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Figure 2
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Figure 4
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Figure 6
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Figure 7
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COMPOSITIONS AND METHODS FOR
ENHANCING ONCOLYTIC VIRUS
EFFICACY

FIELD OF INVENTION

[0001] The present invention relates to compounds, meth-
ods, and compositions that enhance viral infection, growth,
spread or virus-induced cytotoxicity.

BACKGROUND OF THE INVENTION

[0002] Genetically attenuated viruses form the basis of a
growing number of biotechnology and pharmaceutical plat-
forms. Emerging in the field of cancer therapeutics, onco-
Iytic virotherapy has shown significant promise over the last
decade. A number of oncolytic viruses (OV) based on a wide
range of viral backbones from small RNA viruses (eg.
rhabdoviruses), to large DNA viruses (eg. poxviruses, her-
pesviruses) are currently being evaluated in clinical trials to
treat a range of cancer types. Generating substantial excite-
ment for this form of cancer therapy, approval of the
first-in-class OV based on herpes-simplex virus-1 (HSV-1)
for treatment of melanoma is expected in the next year.
[0003] Oncolytic viruses (OVs) are self-amplifying bio-
therapeutic agents that have been selected or engineered to
preferentially infect and kill cancer cells. When effective,
OVs lead to tumor eradication not only by direct lysis of
cancer cells but also through downstream generation of
anti-cancer immune responses, vascular shutdown, and
therapeutic transgene expression. As a basis for their selec-
tivity, OVs exploit cellular defects that are inherent to the
cancerous phenotype. This includes dysfunctional anti-viral
responses and immune evasion, increased cell proliferation
and metabolism, and leaky tumor vasculature. The biologi-
cal environment ensuing from tumorigenesis is well suited
to support the growth of genetically attenuated OVs that are
otherwise harmless to normal cells.

[0004] OVs stand to be an attractive therapeutic modality
for cancer because of their curative potential and their
relatively mild side effects amounting to acute flu-like
symptoms. However, heterogeneity in the clinical response
to OVs remains a significant hurdle to overcome, as dem-
onstrated in several human clinical trials. This heterogeneity
in response may be attributed to factors that impede effective
OV delivery and spread within tumors.

[0005] It is well recognized in the OV field that viral
engineering or combinations of therapeutic modalities are
critical areas that need to be explored to improve efficacy.
Recently, a high-throughput small molecule phenotypic
screen was conducted to identify compounds that sensitize
resistant cancer cells to infection with the rhabdovirus-based
OV named VSVAS51. VSVASI1 is an engineered mutant of
vesicular stomatitis virus (VSV) that is highly sensitive to
interferon (IFN) and its antiviral effects. Much like HSV-1
and many other OVs, VSVAS1 faces a roadblock in tumors
that retain effective cellular antiviral responses.

[0006] VSel (3,4-dichloro-5-phenyl-2,5-dihydrofuran-2-
one, FIG. 1a, also referred to as compound 1 herein)
emerged as one of the most active hits from this phenotypic
screen and was shown to enhance VSVAS1 oncolysis in
vitro and in vivo, increasing virus output by as much as
1,000-fold preferentially in cancer cells. While the molecu-
lar target remains elusive, the compound has been shown to
dampen the activation of antiviral responses—most promi-
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nently the transcriptional response to type I IFN. Given the
potential use of VSel for co-administration with OVs in
humans, the electrophilic nature of VSel prompted us to
investigate the scaffold to identify active analogues with
more favourable physiochemical properties and explore
structure-activity relationships. In this study we report the
development of a new class of small molecules derived from
VSel that significantly enhances OV propagation leading to
oncolysis in resistant cancers. Other beneficial effects are
also demonstrated.

[0007] The prior art associated with this subject area
includes the subject matter encompassed by references 1-74
(and citations therein) provided in the reference section of
this document. All of the citations are herein incorporated by
reference in their entirety.

SUMMARY OF THE INVENTION

[0008] The present invention relates to compounds, com-
positions and methods that enhance viral infection, growth,
spread or cytotoxicity.

[0009] In an embodiment, there is provided herein a
method of enhancing or increasing the infection, spread,
titer, or cytotoxicity of an oncolytic virus in cancer or tumor
cells, comprising administering a compound, or a combina-
tion of compounds, defined by formula (I):

@

R; , R
R R,

[0010] an N-oxide, pharmaceutically acceptable addi-
tion salt, quarternary amine or stereochemically iso-
meric form thereof, wherein:

[0011] A is a 5S-membered heterocyclic ring comprising
0 or 1 double bond and 1 heteroatom selected from O,
substituted or unsubstituted N;

[0012] R' and R* are each independently H, oxo,
hydroxyl, alkynyloxy, phenyl, substituted phenyl, ben-
zyl, substituted benzyl, triazolyl, substituted triazolyl,
or indolyl; and

[0013] R? and R® are each independently hydrogen,
halogen, alkynylamino, isobutylamino, or benzy-
lamino;

to said cells prior to, after, or concurrently with infection of
the cells with the virus.

[0014] In another embodiment, there is provided herein a
method of enhancing or increasing the infection, spread,
titer, or cytotoxicity of an oncolytic virus in cancer or tumor
cells, comprising administering a compound, or a combina-
tion of compounds, selected from the group consisting of:

[0015] a,fB-dichloro-y-hydroxy-N-benzyl-crotonic
lactam;  3,4-dichloro-5-prop-2-ynyloxy-5H-furan-2-
one; 3,4-dibromo-5-prop-2-ynyloxy-5H-furan-2-one;
3-chloro-5-phenyl-4-prop-2-ynylamino-SH-furan-2-
one; 3-chloro-4-isobutylamino-5-prop-2-ynyloxy-5H-
furan-2-one; 1-benzyl-3,4-dichloro-5-prop-2-ynyloxy-
1,5-dihydro-pyrrol-2-one;  3,4-dichloro-5-hydroxy-1-
(2-methoxy-benzyl)-1,5-dihydro-pyrrol-2-one;
4-benzylamino-3-chloro-5-prop-2-ynyloxy-5SH-furan-
2-one; 3,4-dichloro-5-hydroxy-1-prop-2-ynyl-1,5-di-
hydro-pyrrol-2-one; 3,4-dichloro-5H-furan-2-one;
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benzo| 1,3]dioxole-5,6-dione; 4,5-dichloro-2H-
pyridazin-3-one; 4,5-dichloro-2-phenyl-2H-pyridazin-
3-one; 3,4-dichloro-1-phenyl-pyrrole-2,5-dione; 3,4-
dichloro-5-(1H-indol-3-yl)-SH-furan-2-one, indole-3-
crotonic acid; 3,4-dichloro-5-hydroxy-1,5-dihydro-
pyrrol-2-one; S-phenyl-4,5-dihydro-3aH-pyrrolo[1,2-
alquinolin-1-one;  5-phenyl-4,5-dihydro-3aH-pyrrolo
[1,2-a]quinolin-1-one; 3,4-dichloro-5-(3-nitro-phenyl)-
SH-furan-2-one; 3.,4-dichloro-5-hydroxy-1-methyl-1,
5-dihydro-pyrrol-2-one; 3,4-dichloro-1-prop-2-ynyl-5-
prop-2-ynyloxy-1,5-dihydro-pyrrol-2-one; 3.,4-
dichloro-1-(2-chloro-benzyl)-5-hydroxy-1,5-dihydro-
pyrrol-2-one;  3,4-dichloro-5-hydroxy-1-propyl-1,5-
dihydro-pyrrol-2-one; 1-phenyl-pyrrole-2,5-dione; 3,4-
dichloro-1-propyl-pyrrole-2,5-dione; 1-benzyl-3,4-
dichloro-pyrrole-2,5-dione; 3,4-dichloro-5-hydroxy-1-
phenyl-1,5-dihydro-pyrrol-2-one; 1-(1-benzyl-1H-[1,2,
3]triazol-4-ylmethyl)-3,4-dichloro-5-hydroxy-1,5-
dihydro-pyrrol-2-one; [4-(4-chloro-3-isobutylamino-5-
0x0-2,5-dihydro-furan-2-yloxymethyl)-[ 1,2,3 Jtriazol-
1-yl]-acetic acid; [4-(3,4-dichloro-2-hydroxy-5-0x0-2,
5-dihydro-pyrrol-1-ylmethyl)-[1,2,3]triazol-1-y1]-
acetic acid; 3,4-dichloro-5-hydroxy-1-phenethyl-1H-
pyrrol-2(5H)-one; 3,4-dichloro-5-hydroxy-1-(2-
morpholinoethyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-
1-cyclopropyl-5-hydroxy-1H-pyrrol-2(SH)-one;  3,4-
dichloro-5-hydroxy-1-(2-mercaptoethyl)-1H-pyrrol-2
(5H)-one; 2-(3,4-dichloro-2-hydroxy-5-0x0-2,5-
dihydro-1H-pyrrol-1-yl)ethanaminium 2,2,2-
trifluoroacetate; 3,4-dichloro-5-hydroxy-1-(3-
phenylprop-2-ynyl)-1H-pyrrol-2(5H)-one; 3.,4-
dichloro-5-hydroxy-1-(4-(trifluoromethyl)benzyl)-1H-
pyrrol-2(5H)-one; 1-(biphenyl-4-ylmethyl)-3,4-
dichloro-5-hydroxy-1H-pyrrol-2(5H)-one; 3.,4-
dichloro-5-hydroxy-1-(4-nitrobenzyl)-1H-pyrrol-2
(5H)-one; 3,4-dichloro-5-hydroxy-1-(2-
methoxybenzyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-1-
(2-chlorobenzyl)-5-hydroxy-1H-pyrrol-2(5SH)-one;
1-benzhydryl-3,4-dichloro-5-hydroxy-1H-pyrrol-2
(5H)-one; 3,4-dichloro-5-hydroxy-1-(naphthalen-1-yl-
methyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-5-hy-
droxy-1-(1-phenylethyl)-1H-pyrrol-2(SH)-one; ~ 3,4-
dichloro-5-hydroxy-1-(pyridin-3-ylmethyl)- 1H-pyrrol-
2(5H)-one; 3,4-dichloro-5-hydroxy-1-(pyridin-4-
ylmethyl)-1H-pyrrol-2(SH)-one; 3,4-dichloro-5-
hydroxy-1-(pyridin-2-ylmethyl)-1H-pyrrol-2(5SH)-one;
3,4-dichloro-1-(furan-2-ylmethyl)-5-hydroxy-1H-pyr-
rol-2(5H)-one; N-(2-(3,4-dichloro-2-hydroxy-5-ox0-2,
5-dihydro-1H-pyrrol-1-yl)ethyl)-5-(dimethylamino)
naphthalene-1-sulfonamide; (3a8)-2,3-dichloro-5-
phenyl-4,5-dihydropyrrolo[1,2-a]quinolin-1(3 aH)-
one; 3,4-diiodo-2-phenyl-2,5-dihydrofuran;
D-Gluconamide, N-octyl; (S)-11-amino-4,7,10,14-tet-
raoxo-15-((2R,3R 4R ,5R,6R)-3,4,5-trihydroxy-6-(hy-
droxymethyl)tetrahydro-2H-pyran-2-y1)-3,6,9,13-tet-
raazapentadecan-1-oic acid; 1-allyl-3,4-dichloro-5-
hydroxy-1H-pyrrol-2(5SH)-one; 3,4-dichloro-5-
hydroxy-1-(2-hydroxybenzyl)-1H-pyrrol-2(5H)-one;
3,4-dichloro-5-hydroxy-1-(thiophen-2-ylmethyl)-1H-
pyrrol-2(5H)-one; 3,4-dichloro-5-hydroxy-1-(4-(meth-
ylsulfonyl)benzyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-
1-((4,5-dimethyloxazol-2-yl)methyl)-5-hydroxy-1H-
pyrrol-2(5H)-one;  3,4-dichloro-5-hydroxy-1-(3,4,5-
trifluorobenzyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-5-
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hydroxy-1-(4-methoxybenzyl)-1H-pyrrol-2(5H)-one;
4,5-dichloro-2-(2,2,2-trifluoroethyl)pyridazin-3 (2H)-
one; 4,5-dichloro-2-cyclohexylpyridazin-3(2H)-one;
methyl  2-(4-((3,4-dichloro-2-hydroxy-5-ox0-2,5-di-
hydro-1H-pyrrol-1-yl)methyl)-1H-1,2,3-triazol-1-y1)
acetate;  4,5-dichloro-2-o-tolylpyridazin-3(2H)-one;
4,5-dichloro-2-(2-(dimethylamino)ethyl)pyridazin-3
(2H)-one hydrochloride; and 4,5-dichloro-2-(4-fluoro-
phenyl)pyridazin-3(2H)-one or any compound or group
of compounds defined in Table 1;
to said cells prior to, after, or concurrently with infection of
the cells with the virus.
[0016] In another embodiment, there is provided herein a
method of enhancing or increasing the infection, spread,
titer, or cytotoxicity of an oncolytic virus in cancer or tumor
cells, comprising administering a compound, or a combina-
tion of compounds, defined by formula (II):

an

or

[0017] a pharmaceutically acceptable salt, or stereo-
chemically isomeric form thereof, wherein:

[0018] X, is a heteroatom such as O, NH, or substituted
N;

[0019] X, is halogen (such as, for example, Cl), or
NHX;, wherein X; is a substituted or unsubstituted
linear or branched alkyl, alkenyl, or alkynyl, or substi-
tuted or unsubstituted aryl or heteroaryl;

[0020] iis O when X, is O, or O or 1 when X, is NH or
substituted N;

[0021] - -- represents a double bond which is present
when i is 1, and absent when i is 0 such that X, is
directly bonded to the X,-bearing carbon through a
single bond when 1 is 0; and

[0022] X, is H, OH, —O, substituted or unsubstituted
mono- or bi-cycloaryl or -heteroaryl (such as, for
example, substituted or unsubstituted phenyl), or OX,,,
wherein X, is H, linear or branched substituted or
unsubstituted alkyl, alkenyl, alkynyl, or acyl (for
example, X,, may be acetyl, methyl, or —CH,—
CECH);

to said cells prior to, after, or concurrently with infection of
the cells with the virus.

[0023] In yet another embodiment, there is provided
herein a method of enhancing or increasing the infection,
spread, titer, or cytotoxicity of an oncolytic virus in cancer
or tumor cells, comprising administering a compound, or a
combination of compounds, defined by formula (VIII):

(VIID)
al X3

O Xp Xis,
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[0024] or

[0025] a pharmaceutically acceptable salt, or stereo-
chemically isomeric form thereof, wherein:

[0026] X, is O, NH, or substituted N;

[0027] X,; is halogen such as Cl, or NHX, ,, wherein
X4 1s a substituted or unsubstituted linear or branched
alkyl, alkenyl, or alkynyl, or substituted or unsubsti-
tuted aryl or heteroaryl; and

[0028] X5 is H, OH, —O, substituted or unsubstituted
mono- or bi-cycloaryl or -heteroaryl such as substituted
or unsubstituted phenyl, or OX,,, wherein X, is H,
linear or branched substituted or unsubstituted alkyl,
alkenyl, alkynyl, or acyl, or X, is acetyl, methyl, or
—CH,—C=CH;

to said cells prior to, after, or concurrently with infection of
the cells with the virus.

[0029] Inanother embodiment of any one of the method or
methods described herein, the compound, or at least one of
the compounds of the combination of compounds, may be
defined by formula (III):

(1)
al Cl

X5

or

[0030] a pharmaceutically acceptable salt, or stereo-
chemically isomeric form thereof, wherein:

[0031] X, is H, substituted or unsubstituted linear or
branched C,-C,, alkyl, alkenyl, or alkynyl, substituted
or unsubstituted mono- or bi-cycloaryl or -heteroaryl,
substituted or unsubstituted cycloalkyl or heterocy-
cloalkyl, or wherein X is substituted or unsubstituted
alkynyloxy, phenyl, alkylphenyl, substituted phenyl,
benzyl, substituted benzyl, triazolyl, substituted triaz-
olyl, naphthalenyl, substituted naphthalenyl, substi-
tuted or unsubstituted pyridinyl, substituted or unsub-
stituted  furanyl or  thiofuranyl, thiophenyl,
sulfonobenzyl, methylsulfonobenzyl, pyrrolyl, substi-
tuted or unsubstituted morpholine, cycloalkyl, alkyl-
thiol, substituted or unsubstituted alkyamine, or sub-
stituted or unsubstituted oxazoline.

[0032] In yet another embodiment of any one of the
method or methods described herein, the compound, or at
least one of the compounds of the combination of com-
pounds, may be defined by formula (IV):

av)
cl Cl

X,

or
a pharmaceutically acceptable salt, or stereochemically iso-
meric form thereof, wherein:

[0033] wherein X, is H, substituted or unsubstituted
linear or branched alkyl, alkenyl, alkynyl, or acyl, or
wherein X is substituted or unsubstituted methyl, alkyl
triazolyl, acetyl, or —CH,—C=CH.

Oct. 25, 2018

[0034] In yet another embodiment of any one of the
method or methods described herein, the compound, or at
least one of the compounds of the combination of com-
pounds, may be defined by formula (V):

V)
al Cl,

or

[0035] a pharmaceutically acceptable salt, or stereo-
chemically isomeric form thereof, wherein:

[0036] X, is H, substituted or unsubstituted aryl or
heteroaryl, substituted or unsubstituted linear or
branched alkyl, alkenyl, or alkynyl, or substituted or
unsubstituted cycloalkyl. For example, X, may be
substituted or unsubstituted alkylamine, or substituted
or unsubstituted phenyl.

[0037] In yet another embodiment of any one of the
method or methods described herein, the compound, or at
least one of the compounds of the combination of com-
pounds, may be defined by formula (VI):

VD

Cl NH

or

[0038] a pharmaceutically acceptable salt, or stereo-
chemically isomeric form thereof, wherein:

[0039] wherein X, is substituted or unsubstituted linear
or branched alkyl, alkenyl, or alkyny, or substituted or
unsubstituted aryl or heteroaryl, or X is substituted or
unsubstituted benzyl.

[0040] In yet another embodiment of any one of the
method or methods described herein, the compound, or at
least one of the compounds of the combination of com-
pounds, may be defined by formula (VII):

(VID)
al Cl
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or

[0041] a pharmaceutically acceptable salt, or stereo-
chemically isomeric form thereof, wherein:

[0042] wherein X, is H, OH, OX,,, or —O, wherein
X,; is H, substituted or unsubstituted linear or branched
alkyl, alkenyl, alkynyl, or acyl, or X, is acetyl, methyl,
or —CH,—C=CH.

[0043] In still another embodiment of any one of the
method or methods described herein, the compound or
combination of compounds may be present in a composition
comprising the compound(s) and a carrier, diluent or excipi-
ent.

[0044] In another embodiment, there is provided herein a
composition comprising one or more of the compounds
having a structure as defined in any of the method or
methods as described above, and one or more of a) a virus,
a genetically modified virus, an attenuated virus, a cancer
vaccine, a cancer gene therapy vector, or an oncolytic virus,
b) one or more cancer cells, ¢) a carrier, diluent or excipient,
d) a pharmaceutically acceptable carrier, diluent or excipi-
ent, ) non-cancer cells; f) cell culture media; g) one or more
cancer therapeutics; or any combination of a)-g).

