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HYDRAZONE AND DIACYL HYDRAZINE COMPOUNDS AND METHODS OF USE

STATEMENT OF GOVERNMENT SUPPORT
This invention was made in part with government support from the National Institute

of Health. The government has certain rights in this invention.

BACKGROUND

[0001] Ubiquitin-mediated proteolysis is an important pathway of non-lysosomal
protein degradation that controls the timed destruction of many cellular regulatory proteins.
Ubiquitin is an evolutionarily highly conserved 76-amino acid polypeptide, which is
abundantly present in eukaryotic cells. The ubiquitin pathway leads to the covalent
attachment of poly-ubiquitin chains to target substrates, which are then degraded by a multi-
catalytic proteasome complex. In addition to its role in proteasomal degradation of target
proteins, the ubiquitin system is also involved in a number of cellular processes unrelated to
proteasomal degradation including endocytosis, trafficking in the endosomal system, viral
budding, DNA repair, nucleocytoplasmic trafficking, and kinase activation.

[0002] In eukaryotic cells the ubiquitin proteasome system (UPS) plays an important
role in many protein quality control pathways, including the elimination of misfolded
proteins from the endoplasmic reticulum (ER). The UPS dependent degradation of misfolded
ER proteins by the so called ERAD pathway (ER-associated protein degradation) adapts cells
to stress conditions that would other wise disturb ER homeostasis and cause programmed cell
death.

[0003] To degrade misfolded ER proteins, terminally misfolded polypeptides (both
membrane and soluble substrates) are recognized by chaperones, and targeted to the export
sites at the ER membrane. Polypeptides are subsequently transferred across the membrane via
an unknown conduit to enter the cytosol where they become substrates of the UPS. A
cytosolic ATPase named p97 and a dimeric cofactor Ufd1-Npl4 act together to extract
misfolded proteins from the ER membranes once these substrates have undergone
polyubiquitination. p97 also interacts with several deubiquitinases, which remodulate
polyubiquitin chains on p97 substrates while these substrates are being transferred to the
proteasome. Once the polyubiquitinated substrates are delivered to the proteasome, they are

rapidly degraded.
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[0004] In addition to its role in the ERAD pathway, p97 ATPase is also involved in
many other ubiquitin-dependent biological processes critical for cell viability, including cell
cycle regulation, transcription control, membrane fusion, and protein trafficking.

[0005] The retrotranslocation pathway can be hijacked by certain viruses to
downregulate the expression of correctly folded cellular proteins involved in the immune
defense of cells, allowing these viruses to propagate without being detected by the cytotoxic
T cells. For example, either of the two proteins US11 and US2 encoded by human
cytomegalovirus (HCMYV) is able to induce rapid dislocation and degradation of newly
synthesized MHC class 1 heavy chains.

[0006] Cancer is a class of diseases in which a group of cells display uncontrolled
growth, intrusion on and destruction of adjacent tissue), and sometimes metastasis (spreading
to other locations in the body via lymph or blood). The development of cancer can depend on
the accumulation of specific genetic alterations that allow aberrant cell proliferation. The
ubiquitin-proteasome system plays a significant role in cell cycle progression, which is
essential for the survival of cancer cells. Compounds that disturb the ubiquitin pathways
affect cell growth and other cellular functions and may therefore offer therapeutic
possibilities against cancer.

[0007] Eeyarestatins are promising anti-cancer and antiviral agents with a novel
mechanism of action. The two structurally related chemicals termed Eeyarestatin I and 1I
were originally identified by screening a chemical library containing 16,320 compounds for
inhibitors of endoplasmic reticulum (ER) associated protein degradation (ERAD or
retrotranslocation). Eeyarestatins can induce cancer cell death either as a single agent or
synergize with bortezomib, a proteasome inhibitor, for increased cytotoxic activity.
Bortezomib is approved in the United States for treatment of multiple myeloma and mantle
cell lymphoma and marketed under the name VELCADE® (Millenium Pharmaceuticals,
Inc.).

[0008] The anti-cancer and antiviral activities of Eeyarestatin I (EERI) can be
attributed at least in part to its ability to disturb ubiquitin homeostasis and block ERAD. ER
stress elicited in EERI-treated cells, together with ubiquitin stress, causes cells to undergo
apoptosis. Eeyarestatins interact with a p97 ATPase complex to inhibit ERAD by blocking
the retrotranslocation of misfolded ER substances and the disassembly of ubiquitin chains
attached to these substrates. (WO 2009/011910) The use of EERI in cancer therapy has been
described and the antiviral activity of EERI, including the antiretroviral activity, has been

demonstrated. The interaction of EERI with the p97 complex appears to negatively influence
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a deubiquitinating process that is mediated by p97-associated deubiquitinating enzymes. In
particular, the p97-associated deubiquitinating enzyme ataxin-3 is among those affected by
EERI. As a result, polyubiquitin conjugated proteins are accumulating in cells treated with
EERI, an indication of disruption of ubiquitin homeostasis.

[0009] While EERI and IT have important biological and therapeutic activities,
synthesis of these compounds is difficult and labor-intensive. There remains a need in the art
for compounds with biological and therapeutic activities similar to EERI, but for which the

synthesis is easier and more cost-effective.

SUMMARY

[0010] Described herein are hydrazone and diacyl hydrazine compounds (diamides),
their methods of manufacture, compositions containing the hydrazone and diacyl hydrazine
compounds, and methods of use of both the hydrazone and diacyl hydrazine compounds and
compositions thereof. Included herein, is a method of treating a disease or disorder
responsive to p97 inhibition and/or ER stress induction or a viral infection in a patient,
comprising providing a therapeutically effective amount of a hydrazone or diacylhydrazone
ERAD inhibitor to the patient.

[0011] Further included herein is a method of treating a disease or disorder responsive
to p97 inhibition and/or ER stress induction or viral infection in a patient comprising
providing a therapeutically effective amount of a compound or pharmaceutically acceptable
salt thereof of Formula I or Formula II

- 7 X
A ,H\)\N N \V(‘\( X,
m

X
o) Rs  (Formula I)

O Rs (Formula IT).
[0012] Within Formula I dashed lines indicate a single or double covalent bond.
[0013] A is hydrogen or oxo (=0).
[0014] Ar, is furanyl, thienyl, pyridyl, or phenyl, each of which is optionally

substituted with one or more substituents independently chosen from halogen, hydroxyl,
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amino, cyano, nitro, -CHO, -COOH, -PO,, C;-Caalkyl, C,-Cjalkoxy, C,-Cjalkanoyl, C,-
Cialkylester, mono- and di-(C;-Cy)alkylamino, C,-C;haloalkyl, and C;-C;haloalkoxy.

[0015] The variable mis 1, 2, 3, 4, or 5.

[0016] The variable pis O or 1.

[0017] X, is CR; or N; X5 is CR, or N; X5 is CR5 or N; and X, is CR,4 or N; wherein
no more than 2 of X;-X, are N.

[0018] R; to R4 are independently chosen from hydrogen, halogen, hydroxyl, amino,
cyano, nitro, C;-Caalkyl, C;-Csalkoxy, mono- and di-(C;-Cs)alkylamino, C;-C;haloalkyl, and
C1-Cshaloalkoxy.

[0019] Rs is hydrogen, halogen, hydroxyl, amino, cyano, nitro, C;-C,alkyl, C;-
Cialkoxy, mono- or di-(C;-Cs)alkylamino, C;-C;haloalkyl, or C;-C;haloalkoxy.

[0020] One of the following conditions may be present:

[0021] R and R, are taken together to form a 6-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from N,
O, and S, which carbocyclic or heterocyclic Ri/R5 ring is substituted with 0 or 1 or more
substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro, C;-Cjalkyl;
or

[0022] R, and R; are taken together to form a 6-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from N,
O, and S, which carbocyclic or heterocyclic Ry/Rz ring is substituted with 0 or 1 or more
substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro, C;-C,alkyl,
C;-C,alkoxy, mono- and di- (C;-Cs)alkylamino, C;-Cshaloalkyl, and C;-Cshaloalkoxy; or

[0023] Rs and R4 are taken together to form a 6-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from N,
O, and S, which carbocyclic or heterocyclic R3/R, ring is substituted with O or 1 or more
substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro, C,-Cjalkyl,
C-Caalkoxy, mono- and di-(C;-Cy)alkylamino, C;-C>haloalkyl, and C;-Cshaloalkoxy; or

[0024] R and R, are taken together to form a 6-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from N,
O, and S, and R, and R; are taken together to form a 6-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from N,
O, and S, thereby forming a three ring system; which three ring system is substituted with O
or 1 or more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,

C 1 —C4a1ky1.
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[0025] Further provided herein are compounds of Formula I and II, and
pharmaceutical formulations comprising a compound or pharmaceutically acceptable salt of
Formula I or II together with a carrier.

[0026] Also described herein is a method of inhibiting p97 and/or inducing ER stress
in a cell, comprising contacting the cell with a concentration of a compound or salt sufficient
to significantly modulate p97 activity at the ER membrane, wherein the compound is a
compound Formula I. In certain embodiments the cell is present in a human subject and the
modulation is a significant block of p97 function, resulting in disruption of deubiquitination
associated with the p97 complex.

[0027] Also described herein is the discovery of a molecular module that is capable of
targeting a compound to the membrane of the endoplasmic reticulum to implement a specific

cellular effect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Fig. 1 shows structures of EERI and structurally related compounds (panel a),
a graph of the dose-percent viability of JEKO-1 cells treated with EERI or one of the
structurally related compounds (panel b), and an image of immunoblot analysis of expression
of ATF3, ATF4, NOXA, and p97 in JEKO-1 cells after treatment with EERI or one of the
structurally related compounds (panel c);

[0029] Fig. 2, panels a-d, shows images obtained by fluorescence microscopy of the
localization of EERI, 5-nitrofuryl-acrolein (5-NA), or the compound CBU-002 in HeLa cells,
with panel d showing an enlarged view of the boxed area in panel ¢ with “N” denoting the
nucleus. Panel e presents images of the immunoblot analysis with the indicated antibodies of
proteins extracted from membrane or cytosol fractions of 293T cells grown in the presence or
absence (control) of 10 uM Eerl for 6 hr. Arrow indicates an oligomerized p97 species as a
result from Eerl treatment.

