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(57) ABSTRACT

The present invention concerns methods and compositions
involving inhibitors and of RADS1, a protein involved in
homologous recombination. In some embodiments, there are
methods for sensitizing cells to the effects of DNA damaging
agents, which can have particular applications for cancer
patients. In some embodiments of the invention, the RADS51
inhibitor is a small molecule that directly affects RADS1
activity, such as its ability to promote filament formation.
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METHODS AND COMPOSITIONS
INVOLVING RADS1 INHIBITORS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority of
U.S. Provisional Patent Application No. 61/731,982 filed on
Now. 30, 2012, which is hereby incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to the fields
of biochemistry, cell biology, organic chemistry, and oncol-
ogy. More specifically, it concerns methods for synthesizing
inhibitors of RADS51 and inhibiting RADS51 protein activity
in a cell.

[0004] 2. Description of Related Art

[0005] Homologous recombination (HR) is an essential
process in eukaryotic cells that provides repair of DNA
double-strand breaks (DSBs) and lesions that block DNA
replication. Faithful DSB repair by HR utilizes an undamaged
sister chromatid as a template to guide the repair process. This
distinguishes HR from the error-prone non-homologous end
joining (NHEJ) DNA repair pathway (Thompson and Schild,
2001). Since HR facilitates cellular recovery from replica-
tion-blocking lesions and collapsed replication forks, cells
with impaired HR capacity are known to exhibit profound
sensitivities to a class of chemotherapeutic drugs that gener-
ate inter-strand DNA crosslinks (ICLs, Tebbs et al., 1995; Liu
et al., 1998; Takata et al., 2001).

[0006] RADS1 is an evolutionarily conserved protein that
is central to HR. One of the initial steps in HR is the poly-
merization of RADS51 on single-stranded DNA (ssDNA),
wherein protomers of RADS1 oligomerize into a helical
nucleoprotein filament at the site of damaged DNA. This
nucleoprotein filament subsequently searches for a homolo-
gous DNA sequence and invades it to form a joint molecule.
With the assistance of other related HR proteins, accurate
DNA synthesis is then performed using the undamaged
sequence as a template. Over-expression of RADS51 proteinin
cells has been shown to elevate HR efficiency and to generate
resistance to ICL-forming drugs (Vispe et al., 1998; Slupi-
anek et al., 2001; Bello et al., 2002; Hansen et al., 2003). This
has important implications for oncology research, since
RADS51 is over-expressed in a wide range of human cancer
cell types (Klein 2008; Hine et al., 2008).

[0007] The reliance of cancer cells on RADS51-dependent
HR combined with the upregulation of RADS1 in certain
human cancer cell types make RADS51 a desireable target for
small molecule inhibition.

SUMMARY OF THE INVENTION

[0008] Embodiments are based on the identification and
characterization of compounds that alter the ability of the
RADS1 protein to bind fluorescently labeled oligonucle-
otides. Therefore, there are methods and compositions
involving compounds that directly inhibit the activity of the
RADS51 protein. In certain embodiments, methods and com-
positions concern compounds that decrease, inhibit, or reduce
RADS1 activity.

[0009] In certain embodiments, there are methods for
inhibiting RADS51 protein in a cell comprising providing to
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the cell an effective amount of a RADS1 protein inhibitor,
wherein the inhibitor is a small molecule that directly inhibits
the activity of RADS1 protein. This means that small mol-
ecules alter the activity of RADS1 protein (or a RADS1
protein analog or homolog) directly (i.e., RADS1 activity
decreases when the RADS1 protein is contacted or incubated
with the small molecule), and not indirectly, such as by alter-
ing the expression level of RADS1.

[0010] In some embodiments, the methods and composi-
tions concern a compound that is aRADS1 inhibitor, meaning
that the compound directly decreases, inhibits, and/or attenu-
ates RADS1 protein activity when the RADS1 protein is
exposed to the compound. The terms “inhibitor” and “antago-
nist” are used interchangeably herein.

[0011] Therefore, embodiments cover a number of meth-
ods involving a RADS51 inhibitor, that decrease, inhibit or
reduce RADS1 activity by or by at least about 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100%
(and any range derivable therein) compared to RADS1 activ-
ity in the absence of the RADS1 inhibitor. Therefore, in some
embodiments, there are methods for inhibiting RADS51 in a
cell comprising providing to the cell an effective amount of a
RADS51 small molecule that directly inhibits RADS1 activity
in a cell. In particular embodiments, the RADS51 inhibitor
decreases RADS1 filament formation when the inhibitor is
incubated with RADS1 protein under conditions to promote
filament formation. In certain other embodiments, the
RADS1 inhibitor attenuates or inhibits homologous recom-
bination via RADS51 inhibition in a cell.

[0012] A RADS] inhibitor is a compound that acts in con-
junction with RADS1 protein to inhibit, attenuate or decrease
the activity of the RADS1 protein. In certain embodiments the
RADS51 inhibitor is a small molecular weight compound. In
specific embodiments, the RADS51 inhibitor is a compound of
formula:

R3
Ry Ry,
Rs Ry
0, N (o}
Re Ry

wherein R | -R; are each separately H or halogen, and R and
R, are each independently H, halogen, substituted or unsub-
stituted aryl, heterocycle, thioether, (amine)thioether, (alky-
lamine)thioether, (hydroxy)thioether, 4-methylpiperazin-1-
yl, N-morpholinyl, 2-(N,N-dimethylamino)-ethylthioether,
2-aminoethylthioether, or 2-hydroxyethylthioether. The
RADS1 inhibitor may, in certain embodiments, be selected
from the compounds shown in FIG. 5, or a salt thereof. It is
specifically contemplated that derivatives, metabolites, and
prodrugs of these compounds may also be used as RADS1
inhibitors in some embodiments of the invention.



US 2015/0306069 Al

[0013] In some embodiments, the RADS51 inhibitor is a
compound of formula:
R3
Ry Ry,
Ry Ry
o) N o]
R¢ Ry

wherein R | -R are each separately H or halogen, R is ahalide
and R, is a substituted or unsubstituted aryl group. The sub-
stituted aryl group may be substituted with one or more of the
following non-limiting examples: alkoxy, amine, alkylamine,
amino, and trihalomethyl. In some embodiments, R, is a
halide. In further embodiments, R; is a halide. In yet further
embodiments, R, and R; are each independently, halides. In
some embodiments, the RADS51 inhibitor is a compound
depicted in FIG. 7B.

[0014] In some embodiments, the RADS51 inhibitor is a
compound of the formula:
Rz
Ry Ry
Rs Ry
o] N. 0
R N‘>

wherein R, -R; are each separately hydrogen or halogen and
Ry is ahalide. In some embodiments, R, is a halide. In further
embodiments, R, is a halide. In yet further embodiments, R,
and R; are each independently, halides. In some embodi-
ments, the RADS1 inhibitor is a compound depicted in FIG.
7A.

[0015] In other embodiments, the RADS1 inhibitor is a
compound of the formula:
Rz
R4 Ry
Rs R,
o) N, o]
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wherein R;, R, and R; are each hydrogen atoms, R, is a
halide, R, is a halide, and R is a substituted or unsubstituted
aryl group. The substituted aryl group may be substituted
with one or more of the following non-limiting examples:
alkoxy, amine, alkylamine, amino, and trihalomethyl. In
some embodiments, the RADS51 inhibitor is a compound
depicted as 7a through 7g in FI1G. 7C.

[0016] In other embodiments, the RADS1 inhibitor is a
compound of the formula:

R;
Ry Ry
Rs R,
0, N e}

>

wherein R, R, and Ry are each hydrogen atoms, R, is a
halide, R; is ahalide, X is NH,, NR ,R;;,0rOH,R,,and R,
each independently, are alkyl groups, and R is a substituted
or unsubstituted aryl or a heterocycloalkyl group. In further
embodiments R, and R,, are each methyl groups. In some
embodiments, the heterocycloalkyl group is morpholino. In
some embodiments, R is a phenyl group substituted with one
or more of alkoxy, amino, amine, alkylamine, or trihalom-
ethyl groups. In particular embodiments, the RADS1 inhibi-
tor is a compound depicted as HP-1-16, MMP-1-14, MMP-
1-75, 14-ING-9, MMP-1-73, MMP-1-77 or MMP-1-60 in
FIG. 7D.

[0017] Thesmall molecules described herein typically con-
tain an aryl group. Accordingly, in certain embodiments,
compounds comprising one or more aryl groups are contem-
plated. The aryl groups may be substituted by any substituent
known to those of skill in the art (e.g., H, amino, nitro, halo,
mercapto, cyano, azido, silyl, hydroxy, alkyl, haloalkyl, diha-
loalkyl, trihaloalkyl, alkenyl, alkynyl, aryl, aralkyl, alkoxy,
alkenoxy, alkynyloxy, aryloxy, acyloxy, alkylamino, alkeny-
lamino, alkynylamino, arylamino, aralkylamino, amido,
alkylthio, alkenylthio, alkynylthio, arylthio, aralkylthio,
acylthio, alkylsilyl, phosphonate, phosphinate, or any com-
bination thereof). In certain embodiments, the small mol-
ecules are any one or more of the specific chemical com-
pounds whose structures are shown herein.

[0018] Additional embodiments concern methods for sen-
sitizing cancer cells to a DNA damaging agent comprising
administering to a cancer patient an effective amount of a
RADS51 small molecule that directly inhibits RADS1 activity
in the cancer cells.

[0019] Other embodiments of the invention include meth-
ods for inhibiting conception or the use of compositions of the
invention as contraceptives. Because homologous recombi-
nation is required for the forming function of fertilized eggs
and sperm, it is contemplated that RADS1 inhibitors can be
used to reduce fertility of an individual by exposing the indi-
vidual’s sex cells to an effective amount of a RADS51 inhibi-
tor.
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[0020] An “effective amount” of a compound or composi-
tion, generally, is defined as that amount sufficient to detect-
ably and repeatedly achieve the stated desired result, for
example, to ameliorate, reduce, minimize or limit the extent
of the disease or its symptoms or to increase, stimulate, or
promote a desirable physiological response, such as homolo-
gous recombination. In some embodiments, the stated result
may include elimination, eradication or cure of disease.

[0021] It is contemplated that in certain embodiments, a
cell is a human cell and the subject or patient is a human
patient. In other embodiments, a cell is a mammalian cell and
the subject or patient is a mammalian patient. In some
embodiments, a cell is a Drosophila cell and the subject or
patient is a Drosophila patient. It will be understood that
different mammals have their own RADS51 protein that would
be a homolog of the human protein. In certain other embodi-
ments, the cell is a eukaryotic cell, while in other embodi-
ments, the cell is a prokaryotic cell and a RADS1 protein
homolog or analog is the protein that is modulated. In specific
embodiments, a cell may be asex cell, while in others, the cell
is a somatic cell. In particular embodiments, cells used in
methods of the invention may be from a cell line. In certain
embodiments, the cell is a cell from or in any organism
described herein. Moreover, in some embodiments the cell is
a cancer cell, while in other embodiments a cell is non-
cancerous or normal. In some cases, a cancer cell is resistant
to chemotherapy or radiation. Furthermore, it is contemplated
that a cell can be in a patient. Additionally, a cell may be an
embryonic stem (ES) cell, such as a murine ES cell, which are
used for generating knockout mice. Alternatively, cells may
be murine cells that are used for generating a transgenic
mouse. Other transgenic animals can be generated using a
particular animals cells in the context of methods of the
invention.

[0022] Methods can be implemented as treatment for
patients with cancer. The cancer may be any cancer treatable
by administration of a compound described herein. In certain
embodiments, a cancer may be treatable using a combination
treatment involving a conventional DNA damaging agent
with a RADS51 inhibitor. In some instances, the RADS51
inhibitor may be what allows a cancer to be treated with the
DNA damaging agent. Methods can be implemented with any
cancer that may be treated with a DNA damaging agent. For
example, the cancer may be breast, prostate, ovarian, brain,
melanoma, colorectal, liver, lymphoma, lung, oral, head,
neck, spleen, lymph node, small intestine, large intestine,
blood cells, stomach, pancreatic, endometrium, testicle, skin,
esophagus, bone marrow, blood, cervical, bladder, Ewing’s
sarcoma, thyroid, a glioma, and/or gastrointestinal. Methods
and compositions are applicable to other cancers discussed
herein, including pre-cancers and tumor cells.

[0023] In some embodiments, a cancer patient may have
been treated with or will be treated with a DNA damaging
agent. In related embodiments, a subject may have been
exposed to a DNA damaging agent (as a harmful agent and
not as part of a treatment) or be at risk for such exposure. It is
contemplated that in some embodiments, the DNA damaging
agent is an alkylating agent, nitrosourea, anti-metabolite,
plant alkaloid, plant extract, or radioisotope. In specific
embodiments, the DNA damaging agent is actinomycin,
amsacrine, anthracyclines, bleomycin, busulfan, camptoth-
ecin, carboplatin, chlorambucil, cisplatin, cyclophospha-
mide, cytoxan, dactinomycin, daunorubicin, docetaxel,
doxorubicin, epirubicin, hexamethylmelamineoxaliplatin,
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iphosphamide, melphalan, merchlorethamine, mitomycin,
mitoxantrone, nitrosourea, paclitaxel, plicamycin, procarba-
zine, teniposide, triethylenethiophosphoramide or etoposide
(VP16). Any other DNA damaging agent discussed herein
may be implemented in methods. In certain embodiments, the
DNA damaging agent is radiation.

[0024] Methods may involve multiple administrations of
one or more compounds, compositions, and/or agents. In
certain embodiments, cells or a subject are provided with a
RADS51 inhibitor and a DNA damaging agent. It is contem-
plated that compounds, compositions, and/or agents may be
formulated in a pharmaceutically acceptable formulation in
certain embodiments of the invention.

[0025] Moreover, in some methods the order in which
things are provided to cells or a subject may vary. In some
embodiments, a RADS1 inhibitor is provided prior to a DNA
damaging agent being provided to a cell or subject. In other
embodiments, a RADS1 inhibitor is provided simultaneously
with a DNA damaging agent or after the DNA damaging
agent is provided. It is contemplated that a RADS51 inhibitor
may be provided to a cell or subject within 1, 2,3, 4, 5,6, 7,
8,9,10,11,12,13,14,15,16,17, 18,19, 20, 21, 22, 23, 24,
25,26,27,28,29,30,32,33,34,35,36,37,38,39,40,41, 42,
43,44,45,46, 47,48 hours and/or 1, 2,3, 4,5, 6, 0r 7 days (or
any range derivable therein) of the cell or subject being pro-
vided with a DNA damaging agent, and vice versa. In certain
embodiments, a RADS1 inhibitor is provided before, during,
and/or after a DNA damaging agent is provided.

[0026] A “disease” is defined as a pathological condition of
a body part, an organ, or a system resulting from any cause,
such as infection, genetic defect, or environmental stress. A
“health-related condition” is defined herein to refer to a con-
dition of a body part, an organ, or a system that may not be
pathological, but for which treatment is sought. Examples
include conditions for which cosmetic therapy is sought, such
as skin wrinkling, skin blemishes, and the like. The disease
can be any disease, and non-limiting examples include hyper-
proliferative diseases such as cancer and premalignant
lesions, wounds, and infections.

[0027] “Prevention” and “preventing” are used according
to their ordinary and plain meaning to mean “acting before”
or such an act. In the context of a particular disease or health-
related condition, those terms refer to administration or appli-
cation of an agent, drug, or remedy to a subject or perfor-
mance of a procedure or modality on a subject for the purpose
of'blocking the onset of a disease or health-related condition.
[0028] It is specifically contemplated that any limitation
discussed with respect to one embodiment of the invention
may apply to any other embodiment of the invention. Further-
more, any composition of the invention may be used in any
method of'the invention, and any method of the invention may
be used to produce or to utilize any composition of the inven-
tion.

[0029] The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alterna-
tives only or the alternative are mutually exclusive, although
the disclosure supports a definition that refers to only alter-
natives and “and/or.”

[0030] Throughout this application, the term “about” is
used to indicate that a value includes the standard deviation of
error for the device and/or method being employed to deter-
mine the value.

[0031] As used herein the specification, “a” or “an” may
mean one or more, unless clearly indicated otherwise. As
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used herein in the claim(s), when used in conjunction with the
word “comprising,” the words “a” or “an” may mean one or
more than one. As used herein “another” may mean at least a

second or more.

[0032] Other objects, features and advantages of the
present invention will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while indi-
cating preferred embodiments of the invention, are given by
way of illustration only, since various changes and modifica-
tions within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE FIGURES

[0033] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific embodi-
ments presented herein.

[0034] FIG. 1. Reaction of RI-1, RI-2, and 9b with glu-
tathione. Glutathione is a tripeptide that contains a nucleo-
philic sulthydryl group. Glutathione may react irreversibly
with a Michael acceptor compound containing a suitable
leaving group at the 4-position. Compound 9b, containing an
iodide at the 4-position, reacts rapidly with glutathione, leav-
ing no detectable compound at the first time point measured.
RI-1, containing a less efficient chloride leaving group at the
4-position, displays reduced glutathione reactivity. RI-2, con-
taining a p-anisole at the 4-position exhibited no reactivity
toward glutathione after incubation for 24 hours.

[0035] FIGS. 2A-C: FIG. 2A. Schematic representation of
the FP experiments. Reversible vs. irreversible inhibition of
RADS51 by compound was tested by incubating compounds
with RADS51 while still attached to beads and prior to wash-
ing. Alternatively, inhibition of RADS1 by compound was
tested by adding the compound after the protein has been
released from the beads. FIG. 2B. Inhibition of RADS51 by
compound after the protein has been released from the beads.
The inhibitory activity of RI-1 on the DNA binding activity of
RADS51 was found to be time-dependent, consistent with the
requirement for a chemical reaction to achieve inhibitory
activity. This time dependence was also observed with other
RI-1 analogs with intact Michael acceptor groups (data not
shown). In contrast, no time-dependent increase in the inhibi-
tory activity induced by RI-2 was observed. FIG. 2C. Revers-
ible vs. irreversible inhibition of RADS1. Biotinylated
RADS51 was immobilized on streptavidin polyacrylamide
beads. The RAD51-coated beads were incubated with com-
pound and subsequently washed extensively to remove any
compound that was not covalently attached. The treated pro-
tein was subsequently cleaved from the beads and tested for
DNA binding activity using our standard FP-based assay. As
expected, RADS1 protein that had been treated with 10 uM
RI-1 prior to washing was significantly inactivated, consistent
with RI-1’s established role as an irreversible inhibitor. By
contrast, RADS1 protein that had been treated with RI-2
(concentrations up to 240 uM) prior to washing exhibited no
measurable loss of DNA binding activity, even though RI-2 is
known to inhibit RADS1 with an ICs,, of 44.17 uM in the
standard DNA binding assay, indicating that RADS51 inhibi-
tion by RI-2 is fully reversible.
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[0036] FIG. 3. Relative DNA repair efficiencies. RI-2
inhibits the efficiency of DNA repair in human cells, contain-
ing either an HR or SSA reporter. Reporter-containing
HEK293 cells were electroporated with an I-Scel endonu-
clease-expressing plasmid, incubated with compounds as
indicated for 24 hours, and subjected to FACS analysis 24
hours thereafter. Incubation of cells with 20 uM RI-1 led to an
inhibition of HR and a stimulation of SSA. Despite its lack of
Michael acceptor activity, RI-2 at 60 uM also led to an inhi-
bition of HR and a stimulation of SSA by specific inhibition
of RADS1 in cells.

[0037] FIG. 4. RI-2 sensitizes human cells to cross-linking
chemotherapy. HEK293 cells were sequentially incubated for
24 hours in media containing varying concentrations of
MMC, followed by 24 hours in media containing RI-1 or
RI-2. Cells were then allowed to grow in drug-free media for
an additional 5-7 days. Average survival for each condition is
normalized to the MMC-free control of that condition.
[0038] FIGS. 5A-5D: Structures of various RADS51 inhibi-
tors of the present invention.

[0039] FIGS. 6A-6B: A. ssDNA binding activity of RADS1
in response to RADS1 antagonists. MMP-1-60 displays
RADS51 inhibitory activity intermediate to RI-1 and RI-2 (not
shown). B. MMP-1-60 toxicity to immortalized human cells.
MMP-1-60 displays comparable cell toxicity, after 4 hours of
pre-incubation with tissue culture media and no pre-incuba-
tion, demonstrating the stability of MMP-1-60.

[0040] FIGS. 7A-7D. Structural-activity relationship data
for selected RADS] inhibitors. Inhibitory concentration for
DNA binding, lethal dose (50%), sensitization to MMC and
octanol/water partition coefficient are listed for RADS1
inhibitors.

[0041] FIG. 8. RS-3 generate anti-tumor responses in a
mouse xenograft tumor model. PC3 tumors were induced in
the hind limbs of athymic nude mice. Mice were then ran-
domized into three treatment groups. Starting on day 0, mice
then received 5 daily intra-peritoneal injections with either
RS-2 (12.4 mg/kg), RS-4 (15.7 mg/kg), or vehicle alone
control. For both compounds, the daily dose administered to
the mice was designed to yield an idealized concentration of
40.8 uM within the aqueous compartment of a mouse, based
on an assumption of homogenous distribution across a 21 gm
animal that is composed of 70% water.

[0042] FIGS. 9A-9C: A. MMP-1-60 toxicity in mice.
Weight loss in mice is measured as an indicator of MMP-1-60
toxicity. The graph illustrates percent weight relative to day
for several mice. B. RI-2 toxicity in mice. Weight loss in mice
is measured as an indicator of RI-2 toxicity. The graph illus-
trates percent weight relative to day for several mice. C.
Control mice. Percent weight relative to day is illustrated for
a number of control mice.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0043] The present invention overcomes the deficiencies of
the prior art by providing compounds that inhibit the activity
of a protein involved in homologous recombinational (HR)
DNA repair, RADS51. As discussed above, HR DNA repair
confers cellular resistance to ionizing radiation and certain
DNA damaging agents, including some anti-cancer drugs.
Pharmacologic manipulation of HR levels may be used to
modulate this resistance. RADS1 is the central protein
involved in the initiation of HR. Drugs that reduce RADS1
function could potentially be used to inhibit HR in cancer
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cells, thereby overcoming the resistance of malignant tumors
to common oncologic therapies.

[0044] A targeted approach that focuses on HR is particu-
larly appealing, since several studies have suggested that HR
inhibition preferentially sensitizes tumor cells relative to nor-
mal cells (Russell et al., 2003; Ito et al., 2005). In one such
study, Gleevec-mediated inhibition of RADS51 expression
resulted in an elevated radio-sensitivity for glioma cancer cell
lines, but had no significant effect on normal human fibro-
blasts (Russell et al., 2003). Similarly, Ito et. al. blocked
RADS51 expression with siRNA techniques in various human
cancer cell lines. The sensitivity to cisplatin was enhanced in
all of the human cancer cell lines tested, but not in normal
human fibroblasts (Ito et al., 2005). Therefore, a strategy for
pharmacologic inhibition of HR holds promise for improving
the therapeutic ratios of existing oncology treatments.

A.RADS1 PROTEIN

[0045] RADS]1 filament formation is a well accepted criti-
cal step in the initiation of HR repair. Biochemical studies
have shown that RADS1 protein assembles into filaments
readily on sites of single stranded DNA (ssDNA). In vitro
filament formation is magnesium and ATP dependent, and
requires a concentration of RADS1 protein of approximately
250 nM. This reaction also demonstrates cooperativity, such
that a threshold level of RADS51 binding to ssDNA will stimu-
late further filament formation (Zaitseva et al., 1999; Shino-
hara et al., 1992). One mechanism by which cells can up-
regulate filament formation is over-expression of RADS1
protein. RADS1 is over-expressed in a number of human
cancer cell lines (Raderschall et al., 2002; Russell etal., 2003;
Hansenet al., 2003) and human tumors (Maacke et al., 2000a;
Maacke et al., 2000b; Han et al., 2002; Henning and
Sturzbecher 2003; Yoshikawa et al., 2000; Qiao et al., 2005).
Fluorescence in situ hybridization (FISH) experiments have
shown that the RADS51 gene is not amplified. Other experi-
ments have demonstrated that RADS1 protein half-life is
normal in tumor cells. Taken together, this suggests that the
increased protein levels result from transcriptional up-regu-
lation (Raderschall et al., 2002). There are also data to suggest
that RADS1 over-expression can compensate for loss of
RADS1 paralog proteins, thus by-passing the need for a
mediator protein that would have otherwise been rate limiting
(Takata et al., 2001).