[0045] In yet another embodiment, there is provided
herein a kit comprising one or more of the compounds
having a structure as defined in any of the method or
methods as described above, and one or more of a) a virus,
a genetically modified virus, an attenuated virus, a cancer
vaccine, a cancer gene therapy vector, or an oncolytic virus,
b) one or more cancer cells, ¢) a pharmaceutically acceptable
carrier, diluent or excipient, d) non-cancer cells; e) cell
culture media; f) one or more cancer therapeutics, g) a cell
culture plate or multi-well dish; h) an apparatus to deliver
the compound to a cell, medium or to a subject; i) instruc-
tions for using the compound or any component in the kit,
j) a carrier diluent or excipient, or any combination of a)-j).
[0046] In another embodiment, the cells may be cancer
cells in vivo, or in vitro.

[0047] In a further embodiment, the in vivo cancer cells
may be from a mammalian subject.

[0048] In still a further embodiment, the mammalian sub-
ject may be a human subject.

[0049] In yet another embodiment, there is provided
herein a method of increasing the oncolytic activity of an
oncolytic virus in cancer or tumor cells, comprising admin-
istering a compound, or a combination of compounds,
having a structure as defined in any of the method or
methods as described above to said cancer or tumor cells
prior to, concurrently with or after the oncolytic virus.
[0050] In another embodiment, the cancer cells may be in
vivo, or in vitro.

[0051] In still another embodiment, the in vivo cancer
cells may be from a mammalian subject.

[0052] Inyet another embodiment, the mammalian subject
may be a human subject.

[0053] In another embodiment, there is provided herein a
compound having a structure as defined in any of the method
or methods as described above. In still another embodiment,
the compound may be for use as a viral sensitizer for
sensitizing a cancer or tumor cell to an oncolytic virus.
[0054] In an embodiment, there is provided herein a
compound having a structure as defined in any of the method
or methods as described above, for use as a viral sensitizer
to enhance or increase oncolytic virus activity in cancer or
tumor cells.
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[0055] In a further embodiment, the compound may be for
enhancing or increasing oncolytic virus titer in cancer or
tumor cells.

[0056] In another embodiment, the compound may be for
enhancing or increasing cytotoxicity of the oncolytic virus in
cancer or tumor cells.

[0057] In another embodiment, there is provided herein a
compound having a structure as defined in any of the method
or methods described above, for use in enhancing or increas-
ing the infection, spread, titer, or cytotoxicity of an oncolytic
virus in cancer or tumor cells.

[0058] In another embodiment, there is provided herein a
use of a compound having a structure as defined in any of the
method or methods described above for enhancing or
increasing the infection, spread, titer, or cytotoxicity of an
oncolytic virus in cancer or tumor cells.

[0059] In another embodiment, there is provided herein a
use of a compound having a structure as defined in any of the
method or methods described above in the manufacture of a
medicament for enhancing or increasing the infection,
spread, titer, or cytotoxicity of an oncolytic virus in cancer
or tumor cells.

[0060] In a further embodiment of any of the compounds,
compositions, method or methods described above, the
compound, or at least one of the compounds of the combi-
nation of compounds, may exhibit a degradation half-life
greater than 20, 40, 60, 80, 100, 120, 240, 360 minutes or
more in phosphate buffer at pH 7.4.

[0061] In another embodiment of any of the compounds,
compositions, method or methods described above, the
compound, or at least one of the compounds of the combi-
nation of compounds, may exhibit a half-life greater than 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 100, 200, 300, 400 minutes or more in a glutathione
stability assay.

[0062] In still another embodiment of any of the com-
pounds, compositions, method or methods described above,
the compound, or at least one of the compounds of the
combination of compounds, exhibits a lower LD50 in the
presence of an oncolytic virus than in its absence.

[0063] In a further embodiment, the difference in LD50
may be 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 uM or more
in the presence of an oncolytic virus compared to its
absence.

[0064] In yet another embodiment of any of the com-
pounds, compositions, method or methods described above,
the compound, or at least one of the compounds of the
combination of compounds, may exhibit a viral sensitizer
activity on VSVAS1 in 786-0 cells which is about 0.01, 0.02,
0.03, 0.04, 0.05, 0.06, 0.07, 0.08,0.09,0.1,0.2,0.3,0.4, 0.5,
0.6, 0.7, 0.8, 0.9, 1.0, or greater, or any range bounded at a
lower end by any one of these values, any range bounded at
an upper end by any one of these values, or any range falling
between any two of these values, when reported as peak fold
change in viral expression unit normalized to 3,4-dichloro-
5-phenyl-2,5-dihydrofuran-2-one. In one embodiment, for
example, the compound may be a compound which exhibits
a viral sensitizer activity on VSVAS1 in 786-0 cells which
is greater than or equal to (=) about 0.01 when reported as
peak fold change in viral expression unit normalized to
3,4-dichloro-5-phenyl-2,5-dihydrofuran-2-one.

[0065] In still another embodiment, a compound as
described above may be a compound for which greater than
about 0.5%, 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%,
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40%, 45%, 50%, 55%, 60%, 70%, 75%, 80%, 90%, or
greater, or any range bounded at a lower end by any one of
these values, any range bounded at an upper end by any one
of these values, or any range falling between any two of
these values, of the compound remains after 3 hour incuba-
tion at 37° C. in aqueous, protein-rich Balb/c mouse plasma
buffered 1:1 with pH 7.4 phosphate buffered saline (PBS).
For example, a compound as described above may be a
compound for which greater than or equal to (=) about 0.5%
of the compound remains after 3 hour incubation at 37° C.
in aqueous, protein-rich Balb/c mouse plasma buffered 1:1
with pH 7.4 phosphate buffered saline (PBS).

[0066] In yet another embodiment, a compound as
described above may be a compound having an LD, in the
presence of virus which is greater than or equal to (=) about
1 pm, 5 pm, 10 um, 15 pm, 20 pm, 25 pm, 30 wm, 35 pm,
40 pm, 45 pm, 50 pm, 55 pm, 60 wm, 65 um, 70 pm, 75 pm,
80 um, 85 pm, 90 um, 95 pm, 100 pm, or 105 um, or 110 um,
or any range falling between any two of these values, less
than (<) the LDy, of the same compound in the absence of
virus as determined in, for example, 786-0 cells where the
virus is VSV.

[0067] Instill another embodiment of any of the method or
methods described above, the method may further comprise
administration of an anticancer agent or cancer therapeutic.
[0068] In another embodiment, there is provided herein a
method of enhancing or increasing the infection, spread,
titer, or cytotoxicity of an oncolytic virus in cancer or tumor
cells, comprising administering VSel and MD03011,

(MD03011)
Cl Cl
O%N\OH
//\O,
N

to said cells prior to, after, or concurrently with infection of
the cells with the virus.

[0069] Inan embodiment of any of the method or methods
above, the oncolytic virus may be any suitable oncolytic
virus known in the art which preferentially infects and lyses
cancer or tumor cells as compared to non-cancer or normal
cells. Examples of oncolytic viruses known in the art which
may be employed herein may include, without limitation,
reovirus, newcastle disease virus, adenovirus, herpes virus,
polio virus, mumps virus, measles virus, influenza virus,
vaccinia virus, rhabdoviruses such as vesicular stomatitis
virus and derivatives/variants thereof. In a preferred
embodiment, the virus may be a Vesicular stomatitis virus
(VSV), or a related rhabdovirus variant/derivative thereof
(such as, for example, a maraba virus such as MG1), for
example, selected under specific growth conditions, one that
has been subjected to a range of selection pressures, one that
has been genetically modified using recombinant techniques
known within the art, or a combination thereof. In another
preferred embodiment, the virus may be VSVASI1 (Stojdl et
al.,, VSV strains with defects in their ability to shutdown
innate immunity are potent systemic anti-cancer agents.,
Cancer Cell. 2003 October; 4(4):263-75, herein incorpo-
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rated by reference). Other derivatives or variants may be
based on viruses such as Maraba (MG-1, for example),
Rabies, Rotavirus, Influenza, Hepatitis A, Mumps, Measles,
Rubella, Herpesvirus, Reovirus, Parvovirus, Dengue Virus,
Cickungunya Virus, Vaccinia virus, Modified Vaccinia
Ankara, Respiratory Syncitial Virus, Varicella, LCMYV,
HSV-1, HSV-2, adenovirus, adeno-associated virus, lentivi-
rus, or replicating retrovirus, for example.

[0070] In another embodiment of any of the method or
methods above, the one or more types of cancer or tumor
cells may be cancer or tumor cells in vitro or in vivo from
any cell, cell line, tissue or organism, for example, but not
limited to human, rat, mouse, cat, dog, pig, primate, horse
and the like. In a preferred embodiment, the one or more
cancer or tumor cells comprise human cancer or tumor cells,
for example, but not limited to lymphoblastic leukemia,
myeloid leukemia, adrenocortical carcinoma, AIDS-related
cancers, AlDS-related lymphoma, anal cancer, appendix
cancer, astrocytoma, atypical teratoid/rhabdoid tumor, basal
cell carcinoma, bile duct cancer, bladder cancer, bone can-
cer, osteosarcoma, malignant fibrous histiocytoma, brain
stem glioma, brain tumor, cerebellar astrocytoma, cerebral
astrocytoma/malignant glioma, craniopharyngioma,
ependymoblastoma, medulloblastoma, pineal parenchymal
tumors of intermediate differentiation, supratentorial primi-
tive neuroectodermal tumors and pineoblastoma, visual
pathway and hypothalamic glioma, spinal cord tumors,
breast cancer, bronchial tumors, Burkitt lymphoma, carci-
noid tumor, central nervous system lymphoma, cervical
cancer, chordoma, chronic lymphocytic leukemia, chronic
myelogenous leukemia, chronic myeloproliferative disor-
ders, colon cancer, cutaneous T-Cell lymphoma, embryonal
tumors, endometrial cancer, ependymoblastoma,
ependymoma, esophageal cancer, extracranial germ cell
tumor, extragonadal germ cell tumor, extrahepatic bile duct
cancer, eye cancer, intraocular melanoma, retinoblastoma,
gallbladder cancer, gastric (stomach) cancer, gastrointestinal
carcinoid tumor, gastrointestinal stromal tumor (GIST), gas-
trointestinal stromal cell tumor, germ cell tumors, extracra-
nial, extragonadal, ovarian, gestational trophoblastic tumor,
glioma, hairy cell leukemia, head and neck cancer, hepato-
cellular (Liver) cancer, histiocytosis, Langerhans cell can-
cer, Hodgkin lymphoma, hypopharyngeal cancer, islet cell
tumors, Kaposi sarcoma, kidney cancer, laryngeal cancer,
lymphocytic leukemia, hairy cell leukemia, lip and oral
cavity cancer, liver cancer, non-small cell lung cancer, small
cell lung cancer, Hodgkin lymphoma, non-Hodgkin lym-
phoma, malignant fibrous histiocytoma of bone and osteo-
sarcoma, medulloblastoma, medulloepithelioma, melanoma,
intraocular melanoma, Merkel cell carcinoma, mesothe-
lioma, metastatic squamous neck cancer, mouth cancer,
multiple endocrine neoplasia syndrome, multiple myeloma/
plasma cell neoplasm, nasal cavity and paranasal sinus
cancer, nasopharyngeal cancer, neuroblastoma, oral cancer,
oropharyngeal cancer, ovarian cancer, pancreatic cancer,
parathyroid cancer, penile cancer, pharyngeal cancer,
pheochromocytoma, pineal parenchymal tumors, pineoblas-
toma and supratentorial primitive neuroectodermal tumors,
pituitary tumor, plasma cell neoplasm/multiple myeloma,
pleuropulmonary blastoma, primary central nervous system
lymphoma, prostate cancer, rectal cancer, renal cell (kidney)
cancer, renal pelvis and ureter cancer, transitional cell can-
cer, respiratory tract carcinoma, retinoblastoma, rhab-
domyosarcoma, salivary gland cancer, uterine sarcoma, skin
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cancer, Merkel cell skin carcinoma, small intestine cancer,
soft tissue sarcoma, squamous cell carcinoma, squamous
neck cancer, stomach (Gastric) cancer, supratentorial primi-
tive neuroectodermal tumors, T-Cell lymphoma, testicular
cancer, throat cancer, thymoma and thymic carcinoma, thy-
roid cancer, trophoblastic tumor, urethral cancer, uterine
cancer, endometrial cancer, uterine sarcoma, vaginal cancer,
vulvar cancer, or Wilms tumor. However, the compounds
and compositions described herein possible may be used to
treat other cancers or tumor in vivo or in vitro.

[0071] According to the present invention there is pro-
vided a compound or group of compounds defined by
formula (I)

@

R3 ij
RS Ry,

an N-oxide, pharmaceutically acceptable addition salt, quar-
ternary amine or stereochemically isomeric form thereof,
wherein A is a 5-membered heterocyclic ring comprising 0
or 1 double bond and 1 heteroatom selected from O,
substituted or unsubstituted N, R, and R, are each indepen-
dently H, oxo, hydroxyl, alkynyloxy, phenyl, substituted
phenyl, benzyl, substituted benzyl, triazolyl, substituted
triazolyl, or indolyl and R, and R, are each independently
hydrogen, halogen, alkynylamino, isobutylamino, or benzy-
lamino.

[0072] Also provided is one or more compounds or group
of compounds selected from the group consisting of c,p3-
dichloro-y-hydroxy-N-benzyl-crotonic lactam; 3,4-dichloro-
5-prop-2-ynyloxy-SH-furan-2-one; 3,4-dibromo-5-prop-2-
ynyloxy-5H-furan-2-one; 3-chloro-5-phenyl-4-prop-2-
ynylamino-5H-furan-2-one;  3-chloro-4-isobutylamino-5-
prop-2-ynyloxy-5SH-furan-2-one; 1-benzyl-3,4-dichloro-5-
prop-2-ynyloxy-1,5-dihydro-pyrrol-2-one; 3,4-dichloro-5-
hydroxy-1-(2-methoxy-benzyl)-1,5-dihydro-pyrrol-2-one;
4-benzylamino-3-chloro-5-prop-2-ynyloxy-5SH-furan-2-
one;  3.4-dichloro-5-hydroxy-1-prop-2-ynyl-1,5-dihydro-
pyrrol-2-one; 3,4-dichloro-5SH-furan-2-one; benzo[1,3]diox-
ole-5,6-dione; 4,5-dichloro-2H-pyridazin-3-one; 4,5-
dichloro-2-phenyl-2H-pyridazin-3-one; 3,4-dichloro-1-
phenyl-pyrrole-2,5-dione; 3,4-dichloro-5-(1H-indol-3-y1)-
SH-furan-2-one, indole-3-crotonic acid; 3,4-dichloro-5-
hydroxy-1,5-dihydro-pyrrol-2-one;  5-phenyl-4,5-dihydro-
3aH-pyrrolo[1,2-a]quinolin-1-one;  5-phenyl-4,5-dihydro-
3aH-pyrrolo[1,2-a]quinolin-1-one; 3,4-dichloro-5-(3-nitro-
phenyl)-5H-furan-2-one; 3,4-dichloro-5-hydroxy-1-methyl-
1,5-dihydro-pyrrol-2-one;  3,4-dichloro-1-prop-2-ynyl-5-
prop-2-ynyloxy-1,5-dihydro-pyrrol-2-one; 3,4-dichloro-1-
(2-chloro-benzyl)-5-hydroxy-1,5-dihydro-pyrrol-2-one;
3,4-dichloro-5-hydroxy-1-propyl-1,5-dihydro-pyrrol-2-one;
1-phenyl-pyrrole-2,5-dione; 3,4-dichloro-1-propyl-pyrrole-
2,5-dione; 1-benzyl-3,4-dichloro-pyrrole-2,5-dione; 3,4-di-
chloro-5-hydroxy-1-phenyl-1,5-dihydro-pyrrol-2-one; 1-(1-
benzyl-1H-[1,2,3]triazol-4-ylmethyl)-3,4-dichloro-5-
hydroxy-1,5-dihydro-pyrrol-2-one; [4-(4-chloro-3-
isobutylamino-5-ox0-2,5-dihydro-furan-2-yloxymethyl)-[ 1,
2,3]triazol-1-yl]-acetic acid; [4-(3,4-dichloro-2-hydroxy-5-
0x0-2,5-dihydro-pyrrol-1-ylmethyl)-[1,2,3]triazol-1-y1]-
acetic acid; 3,4-dichloro-5-hydroxy-1-phenethyl-1H-pyrrol-
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2(5H)-one; 3.,4-dichloro-5-hydroxy-1-(2-morpholinoethyl)-
1H-pyrrol-2(5H)-one; 3,4-dichloro-1-cyclopropyl-5-hy-
droxy-1H-pyrrol-2(5SH)-one; 3,4-dichloro-5-hydroxy-1-(2-
mercaptoethyl)-1H-pyrrol-2(SH)-one;  2-(3,4-dichloro-2-
hydroxy-5-0x0-2,5-dihydro-1H-pyrrol-1-yl)ethanaminium
2,2 2-trifluoroacetate; 3,4-dichloro-5-hydroxy-1-(3-phenyl-
prop-2-ynyl)-1H-pyrrol-2(SH)-one; 3,4-dichloro-5-hy-
droxy-1-(4-(trifluoromethyl)benzyl)-1H-pyrrol-2(SH)-one;
1-(biphenyl-4-ylmethyl)-3,4-dichloro-5-hydroxy-1H-pyr-
rol-2(5H)-one;  3,4-dichloro-5-hydroxy-1-(4-nitrobenzyl)-
1H-pyrrol-2(5H)-one; 3,4-dichloro-5-hydroxy-1-(2-
methoxybenzyl)-1H-pyrrol-2(SH)-one;  3.4-dichloro-1-(2-
chlorobenzyl)-5-hydroxy-1H-pyrrol-2(5H)-one;
1-benzhydryl-3,4-dichloro-5-hydroxy-1H-pyrrol-2(5H)-
one;  3,4-dichloro-5-hydroxy-1-(naphthalen-1-ylmethyl)-
1H-pyrrol-2(5H)-one; 3,4-dichloro-5-hydroxy-1-(1-phenyl-
ethyl)-1H-pyrrol-2(SH)-one; 3,4-dichloro-5-hydroxy-1-
(pyridin-3-ylmethyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-5-
hydroxy-1-(pyridin-4-ylmethyl)-1H-pyrrol-2(5H)-one; 3,4-
dichloro-5-hydroxy-1-(pyridin-2-ylmethyl)-1H-pyrrol-2
(SH)-one;  3,4-dichloro-1-(furan-2-ylmethyl)-5-hydroxy-
1H-pyrrol-2(5H)-one; N-(2-(3,4-dichloro-2-hydroxy-5-oxo-
2,5-dihydro-1H-pyrrol-1-yl)ethyl)-5-(dimethylamino)
naphthalene-1-sulfonamide; (3aS)-2,3-dichloro-5-phenyl-4,
5-dihydropyrrolo[1,2-a]quinolin-1(3aH)-one; 3,4-diiodo-2-
phenyl-2,5-dihydrofuran; D-Gluconamide, N-octyl; (S)-11-
amino-4,7,10,14-tetraoxo-15-((2R,3R,4R,5R,6R)-3.4,5-
trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-y1)-3,
6,9,13-tetraazapentadecan-1-oic acid; 1-allyl-3,4-dichloro-
5-hydroxy-1H-pyrrol-2(SH)-one; 3,4-dichloro-5-hydroxy-
1-(2-hydroxybenzyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-5-
hydroxy-1-(thiophen-2-ylmethyl)-1H-pyrrol-2(5H)-one;
3,4-dichloro-5-hydroxy-1-(4-(methylsulfonyl)benzyl)-1H-
pyrrol-2(5SH)-one; 3,4-dichloro-1-((4,5-dimethyloxazol-2-
yDmethyl)-5-hydroxy-1H-pyrrol-2(SH)-one; 3,4-dichloro-
5-hydroxy-1-(3,4,5-trifluorobenzyl)- 1H-pyrrol-2(5H)-one;
3,4-dichloro-5-hydroxy-1-(4-methoxybenzyl)-1H-pyrrol-2

(SH)-one;  4,5-dichloro-2-(2,2,2-trifluoroethyl)pyridazin-3
(2H)-one;  4,5-dichloro-2-cyclohexylpyridazin-3(2H)-one;
methyl  2-(4-((3,4-dichloro-2-hydroxy-5-0x0-2,5-dihydro-

1H-pyrrol-1-yl)methyl)-1H-1,2,3-triazol-1-yl)acetate; 4,5-
dichloro-2-o-tolylpyridazin-3(2H)-one; 4,5-dichloro-2-(2-
(dimethylamino)ethyl)pyridazin-3(2H)-one hydrochloride;
and  4,5-dichloro-2-(4-fluorophenyl)pyridazin-3(2H)-one.
Any combination of 2, 3, 4, 5 or more compounds from
above is also contemplated.