[0030] Fig. 3 shows the structure of compound CBU-028 (panel a), a graph of the
percent cell viability as a function of concentration of compound CBU-028 compared to
EERI (panel b); cellular localization of CBU-028 (panel c), effects on expression of ATF4,
ATF3, NOXA, and on levels of ubiquitinated histone H2A in JEKO-1 cells as a function of
time of treatment with 10uM CBU-028 (panel d); dissociation constants (Kd) of EERI,
compound 5138380, or CBU-028 binding to purified recombinant wild-type (wt) p97 protein

panel e), a comparison of stabilization of the ERAD substrate TCRa-YFP in
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polyubiquitinated forms by 10 uM CBU-028 or EERI (panel ), and a comparison of
stabilization of the soluble p97 substrate GFPy in polyubiquitinated forms by 10 uM CBU-
028 or EERLI. (panel g);

[0031] Fig. 4. Noxa is equally required for CBU-028 cytotoxicity as it is for
bortezomib and EERI. Figure 4 presents graphs comparing CBU-028, EERI, and bortezomib
with respect to percent cell viability as a function of concentration, measured using JEKO-1
cells stably transfected with sShRNAs to luciferase (shLuc, control B) or Noxa (shNoxa O).
Cells were treated for 24 hours with the indicated drugs. Viability was determined with MTT
and normalized to untreated control.

[0032] Fig. 5 presents graphs comparing CBU-028 and EERI with respect to percent
cell viability as a function of concentration, measured using primary CLL cells and normal
PBMC cells after treatment with the compound for 24 hours.

[0033] Fig. 6. CBU-028 Synergizes with Bortezomib Against CLL Cells. To test for
synergy between BZM and CBU-028, CLL cells were incubated in-vitro to increasing
concentrations of each compound individually as well as to a combination of both drugs. The
combination was tested at a fixed molar relation of 1:2000, e.g. 4 nM BZM was combined
with 8 uM CBU-028. 5 x 10° cells/mL were incubated for 48 hours and cell viability was
measured with MTT. Synergy is found where the effect of the combination of the two
compounds exceeds the additive effect of each compound separately. The left graph shown
the result of a representative experiment (CLL_4235) across all concentrations tested. The
graph on the right summarizes the data for 7 individual CLL patients.

[0034] Fig. 7. Efficacy of ERAD inhibitors in the NCI 60 screen.

[0035] Fig. 8. a, Coomassie blue-stained gel of purified wild type and mutant p97
proteins used in the binding experiments. b, Surface plasmon resonance analyses of Eerl
interactions with p97 or a mutant p97 lacking its N-terminal domain (p97 AN) shown as a
function of EERI concentration with the binding signal normalized relative to the calculated
Rmax from three independent experiments. Error bar, SD (n=3). ¢, Images of silver-stained
SDS-PAGE analysis of limited trypsin digestions as a function of time of p97 in the presence
of Eerl. Arrows indicate p97 fragments partially protected by Eerl. The bracket indicates p97
degradation products. d, Whole cell extracts from cells treated with Eerl for the indicated
time periods were analyzed by immunoblotting with the indicated antibodies. The arrow

indicates an oligomerized p97 species caused by Eerl treatment.
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[0036] Fig. 9. a, The structure of biotinylated NFC (B-NFC or CBU-032). b, Images
of immunoblots of precipitates of monomeric avidin beads immobilized with CBU-032 or
biotin incubated with the indicated recombinant proteins. c, Images of immunoblots of
precipitates of monomeric avidin beads immobilized with CBU-032 or biotin incubated with
the indicated His-tagged proteins were tested.

[0037] Fig. 10. a, a schematic plot of the number of genes whose expression was up-
or down-regulated by at least 2-fold upon treatment with Eerl (10uM, 10h) or 5-NA (10uM,
10h) in 293T cells: 29 genes were affected by both Eerl and 5-NA (i), 25 genes were affected
only by EerlI (ii) and 306 genes were affected only by 5-NA (iii). b, Flow cytometry data
showing degradation of TCRa-YFP in the presence p97 siRNA or control siRNA and an
immunoblot with a p97 antibody of a fraction of the cells that were used to verify the knock-
down efficiency. c, d, The effect of p97 depletion on the expression of Eerl and 5-NA
signature genes. ¢, The expression of selected genes in the categories i (8 genes, blue dots)
and ii (7 genes, red dots) was determined by qRT-PCR using RNA prepared from p97 knock-
down (k.d.) and control cells. The fold change upon p97 depletion was plotted against Eerl-
induced fold change. Error bars, SD (n=3) d, The expression of 4 genes in the category (iii) in
p97 knock-down cells, or cells exposed to Eerl (10pM) or 5-NA (10uM) was determined by
gRT-PCR. Untreated cells were used to determine the basal expression of these genes, which
was used to calculate the fold change.

[0038] Fig. 11. a, The structure of CBU-059. b, a plot of per cent cell viability as a
function of CBU-059 or Eerl concentration. c, fluorescent microscope image of CBU-059
(3uM, Thour) staining a perinuclear reticulum-like membrane compartment of HeLa cells. d,
fluorescent microscope images of CBU-059 or the ER membrane protein Derlin-1 in HeLa

cells.

DETAILED DESCRIPTION

[0039] Disclosed herein are novel hydrazone and diacyl hydrazine compounds that
are inhibitors of ERAD and can disrupt ubiquitin homeostasis. These compounds are highly
active against hematologic tumor cells including cells resistant to the proteasome inhibitor
bortezomib. In contrast to EERI, these novel compounds can be synthesized more easily and
cost-effectively in large quantities. The compounds disclosed herein can also be used as
probes to study the mechanism of protein degradation and other biological processes

involving the p97 ATPase. Furthermore, since certain of these compounds are fluorescent
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and have a high affinity for the ER, they can serve as probes to detect ER structures in live
cells and target other molecules to the ER membrane.

[0040] Structure activity analysis of EERI was performed. Molecular fragment
screening of the nitro-furan and the aromatic domains (Fig. 1, panel a) of EERI showed that
the 5-nitrofuryl-acrolein fragment was cytotoxic while the acyl-hydrazine fragment was
relatively inert. New compounds varying each of the domains of EERI were then designed,
resulting in the novel hydrazone and diacyl hydrazine compounds disclosed herein with
EERI-like activities that can be obtained by a single synthetic transformation.
TERMINOLOGY

[0041] Compounds are described using standard nomenclature. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as is
commonly understood by one of skill in the art to which this invention belongs.

[0042] Formula I includes all substructures of Formula I described herein, for
example compounds of Formula III to XI.

[0043] The terms “a” and “an” do not denote a limitation of quantity, but rather
denote the presence of at least one of the referenced items. The term “or” means “and/or”.
The terms “comprising”, “having”, “including”, and “containing” are to be construed as
open-ended terms (i.e., meaning “including, but not limited to”). Recitation of ranges of
values are merely intended to serve as a shorthand method of referring individually to each
separate value falling within the range, unless otherwise indicated herein, and each separate
value is incorporated into the specification as if it were individually recited herein. The
endpoints of all ranges are included within the range and independently combinable. All
methods described herein can be performed in a suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™), is intended merely provided as illustrative and do not
limit the scope in any way unless otherwise claimed. No language in the specification should
be construed as indicating any non-claimed element as essential. Unless defined otherwise,
technical and scientific terms used herein have the same meaning as is commonly understood
by one of skill in the art to which this invention belongs.

[0044] All compounds are understood to include all possible isotopes of atoms
occurring in the compounds. Isotopes 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, °C, and *C.
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[0045] The term “substituted” means any one or more hydrogens on the designated
atom or group is replaced with a selection from the indicated group, provided that the
designated atom’s normal valence is not exceeded. When the substituent is oxo (i.e., =0),
then 2 hydrogens on the atom are replaced. When aromatic moieties are substituted by an
oxo group, the aromatic ring is replaced by the corresponding partially unsaturated ring. For
example a pyridyl group substituted by oxo is a pyridone. Combinations of substituents
and/or variables are permissible only if such combinations result in stable compounds or
useful synthetic intermediates. A stable compound or stable structure is meant to imply a
compound that is sufficiently robust to survive isolation from a reaction mixture, and
subsequent formulation into an effective therapeutic agent.

[0046] A dash (*-%) that is not between two letters or symbols is used to indicate a
point of attachment for a substituent.

[0047] “Alkyl” includes both branched and straight chain saturated aliphatic
hydrocarbon groups, having the specified number of carbon atoms. The term C;-C,alkyl
means an alkyl group having from 1 to about 2 carbon atoms, e.g., methyl and ethyl,
respectively.

[0048] “Alkoxy” means an alkyl group, as defined above, with the indicated number
of carbon atoms attached via an oxygen bridge.

[0049] “Alkanoyl” is an alkyl group as defined above, attached through a keto (-
(C=0)-) bridge. Alkanoyl groups have the indicated number of carbon atoms, with the
carbon of the keto group being included in the numbered carbon atoms. For example a
C,alkanoyl group is an acetyl group having the formula CH;(C=0)-.

[0050] A *“6-membered carbocyclic group” is a saturated, partially unsaturated, or
aromatic ring containing only carbon ring atoms. Unless otherwise indicated, the carbocyclic
group may be attached to its pendant group at any carbon atom that results in a stable
structure. When indicated the carbocyclic rings described herein may be substituted on any
available ring carbon if the resulting compound is stable. Carbocyclic groups include
cycloalkyl groups, such as cyclohexyl; cycloalkenyl groups, such as cyclohexenyl; and aryl
groups, such as phenyl.

[0051] “Halo” or “halogen” means fluoro, chloro, bromo, or iodo.

[0052] “Mono- and/ or di-alkylamino’ means secondary or tertiary alkyl amino
groups, wherein the alkyl groups are as defined above and have the indicated number of

carbon atoms. The point of attachment of the alkylamino group is on the nitrogen. The alkyl
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groups are independently chosen. Examples of mono- and di-alkylamino groups include
ethylamino, dimethylamino, and methyl-propyl-amino.