[0046] RADS1 over-expression is particularly dramatic in
the case of pancreatic cancer. Han et al. (2002) performed a
c¢DNA microarray analysis comparing pancreatic cancer cells
lines to normal pancreatic cells; RADS1 was among the 30
most over-expressed genes in this analysis. This result was
confirmed with an immunohistochemical (IHC) analysis
showing strong RADS1 staining in 71.8% of malignant pan-
creatic tumors in humans (Han et al., 2002). A similar study of
47 human pancreatic tumor tissue specimens showed RADS1
overexpression in 66% of tumors (Maacke et al., 2000b). In
fact, RADS1 overexpression is so great that 7% of pancreatic
cancer patients generate auto-antibodies to RADS1, which
can be detected in their sera (Maacke et al., 2002). A func-
tional analysis using a system of inducible RADS1 overex-
pression in pancreatic cells directly showed that overexpres-
sion confers resistance to DSB’s (Maacke et al., 2000b). A
growing body of literature agrees with this finding, suggest-
ing that high RADS51 protein expression levels can modulate
the resistance of cancer cells to IR (ionizing radiation) and
some chemotherapeutic drugs.
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B. HOMOLOGOUS RECOMBINATION AND
BRCA1 MUTATIONS

[0047] The breast cancer susceptibility gene BRCA2 plays
an important role in HR (Moynahan et al., 2001). It has been
speculated that BRCA2 protein either chaperones RADS1
monomers, that it serves as mediator for RADS51 filament
assembly at sites of DNA damage, and/or that it acts to sta-
bilize existing filaments. A recent report suggested that
RADS51 directly interacts with a C-terminal region of BRCA2
protein (Esashi et al., 2005). RADS1 is also known to directly
bind six of the eight conserved BRC repeats within human
BRCAZ2 (Chen et al., 1998; Wong et al., 1997). Crystal struc-
ture data have been generated using a fusion protein contain-
ing BRC4 covalently linked to the C-terminal core domain of
RADS1. This and other studies have demonstrated that BRC
repeats share a conserved motif that is thought to mimic a
primary interface used in RADS51 polymerization (Shin et al.,
2003; Pellegrini et al., 2002). Various BRC peptides have
been shown capable of blocking self-association by RADS1
monomers, inhibiting RADS1 filament formation, and sensi-
tizing cells to DNA damage (Chen et al., 1999; Davies et al.,
2001; Yuan et al., 1999). For example Chen et. al. reported
that conditional expression of wild-type BRC4 resulted in
hypersensitivity to irradiation and an inability to form radia-
tion-induced RADS1 foci in breast cancer cells (Chen et al.,
1999).

[0048] Preliminary tumor studies by the present inventors
focused on HR by modulating the RADS1 paralog protein
XRCC3. Using xenograft tumors grown in nude mice, cispl-
atin treatment was found to produce regression and cure of
HR-deficient xenograft tumors using a treatment schedule
that has little effect of HR-competent tumors. Similarly, the
HR-deficient tumors were sensitive to relatively low doses of
ionizing radiation, compared to HR-competent tumors. Other
clinical studies suggest that, like XRCC3-deficient tumors,
HR-deficient human tumors (due to BRCAl-mutation) are
especially susceptible to DNA damaging chemotherapeutic
agents (Porter et al., 1994; Rubin et al., 1996). Tanaka and
colleagues found that in a group ovarian cancer patients
receiving cisplatin treatment, those defective for BRCA1 had
afive-year survival of 79% while patients in the control group
had a five-year survival of only 30% (Alda et al., 1998).
Similarly, Marcus et al. (1996) found that BRCA1-defective
women with breast cancer had relatively favorable outcomes,
despite having tumors with higher grade and higher S-phase
fraction. Thus, deficiencies of HR may sensitize tumor cells
to some chemotherapy drugs and IR, providing evidence that
pharmacologic inhibitors of HR are likely to improve the
clinical efficacy of cancer treatments.

C. CANCER AND DNA DAMAGING AGENTS

[0049] In certain embodiments, the invention is applicable
to the treatment of cancer insofar as such treatments may
involve DNA damaging agents.

[0050] Cancer cells that may be treated by methods and
compositions of the invention also include cells from the
bladder, blood, bone, bone marrow, brain, breast, colon,
esophagus, gastrointestine, gum, head, kidney, liver, lung,
nasopharynx, neck, ovary, prostate, skin, stomach, testis,
tongue, or uterus. In addition, the cancer may specifically be
of the following histological type, though it is not limited to
these: neoplasm, malignant; carcinoma; carcinoma, undiffer-
entiated; giant and spindle cell carcinoma; small cell carci-
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noma; papillary carcinoma; squamous cell carcinoma; lym-
phoepithelial carcinoma; basal cell carcinoma; pilomatrix
carcinoma; transitional cell carcinoma; papillary transitional
cell carcinoma; adenocarcinoma; gastrinoma, malignant;
cholangiocarcinoma; hepatocellular carcinoma; combined
hepatocellular carcinoma and cholangiocarcinoma; trabecu-
lar adenocarcinoma; adenoid cystic carcinoma; adenocarci-
noma in adenomatous polyp; adenocarcinoma, familial poly-
posis coli; solid carcinoma; carcinoid tumor, malignant;
branchiolo-alveolar adenocarcinoma; papillary adenocarci-
noma; chromophobe carcinoma; acidophil carcinoma;
oxyphilic adenocarcinoma; basophil carcinoma; clear cell
adenocarcinoma; granular cell carcinoma; follicular adeno-
carcinoma; papillary and follicular adenocarcinoma; nonen-
capsulating sclerosing carcinoma; adrenal cortical carci-
noma; endometroid carcinoma; skin appendage carcinoma;
apocrine adenocarcinoma; sebaceous adenocarcinoma; ceru-
minous adenocarcinoma; mucoepidermoid carcinoma; cys-
tadenocarcinoma; papillary cystadenocarcinoma; papillary
serous cystadenocarcinoma; mucinous cystadenocarcinoma;
mucinous adenocarcinoma; signet ring cell carcinoma; infil-
trating duct carcinoma; medullary carcinoma; lobular carci-
noma; inflammatory carcinoma; paget’s disease, mammary;
acinar cell carcinoma; adenosquamous carcinoma; adenocar-
cinoma squamous metaplasia; thymoma, malignant; ovarian
stromal tumor, malignant; thecoma, malignant; granulosa
cell tumor, malignant; androblastoma, malignant; sertoli cell
carcinoma; leydig cell tumor, malignant; lipid cell tumor,
malignant; paraganglioma, malignant; extra-mammary
paraganglioma, malignant; pheochromocytoma; gloman-
giosarcoma; malignant melanoma; amelanotic melanoma;
superficial spreading melanoma; malig melanoma in giant
pigmented nevus; epithelioid cell melanoma; blue nevus,
malignant; sarcoma; fibrosarcoma; fibrous histiocytoma,
malignant; myxosarcoma; liposarcoma; leiomyosarcoma;
rhabdomyosarcoma; embryonal rhabdomyosarcoma; alveo-
lar rhabdomyosarcoma; stromal sarcoma; mixed tumor,
malignant; mullerian mixed tumor; nephroblastoma; hepato-
blastoma; carcinosarcoma; mesenchymoma, malignant;
brenner tumor, malignant; phyllodes tumor, malignant; syn-
ovial sarcoma; mesothelioma, malignant; dysgerminoma;
embryonal carcinoma; teratoma, malignant; struma ovarii,
malignant; choriocarcinoma; mesonephroma, malignant;
hemangiosarcoma; hemangioendothelioma, malignant;
Kaposi’s sarcoma; hemangiopericytoma, malignant; lym-
phangiosarcoma; osteosarcoma; juxtacortical osteosarcoma;
chondro sarcoma; chondroblastoma, malignant; mesenchy-
mal chondrosarcoma; giant cell tumor of bone; Ewing’s sar-
coma; odontogenic tumor, malignant; ameloblastic odonto
sarcoma; ameloblastoma, malignant; ameloblastic fibrosar-
coma; pinealoma, malignant; chordoma; glioma, malignant;
ependymoma; astrocytoma; protoplasmic astrocytoma;
fibrillary astrocytoma; astroblastoma; glioblastoma; oligo-
dendroglioma; oligodendroblastoma; primitive neuroecto-
dermal; cerebellar sarcoma; ganglioneuroblastoma; neuro-
blastoma; retinoblastoma; olfactory neurogenic tumor;
meningioma, malignant; neurofibrosarcoma; neurilem-
moma, malignant; granular cell tumor, malignant; malignant
lymphoma; Hodgkin’s disease; hodgkin’s; paragranuloma;
malignant lymphoma, small lymphocytic; malignant lym-
phoma, large cell, diffuse; malignant lymphoma, follicular;
mycosis fungoides; other specified non-Hodgkin’s lympho-
mas; malignant histiocytosis; multiple myeloma; mast cell
sarcoma; immunoproliferative small intestinal disease; leu-
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kemia; lymphoid leukemia; plasma cell leukemia; erythro-
leukemia; lymphosarcoma cell leukemia; myeloid leukemia;
basophilic leukemia; eosinophilic leukemia; monocytic leu-
kemia; mast cell leukemia; megakaryoblastic leukemia;
myeloid sarcoma; and hairy cell leukemia.

[0051] The term “DNA damaging agent” refers to any
agent that directly or indirectly damages DNA for which
homologous recombination could repair the damage. Specific
examples of DNA-damaging agents include alkylating
agents, nitrosoureas, anti-metabolites, plant alkaloids, plant
extracts and radioisotopes. Specific examples of agents also
include DNA-damaging drugs, for example, 5-fluorouracil
(5-FU), capecitabine, S-1 (Tegafur, 5-chloro-2,4-dihydroxy-
pyridine and oxonic acid), 5-ethynyluracil, arabinosyl
cytosine (ara-C), S5-azacytidine (5-AC), 2',2'-difluoro-2'-
deoxycytidine (dFdC), purine antimetabolites (mercaptopu-
rine, azathiopurine, thioguanine), gemcitabine hydrochlorine
(Gemzar), pentostatin, allopurinol, 2-fluoro-arabinosyl-ad-
enine (2F-ara-A), hydroxyurea, sulfur mustard (bischloroety-
hylsulfide), mechlorethamine, melphalan, chlorambucil,
cyclophosphamide, ifosfamide, thiotepa, AZQ, mitomycin C,
dianhydrogalactitol, dibromoducitol, alkyl sulfonate (busul-
fan), nitrosoureas (BCNU, CCNU, 4-methyl CCNU or
ACNU), procarbazine, decarbazine, rebeccamycin, anthracy-
cline such as doxorubicin (adriamycin; ADR), daunorubicin
(Cerubicine), idarubicin (Idamycin) and epirubicin (Ellence),
anthracyclin analogs such as mitoxantrone, actinimycin D,
non-intercalating topoisomerase inhibitors such as epipodo-
phyllotoxins (etoposide or VP16, teniposide or VM-26),
podophylotoxin, bleomycin (Bleo), pepleomycin, com-
pounds that form adducts with nucleic acid including plati-
num derivatives, e.g., cisplatin (CDDP), trans analog of cis-
platin, carboplatin, iproplatin, tetraplatin and oxaliplatin, as
well as camptothecin, topotecan, irinotecan (CPT-11), and
SN-38. Specific examples of nucleic acid damaging treat-
ments include radiation e.g., ultraviolet (UV), infrared (IR),
or a-, -, or y-radiation, as well as environmental shock, e.g.,
hyperthermia. One of skill in the art can identify and use other
DNA-damaging agents and treatments.

D. CHEMICAL DEFINITIONS

[0052] As used herein, a “small molecule” refers to an
organic compound that is either synthesized via conventional
organic chemistry methods (e.g., in a laboratory) or found in
nature. Typically, a small molecule is characterized in that it
contains several carbon-carbon bonds, and has a molecular
weight of less than about 1500 grams/mole. In certain
embodiments, small molecules are less than about 1000
grams/mole. In certain embodiments, small molecules are
less than about 550 grams/mole. In certain embodiments,
small molecules are between about 200 and about 550 grams/
mole. In certain embodiments, small molecules exclude pep-
tides (e.g., compounds comprising 2 or more amino acids
joined by a peptidyl bond). In certain embodiments, small
molecules exclude nucleic acids.

[0053] Asusedherein, the term “amino” means —NH,,; the
term “nitro” means —NO,; the term “halo” or “halogen”
designates —F, —Cl, —Br or —I; the term “mercapto”
means —SH; the term “cyano” means —CN; the term
“azido” means —N,; the term “silyl” means —SiHj, and the
term “hydroxy” means —OH. In certain embodiments, a
halogen may be —Br or —I.

[0054] As used herein, a “monovalent anion” refers to
anions of a—1 charge. Such anions are well-known to those
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of skill in the art. Non-limiting examples of monovalent
anions include halides (e.g., F~,Cl7, Br-and "), NO,~,NO,~,
hydroxide (OH") and azide (N;7).

[0055] As used herein, the structure ====== indicates that
the bond may be a single bond or a double bond. Those of skill
in the chemical arts understand that in certain circumstances,
a double bond between two particular atoms is chemically
feasible and in certain circumstances, a double bond is not.
The present invention therefore contemplates that a double
bond may be formed only when chemically feasible.

[0056] The term “alkyl” includes straight-chain alkyl,
branched-chain alkyl, cycloalkyl(alicyclic), cyclic alkyl, het-
eroatom-unsubstituted alkyl, heteroatom-substituted alkyl,
heteroatom-unsubstituted C,-alkyl, and heteroatom-substi-
tuted C, -alkyl. In certain embodiments, lower alkyls are con-
templated. The term “lower alkyl” refers to alkyls of 1-6
carbon atoms (thatis, 1,2, 3,4, 5or 6 carbon atoms). The term
“heteroatom-unsubstituted C, -alkyl” refers to a radical, hav-
ing a linear or branched, cyclic or acyclic structure, further
having no carbon-carbon double or triple bonds, further hav-
ing a total of n carbon atoms, all of which are nonaromatic, 3
or more hydrogen atoms, and no heteroatoms. For example, a
heteroatom-unsubstituted C,-C,,-alkyl has 1 to 10 carbon
atoms. The groups, —CH, (Me), —CH,CH, (Et),
—CH,CH,CH,; (n-Pr), —CH(CHs;), (iso-Pr), —CH(CH,),
(cyclopropyl), —CH,CH,CH,CH; (n-Bu), —CH(CH,)
CH,CH; (sec-butyl), —CH,CH(CH;), (iso-butyl),
—C(CH;); (tert-butyl), —CH,C(CH;); (neo-pentyl),
cyclobutyl, cyclopentyl, and cyclohexyl, are all non-limiting
examples of heteroatom-unsubstituted alkyl groups. The term
“heteroatom-substituted C, -alkyl” refers to a radical, having
a single saturated carbon atom as the point of attachment, no
carbon-carbon double or triple bonds, further having a linear
or branched, cyclic or acyclic structure, further having a total
of n carbon atoms, all of which are nonaromatic, 0, 1, or more
than one hydrogen atom, at least one heteroatom, wherein
each heteroatom is independently selected from the group
consisting of N, O, F, Cl, Br, 1, Si, P, and S. For example, a
heteroatom-substituted C,-C,,-alkyl has 1 to 10 carbon
atoms. The following groups are all non-limiting examples of
heteroatom-substituted alkyl groups: trifluoromethyl,
—CH,F, —CH,Cl, —CH,Br, —CH,0OH, —CH,0CHj,
—CH,OCH,CF,;, —CH,OC(O)CH,, —CH,NH,,
—CH,NHCH;,, —CH,N(CHs,),, —CH,CH,C],
—CH,CH,0H, CH,CH,OC(O)CH;, —CH,CH,NHCO,C
(CH,);, and —CH,Si(CH,)s;.

[0057] The term “alkenyl” includes straight-chain alkenyl,
branched-chain alkenyl, cycloalkenyl, cyclic alkenyl, het-
eroatom-unsubstituted alkenyl, heteroatom-substituted alk-
enyl, heteroatom-unsubstituted C,,-alkenyl, and heteroatom-
substituted C, -alkenyl. In certain embodiments, lower
alkenyls are contemplated. The term “lower alkenyl” refers to
alkenyls of 1-6 carbon atoms (that is, 1, 2, 3, 4, 5 or 6 carbon
atoms). The term “heteroatom-unsubstituted C,-alkenyl”
refers to a radical, having a linear or branched, cyclic or
acyclic structure, further having at least one nonaromatic
carbon-carbon double bond, but no carbon-carbon triple
bonds, a total of n carbon atoms, three or more hydrogen
atoms, and no heteroatoms. For example, a heteroatom-un-
substituted C,-C, ;-alkenyl has 2 to 10 carbon atoms. Het-
eroatom-unsubstituted alkenyl groups include: —CH—CH,
(vinyl), —CH—CHCH,, —CH—CHCH,CHj,
—CH,CH—CH, (allyl), —CH,CH—CHCH,, and
—CH—CHCHs;. The term “heteroatom-substituted C,,-alk-
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enyl” refers to a radical, having a single nonaromatic carbon
atom as the point of attachment and at least one nonaromatic
carbon-carbon double bond, but no carbon-carbon triple
bonds, further having a linear or branched, cyclic or acyclic
structure, further having a total of n carbon atoms, O, 1, or
more than one hydrogen atom, and at least one heteroatom,
wherein each heteroatom is independently selected from the
group consisting of N, O, F, Cl, Br, I, Si, P, and S. For
example, a heteroatom-substituted C,-C, ,-alkenyl has 2 to 10
carbon atoms. The groups, —CH—CHF, —CH—CHCI and
—CH—CHB¥, are non-limiting examples of heteroatom-
substituted alkenyl groups.

[0058] The term “aryl” includes heteroatom-unsubstituted
aryl, heteroatom-substituted aryl, heteroatom-unsubstituted
C, -aryl, heteroatom-substituted C,,-aryl, heteroaryl, hetero-
cyclic aryl groups, carbocyclic aryl groups, biaryl groups, and
single-valent radicals derived from polycyclic fused hydro-
carbons (PAHs). The term “heteroatom-unsubstituted
C,-aryl” refers to a radical, having a single carbon atom as a
point of attachment, wherein the carbon atom is part of an
aromatic ring structure containing only carbon atoms, further
having a total of n carbon atoms, 5 or more hydrogen atoms,
and no heteroatoms. For example, a heteroatom-unsubsti-
tuted C4-C,,-aryl has 6 to 10 carbon atoms. Non-limiting
examples of heteroatom-unsubstituted aryl groups include

phenyl (Ph), methylphenyl, (dimethyl)phenyl,
—C¢H,CH,CH,, —C,H,CH,CH,CH,;, —C H,CH(CHs,),,
—CH,CH(CH,),, —C6H,(CH5)CH,CH,,

—C¢H,CH—CH,, —C H,CH—CHCH,, —C,H,C=CH,
—C¢H,C=CCH,;, naphthyl, and the radical derived from
biphenyl. The term “heteroatom-substituted C,-aryl” refers
to a radical, having either a single aromatic carbon atom or a
single aromatic heteroatom as the point of attachment, further
having a total of n carbon atoms, at least one hydrogen atom,
and at least one heteroatom, further wherein each heteroatom
is independently selected from the group consisting of N, O,
F, ClL, Br, 1, Si, P, and S. For example, a heteroatom-unsubsti-
tuted C,-C, ,-heteroaryl has 1 to 10 carbon atoms. Non-lim-
iting examples of heteroatom-substituted aryl groups include
the groups: —C,H,F, —C,H,Cl, —C,H,Br, —C,H,I,
—C¢H,0OH, —C4H,OCH,, —C,H,0OCH,CH,, —C,H,0C
(O)CH,, —CH,NH,, —C,H,NHCH,, —C H,N(CH,),,
—C4H,CH,0OH, —CH,CH,OC(0O)CH,, —C H,CH,NH,,

—CGH,CF,, —CJ,CN, —CJ,CHO, —CH,CHO,
—CH,CO)CH,, —CH,C0)CH, —CH,CO,H,
—C4H,CO,CH,, —C,H,CONH,, —C,H,CONHCH;,

—C¢H,CON(CHs;),, furanyl, thienyl, pyridyl, pyrrolyl,
pyrimidyl, pyrazinyl, quinolyl, indolyl, and imidazoyl. In
certain embodiments, heteroatom-substituted aryl groups are
contemplated. In certain embodiments, heteroatom-unsubsti-
tuted aryl groups are contemplate. In certain embodiments, an
aryl group may be mono-, di-, tri-, tetra- or penta-substituted
with one or more heteroatom-containing substitutents.

[0059] The term “aralkyl” includes heteroatom-unsubsti-
tuted aralkyl, heteroatom-substituted aralkyl, heteroatom-un-
substituted C,-aralkyl, heteroatom-substituted C,-aralkyl,
heteroaralkyl, and heterocyclic aralkyl groups. In certain
embodiments, lower aralkyls are contemplated. The term
“lower aralkyl” refers to aralkyls of 7-12 carbon atoms (that
is,7,8,9, 10, 11 or 12 carbon atoms). The term “heteroatom-
unsubstituted C,,-aralkyl” refers to a radical, having a single
saturated carbon atom as the point of attachment, further
having a total of n carbon atoms, wherein at least 6 of the
carbon atoms form an aromatic ring structure containing only
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carbon atoms, 7 or more hydrogen atoms, and no heteroat-
oms. For example, a heteroatom-unsubstituted C.-C,,-
aralkyl has 7 to 10 carbon atoms. Non-limiting examples of
heteroatom-unsubstituted aralkyls are: phenylmethyl (ben-
zyl, Bn) and phenylethyl. The term “heteroatom-substituted
C,,-aralkyl” refers to a radical, having a single saturated car-
bon atom as the point of attachment, further having a total of
n carbon atoms, 0, 1, or more than one hydrogen atom, and at
least one heteroatom, wherein at least one of'the carbon atoms
is incorporated an aromatic ring structures, further wherein
each heteroatom is independently selected from the group
consisting of N, O, F, Cl, Br, 1, Si, P, and S. For example, a
heteroatom-substituted C,-C, ,-heteroaralkyl has 2 to 10 car-
bon atoms.

[0060] The term “acyl” includes straight-chain acyl,
branched-chain acyl, cycloacyl, cyclic acyl, heteroatom-un-
substituted acyl, heteroatom-substituted acyl, heteroatom-
unsubstituted C, -acyl, heteroatom-substituted C, -acyl, alky-
Icarbonyl, alkoxycarbonyl and aminocarbonyl groups. In
certain embodiments, lower acyls are contemplated. The term
“lower acyl” refers to acyls of 1-6 carbon atoms (that is, 1, 2,
3,4, 5 or 6 carbon atoms). The term “heteroatom-unsubsti-
tuted C, -acyl” refers to a radical, having a single carbon atom
of'a carbonyl group as the point of attachment, further having
a linear or branched, cyclic or acyclic structure, further hav-
ing a total of n carbon atoms, 1 or more hydrogen atoms, a
total of one oxygen atom, and no additional heteroatoms. For
example, a heteroatom-unsubstituted C,-C, ,-acyl has 1 to 10
carbon atoms. The groups, —CHO, —C(O)CH;, —C(O)
CH,CH,;, —C(O)CH,CH,CH,, —C(O)CH(CH,),, —C(O)
CH(CH,),, —C(O)CsHs, —C(O)C4sH,CH;, —C(O)
CcH,CH,CH;, and —COCH;(CH;),, are non-limiting
examples of heteroatom-unsubstituted acyl groups. The term
“heteroatom-substituted C -acyl” refers to a radical, having a
single carbon atom as the point of attachment, the carbon
atom being part of a carbonyl group, further having a linear or
branched, cyclic or acyclic structure, further having a total of
n carbon atoms, 0, 1, or more than one hydrogen atom, at least
one additional heteroatom, in addition to the oxygen of the
carbonyl group, wherein each additional heteroatom is inde-
pendently selected from the group consisting of N, O, F, Cl,
Br, 1, Si, P, and S. For example, a heteroatom-substituted
C,-C,,-acyl has 1 to 10 carbon atoms. The groups, —C(O)
CH,CF,;, —CO,H, —CO0,~, —CO,CH;, —CO,CH,CHj,
—CO,CH,CH,CH,, —CO,CH(CH,),, —CO,CH(CH,),
—C(O)NH, (carbamoyl), —C(O)NHCH,, —C(O)
NHCH,CH;, —CONHCH(CH,;),, —CONHCH(CH,),,
—CON(CH,),, and —CONHCH,CF,, are non-limiting
examples of heteroatom-substituted acyl groups.