[0073] The present invention also provides a composition
comprising the compound(s) as described herein, and an
acceptable carrier, diluent or excipient. In a further embodi-
ment, the carrier is a pharmaceutically acceptable carrier.

[0074] Also provided is a composition comprising the
compound(s) as described herein, and one or more of a) a
virus, a genetically modified virus, an attenuated virus, a
cancer vaccine, a cancer gene therapy vector, or an oncolytic
virus, b) one or more type of cells such as, for example,
cancer cells, ¢) a carrier, diluent or excipient, d) a pharma-
ceutically acceptable carrier, diluent or excipient, ) non-
cancer or normal cells; f) cell culture media; g) one or more
cancer therapeutics; or any combination of a)-g).

[0075] The present invention further provides a kit com-
prising the compound(s) as described herein, and one or
more of a) a virus, a genetically modified virus, an attenu-
ated virus, a cancer vaccine, a cancer gene therapy vector, or
an oncolytic virus, b) one or more cancer cells, ¢) a carrier,
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diluent or excipient, d) a pharmaceutically acceptable car-
rier, diluent or excipient, ¢) non-cancer cells, ) cell culture
media, g) one or more cancer therapeutics, h) a cell culture
plate or multi-well dish, i) an apparatus to deliver the
compound to a cell, medium or to a subject; j) instructions
for using the compound or any component in the kit, or any
combination of a)-j).

[0076] In one non-limiting embodiment of a composition
or kit as described above, the composition or kit may
comprise a cell infected with a virus such as, for example,
an oncolytic virus.

[0077] Also provided is a method of enhancing or increas-
ing the infection, spread and/or titer, and/or cytotoxicity of
a virus in cells comprising, administering the compound(s)
as described herein to the cells prior to, after or concurrently
with the virus, and culturing the virus and cells to enhance
or increase the infection, spread and/or titer, or cytotoxicity
of the virus in said cells. Preferably, the cells are cancer
cells, tumor cells or cells which have been immortalized.
More preferably, the cells are in vivo cancer cells from a
mammalian, still more preferably a human subject and the
method is practiced in vivo.

[0078] Also provided is a method of enhancing or increas-
ing the oncolytic activity of an oncolytic virus in cancer cells
comprising, administering the compound(s) as described
herein to the cancer cells or subject prior to, concurrently
with or after the oncolytic virus and culturing the oncolytic
virus and cancer cells. In a further embodiment, the cancer
cells are in vivo cancer cells. In a separate embodiment, the
cancer cells are in vitro cancer cells. The cells may be from
a mammalian subject, preferably a human subject.

[0079] The present invention also provides a composition
comprising the compound as described above, and a carrier,
diluent or excipient, more preferably a pharmaceutically
acceptable carrier, diluent or excipient.

[0080] Also, the present invention provides a composition
comprising the compound as described above and one or
more of a) a virus, an attenuated virus, a genetically modi-
fied virus, a cancer vaccine, a cancer gene therapy vector, or
an oncolytic virus; b) one or more cancer cells; ¢) a carrier,
diluent or excipient; d) a pharmaceutically acceptable car-
rier, diluent or excipient; e) non-cancer or normal cells, f)
cell culture media, g) one or more cancer therapeutics, or
any combination of a)-g). The present invention also con-
templates embodiments wherein any one or a combination
of'a-g) are specifically excluded from the composition or kit.
Any component or group of components may be excluded if
desired.

[0081] In a particular embodiment, which is not meant to
be limiting in any manner, there is provided a compound as
described above and a medium for growing, culturing or
infecting cells with a virus and optionally, one or more cells
which are capable of being infected by the virus. In a further
embodiment, the cells are cancer cells, tumor cells or
immortalized cells.

[0082] Also provided is a kit comprising the compound as
described above and a) a virus, preferably an attenuated or
genetically modified virus, a cancer vaccine, a cancer gene
therapy vector, or an oncolytic virus; b) one or more cancer
cells; ¢) a pharmaceutically acceptable carrier, diluent or
excipient; d) non-cancer cells; e) cell culture media; f) one
or more cancer therapeutics, g) a cell culture plate or
multi-well dish; h) an apparatus to deliver the viral sensi-
tizing compound to a cell, medium or to a subject; i)

Oct. 25, 2018

instructions for using the viral sensitizing agent; j) a carrier
diluent or excipient, or any combination of a)-j). The present
invention also contemplates kits wherein any one or a
combination thereof of a)-j) are specifically excluded.
[0083] In a particular embodiment, which is not meant to
be limiting in any mannet, there is provided a kit comprising
a compound as described above and a medium for growing,
culturing or infecting cells with a virus and optionally, one
or more cells which are capable of being infected by the
virus. The kit may also comprise instructions for using any
component or combination of components and/or practicing
any method as described herein.

[0084] The present invention also provides a method of
enhancing or increasing the infection, spread and/or titer, or
cytotoxicity of a virus in cells comprising, administering the
compound as described herein to the cells prior to, after or
concurrently with the virus. The method is preferably prac-
ticed in vivo but in vitro applications are also contemplated.
[0085] The present invention also provides a method of
enhancing or increasing the infection, spread and/or titer, or
cytotoxicity of an attenuated virus or a genetically modified
virus in cells comprising, administering the compound as
described above to the cells prior to, after or concurrently
with the attenuated or genetically modified virus.

[0086] The present invention also provides a method of
enhancing or increasing the spread of an oncolytic virus in
tumor or cancer cells comprising, administering the com-
pound as described above to the cancer or tumor cells prior
to, after or concurrently with the oncolytic virus. The cancer
or tumor cells may be in vivo, or in vitro, preferably in vivo
from a mammalian subject such as, but not limited to, a
human subject.

[0087] Also provided is a method of enhancing or increas-
ing the oncolytic activity of an oncolytic virus in cancer or
tumor cells comprising, administering the compound as
described above to the cancer or tumor cells prior to,
concurrently with or after the oncolytic virus. The cancer or
tumor cells may be in vivo, or in vitro, preferably from a
mammalian subject such as, but not limited to a human
subject.

[0088] The present invention also contemplates a method
of producing a virus by growing the virus in an appropriate
medium in the presence of the compound as described
above.

[0089] The present invention also contemplates a method
of producing an attenuated virus by growing the virus in an
appropriate medium in the presence of the compound as
described above.

[0090] The present invention also contemplates a method
of producing a genetically modified virus by growing the
virus in an appropriate medium in the presence of the
compound as described above.

[0091] The present invention also contemplates a method
of producing an oncolytic virus by growing the virus in an
appropriate medium in the presence of the compound as
described above.

[0092] The present invention also contemplates a method
of producing a cancer vaccine by growing the virus in an
appropriate medium in the presence of the compound as
described above.

[0093] The present invention also contemplates a method
of producing a cancer gene therapy vector by growing the
virus in an appropriate medium in the presence of the
compound as described above.
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[0094] This summary of the invention does not necessarily
describe all features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0095] These and other features of the invention will
become more apparent from the following description in
which reference is made to the appended drawings wherein:
[0096] FIG. 1 shows the physicochemical properties and
activity profile of parent compound VSel (3,4-dichloro-5-
phenyl-2,5-dihydrofuran-2-one, FIG. 1a, also referred to as
compound 1 herein). (A) Structure of compound 1 (3,4-
dichloro-5-phenyl-5SH-furan-2-one). (B) Stability of VSel in
20 mM phosphate buffer over time measured by HPLC. (C)
VSel was incubated in sterile water for O h, 1.5h, 3 h or 24
h before being used to treat 786-0 cells at different concen-
trations. 4 hours post-treatment, cells were infected with
VSVAS1 expressing firefly luciferase (VSVAS1-FLuc at a
multiplicity of infection (MOI) of 0.005. 40 hours later, virus
output in viral expression units (VEUs) per milliliter was
measured with a previously described luciferase reporter
assay known in the art. (D) 786-0 cells were treated with
VSel at various doses. VSel was removed and replaced
with fresh media after 1 h, 1.5 h, 2 h, 2.5 h and 6 h. VSel
was not removed in the control condition. 4 hours post-
treatment, cells were infected with VSVAS1 expressing
firefly luciferase VSVAS1-FLuc at an MOI of 0.005. For the
condition where VSel was replaced with fresh media 6 h
after treatment, infection was performed immediately fol-
lowing media replacement. 40 hours later, virus output in
viral expression units (VEUs) per milliliter was measured
with a previously described luciferase reporter assay known
in the art;

[0097] FIG. 2 shows chemical synthesis routes for VSel
(DCPDF) analogs starting from mucochloric acid. (a) AICI3
(1.5 equiv.), benzene, rt, 16 h (b) amine (3 equiv.), DMF (c)
NaBH4 (1.5 equiv.), MeOH, 0° C., 30 min. then, H2SO4 (1
equiv.), 20 min., O ° C. to rt. (d) H2SO4 cat., alcohol, rt. (e)
NH,OH, Na2C03, H20, 0° C. to rt, 16 h (f) EtOAc, reflux,
3 hr. (g) benzylamine (1.1 equiv.), NaBH(OAc)3 (1.5
equiv.), CHCI3, 2 hr., rt. (h) SOCI12, DMF, reflux, 16 hr. (i)
amine (2.2 equiv.), dioxane, rt, 16 hr. (j) MeOH, H2S04,
reflux, 16 hr. (k) pyridine (2 equiv.), Ac20, rt, 6 hr. (1) Cul
(0.1 equiv.), -=78° C., 20 min., then RMgCl (2.5 equiv.) -78°
C. to rt, 16 hr. (m) SNAC, DMSO, 40° C., 3 hr;

[0098] FIG. 3 shows the physicochemical and activity
profile of pyrolle-based VSel derivatives (see also Table 1
for more information). (A) Stability of compound 10 in 20
mM phosphate buffer over time measured by HPLC. (B) 250
uL of a 40 mM DMSO stock solution of compound 10 was
added to L-glutathione (15.4 mg, 5 mol equiv.) suspended in
250 pL. of DMSO. The resulting mixture was placed in a 37°
C. shaker. 10 pl aliquots were removed and quenched in 990
uL of water (containing 0.5% formic acid) at various time
points, including at t=0 minutes and t=60 minutes shown
above. Analysis by ESI-LC-MS allowed for the identifica-
tion and quantification of compound 10 and the glutathione
adduct. (C) 786-0 cells were treated with compound 10 at
various doses. Compound 10 was removed and replaced
with fresh media after 1 h, 1.5 h, 2 h, 2.5 h and 6 h.
Compound 10 was not removed in the control condition. 4
hours post-treatment, cells were infected with VSVAS1
expressing firefly luciferase (VSVAS1-FLuc at a multiplicity
of infection (MOI) of 0.005. For the condition where com-
pound 10 was replaced with fresh media 6 h after treatment,
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infection was performed immediately following media
replacement. 40 hours later, virus output in viral expression
units (VEUS) per milliliter was measured with a previously
describe luciferase reporter known in the art assay. (D) & (E)
Pyrolle based VSel analogs enhance oncolytic Herpes Sim-
plex Virus type-1 (HSV-1) replication in cancer cells. D)
Mouse mammary carcinoma (4T1) cells were left untreated
or, treated with VSel analog compound 10 for 4h at various
concentrations: 2.5 uM, 5 uM, 10 uM, 15 uM or 20 uM.
ICPO-null HSV-N212eGFP was then added at MOI 0.005.
eGFP fluorescence was detected 48h after HSV infection
(D). In (E), HSV titers were determined 48 h after infection.
Mean+SEM from 3 independent experiments when error
bars are shown;

[0099] FIG. 4 shows that VSel (or Compound 1) and its
analogues selectively enhance the replication of oncolytic
vesicular stomatitis virus in ex vivo tumor tissues. (A) CT26
(murine colon carcinoma) tumors were grown subcutane-
ously in Balb/c mice for 24 days and subsequently excised
and cored, along with normal brain, lung and spleen tissues.
Tissue samples were treated in triplicate with various con-
centrations of compounds for 4 hours prior to infection with
1x10* plaque-forming units of vesicular stomatitis virus
expressing GFP (VSVAS5S1-GFP). Virus replication was
assessed by fluorescence microscopy 24 hours post-infec-
tion. Representative images from each triplicate set for an
effective concentration are shown. (B-G) Infected cores and
corresponding supernatants were collected 36 hours post-
infection. VSVAS1-GFP infection was quantified by stan-
dard plaque assay (8). Cores were homogenized prior to
titering. Graphs show the sum of infectious titer from core
and supernatant for each compound in each tissue type.
Doses shown here are those that are depicted in panel (A).
The horizontal black line on each graph at 1x10* PFU/mL
represents the amount of VSVASI-GFP used to initially
infect each core;

[0100] FIG. 5 shows the results of dose escalation studies
with VSel (compound 1), compound 10, compound 24 and
compound 28 in mice. Six-week old female Balb/c mice
were given (A) compound 1, (B) compound 10, (C) com-
pound 24, or (D) compound 28 dissolved in DMSO via
intraperitoneal administration. Five mice were assigned to
each dose group for each chemical. The dose was adjusted
for individual mice based on weight. Graphs stop when the
first mouse in the group was euthanized. (A-B) Mice were
injected on Day 1 and weights were recorded over a 10 day
period. (C-D) Mice were injected on Day 1, 3 and 5. Weights
were recorded over an 18 day period. For all groups, weights
are reported relative to the initial weight on Day 1;

[0101] FIG. 6 shows that pyrrole-based VSel analogs
enhance the spread of oncolytic virus in resistant tumors in
vivo. VSVAS1-resistant CT26 cells were subcutaneously
engrafted into female Balb/c mice. After 11 days (tumors
were approximately 5 mmx5 mm in size), mice were given
30 uL of vehicle (DMSO) (A, C), 50 mg/kg of compound 28
(B), or 40 mg/kg of compound 10 (D) by intratumoral
injection. 4 hours later, mice were treated with 1x10®
plaque-forming units of VSVAS51-FLuc. Virus replication
was measured by quantifying luciferase expression (in mean
relative light units) with an in-vivo imaging system (IVIS)
24 hours post-infection for groups A-B and 48 hours post-
infection for groups C-D;

[0102] FIG. 7 shows that VSel and its analogues may be
combined for synergistic effects. Human renal carcinoma
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(786-0) cells were treated with various concentrations of
VSel alone, MD03011 alone, or co-treated with both com-
pounds. After 4 hours, cells were infected with VSVAS1
expressing firefly luciferase (VSVAS1Fluc) at an MOI of
0.005. 40 hours later, virus output in viral expression units
(VEUs) per milliliter was measured with a previously
described luciferase reporter assay. Data is reported as fold
change in VEU relative to the VSel 19 uM condition
(Garcia et al J Vis Exp 2014; herein incorporated by refer-
ence in its entirety);

[0103] FIG. 8 shows that VSel and its analogues may
enhance infection of cells with oncolytic Maraba virus.
Human renal carcinoma (786-0) cells were left untreated or,
treated with compound at various concentrations. After 4
hours, cells were infected with MGI-eGFP at MOI 0.005.
eGFP fluorescence was detected 24h after MG1 infection
and quantified using a Cellomics ArrayScan high content
screening microscope. Compound labels correspond to
Table 1;

[0104] FIG. 9 shows that VSel and its analogs enhance
infection of cells with Herpes Simplex Virus-1. Human renal
carcinoma (786-0) cells were left untreated or, treated with
compound at various concentrations. After 4 hours, cells
were infected with ICPO-null HSV-N212eGFP at MOI 0.01.
eGFP fluorescence was detected 48 h after HSV infection
and quantified using a Cellomics ArrayScan high content
screening microscope. Compound labels correspond to
Table 1; and

[0105] FIG. 10 shows that VSel analogue 28 (see Table 1)
enhances therapeutic activity of oncolytic VSV in a human
colon cancer xenograft model. (A) VSVAS1-resistant HT29
cells (human colon carcinoma) were subcutaneously
engrafted into female Balb/c mice. After tumors reached a
size of at least 5 mmx5 mm, mice were given 25 pl. of
vehicle (DMSO), or 40 mg/kg of compound 28 by intratu-
moral injection. Four hours later, mice were treated with
1x10® plaque-forming units of VSVAS51-FLuc. Tumor vol-
ume (width®xlength/2) was monitored using electronic cali-
pers and average tumour volume relative to the treatment
day are shown. Mice were euthanized when tumors reached
a size of 1600 mm?®. Tumor growth curves were stopped
when the first mouse in each group was euthanized. (B)
Survival was monitored over time.

DETAILED DESCRIPTION

[0106] The following description is of one or more pre-
ferred embodiments. Several inventions may be described
herein with compounds, compositions, and kits provided
with identical, similar or distinct uses or methods of use.
[0107] In a first aspect, there is provided one or more
compounds, alone or in combination which enhances or
increases viral activity, for example, but not limited to, at
least one of infection, production, titer, spread or cytotox-
icity in cells as compared to when the one or more com-
pounds are not employed. The compounds described herein
may be considered viral sensitizing compounds, viral sen-
sitizers or viral sensitizing agents.

[0108] In still a further embodiment, which is not meant to
be limiting, there is provided one or more compounds, alone
or in combination which enhances or increases at least one
of oncolytic viral production or cytotoxicity in cells, for
example, but not limited to, by increasing oncolytic viral
titers in cells, increasing oncolytic viral spread in cells,
increasing oncolytic viral cytotoxicity in cells or any com-
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bination thereof, as compared to when the one or more
compounds are not employed.

[0109] Instill a further embodiment, which is not meant to
be limiting, there is provided one or more compounds, alone
or in combination which enhances or increases at least one
of viral production or cytotoxicity in cancer or tumor cells
for example, but not limited to, by increasing viral titers in
cancer or tumor cells, increasing viral spread in cancer or
tumor cells, increasing viral cytotoxicity in cancer or tumor
cells or any combination thereof, as compared to when the
one or more compounds are not employed. In a further
aspect, which is not meant to be limiting, oncolytic virus
production or cytotoxicity is enhanced or increased in cancer
or tumor cells as compared to viral production or cytotox-
icity in normal or non-cancer or tumor cells.

[0110] It will be understood by the person of skill in the art
having regard to the teachings herein that enhancing or
increasing viral activity, production, oncolytic activity, or
cytotoxicity may include enhancing or increasing at least
one of viral infection and/or rate thereof, viral production
and/or rate thereof, viral titer and/or rate at which full titer
may be reached, viral spread and/or rate thereof, cell lysis
and/or rate thereof, viral cytotoxicity and/or rate thereof, or
any combination thereof, as compared to when the one or
more compounds are not used.