[0053] “Haloalkyl” means both branched and straight-chain alkyl groups having the
specified number of carbon atoms, substituted with 1 or more halogen atoms, generally up to
the maximum allowable number of halogen atoms. Examples of haloalkyl include, but are
not limited to, trifluoromethyl, difluoromethyl, 2-fluoroethyl, and penta-fluoroethyl.

[0054] “Haloalkoxy” indicates a haloalkyl group as defined above attached through
an oxygen bridge (oxygen of an alcohol radical).

[0055] A "5- or 6- membered heterocyclic group” is a saturated, partially unsaturated,
or aromatic ring containing from 1 or 2 heteroatoms chosen from N, O, and S, with remaining
ring atoms being carbon. Unless otherwise indicated, the heterocyclic ring may be attached to
the group it substitutes at any heteroatom or carbon atom that results in a stable structure.
When indicated the heterocyclic rings described herein may be substituted on carbon or on a
nitrogen atom if the resulting compound is stable. It is preferred that the total number of S
and O atoms in a heterocyclic group is not more than 2. Examples of 5- and 6-membered
heterocyclic groups include pyridyl, pyrimidinyl, pyridizinyl, pyrazinyl, imidazolyl, oxazolyl,
furanyl, thiophenyl, thiazolyl, triazolyl, tetrazolyl, isoxazolyl, pyrrolyl, pyrazolyl, furanyl,
thienyl, pyrrolyl, pyrazolyl, pyrrolidinyl, morpholinyl, piperazinyl, piperidinyl, and
pyrrolidinyl.

[0056] Compounds described herein may contain one or more asymmetric elements
such as stereogenic centers, stereogenic axes and the like, e.g., asymmetric carbon atoms, so
that the compounds can exist in different stereoisomeric forms. These compounds can be, for
example, racemates or optically active forms. For compounds with two or more asymmetric
elements, these compounds can additionally be mixtures of diastereomers or a single
diastereomer of a racemic mixture. For compounds having asymmetric centers, all optical
isomers in pure form and mixtures thereof are encompassed. In these situations, the single
enantiomers, 1.e., optically active forms can be obtained by asymmetric synthesis, synthesis
from optically pure precursors, or by resolution of the racemates. Resolution of the
racemates can also be accomplished, for example, by conventional methods such as
crystallization in the presence of a resolving agent, or chromatography, using, for example a
chiral HPLC column. All forms are contemplated herein regardless of the methods used to

obtain them.
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[0057] All forms (for example solvates, optical isomers, enantiomeric forms,
polymorphs, co-crystals, free compound and salts) of an active agent may be employed either
alone or in combination.

[0058] “Stereoisomers” are compounds, which have identical chemical constitution,
but differ with regard to the arrangement of the atoms or groups in space.

[0059] A “diastereomer” is a stereoisomer with two or more centers of chirality and
whose molecules are not mirror images of one another. Diastereomers have different
physical properties, e.g., melting points, boiling points, spectral properties, and reactivities.
Mixtures of diastereomers may separate under high resolution analytical procedures such as
electrophoresis, crystallization in the presence of a resolving agent, or chromatography,
using, for example a chiral HPLC column.

[0060] “Enantiomers” refer to two stereoisomers of a compound, which are non-
superimposable mirror images of one another. A 50:50 mixture of enantiomers is referred to
as a racemic mixture or a racemate, which may occur where there has been no stereoselection
or stereospecificity in a chemical reaction or process.

[0061] “Pharmaceutically acceptable salts” include derivatives of the disclosed
compounds in which the parent compound is modified by making inorganic and organic, non-
toxic, acid or base addition salts thereof. The salts of the present compounds can be
synthesized from a parent compound that contains a basic or acidic moiety by conventional
chemical methods. Generally, such salts can be prepared by reacting free acid forms of these
compounds with a stoichiometric amount of the appropriate base (such as Na, Ca, Mg, or K
hydroxide, carbonate, bicarbonate, or the like), or by reacting free base forms of these
compounds with a stoichiometric amount of the appropriate acid. Such reactions are
typically carried out in water or in an organic solvent, or in a mixture of the two. Generally,
non-aqueous media such as ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are used,
where practicable. Salts of the present compounds further include solvates of the compounds
and of the compound salts.

[0062] Examples of pharmaceutically acceptable salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines; alkali or organic salts of acidic
residues such as carboxylic acids; and the like. The pharmaceutically acceptable salts include
the conventional non-toxic salts and the quaternary ammonium salts of the parent compound
formed, for example, from non-toxic inorganic or organic acids. For example, conventional
non-toxic acid salts include those derived from inorganic acids such as hydrochloric,

hydrobromic, sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared from
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organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, mesylic,
esylic, besylic, sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic,
ethane disulfonic, oxalic, isethionic, HOOC-(CH,),-COOH where n is 0-4, and the like. Lists
of additional suitable salts may be found, e.g., in Remington’s Pharmaceutical Sciences, 17th
ed., Mack Publishing Company, Easton, Pa., p. 1418 (1985).

[0063] “Pharmaceutical compositions” means compositions comprising at least one
active agent, such as a compound or salt of a formula described herein, and at least one other
substance, such as a carrier. Pharmaceutical compositions meet the U.S. FDA’s GMP (good
manufacturing practice) standards for human or non-human drugs.

[0064] “Carrier” means a diluent, excipient, or vehicle with which an active
compound is administered. A “pharmaceutically acceptable carrier” means a substance, e.g.,
excipient, diluent, or vehicle, that is useful in preparing a pharmaceutical composition that is
generally safe, non-toxic and neither biologically nor otherwise undesirable, and includes a
carrier that is acceptable for veterinary use as well as human pharmaceutical use. A
“pharmaceutically acceptable carrier” includes both one and more than one such carrier.

[0065] "Cell proliferative disorders" refer to disorders wherein unwanted cell
proliferation of one or more subset(s) of cells in a multicellular organism occurs, resulting in
harm, for example, pain or decreased life expectancy to the organism. Cell proliferative
disorders include, but are not limited to, tumors, benign tumors, blood vessel proliferative
disorders, autoimmune disorders, and fibrotic disorders.

[0066] A “subject” is a human or non-human animal provided a compound as
described herein. “Subject” includes a patient, wherein a patient is a human or non-human
animal in need of medical treatment. Medical treatment can include treatment of an existing
condition, such as a disease or disorder, prophylactic or preventative treatment, or diagnostic
treatment. In some embodiments the patient is a human patient. In certain embodiments
treatment is treatment of an existing condition.

[0067] “Providing” means giving, administering, selling, distributing, transferring
(for profit or not), manufacturing, compounding, or dispensing.

[0068] “Inhibiting p97 and/ or inducing ER stress” includes effecting any significant
inhibition of p97 activity or affecting any significant indicia of ER stress. P97 Inhibition
and/or ER stress induction may be observed directly or indirectly. For example p97
Inhibition and/or ER stress induction includes amelioration of the symptoms of a disease or

disorder in which p97 activity or ER stress is implicated is included. Such diseases and
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disorders include cell proliferative disorders, particularly cancer, and viral infections. P97
Inhibition and/or ER stress induction also includes increases in markers ATF3 and ATF4,
upregulation of NOXA protein level, accumulation of polyubiquitinated proteins, and
downregulation of ubiquitinated histone H2A (upper band in H2A immunoblot).

[0069] “Treatment” or “treating” means providing an active compound to a patient in
an amount sufficient to measurably reduce any symptom of a disease or disorder responsive
to p97 inhibition and/or ER stress induction. The disease or disorder responsive to p97
inhibition and/or ER stress induction can be, e.g., a disorder associated with undesired cell
proliferation such as a cancer or a viral infection. Cancers for treatment include both solid
and disseminated cancers, for example multiple myeloma and mantle cell lymphoma (MCL),
chronic lymphocytic leukemia (CLL), T-cell leukemia, multiple myeloma, Burkitt’s
Ilymphoma, retinoblastoma, osteosarcoma, breast cancer, bladder cancer, prostate cancer,
renal carcinoma, small-cell lung cancer, and a cancer associated with viral infections, such as
a cervical cancer associated with human papilloma virus. Viral infections include
cytomegalovirus and retroviral infections, for example human immunodeficiency virus (HIV)
infection.

[0070] A “therapeutically effective amount” of a pharmaceutical composition means
an amount effective, when administered to a patient, to provide a therapeutic benefit such as
an amelioration of symptoms, e.g., an amount effective to decrease the symptoms of a disease
or disorder.

[0071] A significant change is any detectable change that is statistically significant in

a standard parametric test of statistical significance such as Student’s T-test, where p < 0.05.

CHEMICAL DESCRIPTION

[0072] In addition to methods of treatment employing compounds of Formula I or II,
presented in the SUMMARY section, included herein is a method of treating disorders
responsive to p97 inhibition and/or ER stress inductiong a viral infection in a patient
comprising providing a therapeutically effective amount of a compound or pharmaceutically

acceptable salt thereof of Formula III or Formula IV (both subformulae of Formula I).

X7 Xe Xa 0 X1,,X2 X3
H I /\)k H 1
/n/\N/N\[H\(X“ P N/N\ﬂ)\r)(“
Ary o Re Arq H o Re
Formula 111 Formula IV
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[0073] Further included are biosteres of Formula I, in which the amide or diamide is
replaced by an amide biostere, such as alpha-trifluoromethyl-amine.
For example, Formula V, VI, and VIL

X
22
/ X X

1 3
S H 1
N A N xn - Xa
Arq ~ N
m

CFs Rs  Formula V

H XfX23<3 /\)C\FS H Xfxz.).(s
/n/\N/N\H\KX“ _n AN N/N\H\(X“
An CFs Rs Ar i CFs Rs
Formula VI Formula VII

[0074] In Formulas V, VI, and VII all variables carry the definitions set forth for
Formula I or any of the definitions set forth below, with the exception of A in Formula V
which may be hydrogen, oxo, or CF;.

[0075] Within Formula I-VII the variables, e.g. Arj, n, X;-X4, and Rs, carry the
following definitions.