[0061] The term “alkoxy” includes straight-chain alkoxy,
branched-chain alkoxy, cycloalkoxy, cyclic alkoxy, heteroa-
tom-unsubstituted alkoxy, heteroatom-substituted alkoxy,
heteroatom-unsubstituted C,,-alkoxy, and heteroatom-substi-
tuted C, -alkoxy. In certain embodiments, lower alkoxys are
contemplated. The term “lower alkoxy” refers to alkoxys of
1-6 carbon atoms (that is, 1,2, 3, 4, 5 or 6 carbon atoms). The
term “heteroatom-unsubstituted C -alkoxy” refers to a group,
having the structure —OR, in which R is a heteroatom-un-
substituted C, -alkyl, as that term is defined above. Heteroa-
tom-unsubstituted alkoxy groups include: —OCHS;,
—OCH,CH,, —OCH,CH,CH;, —OCH(CH;),, and
—OCH(CH,),. The term  “heteroatom-substituted
C,,-alkoxy” refers to a group, having the structure —OR, in
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which R is a heteroatom-substituted C,-alkyl, as that term is
defined above. For example, —OCH,CF; is a heteroatom-
substituted alkoxy group.

[0062] The term “alkenyloxy” includes straight-chain alk-
enyloxy, branched-chain alkenyloxy, cycloalkenyloxy, cyclic
alkenyloxy, heteroatom-unsubstituted alkenyloxy, heteroa-
tom-substituted  alkenyloxy, heteroatom-unsubstituted
C, -alkenyloxy, and heteroatom-substituted C,-alkenyloxy.
The term “heteroatom-unsubstituted C,-alkenyloxy” refers
to a group, having the structure —OR, in which R is a het-
eroatom-unsubstituted C, -alkenyl, as that term is defined
above. The term “heteroatom-substituted C,-alkenyloxy”
refers to a group, having the structure —OR, in which R is a
heteroatom-substituted C,-alkenyl, as that term is defined
above.

[0063] The term “alkynyloxy” includes straight-chain
alkynyloxy, branched-chain alkynyloxy, cycloalkynyloxy,
cyclic alkynyloxy, heteroatom-unsubstituted alkynyloxy, het-
eroatom-substituted alkynyloxy, heteroatom-unsubstituted
C, -alkynyloxy, and heteroatom-substituted C,-alkynyloxy.
The term “heteroatom-unsubstituted C, -alkynyloxy” refers
to a group, having the structure —OR, in which R is a het-
eroatom-unsubstituted C,-alkynyl, as that term is defined
above. The term “heteroatom-substituted C,-alkynyloxy”
refers to a group, having the structure —OR, in which R is a
heteroatom-substituted C,-alkynyl, as that term is defined
above.

[0064] The term “aryloxy” includes heteroatom-unsubsti-
tuted aryloxy, heteroatom-substituted aryloxy, heteroatom-
unsubstituted C,-aryloxy, heteroatom-substituted C,-ary-
loxy, heteroaryloxy, and heterocyclic aryloxy groups. The
term ‘“heteroatom-unsubstituted C,-aryloxy” refers to a
group, having the structure —OAr, in which Ar is a heteroa-
tom-unsubstituted C, -aryl, as that term is defined above. A
non-limiting example of a heteroatom-unsubstituted aryloxy
group is —OCH. The term “heteroatom-substituted C, -
aryloxy” refers to a group, having the structure —OAr, in
which Ar is a heteroatom-substituted C,-aryl, as that term is
defined above.

[0065] The term “aralkyloxy” includes heteroatom-unsub-
stituted aralkyloxy, heteroatom-substituted aralkyloxy, het-
eroatom-unsubstituted C, -aralkyloxy, heteroatom-substi-
tuted C, -aralkyloxy, heteroaralkyloxy, and heterocyclic
aralkyloxy groups. The term “heteroatom-unsubstituted C, -
aralkyloxy” refers to a group, having the structure —OAr, in
which Ar is a heteroatom-unsubstituted C,-aralkyl, as that
term is defined above. The term “heteroatom-substituted C,,-
aralkyloxy” refers to a group, having the structure —OAr, in
which Ar is a heteroatom-substituted C, -aralkyl, as that term
is defined above.

[0066] The term “acyloxy” includes straight-chain acy-
loxy, branched-chain acyloxy, cycloacyloxy, cyclic acyloxy,
heteroatom-unsubstituted acyloxy, heteroatom-substituted
acyloxy, heteroatom-unsubstituted C,-acyloxy, heteroatom-
substituted C, -acyloxy, alkylcarbonyloxy, arylcarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, and carboxylate
groups. The term “heteroatom-unsubstituted C,-acyloxy”
refers to a group, having the structure —OAc, in which Ac is
a heteroatom-unsubstituted C, -acyl, as that term is defined
above. For example, —OC(O)CHj is a non-limiting example
of'a heteroatom-unsubstituted acyloxy group. The term “het-
eroatom-substituted C, -acyloxy” refers to a group, having the
structure —QOAc, in which Ac is a heteroatom-substituted
C,-acyl, as that term is defined above. For example, —OC
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(O)YOCH; and—OC(O)NHCHj, are non-limiting examples of
heteroatom-unsubstituted acyloxy groups.

[0067] The term “alkylamino” includes straight-chain
alkylamino, branched-chain alkylamino, cycloalkylamino,
cyclic alkylamino, heteroatom-unsubstituted alkylamino,
heteroatom-substituted alkylamino, heteroatom-unsubsti-
tuted C,-alkylamino, and heteroatom-substituted C,-alky-
lamino. The term “heteroatom-unsubstituted C,,-alkylamino”
refers to a radical, having a single nitrogen atom as the point
of attachment, further having one or two saturated carbon
atoms attached to the nitrogen atom, further having a linear or
branched, cyclic or acyclic structure, containing a total of n
carbon atoms, all of which are nonaromatic, 4 or more hydro-
gen atoms, a total of 1 nitrogen atom, and no additional
heteroatoms. For example, a heteroatom-unsubstituted
C,-C,q-alkylamino has 1 to 10 carbon atoms. The term “het-
eroatom-unsubstituted C, -alkylamino” includes groups, hav-
ing the structure —NHR, in which R is a heteroatom-unsub-
stituted C,-alkyl, as that term is defined above. A heteroatom-
unsubstituted alkylamino group would include —NHCH;,
—NHCH,CH;, —NHCH,CH,CH;, —NHCH(CH,),,
—NHCH(CH,),, —NHCH,CH,CH,CH;, —NHCH(CH,)
CH,CH,;, —NHCH,CH(CH;),,—NHC(CH;);,—N(CH,),,
—N(CH,)CH,CH;, —N(CH,CH,),, N-pyrrolidinyl, and
N-piperidinyl. The term ‘heteroatom-substituted C,-alky-
lamino” refers to a radical, having a single nitrogen atom as
the point of attachment, further having one or two saturated
carbon atoms attached to the nitrogen atom, no carbon-carbon
double or triple bonds, further having a linear or branched,
cyclic or acyclic structure, further having a total of n carbon
atoms, all of which are nonaromatic, 0, 1, or more than one
hydrogen atom, and at least one additional heteroatom, that is,
in addition to the nitrogen atom at the point of attachment,
wherein each additional heteroatom is independently selected
from the group consisting of N, O, F, Cl, Br, I, Si, P, and S. For
example, a heteroatom-substituted C,-C, j-alkylamino has 1
to 10 carbon atoms. The term “heteroatom-substituted C,,-
alkylamino” includes groups, having the structure —NHR, in
which R is a heteroatom-substituted C,-alkyl, as that term is
defined above.

[0068] The term “alkenylamino” includes straight-chain
alkenylamino, branched-chain alkenylamino, cycloalkeny-
lamino, cyclic alkenylamino, heteroatom-unsubstituted alk-
enylamino, heteroatom-substituted alkenylamino, heteroa-
tom-unsubstituted C,-alkenylamino, heteroatom-substituted
C,-alkenylamino, dialkenylamino, and alkyl(alkenyl)amino
groups. The term “heteroatom-unsubstituted C,-alkeny-
lamino” refers to a radical, having a single nitrogen atom as
the point of attachment, further having one or two carbon
atoms attached to the nitrogen atom, further having a linear or
branched, cyclic or acyclic structure, containing at least one
nonaromatic carbon-carbon double bond, a total of n carbon
atoms, 4 or more hydrogen atoms, a total of one nitrogen
atom, and no additional heteroatoms. For example, a heteroa-
tom-unsubstituted C,-C,,-alkenylamino has 2 to 10 carbon
atoms. The term ‘heteroatom-unsubstituted C,-alkeny-
lamino” includes groups, having the structure —NHR, in
which R is a heteroatom-unsubstituted C, -alkenyl, as that
term is defined above. The term “heteroatom-substituted C,, -
alkenylamino” refers to a radical, having a single nitrogen
atom as the point of attachment and at least one nonaromatic
carbon-carbon double bond, but no carbon-carbon triple
bonds, further having one or two carbon atoms attached to the
nitrogen atom, further having a linear or branched, cyclic or

Oct. 29, 2015

acyclic structure, further having a total of n carbon atoms, O,
1, or more than one hydrogen atom, and at least one additional
heteroatom, that is, in addition to the nitrogen atom at the
point of attachment, wherein each additional heteroatom is
independently selected from the group consisting of N, O, F,
Cl, Br, 1, Si, P, and S. For example, a heteroatom-substituted
C,-C,-alkenylamino has 2 to 10 carbon atoms. The term
“heteroatom-substituted C, -alkenylamino” includes groups,
having the structure —NHR, in which R is a heteroatom-
substituted C, -alkenyl, as that term is defined above.

[0069] The term “alkynylamino” includes straight-chain
alkynylamino, branched-chain alkynylamino, cycloalkyny-
lamino, cyclic alkynylamino, heteroatom-unsubstituted alky-
nylamino, heteroatom-substituted alkynylamino, heteroa-
tom-unsubstituted C,-alkynylamino, heteroatom-substituted
C, -alkynylamino, dialkynylamino, alkyl(alkynyl)amino, and
alkenyl(alkynyl)amino groups. The term “heteroatom-unsub-
stituted C,,-alkynylamino” refers to a radical, having a single
nitrogen atom as the point of attachment, further having one
or two carbon atoms attached to the nitrogen atom, further
having a linear or branched, cyclic or acyclic structure, con-
taining at least one carbon-carbon triple bond, a total of n
carbon atoms, at least one hydrogen atoms, a total of one
nitrogen atom, and no additional heteroatoms. For example, a
heteroatom-unsubstituted C,-C, ,-alkynylamino has 2 to 10
carbon atoms. The term “heteroatom-unsubstituted C, -alky-
nylamino” includes groups, having the structure —NHR, in
which R is a heteroatom-unsubstituted C, -alkynyl, as that
term is defined above. The term “heteroatom-substituted C,,-
alkynylamino™ refers to a radical, having a single nitrogen
atom as the point of attachment, further having one or two
carbon atoms attached to the nitrogen atom, further having at
least one nonaromatic carbon-carbon triple bond, further hav-
ing a linear or branched, cyclic or acyclic structure, and
further having a total of n carbon atoms, 0, 1, or more than one
hydrogen atom, and at least one additional heteroatom, that is,
in addition to the nitrogen atom at the point of attachment,
wherein each additional heteroatom is independently selected
from the group consisting of N, O, F, C1, Br, I, Si, P, and S. For
example, a heteroatom-substituted C,-C, ,-alkynylamino has
2 to 10 carbon atoms. The term “heteroatom-substituted C, -
alkynylamino” includes groups, having the structure NHR, in
which R is a heteroatom-substituted C, -alkynyl, as that term
is defined above.

[0070] The term “arylamino” includes heteroatom-unsub-
stituted arylamino, heteroatom-substituted arylamino, het-
eroatom-unsubstituted C,-arylamino, heteroatom-substi-
tuted C,-arylamino, heteroarylamino, heterocyclic
arylamino, and alkyl(aryl)amino groups. The term “heteroa-
tom-unsubstituted C,,-arylamino” refers to a radical, having a
single nitrogen atom as the point of attachment, further hav-
ing at least one aromatic ring structure attached to the nitro-
gen atom, wherein the aromatic ring structure contains only
carbon atoms, further having a total of n carbon atoms, 6 or
more hydrogen atoms, a total of one nitrogen atom, and no
additional heteroatoms. For example, a heteroatom-unsubsti-
tuted C4-C,,-arylamino has 6 to 10 carbon atoms. The term
“heteroatom-unsubstituted C, -arylamino” includes groups,
having the structure —NHR, in which R is a heteroatom-
unsubstituted C, -aryl, as that term is defined above. The term
“heteroatom-substituted C,-arylamino” refers to a radical,
having a single nitrogen atom as the point of attachment,
further having a total of n carbon atoms, at least one hydrogen
atom, at least one additional heteroatoms, that is, in addition
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to the nitrogen atom at the point of attachment, wherein at
least one of the carbon atoms is incorporated into one or more
aromatic ring structures, further wherein each additional het-
eroatom is independently selected from the group consisting
of N, O, F, Cl, Br, 1, Si, P, and S. For example, a heteroatom-
substituted C,-C, ,-arylamino has 6 to 10 carbon atoms. The
term  “heteroatom-substituted C,-arylamino” includes
groups, having the structure —NHR, in which R is a heteroa-
tom-substituted C_ -aryl, as that term is defined above.

[0071] The term “aralkylamino” includes heteroatom-un-
substituted aralkylamino, heteroatom-substituted aralky-
lamino, heteroatom-unsubstituted C,-aralkylamino, heteroa-
tom-substituted  C,-aralkylamino, heteroaralkylamino,
heterocyclic aralkylamino groups, and diaralkylamino
groups. The term ‘heteroatom-unsubstituted C,-aralky-
lamino” refers to a radical, having a single nitrogen atom as
the point of attachment, further having one or two saturated
carbon atoms attached to the nitrogen atom, further having a
total of n carbon atoms, wherein at least 6 of the carbon atoms
form an aromatic ring structure containing only carbon
atoms, 8 or more hydrogen atoms, a total of one nitrogen
atom, and no additional heteroatoms. For example, a heteroa-
tom-unsubstituted C,-C, -aralkylamino has 7 to 10 carbon
atoms. The term “heteroatom-unsubstituted C, -aralky-
lamino” includes groups, having the structure —NHR, in
which R is a heteroatom-unsubstituted C, -aralkyl, as that
term is defined above. The term “heteroatom-substituted C,, -
aralkylamino™ refers to a radical, having a single nitrogen
atom as the point of attachment, further having at least one or
two saturated carbon atoms attached to the nitrogen atom,
further having a total of n carbon atoms, 0, 1, or more than one
hydrogen atom, at least one additional heteroatom, that is, in
addition to the nitrogen atom at the point of attachment,
wherein at least one of the carbon atom incorporated into an
aromatic ring, further wherein each heteroatom is indepen-
dently selected from the group consisting of N, O, F, CI, Br, I,
Si, P, and S. For example, a heteroatom-substituted C,-C, -
aralkylamino has 7 to 10 carbon atoms. The term “heteroa-
tom-substituted C,-aralkylamino” includes groups, having
the structure —NHR, in which R is a heteroatom-substituted
C,,-aralkyl, as that term is defined above.

[0072] The term “amido” includes straight-chain amido,
branched-chain amido, cycloamido, cyclic amido, heteroa-
tom-unsubstituted amido, heteroatom-substituted amido,
heteroatom-unsubstituted C, -amido, heteroatom-substituted
C,,-amido, alkylcarbonylamino, arylcarbonylamino, alkoxy-
carbonylamino, aryloxycarbonylamino, acylamino, alky-
laminocarbonylamino, arylaminocarbonylamino, and ureido
groups. The term ‘“heteroatom-unsubstituted C,-amido”
refers to a radical, having a single nitrogen atom as the point
ofattachment, further having a carbonyl group attached via its
carbon atom to the nitrogen atom, further having a linear or
branched, cyclic or acyclic structure, further having a total of
n carbon atoms, 1 or more hydrogen atoms, a total of one
oxygen atom, a total of one nitrogen atom, and no additional
heteroatoms. For example, a heteroatom-unsubstituted
C,-C,,-amido has 1 to 10 carbon atoms. The term “heteroa-
tom-unsubstituted C,-amido” includes groups, having the
structure —NHR, in which R is a heteroatom-unsubstituted
C,-acyl, as that term is defined above. The group, —NHC(O)
CHy,, is anon-limiting example of a heteroatom-unsubstituted
amido group. The term “heteroatom-substituted C,-amido”
refers to a radical, having a single nitrogen atom as the point
ofattachment, further having a carbonyl group attached via its
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carbon atom to the nitrogen atom, further having a linear or
branched, cyclic or acyclic structure, further having a total of
n aromatic or nonaromatic carbon atoms, 0, 1, or more than
one hydrogen atom, at least one additional heteroatom in
addition to the oxygen of the carbonyl group, wherein each
additional heteroatom is independently selected from the
group consisting of N, O, F, Cl, Br, I, Si, P, and S. For
example, a heteroatom-substituted C,-C, ;-amido has 1 to 10
carbon atoms. The term “heteroatom-substituted C ,-amido”
includes groups, having the structure —NHR, in which R is a
heteroatom-unsubstituted C,-acyl, as that term is defined
above. The group, —NHCO,CHy, is a non-limiting example
of a heteroatom-substituted amido group.

[0073] The term “alkylthio” includes straight-chain alky-
Ithio, branched-chain alkylthio, cycloalkylthio, cyclic alky-
Ithio, heteroatom-unsubstituted alkylthio, heteroatom-substi-
tuted alkylthio, heteroatom-unsubstituted C,-alkylthio, and
heteroatom-substituted C, -alkylthio. The term “heteroatom-
unsubstituted C,-alkylthio” refers to a group, having the
structure —SR, in which R is a heteroatom-unsubstituted
C,-alkyl, as that term is defined above. The group, —SCHj, is
an example of a heteroatom-unsubstituted alkylthio group.
The term “heteroatom-substituted C, -alkylthio” refers to a
group, having the structure —SR, in which R is a heteroatom-
substituted C,,-alkyl, as that term is defined above.

[0074] The term “alkenylthio” includes straight-chain alk-
enylthio, branched-chain alkenylthio, cycloalkenylthio,
cyclic alkenylthio, heteroatom-unsubstituted alkenylthio,
heteroatom-substituted alkenylthio, heteroatom-unsubsti-
tuted C,-alkenylthio, and heteroatom-substituted C,-alk-
enylthio. The term “heteroatom-unsubstituted C,-alk-
enylthio” refers to a group, having the structure —SR, in
which R is a heteroatom-unsubstituted C, -alkenyl, as that
term is defined above. The term “heteroatom-substituted C,,-
alkenylthio” refers to a group, having the structure —SR, in
which R is a heteroatom-substituted C,,-alkenyl, as that term
is defined above.

[0075] The term “alkynylthio” includes straight-chain
alkynylthio, branched-chain alkynylthio, cycloalkynylthio,
cyclic alkynylthio, heteroatom-unsubstituted alkynylthio,
heteroatom-substituted alkynylthio, heteroatom-unsubsti-
tuted C,-alkynylthio, and heteroatom-substituted C,-alky-
nylthio. The term “heteroatom-unsubstituted C,-alky-
nylthio” refers to a group, having the structure —SR, in which
R is a heteroatom-unsubstituted C -alkynyl, as that term is
defined above. The term “heteroatom-substituted C,-alky-
nylthio” refers to a group, having the structure —SR, in which
R is a heteroatom-substituted C,-alkynyl, as that term is
defined above.

[0076] The term “arylthio” includes heteroatom-unsubsti-
tuted arylthio, heteroatom-substituted arylthio, heteroatom-
unsubstituted C,-arylthio, heteroatom-substituted
C,-arylthio, heteroarylthio, and heterocyclic arylthio groups.
The term “heteroatom-unsubstituted C,,-arylthio” refers to a
group, having the structure —SAr, in which Ar is a heteroa-
tom-unsubstituted C, -aryl, as that term is defined above. The
group, —SC Hj, is an example of a heteroatom-unsubsti-
tuted arylthio group. The term “heteroatom-substituted C,,-
arylthio” refers to a group, having the structure —SAr, in
which Ar is a heteroatom-substituted C,-aryl, as that term is
defined above.

[0077] The term “aralkylthio” includes heteroatom-unsub-
stituted aralkylthio, heteroatom-substituted aralkylthio, het-
eroatom-unsubstituted C,-aralkylthio, heteroatom-substi-
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tuted C,-aralkylthio, heteroaralkylthio, and heterocyclic
aralkylthio groups. The term “heteroatom-unsubstituted C, -
aralkylthio” refers to a group, having the structure —SAr, in
which Ar is a heteroatom-unsubstituted C,-aralkyl, as that
term is defined above. The group, —SCH,C,Hs, is an
example of a heteroatom-unsubstituted aralkyl group. The
term “heteroatom-substituted C,-aralkylthio” refers to a
group, having the structure —SAr, in which Ar is a heteroa-
tom-substituted C, aralkyl, as that term is defined above.

[0078] The term “acylthio” includes straight-chain
acylthio, branched-chain acylthio, cycloacylthio, cyclic
acylthio, heteroatom-unsubstituted acylthio, heteroatom-
substituted acylthio, heteroatom-unsubstituted C,-acylthio,
heteroatom-substituted C,-acylthio, alkylcarbonyloxy, aryl-
carbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, and
carboxylate groups. The term “heteroatom-unsubstituted C, -
acylthio” refers to a group, having the structure —SAc, in
which Ac is a heteroatom-unsubstituted C,,-acyl, as that term
is defined above. The group, —SCOCH,, is an example of a
heteroatom-unsubstituted acylthio group. The term “heteroa-
tom-substituted C,-acylthio” refers to a group, having the
structure —SAc, in which Ac is a heteroatom-substituted
C,,-acyl, as that term is defined above.

[0079] The term “alkylsilyl” includes straight-chain alkyl-
silyl, branched-chain alkylsilyl, cycloalkylsilyl, cyclic alkyl-
silyl, heteroatom-unsubstituted alkylsilyl, heteroatom-sub-
stituted alkylsilyl, heteroatom-unsubstituted C,,-alkylsilyl,
and heteroatom-substituted C,,-alkylsilyl. The term “heteroa-
tom-unsubstituted C, -alkylsilyl” refers to a radical, having a
single silicon atom as the point of attachment, further having
one, two, or three saturated carbon atoms attached to the
silicon atom, further having a linear or branched, cyclic or
acyclic structure, containing a total of n carbon atoms, all of
which are nonaromatic, 5 or more hydrogen atoms, a total of
1 silicon atom, and no additional heteroatoms. For example, a
heteroatom-unsubstituted C,-C,,-alkylsilyl has 1 to 10 car-
bonatoms. An alkylsilyl group includes dialkylamino groups.
The groups, —Si(CH,); and —Si(CH,),C(CH,);, are non-
limiting examples of heteroatom-unsubstituted alkylsilyl
groups. The term “heteroatom-substituted C,-alkylsilyl”
refers to a radical, having a single silicon atom as the point of
attachment, further having at least one, two, or three saturated
carbon atoms attached to the silicon atom, no carbon-carbon
double or triple bonds, further having a linear or branched,
cyclic or acyclic structure, further having a total of n carbon
atoms, all of which are nonaromatic, 0, 1, or more than one
hydrogen atom, and at least one additional heteroatom, that is,
in addition to the silicon atom at the point of attachment,
wherein each additional heteroatom is independently selected
from the group consisting of N, O, F, Cl, Br, I, Si, P, and S. For
example, a heteroatom-substituted C,-C, ,-alkylsilyl has 1 to
10 carbon atoms.