[0111] In still a further embodiment, which is not meant to
be limiting, there is provided one or more compounds, alone
or in combination which enhances or increases at least one
of oncolytic viral production or cytotoxicity in cancer or
tumor cells, for example, but not limited to by increasing
oncolytic viral production in cancer or tumor cells, increas-
ing oncolytic viral titers in cancer or tumor cells, increasing
oncolytic viral spread in cancer or tumor cells, increasing
oncolytic viral cytotoxicity in cancer or tumor cells or any
combination thereof, as compared to when the one or more
compounds are not employed. In a further aspect, which is
not meant to be limiting, oncolytic viral production or
cytotoxicity is enhanced in cancer or tumor cells as com-
pared to oncolytic viral production or cytotoxicity in normal
or non-cancer or non-tumor cells.

[0112] Based on results obtained for specific compounds
in various tests and screens as described herein and having
regard to the results obtained from several structure-function
analyses, a broad class of compounds and several subclasses
was identified which exhibit one or more of the properties as
described above, or which may be employed as controls or
otherwise in in-vivo or in-vitro experiments or in additional
structure-function analyses to determine additional com-
pounds with interesting features as described herein.

[0113]
mula

The present invention concerns compounds of for-

@

R; j R
R4 Ry

an N-oxide, pharmaceutically acceptable addition salt, quar-
ternary amine or stereochemically isomeric form thereof,
wherein:
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A is a S-membered heterocyclic ring comprising 0 or 1
double bond and 1 heteroatom selected from O, and substi-
tuted or unsubstituted N;

R, and R, are each independently H, oxo, hydroxyl, alky-
nyloxy, phenyl, substituted phenyl, benzyl, substituted ben-
zyl, triazolyl, substituted triazolyl, or indolyl;

R, and R; are each independently hydrogen, halogen, alky-
nylamino, isobutylamino, or benzylamino.

[0114] In a particular embodiment, R, is oxo. In a further
embodiment R, is hydroxyl. In still a further embodiment R,
is oxo and R, is hydroxyl.

[0115] In an embodiment which is not meant to be con-
sidered limiting in any manner, there is provided a viral
sensitizing compound as described above, wherein A is a
5-membered heterocyclic ring comprising, for example, but
not limited to, unsubstituted N or N substituted with C1-C12
alkyl, alkenyl, alkynyl, alkynyloxy, phenyl, substituted phe-
nyl, benzyl, substituted benzyl, triazolyl, substituted triaz-
olyl, naphthalenyl, pyridinyl, furanyl, thiophenyl, sul-
fonobenzyl, methylsulfonobenzyl, or pyrrolyl. Other
substituents are also contemplated.

[0116] In a particular embodiment, the N in the 5-mem-
bered heterocyclic ring is unsubstituted. In a further embodi-
ment, the N in the 5-membered heterocyclic ring is substi-
tuted, for example, but without limitation with phenyl or
benzyl.

[0117] In a further embodiment of the present invention,
there is provided a viral sensitizing compound as described
above, wherein A is a S-membered heterocyclic ring com-
prising, for example, but not limited to, N substituted with
methyl, ethyl, propyl, cyclopropyl, phenyl, benzyl, halogen
substituted benzyl, methoxybenzyl, benzyltriazolyl, mor-
pholinoethyl, —CH2-C=CH, —C=CH, mercaptoethyl,
—CH2CH2NH3; CH2-C=C-phenyl, trifluoromethylbenzyl,
or fluoroethyl.

[0118] By the term “viral sensitizing compound”, “viral
sensitizing agent”, or “viral sensitizer”, it is meant a com-
pound that increases or enhances the infection of a virus, for
example, but without limitation, a genetically modified virus
or attenuated virus, a cancer vaccine, a cancer gene therapy
vector or more preferably an oncolytic virus; increases or
enhances the spread of a virus, preferably a genetically
modified virus or attenuated virus, a cancer vaccine, a cancer
gene therapy vector, or an oncolytic virus in one or more
types of cells; increases or enhances the cytotoxicity/onco-
Iytic activity of an oncolytic virus against one or more
cancer or tumor cells; increases or enhances the production,
yield, titer, or reproductive capacity of a virus, more pref-
erably a genetically modified virus, an attenuated virus, a
cancer vaccine, a cancer gene therapy vector, or an oncolytic
virus; or any combination of the above. It is also preferred
that the viral sensitizing compound reduces the viability of
a cancer or tumor cell by either killing the cancer or tumor
cells or limiting its growth for a period of time.

[0119] By the term “oncolytic virus” it is meant a virus
that preferentially infects and lyses cancer or tumor cells as
compared to non-cancer or normal cells. In a preferred
embodiment, the virus in the presence of one or more
compounds or compositions described herein preferentially
infects and lyses cancer cells or tumor cells as compared to
the virus alone and as compared to normal cells alone or in
the presence of the compound or composition alone. Cyto-
toxic/oncolytic activity of the virus may be present,
observed or demonstrated in vitro, in vivo, or both. Prefer-
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ably, the virus exhibits cytotoxic/oncolytic activity in vivo.
It is to be understood that the oncolytic virus need not
always preferentially infect all cancer or tumor cells over all
normal cells or tissues. For example, but not wishing to be
limiting, FIG. 4G shows an example of an oncolytic virus
which preferentially infects and enhances replication in
tumors in the presence of compound 40 even though com-
pound 40 also increases infection and replication in brain
tissue in the presence of compound 40.

[0120] Additional examples of oncolytic viruses known in
the art which may be employed herein include, without
limitation, reovirus, newcastle disease virus, adenovirus,
herpes virus, polio virus, mumps virus, measles virus, influ-
enza virus, vaccinia virus, rhabdoviruses such as vesicular
stomatitis virus and derivatives/variants thereof.

[0121] By a“derivative” or “variant” of a virus, it is meant
avirus obtained by selecting the virus under different growth
conditions, one that has been subjected to a range of
selection pressures, that has been genetically modified using
recombinant techniques known within the art, or one that has
been engineered to be replication defective and/or express
transgenes, or any combination thereof. Examples of such
viruses are known in the art, for example from US patent
applications 20040115170, 20040170607, 20020037543,
WO 00/62735; U.S. Pat. Nos. 7,052,832, 7,063,835, 7,122,
182 (which are hereby incorporated by reference) and oth-
ers. Preferably the virus is a Vesicular stomatitis virus
(VSV), or a related rhabdovirus variant/derivative thereof,
for example, selected under specific growth conditions, one
that has been subjected to a range of selection pressures, one
that has been genetically modified using recombinant tech-
niques known within the art, or a combination thereof. In a
preferred embodiment, the virus is VSVAS1 (Stojdl et al.,
VSV strains with defects in their ability to shutdown innate
immunity are potent systemic anti-cancer agents., Cancer
Cell. 2003 October; 4(4):263-75, herein incorporated by
reference). Other derivatives or variants may be based on
viruses such as Maraba MG-1, Rabies, Rotavirus, Influenza,
Hepatitis A, Mumps, Measles, Rubella, Herpesvirus, Reo-
virus, Parvovirus, Dengue Virus, Cickungunya Virus, Vac-
cinia virus, Modified Vaccinia Ankara, Respiratory Syncitial
Virus, Varicella, LCMV, HSV-1, HSV-2, adenovirus, adeno-
associated virus, lentivirus, or replicating retrovirus.

[0122] The one or more types of cancer or tumor cells may
be cancer or tumor cells in vitro or in vivo from any cell, cell
line, tissue or organism, for example, but not limited to
human, rat, mouse, cat, dog, pig, primate, horse and the like.
In a preferred embodiment, the one or more cancer or tumor
cells comprise human cancer or tumor cells, for example,
but not limited to lymphoblastic leukemia, myeloid leuke-
mia, adrenocortical carcinoma, AIDS-related cancers,
AIDS-related lymphoma, anal cancer, appendix cancer,
astrocytoma, atypical teratoid/rhabdoid tumor, basal cell
carcinoma, bile duct cancer, bladder cancer, bone cancer,
osteosarcoma, malignant fibrous histiocytoma, brain stem
glioma, brain tumor, cerebellar astrocytoma, cerebral astro-
cytoma/malignant glioma, craniopharyngioma, ependymo-
blastoma, medulloblastoma, pineal parenchymal tumors of
intermediate differentiation, supratentorial primitive neu-
roectodermal tumors and pineoblastoma, visual pathway and
hypothalamic glioma, spinal cord tumors, breast cancer,
bronchial tumors, Burkitt lymphoma, carcinoid tumor, cen-
tral nervous system lymphoma, cervical cancer, chordoma,
chronic lymphocytic leukemia, chronic myelogenous leuke-
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mia, chronic myeloproliferative disorders, colon cancer,
cutaneous T-Cell lymphoma, embryonal tumors, endome-
trial cancer, ependymoblastoma, ependymoma, esophageal
cancer, extracranial germ cell tumor, extragonadal germ cell
tumor, extrahepatic bile duct cancer, eye cancer, intraocular
melanoma, retinoblastoma, gallbladder cancer, gastric
(stomach) cancer, gastrointestinal carcinoid tumor, gastro-
intestinal stromal tumor (GIST), gastrointestinal stromal cell
tumor, germ cell tumors, extracranial, extragonadal, ovarian,
gestational trophoblastic tumor, glioma, hairy cell leukemia,
head and neck cancer, hepatocellular (Liver) cancer, histio-
cytosis, Langerhans cell cancer, Hodgkin lymphoma,
hypopharyngeal cancer, islet cell tumors, Kaposi sarcoma,
kidney cancer, laryngeal cancer, lymphocytic leukemia,
hairy cell leukemia, lip and oral cavity cancer, liver cancer,
non-small cell lung cancer, small cell lung cancer, Hodgkin
lymphoma, non-Hodgkin lymphoma, malignant fibrous his-
tiocytoma of bone and osteosarcoma, medulloblastoma,
medulloepithelioma, melanoma, intraocular melanoma,
Merkel cell carcinoma, mesothelioma, metastatic squamous
neck cancer, mouth cancer, multiple endocrine neoplasia
syndrome, multiple myeloma/plasma cell neoplasm, nasal
cavity and paranasal sinus cancer, nasopharyngeal cancer,
neuroblastoma, oral cancer, oropharyngeal cancer, ovarian
cancer, pancreatic cancer, parathyroid cancer, penile cancer,
pharyngeal cancer, pheochromocytoma, pineal parenchymal
tumors, pineoblastoma and supratentorial primitive neuroec-
todermal tumors, pituitary tumor, plasma cell neoplasm/
multiple myeloma, pleuropulmonary blastoma, primary cen-
tral nervous system lymphoma, prostate cancer, rectal
cancer, renal cell (kidney) cancer, renal pelvis and ureter
cancer, transitional cell cancer, respiratory tract carcinoma,
retinoblastoma, rhabdomyosarcoma, salivary gland cancer,
uterine sarcoma, skin cancer, Merkel cell skin carcinoma,
small intestine cancer, soft tissue sarcoma, squamous cell
carcinoma, squamous neck cancer, stomach (Gastric) can-
cer, supratentorial primitive neuroectodermal tumors, T-Cell
lymphoma, testicular cancer, throat cancer, thymoma and
thymic carcinoma, thyroid cancer, trophoblastic tumor, ure-
thral cancer, uterine cancer, endometrial cancer, uterine
sarcoma, vaginal cancer, vulvar cancer, or Wilms tumor.
However, the compounds and compositions described
herein possible may be used to treat other cancers or tumor
in vivo or in vitro.

[0123] The present invention also provides a composition
comprising a) one or more compounds as described herein
and b) one or more additional components, for example, but
not limited to 1) a carrier, diluent or excipient, 2) a phar-
maceutically acceptable carrier, diluent or excipient, 3) a
virus, for example, but not limited to an attenuated virus, a
genetically modified virus or an oncolytic virus, 4) cancer or
tumor cells, 5) non-cancerous or normal cells, 6) cell culture
media, 7) one or more cancer therapeutics, for example, but
not limited to chemotherapeutics. As an example, but not to
be considered limiting in any manner, cyclophosphamide
(CPA) is a common chemotherapy drug used primarily for
the treatment of lymphoma, chronic lymphocytic leukemia
and breast, ovarian and bladder cancers. CPA is converted
into its active metabolites, 4-hydroxycyclophosphamide and
aldophosphamide by liver oxidases. Use of CPA as an
immune suppressant to enhance viral oncolysis has
improved virotherapy efficacy in combination with onco-
lytic variants of HSV, adenoviruses, measles virus, reovirus,
and vaccinia virus.
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[0124] A further cancer therapeutic known in the art is
cisplatin. Cisplatin binds and cross-links cellular DNA lead-
ing to apoptosis when DNA is not repaired. Cisplatin has
been investigated in combination with oncolytic adenovi-
ruses, herpes viruses, parvovirus, vaccinia virus, and vesicu-
lar stomatitis virus. Enhanced therapeutic activity in vitro
and in vivo has been observed when combining cisplatin
with oncolytic variants of adenovirus, herpesvirus, parvo-
virus and vaccinia virus whereas slight inhibition was
observed for oncolytic variant of vesicular stomatitis virus.
[0125] Mitomycin C (MMC) is a DNA cross-linking anti-
biotic with antineoplastic properties. MMC exhibited syn-
ergistic cytotoxicty with oncolytic HSV. In vivo, combina-
tion of oncolytic herpes virus and MMC significantly
improved therapeutic effects in models of gastric carcino-
matosis and non-small cell lung cancer.

[0126] Doxorubicin is an anthracycline antibiotic that
intercalates into DNA and prevents the action of topoi-
somerase II. Doxorubicin was synergistically cytotoxic
when combined with oncolytic adenovirus (ONYX-015)
and the combination reduced tumor growth relative to the
monotherapies. ONYX-015 was successfully combined
with MAP (mitomycin C, doxorubicin and cisplatin) che-
motherapy in a phase I-II clinical trial for treatment of
advanced sarcomas.

[0127] Gancyclovir (GCV) is a widely used antiviral
agent, originally developed for the treatment of cytomega-
lovirus infections. GCV is a guanasine analogue prodrug
that upon phosphorylation by herpes virus thymidine kinase
(TK) competes with cellular dGTP for incorporation into
DNA resulting in elongation termination. Oncolytic viruses
encoding the HSV TK gene lead to an accumulation of toxic
GCV metabolites in tumor cells which interfere with cellular
DNA synthesis leading to apoptosis. Targeted oncolytic
HSV viruses in combination with GCV significantly
improved survival in models of human ovarian cancer and
rat gliosarcoma. Adenoviruses, engineered to express the
HSV TK gene, also show enhanced anti-tumor activity when
combined with GCV.

[0128] CD/5-FC enzyme/pro-drug therapy has also proven
successful in combination with oncolytic virotherapy. 5-FU
is a pyrimidine analogue that inhibits the synthesis of
thymidine. The anti-tumor activity of two different oncolytic
vaccinia viruses expressing CD was significantly enhanced
when combined with 5-FC therapy in immune-competent
ovarian cancer and immune suppressed colon cancer mod-
els.

[0129] Taxanes are a class of chemotherapy drugs, includ-
ing paclitaxel and docetaxel, which cause stabilization of
cellular microtubules thereby preventing function of the
cellular cytoskeleton, a requirement for mitosis. Combina-
tion of docetaxel or paclitaxel with an urothelium- or
prostate-targeted oncolytic adenovirus significantly reduced
in vivo tumor volume and resulted in synergistic in vitro
cytotoxicity.

[0130] Rapamycin (sirolimus) is an immunosuppressant
commonly used in transplant patients however it has also
been shown to significantly enhance the oncolytic effects of
the oncolytic variants of poxviruses myxoma and vaccinia
virus.

[0131] The prototypical proteosome inhibitor MG-132
enhanced cellular CAR expression in L.ovo colon carcinoma
cells, which was accompanied with enhanced oncolytic
adenovirus target gene expression and oncolysis.



US 2018/0305345 Al

[0132] The efficacy of oncolytic VSV against chronic
lymphocytic leukemia cells was increased by combination
therapy with the BCL-2 inhibitor EM20-25.

[0133] One group showed that a single dose of angiostatic
cRGD peptide treatment before oncolytic virus treatment
enhanced the antitumor efficacy of oncolytic HSV.

[0134] The present invention also provides a kit compris-
ing one or more compound(s) alone or in combination or a
composition comprising same, for example as described
herein. The kit may also comprise one or more of a cell
culture dish/plate or multi-well dish/plate, and/or an appa-
ratus or device(s) to deliver the compound(s) or a compo-
sition comprising the same to a cell, tissue, cell culture or
cell culture medium, or to a subject in vivo. The kit may also
comprise instructions for administering or using the com-
pound(s), and/or virus(es) as described herein, for example,
but not limited to attenuated viruses, genetically modified
viruses, cancer vaccines, cancer gene therapy vectors, onco-
Iytic viruses, any combination thereof, or any combination
of distinct viruses.

[0135] For in vivo therapeutic applications, preferably
there is provided a pharmaceutical composition comprising
one or more compounds and a pharmaceutically acceptable
carrier, diluent or excipient, optionally containing other
solutes such as dissolved salts and the like. In a preferred
embodiment, the solution comprises enough saline, glucose
or the like to make the solution isotonic.

[0136] Pharmaceutical compositions and methods of pre-
paring pharmaceutical compositions are known in the art
and are described, for example, in “Remington: The Science
and Practice of Pharmacy” (formerly “Remingtons Pharma-
ceutical Sciences”); Gennaro, A., Lippincott, Williams &
Wilkins, Philadelphia, Pa. (2000), herein incorporated by
reference.

[0137] Administration of such compositions may be via a
number of routes depending upon whether local and/or
systemic treatment is desired and upon the area to be treated.
In a first embodiment, which is not meant to be limiting, the
compound is administered locally to the area to be treated.
Administration may be topical (including ophthalmic and to
mucous membranes including vaginal and rectal delivery),
pulmonary (e.g. by inhalation or insufflation of powders or
aerosols, including by nebulizer), intratracheal, intranasal,
epidermal and transdermal, oral or parenteral. Parenteral
administration includes intravenous, intraarterial, subcuta-
neous, intraperitoneal or intramuscular injection or infusion,
or intracranial, e.g. intrathecal or intraventricular, adminis-
tration. Also contemplated is intra-tumor injection, perfu-
sion or delivery into the general vicinity of the tumor or
injection into the vasculature supplying a tumor. Alterna-
tively, the viral sensitizing compounds may be formulated in
a tablet or capsule for oral administration. Alternate dosage
forms, including slow-release, sustained-release, extended
release, as would be known in the art are also contemplated.
[0138] For administration by inhalation or insufflation, the
compounds can be formulated into an aqueous or partially
aqueous solution, which can then be utilized in the form of
an aerosol. For topical use, the modulators can be formu-
lated as dusting powders, creams or lotions in pharmaceu-
tically acceptable vehicles, which are applied to affected
portions of the skin.

[0139] Without wishing to be liming, the dosage require-
ments for the viral sensitizing compounds of the present
invention may vary with the particular compositions
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employed, the route of administration and the particular
subject being treated. Dosage requirements can be deter-
mined by standard clinical techniques known to a worker
skilled in the art. Typically, treatment will generally be
initiated with small dosages less than the optimum dose of
the compound or compound/virus. Thereafter, the dosage is
increased until the optimum or satisfactory effect under the
circumstances is reached. In general, the viral sensitizing
agent or pharmaceutical compositions comprising the viral
sensitizing agent are administered at a concentration that
will generally afford effective results without causing sig-
nificant harmful or deleterious side effects. Administration
can be either as a single unit dose or, if desired, the dosage
can be divided into convenient subunits that are adminis-
tered at suitable times throughout the day.