[0076] Ar is furanyl, thienyl, pyridyl, or phenyl, each of which is optionally
substituted with one or more substituents independently chosen from halogen, hydroxyl,
amino, cyano, nitro, -CHO, -COOH, -PO,, C,-C.alkyl, C,-C,alkoxy, C,-Cjalkanoyl, C;-
C,alkylester, mono- and di-(C;-C4)alkylamino, C;-Cshaloalkyl, and C;-Cshaloalkoxy.

[0077] nis abond ornis a1 to 4 carbon alkylene or alkenylene linker;

[0078] X, is CR; or N; X, is CR, or N; X5 is CR5 or N; and X, is CR,4 or N; wherein
no more than 2 of X;-X, are N.

[0079] R, to R. are independently chosen from hydrogen, halogen, hydroxyl, amino,
cyano, nitro, C;-Caalkyl, C;-Csalkoxy, mono- and di-(C;-Cs)alkylamino, C;-C;haloalkyl, and
C1-Cshaloalkoxy.

[0080] Rs is hydrogen, halogen, hydroxyl, amino, cyano, nitro, C;-C,alkyl, C;-
Cialkoxy, mono- or di-(C;-Cs)alkylamino, C;-C;haloalkyl, or C;-C;haloalkoxy.

[0081] One of the following conditions may be present:

[0082] R; and R, are taken together to form a 6-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from N,

O, and S, which carbocyclic or heterocyclic Ri/R5 ring is substituted with 0 or 1 or more
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substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro, C;-C,alkyl,
C,-Caalkoxy, mono- and di-(C,-C,)alkylamino, C;-C;haloalkyl, and C,-C;haloalkoxy.
[0083] R, and Rj are taken together to form a 6-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from N,
O, and S, which carbocyclic or heterocyclic Ry/R; ring is substituted with 0 or 1 or more
substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro, C;-C,alkyl,
C,-Csalkoxy, mono- and di-(C;-Cs)alkylamino, C;-Cshaloalkyl, and C;-Cshaloalkoxy.
[0084] ( R3 and R, are taken together to form a 6-membered carbocyclic ring, or a 5-
or 6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R3/R, ring is substituted with O or 1 or more
substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro, C;-Cjalkyl,
C-Caalkoxy, mono- and di-(C;-Cs)alkylamino, C;-C>haloalkyl, and C;-Cshaloalkoxy; or
[0085] R; and R, are taken together to form a 6-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from N,
O, and S, and R, and Rs are taken together to form a 6-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from N,
O, and S, thereby forming a three ring system; which three ring system is substituted with O
or 1 or more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C-Caalkyl. For example the three ring system may be an optionally substituted anthracene.
[0086] Other methods of treating a disease or disorder responsive to p97 inhibition
and/or ER stress induction or a viral infection in a patient include administering compounds
and salts thereof as follows:
[0087] (a) Formula VIII and Formula IX, in which the variables A, X;-X4, and Rs

carry the definitions set forth above.

2%z 2%2
TS 0 ’ X7 X
,N X /\)J\ /N X
AHM N W + AryT X N \’H\r 4
O Rs O Rs
Formula VIIT IX

[0088] (b) Compounds of Formula I — IX in which Ar is a 2-furanyl or phenyl, each
of which is substituted with at least one nitro, hydroxyl, amino, -CHO, -COOH, or —-PO,
substituent and optionally substituted with one or more substituents independently chosen
from cyano, C;-Calkyl, C;-Csalkoxy, mono- and di-(C;-C,)alkylamino, and C;-
Cshaloalkoxy.
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[0089] (c) Compounds of Formula X and X1

_X
Xz X

o) X2
H I H ! ne
R7\/Y\/\N/Nj‘)\(x4 R7\WkN/N\'H\rX4
3\/O O Ry 3\/0 "0 R

Re Re
Formula X Formula XI
wherein Rg is nitro, cyano, -CHO, -COOH, or —POy4; and R7 is 0, 1, or 2 substituents
independently
chosen from halogen, C;-C,alkyl, and C;-C,alkoxy.
[0090] (d) Also included are compounds and salts of Formula X and XI in which Rg
is nitro and R absent.
[0091] (e) Compounds and salts of Formula I to XI wherein

2X2
X7 Xy

A
Rs s a phenyl, naphthyl, quinolinyl, isoquinolinyl, or pyridyl, in which

Rs is hydrogen, halogen, hydroxyl, amino, cyano, nitro, C;-Csalkyl, C;-Csalkoxy, mono- or
di-(C,-Cy)alkylamino, C;-C;haloalkyl, or C;-C;haloalkoxy.

[0092] Each of which phenyl, naphthyl, quinolinyl, isoquinolinyl, is substituted with
0, 1, or 2 substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro, C;-
Caalkyl, C;-Caalkoxy, mono- and di-(C;-C,)alkylamino, C;-Cshaloalkyl, and C;-
Chaloalkoxy.

[0093] (f) Compounds and salts of Formula I to XI wherein

X
XZ7? Xy

"
QN
Rs  is a phenyl, naphthyl, quinolinyl, isoquinolinyl, or pyridyl, in which Rs is
hydrogen or hydroxyl. Each of which phenyl, naphthyl, quinolinyl, isoquinolinyl, is
substituted with 0, 1, or 2 substituents independently chosen from chloro, bromo, hydroxyl,
nitro, methyl, methoxy, and trifluoromethyl.

[0094] (g) Compounds and salts of Formula I to XI, wherein
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X
X7Z72 X,
1
&7)\( X4
Rs  is phenyl, 3-pyridyl, 2-, 3-, or 4-hydroxy phenyl, 3-hydroxy-naphth-2-yl, 1-
hydroxy-isoquinolin-3-yl, 4-hydroxy-quinolin-3-yl; each of which is additionally substituted
with 0, 1, or 2 substituents independently chosen from hydroxyl, nitro, chloro, bromo,

methyl, methoxy, and trifluoromethyl.

[0095] (h) Compounds and salts of Formula I to XI, wherein

Rs  is 3-hydroxy-naphth-2-yl.

[0096] (i) Compounds and salts of Formula I to XI in which Ar; is nitro-phenyl or
nitro-furanyl.

[0097] (j) Compounds and salts of Formula I to XI in which Ar; is

ys)
Re ] 55: and Rg is nitro, cyano, -POy4, -CHO, or -COOH. In certain embodiments Rg is
nitro.

[0098] Also provided herein are compounds and pharmaceutically acceptable salts of
Formula IV and V (shown above) in which the variables Ar;, X;-X,4, and Rs are defined as
follows.

3,

[0099] Ar is Re G ~ where Gis O, N, or S, and R is nitro, cyano, -POy,
-CHO, or -COOH.

[0100] X; is CR; or N; X, is CR, or N; X3 is CR5 or N; X, is CR,4 or N;

wherein Rs  is not unsubstituted or substituted phenyl, unsubstituted pyridyl, or
unsubstituted pyridizine, or 2-methylbenzo[d]thiazole, and no more than 2 of X;-X, are N.
[0101] R, to R, are independently chosen from hydrogen, halogen, hydroxyl, amino,
cyano, nitro, C;-Cjalkyl, C;-C,alkoxy, mono- and di-(C;-Cy)alkylamino, C;-C;haloalkyl, and
C-Corhaloalkoxy.
[0102] Rs is hydrogen, halogen, hydroxyl, amino, cyano, nitro, C;-Csalkyl, C;-
Cjalkoxy, mono- or di-(C;-Cy)alkylamino, C;-Cshaloalkyl, or C;-C,haloalkoxy.
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[0103] One of the following two conditions may be present.

[0100] R; and R; may be taken together to form a 6-membered carbocyclic ring, or a
5- or 6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R»/R5 ring is substituted with O or 1 or more
substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro, C,-Cjalkyl,
C;-C,alkoxy, mono- and di-(C;-Cy)alkylamino, C;-Cshaloalkyl, and C;-C,haloalkoxy;

[0101] R3 and R4 may be taken together to form a 6-membered carbocyclic ring, or a
5- or 6-membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R3/R, ring is substituted with 0 or 1 or more
substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro, C;-C,alkyl,
C;-Caalkoxy, mono- and di-(C;-Cy)alkylamino, C;-Cshaloalkyl, and C;-C;haloalkoxy.

[0102] Further included are compounds and salts of Formula X and XI as described
above in which any of the following conditions are met.

[0103] (k) Ar; is

gy
Re  'G" 57 where R is nitro and G is oxygen.

[0104] (1) R, to R4 are independently chosen from hydrogen, halogen, hydroxyl, nitro,
C-Calkyl, C;-Csralkoxy, mono- or di-(C;-C,)alkylamino, trifluoromethyl, and
trifluoromethoxy.

[0105] Rs is hydrogen or hydroxyl.

[0106] Additionally one of the following two conditions is present:

(1) R and R3 are taken together to form a 6-membered aromatic ring or 6-membered
heteroaromatic ring containing one or two nitrogen atoms, which 6-membered R,/R; ring is
substituted with O or 1 or more substituents independently chosen from halogen, hydroxyl,
nitro, C;-Csalkyl, C;-Csalkoxy, mono- and di-(C,-C,)alkylamino, trifluoromethyl, and
trifluoromethoxy.

(2) R; and R, are taken together to form a 6-membered aromatic ring or 6-membered
heteroaromatic ring containing one or two nitrogen atoms, which 6-membered R3/R, ring is
substituted with 0 or 1 or more substituents independently chosen from halogen, hydroxyl,
nitro, C;-Csalkyl, C;-Csalkoxy, mono- and di-(C,-C;)alkylamino, trifluoromethyl, and
trifluoromethoxy.

