.8 107 61
0.8 20.1 9.2 104 64
9.9 13.3 8.6 70 66
7.5 16.95 7.5 8 76
9 45.4 8.7 196 58

Example 2
Precursor and Standard Synthesis
[0102] The precursor, 1.€., N-(4-(6,7-dimethoxy-3,4-dihy-

droisoquinolin-2(1H)-yl)butyl)-2,3-dimethoxy-5-(tributyl-
stannyl)benzamide, and standard, 1.e., S5-10do-N-(4-(6,7-d1-
methoxy-3,4-dihydroisoquinolin-2(1H)-yl)butyl)-2,3-
dimethoxybenzamide, were synthesized as described 1n
Hou, “Characterization of a novel 1odinated sigma-2 recep-
tor ligand as a cell proliferation marker,” Nuclear medicine
and biology, 2006; 33(2):203-209 and Tu, “Fluorine-18-
labeled benzamide analogues for imaging the sigma-2 recep-
tor status of solid tumors with positron emission tomogra-
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phy,” Journal of Medicinal Chemistry, 2007; 50(14):3194-
3204, which documents are incorporated by reference.

O
P S0®
O N
e E/\/\/ O/

standard

Example 3

Synthesis of *"' At—N-(6,7-dimethoxy-3,4-dihy-
droisoquinolin-2(1H)-yl)butyl)-2,3-dimethoxybenz-
amide

[0103] The title compound was synthesized by electro-
philic radioastatodestannylation. Briefly, 0.1 M NaOH/*'"' At
(1 mL) was added to precursor (100 ug), followed by 3:1,
glacial acetic acid:hydrogen peroxide (100 ug). The reaction
was vortexed periodically over 20 minutes, then quenched
with ammonium formate (AMF; 3.5 mL) pH 4.5 and puri-
fied by High Performance Liquid Chomatography (HPLC)
on a reversed phase C-18 Phenomenex® column (250x10
mm, 5 uM). Isocratic mobile phase of 30:70 acetonitrile: 0.1
M AMF pH 4.5 was used with UV wavelength of 288 nm
and flow rate of 4 mlL/min. The radioactive peak was
collected at 23 minutes, diluted to 50 mL with water, and
then concentrated on C-18 light Sep-Pak® cartridge (Wa-
ters, Milford Mass.). Product was eluted from cartridge
using 200 proof ethanol 1n a volume of 100 ul. Quality
control was performed using the same mobile phase as
above on a reversed phase C-18 Agilent Zorbax® (4.6x150
mm, 5 uM) analytical column. Co-injection of the standard
was used to identify *''At—N-(6 7-dimethoxy-3,4-dihy-
droisoquinolin-2(1H)-yl)butyl)-2,3-dimethoxybenzamide.
There was no UV mass observed associated with this
product so the specific activity of the title compound was
assumed to be the same as the theoretical for *'* At (435,000
curies/mmol).

[0104] ~*''At—N-(6,7-dimethoxy-3,4-dihydroisoquinolin-
2(1H)-yl)butyl)-2,3-dimethoxybenzamide was synthesized
with average recovery vyield of 70% and 1s highly compa-
rable to similar 10dination chemistry. Radiochemical purity
was >95% with no observable UV mass. Co-1njection of the
title compound and non-radioactive standard resulted in UV
and radioactive peak elution at similar retention times.

[0105] Radiosynthesis of *''At—N-(6,7-dimethoxy-3,4-

dihydroisoquinolin-2(1H)-yl)butyl)-2,3-dimethoxybenz-
amide was reproducible with high radiochemical purity.

Example 4

Further Compounds

[0106] The compounds of FIG. 1 may be prepared using
the synthetic steps of Example 3 and U.S. Pat. No. 7,390,902
which 1s incorporated by reference.



US 2018/0162818 Al

Example 5

In Vitro Binding Studies

[0107] *''At—N-(6,7-dimethoxy-3,4-dihydroisoquinolin-
2(1H)-yD)butyl)-2,3-dimethoxybenzamide was evaluated 1n
MDA-MB-231 breast cancer cells (ATCC-HTB-26) known
to have high sigma-2 receptor density and compared with

the well-characterized sigma-2 selective ligand standard.
MDA-MB-231 were cultured in Minimum Essential Media