[0140] The viral sensitizing compound may be employed
in sequential administration, for example, before, after or
both before and after administration of a virus, for example,
but not limited to an attenuated virus, a genetically modified
virus, a cancer vaccine, a cancer gene therapy vector or an
oncolytic virus. Alternatively, the viral sensitizing com-
pound may be administered concurrently or in combination
with a virus as described above, preferably in combination
with an oncolytic virus. In addition, the viral sensitizing
agent may be used with an oncolytic virus as described
above and in combination with one or more cancer thera-
peutics or cancer therapies as is known to a person of skill
in the art, for example but not limited to interferon therapy,
interleukin therapy, colony stimulating factor therapy, che-
motherapeutic drugs, for example, but not limited to 5-fluo-
rodeoxyuridine amsacrine, bleomycin, busulfan, capecit-
abine, carboplatin, carmustine, chlorambucil, cisplatin,
cladribine, clofarabine, crisantaspase, cyclophosphamide,
cytarabine, dacarbazine, dactinomycin, daunorubicin, doc-
etaxel, doxorubicin, epirubicin, etoposide, fludarabine, fluo-
rouracil, gemcitabine, gliadel, hydroxycarbamide, idarubi-
cin, ifosfamide, irinotecan, leucovorin, lomustine,
melphalan, mercaptopurine, mesna, methotrexate, mitomy-
cin, mitoxantrone, oxaliplatin, paclitaxel, pemetrexed, pen-
tostatin, procarbazine, raltitrexed, satraplatin, streptozocin,
tegafur-uracil, temozolomide, teniposide, thiotepa, tiogua-
nine, topotecan, treosulfan, vinblastine, vincristine, vin-
desine, vinorelbine or a combination thereof. Further, anti-
cancer biologics may also be employed, for example, but
without limitation, monoclonal antibodies and the like.

[0141] The present invention also contemplates methods
and uses of the compounds as described herein for increas-
ing or enhancing the spread of a virus, for example, a
genetically modified virus, an attenuated virus, a cancer
vaccine, a cancer gene therapy vector, or an oncolytic virus
in one or more cells, for example, but not limited to one or
more types of cancer or tumor cells, increasing or enhancing
the cytotoxicity/oncolytic activity of an oncolytic virus
against one or more cancer or tumor cells, increasing or
enhancing the production, yield or reproductive capacity of
a virus, for example, a genetically modified virus, an attenu-
ated virus, cancer vaccine, cancer gene therapy vector, an
oncolytic virus, or, any combination of the above. In an
embodiment, which is not meant to be limiting in any
manner, the viral sensitizing compound reduces the viability
of'a cancer or tumor cell by either killing the cancer or tumor
cell or limiting its growth for a period of time. The com-
pounds may also be used for the production of a medicament
for accomplishing same.
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[0142] In an embodiment of the present invention, which
is not meant to be limiting in any manner, the one or more
compounds are a,f-dichloro-y-hydroxy-N-benzyl-crotonic
lactam; 3,4-dichloro-5-prop-2-ynyloxy-5H-furan-2-one;
3,4-dibromo-5-prop-2-ynyloxy-5SH-furan-2-one; 3-chloro-
5-phenyl-4-prop-2-ynylamino-5SH-furan-2-one; 3-chloro-4-
isobutylamino-5-prop-2-ynyloxy-5SH-furan-2-one;  1-ben-
zyl-3,4-dichloro-5-prop-2-ynyloxy-1,5-dihydro-pyrrol-2-
one; 3,4-dichloro-5-hydroxy-1-(2-methoxy-benzyl)-1,5-
dihydro-pyrrol-2-one;  4-benzylamino-3-chloro-5-prop-2-
ynyloxy-5H-furan-2-one; 3,4-dichloro-5-hydroxy-1-prop-2-
ynyl-1,5-dihydro-pyrrol-2-one;  3,4-dichloro-5H-furan-2-
one; benzo|1,3]dioxole-5,6-dione; 4,5-dichloro-2H-
pyridazin-3-one;  4,5-dichloro-2-phenyl-2H-pyridazin-3-
one; 3,4-dichloro-1-phenyl-pyrrole-2,5-dione; 3,4-dichloro-
5-(1H-indol-3-y1)-5H-furan-2-one, indole-3-crotonic acid;
3,4-dichloro-5-hydroxy-1,5-dihydro-pyrrol-2-one;  5-phe-
nyl-4,5-dihydro-3aH-pyrrolo[ 1,2-a]quinolin-1-one; 5-phe-
nyl-4,5-dihydro-3aH-pyrrolo[ 1,2-a]quinolin-1-one; 3,4-di-
chloro-5-(3-nitro-phenyl)-SH-furan-2-one; 3,4-dichloro-5-
hydroxy-1-methyl-1,5-dihydro-pyrrol-2-one; 3,4-dichloro-
1-prop-2-ynyl-5-prop-2-ynyloxy-1,5-dihydro-pyrrol-2-one;
3,4-dichloro-1-(2-chloro-benzyl)-5-hydroxy-1,5-dihydro-
pyrrol-2-one; 3,4-dichloro-5-hydroxy-1-propyl-1,5-di-
hydro-pyrrol-2-one; 1-phenyl-pyrrole-2,5-dione;  3,4-di-
chloro-1-propyl-pyrrole-2,5-dione; 1-benzyl-3,4-dichloro-
pyrrole-2,5-dione;  3,4-dichloro-5-hydroxy-1-phenyl-1,5-
dihydro-pyrrol-2-one; 1-(1-benzyl-1H-[1,2,3|triazol-4-
ylmethyl)-3,4-dichloro-5-hydroxy-1,5-dihydro-pyrrol-2-
one; [4-(4-chloro-3-isobutylamino-5-ox0-2,5-dihydro-
furan-2-yloxymethyl)-[1,2,3]triazol-1-yl]-acetic acid; [4-(3,
4-dichloro-2-hydroxy-5-0x0-2,5-dihydro-pyrrol-1-
ylmethyl)-[1,2,3]triazol-1-yl]-acetic acid; 3,4-dichloro-5-
hydroxy-1-phenethyl-1H-pyrrol-2(5H)-one; 3,4-dichloro-5-
hydroxy-1-(2-morpholinoethyl)-1H-pyrrol-2(5SH)-one; 3,4-
dichloro-1-cyclopropyl-5-hydroxy-1H-pyrrol-2(SH)-one;
3,4-dichloro-5-hydroxy-1-(2-mercaptoethyl)-1H-pyrrol-2
(5H)-one;  2-(3,4-dichloro-2-hydroxy-5-ox0-2,5-dihydro-
1H-pyrrol-1-yl)ethanaminium 2,2,2-trifluoroacetate; 3,4-di-
chloro-5-hydroxy-1-(3-phenylprop-2-ynyl)-1H-pyrrol-2
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(SH)-one;  3,4-dichloro-5-hydroxy-1-(4-(trifluoromethyl)
benzyl)-1H-pyrrol-2(5H)-one; 1-(biphenyl-4-ylmethyl)-3,4-
dichloro-5-hydroxy-1H-pyrrol-2(5SH)-one; 3,4-dichloro-5-
hydroxy-1-(4-nitrobenzyl)-1H-pyrrol-2(5H)-one; 3.,4-
dichloro-5-hydroxy-1-(2-methoxybenzyl)-1H-pyrrol-2
(5H)-one; 3,4-dichloro-1-(2-chlorobenzyl)-5-hydroxy-1H-
pyrrol-2(5H)-one;  1-benzhydryl-3,4-dichloro-5-hydroxy-
1H-pyrrol-2(5H)-one; 3,4-dichloro-5-hydroxy-1-
(naphthalen-1-ylmethyl)-1H-pyrrol-2(5H)-one; 3.,4-
dichloro-5-hydroxy-1-(1-phenylethyl)-1H-pyrrol-2(5H)-
one;  3,4-dichloro-5-hydroxy-1-(pyridin-3-ylmethyl)-1H-
pyrrol-2(5H)-one; 3,4-dichloro-5-hydroxy-1-(pyridin-4-
ylmethyl)-1H-pyrrol-2(5SH)-one; 3,4-dichloro-5-hydroxy-1-
(pyridin-2-ylmethyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-1-
(furan-2-ylmethyl)-5-hydroxy-1H-pyrrol-2(5H)-one; N-(2-
(3,4-dichloro-2-hydroxy-5-0x0-2,5-dihydro-1H-pyrrol-1-
yDethyl)-5-(dimethylamino)naphthalene-1-sulfonamide;
(3a8)-2,3-dichloro-5-phenyl-4,5-dihydropyrrolo[ 1,2-a]qui-
nolin-1 (3aH)-one; 3,4-diiodo-2-phenyl-2,5-dihydrofuran;
D-Gluconamide, N-octyl; (S)-11-amino-4,7,10,14-tetraoxo-
15-((2R,3R,4R,5R,6R)-3.4,5-trihydroxy-6-(hydroxymethyl)
tetrahydro-2H-pyran-2-y1)-3,6,9,13-tetraazapentadecan-1-
oic acid; 1-allyl-3,4-dichloro-5-hydroxy-1H-pyrrol-2(5H)-
one; 3,4-dichloro-5-hydroxy-1-(2-hydroxybenzyl)-1H-
pyrrol-2(5SH)-one;  3,4-dichloro-5-hydroxy-1-(thiophen-2-
ylmethyl)-1H-pyrrol-2(5SH)-one; 3,4-dichloro-5-hydroxy-1-
(4-(methylsulfonyl)benzyl)-1H-pyrrol-2(5SH)-one; 3.,4-
dichloro-1-((4,5-dimethyloxazol-2-yl)methyl)-5-hydroxy-
1H-pyrrol-2(5H)-one; 3,4-dichloro-5-hydroxy-1-(3,4,5-
trifluorobenzyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-5-
hydroxy-1-(4-methoxybenzyl)-1H-pyrrol-2(5H)-one;  4,5-
dichloro-2-(2,2,2-trifluoroethyl)pyridazin-3(2H)-one;  4,5-
dichloro-2-cyclohexylpyridazin-3 (2H)-one; methyl 2-(4-
((3,4-dichloro-2-hydroxy-5-ox0-2,5-dihydro-1H-pyrrol-1-
yDmethyl)-1H-1,2,3-triazol-1-yl)acetate; 4,5-dichloro-2-o-
tolylpyridazin-3(2H)-one; 4,5-dichloro-2-(2-
(dimethylamino)ethyl)pyridazin-3(2H)-one hydrochloride;
and 4,5-dichloro-2-(4-fluorophenyl)pyridazin-3(2H)-one or
any compound or group of compounds as described herein.
Table 2 below includes structures of several interesting viral
sensitizing compounds such as these.

TABLE 2

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure
MDO01145 a,B-dichloro-y-hydroxy-N-benzyl-crotonic
lactam Cl Cl
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure
MDO01155, 3,4-Dichloro-5-prop-2-ynyloxy-5SH-furan-2- cl cl
MD02140 one, ﬁ
0 0 0/\
CMO01013, 3,4-Dibromo-5-prop-2-ynyloxy-5H-furan-2- B B
MD02182 one g g

CMO01027 3-Chloro-5-phenyl-4-prop-2-ynylamino-5H-

furan-2-one

MDO01165, 3-Chloro-4-isobutylamino-5-prop-2-ynyloxy-

MD02142 SH-furan-2-one

MDO01171, 1-Benzyl-3,4-dichloro-5-prop-2-ynyloxy-1,5-
MD02180 dihydro-pyrrol-2-one

CMO01025 3,4-Dichloro-5-hydroxy-1-(2-methoxy-
benzyl)-1,5-dihydro-pyrrol-2-one

Ph
Cl Cl
O%N\OH
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral
Sensitizing Compounds

Name Chemical name Structure
MDO01159 4-Benzylamino-3-chloro-5-prop-2-ynyloxy- cl IN—Bn
SH-furan-2-one b\
0 o 0/\
MDO01151 3,4-Dichloro-5-hydroxy-1-prop-2-ynyl-1,5-
dihydro-pyrrol-2-one Cl Cl
OmOH
MD02068 3,4-Dichloro-5H-furan-2-one
Cl Cl
b< )
O (o) H
TD193 Benzo[1,3]dioxole-5,6-dione
OIIO
o O
MD02026 4,5-Dichloro-2H-pyridazin-3-one
Cl Cl
O%
HN—N
MD02054 4,5-Dichloro-2-phenyl-2H-pyridazin-3-one al al
© 4_§
N—N
MDO01139 3,4-Dichloro-1-phenyl-pyrrole-2,5-dione
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure

MDO01041 3,4-Dichloro-5-(1H-indol-3-yl)-5H-furan-2-

one, indole-3-crotonic acid a Cl

NH

MDO01033, 3,4-Dichloro-5-hydroxy-1,5-dihydro-pyrrol-
MD02052 2-one Cl Cl

MDO01071F1 5-Phenyl-4,5-dihydro-3aH-pyrrolo[1,2-
a]quinolin-1-one

O

MDO01071F2 5-Phenyl-4,5-dihydro-3aH-pyrrolo[1,2-
a]quinolin-1-one

MDO01085 3,4-Dichloro-5-(3-nitro-pheny!)-5H-furan-2-
one Cl Cl
NO,
0 (¢}
CMO01031, 3,4-Dichloro-5-hydroxy-1-methyl-1,5-
CP01026 dihydro-pyrrol-2-one Cl Cl
O N OH
CH;
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure
MDO01169 3,4-Dichloro-1-prop-2-ynyl-5-prop-2- al cl
ynyloxy-1,5-dihydro-pyrrol-2-one
O N 0/\
MDO01179 3,4-Dichloro-1-(2-chloro-benzyl)-5-hydroxy-
1,5-dihydro-pyrrol-2-one a al
O%N\OH
Cl :
MD02010 3,4-Dichloro-5-hydroxy-1-propyl-1,5-
dihydro-pyrrol-2-one %i
O N OH
MD01037 1-Phenyl-pyrrole-2,5-dione
H H
omo
Ph
MDO01129 3,4-Dichloro-1-propyl-pyrrole-2,5-dione ol ol
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure
MDO01133 1-Benzyl-3,4-dichloro-pyrrole-2,5-dione
Cl Cl
O N O
k Ph
MDO01147 3,4-Dichloro-5-hydroxy-1-phenyl-1,5-
dihydro-pyrrol-2-one Cl Cl
O N OH
Ph
CMO01099 1-(1-Benzyl-1H-[1,2,3]triazol-4-ylmethyl)-

3,4-dichloro-5-hydroxy-1,5-dihydro-pyrrol- c £l
2-one M
(6] N OH
/
/N
N
=y b

MD02136 [4-(4-Chloro-3-isobutylamino-5-oxo-2,5-
dihydro-furan-2-yloxymethyl)-[1,2,3]triazol-
1-yl]-acetic acid
Cl HN
Oj/OH
O (o) O / N
/
N=N
MD02124 [4-(3,4-Dichloro-2-hydroxy-5-oxo0-2,5- al cl
dihydro-pyrrol-1-ylmethyl)-[1,2,3]triazol-1-
yl]-acetic acid
O N OH
/
/N
N
=N OH
O
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure
MDO03009 3,4-dichloro-5-hydroxy-1-phenethyl-1H-
pyrrol-2(5H)-one O%i
O N OH
Ph
MDO03011 3,4-dichloro-5-hydroxy-1-(2- cl cl
morpholinoethyl)-1H-pyrrol-2(5H)-one ﬂ
T
k/N \J
MDO03013 3,4-dichloro-1-cyclopropyl-5-hydroxy-1H-
pyrrol-2(5H)-one Clbi
O N OH
MDO03007 3,4-dichloro-5-hydroxy-1-(2-
mercaptoethyl)-1H-pyrrol-2(5H)-one %i
O N OH
SH
CP01046 2-(3,4-dichloro-2-hydroxy-5-ox0-2,5-

dihydro-1H-pyrrol-1-yl)ethanaminium 2,2,2-
trifluoroacetate
[S]
O OH TFA

NH,
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

1H-pyrrol-2(5H)-one

Name Chemical name Structure
MDO01183 3,4-dichloro-5-hydroxy-1-(3-phenylprop-2-
ynyl)-1H-pyrrol-2(5H)-one Cl Cl
O N OH
MDO03017 3,4-dichloro-5-hydroxy-1-(4-
(trifluoromethyl)benzyl)- 1 H-pyrrol-2(5H)- Cl Cl
) b\
O N OH
: CH;
CP01042 1-(biphenyl-4-ylmethyl)-3,4-dichloro-5-
hydroxy-1H-pyrrol-2(5H)-one Cl Cl
O%N\OH
: Ph
CP01001 3,4-dichloro-5-hydroxy-1-(4-nitrobenzyl)-
Cl Cl
O%N\OH
: NO,
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure
CP01005 3,4-dichloro-5-hydroxy-1-(2-
methoxybenzyl)-1H-pyrrol-2(5H)-one al cl
O%N\OH
Me D
\O
CP01011 3,4-dichloro-1-(2-chlorobenzyl)-5-hydroxy-
1H-pyrrol-2(5H)-one a al
O%N\OH
Cl: :
CP01035 1-benzhydryl-3,4-dichloro-5-hydroxy-1H-
pyrrol-2(5H)-one Cl Cl
O%N\OH
CP01039 3,4-dichloro-5-hydroxy-1-(naphthalen-1-

ylmethyl)-1H-pyrrol-2(5H)-one

0
@)

QO
Zb[
=}
s

e
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral
Sensitizing Compounds

Name Chemical name Structure

CP01037 3,4-dichloro-5-hydroxy-1-(1-phenylethyl)-
1H-pyrrol-2(5H)-one

@]
@]

3

CP01047 3,4-dichloro-5-hydroxy-1-(pyridin-3-
ylmethyl)-1H-pyrrol-2(5H)-one

da _

CP01048 3,4-dichloro-5-hydroxy-1-(pyridin-4-
ylmethyl)-1H-pyrrol-2(5H)-one

@]
@]

CP01036 3,4-dichloro-5-hydroxy-1-(pyridin-2-
ylmethyl)-1H-pyrrol-2(5H)-one

@]
@]

O,
Z&
=}

s

\ /

PLO1010 3,4-dichloro-1-(furan-2-ylmethyl)-5-
hydroxy-1H-pyrrol-2(5H)-one

0
@)

O

O,
Zé[
o
s

N
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral
Sensitizing Compounds

Name Chemical name Structure
CP01020 N-(2-(3,4-dichloro-2-hydroxy-5-ox0-2,5-
dihydro-1H-pyrrol-1-yl)ethyl)-5- Cl Cl
(dimethylamino)naphthalene-1-sulfonamide
O N OH
HN\ S /O
x>
0
N
PN

CP01034 (3aS)-2,3-dichloro-5-phenyl-4,5-
dihydropyrrolo[1,2-a]quinolin-1(3aH)-one

CP01012 3,4-diiodo-2-phenyl-2,5-dihydrofuran
PLO1013 1-allyl-3 4-dichloro-5-hydroxy-1H-pyrrol-
2(5H)-one

PLO1017 3,4-dichloro-5-hydroxy-1-(2-hydroxybenzyl)-

1H-pyrrol-2(5H)-one %\
O OH
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure

Cl%\
N

PL01018 3,4-dichloro-5-hydroxy-1-(thiophen-2-
ylmethyl)-1H-pyrrol-2(5H)-one

/

O
PL01019 3,4-dichloro-5-hydroxy-1-(4-
(methylsulfonyl)benzyl)- 1 H-pyrrol-2(5H)- Cl

ClL
N OH
K@
Cl
O%\OH
O
k@\ S//
~
¥
Cl ClL
O%N\OH

O,

Y,

Cl Cl
ObN\OH
F
F
F

PL01020 3,4-dichloro-1-((4,5-dimethyloxazol-2-
ylmethyl)-5-hydroxy-1H-pyrrol-2(5H)-one

PLO1021 3,4-dichloro-5-hydroxy-1-(3,4,5-
trifluorobenzyl)-1H-pyrrol-2(5H)-one
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TABLE 2-continued

Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure
MDO01187 3,4-dichloro-5-hydroxy-1-(4-
methoxybenzyl)-1H-pyrrol-2(5H)-one %i
O N OH
: OMe
PL01023 4,5-dichloro-2-(2,2,2- cl al
trifluoroethyl)pyridazin-3(2H)-one 42_3
© /
N—N
F,C )
PL01024 4,5-dichloro-2-cyclohexylpyridazin-3(2H)- al al
one
© 42_§
5N
PLO1012 methyl 2-(4-((3,4-dichloro-2-hydroxy-5-oxo-
2,5-dihydro-1H-pyrrol-1-yl)methyl)-1H- Cl Cl
1,2,3-triazol-1-yl)acetate %\
O N OH
O
/ N/Y N
/
—N ¢}
PLO1025 4,5-dichloro-2-o-tolylpyridazin-3(2H)-one a al
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Structures, Chemical Names and Reference Codes for Viral

Sensitizing Compounds

Name Chemical name Structure
PL0O1026 4,5-dichloro-2-(2- cl al
(dimethylamino)ethyl)pyridazin-3(2H)-one
hydrochloride
? /
N—N
N
— \
PLO1027 4,5-dichloro-2-(4-fluorophenyl)pyridazin-
Cl Cl
3(2H)-one Q_g
© /
N—N
F
[0143] As will be appreciated by a person of skill in the

art, the general class structures and specific compounds as
identified herein may be employed alone or in combination
in any variety of compositions as required by a person of
skill in the art. Without wishing to be bound by theory,
potential uses for the compounds as described herein may
include increasing infection, spread and/or viral titer in
specific cells, for example, in cancer or tumor cells/tissues or
cells derived from cultures that have been immortalized,
increasing cytotoxicity of viruses, including oncolytic
viruses in specific cells, for example, in cancer or tumor
cells/tissues, for the production of viruses which may be
subsequently used in the production of cancer gene therapy
vectors or cancer vaccines. Also, importantly, the com-
pounds as described herein may also be employed as internal
controls or in structure-function analyses to determine addi-
tional classes or specific molecules which exhibit similar or
improved properties to those currently described herein.