[0080] The term “phosphonate” includes straight-chain
phosphonate, branched-chain phosphonate, cyclophospho-
nate, cyclic phosphonate, heteroatom-unsubstituted phos-
phonate, heteroatom-substituted phosphonate, heteroatom-
unsubstituted C,,-phosphonate, and heteroatom-substituted
C,-phosphonate. The term ‘“heteroatom-unsubstituted
C,,-phosphonate” refers to a radical, having a single phospho-
rous atom as the point of attachment, further having a linear or
branched, cyclic or acyclic structure, further having a total of
n carbon atoms, 2 or more hydrogen atoms, a total of three
oxygen atom, and no additional heteroatoms. The three oxy-
gen atoms are directly attached to the phosphorous atom, with
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one of these oxygen atoms doubly bonded to the phosphorous
atom. For example, a heteroatom-unsubstituted C,-C, ,-phos-
phonate has 0 to 10 carbon atoms. The groups, —P(O)(OH),,
—P(O)(OH)OCH,, —P(O)(OH)OCH,CH;, —P(O)(OCHs,)
5, and —P(O)(OH)(OC4H;) are non-limiting examples of
heteroatom-unsubstituted phosphonate groups. The term
“heteroatom-substituted C, -phosphonate” refers to a radical,
having a single phosphorous atom as the point of attachment,
further having a linear or branched, cyclic or acyclic struc-
ture, further having a total of n carbon atoms, 2 or more
hydrogen atoms, three or more oxygen atoms, three of which
are directly attached to the phosphorous atom, with one of
these three oxygen atoms doubly bonded to the phosphorous
atom, and further having at least one additional heteroatom in
addition to the three oxygen atoms, wherein each additional
heteroatom is independently selected from the group consist-
ing of N, O, F, Cl, Br, 1, Si, P, and S. For example, a heteroa-
tom-unsubstituted C,-C, ,-phosphonate has 0 to 10 carbon
atoms.

[0081] The term “phosphinate” includes straight-chain
phosphinate, branched-chain phosphinate, cyclophosphi-
nate, cyclic phosphinate, heteroatom-unsubstituted phosphi-
nate, heteroatom-substituted phosphinate, heteroatom-un-
substituted C,,-phosphinate, and heteroatom-substituted
C,-phosphinate. The term “heteroatom-unsubstituted
C, -phosphinate” refers to a radical, having a single phospho-
rous atom as the point of attachment, further having a linear or
branched, cyclic or acyclic structure, further having a total of
n carbon atoms, 2 or more hydrogen atoms, a total of two
oxygen atom, and no additional heteroatoms. The two oxygen
atoms are directly attached to the phosphorous atom, with one
of these oxygen atoms doubly bonded to the phosphorous
atom. For example, a heteroatom-unsubstituted C,-C, ,-phos-
phinate has 0 to 10 carbon atoms. The groups, —P(O)(OH)H,
—P(O)(OH)CH;, —P(O)(OH)CH,CH,, —P(O)(OCH,)
CH,;, and —P(O)(OC4H5)H are non-limiting examples of
heteroatom-unsubstituted phosphinate groups. The term
“heteroatom-substituted C,-phosphinate” refers to a radical,
having a single phosphorous atom as the point of attachment,
further having a linear or branched, cyclic or acyclic struc-
ture, further having a total of n carbon atoms, 2 or more
hydrogen atoms, two or more oxygen atoms, two of which are
directly attached to the phosphorous atom, with one of these
two oxygen atoms doubly bonded to the phosphorous atom,
and further having at least one additional heteroatom in addi-
tion to the two oxygen atoms, wherein each additional het-
eroatom is independently selected from the group consisting
of N, O, F, Cl, Br, I, Si, P, and S. For example, a heteroatom-
unsubstituted C,-C, ,-phosphinate has 0 to 10 carbon atoms.
[0082] Any apparently unfulfilled valency is to be under-
stood to be properly filled by hydrogen atom(s). For example,
a compound with a substituent of —O or —N is to be under-
stood to be —OH or —NH,, respectively.

[0083] Any genus, subgenus, or specific compound dis-
cussed herein is specifically contemplated as being excluded
from any embodiment described herein.

[0084] Compounds described herein may be prepared syn-
thetically using conventional organic chemistry methods
known to those of skill in the art and/or are commercially
available (e.g., ChemBridge Co., San Diego, Calif.).

[0085] The claimed invention is also intended to encom-
pass salts of any of the compounds of the present invention.
The term “salt(s)” as used herein, is understood as being
acidic and/or basic salts formed with inorganic and/or organic
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acids and bases. Zwitterions (internal or inner salts) are
understood as being included within the term “salt(s)” as used
herein, as are quaternary ammonium salts such as alkylam-
monium salts. Nontoxic, pharmaceutically acceptable salts
are preferred, although other salts may be useful, as for
example in isolation or purification steps during synthesis.
Salts include, but are not limited to, sodium, lithium, potas-
sium, amines, tartrates, citrates, hydrohalides, phosphates
and the like. A salt may be a pharmaceutically acceptable salt,
for example. Thus, pharmaceutically acceptable salts of com-
pounds of the present invention are contemplated.

[0086] The term “pharmaceutically acceptable salts,” as
used herein, refers to salts of compounds of this invention that
are substantially non-toxic to living organisms. Typical phar-
maceutically acceptable salts include those salts prepared by
reaction of a compound of'this invention with an inorganic or
organic acid, or an organic base, depending on the substitu-
ents present on the compounds of the invention.

[0087] Non-limiting examples of inorganic acids which
may be used to prepare pharmaceutically acceptable salts
include: hydrochloric acid, phosphoric acid, sulfuric acid,
hydrobromic acid, hydroiodic acid, phosphorous acid and the
like. Examples of organic acids which may be used to prepare
pharmaceutically acceptable salts include: aliphatic mono-
and dicarboxylic acids, such as oxalic acid, carbonic acid,
citric acid, succinic acid, phenyl-heteroatom-substituted
alkanoic acids, aliphatic and aromatic sulfuric acids and the
like. Pharmaceutically acceptable salts prepared from inor-
ganic or organic acids thus include hydrochloride, hydrobro-
mide, nitrate, sulfate, pyrosulfate, bisulfate, sulfite, bisulfate,
phosphate, monohydrogenphosphate, dihydrogenphosphate,
metaphosphate, pyrophosphate, hydroiodide, hydrofluoride,
acetate, propionate, formate, oxalate, citrate, lactate, p-tolu-
enesulfonate, methanesulfonate, maleate, and the like.

[0088] Suitable pharmaceutically acceptable salts may also
be formed by reacting the agents of the invention with an
organic base such as methylamine, ethylamine, ethanola-
mine, lysine, ornithine and the like.

[0089] Pharmaceutically acceptable salts include the salts
formed between carboxylate or sulfonate groups found on
some of the compounds of this invention and inorganic cat-
ions, such as sodium, potassium, ammonium, or calcium, or
such organic cations as isopropylammonium, trimethylam-
monium, tetramethylammonium, and imidazolium.

[0090] Derivatives of compounds of the present invention
are also contemplated. In certain aspects, “derivative” refers
to a chemically modified compound that still retains the
desired effects of the compound prior to the chemical modi-
fication. Such derivatives may have the addition, removal, or
substitution of one or more chemical moieties on the parent
molecule. Non-limiting examples of the types modifications
that can be made to the compounds and structures disclosed
herein include the addition or removal of lower alkanes such
as methyl, ethyl, propyl, or substituted lower alkanes such as
hydroxymethyl or aminomethyl groups; carboxyl groups and
carbonyl groups; hydroxyls; nitro, amino, amide, and azo
groups; sulfate, sulfonate, sulfono, sulthydryl, sulfonyl, sul-
foxido, phosphate, phosphono, phosphoryl groups, and
halide substituents. Additional modifications can include an
addition or a deletion of one or more atoms of the atomic
framework, for example, substitution of an ethyl by a propyl;
substitution of a phenyl by a larger or smaller aromatic group.
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Alternatively, in a cyclic or bicyclic structure, heteroatoms
suchas N, S, or O can be substituted into the structure instead
of a carbon atom.

[0091] Compounds employed in methods of the invention
may contain one or more asymmetrically-substituted carbon
or nitrogen atoms, and may be isolated in optically active or
racemic form. Thus, all chiral, diastereomeric, racemic form,
epimeric form, and all geometric isomeric forms of a struc-
ture are intended, unless the specific stereochemistry or iso-
meric form is specifically indicated. Compounds may occur
as racemates and racemic mixtures, single enantiomers, dias-
tereomeric mixtures and individual diastereomers. In some
embodiments, a single diastereomer is obtained. The chiral
centers of the compounds of the present invention can have
the S- or the R-configuration, as defined by the [UPAC 1974
Recommendations. Compounds may be of the D- or L-form,
for example. It is well known in the art how to prepare and
isolate such optically active forms. For example, mixtures of
stereoisomers may be separated by standard techniques
including, but not limited to, resolution of racemic form,
normal, reverse-phase, and chiral chromatography, preferen-
tial salt formation, recrystallization, and the like, or by chiral
synthesis either from chiral starting materials or by deliberate
synthesis of target chiral centers.

[0092] In addition, atoms making up the compounds of the
present invention are intended to include all isotopic forms of
such atoms. Isotopes, as used herein, include those atoms
having the same atomic number but different mass numbers.
By way of general example and without limitation, isotopes
of hydrogen include tritium and deuterium, and isotopes of
carbon include **C and *C.

[0093] Asnoted above, compounds of the present invention
may exist in prodrug form. As used herein, “prodrug” is
intended to include any covalently bonded carriers which
release the active parent drug or compounds that are metabo-
lized in vivo to an active drug or other compounds employed
in the methods of the invention in vivo when such prodrug is
administered to a subject. Since prodrugs are known to
enhance numerous desirable qualities of pharmaceuticals
(e.g., solubility, bioavailability, manufacturing, etc.), the
compounds employed in some methods of the invention may,
if desired, be delivered in prodrug form. Thus, the invention
contemplates prodrugs of compounds of the present invention
as well as methods of delivering prodrugs. Prodrugs of the
compounds employed in the invention may be prepared by
modifying functional groups present in the compound in such
a way that the modifications are cleaved, either in routine
manipulation or in vivo, to the parent compound.

[0094] Accordingly, prodrugs include, for example, com-
pounds described herein in which a hydroxy, amino, or car-
boxy group is bonded to any group that, when the prodrug is
administered to a subject, cleaves to form a free hydroxyl,
free amino, or carboxylic acid, respectively. Other examples
include, but are not limited to, acetate, formate, and benzoate
derivatives of alcohol and amine functional groups; and alkyl,
carbocyclic, aryl, and alkylaryl esters such as methyl, ethyl,
propyl, iso-propyl, butyl, isobutyl, sec-butyl, tert-butyl,
cyclopropyl, phenyl, benzyl, and phenethyl esters, and the
like.

[0095] It should be recognized that the particular anion or
cation forming a part of any salt of this invention is not
critical, so long as the salt, as a whole, is pharmacologically
acceptable. Additional examples of pharmaceutically accept-
able salts and their methods of preparation and use are pre-
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sented in Handbook of Pharmaceutical Salts: Properties,
Selection and Use (2002), which is incorporated herein by
reference.

E. PHARMACEUTICAL FORMULATIONS AND

ADMINISTRATION THEREOF
[0096] 1. Pharmaceutical Formulations and Routes of
Administration
[0097] Pharmaceutical compositions of the present inven-

tion comprise an effective amount of one or more candidate
substance or additional agent dissolved or dispersed in a
pharmaceutically acceptable carrier. The phrases “pharma-
ceutical or pharmacologically acceptable” refers to molecular
entities and compositions that do not produce an adverse,
allergic or other untoward reaction when administered to an
animal, such as, for example, a human, as appropriate. The
preparation of a pharmaceutical composition that contains at
least one candidate substance or additional active ingredient
will be known to those of skill in the art in light of the present
disclosure, as exemplified by Remington’s Pharmaceutical
Sciences, 18th Ed. Mack Printing Company, 1990, incorpo-
rated herein by reference. Moreover, for animal (e.g., human)
administration, it will be understood that preparations should
meet sterility, pyrogenicity, general safety and purity stan-
dards as required by FDA Office of Biological Standards.
[0098] As used herein, “pharmaceutically acceptable car-
rier” includes any and all solvents, dispersion media, coat-
ings, surfactants, antioxidants, preservatives (e.g., antibacte-
rial agents, antifungal agents), isotonic agents, absorption
delaying agents, salts, preservatives, drugs, drug stabilizers,
gels, binders, excipients, disintegration agents, lubricants,
sweetening agents, flavoring agents, dyes, such like materials
and combinations thereof, as would be known to one of ordi-
nary skill in the art (see, for example, Remington’s Pharma-
ceutical Sciences, 18th Ed. Mack Printing Company, 1990,
pp- 1289-1329). Except insofar as any conventional carrier is
incompatible with the active ingredient, its use in the thera-
peutic or pharmaceutical compositions is contemplated.
[0099] The compounds of the invention may comprise dif-
ferent types of carriers depending on whether it is to be
administered in solid, liquid or aerosol form, and whether it
need to be sterile for such routes of administration as injec-
tion. The present invention can be administered intrave-
nously, intradermally, intraarterially, intraperitoneally,
intralesionally, intracranially, intraarticularly, intraprostati-
caly, intrapleurally, intratracheally, intranasally, intravitre-
ally, intravaginally, intrarectally, topically, intratumorally,
intramuscularly, systemically, subcutaneously, subconjuncti-
val, intravesicularlly, mucosally, intrapericardially, intraum-
bilically, intraocularally, orally, locally, via inhalation (e.g.,
aerosol inhalation), via injection, via infusion, via continuous
infusion, via localized perfusion bathing target cells directly,
via a catheter, via a lavage, in cremes, in lipid compositions
(e.g., liposomes), or by other method or any combination of
the foregoing as would be known to one of ordinary skill in
the art (see, for example, Remington’s Pharmaceutical Sci-
ences, 1990).

[0100] The actual dosage amount of a composition of the
present invention administered to an animal patient can be
determined by physical and physiological factors such as
body weight, severity of condition, the type of disease being
treated, previous or concurrent therapeutic interventions, idi-
opathy of the patient and on the route of administration. The
practitioner responsible for administration will, in any event,
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determine the concentration of active ingredient(s) in a com-
position and appropriate dose(s) for the individual subject.
[0101] In certain embodiments, pharmaceutical composi-
tions may comprise, for example, at least about 0.1% of a
compound of the present invention. In other embodiments,
the compound may comprise between about 2% to about 75%
of'the weight of the unit, or between about 25% to about 60%,
for example, and any range derivable therein. In other non-
limiting examples, a dose may also comprise from about 1
microgram/kg/body weight, about 5 microgram/kg/body
weight, about 10 microgram/kg/body weight, about 50
microgram/kg/body weight, about 100 microgram/kg/body
weight, about 200 microgram/kg/body weight, about 350
microgram/kg/body weight, about 500 microgram/kg/body
weight, about 1 milligram/kg/body weight, about 5 milli-
gram/kg/body weight, about 10 milligram/kg/body weight,
about 50 milligram/kg/body weight, about 100 milligram/kg/
body weight, about 200 milligranm/kg/body weight, about 350
milligram/kg/body weight, about 500 milligram/kg/body
weight, to about 1000 mg/kg/body weight or more per admin-
istration, and any range derivable therein. In non-limiting
examples of a derivable range from the numbers listed herein,
a range of about 5 mg/kg/body weight to about 100 mg/kg/
body weight, about 5 microgram/kg/body weight to about
500 milligram/kg/body weight, etc., can be administered,
based on the numbers described above.

[0102] In any case, the composition may comprise various
antioxidants to retard oxidation of one or more component.
Additionally, the prevention of the action of microorganisms
can be brought about by preservatives such as various anti-
bacterial and antifungal agents, including but not limited to
parabens (e.g., methylparabens, propylparabens), chlorobu-
tanol, phenol, sorbic acid, thimerosal, or combinations
thereof.

[0103] The candidate substance may be formulated into a
composition in a free base, neutral or salt form. Pharmaceu-
tically acceptable salts, include the acid addition salts, e.g.,
those formed with the free amino groups of a proteinaceous
composition, or which are formed with inorganic acids such
as for example, hydrochloric or phosphoric acids, or such
organic acids as acetic, oxalic, tartaric or mandelic acid. Salts
formed with the free carboxyl groups can also be derived
from inorganic bases such as for example, sodium, potas-
sium, ammonium, calcium or ferric hydroxides; or such
organic bases as isopropylamine, trimethylamine, histidine,
or procaine.

[0104] Inembodiments where the composition is in a liquid
form, a carrier can be a solvent or dispersion medium com-
prising but not limited to, water, ethanol, polyol (e.g., glyc-
erol, propylene glycol, liquid polyethylene glycol, etc.), lip-
ids (e.g., triglycerides, vegetable oils, liposomes) and
combinations thereof. The proper fluidity can be maintained,
for example, by the use of a coating, such as lecithin; by the
maintenance of the required particle size by dispersion in
carriers such as, for example liquid polyol or lipids; by the use
of surfactants such as, for example hydroxypropylcellulose;
or combinations thereof such methods. It may be preferable to
include isotonic agents, such as, for example, sugars, sodium
chloride or combinations thereof.

[0105] Inother embodiments, one may use eye drops, nasal
solutions or sprays, aerosols or inhalants. Such compositions
are generally designed to be compatible with the target tissue
type. In a non-limiting example, nasal solutions are usually
aqueous solutions designed to be administered to the nasal
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passages in drops or sprays. Nasal solutions are prepared so
that they are similar in many respects to nasal secretions, so
that normal ciliary action is maintained. Thus, in certain
embodiments the aqueous nasal solutions usually are isotonic
or slightly buffered to maintain a pH of about 5.5 to about 6.5.
In addition, antimicrobial preservatives, similar to those used
in ophthalmic preparations, drugs, or appropriate drug stabi-
lizers, if required, may be included in the formulation. For
example, various commercial nasal preparations are known
and include drugs such as antibiotics or antihistamines.
[0106] In certain embodiments the candidate substance is
prepared for administration by such routes as oral ingestion.
In these embodiments, the solid composition may comprise,
for example, solutions, suspensions, emulsions, tablets, pills,
capsules (e.g., hard or soft shelled gelatin capsules), sustained
release formulations, buccal compositions, troches, elixirs,
suspensions, syrups, wafers, or combinations thereof. Oral
compositions may be incorporated directly with the food of
the diet. In certain embodiments, carriers for oral administra-
tion comprise inert diluents, assimilable edible carriers or
combinations thereof. In other aspects of the invention, the
oral composition may be prepared as a syrup or elixir. A syrup
or elixir, and may comprise, for example, at least one active
agent, a sweetening agent, a preservative, a flavoring agent, a
dye, a preservative, or combinations thereof.

[0107] In certain embodiments an oral composition may
comprise one or more binders, excipients, disintegration
agents, lubricants, flavoring agents, and combinations
thereof. In certain embodiments, a composition may com-
prise one or more of the following: a binder, such as, for
example, gum tragacanth, acacia, cornstarch, gelatin or com-
binations thereof; an excipient, such as, for example, dical-
cium phosphate, mannitol, lactose, starch, magnesium stear-
ate, sodium saccharine, cellulose, magnesium carbonate or
combinations thereof; a disintegrating agent, such as, for
example, corn starch, potato starch, alginic acid or combina-
tions thereof; a lubricant, such as, for example, magnesium
stearate; a sweetening agent, such as, for example, sucrose,
lactose, saccharin or combinations thereof; a flavoring agent,
such as, for example peppermint, oil of wintergreen, cherry
flavoring, orange flavoring, etc.; or combinations thereof the
foregoing. When the dosage unit form is a capsule, it may
contain, in addition to materials of the above type, carriers
such as a liquid carrier. Various other materials may be
present as coatings or to otherwise modify the physical form
of'the dosage unit. For instance, tablets, pills, or capsules may
be coated with shellac, sugar, or both.

[0108] Additional formulations which are suitable for other
modes of administration include suppositories. Suppositories
are solid dosage forms of various weights and shapes, usually
medicated, for insertion into the rectum, vagina, or urethra.
After insertion, suppositories soften, melt or dissolve in the
cavity fluids. In general, for suppositories, traditional carriers
may include, for example, polyalkylene glycols, triglycer-
ides, or combinations thereof. In certain embodiments, sup-
positories may be formed from mixtures containing, for
example, the active ingredient in the range of about 0.5% to
about 10%, and preferably about 1% to about 2%.

[0109] Sterile injectable solutions are prepared by incorpo-
rating the active compounds in the required amount in the
appropriate solvent with various of the other ingredients enu-
merated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the vari-
ous sterilized active ingredients into a sterile vehicle which

Oct. 29, 2015

contains the basic dispersion medium and/or the other ingre-
dients. In the case of sterile powders for the preparation of
sterile injectable solutions, suspensions or emulsion, certain
methods of preparation may include vacuum-drying or
freeze-drying techniques which yield a powder of the active
ingredient plus any additional desired ingredient from a pre-
viously sterile-filtered liquid medium thereof. The liquid
medium should be suitably buffered if necessary and the
liquid diluent first rendered isotonic prior to injection with
sufficient saline or glucose. The preparation of highly con-
centrated compositions for direct injection is also contem-
plated, where the use of DMSO as solvent is envisioned to
result in extremely rapid penetration, delivering high concen-
trations of the active agents to a small area.

[0110] The composition must be stable under the condi-
tions of manufacture and storage, and preserved against the
contaminating action of microorganisms, such as bacteria and
fungi. It will be appreciated that endotoxin contamination
should be kept minimally at a safe level, for example, less that
0.5 ng/mg protein.

[0111] Inparticular embodiments, prolonged absorption of
an injectable composition can be brought about by the use in
the compositions of agents delaying absorption, such as, for
example, aluminum monostearate, gelatin, or combinations
thereof

[0112] 2. Combination Therapy

[0113] In some embodiments, it is contemplated that the
RADS51 modulators of the invention may be used in conjunc-
tion with DNA damaging agents as part of a treatment regi-
men. This process may involve contacting the cell(s) with the
agents at the same time or within a period of time wherein
separate administration of the agents produces a desired
therapeutic benefit. This may be achieved by contacting the
cell, tissue or organism with a single composition or pharma-
cological formulation that includes two or more agents, or by
contacting the cell with two or more distinct compositions or
formulations, wherein one composition includes one agent
and the other includes another.

[0114] Compounds discussed herein may precede, be co-
current with and/or follow the other agents by intervals rang-
ing from minutes to weeks. In embodiments where the agents
are applied separately to a cell, tissue or organism, one would
generally ensure that a significant period of time did not
expire between the time of each delivery, such that the agents
would still be able to exert an advantageously combined
effect on the cell, tissue or organism. For example, in such
instances, it is contemplated that one may contact the cell,
tissue or organism with two, three, four or more modalities
substantially simultaneously (i.e., within less than about a
minute) as the candidate substance. In other aspects, one or
more DNA damaging agents may be administered or pro-
vided within 1 minute, 5 minutes, 10 minutes, 20 minutes, 30
minutes, 45 minutes, 60 minutes, 2 hours, 3 hours, 4 hours, 5
hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours,
12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18
hours, 19 hours, 20 hours, 21 hours, 22 hours, 22 hours, 23
hours, 24 hours, 25 hours, 26 hours, 27 hours, 28 hours, 29
hours, 30 hours, 31 hours, 32 hours, 33 hours, 34 hours, 35
hours, 36 hours, 37 hours, 38 hours, 39 hours, 40 hours, 41
hours, 42 hours, 43 hours, 44 hours, 45 hours, 46 hours, 47
hours, 48 hours, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days,
7 days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14
days, 15 days, 16 days, 17 days, 18 days, 19 days, 20 days, 21
days, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks,
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7 weeks, or 8 weeks or more, and any range derivable therein,
prior to and/or after administering the RADS1 modulator.
[0115] Various combination regimens of the agents may be
employed. Non-limiting examples of such combinations are
shown below, wherein a compound of the present invention is
“A” and a second agent, such as a DNA damaging agent, is
“B:

[0116] A/B/AB/A/BB/B/AA/A/BA/B/BB/A/AA/B/B/B
B/A/B/B
[0117] B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A
B/B/A/A
[0118] B/A/B/A B/A/A/B A/A/A/B B/A/A/A A/B/A/A
A/A/B/A
[0119] In some embodiments, more than one course of

therapy may be employed. It is contemplated that multiple
courses may be implemented. In certain embodiments, a
patient may have previously undergone radiation or chemo-
therapy for a cancer that turns out to be chemotherapy- or
radiation-resistant. Alternatively, a patient may have a recur-
ring cancer that is to be treated with a DNA damaging agent.

F. ORGANISMS AND CELL SOURCE

[0120] Cells that may be used in some methods can be from
a variety of sources. Embodiments include the use of mam-
malian cells, such as cells from monkeys, chimpanzees, rab-
bits, mice, rats, ferrets, dogs, pigs, humans, and cows. Alter-
natively, the cells may be from fruit flies, yeast, or e. colj,
which are all model systems for evaluating homologous
recombination.