[0107] (m) X; is CRy, X4 is CR4; Rs is hydroxyl; X, is CR;; and X3 is CR3. Ry and Ry

are taken together to form a 6-membered aromatic ring, which 6-membered R,/Rj ring is
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substituted with O or 1 or more substituents independently chosen from halogen, hydroxyl,
nitro, C,-Csalkyl, C,-C,alkoxy, mono- and di-(C,-C;)alkylamino, trifluoromethyl, and

triflnoromethoxy. That is

Z /I|:{2/R3 ring
X
X772 X, R
1
4
Rs s a group of the formula OH

[0108] (n) X; is N; X, is CR»; Rs is hydroxyl; and X3 is CR3; X4 is CR4; and X5 and
X4 are taken together to form a 6-membered aromatic ring, which 6-membered R3/R. ring is
substituted with O or 1 or more substituents independently chosen from halogen, hydroxyl,
nitro, C,-Csalkyl, C,-Csalkoxy, mono- and di-(C,-C;)alkylamino, trifluoromethyl, and

trifluioromethoxy. That is

Rz
Rs/R,4ring
X o8/
X4 3(3 NT | ~
‘27/\( X4 2N NF
Rs  is a group of the formula OH

[0109] (o) X1 is CRy; Xz is N; Rs hydroxyl; and X3 is CR3; X4 is CR4; and X3 and X4
are taken together to form a 6-membered aromatic ring, which 6-membered R3/R4 ring is
substituted with O or 1 or more substituents independently chosen from halogen, hydroxyl,

nitro, C;-Cralkyl, C,-Csalkoxy, mono- and di-(C;-C;)alkylamino, trifluoromethyl, and

trifluoromethoxy.
Ra/R,4 ring
_X 3/
X1/ 2 X3 R1 /N
1]
That is Rs  is a group of the formula OH

[0110] Any of the conditions set forth above for compounds of Formula I to Formula

VII may be combined so long as a stable compound results, for example included herein are

compounds of Formula II in which Rs  is phenyl, 3-pyridyl, 2-, 3-, or 4-hydroxy
phenyl, 3-hydroxy-naphth-2-yl, 1-hydroxy and Rs is hydrogen or hydroxyl.
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[0111] In addition to compounds and salts of Formula I — XI shown above

compounds and salts of Formula XII and XIII are also provided.

R- H . 0O
\ -, R
IS T Ay
O \7 \ H \"/
R6 O Y-]
Rs
Formula XII Formula XIIT

In Formula XII and XIII the variables R¢ and R; may have any of the definitions set
forth herein for these variables. Y; is S, O or N, and Ry is amino, C;-C,alkyl, C;-C,alkoxy,
or mono-, di-, or tri- (quarternized)C;-Caalkylamino(Co-Csalkyl).

PHARMACEUTICAL PREPARATIONS

[0112] The hydrazone and diacyl hydrazine compounds can be administered as the
neat chemical, but are specifically administered as a pharmaceutical composition, for
example a pharmaceutical formulation comprising a hydrazone or a diacyl hydrazine
compound of Formula I or pharmaceutically acceptable salt thereof, together with at least one
pharmaceutically acceptable carrier. The pharmaceutical composition can be is formulated as
an injectable fluid, an aerosol, a cream, a gel, a tablet, a pill, a capsule, a syrup, or a
transdermal patch.

[0113] The hydrazone and diacyl hydrazine compounds may be administered orally,
topically, parenterally, by inhalation or spray, sublingually, transdermally, via buccal
administration, rectally, as an ophthalmic solution, or by other means, in dosage unit
formulations containing conventional pharmaceutically acceptable carriers. The
pharmaceutical composition may be formulated as any pharmaceutically useful form, e.g., as
an aerosol, a cream, a gel, a pill, a capsule, a tablet, a syrup, a transdermal patch, or an
ophthalmic solution. Some dosage forms, such as tablets and capsules, are subdivided into
suitably sized unit doses containing appropriate quantities of the active components, €.g., an
effective amount to achieve the desired purpose.

[0114] Carriers include excipients and diluents and must be of sufficiently high purity
and sufficiently low toxicity to render them suitable for administration to the patient being

treated. The carrier can be inert or it can possess pharmaceutical benefits of its own. The
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amount of carrier employed in conjunction with the compound is sufficient to provide a
practical quantity of material for administration per unit dose of the compound.

[0115] Classes of carriers include, but are not limited to binders, buffering agents,
coloring agents, diluents, disintegrants, emulsifiers, flavorings, glidants, lubricants,
preservatives, stabilizers, surfactants, tableting agents, and wetting agents. Some carriers
may be listed in more than one class, for example vegetable oil may be used as a lubricant in
some formulations and a diluent in others. Exemplary pharmaceutically acceptable carriers
include sugars, starches, celluloses, powdered tragacanth, malt, gelatin, talc, and vegetable
oils. Optional active and/or inactive agents may be included in the pharmaceutical
compositions, provided that such agents do not substantially interfere with the activity of the
hydrazone and diacyl hydrazine compounds used in the pharmaceutical compositions. The
optional active is an additional active agent that is not a compound or salt of Formula 1.

[0116] The pharmaceutical compositions can be formulated for oral administration.
These compositions contain between 0.1 and 99 weight % (wt.%) of a hydrazone or a diacyl
hydrazine compound and usually at least about 5 wt.% of a hydrazone or a diacyl hydrazine
compound. Some embodiments contain from about 25 wt.% to about 50 wt. % or from about
5 wt.% to about 75 wt.% of the hydrazone or diacyl hydrazine compound.

TARGETING METHODS

[0117] It has been discovered that certain compounds provided herein act as ER
membrane targeting agents. That is these compounds specifically concentrate in the ER
membrane. When bound to a second active agent, such as an ER stress inducer, either
covalently or non-covalently, the ER membrane targeting agents provided herein will
concentrate the second active agent in the ER. This effect is demonstrated in Figure 2, which
shows localization of EERI in the membrane. EERI is constituted of 5138380 covalently
modified with 5-nitrofuryl-acrolein, which produces a fluorescent signal. EERI is
accumulated in a perinuclear compartment, whereas S-nitrofuryl-acrolein displays a
ubiquitous localization in cells. The compound 5138380 produces no fluorescence signal
from the cells. An asterisk indicates a potential point of attachment for a second active agent.
In certain embodiments the second active agent will be a cancer drug known to exhibit
activity through targeting molecules localized in the ER membrane. Such drugs include but
are not limited to cisplatin, bortezomib, thapsigargin, Bcl family antagonist, inhibitors of ER

membrane bound kinases Irel and PERK et al.
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TREATMENT METHODS

[0118] The compounds of Formula I or a salt thereof, as well as pharmaceutical
compositions comprising the compounds, are useful for treating a disease or disorder
responsive to p97 inhibition and/or ER stress induction in a patient. The method of treating a
disease or disorder responsive to p97 inhibition and/or ER stress induction in a patient
comprises providing to the patient an effective amount of a compound of Formula I: In an
embodiment the patient is a mammal, specifically a primate, more specifically a human. An
effective amount of a pharmaceutical composition may be an amount sufficient to inhibit the
progression of a disease or disorder; or cause a regression of a disease or disorder.

[0119] An effective amount of a compound or pharmaceutical composition described
herein will also provide a sufficient concentration of a hydrazone or diacyl hydrazine
compound when administered to a patient. A sufficient concentration is a concentration of
the compound in the patient’s body necessary to prevent or combat the disorder. Such an
amount may be ascertained experimentally, for example by assaying blood concentration of
the compound, or theoretically, by calculating bioavailability.

[0120] Methods of treatment include providing certain dosage amounts of a
hydrazone or hydrazine derivative to a patient. Dosage levels of each compound of from
about 0.1 mg to about 140 mg per kilogram of body weight per day are useful in the
treatment of the above-indicated conditions (about 0.5 mg to about 7 g per patient per day).
The amount of compound that may be combined with the carrier materials to produce a single
dosage form will vary depending upon the patient treated and the particular mode of
administration. Dosage unit forms will generally contain between from about 1 mg to about
500 mg of each active compound. In certain embodiments 25 mg to 500 mg, or 25 mg to 200
mg of a compound of Formula I are provided daily to a patient. Frequency of dosage may

also vary depending on the compound used and the particular disease treated. However, for
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treatment of most diseases and disorders, a dosage regimen of 4 times daily or less can be
used and in certain embodiments a dosage regimen of 1 or 2 times daily is used.

[0121] The compounds of Formula I may be used to treat diseases and disorders
responsive to p97inhibition and/or ER stress induction including disorders associated with
undesired cell proliferation, for example cancer, and viral infections. In certain
embodiments, the patient is suffering from a cell proliferative disorder or disease. The cell
proliferative disorder can be cancer, tumor (cancerous or benign), neoplasm,
neovascularization, vascularization, cardiovascular disease, intravasation, extravasation,
arthritis, infection, Alzheimer's Disease, blood clot, atherosclerosis, melanoma, skin disorder,
rheumatoid arthritis, diabetic retinopathy, macular edema, or macular degeneration,
inflammatory and arthritic disease, or autoimmune disease. Cancers for treatment include
both solid and disseminated cancers. Exemplary solid cancers (tumors) that may be treated
by the methods provided herein include e.g. cancers of the lung, prostate, breast, liver, colon,
breast, kidney, pancreas, brain, skin including malignant melanoma and Kaposi's sarcoma,
testes or ovaries, carcinoma, and sarcoma. Exemplary disseminated cancers include
leukemias or lymphoma including Hodgkin's disease, multiple myeloma and mantle cell
lymphoma (MCL), chronic lymphocytic leukemia (CLL), T-cell leukemia, multiple
myeloma, and Burkitt’s lymphoma. Exemplary autoimmune diseases include, but are not
limited to lupus. Viral infections include cytomegalovirus and retroviral infections, for
example human immunodeficiency virus (HIV) infection.

[0122] Particularly included herein are methods of treating cancer by providing a
hydrazone or diacyl hydrazine compound to a patient wherein the cancer is a solid tumor or
disseminated cancer.

[0123] Further included are methods of treating cancer by providing a hydrazone or
diacyl hydrazine, or related compound to a patient wherein the cancer is leukemia, multiple
myeloma or lymphoma.

[0124] Also included herein are methods of treating a patient for a disease or disorder
responsive to p97 inhibition and/or ER stress induction, including cancer, wherein the patient
is resistant to treatment with a proteasome inhibitor. In certain embodiments the proteasome
inhibitor to which the patient is resistant is bortezomib.

[0125] Also included are methods of treating a patient for a disease or disorder
responsive to p97inhibition and/or ER stress induction , wherein the disorder is an

autoimmune disorder and the autoimmune disorder is lupus.
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[0126] Further provided are methods of treating a viral infection in a patient by
providing a hydrazone or diacyl hydrazine compound to the patient, wherein the viral
infection is a retroviral infection, including methods in which the viral infection is HIV.