[0144] As Vsel (compound 1) is known in the art, it is
contemplated that any of the compositions described herein,
uses thereof which employ this compound may be specifi-
cally excluded if desired. Any other compound or use
thereof as described herein also may be specifically
excluded if that compound and/or the use of it as described
herein is disclosed in the art.

[0145] In an embodiment, there is provided herein a
method of enhancing or increasing the infection, spread,
titer, or cytotoxicity of an oncolytic virus in cancer or tumor
cells, comprising administering a compound, or a combina-
tion of compounds, defined by formula (II):

an

or

[0146] a pharmaceutically acceptable salt, or stereo-
chemically isomeric form thereof, wherein:

[0147] X, is a heteroatom such as O, NH, or substituted
N;

[0148] X, is halogen (such as, for example, Cl), or
NHX,, wherein X, is a substituted or unsubstituted
linear or branched alkyl, alkenyl, or alkynyl, or substi-
tuted or unsubstituted aryl or heteroaryl;

[0149] 1is O when X, is O, or 0 or 1 when X, is NH or
substituted N;

[0150] - -- represents a double bond which is present
when i is 1, and absent when i is 0 such that X, is
directly bonded to the X,-bearing carbon through a
single bond when 1 is 0; and

[0151] X, is H, OH, —O, substituted or unsubstituted
mono- or bi-cycloaryl or -heteroaryl (such as, for
example, substituted or unsubstituted phenyl), or OX,
wherein X, is H, linear or branched substituted or
unsubstituted alkyl, alkenyl, alkynyl, or acyl (for
example, X,, may be acetyl, methyl, or —CH,—
CECH);

to said cells prior to, after, or concurrently with infection of
the cells with the virus.
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[0152] In certain non-limiting embodiments, substituted N
may include N substituted with H, substituted or unsubsti-
tuted linear or branched C,-C,, alkyl, alkenyl, or alkynyl,
substituted or unsubstituted mono- or bi-cycloaryl or -het-
eroaryl, substituted or unsubstituted cycloalkyl or heterocy-
cloalkyl, for example. For example, N may be substituted
with substituted or unsubstituted alkynyloxy, phenyl, alky-
Iphenyl, substituted phenyl, benzyl, substituted benzyl, tri-
azolyl, substituted triazolyl, naphthalenyl, substituted naph-
thalenyl, substituted or unsubstituted pyridinyl, substituted
or unsubstituted furanyl or thiofuranyl, thiophenyl, sul-
fonobenzyl, methylsulfonobenzyl, pyrrolyl, substituted or
unsubstituted morpholine, cycloalkyl, alkylthiol, substituted
or unsubstituted alkyamine, or substituted or unsubstituted
oxazoline.

[0153] In certain non-limiting embodiments, substituted
or unsubstituted linear or branched alkyl, alkenyl, or alkynyl
may include any suitable substituted or unsubstituted linear
or branched alkyl, alkenyl, or alkynyl, such as an optionally
substituted linear or branched alkyl, alkenyl, or alkynyl
comprising a C,-C, , carbon chain and, in the case of alkenyl
or alkynyl, at least one carbon-carbon double or triple bond,
respectively.

[0154] In certain non-limiting embodiments, substituted
or unsubstituted aryl or heteroaryl may include any suitable
mono- or bi-cyclic aryl or heteroaryl group which may be
optionally substituted. Examples of aryl and heteroaryl
groups may include S-membered, 6-membered, or >6-mem-
bered aryl or heteroaryl groups.

[0155] In certain non-limiting embodiments, acyl may
include a group having the formula R—C(—0O)—, wherein
R is substituted or unsubstituted linear or branched alkyl,
alkenyl, or alkynyl, for example.

[0156] In certain non-limiting embodiments, substituted
or unsubstituted cycloalkyl or heterocycloalkyl may include
any suitable cycloalky or heterocycloalkyl group having a
ring size which is 23, and which may be optionally substi-
tuted.

[0157] In certain non-limiting embodiments, substituted
or unsubstituted alkynyloxy may include any suitable group
having the formula —O—R, wherein R comprises a substi-
tuted or unsubstituted linear or branched C,-C,, alkynyl
group (i.e. a carbon chain having at least one carbon-carbon
triple bond).

[0158] Non-limiting examples of suitable substituents of
compounds of formula (II) may be found in the compound
structures shown in Tables 1 and 2, for example.

[0159] Examples of compounds of formula (II) are
described in detail herein, and may be found in both Tables
1 and 2. Subsets of compounds of formula (II), which share
certain structural and/or pharmacophore features therewith,
may include:

[0160] Compounds defined by formula (VIII):

(VIII)
al X3

o Xp X5
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or

[0161] a pharmaceutically acceptable salt, or stereo-
chemically isomeric form thereof, wherein:

[0162] X, is O, NH, or substituted N;

[0163] X5 is halogen such as Cl, or NHX,,, wherein
X, 1s a substituted or unsubstituted linear or branched
alkyl, alkenyl, or alkynyl, or substituted or unsubsti-
tuted aryl or heteroaryl; and

[0164] X, is H, OH, —O, substituted or unsubstituted
mono- or bi-cycloaryl or -heteroaryl such as substituted
or unsubstituted phenyl, or OX,, wherein X, is H,
linear or branched substituted or unsubstituted alkyl,
alkenyl, alkynyl, or acyl, or X, is acetyl, methyl, or
—CH,—C=CH;

[0165] Compounds defined by formula (III):

(I
cl cl

X5

or

[0166] a pharmaceutically acceptable salt, or stereo-
chemically isomeric form thereof, wherein:

[0167] X, is H, substituted or unsubstituted linear or
branched C,-C, , alkyl, alkenyl, or alkynyl, substituted
or unsubstituted mono- or bi-cycloaryl or -heteroaryl,
substituted or unsubstituted cycloalkyl or heterocy-
cloalkyl, or wherein X, is substituted or unsubstituted
alkynyloxy, phenyl, alkylphenyl, substituted phenyl,
benzyl, substituted benzyl, triazolyl, substituted triaz-
olyl, naphthalenyl, substituted naphthalenyl, substi-
tuted or unsubstituted pyridinyl, substituted or unsub-
stituted  furanyl or  thiofuranyl, thiophenyl,
sulfonobenzyl, methylsulfonobenzyl, pyrrolyl, substi-
tuted or unsubstituted morpholine, cycloalkyl, alkyl-
thiol, substituted or unsubstituted alkyamine, or sub-
stituted or unsubstituted oxazoline;

[0168] Compounds defined by formula (IV):

)
cl Cl

or

a pharmaceutically acceptable salt, or stereochemically iso-
meric form thereof, wherein:

[0169] wherein X, is H, substituted or unsubstituted
linear or branched alkyl, alkenyl, alkynyl, or acyl, or
wherein X is substituted or unsubstituted methyl, alkyl
triazolyl, acetyl, or —CH,—C=CH;
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[0170] Compounds defined by formula (V):
W
cl cl,
(6]
/
N—N
/
Z7
or
[0171] a pharmaceutically acceptable salt, or stereo-

chemically isomeric form thereof, wherein:

[0172] X, is H, substituted or unsubstituted aryl or
heteroaryl, substituted or unsubstituted linear or
branched alkyl, alkenyl, or alkynyl, or substituted or
unsubstituted cycloalkyl. For example, X, may be
substituted or unsubstituted alkylamine, or substituted
or unsubstituted phenyl;

[0173] Compounds defined by formula (VI):
(VD
Xs
\
Cl NH
o (¢}
or
[0174] a pharmaceutically acceptable salt, or stereo-

chemically isomeric form thereof, wherein:

[0175] wherein X is substituted or unsubstituted linear
or branched alkyl, alkenyl, or alkyny, or substituted or
unsubstituted aryl or heteroaryl, or X, is substituted or
unsubstituted benzyl; and/or

[0176] Compounds defined by formula (VII):
(VID)
Cl Cl
(@) N Xo
or
[0177] a pharmaceutically acceptable salt, or stereo-

chemically isomeric form thereof, wherein:

[0178] X, is H, OH, OX,,, or —O, wherein X, is H,
substituted or unsubstituted linear or branched alkyl,
alkenyl, alkynyl, or acyl, or X, is acetyl, methyl, or
—CH,—C=CH.

[0179] In an embodiment of any one of the method or
methods described herein, the compound or combination of
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compounds described above may be present in a composi-
tion comprising the compound(s) and a carrier, diluent or
excipient.

[0180] In another embodiment, there is provided herein a
composition comprising one or more of the compounds
having a structure as defined above, and one or more of a)
a virus, a genetically modified virus, an attenuated virus, a
cancer vaccine, a cancer gene therapy vector, or an oncolytic
virus, b) one or more cancer cells, ¢) a carrier, diluent or
excipient, d) a pharmaceutically acceptable carrier, diluent
or excipient, e) non-cancer cells; ) cell culture media; g) one
or more cancer therapeutics; or any combination of a)-g).
[0181] It will be understood by the person of skill in the art
having regard to the teachings herein that two or more of the
compounds described herein may be used in combination.
For example, two or more of the compounds described
herein may be administered to a cell simultaneously, sequen-
tially, or in combination. As shown in FIG. 7 and described
in further detail in the examples below, using VSel and
MD03011 in combination produced a remarkable synergis-
tic effect under the conditions tested, demonstrating that
combinations of two or more compounds as described herein
may be desirable in certain applications.

[0182] In yet another embodiment, there is provided
herein a kit comprising one or more of the compounds
having a structure as defined above, and one or more of a)
a virus, a genetically modified virus, an attenuated virus, a
cancer vaccine, a cancer gene therapy vector, or an oncolytic
virus, b) one or more cancer cells, ¢) a pharmaceutically
acceptable carrier, diluent or excipient, d) non-cancer cells;
e) cell culture media; f) one or more cancer therapeutics, g)
a cell culture plate or multi-well dish; h) an apparatus to
deliver the compound to a cell, medium or to a subject; 1)
instructions for using the compound or any component in the
kit, j) a carrier diluent or excipient, or any combination of
a)-j).

[0183] In another embodiment, the cells may be cancer
cells in vivo, or in vitro. In a further embodiment, the in vivo
cancer cells may be from a mammalian subject. In still a
further embodiment, the mammalian subject may be a
human subject.

[0184] In yet another embodiment, there is provided
herein a method of increasing the oncolytic activity of an
oncolytic virus in cancer or tumor cells, comprising admin-
istering a compound, or a combination of compounds,
having a structure as described above to said cancer or tumor
cells prior to, concurrently with or after the oncolytic virus.
In another embodiment, the cancer cells may be in vivo, or
in vitro. In still another embodiment, the in vivo cancer cells
may be from a mammalian subject. In yet another embodi-
ment, the mammalian subject may be a human subject.
[0185] In another embodiment, there is provided herein a
compound having a structure as described above. In still
another embodiment, the compound may be for use as a viral
sensitizer for sensitizing a cancer or tumor cell to an
oncolytic virus.

[0186] In an embodiment, there is provided herein a
compound having a structure as described above, for use as
a viral sensitizer to enhance or increase oncolytic virus
activity in cancer or tumor cells. In a further embodiment,
the compound may be for enhancing or increasing oncolytic
virus titer in cancer or tumor cells. In another embodiment,
the compound may be for enhancing or increasing cytotox-
icity of the oncolytic virus in cancer or tumor cells.
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[0187] In a further embodiment of any of the compounds,
compositions, method or methods described above, the
compound, or at least one of the compounds of the combi-
nation of compounds, may exhibit a degradation half-life
greater than 20, 40, 60, 80, 100, 120, 240, 360 minutes or
more in phosphate buffer at pH 7.4.

[0188] In still another embodiment, a compound as
described herein may be a compound for which greater than
about 0.5%, 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 70%, 75%, 80%, 90%, or
greater, or any range bounded at a lower end by any one of
these values, any range bounded at an upper end by any one
of these values, or any range falling between any two of
these values, of the compound remains after 3 hour incuba-
tion at 37° C. in aqueous, protein-rich Balb/c mouse plasma
buffered 1:1 with pH 7.4 phosphate buffered saline (PBS).
For example, a compound as described above may be a
compound for which greater than or equal to (=) about 0.5%
of the compound remains after 3 hour incubation at 37° C.
in aqueous, protein-rich Balb/c mouse plasma buffered 1:1
with pH 7.4 phosphate buffered saline (PBS). For example,
a compound as described herein may be a compound for
which greater than or equal to () about 0.5% of the
compound remains after 3 hour incubation at 37° C. in
aqueous, protein-rich Balb/c mouse plasma buffered 1:1
with pH 7.4 phosphate buffered saline (PBS).

[0189] In another embodiment of any of the compounds,
compositions, method or methods described above, the
compound, or at least one of the compounds of the combi-
nation of compounds, may exhibit a half-life greater than 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 100, 200, 300, 400 minutes or more in a glutathione
stability assay.

[0190] In still another embodiment of any of the com-
pounds, compositions, method or methods described above,
the compound, or at least one of the compounds of the
combination of compounds, may exhibit a lower LD, in the
presence of an oncolytic virus than in its absence. In a
further embodiment, the difference in LD, may be 10, 20,
30, 40, 50, 60, 70, 80, 90, 100 uM or more in the presence
of an oncolytic virus compared to its absence.

[0191] In still another embodiment of any of the com-
pounds, compositions, method or methods described above,
the compound, or at least one of the compounds of the
combination of compounds, may be a compound having an
LD, in the presence of virus which is greater than or equal
to (=) about 1 um, 5 um, 10 um, 15 pm, 20 um, 25 pm, 30
um, 35 pwm, 40 pm, 45 pm, 50 um, 55 pm, 60 pm, 65 pm, 70
um, 75 pm, 80 pwm, 85 pm, 90 um, 95 um, 100 um, or 105
pm, or 110 um, or any range falling between any two of
these values, less than (<) the LD, of the same compound
in the absence of virus as determined in, for example, 786-0
cells where the virus is VSV.

[0192] In still another embodiment of any of the com-
pounds, compositions, method or methods described above,
the compound, or at least one of the compounds of the
combination of compounds, may exhibit a viral sensitizer
activity on VSVAS1 in 786-0 cells which is about 0.01, 0.02,
0.03,0.04, 0.05, 0.06, 0.07, 0.08,0.09,0.1,0.2,0.3,0.4, 0.5,
0.6, 0.7, 0.8, 0.9, 1.0, or greater, or any range bounded at a
lower end by any one of these values, any range bounded at
an upper end by any one of these values, or any range falling
between any two of these values, when reported as peak fold
change in viral expression unit normalized to 3,4-dichloro-
5-phenyl-2,5-dihydrofuran-2-one. In one embodiment, for
example, the compound may be a compound which exhibits
a viral sensitizer activity on VSVAS51 in 786-0 cells which
is greater than or equal to (=) about 0.01 when reported as
peak fold change in viral expression unit normalized to
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3,4-dichloro-5-phenyl-2,5-dihydrofuran-2-one. It will be
understood by the person of skill in the art having regard to
the teachings herein that in certain embodiments, PFC
between two compounds need not always be calculated at
the same compound concentration (although this may indeed
be done). For example, PFC between two compounds could
be determined at a dose of each compound which is experi-
mentally determined to be particularly effective or near
optimal, such as the most effective dose determined from a
dose-response curve.

[0193] Thus, in a non-limiting embodiment, a compound
as described above may be a compound which exhibits a
viral sensitizer activity on VSVAS1 in 786-0 cells which is
about 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08,0.09, 0.1,
0.2, 03, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, or greater, or any
range bounded at a lower end by any one of these values, any
range bounded at an upper end by any one of these values,
or any range falling between any two of these values, when
reported as peak fold change in viral expression unit nor-
malized to 3.,4-dichloro-5-phenyl-2,5-dihydrofuran-2-one
(VSel) taken with both compounds being used at the same
concentration (for example, a particularly effective or near
optimal VSel dose, such as the most effective dose of VSel
determined from a dose-response curve), or taken with the
compound and VSel being used at different concentrations
(for example, a dose of each compound which is experi-
mentally determined to be particularly effective or near
optimal for each compound, such as the most effective dose
for each compound determined from a dose-response curve).

[0194] In one embodiment, for example, the compound
may be a compound which exhibits a viral sensitizer activity
on VSVASI in 786-0 cells which is greater than or equal to
(z) about 0.01 when reported as peak fold change in viral
expression unit normalized to 3,4-dichloro-5-phenyl-2,5-
dihydrofuran-2-one when both compounds are being used at
the same concentration (for example, a particularly effective
or near optimal VSel dose, such as the most effective dose
of VSel determined from a dose-response curve), or when
the compound and VSel are being used at different concen-
trations (for example, a dose of each compound which is
experimentally determined to be particularly effective or
near optimal for each compound, such as the most effective
dose for each compound determined from a dose-response
curve).

[0195] Instill another embodiment of any of the method or
methods described above, the method may further comprise
administration of an anticancer agent or cancer therapeutic.
[0196] In another embodiment, there is provided herein a
method of enhancing or increasing the infection, spread,
titer, or cytotoxicity of an oncolytic virus in cancer or tumor
cells, comprising administering VSel and MD03011,

(MDO3011)
al Cl

to said cells prior to, after, or concurrently with infection of
the cells with the virus.