[0121] Methods can involve cells, tissues, or organs involv-
ing the heart, lung, kidney, liver, bone marrow, pancreas, skin,
bone, vein, artery, cornea, blood, small intestine, large intes-
tine, brain, spinal cord, smooth muscle, skeletal muscle,
ovary, testis, uterus, and umbilical cord.

[0122] Moreover, methods can be employed in cells of the
following type: platelet, myelocyte, erythrocyte, lymphocyte,
adipocyte, fibroblast, epithelial cell, endothelial cell, smooth
muscle cell, skeletal muscle cell, endocrine cell, glial cell,
neuron, secretory cell, barrier function cell, contractile cell,
absorptive cell, mucosal cell, limbus cell (from cornea), stem
cell (totipotent, pluripotent or multipotent), unfertilized or
fertilized oocyte, or sperm.

[0123] Moreover, methods can be implemented with or in
plants or parts of plants, including fruit, flowers, leaves,
stems, seeds, cuttings. Plants can be agricultural, medicinal,
or decorative.

G. EXAMPLES

[0124] The following examples are included to demon-
strate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute pre-
ferred modes for its practice. However, those of skill in the art
should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are
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disclosed and still obtain a like or similar result without
departing from the spirit and scope of the invention.

Example 1

Fluorescence Polarization and Cell-Based Assays

[0125] The synthesized compounds were tested for bio-
logical activity in a two-stage manner. They were first evalu-
ated for their ability to inhibit the binding of human RADS1
protein to ssDNA. This primary assay utilizes a fluorescence
polarization (FP) based method that involves incubation of
purified RADS1 protein with oligonucleotides, which are
end-labeled with a fluorescent tag. The binding of RADS1 to
this substrate ssDNA is quantified as a function of polariza-
tion of light emitted by the fluorescent tag. Chemical analogs
were then tested further using secondary cell-based assays.
Since cell lethality from RI-1 is thought to be a function of
cellular RADS1 inhibition for RI-1, LD, values were used as
a surrogate measurement of in vivo activity against RADS51 in
cells. This cell-based assay was also simultaneously utilized
to evaluate for compound-induced sensitization of cells to the
cross-linking chemotherapeutic drug MMC, thereby con-
firming that toxic effects are secondary to HR inhibition.

Example 2

RI-2 Inhibits HR DNA Repair and Sensitizes Cells
to Cross-Linking Chemotherapy

[0126] To demonstrate that RI-2 is capable of gaining intra-
cellular access and specifically inhibiting RADS51 in cells, the
compound was tested in human cells that contain integrated
reporter constructs that quantify the efficiency of specific
DNA repair pathways. The reporter construct that measures
HR repair consists of two non-functional copies of green
fluorescence protein (GFP), one of which is interrupted by an
I-Scel endonuclease site. Induction of a DNA break at the
I-Scel site can lead to repair by homologous gene conversion
that generates a functional copy of GFP (Pierce et al., 1999).
A second parallel assay makes use of cells that contain a
different reporter that measures single-strand annealing
(SSA), which is an alternative method of re-ligating DNA
when HR cannot be completed. SSA efficiency is known to be
elevated in situations where RADS1 function has been dis-
rupted (Mansour etal., 2008, Stark et al., 2004, and Bennardo
et al., 2008). Consistent with our prior report (Budke et al.,
2012), incubation of cells with 20 uM RI-1 led to an inhibition
of HR and a stimulation of SSA (FIG. 3). RI-2 at 60 uM was
capable of generating very similar effects. This suggests that
RI-2 can indeed generate specific inhibition of RADS51 in
cells, even though this compound lacks the Michael acceptor
reactivity of RI-1.

Example 3

DNA Binding Assay

[0127] Human RADS1 protein was prepared as previously
described (Budke et al., 2012). RADS1 was incubated with
100 nM (nucleotide concentration) of a 45-mer oligo-dT 5
Alexa 488 end-labeled substrate. Binding was measured as a
function of fluorescence polarization (FP) of the Alexa 488
tag. 50 pl reactions were performed in 20 mM HEPES, pH
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7.5, 2 mM ATP, 10 mM MgCl,, 30 mM NaCl, 2% glycerol,
250 uM BSA, and 4% DMSO. Black polystyrene flat-bottom
384-well reaction plates were read using a Tecan Infinite
F200 Pro plate reader, equipped with 485(20)/535(25) FP
filters. For experiments used to determine IC,, values,
RADS51 concentrations (typically 190-290 nM) were selected
to generate FP signal of 50-80% maximum in the absence of
any inhibitory compound. Reported IC,, values represent the
mean result of at least three replicate wells, and reported
errors connote standard deviation.

Example 4

DNA Binding Competition Assays

[0128] Using a previously described method, human
RADS1 protein was prepared with an N-terminal biotin tag
(Jayathilaka et al., 2008). The tag is linked to the protein by a
peptide sequence recognized by the Tobacco Etch Virus
(TEV) protease. Tagged RADS51 was immobilized on strepta-
vidin-conjugated polyacrylamide beads (Ultralink, Pierce)
and incubated for 30 min at 37° C. with candidate compounds
in 20 mM HEPES, pH 7.5, 30 mM NaCl, 2% glycerol, 4%
DMSO. The polyacrylamide beads were then washed twice
with ice-cold wash bufter (20 mM Tris-HCI, pH 8.0, 300 mM
NaCl) containing 4% DMSO and then once with ice-cold
wash buffer without DMSO. RADS1 protein was subse-
quently eluted from beads with TEV protease (gift from
Phoebe Rice) and analyzed for DNA binding activity using
the above FP-based DNA binding assay.

Example 5

Cell Toxicity Assays

[0129] HEK293 cells were plated into 96-well tissue cul-
ture plates at a density of 300 cells per well in the presence or
absence of 50 nM MMC (Ben Venue Laboratories) for 24
hours at 37° C., 5% CO,. Media was subsequently replaced
with fresh media containing 0.5% DMSO plus a candidate
compound for an additional 24 hours. Compounds were then
removed, and cultures were allowed to grow to a 50-70%
confluence. Average survival from at least three replicates
was measured using CellGlo reagent (Promega) or via a pre-
viously described sulforhodamine B method (Jayathilaka et
al., 2008). Compounds were deemed successful in sensitizing
cells to MMC if they generated significantly greater toxicity
in the presence of MMC relative to the absence of MMC.
Specifically, sensitization was scored as a “+” when non-
overlapping standard errors were observed for at least two
pairs of compound doses.

Example 6

Quantification of HR and SSA Efficiencies in Cells

[0130] HEK293 cells stably transfected with the DR-GFP
or SA-GFP reporters were provided by Jeremy Stark (Ben-
nardo et al., 2008). 0.5-1.0x107 cells at 80% confluence were
electroporated with 30-60 ug pCpASce (or pCAGGS) in 4
mm cuvettes, using the following settings: 240-350V, 975 uF.
Cells were transferred into the appropriate complete growth
medium and allowed to grow for 24 hours in the presence or
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absence of a candidate compound. Compounds were
removed and cells were incubated for an additional 24 hours
in normal media, following which they were analyzed with a
Becton-Dickinson FACScan. Live cells were collected based
on size/complexity and 7-aminoactinomycyin D (7-AAD)
exclusion. The fraction of live cells exhibiting GFP positivity
is displayed, and error bars denote standard error.

Example 7

Glutathione Stability Experiments

[0131] Compound (10 mg) and L.-glutathione (5 mol equiv)
were placed in a round-bottomed flask under argon and dis-
solved in DMSO (1 mL). The reaction was heated to 37° C.
and stirred. Aliquots of the reaction mixture were removed
every hour, including one at t=0 min, and analyzed by HPLC.
Ratio of substrate and glutathione adduct was recorded and
the expected glutathione adduct was then identified using
mass spectrometry

Example 8

General Information for Synthetic Procedures

[0132] 'HNMR and '*C NMR spectra were obtained using
a Bruker spectrometer with TMS as an internal standard. The
following standard abbreviations indicating multiplicity were
used: s=singlet, d=doublet, t=triplet, m=multiplet, and
br=broad. HRMS experiments were carried out using a Shi-
madzu [T-TOF instrument with MeCN and H,O spiked with
0.1% formic acid as the mobile phase. Reaction progress was
monitored by TLC using precoated silica gel plates (Merck
silica gel 60 F254, 250 um thickness). Automated column
chromatography was performed using the CombiFlash Rf
apparatus available from Teledyne ISCO and prepacked car-
tridges (50 g) loaded with Merck silica gel (40-60 mesh)
along with the following conditions: Gradient: 100% hexane,
5 min; 0-50% EtOAc/hexane, 25 min; 50% EtOAc/hexane, 5
min. Flow rate=40 m[/min with wavelength monitoring at
254 and 280 nm. Preparatory HPL.C was carried out using a
Shimadzu preparative liquid chromatograph with the follow-
ing specifications: Column: ACE 5 AQ (150%x21.2 mm) with
5 um particle size. Gradient: 25-100% MeOH/H,O, 30 min;
100% MeOH, 5 min; 100-25% MeOH/H,0, 4 min; 25%
MeOH/H,0, 1 min. Flow rate=17 mL/min with wavelength
monitoring at 254 and 280 nm. Both solvents were spiked
with 0.05% TFA. Resin bound bicarbonate was used to neu-
tralize residual trifluoroacetic acid remaining from prepara-
tory HPLC purification. Analytical HPL.C was carried out
using an Agilent 1100 series instrument with the following
specifications: Column: Luna 5p C18(2) 100 A (150x4.60
mm) with 5 um particle size. Flow rate=1.4 m[L/min with
wavelength monitoring at 254 nm. Gradient: 10-100%
MeOH/H,0, 18 min; 100% MeOH, 3 min; 100-10% MeOH/
H,0, 3 min; 10% MeOH/H,O, 5 min. Both solvents were
spiked with 0.05% TFA. The purity of all tested compounds
was 295%.
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Example 9

General Procedures for Synthesis of RADS1
Inhibitors (Scheme 1)

[0133]
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K
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[0134] General Procedure A: Maleic anhydride was placed

in a round-bottomed flask and to it was added anhydrous Et,O
(2 mL/mmol) at RT. Upon complete dissolution of the maleic
anhydride, the appropriate substituted aniline (1.1 mol equiv)
dissolved in anhydrous Et,O (1 mL/mmol) was added drop-
wise at RT. The reaction was stirred for approximately 2 h
resulting in the formation of a white precipitate. The reaction
was then concentrated in vacuo, cooled in an ice bath and the
N-substituted maleanic acid precipitate was isolated by fil-
tration. The filter cake was then added to a round-bottomed
flask charged with sodium acetate (1 mol equiv) and acetic
anhydride (0.5 mL/mmol). The reaction was heated to 100°
C. and stirred for 20-30 min after which it was cooled to room
temperature and poured into ice water (50 mL). The organic
products were extracted with EtOAc (3x15 mL), washed with
water (3x15 mL) and brine (15 mL), dried with anhydrous
Na,SO,, filtered and concentrated in vacuo. The resulting
product was then purified using automated column chroma-
tography.

[0135] General Procedure B: The appropriate maleimide
was placed in a round-bottomed flask and dissolved in thionyl
chloride (1 mL/mmol) at RT. The reaction was cooled to 0° C.
in an ice bath and then pyridine (2.1 mol equiv) was added
dropwise. The reaction was stirred at 0° C. for 15 min after
which it was removed from the ice bath and heated at reflux
for 1 h. The reaction was then cooled to RT and excess thionyl
chloride was removed in vacuo. The resulting residue was
taken up in CHCI, (30 mL), washed with 1N HCI (3x10 mL)
and brine (15 mL), dried with anhydrous Na,SO,, filtered and
concentrated in vacuo. The resulting 3,4-dichloromaleimide
was then purified by automated column chromatography.
[0136] General Procedure C: The appropriate 3,4-dihalo-
maleimide was placed in a round-bottomed flask and dis-
solved in DCM (3 mL/mmol). To it was added either mor-
pholine or N-methylpiperazine (2 mol equiv) at RT and the
reaction was stirred for approximately 2 h. Upon addition of
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the amine, the reaction turned from clear to yellow and a
yellow precipitate formed. When the reaction was complete
as evidenced by TLC, the reaction was poured into water (15
ml) and the organic products were extracted with DCM
(3x15 mL). The combined organic extracts were washed with
brine (15 mL), dried with anhydrous Na,SO,, filtered and
concentrated in vacuo. The crude product was then dissolved
in DMF and purified by preparatory HPLC.

Example 10

General Procedures for Synthesis of RADS1
Inhibitors (Scheme 2)

[0137]
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[0138] General Procedure D: The appropriate phenylacetic
acid was placed in a two-necked round-bottomed flask fitted
with a condenser under argon Anhydrous THF (2 mL/mmol)
was added followed by three drops of anhydrous DMF after
which the reaction was cooled to 0° C. in an ice bath. Oxalyl
chloride (2 mol equiv) was added dropwise to the reaction
which was then removed from the ice bath and heated to 80°
C. for 15 min. Upon completion as evidenced by TLC, the
reaction was cooled to RT and the volatiles were removed in
vacuo. The freshly obtained acid chloride was then placed
under argon and dissolved in anhydrous THF (2 mI./mmol).
The appropriate aniline (1.2 mol equiv) dissolved in anhy-
drous THF (1 ml/mmol) was added followed by triethy-
lamine (1 mol equiv) dropwise at RT. The reaction was then
stirred at RT for 2 h after which water (15 mL.) was added and
the organic products were extracted with EtOAc (3x15 mL).
The combined organic fractions were washed with brine (15
ml), dried with anhydrous Na,SO,, filtered and concentrated
in vacuo. The desired amide product was purified by auto-
mated column chromatography.

[0139] General Procedure E: The appropriate phenylacetic
acid, aniline (1 mol equiv), EDCI (1.2 molar equiv) and
DMAP (0.1 mol equiv) were placed in a round-bottomed
flask under argon and dissolved in anhydrous DCM (5
ml./mmol) at RT. The reaction was then stirred at RT over-
night (approximately 16 h) after which water (15 mL) was
added and the organic layer was isolated. The aqueous layer
was further extracted with DCM (2x15 mL.) and the com-
bined organic fractions were washed water (2x20 mL) and
brine (15 mL), dried with anhydrous Na,SO,, filtered and
concentrated in vacuo. The desired amide product was then
purified by automated column chromatography.

[0140] General Procedure F: The respective amide was
placed in a round-bottomed flask under argon and dissolved
in anhydrous THF (5 ml./mmol). The reaction was cooled to
0° C. with an ice bath and then diethyl oxalate (2 mol equiv)
was added after which potassium tert-butoxide (2.5 mol
equiv) dissolved/suspended in anhydrous THF (3 m[./mmol)
was added dropwise. The reaction was allowed to warm to RT
and then stirred for 2 h. After 2 h, the reaction was poured into
ice water (50 mL) and the pH was adjusted to approximately
3 with 1N HCI. The organic products were extracted with
EtOAc (3%x20 mL) and the combined organic extracts were
washed with brine (15 mL), dried with anhydrous Na,SO,,
filtered and concentrated in vacuo. The resulting maleimide
product was purified by washing with MeOH.
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[0141] General Procedure G: The appropriate alcohol was
dissolved in DCM (2 mL/mmol) and DMF (2 mL/mmol) at
RT. Then, oxalyl chloride (1.1 mol equiv) dissolved in DCM
(2 mL/mmol) was added dropwise to the reaction at RT. The
reaction was stirred for approximately 10 min and then
poured into ice water (30 mL). The organic products were
extracted with DCM (3x15 mL), washed with water (3x10
ml) and brine (15 mL), dried with anhydrous Na,SO,, fil-
tered and concentrated in vacuo. The desired chloromaleim-
ide product was purified by washing with MeOH.

[0142] General Procedure H: The appropriate chloromale-
imide and either morpholine or N-methylpiperazine (2 mol
equiv) were dissolved in anhydrous DMF (3 mI./mmol) and
sealed inside a microwave reactor vessel. The reaction was
then heated to 150° C. for 10 min after which the reaction was
cooled to RT and poured into ice water (15 mL). The organic
products were extracted with EtOAc (3x15 mL), washed with
water (10 mL) and brine (10 mL), dried with Na,SO,,, filtered
and concentrated in vacuo. The desired final product was then
purified by preparatory HPLC.

Example 11

Procedures for the Synthesis of RADS1 Derivatives

[0143] 1-(2,3-Dichlorophenyl)-1H-pyrrole-2,5-dione
(1d): The title compound was synthesized from maleic anhy-
dride (2.5 g, 26 mmol) and 2,3-dichloroaniline (4.5 g, 28
mmol) according to general procedure A and isolated as an
off-white solid (2.3 g, 37%). 'H-NMR (400 MHz, CDCL,): §
7.58(dd, J=1.5Hz,J=6.7Hz, 1H),7.33 (t,]J=8.0 Hz, 1H), 7.21
(dd, J=1.5 Hz, J=6.4 Hz, 1H), 6.91 (s, 2H). "*C-NMR (100
MHz, CDCl,): § 168.4, 134.6, 134.3, 132.2, 131.5, 130.7,
129.0, 127.7. ESI-HRMS: calc. for C, HsCI,NO,: [M+H]*
=m/z 241.9770, found: [M+H]*=m/z 241.9776.

[0144] 1-(3,4-Difluorophenyl)-1H-pyrrole-2,5-dione (le):
The title compound was synthesized from maleic anhydride
(1.5 g, 15 mmol) and 3,4-difluoroaniline (2.2 g, 17 mmol)
according to general procedure A and isolated as an off-white
solid (2.6 g, 82%). 'H-NMR (400 MHz, CDCl,): § 7.28 (m,
2H), 7.16 (m, 1H), 6.88 (s, 2H). *C-NMR (100 MHz,
CDCl,): 9 168.5, 150.7 (dd, J=14.0 Hz, J=38.7 Hz), 148.2
(dd, I=13.9 Hz, J=39.5Hz), 133.9,127.0 (dd, J=3.6 Hz, J=4.4
Hz), 121.7 (d, J=4.0 Hz, J=2.6 Hz), 117.2 (d, J=18.4 Hz),
115.1 (d, J=20.2 Hz). ESI-HRMS: calc. for C,,HsF,NO,:
[M+H]"*=m/z 210.0361, found: [M+H]"=m/z 210.0370.
[0145] 1-(3-Chloro-4-fluorophenyl)-1H-pyrrole-2,5-dione
(11): The title compound was synthesized from maleic anhy-
dride (1.5 g, 15 mmol) and 3-chloro-4-fluoroaniline (2.4 g, 17
mmol) according to general procedure A and isolated as a
light-yellow solid (3.1 g, 89%). "H-NMR (400 MHz, CDCL,):
d7.48 (dd, I=2.2 Hz, J=4.1 Hz, 1H), 7.28 (m, 2H), 6.88 (s,
2H). PC-NMR (100 MHz, CDCIl,): 8 168.5, 156.9 (d,
J=250.3 Hz), 133.9, 127.8, 127.3 (d, J=3.7 Hz), 125.4 (d,
J=7.7Hz), 121.2 (d, J=19.0 Hz), 116.5 (d, J=22.3 Hz). ESI-
HRMS: calc. for C, H;CIFNO,: [M+H]*=m/z 226.0066,
found: [M+H]*=m/z 226.0071.

[0146] 1-(4-Chloro-3-fluorophenyl)-1H-pyrrole-2,5-dione
(1g): The title compound was synthesized from maleic anhy-
dride (0.15 g, 1.5 mmol) and 4-chloro-3-fluoroaniline (0.25 g,
1.7 mmol) according to general procedure A and isolated as a
light-yellow solid (0.23 g, 65%). 'H-NMR (400 MHz,
CDCl,): 8 7.50 (t, JI=8.3 Hz, 1H), 7.31 (dd, J=2.3 Hz, I=7.5
Hz, 1H), 7.21 (dq, J=1.2 Hz, J=5.3 Hz, 1H), 6.89 (s, 2H).
13C-NMR (100 MHz, CDCl,): 8 168.7, 157.9 (d, ]=249.7
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Hz), 134.3, 130.9 (d, 1=9.3 Hz), 130.7, 121.8 (d, I=3.9 Hz),
120.3 (d, I=17.6 Hz), 114.2 (d, 7=24.4 Hz). ESI-HRMS: calc.
for C,,H,CIFNO,: [M+H]*=m/z 226.0066, found: [M+H]*
=m/z 226.0070.

[0147] 1-(3-Bromo-4-chlorophenyl)-1H-pyrrole-2,5-di-
one (1h): The title compound was synthesized from maleic
anhydride (0.11 g, 1.1 mmol) and 3-bromo-4-chloroaniline
(0.26 g, 1.2 mmol) according to general procedure A and
isolated as an off-white solid (0.30 g, 94%). 'H-NMR (400
MHz, CDCl,): 8 7.72 (s, 1H), 7.56 (d, J=8.5 Hz, 1H), 7.43 (d,
J=8.4 Hz, 1H), 6.89 (s, 2H). '*C-NMR (100 MHz, CDCl,): &
168.7, 134.4, 133.9, 130.63, 130.55, 130.49, 125.5, 122.7.
ESI-HRMS: calc. for C4H6NO7CI3: [M+H]*=285.9283
m/z, found: [M+H]*=285.9277 m/z.

[0148] 1-(4-Bromo-3-chlorophenyl)-1H-pyrrole-2,5-di-
one (1i): The title compound was synthesized from maleic
anhydride (0.44 g, 4.5 mmol) and 4-bromo-3-chloroaniline
(1.0 g, 4.9 mmol) according to general procedure A and
isolated as a brown solid (1.2 g, 97%). "H-NMR (400 MHz,
CDCl,): 87.71 (d,J=8.6 Hz, 1H), 7.56 (m, 1H), 7.22 (m, 1H),
6.89 (s, 2H). "*C-NMR (100 MHz, CDCl,): § 168.7, 135.0,
134.4, 134.0, 131.3, 127.3, 124.9, 121.6. ESI-HRMS: calc.
for C, ,H;BrCINO,: [M-H] =m/z 283.9119, found: [M-H]~
=m/z 283.9123.

[0149] 1-(3,4-Dichlorophenyl)-1H-pyrrole-2,5-dione (1j):
The title compound was synthesized from maleic anhydride
(2.5 g, 26 mmol) and 3.,4-dichloroaniline (4.5 g, 28 mmol)
according to general procedure A and isolated as an off-white
solid (5.6 g, 91%). "H-NMR (400 MHz, CDCl,): 8 7.55 (m,
2H), 7.24 (d, J=9.1 Hz, 1H), 6.89 (s, 2H). *C-NMR (100
MHz, CDCl,): § 168.3, 134.0, 132.7, 131.5, 130.3, 130.2,
127.1, 124.5. ESI-HRMS: calc. for C, ;H;CL,LNO,: [M+H]*
=m/z 241.9770, found: [M+H]"=m/z 241.9762.

[0150] 3,4-Dichloro-1-(2,3-dichlorophenyl)-1H-pyrrole-
2,5-dione (2d): The title compound was synthesized from
1-(2,3-dichlorophenyl)-1H-pyrrole-2,5-dione (1d) (1.0 g, 4.1
mmol) according to general procedure B and isolated as a
beige solid (1.0 g, 81%). "H-NMR (400 MHz, CDCl,): § 7.64
(dd, J=1.3 Hz, I=6.8 Hz, 1H), 7.37 (t,J=8.0 Hz, 1H), 7.25 (m,
1H). '*C-NMR (100 MHz, CDCls): § 161.0, 134.6, 134.0,
132.3, 132.1, 129.9, 128.8, 127.9. ESI-HRMS: calc. for
C,H;CLNO,: [M+H]"=m/z 309.8991, found: [M+H]"=nv/z
309.8998.

[0151] 3,4-Dichloro-1-(3,4-difluorophenyl)-1H-pyrrole-2,
5-dione (2e): The title compound was synthesized from 1-(3,
4-diftuorophenyl)-1H-pyrrole-2,5-dione (le) (1.0 g, 4.8
mmol) according to general procedure B and isolated as a
beige solid (0.74 g, 56%). "H-NMR (400 MHz, DMSO-d,): 8
7.63 (q,7=8.9 Hz, 1H), 7.51 (m, 1H), 7.28 (m, 1H). *C-NMR
(100 MHz, DMSO-d,): § 161.9, 150.5 (dd, I=11.7 Hz, J=13.1
Hz), 148.0 (dd, J=11.7 Hz, J=12.5 Hz), 132.9, 127.5 (dd,
J=3.7Hz,J=5.1Hz),124.6 (dd,]=3.6 Hz,]=3.4 Hz), 118.1 (d,
J=18.4 Hz), 116.7 (d, J=19.6 Hz). ESI-HRMS: calc. for
C10H4NO2F2CI12: [M+H]*=277.9582 m/z, found: [M+H]*
=277.9573 m/z.