[0127] It will be understood, however, that the specific dose level for any particular
patient will depend upon a variety of factors including the activity of the specific compound
employed, the age, body weight, general health, sex, diet, time of administration, route of
administration, and rate of excretion, drug combination and the severity of the particular
disease undergoing therapy.

[0128] In an embodiment, the invention provides a method of treating cancer in a
patient identified as in need of such treatment, the method comprising providing to the patient
an effective amount of a compound of Formula I. In another aspect, the invention provides a
method of treating a patient with a viral infection comprising providing to the patient an
effective amount a compound of Formula I. Such administration decreases or eliminates the
pool of infected cells and/or decreases the viral population.

[0129] One or more compounds of the invention including those of the formulae
herein may be administered in coordination with a regime of one or more other
chemotherapeutic agents, particularly a compound that functions against cancer cells other
than by p97 inhibition and/ or ER stress induction, such as an antineoplastic drug, e.g., an
alkylating agent (e.g., mechloroethamine, chlorambucil, cyclophosamide, melphalan, or
ifosfamide), an antimetabolite such as a folate antagonist (e.g., methotrexate), a purine
antagonist (e.g. 6- mercaptopurine) or a pyrimidine antagonist (e.g., 5-fluorouracil). Other,
non-limiting examples of chemotherapeutic agents that might be used in coordination with
one or more compounds of the invention include taxanes and topoisomerase inhibitors. In
addition, other non-limiting examples of active therapeutics include biological agents, such as
monoclonal antibodies or IgG chimeric molecules, that achieve their therapeutic effect by
specifically binding to a receptor or ligand in a signal transduction pathway associated with
cancer (e.g. therapeutic antibodies directed against CD20 (e.g. rituximab) or against VEGF
(e.g. bevacizumab)).

[0130] For an antiviral therapy, one or more compounds of Formula I may be
administered in coordination with a regime of one or more other antiviral agents such as
reverse transcriptase inhibitors such as dideoxynucleosides, e.g. zidovudine (AZT), 2',3'-
dideoxyinosine (ddl) and 2',3'-dideoxycytidine (ddC), lamivudine (3TC), stavudine (d4T),
and TRIZIVIR (abacavir + zidovudine + lamivudine), nonnucleosides, e.g., efavirenz (DMP -

266, DuPont Pharmaceuticals/Bristol Myers Squibb), nevirapine (Boehringer Ingleheim), and

24



WO 2011/069039 PCT/US2010/058849

E-291-2009/0-PCT-02
(NIH0043PCT)

delaviridine (Pharmacia-Upjohn), TAT antagonists such as Ro 3-3335 and Ro 24-7429,
protease inhibitors, e.g., indinavir (Merck), ritonavir (Abbott), saquinavir (Hoffmann
LaRoche), nelfinavir (Agouron Pharmaceuticals), 141 W94 (Glaxo-Wellcome), atazanavir
(Bristol Myers Squibb), amprenavir (GlaxoSmithKline), fosamprenavir (GlaxoSmithKline),
tipranavir (Boehringer Ingleheim), KALETRA (lopinavir + ritonavir, Abbott), and other
agents such as 9-(2-hydroxyethoxymethyl)guanine (acyclovir), interferon, e.g., alpha-
interferon, interleukin II, and phosphonoformate (Foscarnet), or entry inhibitors, e.g., T20
(enfuvirtide, Roche/Trimeris) or UK-427,857 (Pfizer), or in conjunction with other immune
modulation agents or treatments including bone marrow or lymphocyte transplants or other
medications such as levamisol or thymosin which would increase lymphocyte numbers
and/or function as is appropriate. Because many of these drugs are directed to different
targets, e.g., viral integration, a synergistic can result with this combination.

[0131] In an embodiment, one or more compounds of Formula I are used in
conjunction with one or more therapeutic agents useful for treatment or prevention of HIV, a
symptom associated with HIV infection, or other disease or disease symptom such as a
secondary infection or an unusual tumor, such as herpes, cytomegalovirus, Kaposi's sarcoma
and Epstein-Barr virus-related lymphomas among others, that can result in HIV immuno-
compromised patients. In certain embodiments of the invention, one or more compounds of
Formula I are used in conjunction with a standard HIV antiviral treatment regimens. Without
being limited by theory, it is believed that this combination is advantageous in that the
compound(s) of the formulae herein can activate latent HIV infected cells to replicate by
stimulating lytic viral replication, thus making them susceptible to the co- administered
standard HIV antiviral treatment regimens. In this manner, the latent or secondary reservoirs
of HIV-infected cells are depleted through "controlled" activation (rather than serendipitous
or uncontrolled activation), resulting in more complete elimination of infection. In another
aspect, the treatment methods herein include administration of a so- called HIV-drug
"cocktail” or combination therapy, wherein a combination of reverse transcriptase inhibitor(s)
and HIV protease inhibitor(s) is co-administered.

[0132] The compounds of Formula I can also be used in a method of inhibiting p97
and its associated deubiquitination. A method of inhibiting p97 in a patient can comprise
providing to the patient an effective amount of a compound of Formula I.

[0133] In another aspect methods of treating a disease or disorder responsive to
p97inhibition and/or ER stress induction in a patient include providing a compound of a

hydrozone or diacyl hydrazine, including a compound or salt of Formula I, to a patient
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together with an additional pharmaceutically active agent. In certain embodiments the
additional active agent is a proteosome inhibitor, such as bortezomib.

[0134] In still another aspect, the invention provides a method of modulating the
function of p97 and its associated deubiquitinatinases in a cell, the method comprising the
step of providing to the subject one or more compounds of Formula I in an amount and under
conditions sufficient to modulate the function of p p97 and its associated deubiquitination. In
one embodiment, the modulation is a blocking regulation.

[0135] In another aspect, the invention provides for the use of a hydrazone or diacyl
hydrazine compound disclosed herein in the manufacture of a medicament for inhibiting or
reducing cancer in a patient.

[0136] Methods of treatment provided herein are also useful for treatment of
mammals other than humans, including for veterinary applications such as to treat horses and
livestock e.g. cattle, sheep, cows, goats, swine and the like, and pets (companion animals)
such as dogs and cats.

[0137] For diagnostic or research applications, a wide variety of mammals will be
suitable subjects including rodents (e.g. mice, rats, hamsters), rabbits, primates and swine
such as inbred pigs and the like. Additionally, for in vitro applications, such as in vitro
diagnostic and research applications, body fluids (e.g., blood, plasma, serum, cellular
interstitial fluid, saliva, feces and urine) and cell and tissue samples of the above subjects will
be suitable for use.

[0138] Compounds of Formula I may be administered singularly (i.e., sole therapeutic
agent of a regime) to treat or prevent diseases and conditions such as undesired cell
proliferation and/or viral infection as disclosed herein. Compounds, as described herein,
including hydrazones and diacyl hydrazines, also may be administered as a "cocktail”
formulation, e.g. coordinated administration of one or more compounds of Formula I together

with one or more other active agents.

EXAMPLES
EXAMPLE 1. SYNTHESIS OF (E)-3-HYDROXY-N'-((E)-3-(5-NITROFURAN-2-YL)ALLYLIDENE)-2-
NAPHTHOHYDRAZIDE

[0139] Acetic acid (3 mL) is added to a mixture of 3-Hydroxy-2-naphthoic acid
hydrazide (100 mg, 0.50 mmol) and (F)-3-(5-nitrofuran-2-yl)acrylaldehyde (99 mg, 0.59
mmol) and the resulting mixture is stirred for 2 h (Note: Immediate precipitation of the

yellowish hydrazone product is observed after which the reaction mixture is stirred for
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another 2 h for completion). The reaction mixture is then diluted with 50% ether/hexanes.
The yellowish solid is filtered with suction, washed with 50% ether/hexanes (100 mL) and
dried to furnish 172 mg (99%) of the desired product as a yellowish solid. m. p. 259 °C.

'H NMR (DMSO) § 12.00 (br s, 1H), 11.3 (br s, 1H), 8.42 (s, 1H), 8.25 (d, 1H, J = 8.1 Hz),
7.91 (d, 1H, J = 8.4 Hz), 7.86-7.66 (m, 2H), 7.58-7.45 (m, 1H), 7.42-7.29 (m, 1H), 7.32 (s,
1H) and 7.25-7.06 (m, 3H); °C NMR (DMSO) & 163.7, 154.8, 153.8, 151.4, 148.5, 135.9,
130.5, 130.4, 128.7, 128.3, 126.8, 125.8, 124.3, 123.8, 120.5, 115.4, 113.6 and 110.5.

EXAMPLE 2. SYNTHESIS OF (E)-3-HYDROXY-N'-(3-(5-NITROFURAN-2-YL)ACRYLOYL)-2-

NAPHTHOHYDRAZIDE
Q,

tp NO,
0

(@] N\ Q

N-NHz 0 S
H - Ho | Ho-N

OH N-N
H 0
oH ©

[0140] In a 25 mL round-bottomed flask the activated Nitro-furan ester (20mg, 0.071
mmol) is dissolved in DMF (1 ml) to give a yellow suspension. Acyl-Hydrazine (14.43 mg,
0.071 mmol) and N,N-Diisopropylethylamine (0.025 ml, 0.143 mmol) are added and stirred
at RT overnight.

[0141] The reaction mixture is diluted with water and 1N HCl is added until acidic
pH (~1-2) is reached. The residue is filtered with suction. The solid is washed sequentially
with water and ether, and dried under vacuum to provide 21mg of CBU-062 as a pale yellow

solid.

EXAMPLE 3. HYDRAZONE AND DIACYL HYDRAZINE COMPOUNDS
[0142] Table 1 contains exemplary hydrazone and diacyl hydrazine compounds

prepared via the methods provided in Examples 1 and 2 and their cytotoxic activity.