[0197] The present invention will be further illustrated in
the following examples.
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EXAMPLES

Example 1: Chemical and Biological
Characterization of Parent Compound VSel
(Compound 1)

[0198] To gain a better understanding of the physiochemi-
cal nature of compound 1, we measured the compound’s
stability in phosphate buffer (pH=7.4) with an HPLC assay
(FIG. 1B). Degradation occurred quickly (t1/2=28.8 min)
leading to a complex mixture of products. Given the short
half-life of compound 1 we considered that a degradation
product in an aqueous media could be responsible for the
impact on virus output from cancer cells, which can be
observed up to at least 48h post-treatment with compound 1.
To address this, we treated VSVAS51-resistant 786-0 renal
carcinoma cells with compound 1 and pre-incubated for up
to 24 h in aqueous media. 40 h following infection with
VSVAS51 expressing luciferase (VSVAS1-FLuc), virus out-
put in viral expression units (VEUs) per ml was measured
with a luciferase-reporter assay. Supporting compound 1 as
an active agent as opposed to a degradation product, pre-
incubation of compound 1 in media for as little as 90
minutes did not lead to robust enhancement of viral titers
otherwise observed (FIG. 1C). However, removal of com-
pound 1 following treatment at various times before infec-
tion with VSVAS51-FLuc revealed that the induced effect of
compound 1 on viral growth is rapid and sustained (FIG.

1D).
[0199] Analogue Synthesis and Evaluation
[0200] The above observations provided a rationale to

derive novel compounds based on compound 1 with
increased stability. Taking advantage of the versatile reac-
tions mucohalic acids can undergo (FIG. 2), a diverse set of
analogues was synthesized to reveal structure-activity rela-
tionships (SAR, see Table 1). Table 1 shows the structure
activity and physico-chemical property relationship of VSel
derivatives. Compounds were evaluated for viral sensitizer
activity on VSV in 786-0 cells as described. Viral sensitizer
activity is reported as Peak Fold Change (PFC) in Viral
Expression Unit normalized to VSel.” Values in parenthesis
(uM) indicates a particularly effective dose tested. LD50
indicates in vitro 50% lethal dose, which is provided with
and without addition of virus.” GSH half life was determined
and is a measure of compound electrophilicity (low values
indicate high electrophilicity) and stability. Stability in aque-
ous, protein-rich mouse plasma was also measured. A high
% remaining after 3 hours indicates high stability. “NE
indicates the compound did not detectably increase viral
output. “ND indicates not determined.® NR indicates not
reactive.

[0201] Analogue compounds were screened for their abil-
ity to augment VSVASI1-FLuc activity in 786-0 cells as
above and their pro-viral activity was compared to com-
pound 1. Cytotoxicity in presence and absence of virus was
also assessed using an alamarBlue® metabolic dye. Ana-
logue stability was measured with both a glutathione stabil-
ity assay indicating physiochemical susceptibility to act as a
Michael-acceptor, and a plasma assay indicating metabolic
stability. Substitution of the f-chlorine with an alkyl amine
resulted in compounds with dramatically increased stability
but loss of viral enhancement activity (compounds 3, 4 (see
Table 1)). Removal of the aryl group (compound 5) or
replacement with a methoxide group (compound 6) resulted
in active compounds with similar stability issues as com-
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pound 1. Encouragingly, compounds with the 3,4-dichloro-
5-hydroxy-1,5-dihydropyrrol-2-one scaffolds (compounds
9, 10) enhanced viral expression and showed remarkably
improved stability with both the GSH and plasma assays. In
addition, compound 10 was found to be stable over time in
phosphate buffer (pH=7.4) (FIG. 3A). The LC/MS trace
observed in the glutathione stability assay also showed that
compound 10, contrary to compound 1, cleanly reacted with
the nucleophile to form the glutathione adduct as the major
detectable product (FIG. 3B). However, similarly to com-
pound 1, the impact of compound 10 on viral growth was
found to be rapid and sustained (FIG. 3C). In addition, both
compounds 1 and 10 increased growth of oncolytic HSV-1
expressing GFP in 786-0 cancer cells as observed by fluo-
rescence microscopy and standard plaque assay (FIG.
3D-E).

Given this information, we decided to further explore the
1,5-dihydropyrrol-2-one scaffold. A set of analogue com-
pounds was synthesized to reveal further SAR (Table 1).
Analogues with alterations to the hydroxyl group (com-
pounds 11-15) reduced activity, as did alterations to the
dichloro-moiety (compounds 16-21) when compared to
compound 1. We then decided to investigate 3,4-dichloro-
5-hydroxy-1,5-dihydropyrrol-2-one scaffold with various
substitutions on the amine (Table 1). Analogues with satu-
rated and unsaturated alkyl chains (compounds 22-27) were
synthesized and evaluated which lead to the identification of
cyclopropyl derivative compound 25, which displayed
retained activity and remarkably improved toxicity and
stability profiles. Morpholine containing analogue com-
pound 28 also displayed promising activity with improved
physiochemical properties. The phenylpropylamine deriva-
tive compound 30 showed improved activity over similar
analogues with varying alkyl chain lengths (compounds 10,
29, 31). A set of aromatic and hetero-aromatic compounds
were also evaluated (compounds 36-53), leading to the
identification of compound 40, a 4-trifluoromethyl ben-
zylamine derivative which displayed activity 1.6 fold greater
than compound 1 in addition to improved stability.

[0202] Ex-Vivo Assessment of Analogue Activity

[0203] To facilitate evaluation of a larger number of
compounds prior to in vivo testing, we chose to test a subset
of analogues for their ability to enhance VSVAS1 oncolysis
in ex vivo tissue samples. Tissue samples from VSVAS1
resistant CT26 murine colon cancer tumors as well as
normal mouse brain, lung and spleens were cored and put in
tissue culture. Viable cores were selected for subsequent
treatment with a compound and VSVAS1 expressing green
fluorescent protein (VSVAS1-GFP). FIG. 4A shows repre-
sentative images of infected cores that were pre-treated with
a select dose of compound. Corresponding viral titers as
determined by plaque assay are shown in FIGS. 4B-G. To
varying extents, compound 1 and analogues enhanced
VSVAS51-GFP titers in CT26 colon cancer specimens. For
compound 28 in particular, there was robust enhancement of
VSVAS51 output in the tumor specimens (nearly 100-fold)
but little to no impact in normal tissue specimens, indicating
that the specificity of VSVAS1 towards tumor tissue is
maintained following treatment with the compound.

[0204] In Vivo Evaluation

[0205] We next proceeded to evaluate the in vivo toler-
ability of a subset of analogues, selected based on desirable
physiochemical characteristics, in vitro activity and ex vivo
activity/selectivity profiles. Compounds were administered
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intraperitoneally to Balb/c mice and body weight was moni-
tored over several days. Mice were sacrificed when they
reached the endpoint of 20% loss of body weight or showed
significant outward signs of toxicity. FIG. 5 shows that
compound 1 leads to toxicity starting at a dose of 10 mg/kg.
In contrast analog compound 10 was well tolerated up to a
dose of 50 mg/kg and analog compounds 24 and 28 up to
100 mg/kg.

[0206] Because it effectively and specifically enhanced
OV output in tumors ex vivo and was very well tolerated in
mice, we proceeded to evaluate analog compound 28 for its
ability to increase the infection of tumors with VSVASI1-
FLuc in vivo. Balb/c mice were subcutaneously engrafted
with CT26 cells and treated intra-tumorally with VSVAS1-
FLuc alone or in combination with analog compound 28. We
used an in vivo imaging system (IVIS) to measure luciferase
activity associated to virus replication 48 h post treatment.
FIG. 6 shows that compared to VSVAS51-FLuc alone, analog
compound 28 (FIG. 6A-B) significantly enhanced tumor-
specific viral replication specifically within the tumor. Simi-
lar results were obtained with analog compound 10 (FIGS.
6C-D).

[0207] In this study, we carried out SAR studies leading to
the identification of new pyrrole derivatives of compound 1
with substantially improved stability, reduced electrophilic-
ity, and retained or improved ability to enhance growth of
OVs such as HSV-1 and VSVAS1 in resistant cancer cell
lines in vitro. In vivo evaluation further demonstrated that
compounds such as analog 28 are exceptionally well toler-
ated (>10x the dose of parent compound 1) and effective at
enhancing OV replication specifically within tumors. Ex
vivo evaluation of compounds provided a useful pre-screen-
ing tool for selecting active and tumor-selective leads. In
summary, we have derived a novel class of compounds that
sensitize cells to virus infection and that could be useful for
a broad range of applications utilizing viral vectors.

[0208] Experimental Methodology
[0209] Cell Lines
[0210] 786-0 (human renal carcinoma) and Vero (monkey

kidney) cells were obtained from the American Type Culture
Collection and maintained in Dulbecco’s Modified Eagle’s
medium (Corning) supplemented with 10% fetal bovine
serum and buffered with 30 mM Hepes. All cell lines were
incubated at 37° C. with 5% CO2.

[0211] Viruses

[0212] VSVAS5I1 is a recombinant variant of the Indiana
serotype of VSV harbouring a deletion of the 51st methio-
nine in the M protein. VSVAS1 expressing green fluorescent
protein (GFP) or firefly luciferase (FLuc) are recombinant
derivatives of VSVAS1. All virus stocks were propagated in
Vero cells, purified on Optiprep gradient and titered on Vero
cells. HSV-1 N212 (an ICPO-deleted oncolytic strain)
expressing GFP was obtained from Dr. Karen Mossman.
[0213] High-Throughput Screening of Analogs

[0214] High-throughput assessment of analog activity and
cytotoxicity was performed as previously described (Garcia
V, et al. J Vis Exp 2014). Briefly, stock preparations of
compounds in dimethylsulfoxide (DMSO) were first diluted
in 5% DMSO (in water) and then in cell culture media to
obtain indicated concentration range. Diluted compounds
were applied to confluent 786-0 cells in 96-well plates for
indicated times prior to infection with VSVAS1 (or mock) at
a multiplicity of infection of 0.01. Vehicle alone (DMSO)
was used as a negative control. 48 h later, infected and mock
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infected cells were either incubated with Alamar Blue®
according to manufacturer’s instructions (Life Technolo-
gies) to assess viability or supernatants were collected for
virus quantification by luciferase assay on confluent Vero
cells in 96-well plates infected for 5-6 hours. To generate the
standard curve, known amounts of virus (in plaque-forming
units, or pfu) were added to the Vero cells at the same time
as transfer of 786-0 supernatant. Upon measurement of
bioluminescence, input pfu was plotted against mean rela-
tive light units for the standard curve, which was fit by
four-parameter non-linear regression analysis. This standard
curve was used to interpolate viral expression units (VEUSs)
which correlate with virus titer. For these experiments,
compound 1 was used as a control and peak fold change
(PFC) in VEU for each analog was normalized to peak PFC
for VSel to generate the data in Table 1. Thus, all the data
presented for analog compounds is in relation to results
obtained for compound 1.

[0215] Glutathione Stability Experiment

[0216] 250 uL of a 40 mM DMSO stock solution of each
compound was added to L-glutathione (15.4 mg, 5 mol
equiv.) suspended in 250 pl. of DMSO. The resulting
mixture was placed in a 37° C. shaker. 10 uL aliquots were
removed and quenched in 990 uL. of water (containing 0.5%
formic acid) at various time points, including at t=0 min, for
analysis by ESI-LC-MS. All ESI-LC-MS analyses were
collected on an AP12000 LC/MS/MS System (Applied Bio-
systems) equipped with a turbo-ion spray ESI probe inter-
faced with a Prominence UFLC (Shimadzu) equipped with
a reverse phase BDS Hypersil C18 50x2.1 mm column,
particle size 3 m (Thermo Scientific). HPLC/LCMS UV
absorption was monitored at 254 nm and 210 nm. Both the
compound and the glutathione adduct were identified by
MS. Area of the UV peak was recorded for each time point.
[0217] Plasma Stability Assay

[0218] MRM Development. 10 mM stock solutions of
each analogue were prepared in methanol and diluted with
aqueous formic acid (0.1%) to a final concentration of 1 M.
5 uLL of the diluted solution was inserted into a Proxeon
nanoelectrospray emitter (Thermo Scientific, Odense, Den-
mark) and analyzed in positive ion mode via nanoEST MS
using a QStarXL, hybrid quadrupole time-of-flight mass
spectrometer (AB Sciex, Framingham, Mass., USA). Full
mass and product ion spectra were collected for each com-
pound using a nanoESI voltage of 1000 V, a declustering
potential of 30 V and a focusing potential of 120 V. The
product ion spectra were used to determine two multiple
reaction monitoring (MRM) transitions for each compound
with optimized collision energies: a “quantitative transition”
to determine the relative quantities of each compound as
well as a “confirmatory transition” to eliminate isobaric
interference in the measurements.

[0219] Plasma Incubation. 1 mM stock solutions of each
analogue were prepared in methanol and mixed with Balb/c
mouse plasma (Innovative Research, Novi, Mich., USA)
that was buffered 1:1 with PBS (pH=7.4). To increase the
through-put of the assay, compounds were multiplexed in
groups of three and analyzed in triplicate. The compounds
were added to the plasma to a final concentration of 10 uM
in a total volume of 400 pL.. Immediately upon mixing, 200
pL of the sample mixture was quenched with 300 L. of
aqueous formic acid (5%) to prevent degradation of the
analogues. The remainder of the sample mixture was incu-
bated at 37° C. for three hours and quenched in an identical
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fashion. The quenched samples were passed through a 3 kDa
Amicon molecular weight cut off filter (Millipore, Billerica,
Mass., USA) by centrifugation at 14,000 rpm for 15 mins.
[0220] LC-MRM. 20 uL of the filtrates was subjected to
MRM analysis via a Qtrap 4000 (AB Sciex, Framingham,
Mass., USA) hybrid triple quadrupole linear ion trap mass
spectrometer with a Turbo V ion spray source coupled to a
Dionex Ultimate3000 HPLC (Thermo Fisher Scientific,
Waltham, Mass., USA) (see Supporting Information). Frit-
ted fused silica columns (200 pm ID) (Molex, Lisle, Il1.,
USA) were packed with 5 m Magic C18 (MICHROM
Bioresources Inc., Auburn, Calif.,, USA) reversed phase
beads to a length of 5 cm using an in house high-pressure
vessel. Chromatographic separations were employed using
reversed phase solvents (water and acetonitrile both con-
taining 0.1% formic acid) over 10 minutes. Spectra were
obtained using an ion spray voltage of 5000 V and a
declustering potential of 25 V. Automatic quantitation was
achieved using MultiQuant (AB Sciex, Framingham, Mass.,
USA) via integration of the peak areas for the extracted ion
chromatogram of the quantitative MRM transition. The
plasma stability of each compound was calculated as a
percentage of the compound detected after three hours of
incubation in plasma relative to the amount detected after
immediate quenching.

[0221] Ex-Vivo Studies

[0222] Balb/c mice were implanted with CT26-WT (mu-
rine colon carcinoma) cells. Mice were sacrificed 24 days
later, after tumors had reached at least 10 mmx10 mm in
size. Tumor, lung, spleen, brain, and abdominal muscle
tissue were extracted from the mice, cut into 2 mm thick
slices and cored into 2 mmx2 mm pieces via punch biopsy.
Each tissue core was incubated in 1 mL of Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with
10% fetal bovine serum, 30 mM HEPES and amphotericin
B, in a 37°, 5% CO2 humidified incubator. In order to assess
the viability of each core, alamarBlue® was added to each
well for a 4-hour incubation period. Viable cores were
selected and treated with various concentrations of VSel
and analogues. The cores were then infected with VSVAS1
expressing a GFP transgene (VSVAS1-GFP) four hours post
treatment. GFP pictures were taken for each core 24 hours
post infection. Cores and supernatants were collected 30
hours post infection and titered by plaque assay.

[0223] Further Analogue Evaluation
[0224] Synergistic Effect Studies
[0225] It was hypothesized that combinations of two or

more compounds as described herein may also be used. An
assay was conducted in which human renal carcinoma
(786-0) cells were co-treated with VSel and the VSel
analogue MDO03011 (structure shown in Table 2). Assay
results are provided in FIG. 7. As can be seen, a surprising
synergist effect was observed when cells were treated with
both VSel and MDO03011, with fold change in VEU/mL
climbing substantially. These results suggest that synergistic
effects may be obtained using combinations of two or more
compounds as described herein. Under the conditions tested,
VSel combined with MDO03011 provided an excellent syn-
ergistic effect.

[0226] Infection of Cells with Oncolytic Maraba Virus
[0227] FIG. 8 shows that VSel and its analogues may
enhance infection of cells with oncolytic Maraba virus.
Human renal carcinoma (786-0) cells were left untreated or,
treated with compound at various concentrations. After 4
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hours, cells were infected with MG1-eGFP at MOI 0.005.
eGFP fluorescence was detected 24 h after MG1 infection
and quantified using a Cellomics ArrayScan high content
screening microscope. Compounds tested include com-
pounds 1, 10, 27, 28, and 29 as shown in Table 1, each of
which showed increased GFP counts in this assay.

[0228] Infection of Cells with Herpes Simplex Virus-1
[0229] FIG. 9 shows that VSel and its analogs enhance
infection of cells with Herpes Simplex Virus-1. Human renal
carcinoma (786-0) cells were left untreated or, treated with
compound at various concentrations. After 4 hours, cells
were infected with ICPO-null HSV-N212eGFP at MOI 0.01.
eGFP fluorescence was detected 48 h after HSV infection
and quantified using a Cellomics ArrayScan high content
screening microscope. Compounds tested include com-
pounds 1, 10, 27, 28, and 29 as shown in Table 1, each of
which showed increased GFP counts in this assay.

[0230] VSel Analogue Effect on Therapeutic Activity of
Oncolytic VSV in a Cancer Xenograft Model

[0231] FIG. 10 shows that VSel analogue 28 (see struc-
ture shown in Table 1) enhances therapeutic activity of
oncolytic VSV in a human colon cancer xenograft model.
FIG. 10(A) shows results obtained when VSVAS]1-resistant
HT29 cells (human colon carcinoma) were subcutaneously
engrafted into female Balb/c mice, and the xenograft mice
were then treated with compound 28 by intratumoral injec-
tion followed by VSVAS51-FLuc. Mouse survival was moni-
tored over time, as shown in FIG. 10(B). These results
demonstrate that compound 28 reduced tumor growth, and
increased mouse survival rates, in these experimental con-
ditions.

[0232] All citations are hereby incorporated by reference.
[0233] The present invention has been described with
regard to one or more embodiments. However, it will be
apparent to persons skilled in the art that a number of
variations and modifications can be made without departing
from the scope of the invention as defined in the claims.
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TABLE 1

Normalized PFC GSH Plasma stab.

(PFC dose LD30 LDS50 with half-life % remaning at
Compound Structure (UM))* (uM) virus (UM)  (min)® 3 hrs
1 Cl Cl 1.00 (60 uM) 79 16 <5 0
O (¢}
2 Br Br 0.37 (72 pM) 87 50 <5 0
O (¢}
3 Ph 0.19 (96 uM) 140 140 NR* 65.6 £ 6.5

Cl HNJ
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TABLE 1-continued

Normalized PFC

GSH Plasma stab.