[0152] 3,4-Dichloro-1-(3-chloro-4-fluorophenyl)-1H-pyr-
role-2,5-dione (2f): Thetitle compound was synthesized from
1-(3-chloro-4-fluorophenyl)-1H-pyrrole-2,5-dione (1f) (1.0
g, 4.4 mmol) according to general procedure B and isolated as
a beige solid (0.92 g, 71%). "H-NMR (400 MHz, CDCL,): §
7.49 (m, 1H), 7.28 (m, 2H). 1*C-NMR (100 MHz, CDCl,): §
161.5, 157.7 (d, I=252.0 Hz), 133.8, 128.3, 126.9 (d, J=3.9
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Hz), 125.8 (d, J=7.7 Hz), 122.0 (d, I=19.3 Hz), 117.2 (d,
J=22.6 Hz). C, ,H,CLLFNO,: [M+H]*=m/z 293.9286, found:
[M+H]*"*=m/z 293.9293.

[0153] 3,4-Dichloro-1-(4-chloro-3-fluorophenyl)-1H-pyr-
role-2,5-dione (2g): The title compound was synthesized
from 1-(4-chloro-3-fluorophenyl)-1H-pyrrole-2,5-dione (1g)
(0.20 g, 0.89 mmol) according to general procedure B and
isolated as a beige solid (0.17 g, 64%). "H-NMR (400 MHz,
CDCl,): 67.53 (t,J=8.3Hz, 1H), 7.29 (m, 1H), 7.17 (d, J=8.7
Hz, 1H). >C-NMR (100 MHz, CDCl,): 8 161.4, 157.9 (d,
J=250.8 Hz), 133.8, 131.1, 130.1 (d, J=9.2 Hz), 121.9 (d,
J=4.0 Hz), 121.3 (d, J=17.5 Hz), 114.3 (d, J=24.6 Hz). ESI-
HRMS: calc. for CI0H3NO2FCI3: [M+H]*=293.9286 m/z,
found: [M+H]*=293.9288 m/z.

[0154] 1-(3-Bromo-4-chlorophenyl)-3,4-dichloro-1H-pyr-
role-2,5-dione (2h): The title compound was synthesized
from 1-(3-bromo-4-chlorophenyl)- 1H-pyrrole-2,5-dione
(1h) (0.20 g, 0.70 mmol) according to general procedure B
and isolated as a light-yellow solid (0.23 g, 94%). '"H-NMR
(400 MHz, CDCl,): 8 7.71 (d, J=2.1 Hz, 1H), 7.58 (d, J=8.6
Hz, 1H), 7.33 (dd, J=2.1 Hz, J=6.5 Hz, 1H). '*C-NMR (100
MHz, CDCl,): § 161.4, 134.8, 133.8, 130.75, 130.68, 129.7,
125.5, 122.9. ESI-HRMS: calc. for CHNO: [M+H]*=m/z,
found: [M+H]"=m/z.

[0155] 1-(4-Bromo-3-chlorophenyl)-3,4-dichloro-1H-pyr-
role-2,5-dione (21): The title compound was synthesized from
1-(4-bromo-3-chlorophenyl)-1H-pyrrole-2,5-dione (11)
(0.50 g, 1.7 mmol) according to general procedure B and
isolated as a light-yellow solid (0.29 g, 47%). "H-NMR (400
MHz, DMSO-dy): §7.97 (d, J=8.6 Hz, 1H), 7.68 (d, J=1.7 Hz,
1H), 7.34 (dd, J=1.8 Hz, 6.8 Hz, 1H). 1*C-NMR (100 MHz,
DMSO-d,): §162.1,134.9,133.8,133.4,131.8,128.8,127.7,
122.0. ESI-HRMS: calc. for CHNO: [M+H]*=m/z, found:
[M+H]"=m/z.

[0156] 3,4-Dichloro-1-(3,4-dichlorophenyl)-1H-pyrrole-
2,5-dione (2j): The title compound was synthesized from
1-(3,4-dichlorophenyl)-1H-pyrrole-2,5-dione (1j) (2.0 g, 8.3
mmol) according to general procedure B and isolated as a
beige solid (1.2 g, 45%). "H-NMR (400 MHz, CDCl,): § 7.57
(m, 2H), 7.29 (m, 1H). *C-NMR (100 MHz, CDCl,): 8
161.4, 133.9, 133.4, 132.9, 131.0, 129.8, 127.5, 124.8. ESI-
HRMS: calc. for C,,H;CI,NO,: [M+H]"=m/z 309.8991,
found: [M+H]*=m/z 309.8977.

[0157] 3-Chloro-1-(2,3-dichlorophenyl)-4-morpholino-
1H-pyrrole-2,5-dione (3d): The title compound was synthe-
sized from 3,4-dichloro-1-(2,3-dichlorophenyl)-1H-pyrrole-
2,5-dione (2d) (0.10 g, 0.32 mmol) and morpholine according
to general procedure C and isolated as a yellow solid (81 mg,
70%). "H-NMR (400 MHz, CDCls): 8 7.57 (dd, J=1.5 Hz,
J=6.7 Hz, 1H), 7.32 (t, I=8.0 Hz, 1H), 7.20 (dd, J=1.4 Hz,
J=6.5 Hz, 1H), 4.05 (m, 4H), 3.85 (t, J=4.8 Hz, 4H). *C-
NMR (100 MHz, CDCl,): 8 163.8, 163.4, 140.6, 133.9, 132.
1, 131.0, 130.4, 128.7, 127.2, 95.7, 66.6, 48.1. ESI-HRMS:
cale. for C,,H,;CI3N,O;: [M+H]"*=m/z 360.9908, found:
[M+H]*=m/z 360.9924.

[0158] 3-Chloro-1-(3,4-diftuorophenyl)-4-morpholino-
1H-pyrrole-2,5-dione (3e): The title compound was synthe-
sized from 3,4-dichloro-1-(3,4-difluorophenyl)-1H-pyrrole-
2,5-dione (2e) (0.10 g, 0.36 mmol) and morpholine according
to general procedure C and isolated as a yellow solid (68 mg,
57%). 'H-NMR (400 MHz, DMSO-dy): 8 7.53 (m, 2H), 7.24
(m, 1H), 3.93 (t, J=4.4 Hz, 4H), 3.74 (t, J=4.8 Hz, 4H).
13C-NMR (100 MHz, DMSO-dy): 8 165.0, 164.1, 150.6 (dd,
J=13.5Hz,J=7.1 Hz), 148.0 (dd, J=13.5Hz,J=7.9Hz), 142.2,
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128.5 (dd, J=3.3 Hz, J=5.4 Hz), 124.7 (dd, J=3.5 Hz, ]=3.5
Hz), 118.0 (d, J=18.4 Hz), 116.9 (d, I=19.6 Hz), 93.6, 66.8,
48.6. ESI-HRMS: calc. for C,,H,,CIF,N,O;: [M+H]|"=m/z
329.0499, found: [M+H]"=m/z 329.0504.

[0159] 3-Chloro-1-(3-chloro-4-fluorophenyl)-4-mor-
pholino-1H-pyrrole-2,5-dione (3f): The title compound was
synthesized from 3,4-dichloro-1-(3-chloro-4-fluorophenyl)-
1H-pyrrole-2,5-dione (21) (0.10 g, 0.34 mmol) and morpho-
line according to general procedure C and isolated as a yellow
solid (97 mg, 83%). 'H-NMR (400 MHz, DMSO-d,): 8 7.62
(dd, J=2.5Hz, J=4.3 Hz, 1H), 7.55 (t,J=9.0 Hz, 1H), 7.38 (m,
1H), 3.93 (t, J=4.4 Hz, 4H), 3.74 (t, ]=4.9 Hz, 4H). ">*C-NMR
(100 MHz, DMSO-d,): 8 164.7,163.8,156.4 (d, J=247.8 Hz),
141.9,129.1, 128.6 (d, J=3.5 Hz), 128.0 (d, J=7.8 Hz), 119.5
(d, I=18.9 Hz), 117.2 (d, I=22.2 Hz), 93.3, 66.4, 48.3. ESI-
HRMS: calc. for C,,H,;CIFN,O;: [M+H]"=m/z 345.0204,
found: [M+H]*=m/z 345.0187.

[0160] 3-Chloro-1-(4-chloro-3-fluorophenyl)-4-mor-
pholino-1H-pyrrole-2,5-dione (3g): The title compound was
synthesized from 3,4-dichloro-1-(4-chloro-3-fluorophenyl)-
1H-pyrrole-2,5-dione (2g) (70 mg, 0.24 mmol) and morpho-
line according to general procedure C and isolated as a yellow
solid (53 mg, 65%). 'H-NMR (400 MHz, DMSO-d,): 8 7.72
(t,J=8.5Hz, 1H), 7.46 (dd, J=2.2 Hz, J=8.2 Hz, 1H), 7.27 (dt,
J=1.0Hz, J=6.5 Hz, 1H),3.93 (t, J=4.4 Hz, 4H),3.75 (t,]=4.8
Hz, 4H). *C-NMR (100 MHz, DMSO-d,): 8 164.8, 163.9,
157.1 (d, J=246.6 Hz), 142.3, 132.1 (d, J=9.8 Hz), 131.0,
124.4 (d, J=3.7 Hz), 119.0 (d, J=17.3 Hz), 115.6 (d, J=23.8
Hz), 93.7, 66.8, 48.7. ESI-HRMS: cale. for
C.,H, ,CLLFN,O;: [M+H]™=m/z 345.0204, found: [M+H]
=m/z 345.0200.

[0161] 1-(3-Bromo-4-chlorophenyl)-3-chloro-4-mor-
pholino-1H-pyrrole-2,5-dione (3h): The title compound was
synthesized from 1-(3-bromo-4-chlorophenyl)-3,4-dichloro-
1H-pyrrole-2,5-dione (2h) (0.10 g, 0.28 mmol) and morpho-
line according to general procedure C and isolated as a yellow
solid (50 mg, 44%). 'H-NMR (400 MHz, DMSO-d,): 8 7.77
(m, 2H), 7.41 (dd, J=2.2 Hz, 6.4 Hz, 1H), 3.93 (t, J=4.3 Hz,
4H), 3.74 (t, I=4.7 Hz, 4H). >C-NMR (100 MHz, DMSO-
de): 8164.5,163.6,141.9, 132.3, 131.6, 131.4, 130.6, 127.6,
121.2, 934, 664, 483. ESI-HRMS: cale. for
C,,H, BrCI,N,O;: [M+H]*=m/z 404.9403, found: [M+H]*
=m/z 404.9405.

[0162] 1-(4-Bromo-3-chlorophenyl)-3-chloro-4-mor-
pholino-1H-pyrrole-2,5-dione (3i): The title compound was
synthesized from 1-(4-bromo-3-chlorophenyl)-3,4-dichloro-
1H-pyrrole-2,5-dione (2i) (0.10 g, 0.28 mmol) and morpho-
line according to general procedure C and isolated as a yellow
solid (73 mg, 64%). 'H-NMR (400 MHz, DMSO-d,): 8 7.89
(d, I=8.6 Hz, 1H), 7.66 (d, J=2.2 Hz, 1H), 7.30 (dd, J=2.2 Hz,
6.4 Hz, 1H), 3.93 (1, J=4.3 Hz, 4H), 3.74 (t, J=4.5 Hz, 4H).
3C-NMR (100 MHz, DMSO-dy): & 164.8, 163.9, 142.3,
134.4, 133.5, 132.4, 128.7, 127.4, 120.8, 93.8, 66.8, 48.7.
ESI-HRMS: calc. for C, ,H, ,BrCI,N,O;: [M+H]|*=m/z 404.
9403, found: [M+H]"=m/z 404.9418.

[0163] 3-Chloro-1-(3,4-dichlorophenyl)-4-(4-methylpip-
erazin-1-yl)-1H-pyrrole-2,5-dione (3j): The title compound
was synthesized from 3,4-dichloro-1-(3,4-dichlorophenyl)-
1H-pyrrole-2,5-dione (2j) (0.10 g, 0.32 mmol) and N-meth-
ylpiperazine according to general procedure C and isolated as
a yellow solid (71 mg, 59%). 'H-NMR (400 MHz, CDCl,): §
7.53 (m, 2H),7.26 (dd, J=2.4 Hz, J=6.3 Hz, 1H),4.05 (t,]=4.6
Hz, 4H), 2.57 (1, J=4.8 Hz, 4H), 2.35 (s, 3H). >*C-NMR (100
MHz, CDCl,): § 164.2, 163.6, 140.5, 132.5, 131.3, 130.3,
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130.2,127.3,124.7,95.0, 548, 47.8, 45.6. ESI-HRMS: calc.
for C,H, ,CI;N;0,: [M+H][*=m/z374.0224, found: [M+H]~
=m/z 374.0207.

[0164] N-(3,4-Dichloro-phenyl)-2-(4-methoxy-phenyl)-
acetamide (4a): The title compound was synthesized from
2-(4-methoxyphenyl)acetic acid (1.5 g, 9.0 mmol) and 3,4-
dichloroaniline according to general procedure D and iso-
lated as a white solid (2.4 g, 87%). '"H-NMR (400 MHz,
DMSO-d,): 8 10.40 (s, 1H), 7.99 (d, J=2.0 Hz, 1H), 7.51 (m,
2H), 7.24 (d, J=8.5 Hz, 2H), 6.88 (d, J=8.5 Hz, 2H), 3.73 (s,
3H), 3.58 (5, 2H). **C-NMR (100 MHz, DMSO-d,): 8 170.4,
158.6,139.8,131.4,131.1,130.6, 127.8,125.0,120.7,119.5,
114.2, 55.5, 42.8. ESI-HRMS: cale. for C,sH,;CI,NO,:
[M+H]*=m/z 310.0396, found: [M+H]*=mz 310.0406.
[0165] N-(3,4-Dichlorophenyl)-2-(2.4-dimethoxyphenyl)
acetamide (4b): The title compound was synthesized from
2-(2,4-dimethoxyphenyl)acetic acid (1.0 g, 5.1 mmol) and
3,4-dichloroaniline according to general procedure D and
isolated as a light-yellow solid (1.4 g, 81%). 'H-NMR (400
MHz, CDCl,): 8 7.76 (br, 1H), 7.66 (s, 1H), 7.27 (m, 3H),
6.54 (m, 2H), 3.91 (s, 3H), 3.84 (s, 3H), 3.64 (s, 2H). *C-
NMR (100 MHz, CDCl,): 8 170.0, 160.7, 157.9, 137.6, 132.
6,131.8,130.3,127.0,121.2,118.8,115.0,105.0,99.1, 55.7,
55.5, 39.3. ESI-HRMS: calc. for C,H,;CILNO;: [M+H]*
=m/z 340.0502, found: [M+H]*=m/z 340.0514.

[0166] N-(3,4-Dichlorophenyl)-2-(4-(dimethylamino)
phenyl)acetamide (4¢): The title compound was synthesized
from 2-(4-(dimethylamino)phenyl)acetic acid (0.50 g, 2.8
mmol) and 3,4-dichloroaniline according to general proce-
dure E and isolated as a white solid (0.73 g, 81%). '"H-NMR
(400 MHz, CDCl,): 8 7.65 (d, J=2.1 Hz, 1H), 7.44 (br, 1H),
7.29 (m, 2H), 7.16 (d, J=8.6 Hz, 2H), 6.75 (d, J=8.6 Hz, 2H),
3.64 (s, 2H), 2.99 (s, 6H). 1*C-NMR (100 MHz, CDCl,): §
170.5,150.1,137.3, 132.6, 130.3, 130.2, 127.3, 121.4, 120.9,
119.0, 113.1, 43.7, 40.5. ESI-HRMS: cale. for
C,6H,CLLN,O: [M+H]*™=mv/z 323.0713, found: [M+H]*
=m/z 323.0727.

[0167] N-(3,4-Dichlorophenyl)-2-(3,4-dimethoxyphenyl)
acetamide (4d): The title compound was synthesized from
2-(3,4-dimethoxyphenyl)acetic acid (1.0 g, 5.1 mmol) and
3,4-dichloroaniline according to general procedure D and
isolated as an off-white solid (0.73 g, 42%). 'H-NMR (400
MHz, CDCL,): § 7.67 (d, J=2.3 Hz, 1H), 7.27 (m, 3H), 6.87
(m, 3H), 3.92 (s, 3H), 3.90 (s, 3H), 3.69 (s, 2H). '*C-NMR
(100 MHz, CDClL,): d 169.5, 149.6, 148.7, 137.1, 132.7,
1304, 127.6, 126.2,121.7,121.3,118.9,112.4, 111.7, 56.0,
55.9, 44.3. ESI-HRMS: calc. for C,H,;CLLNO;: [M+H]*
=m/z 340.0502, found: [M+H]*=m/z 340.0518.

[0168] tert-Butyl 4-(2-(3,4-dichlorophenylamino)-2-oxo-
ethyl)phenylcarbamate (4e): 2-(4-Aminophenyl)acetic acid
(2.0 g, 13.2 mmol) and sodium carbonate (1.4 g, 13.2 mmol)
were placed in a round-bottomed flask and dissolved in a
mixture of water (25 mL) and 1,4-dioxane (25 mL). The
reaction was cooled to 0° C. and then di-tert-butyl dicarbon-
ate (3.2 g, 14.6 mmol) was added to the reaction in one
portion. The reaction was allowed to warm to RT and then
stirred for 4 h. After the reaction was complete as evidenced
by TLC, the 1,4-dioxane was removed in vacuo and the pH of
the remaining aqueous solution was adjusted to approxi-
mately 4 with 1N HCI. The organic products were extracted
with EtOAc (3x30 mL), washed with brine (20 mL), dried
with anhydrous Na, SO, and concentrated in vacuo. The prod-
uct, 2-(4-(tert-butoxycarbonylamino)phenyl)acetic acid was
purified by recrystallization from MeOH and isolated as a
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white solid (2.8 g, 84%). The title compound was then syn-
thesized from 2-(4-(tert-butoxycarbonylamino )phenyl)acetic
acid (1.0 g, 4.0 mmol) and 3,4-dichloroaniline according to
general procedure E and isolated as a white solid (1.4 g, 92%).
'"H-NMR (400 MHz, DMSO-dy): 8 10.47 (s, 1H), 9.19 (s,
1H), 7.60 (s, 1H), 7.48 (m, 2H), 7.33 (d, J=7.7 Hz, 2H), 7.18
(d, 1=8.0 Hz, 2H), 3.53 (s, 2H), 1.41 (s, SH). ">*C-NMR (100
MHz, DMSO-d,): 8 170.7, 153.4,139.3, 138.4,131.5, 131.0,
129.8, 129.5, 125.4, 120.9, 119.7, 118.8, 79.7, 42.9, 28.4.
ESI-HRMS: cale. for C,oH,,CI,N,O;: [M-H]|™=m/z 393.
0778, found: [M-H]™=m/z 393.0797.

[0169] N-(3,4-Dichloro-phenyl)-2-phenyl-acetamide (4f):
The title compound was synthesized from 2-phenylaceitic
acid (1.5 g, 11 mmol) and 3,4-dichloroaniline according to
general procedure D and isolated as a white solid (2.1 g,
68%). "H-NMR (400 MHz, DMSO-d,): § 10.47 (s, 1H), 8.00
(d, J=2.2 Hz, 1H), 7.51 (m, 2H), 7.33 (d, J=4.4 Hz, 4H), 7.26
(m, 1H), 3.66 (s, 2H). *C-NMR (100 MHz, DMSO-d,): 8
170.1,139.7,135.9,131.4,131.1,129.6,128.8,127.1, 125.1,
120.7, 119.6, 43.7. ESI-HRMS: calc. for C,,H,,CIl,NO:
[M+H]*=m/z 280.0291, found: [M+H]*=m/z 280.0304.
[0170] N-(3,4-Dichloro-phenyl)-2-(4-trifluoromethyl-
phenyl)-acetamide (4g): The title compound was synthesized
from 2-(4-(trifluoromethyl)phenyl)acetic acid (1.5 g, 7.4
mmol) and 3,4-dichloroaniline according to general proce-
dure D and isolated as an off-white solid (2.1 g, 82%).
'"H-NMR (400 MHz, DMSO-d): 8 10.53 (s, 1H), 7.99 (d,
J=2.1 Hz, 1H), 7.68 (d, I=8.0 Hz, 2H), 7.49 (m, 4H), 3.79 (s,
2H). '*C-NMR (100 MHz, DMSO-d,): 8 169.0, 140.3, 139.2,
131.1,130.8,130.2,125.8,125.2 (q, 3.6 Hz), 124.8, 123.1,
120.4, 119.2, 42.8. ESI-HRMS: calc. for C,sH,,Cl,F;NO:
[M+H]*"*=m/z 348.0164, found: [M+H]"=m/z 348.0162.
[0171] 1-(3,4-Dichloro-phenyl)-3-hydroxy-4-(4-methoxy-
phenyl)-pyrrole-2,5-dione (5a): The title compound was syn-
thesized from N-(3,4-dichloro-phenyl)-2-(4-methoxy-phe-
nyl)-acetamide (4a) (2.1 g, 6.8 mmol) according to general
procedure F and isolated as a yellow solid (2.5 g, 79%).
'H-NMR (400 MHz, DMSO-d,): 8 7.96 (d, J=8.9 Hz, 2H),
7.75 (m, 2H), 7.47 (dd, J=2.3 Hz, J=6.3 Hz, 1H), 7.01 (d,
J=8.9 Hz, 2H), 3.78 (s, 3H). *C-NMR (100 MHz, DMSO-
dg): 8169.7,165.3,158.7,152.1, 131.8, 131.0, 130.7, 129.8,
129.2, 128.4, 126.9, 122.0, 114.0, 106.3, 55.2. ESI-HRMS:
calc. for C,,H,,CILNO,: [M+H]"=m/z 361.9992, found:
[M+H]"*=m/z 361.9994.

[0172] 1-(3,4-Dichlorophenyl)-3-(2,4-dimethoxyphenyl)-
4-hydroxy-1H-pyrrole-2,5-dione (5b): The title compound
was synthesized from N-(3,4-dichlorophenyl)-2-(2,4-
dimethoxyphenyl)acetamide (4b) (0.79 g, 2.3 mmol) accord-
ing to general procedure F and isolated as a yellow solid (0.44
g, 48%). 'H-NMR (400 MHz, CDCl,): $8.56 (s, 1H), 7.88 (d,
J=8.8 Hz, 1H),7.64 (d, J=2.4 Hz, 1H),7.54 (d, J=8.7 Hz, 1H),
7.37 (dd, J=2.4 Hz, 6.3 Hz, 1H), 6.72 (dd, J=2.4 Hz, 6.4 Hz,
1H), 6.44 (d, J=2.4 Hz, 1H), 4.05 (s, 3H), 3.89 (s, 3H).
3C-NMR (100 MHz, DMSO-dy): 8 169.4, 165.4, 161.2,
158.6,152.9,131.9,131.6,131.2,130.7,129.9,127.9, 126.5,
108.9, 106.4, 105.0, 98.4, 55.5, 55.4. ESI-HRMS: calc. for
C,H,;CLLNO,: [M+H]*™=m/z 394.0244, found: [M+H]*
=m/z 394.0261.

[0173] 1-(3,4-Dichlorophenyl)-3-(3,4-dimethoxyphenyl)-
4-hydroxy-1H-pyrrole-2,5-dione (5d): The title compound
was synthesized from N-(3,4-dichlorophenyl)-2-(3,4-
dimethoxyphenyl)acetamide (4d) (0.72 g, 2.1 mmol) accord-
ing to general procedure F and isolated as a yellow-orange
solid (0.74 g, 89%). 'H-NMR (400 MHz, DMSO-d): 8 7.76
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(m, 2H), 7.67 (s, 1H), 7.63 (d, J=8.1 Hz, 1H), 7.47 (d, J=8.4
Hz, 1H), 7.05 (d, J=8.6 Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H).
13C-NMR (100 MHz, DMSO-dy): & 170.1, 165.6, 152.6,
148.9,148.7,132.1,131.4,131.1, 130.2, 128.7, 127.3, 122.6,
121.4,112.1,111.5, 106.6, 55.9, 55.8. ESI-HRMS: calc. for
C,sH,;CLNO,: [M-H]™=mv/z 392.0098, found: [M-H]~
=m/z 392.0096.