TABLE 1

Compound Structure Name 1C50
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TABLE 1
Compound Structure Name I1C50
CBU-003 Oz I 0 3.5
[EER1] 7N\ N
N—=NH o]
AT
,OH
O~ 'NH
[¢]]
CBU-007 NH, oF 1-(1-(2-hydrazinyl-2- 30
th ji ©/ 3 oxoethyl)-5,5-dimethyl-2-
K N~ N ox0-3-(4-
OH (trifluoromethyl)phenyl)imida
MT\Ae H N zolidin-4-yl)-1-hydroxy-3-(4-
07 "NH (trifluoromethyl)phenyl)urea
CF5
CBU-008 oM » 2.5
7\
N-n 0 CFs
AL
M‘KﬂﬁN’OH
© g)\NH
CF3
CBU-013 N I 2 3.0
7 \ \
S~ AT
ME%N/OH
Me CI;%
CBU-014 O, 3.0
Wan\ \
N=NH o] a
ohN)LN@/
MG%N,OH
Me H)\
e} NH
CF;
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TABLE I
Compound Structure Name I1C50
CBU-015 ON~_ O, (E)-N'-((E)-3-(5-nitrofuran-2- 8.0
H
U——\\’<\ yl)allylidene)benzohydrazide
—NH C
(0]
CBU-016 ON_-0 (E)-N'-((E)-3-(5-nitrofuran-2- 7.0
H
U——\\,(\ yl)allylidene)nicotinohydrazi
—NH — de
)
(0] N
CBU-017 0N\ O H (E)-N-ethyl-2-((E)-3-(5- 15.0
/R \ nitrofuran-2-
N’N;,“ yDallylidene)hydrazinecarbot
& Nme hioamide
CBU-018 ON 0. (E)-tert-butyl 2-((E)-3-(5- 18.0
L/ N\ A\ nitrofuran-2-
™, ylallylidene)hydrazine-
o Me carboxylate
Me Me
CBU-019 O2N\ O, 35
I 2\ ('
N—NH
’Me
(¢] /l\rC\'
Me Me
CBU-020 ON_-O " (E)-2-((E)-3-(5-nitrofuran-2- 4.0
L7\ \ yl)allylidene)hydrazinecarbox
N~yH imidamide hydrochloride
HN;\Nchr
CBU-021 ON _-O (E)-3-hydroxy-N'-((E)-3-(5- 8.0
H .
m nitrofuran-2-
N—NH yDallylidene)benzohydrazide
° OH
CBU-022 o N A o 1—(4—chloropheqy1)—3—(2—((E)— 6.0
T N/\/\E/)/Noz 2-((E)-3-(5-nitrofuran-2-
NH yhallylidene)hydrazinyl)-2-
oxoethyl)urea
07 "NH
Cl
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TABLE I
Compound Structure Name I1C50
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J N\
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Me H
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TABLE I
Compound Structure Name I1C50
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TABLE I
Compound Structure Name I1C50
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EXAMPLE 4, STRUCTURE ACTIVITY RELATIONSHIP (SAR) ANALYSIS OF EERI.

[0143] An analysis of structure-activity relationships (SAR) of EERI is performed.
The structures of EERI and structurally related compounds are shown in panel (a) of Fig. 1.

[0144] Cytotoxicity of EERI and the structurally-related compounds is illustrated in
the graph shown in panel (b) of Fig. 1. In the experiments summarized in the graph, a
multiple myeloma and mantle cell lymphoma (MCL) cell line JEKO-1 is used to determine
cell viability in vitro as a function of concentration of the compounds. JEKO-1 cells are kept
in RPMI medium with 10% fetal calf serum (FCS). Cells grown to density 1X10%ml are
seeded into 96 well plates at a concentration of 4x 10°/ml and incubated for 2 days at the
indicated concentrations of a compound. The cells are grown to density 1X10%ml prior to
testing. All compounds were initially dissolved in DMSO as 10 mM stock. Controls were
untreated cells or cells treated with DMSO. Cell viability after each treatment is measured by
a colorimetric assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) (Chemicon, Temecula, CA), using the manufacturer’s instructions. In the graph, the
error bar on each data point indicates the standard deviation (SD) of three measurements.
While the 5138380 compound shows little effect on cell viability, S-nitrofuryl-acrolein shows
cytotoxic activity at a concentration lower than that shown by EERIL. Compound CBU-026,
also shows cytotoxic activity but requires higher concentration than EERI.

[0145] EERI cytotoxicity, like that of bortezomib, requires up-regulation of the Bcl-2
homology 3(BH3)-only pro-apoptotic protein NOXA (also known as PMAIP1) Similar to
bortezomib, EERI activates NOXA via a mechanism that requires cooperation between two
processes. First, EERI elicits an integrated stress response at the ER to activate the
CREB/ATF transcription factors activating transcription factor 3 (ATF3) and activating
transcription factor 4 (ATF4) which form a complex that can bind and activate the NOXA
promoter. Second, EERI also blocks ubiquitination of histone H2A to relieve its inhibition of
NOXA transcription.

[0146] Expression of ATF3, ATF4, NOXA, and p97 in JEKO-1 cells after treatment
with EERI or the structurally-related compounds is compared in the images shown in panel
(c) of Fig. 1. Whole cell extracts from JEKO-1 cells exposed to the indicated compounds at
either 2.5uM for 5-nitrofuryl-acrolein or 10 pM for the others for 8 hrs are subjected to
immunoblotting analyses using antibodies to ATF3, ATF4, NOXA, and p97, respectively.
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[0147] Among the tested compounds shown, only treatment with 5-nitrofuryl-
acrolein, EERI, or CBU-026 results in an expression level of ATF3, ATF4 and NOXA
comparable to that present after treatment with EERI.

[0148] Subcellular localization of EERI, 5-nitrofuryl-acrolein (5-NA), and the
compound 5138380 (CBU-002) is also compared. HeLa cells are treated with the indicated
compounds at 10uM for 1h. Fluorescence images were obtained using a Zeiss Axiovert200
fluorescence microscope equipped with a 63X oil immersion Plan Apochromat objective and
standard filter sets (FITC and rhodamine).Results are shown in Fig. 2. EERI-treated cells
(panel c) display a strong fluorescence signal in a perinuclear reticulum-like pattern,
indicative of ER localization. Arrows in panel c indicate some Eerl-stained vesicles that may
be derived from the ER or the endocytic system. Panel d shows an enlarged view of the
boxed area in panel ¢ that shows localization of Eerl to a perinuclear reticulum-like
membrane compartment in cells. In contrast, 5-nitrofuryl-acrolein-treated cells (panel b)
show a uniform staining pattern with some punctae, suggesting that 5-NA is ubiquitously
distributed in cells. The compound 5138380 (panel a) produces no fluorescence signal from

the cells and was used as a negative control.

[0149] It was further demonstrated that Eerl preferentially affects membrane
associated p97 in experiments in which 293T cells were either untreated or treated with Eerl
at 10uM for 6hr. Cells were fractionated into membrane and cytosol fractions. Proteins
extracted from these fractions were analyzed by immunoblotting with antibodies to p97, E1,
and Sec61p, and ER-resident protein as shown in Fig. 2 e. A slow migrating p97 species,
likely representing oligomerized p97 (indicated by the arrow) induced by Eerl (discussed
further below) is primarily in the membrane fraction, not in the cytosol fraction. These
results suggest that Eerl can associate with the ER membrane to interfere selectively with the

function of membrane-associated p97.

[0150] To further characterize the membrane association of the aromatic domain of
Eerl, the nitrofuran-containing (NFC) domain is replaced with several aldehydes that might
give rise to a stronger fluorescence signal. The resulting compounds were predicted to be
likely to be non-toxic as they did not contain the NFC moiety, but that they should be
localized to the ER if the aromatic domain of Eerl was capable of binding to the ER
membrane. One of the resulting compounds CBU-059 (Fig. 11a) indeed produced a stronger
fluorescence signal than Eerl and had little effect on the viability of JEKO-1 cells (Figure
11b). When exposed to CBU-059, cells displayed perinuclear ER-like staining pattern
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resembling Eerl-treated cells (Figure 11c). Double labeling experiments showed that CBU-
059 co-localized with Derlin-1 (Figure 11d), an ER resident protein. These results
demonstrate that the aromatic domain in Eerl is sufficient to recruit Eerl to the ER
membrane.

[0151] The strength of Eerl binding to recombinant p97 purified from E coli was
tested using surface plasma resonance (SPR). Surface plasmon resonance interaction
experiments were carried out at 25 °C on a Biacore T100 system (GE healthcare).
Recombinant wild type or mutant p97 was covalently attached to a carboxymethyl dextran-
coated gold surface (CMS5 Chip; GE healthcare) using an amide couple kit following the
manufacturer’s suggested protocol. Briefly, the carboxymethyl group of dextran was
activated with N-ethyl-N'-(3-dimethylaminopropyl) carbodiimide (EDC) and N-
hydroxysuccinimide (NHS). Then, p97 in a 10mM sodium acetate (pH 4.5) buffer was
injected at a flow rate of 10ul/min with 2 min contact time and immobilized at a level of
~8,000 RU. Any remaining reactive sites in the flow cell were blocked by ethanolamine.
The drug association and dissociation were monitored at a flow rate of 20mL/min with the
analyte concentration ranging from 3.125 uM to 50 uM in a buffer containing 10 mM
HEPES (pH 7.4), 150 mM Na(Cl, 0.005% v/v Surfactant P20. Regeneration of the chip was
achieved by extended washing with the analyte buffer. SPR signal was normalized using a
reference flow cell containing no p97. For each compound, three independent measurements
were made. To calculate the affinity of Eerl to p97, the data from each binding experiment
were fit to a Michaelis-Menton model using KaleidaGraph software. The Rmax was then
calculated, and the binding relative to the Rmax from three independent experiments was
averaged. The averaged binding data were used to calculate the Kd.

[0152] Analysis of the EERI concentration dependent response curves yielded an
estimated Kq of 5-10 uM (Figure 8 b). Binding of Eerl with two p97 mutants that lacked
either the N-terminal co-factor binding domain (p97AN) or the second ATPase domain
(p97AD2) was tested to determine which domain in p97 was critical for Eerl interaction. The
results showed that Eerl had similar affinity to the wild type and mutant p97 proteins (Figure
8a, b, data not shown). From these results, it was concluded that Eerl most likely binds p97
at a site in the D1 ATPase domain.