(PFC dose LD30 LDS50 with half-life % remaning at
Compound Structure (UM))* (uM) virus (UM)  (min)® 3 hrs
4 4>7 0.18 (80 uM) 90 90 NR 0
Cl HN
ObO\Q
5 cl Cl 0.27 (36 uM) a1 27 <5 0
O%o
6 cl Cl 0.21 (60 uM) 73 51 <5 0
Obo\o/
7 cl Cl 0.17 (60 uM) 52 17 <5 0
O%O\O/\
8 Cl Cl NE° >180 >180 NR 88.3 £90.3
I{I
(6] N/
H
9 cl Cl 0.67 (120 pM) 148 87 117 0
O%N\OH
H
10 Cl Cl 0.37 (48 uM) 67 51 32 19.8 £ 0.4
O%N\OH
11 Cl Cl 0.03 (240 uM) 332 332 64 42.5 £9.6

/—z
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TABLE 1-continued
Normalized PFC GSH Plasma stab.
(PFC dose LD30 LDS50 with half-life % remaning at
Compound Structure (UM))* (uM) virus (UM)  (min)® 3 hrs
12 Cl Cl 0.28 (180 uM) 206 203 118 47.6 £ 1.4
ObN\OMe
kPh
13 al Cl 0.16 (60 M) 61 45 21 0
O%N\O Ac
kPh
14 Cl Cl 0.03 (17.8 uM) 104 98 <5 70.2 =+ 8.4
OAO
kPh
15 ClL ClL NE 66 66 340 149 £ 7.1

16 H H NE >360 >360 NR® 98.2 £ 3.7

17 ﬁ NE >360  >360 NR 82.0 = 10.2
9] N oH

18 Cl NE >360 >360 — ND4

OH

Ph
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TABLE 1-continued
Normalized PFC GSH Plasma stab.
(PFC dose LD30 LDS50 with half-life % remaning at
Compound Structure (LM))* (uM) virus (uM)  (min)® 3 hrs
19 Cl Ph NE 250 245 — ND
O N OH
kPh
20 NE >360 >360 NR 1029 = 1.6
O N OH
kPh
21 O, NE >90 >90 NR 102.7 = 10.8
N
_/
Cl S
O N OH
kPh
Cl Cl
O N OH
I
R!
22 0.47 (96 uM) 119 76 68 72.0 3.0
[P aTaVaVs VaVaVaVol
23 0.06 (72 uM)  >90 55 — ND
[EATAVAY, VaVaV, Vol
24 0.48 (120 uM) 174 96 61 91.6 £5.2

25 0.74 (80 uM) 127 51 53 54.8 £ 3.6



TABLE 1-continued
Normalized PFC GSH Plasma stab.
(PFC dose LD30 LDS50 with half-life % remaning at
Compound Structure (UM))* (uM) virus (UM)  (min)® 3 hrs
26 0.52 (96 uM) 110 66 46 64.8 = 7.7
wnwwvpwnwae
27 0.04 (80 uM) 100 60 21 9.0x14
RV aVa vy VaVavaVol
28 1.00 (80 uM) 153 55 96 389 5.2
B
N\)
29 0.51 (72 uM) 74 27 74 57.6 = 6.6
Ph
30 Nb\ 0.57 32 uM) 36 20 50 429 £ 72
Ph
31 0.26 (40 uM) 40 34 72 40.1 £ 9.8
wnavpnonone
\/\/Ph
32 0.11 (27 uM) 28 5 24 ND
ROA YAV, VavaVylay
: Ph
33 t 0.30 (18 uM) 18 12 24 0
Ph
34 0.33 (72 uM) 74 6 31 48.0 £ 16.5
Ph
35 ‘ 0.14 27 uM) 36 23 43 63.8 £3.2
Ph Ph

Oct. 25, 2018



US 2018/0305345 Al Oct. 25, 2018

TABLE 1-continued
Normalized PFC GSH Plasma stab.
(PFC dose LD30 LDS50 with half-life % remaning at
Compound Structure (UM))* (uM) virus (UM)  (min)® 3 hrs
36 0.07 (180 uM)  >180 >180 34 282 2.6
OMe
37 0.56 (48 uM) 58 38 a1 0.7 £0.1
OH
38 0.35 (216 uM) 215 107 32 25729
Cl
39 5 0.51 (60 uM) >90 25 34 414 £54
SO;Me
40 Jtﬂj\ 1.6 27 pM) 36 13 32 15325
CF3
41 A%\ 0.19 (40 uM) 39 30 35 514 = 8.2
CH;
42 0.03 (40 uM) 55 17 40 49.1 £ 124

"

OMe
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TABLE 1-continued
Normalized PFC GSH Plasma stab.
(PFC dose LD30 LDS50 with half-life % remaning at
Compound Structure (UM))* (uM) virus (UM)  (min)® 3 hrs
43 A%\ 0.15 (60 uM) >90 45 69 583 = 0.6
OH
44 0.08 (60 uM) 63 39 31 459 £ 8.1
F

45 0.06 (48 uM) 43 37 31 542 4.2

46 0.09 (40 uM) 42 36 32 23.1 0.8

47 0.10 (40 uM) 36 35 35 227 £ 84
F
F
F
N
N
/

48 0.65 (32 uM) 38 24 14 36.5 7.6

49 0.31 (96 uM) 131 67 64 4.6 1.2
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TABLE 1-continued
Normalized PFC GSH Plasma stab.
(PFC dose LD30 LDS50 with half-life % remaning at
Compound Structure (UM))* (uM) virus (UM)  (min)® 3 hrs
50 0.42 (60 uM) 85 29 54 39.6 = 2.6
AN
/
51 031 (72 M) 89 28 53 440 = 1.0
X
/ N
52 0.25 (60 uM) 67 28 45 541 +5.1
O,
53 0.51 (60 uM) 64 27 40 50.1 = 10.5
S

1. A method of enhancing or increasing the infection,
spread, titer, or cytotoxicity of an oncolytic virus in cancer
or tumor cells, comprising administering a compound, or a
combination of compounds, defined by formula (I):

pot

R3 Ry

@
R,

an N-oxide, pharmaceutically acceptable addition salt,
quarternary amine or stereochemically isomeric form
thereof, wherein:

A is a 5-membered heterocyclic ring comprising 0 or 1
double bond and 1 heteroatom selected from O, sub-
stituted or unsubstituted N;

R' and R* are each independently H, oxo, hydroxyl,
alkynyloxy, phenyl, substituted phenyl, benzyl, substi-
tuted benzyl, triazolyl, substituted triazolyl, or indolyl;

R? and R® are each independently hydrogen, halogen,
alkynylamino, isobutylamino, or benzylamino;

to said cells prior to, after, or concurrently with infection of
the cells with the virus.

2. A method of enhancing or increasing the infection,
spread, titer, or cytotoxicity of an oncolytic virus in cancer

or tumor cells, comprising administering a compound, or a
combination of compounds, selected from the group con-
sisting of

a,p-dichloro-y-hydroxy-N-benzyl-crotonic lactam; 3,4-
dichloro-5-prop-2-ynyloxy-SH-furan-2-one;  3,4-di-
bromo-5-prop-2-ynyloxy-5SH-furan-2-one; 3-chloro-5-
phenyl-4-prop-2-ynylamino-5SH-furan-2-one; 3-chloro-
4-isobutylamino-5-prop-2-ynyloxy-5H-furan-2-one;
1-benzyl-3,4-dichloro-5-prop-2-ynyloxy-1,5-dihydro-
pyrrol-2-one;  3.4-dichloro-5-hydroxy-1-(2-methoxy-
benzyl)-1,5-dihydro-pyrrol-2-one;  4-benzylamino-3-
chloro-5-prop-2-ynyloxy-5H-furan-2-one; 3.,4-
dichloro-5-hydroxy-1-prop-2-ynyl-1,5-dihydro-pyrrol-
2-one; 3,4-dichloro-5H-furan-2-one; benzo[1,3]
dioxole-5,6-dione;  4,5-dichloro-2H-pyridazin-3-one;
4,5-dichloro-2-phenyl-2H-pyridazin-3-one; 3,4-di-
chloro-1-phenyl-pyrrole-2,5-dione; 3,4-dichloro-5-
(1H-indol-3-y1)-5H-furan-2-one, indole-3-crotonic
acid;  3,4-dichloro-5-hydroxy-1,5-dihydro-pyrrol-2-
one; 5-phenyl-4,5-dihydro-3aH-pyrrolo[1,2-a]quino-
lin-1-one;  5-phenyl-4,5-dihydro-3aH-pyrrolo[1,2-a]
quinolin-1-one;  3,4-dichloro-5-(3-nitro-phenyl)-SH-
furan-2-one; 3,4-dichloro-5-hydroxy-1-methyl-1,5-
dihydro-pyrrol-2-one;  3,4-dichloro-1-prop-2-ynyl-5-
prop-2-ynyloxy-1,5-dihydro-pyrrol-2-one; 3.,4-
dichloro-1-(2-chloro-benzyl)-5-hydroxy-1,5-dihydro-
pyrrol-2-one;  3,4-dichloro-5-hydroxy-1-propyl-1,5-
dihydro-pyrrol-2-one; 1-phenyl-pyrrole-2,5-dione; 3,4-
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dichloro-1-propyl-pyrrole-2,5-dione; 1-benzyl-3,4-di-
chloro-pyrrole-2,5-dione;  3,4-dichloro-5-hydroxy-1-
phenyl-1,5-dihydro-pyrrol-2-one; 1-(1-benzyl-1H-[1,2,
3]triazol-4-ylmethyl)-3,4-dichloro-5-hydroxy-1,5-
dihydro-pyrrol-2-one; [4-(4-chloro-3-isobutylamino-5-
0x0-2,5-dihydro-furan-2-yloxymethyl)-[ 1,2,3 Jtriazol-
1-yl]-acetic acid; [4-(3,4-dichloro-2-hydroxy-5-0x0-2,
5-dihydro-pyrrol-1-ylmethyl)-[1,2,3]triazol-1-y1]-
acetic acid; 3,4-dichloro-5-hydroxy-1-phenethyl-1H-
pyrrol-2(5H)-one; 3,4-dichloro-5-hydroxy-1-(2-
morpholinoethyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-
1-cyclopropyl-5-hydroxy-1H-pyrrol-2(SH)-one;  3,4-
dichloro-5-hydroxy-1-(2-mercaptoethyl)-1H-pyrrol-2
(5H)-one; 2-(3,4-dichloro-2-hydroxy-5-0x0-2,5-
dihydro-1H-pyrrol-1-yl)ethanaminium 2,2,2-
trifluoroacetate; 3,4-dichloro-5-hydroxy-1-(3-
phenylprop-2-ynyl)-1H-pyrrol-2(5H)-one; 3.,4-
dichloro-5-hydroxy-1-(4-(trifluoromethyl)benzyl)-1H-
pyrrol-2(5H)-one; 1-(biphenyl-4-ylmethyl)-3,4-
dichloro-5-hydroxy-1H-pyrrol-2(5H)-one; 3.,4-
dichloro-5-hydroxy-1-(4-nitrobenzyl)-1H-pyrrol-2
(5H)-one; 3,4-dichloro-5-hydroxy-1-(2-
methoxybenzyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-1-
(2-chlorobenzyl)-5-hydroxy-1H-pyrrol-2(5SH)-one;
1-benzhydryl-3,4-dichloro-5-hydroxy-1H-pyrrol-2
(5H)-one; 3,4-dichloro-5-hydroxy-1-(naphthalen-1-yl-
methyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-5-hy-
droxy-1-(1-phenylethyl)-1H-pyrrol-2(SH)-one; ~ 3,4-
dichloro-5-hydroxy-1-(pyridin-3-ylmethyl)- 1H-pyrrol-
2(5H)-one; 3,4-dichloro-5-hydroxy-1-(pyridin-4-
ylmethyl)-1H-pyrrol-2(SH)-one; 3,4-dichloro-5-
hydroxy-1-(pyridin-2-ylmethyl)-1H-pyrrol-2(5SH)-one;
3,4-dichloro-1-(furan-2-ylmethyl)-5-hydroxy-1H-pyr-
rol-2(5H)-one; N-(2-(3,4-dichloro-2-hydroxy-5-ox0-2,
5-dihydro-1H-pyrrol-1-yl)ethyl)-5-(dimethylamino)
naphthalene-1-sulfonamide; (3a8)-2,3-dichloro-5-
phenyl-4,5-dihydropyrrolo[1,2-a]quinolin-1(3aH)-one;
3,4-diiodo-2-phenyl-2,5-dihydrofuran; D-Glucona-
mide, N-octyl; (S)-11-amino-4,7,10,14-tetraoxo-15-
((2R,3R 4R,5R,6R)-3,4,5-trihydroxy-6-(hydroxym-
ethyl)tetrahydro-2H-pyran-2-y1)-3,6,9,13-
tetraazapentadecan-1-oic acid; 1-allyl-3,4-dichloro-5-
hydroxy-1H-pyrrol-2(5SH)-one; 3,4-dichloro-5-
hydroxy-1-(2-hydroxybenzyl)-1H-pyrrol-2(5H)-one;
3,4-dichloro-5-hydroxy-1-(thiophen-2-ylmethyl)-1H-
pyrrol-2(5H)-one; 3,4-dichloro-5-hydroxy-1-(4-(meth-
ylsulfonyl)benzyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-
1-((4,5-dimethyloxazol-2-yl)methyl)-5-hydroxy-1H-
pyrrol-2(5H)-one;  3,4-dichloro-5-hydroxy-1-(3,4,5-
trifluorobenzyl)-1H-pyrrol-2(5H)-one; 3,4-dichloro-5-
hydroxy-1-(4-methoxybenzyl)-1H-pyrrol-2(5H)-one;
4,5-dichloro-2-(2,2,2-trifluoroethyl)pyridazin-3(2H)-
one; 4,5-dichloro-2-cyclohexylpyridazin-3(2H)-one;
methyl  2-(4-((3,4-dichloro-2-hydroxy-5-oxo0-2,5-di-
hydro-1H-pyrrol-1-yl)methyl)-1H-1,2,3-triazol-1-y1)
acetate;  4,5-dichloro-2-o-tolylpyridazin-3(2H)-one;
4,5-dichloro-2-(2-(dimethylamino)ethyl)pyridazin-3
(2H)-one hydrochloride; and 4,5-dichloro-2-(4-fluoro-
phenyl)pyridazin-3(2H)-one or any compound or group
of compounds defined in Table 1;

to said cells prior to, after, or concurrently with infection of

the cells with the virus.

3. A method of enhancing or increasing the infection,
spread, titer, or cytotoxicity of an oncolytic virus in cancer
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or tumor cells, comprising administering a compound, or a
combination of compounds, defined by formula (VIII):

(VIID)
al X3

o Xp X5

or

a pharmaceutically acceptable salt, or stereochemically
isomeric form thereof, wherein:

X,, 15 O, NH, or substituted N;

X5 is halogen such as Cl, or NHX,,, wherein X, is a
substituted or unsubstituted linear or branched alkyl,
alkenyl, or alkynyl, or substituted or unsubstituted aryl
or heteroaryl; and

X5 is H, OH, —O, substituted or unsubstituted mono- or
bi-cycloaryl or -heteroaryl such as substituted or unsub-
stituted phenyl, or OX, ¢, wherein X, is H, linear or
branched substituted or unsubstituted alkyl, alkenyl,
alkynyl, or acyl, or X, is acetyl, methyl, or —CH,—
CECH;

to said cells prior to, after, or concurrently with infection of
the cells with the virus.

4. The method according to claim 3, wherein the com-

pound, or at least one of the compounds of the combination
of compounds, is defined by formula (III):

(I
cl cl

o) N OH,

Xs

wherein X5 is H, substituted or unsubstituted linear or
branched C,-C,, alkyl, alkenyl, or alkynyl, substituted or
unsubstituted mono- or bi-cycloaryl or -heteroaryl, substi-
tuted or unsubstituted cycloalkyl or heterocycloalkyl, or
wherein X is substituted or unsubstituted alkynyloxy, phe-
nyl, alkylphenyl, substituted phenyl, benzyl, substituted
benzyl, triazolyl, substituted triazolyl, naphthalenyl, substi-
tuted naphthalenyl, substituted or unsubstituted pyridinyl,
substituted or unsubstituted furanyl or thiofuranyl, thiophe-
nyl, sulfonobenzyl, methylsulfonobenzyl, pyrrolyl, substi-
tuted or unsubstituted morpholine, cycloalkyl, alkylthiol,
substituted or unsubstituted alkyamine, or substituted or
unsubstituted oxazoline.

5. The method according to claim 3, wherein the com-
pound, or at least one of the compounds of the combination
of compounds, is defined by formula (IV):

)
cl Cl
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wherein X, is H, substituted or unsubstituted linear or
branched alkyl, alkenyl, alkynyl, or acyl, or wherein X, is
substituted or unsubstituted methyl, alkyl triazolyl, acetyl, or
—CH,—C=CH.

6. The method according to claim 3, wherein the com-
pound, or at least one of the compounds of the combination
of compounds, is defined by formula (VI):

(VD)
Xs

Cl NH

wherein X is substituted or unsubstituted linear or branched
alkyl, alkenyl, or alkyny, or substituted or unsubstituted aryl
or heteroaryl, or X is substituted or unsubstituted benzyl.

7. The method according to claim 3, wherein the com-
pound, or at least one of the compounds of the combination
of compounds, is defined by formula (VII):

(VID)
al Cl

wherein X, is H, OH, OX,,;, or —O, wherein X, is H,
substituted or unsubstituted linear or branched alkyl, alk-
enyl, alkynyl, or acyl, or X, is acetyl, methyl, or —CH,—
C=CH.

8-10. (canceled)

11. The method of claim 1, wherein the cells are cancer
cells in vivo, or in vitro.

12. The method of claim 11 wherein the in vivo cancer
cells are from a mammalian subject.

13. The method of claim 8, wherein the mammalian
subject is a human subject.

14. A method of increasing the oncolytic activity of an
oncolytic virus in cancer or tumor cells, comprising admin-
istering a compound, or a combination of compounds, as
defined in claim 1 to said cancer or tumor cells prior to,
concurrently with or after the oncolytic virus.
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15. The method of claim 14, wherein the cancer cells are
in vivo, or in vitro.

16. The method of claim 14 wherein the in vivo cancer
cells are from a mammalian subject.

17. The method of claim 16, wherein the mammalian
subject is a human subject.

18-21. (canceled)

22. The method of claim 1, wherein the compound, or at
least one of the compounds of the combination of com-
pounds, exhibits a degradation half-life greater than 20, 40,
60, 80, 100, 120, 240, 360 minutes or more in phosphate
buffer at pH 7.4.

23. The method of claim 1, wherein the compound, or at
least one of the compounds of the combination of com-
pounds, exhibits a half-life greater than 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200,
300, 400 minutes or more in a glutathione stability assay.

24. The method of claim 1, wherein the compound, or at
least one of the compounds of the combination of com-
pounds, exhibits a lower LD50 in the presence of an
oncolytic virus than its absence.

25. The method of claim 24, wherein the difference in
LD30 is 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 uM or more
in the presence of an oncolytic virus compared to its
absence.

26. The method of claim 1, wherein the compound, or at
least one of the compounds of the combination of com-
pounds, has a viral sensitizer activity on VSVAS1 in 786-0
cells which is about 0.01 or greater when reported as peak
fold change in viral expression unit normalized to 3,4-
dichloro-5-phenyl-2,5-dihydrofuran-2-one.

27. The method of claim 1, wherein the method further
comprises administration of an anticancer agent or cancer
therapeutic.

28. A method of enhancing or increasing the infection,
spread, titer, or cytotoxicity of an oncolytic virus in cancer
or tumor cells, comprising administering VSel and

MDO03011,
al cl
O%N\OH
o
AN

to said cells prior to, after, or concurrently with infection of
the cells with the virus.

(MDO3011)

#* #* #* #* #*