[0174] tert-Butyl 4-(1-(3,4-dichlorophenyl)-4-hydroxy-2,
5-dioxo-2,5-dihydro-1H-pyrrol-3-yl)phenylcarbamate:
'"H-NMR (400 MHz, DMSO-d,): 8 9.36 (s, 1H), 7.88 (d,
J=8.8 Hz, 2H), 7.66 (m, 2H), 7.41 (m, 3H), 1.44 (s, 9H).
13C-NMR (100 MHz, DMSO-dy): 8 170.3, 165.6, 154.4,
153.3,138.8,132.0,131.4,131.0, 130.2, 128.5, 128.3, 127.0,
124.2, 118.3, 1054, 80.0, 28.4. ESI-HRMS: calc. for
C,,H,CLN,O,: [M-H]™=mv/z 447.0520, found: [M-H]~
=m/z 447.0541.

[0175] 1-(3,4-Dichloro-phenyl)-3-hydroxy-4-phenyl-pyr-
role-2,5-dione (51): Thetitle compound was synthesized from
N-(3,4-dichloro-phenyl)-2-phenyl-acetamide (4f) (1.0 g, 3.6
mmol) according to general procedure F and isolated as a
yellow solid (0.95 g, 80%). *H-NMR (400 MHz, DMSO-d,):
8 8.00 (d, J=7.3 Hz, 2H), 7.77 (m, 2H), 7.45 (m, 3H), 7.30 (t,
J=7.4 Hz, 1H). >C-NMR (100 MHz, DMSO-dy): 3 170.0,
165.4,155.1,132.2,131.4,131.1,130.2, 128.8,128.7,127.9,
127.8, 127.3, 105.7. ESI-HRMS: cale. for C,;H,CI,NO;:
[M+H]*=m/z 331.9887, found: [M+H]"=m/z 331.9894.
[0176] 1-(3,4-Dichloro-phenyl)-3-hydroxy-4-(4-trifluo-
romethyl-phenyl)-pyrrole-2,5-dione (5g): The title com-
pound was synthesized from N-(3,4-dichloro-phenyl)-2-(4-
trifluoromethyl-phenyl)-acetamide (4g) (1.5 g, 4.3 mmol)
according to general procedure F and isolated as a yellow
solid (1.7 g, 95%). 'H-NMR (400 MHz, DMSO-d,): 8 10.97
(br, 1H), 8.22 (d, J=8.3 Hz, 2H), 7.72 (m, 4H), 7.44 (dd, J=2.3
Hz, ]=6.3 Hz, 1H). "*C-NMR (100 MHz, DMSO-dy): 3 169.
7, 164.8, 159.7, 1353, 132.0, 131.0, 130.7, 129.7, 128.3,
126.8, 126.7, 125.1, 125.0, 123.1, 101.3. ESI-HRMS: calc.
for C,;HgCL,F;NO;: [M-H]=m/z 399.9761, {found:
[M-H]"=m/z 399.9772.

[0177] 3-Chloro-1-(3,4-dichloro-phenyl)-4-(4-methoxy-
phenyl)-pyrrole-2,5-dione (6a): The title compound was syn-
thesized from 1-(3,4-dichloro-phenyl)-3-hydroxy-4-(4-
methoxy-phenyl)-pyrrole-2,5-dione (5a) (1.0 g, 2.7 mmol)
according to general procedure G and isolated as a yellow
solid (0.99 g, 95%). 'H-NMR (400 MHz, CDCl,): 8 8.06 (d,
J=9.0 Hz, 2H), 7.57 (m, 2H), 7.34 (dd, J=2.4 Hz, J=6.3 Hz,
1H), 7.05 (d, J=9.0 Hz, 2H), 3.90 (s, 3H). "*C-NMR (100
MHz, CDCl,): § 166.7, 163.6, 161.6, 134.3, 132.7, 131.8,
131.4, 1304, 130.2, 128.1, 127.3, 124.6, 118.9, 114.0, 55.1.
ESI-HRMS: cale. for C;H;,CI;NO;: [M+H]|"=m/z
381.9799, found: [M+H]"=m/z 381.9801.

[0178] 3-Chloro-1-(3,4-dichlorophenyl)-4-(2,4-dimethox-
yphenyl)-1H-pyrrole-2,5-dione (6b): The title compound was
synthesized from 1-(3,4-dichlorophenyl)-3-(2,4-dimethox-
yphenyl)-4-hydroxy-1H-pyrrole-2,5-dione (5b) (0.40 g, 1.0
mmol) according to general procedure G and isolated as a
yellow solid (0.35 g, 85%). 'H-NMR (400 MHz, CDCl,): &
7.58 (m, 2H), 7.37 (m, 2H), 6.34 (m, 2H), 3.90 (s, 6H).
13C-NMR (100 MHz, CDCl,): 8 166.5, 163.9, 163.6, 159.2,
135.9,133.0,132.2,131.9,130.8, 130.7,127.5, 124.9,108.1,
105.3, 99.0, 55.6. ESI-HRMS: cale. for C, H,,CI;NO,:
[M+H]"*=m/z 411.9905, found: [M+H]"=m/z 411.9920.
[0179] 3-Chloro-1-(3,4-dichlorophenyl)-4-(4-(dimethy-
lamino)phenyl)-1H-pyrrole-2,5-dione (6¢): 1-(3,4-Dichlo-
rophenyl)-3-(4-(dimethylamino)phenyl)-4-hydroxy-1H-pyr-
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role-2,5-dione  (5¢) was synthesized from N-(3,4-
dichlorophenyl)-2-(4-(dimethylamino)phenyl)acetamide
(4¢) (0.70 g, 2.2 mmol) according to general procedure F and
isolated as a light-orange solid (0.27 g, 33%). ESI-HRMS:
cale. for C,H,,CILN,O;: [M+H]"*=m/z 377.0454, found:
[M+H]*=m/z377.0465. The obtained intermediate (5¢) (0.50
g, 1.3 mmol) was then immediately subjected to general
procedure G to yield the title compound as a dark-red solid
(0.35 g, 66%). "H-NMR (400 MHz, CDCl,): § 8.15 (d, J=9.1
Hz, 2H), 7.63 (d, J=2.2 Hz, 1H), 7.56 (d, J=8.6 Hz, 1H), 7.35
(dd, I=2.3 Hz, 6.4 Hz, 1H), 6.78 (d, J=9.1 Hz, 2H), 3.11 (s,
6H).

[0180] '*C-NMR (100 MHz, CDCl,): § 167.2, 164.1, 151.
6, 134.2, 132.6, 131.4, 131.2, 130.5, 130.2, 127.3, 124.7,
123.3, 114.1, 111.1, 39.6. ESI-HRMS: calc. for
C,H,;CLN,O,: [M+H]*=v/z 395.0115, found: [M+H]*
=m/z 395.0131.

[0181] 3-Chloro-1-(3,4-dichlorophenyl)-4-(3,4-dimethox-
yphenyl)-1H-pyrrole-2,5-dione (6d): Thetitle compound was
synthesized from 1-(3,4-dichlorophenyl)-3-(3,4-dimethox-
yphenyl)-4-hydroxy-1H-pyrrole-2,5-dione (5d) (0.50 g, 1.3
mmol) according to general procedure G and isolated as a
yellow solid (0.43 g, 82%). '11-NMR (400 MHz, CDCL,): &
7.78 (dd, J=2.0 Hz, 6.5 Hz, 1H), 7.67 (d, J=1.9 Hz, 1H), 7.62
(d, I=2.35 Hz, 1H), 7.57 (d, J=8.6 Hz, 1H), 7.34 (dd, J=2.4
Hz, 6.3 Hz, 1H), 7.02 (d, J=8.6 Hz, 1H), 3.98 (s, 3H), 3.96 (s,
3H). ">C-NMR (100 MHz, CDCl,): 3 167.1, 163.8, 151.8,
148.9,134.4,133.1, 132.2,130.7, 130.5, 128.5,127.7, 125.0,
124.2,119.5,112.3,111.0, 56.0, 55.9.

[0182] 3-(4-Aminophenyl)-4-chloro-1-(3,4-dichlorophe-
nyl)-1H-pyrrole-2,5-dione (6e): tert-Butyl 4-(4-chloro-1-(3,
4-dichlorophenyl)-2,5-dioxo-2,5-dihydro-1H-pyrrol-3-yl)
phenylcarbamate was synthesized from tert-butyl 4-(1-(3,4-
dichlorophenyl)-4-hydroxy-2,5-dioxo-2,5-dihydro-1H-
pyrrol-3-yl)phenylcarbamate (5e¢) (0.40 g, 0.89 mmol)
according to general procedure G and isolated as a yellow
solid (0.39 g, 93%). "H-NMR (400 MHz, CDCl,): 8 7.98 (d,
J=8.8 Hz, 2H), 7.51 (m, 3H), 7.29 (dd, J=2.4 Hz, 6.3 Hz, 1H),
7.05 (s, 1H), 1.54 (s, 9H). ">C-NMR (100 MHz, CDCI,): &
166.9,163.9,152.3,141.5,134.4,133.0, 132.0, 131.0, 130.7,
130.5, 129.0, 127.5, 125.0, 120.9, 118.0, 81.3, 28.3. ESI-
HRMS: cale. for C,,H,,CI;N,0,: [M+H]"*=m/z 467.0327,
found: [M+H]*=m/z 467.0338.

[0183] tert-Butyl 4-(4-chloro-1-(3,4-dichlorophenyl)-2,5-
dioxo0-2,5-dihydro-1H-pyrrol-3-yl)phenylcarbamate (0.10 g,
0.21 mmol) was placed in a round-bottomed flask and dis-
solved in DCM (9 mL) at RT. Trifluoroacetic acid (1 mL.) was
added and the reaction was stirred at RT for 2 h. After the
reaction was complete as evidenced by TLC, it was concen-
trated in vacuo and purified by preparatory HPLC. The title
compound was isolated as a red solid (34 mg, 43%). "H-NMR
(400 MHz, CDCl,): § 8.01 (d, J=8.6 Hz, 2H), 7.59 (m, 2H),
7.34 (dd, J=2.2 Hz, 6.4 Hz, 1H), 6.77 (d, J=8.6 Hz, 2H), 4.18
(s, 2H). '*C-NMR (100 MHz, CDCl5): 8 167.3, 164.3, 149.6,
134.7,133.0,132.0, 131.9,130.7,127.7,125.8,125.0, 116.7,
114.5. ESI-HRMS: cale. for C, HyCI;N,0O,: [M-H]™=m/z
364.9657, found: [M-H]™=m/z 364.9655.

[0184] 3-Chloro-1-(3,4-dichloro-phenyl)-4-phenyl-pyr-
role-2,5-dione (61): Thetitle compound was synthesized from
1-(3,4-dichloro-phenyl)-3-hydroxy-4-phenyl-pyrrole-2,5-
dione (51) (0.80 g, 2.4 mmol) according to general procedure
G and isolated as a yellow solid (0.73 g, 87%). 'H-NMR (400
MHz, DMSO-dy): 8 7.87 (m, 3H), 7.78 (d, J=2.3 Hz, 1H),
7.61 (m, 3H), 7.50 (dd, J=2.3 Hz, J=6.3 Hz, 1H). *C-NMR
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(100 MHz,): 8 167.0, 164.0, 135.7,131.7, 131.6, 131.5, 131.
4, 131.3, 131.2, 130.0, 129.2, 129.1, 127.6, 127.2. ESI-
HRMS: calc. for C,;HiCI;NO,: [M+H]"=m/z 351.9693,
found: [M+H]*=m/z 351.9700.

[0185] 3-Chloro-1-(3,4-dichloro-phenyl)-4-(4-trifftuorom-
ethyl-phenyl)-pyrrole-2,5-dione (6g): The title compound
was synthesized from 1-(3,4-dichloro-phenyl)-3-hydroxy-4-
(4-trifluvoromethyl-phenyl)-pyrrole-2,5-dione (5g) (1.5 g, 4.3
mmol) according to general procedure G and isolated as a
yellow solid (0.94 g, 90%). 'H-NMR (400 MHz, CDCl,): &
8.10(d, J=8.2 Hz, 2H), 7.81 (d, J=8.3 Hz, 2H), 7.60 (m, 2H),
7.35 (dd, J=2.4 Hz, ]=6.2 Hz, 1H). *C-NMR (100 MHz,
CDCl,): 9 166.2, 163.1, 134.0, 133.7, 133.3, 132.9, 132.6,
130.9, 130.1, 130.0, 129.8 (d, J=1.3 Hz), 127.6, 125.7 (q,
J=3.7 Hz), 124.9, 124 8.

[0186] 1-(3,4-Dichloro-phenyl)-3-(4-methoxy-phenyl)-4-
morpholin-4-yl-pyrrole-2,5-dione (7a): The title compound
was synthesized from 3-chloro-1-(3,4-dichloro-phenyl)-4-
(4-methoxy-phenyl)-pyrrole-2,5-dione (6a) (0.40 g, 1.0
mmol) and morpholine according to general procedure H and
isolated as a yellow solid (0.31 g, 69%). 'H-NMR (400 MHz,
DMSO-dy): 8 7.74 (m, 2H), 7.41 (dd, J=2.2 Hz, J=6.4 Hz,
1H), 7.31 (d, J=8.6 Hz, 2H), 6.99 (d, J=8.7 Hz, 2H), 3.78 (s,
3H), 3.63 (t, J=4.0 Hz, 4H), 3.48 (t, J=4.5 Hz, 4H). '*C-NMR
(100 MHz, DMSO-dg): 8 168.8, 165.9, 158.8, 143.0, 132.1,
131.5,131.0,130.7,129.7,128.3, 126.8,122.5, 113.5, 104.6,
66.0, 55.2, 48.9. ESI-HRMS: calc. for C, H,;CL,N,O,:
[M+H]*=m/z 433.0716, found: [M+H]*=m/z 433.0718.
[0187] 1-(3,4-Dichlorophenyl)-3-(2,4-dimethoxyphenyl)-
4-morpholino-1H-pyrrole-2,5-dione (7b): The title com-
pound was synthesized from 3-chloro-1-(3,4-dichlorophe-
nyl)-4-(2,4-dimethoxyphenyl)-1H-pyrrole-2,5-dione  (6b)
(0.10 g, 0.24 mmol) and morpholine according to general
procedure H and isolated as a yellow solid (60 mg, 53%).
'"H-NMR (400 MHz, CD,CN): § 7.62 (m, 2H), 7.39 (dd,
J=2.4 Hz, 6.2 Hz, 1H), 7.19 (m, 1H), 6.61 (m, 2H), 3.84 (m,
6H), 3.63 (m, 6H), 2.33 (m, 2H). *C-NMR (100 MHz,
DMSO-d,): 8168.6,165.8,160.8,158.4,143.7,132.6,132.1,
131.0, 130.6, 129.6, 128.2, 126.7, 111.4,104.8, 101.1, 98.2,
66.1,55.5,55.3, 47.9. ESI-HRMS: calc. for C,,H,,C1,N,Oq:
[M+H]"*=m/z 463.0822, found: [M+H]"=m/z 463.0866.
[0188] 1-(3.4-Dichlorophenyl)-3-(4-(dimethylamino)phe-
nyl)-4-morpholino-1H-pyrrole-2,5-dione (7¢): The title com-
pound was synthesized from 3-chloro-1-(3,4-dichlorophe-
nyl)-4-(4-(dimethylamino)phenyl)-1H-pyrrole-2,5-dione
(6¢)(0.10 g, 0.25 mmol) and morpholine according to general
procedure H and isolated as a red solid (80 mg, 71%).
'H-NMR (400 MHz, DMSO-d,): 8 7.72 (m, 2H), 7.41 (dd,
J=2.3 Hz, 6.4 Hz, 1H), 7.23 (d, J=8.7 Hz, 2H), 6.75 (d, J=8.8
Hz, 2H), 3.64 (t, J=3.9 Hz, 4H), 3.47 (br, 4H), 2.94 (s, 6H).
13C-NMR (100 MHz, DMSO-dy): & 169.5, 166.5, 150.0,
142.3,132.5,131.3,131.2,131.0, 129.9,128.7,127.2,117.6,
111.8, 106.6, 66.4, 49.1, 40.3. ESI-HRMS: calc. for
C,,H,,CLN,O;: [M+H]*=mz 446.1033, found: [M+H]*
=m/z 446.1053.

[0189] 1-(3,4-Dichlorophenyl)-3-(3,4-dimethoxyphenyl)-
4-morpholino-1H-pyrrole-2,5-dione (7d): The title com-
pound was synthesized from 3-chloro-1-(3,4-dichlorophe-
nyl)-4-(3,4-dimethoxyphenyl)-1H-pyrrole-2,5-dione  (6d)
(0.50 g, 1.3 mmol) and morpholine according to general
procedure H and isolated as a yellow solid (0.43 g, 82%).
'"H-NMR (400 MHz, DMSO-d,/MeOD): § 7.73 (m, 2H), 7.42
(d, I=8.7 Hz, 1H), 6.94 (m, 3H), 3.79 (s, 3H), 3.78 (s, 3H),
3.64 (br, 4H), 3.52 (br, 4H). ">*C-NMR (100 MHz, DMSO-



US 2015/0306069 Al

ds/MeOD): § 169.1,166.2,148.9, 148.5,143.4,132.4, 131 4,
131.0,130.1,128.6,127.1,123.4,123.2,114.1,111.6, 105.0,
66.4,55.9,55.8,49.2. ESI-HRMS: calc. for C,,H,,CI,N,O;:
[M+H]*=m/z 463.0822, found: [M+H]"=m/z 463.0832.
[0190] 3-(4-Aminophenyl)-1-(3,4-dichlorophenyl)-4-
morpholino-1H-pyrrole-2,5-dione (7e): tert-Butyl 4-(1-(3,4-
dichlorophenyl)-4-morpholino-2,5-dioxo-2,5-dihydro-1H-
pyrrol-3-yl)phenylcarbamate was synthesized from tert-butyl
4-(4-chloro-1-(3,4-dichlorophenyl)-2,5-dioxo-2,5-dihydro-
1H-pyrrol-3-yl)phenylcarbamate (0.13 g, 0.27 mmol) (pre-
cursor to 6e) and morpholine according to general procedure
H. However, before HPLC purification, the crude extract was
placed in a round-bottomed flask and dissolved in DCM (9
ml) at RT. Trifluoroacetic acid (1 mL) was added and the
reaction was stirred for 2 h at RT. After the reaction was
complete as evidenced by TL.C, it was concentrated in vacuo
and purified by preparatory HPLC. The title compound was
isolated as an orange solid (79 mg, 71%). 'H-NMR (400
MHz, DMSO-dy): 6 7.74 (d, J=8.7 Hz, 1H), 7.69 (d, J=2.3 Hz,
1H), 7.41 (dd, J=2.3 Hz, 6.3 Hz, 1H), 7.07 (d, J=8.4 Hz, 2H),
6.59 (d, J=8.4 Hz, 2H), 5.33 (s, 2H), 3.63 (t, J=4.1 Hz, 4H),
3.46 (t, J=4.5 Hz, 4H). '*C-NMR (100 MHz, DMSO-d,): &
169.5, 166.5, 148.9, 142.1, 132.5, 131.34, 131.31, 131.0,
129.9, 128.6, 127.1, 117.2, 113.6, 107.2, 66.4, 49.0. ESI-
HRMS: calc. for C,H,,CI,N;0;: [M+H]"*=m/z 418.0720,
found: [M+H]*=m/z 418.0725.

[0191] 1-(3,4-Dichloro-phenyl)-3-morpholin-4-yl-4-phe-
nyl-pyrrole-2,5-dione (7f): The title compound was synthe-
sized from 3-chloro-1-(3,4-dichloro-phenyl)-4-phenyl-pyr-
role-2,5-dione (6f) (0.30 g, 0.85 mmol) and morpholine
according to general procedure H and isolated as a yellow-
orange solid (0.24 g, 71%). "H-NMR (400 MHz, DMSO-d,):
87.75 (m, 2H), 7.39 (m, 6H), 3.63 (d, J=4.2 Hz, 4H), 3.50 (d,
J=4.1 Hz, 4H). >C-NMR (100 MHz, DMSO-dy): 8 169.0,
166.0,144.0,132.4,131.4,131.1, 131.0, 130.7,130.1, 128.7,
128.4,128.1, 127.2, 104.6, 66.3, 49.4. ESI-HRMS: calc. for
C,oH, (CLLN,O;: [M+H]"™=mv/z 403.0611, found: [M+H]*
=m/z 403.0618.

[0192] 1-(3.4-Dichloro-phenyl)-3-morpholin-4-yl-4-(4-
trifluoromethyl-phenyl)-pyrrole-2,5-dione (7g): The title
compound was synthesized from 3-chloro-1-(3,4-dichloro-
phenyl)-4-(4-triftuoromethyl-phenyl)-pyrrole-2,5-dione (6g)
(0.40 g, 0.95 mmol) and morpholine according to general
procedure H and isolated as a yellow-orange solid (0.45 g,
64%). 'H-NMR (400 MHz, DMSO-d,): 8 7.78 (m, 4H), 7.61
(d, J=7.9 Hz, 2H), 7.43 (d, J=7.3 Hz, 1H), 3.66 (t, J=4.0 Hz,
4H), 3.54 (1, I=3.8 Hz, 4H). *C-NMR (100 MHz, CD,CN):
d 168.6, 165.8, 144.6, 135.3, 131.9, 131.8, 130.8, 130.6,
130.5, 128.0, 126.1, 124.8 (g, J=3.9 Hz), 117.3, 102.8, 66.2,
49.4. ESI-HRMS: calc. for C,, H, ;CLF;N,O,: [M+H]|*=m/z
471.0485, found: [M+H]"=m/z 471.0494.

[0193] 3,4-Dibromo-1-(3,4-dichlorophenyl)-1H-pyrrole-
2,5-dione (8a): Maleic anhydride (2.0 g, 20 mmol), aluminum
(IIT) chloride (68 mg, 0.51 mmol) and bromine (2.1 mL, 41
mmol) were placed in a sealed reaction vessel and heated to
120° C. for 16 h. After cooling to RT, the reaction was diluted
with EtOAc (30 mL) and filtered. The filtrate was then con-
centrated in vacuo to yield the crude product, 3,4-dibromo-
furan-2,5-dione, as an orange solid which was used in the next
step without further purification. The 3,4-dibromofuran-2,5-
dione (1.0 g, 3.9 mmol) was placed in a round-bottomed flask
and dissolved in glacial acetic acid (10 mL) at RT. 3.4-Dichlo-
roaniline (0.70 g, 4.3 mmol) was added at RT and then the
reaction was heated at reflux for 3 h (120-130° C.). The
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reaction was then cooled to RT and volatiles were removed in
vacuo. The crude product was recrystallized from MeOH to
yield the title compound as a reddish-brown solid (1.3 g,
80%). 'H-NMR (400 MHz, DMSO-dy): 8 7.80 (d, J=8.6 Hz,
1H), 7.69 (d, J=1.6 Hz, 1H), 7.42 (dd, J=1.8 Hz, 6.8 Hz, 1H).
13C.NMR (100 MHz, DMSO-d,): § 162.9, 131.3, 131.2,
131.1,129.9, 128.7, 127.3.

[0194] 1-(3.4-Dichlorophenyl)-3,4-diiodo-1H-pyrrole-2,
5-dione (8b): 3,4-dibromo-1-(3,4-dichlorophenyl)-1H-pyr-
role-2,5-dione (8a) (0.50 g, 1.3 mmol) was placed in a round-
bottomed flask and dissolved in glacial acetic acid (10 mL) at
RT. Sodium iodide (0.56 g, 3.8 mmol) was added and the
reaction was heated to reflux for 2 h. When the reaction was
complete as evidenced by TLC, it was cooled to RT, diluted
with water (20 mL) and filtered.

[0195] The filter cake was washed with water (3x10 mL),
dissolved in EtOAc (30 mL), washed again with a 10% aque-
ous solution of sodium thiosulfate (15 mL), then water (10
mL) and brine (10 mL), dried with anhydrous Na,SO,, fil-
tered and concentrated in vacuo. The title compound was
obtained as an orange solid (0.55 g, 89%) and did not require
further purification. 'H-NMR (400 MHz, CDCL,): 8 7.54 (m,
2H), 7.26 (dd, J=6.2 Hz, 2.5 Hz, 1H). ">C-NMR (100 MHz,
CDCl,): 9 164.7, 133.2, 132.6, 130.8, 130.6, 127.5, 124.8,
118.0. ESI-HRMS: cale. for C,H;CLLLNO,: [M+H] =m/z
493.7703, found: [M+H]"=m/z 493.7707.