(MEM) with added nutrients, 10% fetal bovine serum (FBS)
and 1% penicillin/streptomycin at 5% CO, and 37° C.
Twenty-four hours before assay cells were plated at 50,000
cell/well 1 96-well format. Two solutions of freshly syn-
thesized radioligand were diluted to a concentration of
approximately 2,000 cpm/ulL 1n phosphate buflered saline
with calcium and magnesium (PBS w/ Ca** and Mg**), with
and without non-radioactive 100 uM of the standard to
determine non-specific binding. At the time of assay, culture
media was removed and *''At—N-(6,7-dimethoxy-3,4-di-
hydroisoquinolin-2(1H)-yl)butyl)-2,3-dimethoxybenzamide
or *'' At—N-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yD)butyl)-2,3-dimethoxybenzamide+100 uM of the standard
was added to the wells. Total volume of treatment in each
well was 50 uL. PBS w/ Ca®* and Mg”* without substrate
was added to the last row of wells and was used for protein
quantification at the end of the experiment. Treatment was
removed at time points over the course of 2 h (n=4/time
point). At each time of treatment removal, wells were
washed with PBSx3. At the end of the experiment wells
were counted on an automatic gamma counter using a
custom protocol with an energy window of 70-110 KeV
(Wizard™ 2470, Perkin Elmer, Waltham Mass.). Protein
quantification was performed using a modified Lowry
method. Independent experiments were repeated 1n tripli-
cate. One-phase association kinetics were modeled using

Prism™ software version 6.0 (La Holla, Calif.).

[0108] Live cellular binding studies with *'* At—N-(6,7-
dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)butyl)-2,3-di-

methoxybenzamide i MDA-MB-231 cells resulted in
sigma-2 binding and demonstrated retained athnity to tumor
cells. Fast kinetics were observed with 50% maximal bind-
ing occurring at 12.51 min. Selective sigma-2 competitive
inhibition was shown with an 80% reduction 1n total binding
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of ' At—N-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)butyl)-2,3-dimethoxybenzamide through the addition of
the standard. FIG. 3 represents data from 3 independent
experiments. Average protein quantification for experiments
was 7.4x0.75 ng.

Example 6

In Vivo Biodistribution

[0109] Tumors were grown by subcutaneously injecting
1x10° EMT-6 mouse breast cancer cells (ATCC #CRL-

2'755) mto the flanks of female BALB/c mice (Taconic).
Tumors were an appropriate size of approximately 200 mm?
after 14 days of growth. On the day of experiment 10 uCi of
newly synthesized *''At—N-(6,7-dimethoxy-3,4-dihy-
droisoquinolin-2(1H)-yl)butyl)-2,3-dimethoxybenzamide 1n
saline (ethanol<5%) was administered intravenously to mice
under 1soflurane anesthesia. Mice were sacrificed by cervical
dislocation followed by immediate cardiac puncture post
administration at time points of 5 min, 1, 2, 4, 8, and 24 h
(n=4 mice/time point). Tissue harvested included; blood,
heart, muscle, lung, kidney, pancreas, spleen, liver, skin,
brain, thyroid, stomach and EMT-6 tumor. Tissues were
weighed and counted on an automatic gamma counter as
previously described. All animal experiments were con-
ducted under IACUC-approved protocols compliant with
University of Pennsylvania guidelines for the care and use of
research animals.

[0110] Biodistribution was evaluated over 24 h showing
high 1nitial kidney uptake at 5 min (47.7% ID/g) with rapid
clearance over 1 h (5.83% ID/g). Similar results were also
seen, although to a lesser extent, 1in the liver. Tumor accu-
mulation of *"* At—N-(6,7-dimethoxy-3,4-dihydroisoquino-
lin-2(1H)-yl)butyl)-2,3-dimethoxybenzamide remained
above 4% ID/g from 1 h to at least 8 h. At 24 h, the majority
of decay corrected radioactivity was cleared from all tissues.
Considerable uptake was noted in the stomach, thyroid and
pancreas. High uptake of radioactivity in the stomach and
thyroild might be due to in vivo deastatination. Future
metabolite studies are needed to verily this and define what
percentage of deastatination occurs. The high uptake in the
pancreas 1s expected due to the high expression of the
sigma-2 receptor. Biodistribution data 1s presented in Table
2 and tumor:muscle/blood ratios are presented in FIG. 4.

TABLE 2

Decay corrected biodistribution data presented as percent injected dose/gram (% ID/g).