[0196] 3-Bromo-1-(3,4-dichlorophenyl)-4-morpholino-
1H-pyrrole-2,5-dione (9a): The title compound was synthe-
sized from 3,4-dibromo-1-(3,4-dichlorophenyl)-1H-pyrrole-
2,5-dione (8a) (0.10 g, 0.25 mmol) and morpholine according
to general procedure C and isolated as a yellow solid (39 mg,
38%). "H-NMR (400 MHz, DMSO-dy): 8 7.76 (d, J=8.7 Hz,
1H),7.67 (d, J=2.3 Hz, 1H), 7.38 (dd, J=2.3 Hz, 6.3 Hz, 1H),
3.95 (t, J=4.4 Hz, 4H),3.75 (1, J=4.7 Hz, 4H). ">*C-NMR (100
MHz, DMSO-d): 8 165.1, 164.4,145.2,132.1,131.4,131.2,
130.6, 128.9, 127.4, 81.7, 66.8, 48.9. ESI-HRMS: calc. for
C.,H, BrCLLN,O;: [M+H]*=m/z 404.9403, found: [M+H]*
=m/z 404.8420.

[0197] 1-(3,4-Dichlorophenyl)-3-iodo-4-morpholino-1H-
pyrrole-2,5-dione (9b): The title compound was synthesized
from 1-(3,4-dichlorophenyl)-3,4-diiodo-1H-pyrrole-2,5-di-
one (8b) (0.10 g, 0.20 mmol) and morpholine according to
general procedure C and isolated as a yellow solid (66 mg,
72%). "H-NMR (400 MHz, DMSO-dy): 8 7.75 (d, J=8.6 Hz,
1H), 7.65 (d, J=2.1 Hz, 1H), 7.36 (dd, J=2.1 Hz, 6.5 Hz, 1H),
3.96 (1, J=4.2 Hz, 4H),3.74 (t, ]=4.6 Hz, 4H). 1*C-NMR (100
MHz, DMSO-dy): 8 166.4, 164.8,149.7,132.1,131.0, 130.7,
130.1, 128.4, 126.9, 66.4, 54.3, 48.8. ESI-HRMS: calc. for
C.,H, ,CLIN,O;: [M+H]"=m/z 452.9264, found: [M+H]"
=m/z 452.9252.

[0198] 1-(3,4-dichlorophenyl)-3-((2-(dimethylamino)
ethyl)thio)-4-(4-methoxyphenyl)-1H-pyrrole-2,5-dione
(MMP-1-60). 3-Chloro-1-(3,4-dichloro-phenyl)-4-(4-meth-
oxy-phenyl)-pyrrole-2,5-dione (6a) (100 mg, 0.26 mmol),
2-Dimethylamino-ethanethiol hydrochloride (45 mg, 0.31
mmol) and potassium carbonate (138 mg, 1.00 mmol) were
stirred in 5 mL of THF for 20 h. After this time solvent was
evaporated, and compound purified first by chromatography
on silica gel and then re-purified by preparative HPL.C. Prod-
uct (62 mg, 43%) was obtained as TFA salt, as a yellow solid.
'"H-NMR (400 MHz, DMSO-d,): 8 10.19 (bs, 1H), 7.82 (d,
J=8.4Hz, 1H),7.76 (d, J=2.4 Hz, 1H), 7.70 (d, J=8.8 Hz, 2H),
7.48 (dd, J=8.8 Hz, J=2.4 Hz, 1H), 7.12 (d, J=8.8 Hz, 2H),
3.84 (s, 3H), 3.60 (m, 2H), 3.40 (m, 2H) 2.95 (s, 6H). '*C-
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NMR (100 MHz, DMSO-dy): 8 166.9, 166.2, 160.8, 136.4,
132.2,131.7,131.6,131.2,130.9, 130.5, 128.5,127.1, 120.7,
114.2, 56.3, 55.5,42.4, 25 4.

[0199] 3-((2-aminoethyl)thio)-1-(3,4-dichlorophenyl)-4-
(4-methoxyphenyl)-1H-pyrrole-2,5-dione (MMP-1-75).
3-chloro-1-(3,4-dichlorophenyl)-4-(4-methoxyphenyl)-1H-
pyrrole-2,5-dione (6a) (0.190 g, 0.5 mmol), tert-butyl (2-mer-
captoethyl)carbamate (0.177 g, 1 mmol), anhydrous potas-
sium carbonate (0.138 g, 1 mmol) and 4 mL of THF were
stirred at room temperature overnight. Solvents were
removed under reduced pressure and the residue was dis-
solved in methylene chloride and extracted twice with water
and once with brine. Organic phase was dried with sodium
sulfate. Residue after evaporation of solvent was dissolved in
5 mL of methylene chloride, 5 mL of TFA was added and
solution was stirred for 2 h. Solvents were evaporated, residue
dissolved in methylene chloride, extracted with sodium bicar-
bonate, water and brine. Organic phase was dried with
sodium sulfate and residue, after evaporation of solvents, was
chromatographed on silica gel using hexane and ethyl acetate
as eluents (2:1). The compound was further purified by pre-
parative HPLC to afford 106 mg (41%) of 3-((2-aminoethyl)
thio)-1-(3,4-dichlorophenyl)-4-(4-methoxyphenyl)-1H-pyr-
role-2,5-dione TFA salt (MMP-1-75) as a yellow solid.
'"H-NMR (400 MHz, DMSO-d,): & 8.03(bs, 3H), 7.82 (d,
J=8.4Hz, 1H),7.77 (d,J=2.0Hz, 1H), 7.72 (d, J=8.8 Hz, 2H),
7.48 (dd, J=8.8 Hz, J=2.0 Hz, 1H), 7.13 (d, J=8.8 Hz, 2H),
3.85 (s, 3H), 3.54 (m, 2H), 3.16 (m, 2H). '*C-NMR (100
MHz, DMSO-d,): 8 167.3, 166.6, 161.1, 136.1, 133.1, 132.1,
131.9, 131.5, 131.3, 130.8, 129.0, 127.5,121.2, 114.5, 55.5,
39.9,29.1

[0200] 1-(3,4-dichlorophenyl)-3-(3,4-dimethoxyphenyl)-
4-((2-(dimethylamino)ethyl)thio)-1H-pyrrole-2,5-dione
(MMP-1-77). 3-chloro-1-(3,4-dichlorophenyl)-4-(3,4-
dimethoxyphenyl)-1H-pyrrole-2,5-dione (6d) (0.206 g, 0.5
mmol), 2-(dimethylamino)ethane-1-thiol hydrochloride
(0.142 g, 6 mmol), anhydrous potassium carbonate (0.138 g,
1 mmol) and 4 mL of THF were stirred at room temperature
overnight. Solvents were removed under reduced pressure
and the residue was chromatographed on silica gel using
hexane and ethyl acetate as eluents (3:1). The compound was
further purified by preparative HPLC to afford 96 mg (33%)
of 1-(3,4-dichlorophenyl)-3-(3,4-dimethoxyphenyl)-4-42-
(dimethylamino)ethyl)thio)-1H-pyrrole-2,5-dione TFA salt
(MMP-1-77) as yellow solid. *"H-NMR (400 MHz, DMSO-
dg): 8 10.5 (bs, 1H), 7.82 (d, J=8.8 Hz, 1H), 7.77 (d, J=2.4 Hz,
1H),7.49 (dd, J=8.4 Hz, J=2.4 Hz, 1H), 7.35 (m, 2H), 7.15 (d,
J=8.8 Hz, 1H), 3.84 (s, 3H), 3.80 (s, 3H), 3.63 (m, 2H), 3.41
(m, 2H) 2.78 (s, 6H). >*C-NMR (100 MHz, DMSO-dy): 8
166.8,166.1,158.6, 158.3,136.2, 132.3,131.6, 131.2, 130.9,
130.5, 128.5, 127.1, 123.7, 120.8, 112.9, 111.6, 56.3, 55.7,
42.3,254.

[0201] 1-(3,4-dichlorophenyl)-3-((2-(dimethylamino)
ethyl)thio)-4-(4-(trifluoromethyl)phenyl)-1H-pyrrole-2,5-
dione (MMP-1-73). 3-chloro-1-(3,4-dichlorophenyl)-4-(4-
(trifluvoromethyl)phenyl)-1H-pyrrole-2,5-dione (6g) (0.209
g, 0.5 mmol), 2-(dimethylamino)ethane-1-thiol hydrochlo-
ride (0.142 g, 1 mmol), anhydrous potassium carbonate
(0.138 g, 1 mmol) and 4 mL of THF were stirred at room
temperature overnight. Solvents were removed under
reduced pressure and the residue was chromatographed on
silica gel using hexane and ethyl acetate as eluents (4:1). The
compound was further purified by preparative HPLC to
afford 91 mg (31%) of 11-(3,4-dichlorophenyl)-3-((2-(dim-

Oct. 29, 2015

ethylamino)ethyl)thio)-4-(4-(trifluoromethyl)phenyl)-1H-
pyrrole-2,5-dione TFA salt (MMP-1-73) as yellow solid.
'"H-NMR (400 MHz, DMSO-dy): 8 7.97 (d, J=8.4 Hz, 2H),
7.88 (d, J=8.2 Hz, 2H), 7.86 (d, J=8.7 Hz, 1H), 7.78 (d, I=2.4
Hz, 1H), 7.51 (dd, J=8.6 Hz, J=2.3 Hz, 1H), 3.68 (m, 2H),
3.42 (m, 2H) 2.78 (s, 6H). ">*C-NMR (100 MHz, DMSO-d,):
d 166.6, 166.0, 134.6, 131.8, 131.6, 131.4, 131.1, 130.8,
128.9, 127.4, 125.8, 56.6, 42.8, 25.7.

[0202] 3-((2-aminoethyl)thio)-1-(3,4-dichlorophenyl)-4-
morpholino-1H-pyrrole-2,5-dione  (MMP-1-14). 1-(3,4-
Dichlorophenyl)-3-chloro-4-morpholino-1H-pyrrole-2,5-di-
one (RI-1) (0.190 g, 0.5 mmol), tert-butyl (2-mercaptoethyl)
carbamate (0.177 g, 1 mmol), anhydrous potassium
carbonate (0.138 g, 1 mmol) and 4 mL. of THF were stirred at
room temperature overnight. Solvents were removed under
reduced pressure and the residue was dissolved in methylene
chloride and extracted twice with water and once with brine,
organic phase was dried with sodium sulfate. Residue was
dissolved in 5 mL of methylene chloride, 5 mL of TFA was
added and solution was stirred for 2 h. Solvents were evapo-
rated, residue dissolved in methylene chloride, extracted with
sodium bicarbonate, water and brine. Organic phase was
dried with sodium sulfate and residue, after evaporation of
solvents, was chromatographed on silica gel using hexane
and ethyl acetate as eluents (2:1). The compound was further
purified by preparative HPLC to atford 94 mg (38%) of 3-((2-
aminoethyl)thio)-1-(3,4-dichlorophenyl)-4-morpholino-1H-
pyrrole-2,5-dione TFA salt (MMP-1-14) as a yellow oil.
'"H-NMR (400 MHz, DMSO-d,): 8 752 (m, 2H), 7.26 (dd,
J=8.4Hz,J=2.4 Hz, 1H), 4.24 (t,]J=4.8 Hz, 4H),3.76 (t,]=4.8
Hz, 4H), 3.07 (t, J=6.0 Hz, 2H), 2.82 (t, J=6.0 Hz, 2H).
13C-NMR (100 MHz, DMSO-dy): & 171.5, 164.2, 149.8,
132.9,132.2,130.8,128.1,152.7,89.2,67.1,49.3,38.6,34.6.
[0203] 1-(3,4-dichlorophenyl)-3-((2-(dimethylamino)
ethyl)thio)-4-morpholino-1H-pyrrole-2,5-dione (14-ING-9).
1-(3,4-Dichlorophenyl)-3-chloro-4-morpholino-1H-pyrrole-
2,5-dione (RI-1) (0.180 g, 0.5 mmol), 2-(dimethylamino)
ethane-1-thiol hydrochloride (0.142 g, 1 mmol), anhydrous
potassium carbonate (0.138 g, 1 mmol) and 4 mL of THF
were stirred at room temperature overnight. Solvents were
removed under reduced pressure and the residue was chro-
matographed on silica gel using hexane and ethyl acetate as
eluents (2:1). The compound was further purified by prepara-
tive HPLC to afford 63 mg (24%) of 1-(3,4-dichlorophenyl)-
3-((2-(dimethylamino )ethyl)thio)-4-morpholino-1H-pyr-
role-2,5-dione TFA salt (14-ING-9) as yellow solid. 'H-NMR
(400 MHz, DMSO-dy): 8 7.53 (m, 2H), 7.29 (s, 1H), 4.28 (t,
J=4.6 Hz, 4H), 3.86 (t, J=4.6 Hz, 4H), 3.41 (m, 2H), 3.05 (m,
2H), 2.86 (s, 6H). '*C-NMR (100 MHz, DMSO-d,): 8 169.1,
164.5, 148.6, 131.8, 130.6, 130.1, 127.7, 125.7, 92.7, 66.6,
58.2,58.2,48.8,43.7,32.2.

[0204] 1-(3,4-dichlorophenyl)-3-((2-hydroxyethyl)thio)-
4-morpholino-1H-pyrrole-2,5-dione  (HP-1-16).  1-(3,4-
Dichlorophenyl)-3-chloro-4-morpholino-1H-pyrrole-2,5-di-
one (RI-1) (0.15 g, 0.41 mmol) was placed in a round-
bottomed flask and dissolved in THF (5 mlL) at room
temperature. 2-Mercaptoethanol (58 pL, 0.83 mmol) was
added and the reaction was stirred at room temperature over-
night. After reaction was complete as evidenced by TLC, it
was diluted with water (20 mL) and the organic products were
extracted with methylene chloride. The combined organic
extracts were dried with anhydrous sodium sulfate. The crude
product was then purified by preparative HPL.C to afford 57
mg (34%) of 1-)3,4-dichlorophenyl)-3-((2-hydroxyethyl)
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thio)-4-morpholino-1H-pyrrole-2,5-dione (HP-1-16) as yel-
low oil. '"H-NMR (400 MHz, CDCL,): & 7.51 (m, 2H), 7.24
(m, 1H), 4.32 (t, J=4.6 Hz, 4H), 3.86 (t, I=4.8 Hz, 4H), 3.73
(q, I=6.1 Hz, 2H), 3.20 (t, J=6.6 Hz, 1H), 2.83 (t, J=5.6 Hz,
2H). '*C-NMR (100 MHz, DMSO-d,): 8 173.5,169.6, 153.9,
136.9, 136.2, 135.8, 135.2, 133.5, 132.0, 97.2, 71.4, 65.0,
53.6,42.7. ESI-HRMS: calc. for C, H, (CI,N,O,S: [M+H]*
=m/z 403.0281, found: [M+H]"=m/z 403.0294.

[0205] All of the methods and apparatuses disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be appar-
ent to those of skill in the art that variations may be applied to
the methods and apparatuses and in the steps or in the
sequence of steps of the methods described herein without
departing from the concept, spirit and scope of the invention.
More specifically, it will be apparent that certain agents which
are both chemically and physiologically related may be sub-
stituted for the agents described herein while the same or
similar results would be achieved. All such similar substitutes
and modifications apparent to those skilled in the art are
deemed to be within the spirit, scope and concept of the
invention as defined by the appended claims.
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1. A method for inhibiting RADS51 protein in a cell com-
prising providing to the cell an effective amount of a RADS1
protein inhibitor, wherein the RADS1 inhibitor is a com-
pound of the formula:

R3
Ry Ry,
Rs Ry
0, N (o}

Re Ry

wherein R -R; are each separately H or halogen, and R4 and
R, are each independently H, aromatic, 4-methylpiperazin-
1-yl, morpholino, or 2-(N,N-dimethylamino)-ethylthioether.

2. The method of claim 1, wherein the RADS51 inhibitor is
any one or more compounds found in FIG. 5, or a salt thereof.

3. The method of claim 1 or 2, wherein the cell is cancer
cell.

4. The method of any of claims 1-3, wherein the cancer cell
is resistant to chemotherapy or radiation.

5. The method of any of claims 1-4, wherein the cell isin a
patient.

6. The method of claims 5, wherein the patient is a cancer
patient.

7. The method of any of claims 5-6, wherein the patient has
a chemotherapy- or radiation-resistant cancer.

8. The method of any of claims 6-7, wherein the cancer
patient has cancer of the lung, liver, skin, eye, brain, gum,
tongue, hematopoietic system or blood, head, neck, breast,
pancreas, prostate, kidney, bone, testicles, ovary, cervix, gas-
trointestinal tract, lymph system, small intestine, colon, or
bladder.

9. The method of any of claims 1-8, wherein the cells have
been treated or will be treated with a DNA damaging agent.

10. The method of claim 9, wherein the DNA damaging
agent is a cross linking agent, an alkylating agent,
nitrosourea, anti-metabolite, plant alkaloid, plant extract, or
radioisotope.

11. The method of claim 9 or 10, wherein the DNA dam-
aging agent is actinomycin, amsacrine, anthracyclines, bleo-
mycin, busulfan, camptothecin, carboplatin, chlorambucil,
cisplatin, cyclophosphamide, cytoxan, dactinomycin, dauno-
rubicin, docetaxel, doxorubicin, epirubicin, hexameth-
ylmelamineoxaliplatin, iphosphamide, melphalan, merchlo-
rethamine, mitomycin, mitoxantrone, nitrosourea, paclitaxel,
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plicamycin, procarbazine, teniposide, triethylenethiophos-
phoramide or etoposide (VP16).

12. The method of claim 9, wherein the agent generates
inter-strand DNA crosslinks (ICL).

13. The method of claim 12, wherein ICL-generating agent
is mytomycin C.

14. The method of any of claims 5-8, wherein the RADS1
protein inhibitor is administered to the patient intravenously,
intradermally, intraarterially, intraperitoneally, intralesion-
ally, intracranially, intraarticularly, intraprostaticaly, intra-
pleurally, intratracheally, intranasally, intravitreally, intrav-

aginally, intrarectally, topically, intratumorally,
intramuscularly, intraperitoneally, subcutaneously, subcon-
junctival, intravesicularly, mucosally, intrapericardially,

intraumbilically, intraocularally, orally, topically, locally, by
inhalation, by injection, by infusion, by continuous infusion,
by localized perfusion bathing target cells directly, via a cath-
eter, or via a lavage.

15. The method of any of claims 1-14, wherein the RADS1
protein modulator is provided to the cell multiple times.

16. A method for inhibiting RADS51 protein in a cell com-
prising providing to the cell an effective amount of a RADS1
protein inhibitor, wherein the RADS51 inhibitor is the com-
pound of the formula:

Cl
cl
0, N 0
N~>
.

MeO >

or a salt thereof.
17. The method of claim 16, wherein the cell is cancer cell.

18. The method of any of claims 16-17, wherein the cancer
cell is resistant to chemotherapy or radiation.

19. The method of any of claims 16-18, wherein the cell is
in a patient.

20. The method of claim 19, wherein the patient is a cancer
patient.

21. The method of any of claim 19 or 20, wherein the
patient has a chemotherapy- or radiation-resistant cancer.

22. The method of any of claims 19-21, wherein the cancer
patient has cancer of the lung, liver, skin, eye, brain, gum,
tongue, hematopoietic system or blood, head, neck, breast,
pancreas, prostate, kidney, bone, testicles, ovary, cervix, gas-
trointestinal tract, lymph system, small intestine, colon, or
bladder.

23. The method of any of claims 16-22, wherein the cells
have been treated or will be treated with a DNA damaging
agent.
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24. The method of claim 23, wherein the DNA damaging
agent is a cross linking agent, an alkylating agent,
nitrosourea, anti-metabolite, plant alkaloid, plant extract, or
radioisotope.

25. The method of claim 23 or 24, wherein the DNA dam-
aging agent is actinomycin, amsacrine, anthracyclines, bleo-
mycin, busulfan, camptothecin, carboplatin, chlorambucil,
cisplatin, cyclophosphamide, cytoxan, dactinomycin, dauno-
rubicin, docetaxel, doxorubicin, epirubicin, hexameth-
ylmelamineoxaliplatin, iphosphamide, melphalan, merchlo-
rethamine, mitomycin, mitoxantrone, nitrosourea, paclitaxel,
plicamycin, procarbazine, teniposide, triethylenethiophos-
phoramide or etoposide (VP16).

26. The method of claim 23, wherein the agent generates
inter-strand DNA crosslinks (ICL).

27. The method of claim 26, wherein ICL-generating agent
is mytomycin C.

28. The method of any of claims 19-22, wherein the
RADS51 protein inhibitor is administered to the patient intra-
venously, intradermally, intraarterially, intraperitoneally,
intralesionally, intracranially, intraarticularly, intraprostati-
caly, intrapleurally, intratracheally, intranasally, intravitre-
ally, intravaginally, intrarectally, topically, intratumorally,
intramuscularly, intraperitoneally, subcutaneously, subcon-
junctival, intravesicularly, mucosally, intrapericardially,
intraumbilically, intraocularally, orally, topically, locally, by
inhalation, by injection, by infusion, by continuous infusion,
by localized perfusion bathing target cells directly, via a cath-
eter, or via a lavage.

29. The method of any of claims 16-28, wherein the
RADS1 protein inhibitor is provided to the cell multiple
times.

30. A method for inhibiting RADS51 protein in a cell com-
prising providing to the cell an effective amount of a RADS1
protein inhibitor, wherein the RADS51 inhibitor is the com-
pound of the formula:

Cl

Cl

MeO >

or a salt thereof.
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31. The method of claim 30, wherein the cell is cancer cell.

32. The method of any of claims 30-31, wherein the cancer
cell is resistant to chemotherapy or radiation.

33. The method of any of claims 30-32, wherein the cell is
in a patient.

34. The method of claim 33, wherein the patient is a cancer
patient.

35. The method of any of claim 33 or 34, wherein the
patient has a chemotherapy- or radiation-resistant cancer.

36. The method of any of claims 33-35, wherein the cancer
patient has cancer of the lung, liver, skin, eye, brain, gum,
tongue, hematopoietic system or blood, head, neck, breast,
pancreas, prostate, kidney, bone, testicles, ovary, cervix, gas-
trointestinal tract, lymph system, small intestine, colon, or
bladder.

37. The method of any of claims 30-36, wherein the cells
have been treated or will be treated with a DNA damaging
agent.

38. The method of claim 37, wherein the DNA damaging
agent is a cross linking agent, an alkylating agent,
nitrosourea, anti-metabolite, plant alkaloid, plant extract, or
radioisotope.

39. The method of claim 37 or 38, wherein the DNA dam-
aging agent is actinomycin, amsacrine, anthracyclines, bleo-
mycin, busulfan, camptothecin, carboplatin, chlorambucil,
cisplatin, cyclophosphamide, cytoxan, dactinomycin, dauno-
rubicin, docetaxel, doxorubicin, epirubicin, hexameth-
ylmelamineoxaliplatin, iphosphamide, melphalan, merchlo-
rethamine, mitomycin, mitoxantrone, nitrosourea, paclitaxel,
plicamycin, procarbazine, teniposide, triethylenethiophos-
phoramide or etoposide (VP16).

40. The method of claim 37, wherein the agent generates
inter-strand DNA crosslinks (ICL).

41. The method of claim 40, wherein ICL.-generating agent
is mytomycin C.

42. The method of any of claims 33-36, wherein the
RADS51 protein inhibitor is administered to the patient intra-
venously, intradermally, intraarterially, intraperitoneally,
intralesionally, intracranially, intraarticularly, intraprostati-
caly, intrapleurally, intratracheally, intranasally, intravitre-
ally, intravaginally, intrarectally, topically, intratumorally,
intramuscularly, intraperitoneally, subcutaneously, subcon-
junctival, intravesicularly, mucosally, intrapericardially,
intraumbilically, intraocularally, orally, topically, locally, by
inhalation, by injection, by infusion, by continuous infusion,
by localized perfusion bathing target cells directly, via a cath-
eter, or via a lavage.

43. The method of any of claims 30-42, wherein the
RADS1 protein inhibitor is provided to the cell multiple
times.