5 min 1 h 2 h 4 h 8 h 24 h

N=4  (N=4  (N=4 (N=4 (N=4  ©N=4
Blood 406 +0.19 212 +0.15 243 +£082 1.64+0.11 1.82+0.10 0.44 =0.10
Heart 10.2 £0.82 516 +1.21 470 +031 3.54+0.17 4.01 £0.29 1.14 £0.27
Muscle 0.69 +0.16 124 £0.18 1.15+£0.07 056003 0.61 £0.04 0.19 £0.01
Lung 202 £1.39 714 +£1.03 642 039 574 +053 6.23 057 221 £040
Kidney 477 232 583 053 559+£035 297+0.13 3.24+£0.21 1.05+0.23
Pancreas 8.81 = 1.21 181 x1.60 180 x1.65 263 =211 21.1 =235 35.78 +0.89
Spleen 841 £ 2.67 132276 120=x147 759049 749 138 2.14 +£1.02
Liver 18.1 = 2.11 6.39 £ 3.27 4.63 +£1.01 1.87 £0.17 1.86 £0.19 0.59 +0.20
Skin 058 £0.05 230+£0.23 2.66+x030 1.79+0.15 2.10x042 0.85 +£0.08
Brain 1.95 £0.14 046 £0.08 039 +£0.01 0.21 £0.02 0.25+0.02 0.07 £0.02
Thyroid 587 £0.85 11.6 £1.01 183 +£6.12 140426 133296 47 +1.15
Stomach 587 £1.12 159+ 253 163229 197 +£1.79 282+ 7.21 988 +£1.62
Tumor 0.74 £ 0.07 440 £0.15 493 £0.78 505 +0.68 5.11 £0.09 1.34 +£0.37
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[0111] The results show retention of radioactivity in the
tumor from 1-8 h post administration. The 10dinated sigma-2
ligand standard was shown to have tumor clearance by 4 h
with a lower tumor uptake of 2% ID/g. Tumor retention of
*H At—N-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-

yD)butyl)-2,3-dimethoxybenzamide 1s highly desirable as a
therapeutic and provides a tumor residence time approxi-
mately equal to the half-life of *''At (t,,,=7.21 h) providing
at least 50% of total possible radiation dose to the tumor

betore washout. The results also illustrate a maximal tumor
to muscle ratio of 9.02 at 4 h (FIG. 4).

[0112] In vivo deastatination 1s the suspected cause of
ofl-target localization in the thyroid and stomach. It is
hypothesized that ofl-target localization might be due to
sigma-2 receptor expression in the thyroid and stomach. The
pancreas also had an appreciable amount of radioactivity
localized. It 1s hypothesized that there 1s a known high
expression of sigma-2 receptors on endocrine glands. At 24
h, most of the decay corrected *'' At—N-(6,7-dimethoxy-3,
4-dihydroisoquinolin-2(1H)-yl)butyl)-2,3-dimethoxybenz-
amide was cleared from all tissues.

[0113] It 1s to be understood that while the invention has
been described in conjunction with the preferred specific
embodiments thereof, that the foregoing description and the
examples that follow are intended to 1llustrate and not limait
the scope of the invention. It will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted without departing from the
scope of the invention, and further that other aspects,
advantages and modifications will be apparent to those
skilled 1n the art to which the invention pertains. In addition
to the embodiments described herein, the present invention
contemplates and claims those inventions resulting from the
combination of features of the invention cited herein and
those of the cited prior art references which complement the
features of the present invention. Similarly, 1t will be appre-
ciated that any described material, feature, or article may be
used in combination with any other material, feature, or
article, and such combinations are considered within the
scope of this mvention.

[0114] The disclosures of each patent, patent application,
and publication cited or described in this document are
hereby incorporated herein by reference, each in its entirety,
for all purposes.

1. A compound of formula (I):

wherein:
mis 1 or 2;
nis 1 to 10;

R' to R* are at the 2-, 3-, 4-, 5-, or 6-position of the
benzene ring and, independently, H, C, to C; alkyl,
C, to C, alkoxy, C, to C, haloalkyl, halogen, C, to C,
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fluoroalkoxy, C, to C, thioalkyl, C, to C, thio-

haloalkyl, NH,, C, to C, aminoalkyl, or
—(OCH,CH,) _—F;
q1s 2 to 6;

or R' and R*; R” and R”; or R” and R* together form a
5- or 6-membered benzene ring substituted with H or
1 to 4 R>;

“'T At is at the 2-, 3-, 4-, 5- or 6-position of the benzene
ring; and

R> is H, C, to C alkyl, C, to C, alkoxy, C, to C,
haloalkyl, halogen, C, to C, fluoroalkoxy, C, to C,
thioalkyl, C, to C, thio-haloalkyl, NH,, C, to C,
aminoalkyl, or —(OCH,CH,)_ —F;

with the proviso that two of R'-R* and *''At do not
occupy the same position on said benzene ring;

or a pharmaceutically acceptable salt or prodrug thereof.

2. The compound of claim 1, of formula (II):

(1)

R/ O
1 O
RS )L _(CHa)y X\\/\/ ™~
N E N\/|
R3 /\R4
2”At

3. The compound of claim 1, wherein said halogen 1s a
radioactive 1sotope.

4. The compound of claim 1, wherein R' is C, to C,
fluoroalkoxy.

5. The compound of claim 3, wherein R" is O(CH,)F and
p1s 1 to 10.

6. The compound of claim 1, wherein n 1s 2 to 4.
7. The compound of claim 1, of formula (III):

(I1T)

7
)

N

2
R\)\)]\N/(CHZ)H"“N ‘

Rl
X
H
\K
2“At
8. The compound of claim 1, of formula (IV):
(IV)
R! O o
2 N
R N/(CHZ)H.__‘N
i N\
R’ R
211At
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9. The compound of claim 1, of formula (V): -continued

I3/”\\\\//’()‘\\//”\\\() O [i::::::[:::::::[::()\\\
V N ’
(V) NH/\/ O/
R/ O O\
RA CH,),
N/( 2) EI\C(I - 21154
H O F\/\O/\/O\/\O O %{O\
3 4 '
R R NH/\/\/N O/
211,

lef\t
O O
10. The compound of claim 1, of formula (VI): Feer ™S00 0 (:O: ~
NETNAD o7
(VD)
5 211}\I
R i . ™~ Fe N0 ™0 o CEZO\
R- /\/N /O NH/\/\/N O/ ’
NH o -
113 Ffl 211}\t
211 Fee N0 ™0 ’/\D:O\
At
A0 NETNAT 0"’
11. The compound of claim 1, of formula (VII):
211}\t

I?’/ﬂ\\\v/’()‘\\/”/\\‘() O ()~\~
(VII)
O N ;
O -~ NH/\/\/ O/

I{l
PRS00
NH N 21 At
| \\v///’r\\“\\//” ()”//. I;dffﬁ\\\hﬂf’()\\\dfffﬁ\\\C) 5 ()\\\
S ; X
lef\t e TJ}I’/’\\\"/’ ()/’/ ’

12. The compound of claim 1, of formula (VIII): At

F O
\\\v//”\\s() 0 [i::::::]::::::::l::: N
N ’
(VIII) NH/\/\/ o~
R! O m O
~N
o/ ' O

3
\/\O O N
R’ R
N ;
2014 NH/\/ o~
13. The compound of claim 1, which 1s:
211}\t
b O
o o N0 o ™~
I:”h\‘xuf’ ‘\vﬂ”~\‘() O ™~
O /\/\/N / »
AN P -~ NH O
NH O

211/\t 211}\t
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: -continued o
\/\O O \
O N / >
/ N/\/ o
H
211 At
O
\O | (I:E )
O N ,
7 NH/\/\/ O/
211 A
O
\O O @: )
O N ’
P NH/\/ O/
211 A
O
\O | q:[ )
N , O

No o (\‘/\/0\

N NH/\/N\/\/\O/ |

\

211At

14. A compound which is 5-(°**"astatine)-N-(4-(6,7-dime-
thoxy-3,4-dihydroisoquinolin-2(1H)-yl)butyl)-2,3-dime-
thoxybenzamide, derivative, salt, or prodrug thereof.
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15. A composition comprising a compound of claim 1 and
a pharmaceutically acceptable carrier or diluent.

16. A method of

preventing or reducing proliferation of cancer cells, or
sensitizing cancer cells to a chemotherapeutic;

said method comprising contacting said cells with a
compound of any one of claim 1.

17. (canceled)

18. The method of claim 16, further comprising admin-
istering radiation to said cells.

19. A method of modulating expression of the sigma-2-
receptor/progesterone receptor membrane component 1 on a
cell, said method comprising contacting said cell with a
compound of claim 1.

20. The method of claim 19, further comprising admin-
istering radiation to said cell.

21. A method of treating cancer in a patient or sensitizing
a patient’s cancer cells to a chemotherapeutic or adminis-
tering radiotherapy to a patient, said method comprising
administering a compound of claim 1 to said patient.

22. The method of claim 21, wherein said cancer 1s a
neuroendocrine cancetr.

23. The method of claim 21, wherein said cancer 1s of the
prostate, head, neck, eye, mouth, throat, esophagus, bron-
chus, larynx, pharynx, chest, bone, lung, colon, rectum,
stomach, bladder, uterus, cervix, breast, ovaries, vagina,
testicles, thyroid, blood, lymph nodes, kidney, liver, intes-
tines, pancreas, brain, central nervous system, adrenal gland,
neuroendocrine, or skin or a leukemaia.

24. (canceled)

25. The method of claim 21, further comprising admin-
istering radiation to said patient.

26. The method of claim 21, wherein said compound 1s
administered to said patient through intravenous, intra-
arterial, intraperitoneal or intracavitary injection.

27. The method of claim 21, comprising administering an
amount of said compound having from about 0.01 to about
100 Curies of radiation.

28.-31. (canceled)
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