[0153] To understand how Eerl binding might affect p97 function, in vitro ATPase
activity of p97 in the presence of Eerl was measured. No effect of Eerl on the p97 ATPase

activity was found(data not shown).
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[0154] Sensitivity of p97 to limited trypsin digestion in the presence and absence of
Eerl was tested to determine whether binding of Eerl to p97 could alter p97 conformation.
The purified p97 protein (1.511g) was incubated at in a buffer containing 200ng trypsin in
50ul volume. Samples were taken out at different time points and mixed with the Laemmli
buffer before SDS-PAGE and silver staining analyses. Pre-incubation of Eerl with purified
p97 caused a delay in the proteolysis of two p97 fragments by trypsin (Figure 8c), suggesting
that a conformational change occurs in p97 upon binding to Eerl.

[0155] Further, a fraction of p97 in Eerl-treated cells displayed reduced motility on
SDS-PAGE gel. This effect was specific as no such high molecular weight species could be
detected for several other ATPases in Eerl-treated cells (Figure 8d). Together, these results
indicate that Eerl alters p97 conformation to form non-functional p97 oligomers in cells (with
a small fraction of such oligomers being resistant to SDS treatment).

[0156] To test the hypothesis that Eerl might bind p97 via the nitrofuran-containing
(NFC) domain, a biotin moiety was conjugated to 5-nitrofuryl-acrolein (5-NA) to generate a
biotinylated NFC domain (B-NFC) (Figure 9a). B-NFC was immobilized on monomeric
avidin beads by incubating 50mM compound with the beads in a binding buffer containing
10mM HEPES, pH 7.2, 150mM sodium chloride, 0.005% Surfactant P20. The beads were
then incubated with the 0.5mM purified p97 proteins in 500ml binding buffer at 4 degree for
1h. The beads were washed for 3 times with the binding buffer and bound materials were
eluted by incubating the beads with binding buffer comprising 4mM biotin and analyzed by
SDS-PAGE and immunoblotting. Beads with immobilized biotin were used as a negative
control.

[0157] B-NFC consistently precipitated more p97, than biotin,. (Figure 9b).
Consistent with the SPR studies on Eerl, p97 mutants that lacked either the N-terminal
domain (p97AN) or the D2 ATPase domain (p97AD2) also bound to 5-NA (Figure 9b). This
interaction was specific to p97 as neither the heat shock protein Hsp70, nor the homologous
AAA ATPase, N-ethylmaleimide-sensitive factor (NSF), showed significant binding to B-
NEC, (Figure 9¢). These results demonstrate that Eerl can directly interact with p97 via the
NFC domain.

[0158] To further confirm that both Eerl and 5-NA can influence p97 function in
cells, the gene expression pattern of Eerl-treated cells is compared to that of 5-NA-treated
cells using whole genome array hybridization. If two chemicals target the same gene, the

change in gene expression profile in response to these compounds should overlap
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significantly and genes affected by these compounds should be similarly influenced when the
target gene is inhibited by a siRNA-mediated knock down approach. These studies are
performed in 293T cells because they are highly transfectable, making them well suited for
genetic manipulation by siRNA. Cells were treated with Eerl, CBU-028, or 5-NA each at
10uM in duplicates for 10h. Total RNA was extracted using TRIzol reagent (Invitrogen,
Carlsbad, CA), and subsequently purified using an RNeasy MinElute Cleanup kit (QIAGEN,
Valencia, CA). For array hybridization, RNA samples were processed and analyzed by The
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) Microarray Core
Facility. The Affymetrix gene expression analysis array for the human HG-U133A_2_0 was
used (Affymetrix). The microarray signals were analyzed using the Affymetrix RMA
algorithm. Up- and down-regulated genes were selected based on P values of <0.05 and fold
change >2.0 or <-2.0 as assessed by ANOVA with Partek Pro software (Partek). Genes that
were upregulated by >1.5 were sometimes used in analysis as indicated in the figure legend.
To determine specific pathways, gene pathway analysis were conducted using software from
Genego, Inc., using the statistical significant ANOVA gene list (p<0.05, fold change>1.5)
represented on the chip. Microarray data is MIAME compliant and that the raw data has
been deposited in the Gene Expression Omnibus (GEQ) database (accession no. GSE23849).

[0159] For quantitative RT-PCR, cDNA was synthesized using the SuperScriptTM
First-Strand kit (Invitrogen, Carlsbad, CA). Real-time PCR was performed in triplicate using

the SYBR green PCR Master mixture. f-actin was used for normalization.

[0160] 5-NA treatment dramatically altered the gene expression landscape, resulting
in changes in the expression of a large number of genes. The number of genes affected by
Eerl was significantly smaller (Figure 10a). As expected, a large number of genes affected
by Eerl were similarly affected by 5-NA, defined as gene cohort (i). Pathway analyses
showed that UPR-associated genes were enriched in this cohort. By contrast, genes only
affected by Eerl (cohort i1) or 5-NA (cohort iii) did not display the signature of UPR
activation. Instead, they represented other pathways unrelated to ER homeostasis. These
results suggest that 5-NA has a broader impact on cell physiology than Eerl, suggesting that it
may have additional targets other than p97. The conjugation of the aromatic module to 5-NA

seems to restrict its action, making the ER a primary target of the resulting compound Eerl.

[0161] To test whether the gene expression signature shared by 5-NA and Eerl was
indeed a result of p97 inhibition, p97 was knocked down in 293T cells. The knock-down

efficiency was confirmed both by immunoblotting with an anti-p97 antibody and by
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monitoring the stabilization of the model ERAD substrate TCRo in p97 depleted cells
(Figure 10b). The effect of p97 depletion on the expression of representative genes
upregulated by Eerl and 5-NA was analyzed for 8 genes in cohort (i), 7 genes in cohort (ii),
and 4 genes in cohort (iii). qRT-PCR analyses showed that all genes except for one in cohort
(1) were significantly induced upon p97 depletion (>twofold). In contrast, only 2 out of the 7
genes in cohort (ii) were significantly upregulated in p97 knock-down cells (Figure 10c), and
none of the genes tested in cohort (iii) were induced by knock-down of p97 (Figure 10d).
These results confirm that p97 is a target of both Eerl and 5-NA. Because the expression of
more than 50% of Eerl signature genes (cohort 1) are similarly affected by p97 depletion, p97
appears to be a major target of Eerl. By contrast, the majority of the 5-NA-affected genes
(cohort iii) do not seem to result from p97 inhibition. Thus, 5-NA must have additional

targets other than p97 in cells.

EXAMPLE 5. IN VITRO ASSAY TO DETERMINE CYTOTOXIC ACTIVITY AGAINST HEMATOLGICAL
CANCER CELLS.

[0162] A selection of compounds are tested to determine their cytotoxic activity
against JEKO-1 cells as described above in Example 4.

[0163] For each compound, the dose-percent cell viability curve is fit to obtain a half
maximal inhibitory concentration (IC 50) using a four parameter logistic model. The

cytotoxicity of each compound, reported as IC 50, is shown in the table below.

EXAMPLE 6. CHARACTERIZATION OF CBU-028

[0164] Compound CBU-028 (Fig. 3, panel a) was selected for further characterization
with respect to its functional activities.

[0165] The graph of percent cell viability as a function of concentration presented in
Fig. 3, panel b, shows that cytotoxicity of CBU-028 with respect to JEKO-1 cells is similar to
that for EERI. In these experiments, JEKO-1 cells, grown as described above, were treated
with the indicated compounds for 48h. Cell viability was measured by the MTT assay. The
error bar on each data point represents the standard deviation for three replicate experiments.

[0166] The cellular localization in COS7 cells of CBU-028 is similar to that of EERI
(See Fig. 2, panel ¢). COS7 cells are treated with 10mM CBU-028 for 4h and imaged using a
fluorescence microscope. Results are shown in Fig. 3, panel c.

[0167] CBU-028 has other biological activities similar to those of EERL
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[0168] Expression of select genes in JEKO-1 cells treated with CBU-028 is
determined. In the experiment shown in Fig. 3, panel d, JEKO-1 cells are treated with 10 uM
CBU-028 for the indicated times. Whole cell extracts are obtained and analyzed by SDS-
PAGE and immunoblotting with antibodies against the proteins ubiquitin (Ub), ATF4, ATF3,
NOXA, histone H2A, and p97. Similar to EERI, CBU-028 induces expression of the ER
stress markers ATF3 and ATF4, upregulates NOXA protein level, causes accumulation of
polyubiquitinated proteins, and downregulates ubiquitinated histone H2A (upper band in
H2A immunoblot).

[0169] The affinity of CBU-028, EERI, and compound 5138380 to purified p97 is
measured by surface plasmon resonance (SPR). Wild type recombinant p97 (p97 wt) is
purified from E. coli and covalently attached to a carboxymethyl dextran-coated gold surface
(CMS5 Chip; GE healthcare) using an amide coupling kit following a manufacture suggested
protocol. Briefly, the carboxymethyl groups of the dextran are activated with N-ethyl-N'-(3-
dimethylaminopropyl) carbodiimide (EDC) and N-hydroxysuccinimide (NHS). The protein
p97, at a concentration of 1.0uM in a buffer containing 10mM sodium acetate (pH 4.5), is
immobilized at a level of ~8,000RU. Any remaining reactive sites in the flow cell are
blocked by ethanolamine. Purified ubiquitin is also immobilized in a flow cell on the same
chip to serve as a negative control. Association and dissociation of the compounds are
monitored at a flow rate of 20uL/min at concentrations ranging from 1.6uM to 100uM. The
compounds are prepared in a buffer containing 10mM HEPES (pH 7.4), 150 mM NaCl,
0.005% v/v surfactant P20. Regeneration of the chip is achieved by injecting a buffer
containing 2M NaCl. The SPR signal is normalized using a reference flow cell containing no
p97. Dissociation constants are obtained by analysis of the SPR signals and shown in Fig. 3,
panel e.

[0170] Comparison of the effect of 10 uM CBU-028 or EERI on the ERAD substrate
TCRo-YFP is shown in Fig. 3, panel f. 293T cells stably expressing TCRo.-YFP are treated
with the indicated compounds (10mM) or as a control with DMSO for 10h. Cells are lysed in
RIPA buffer (50 mM Tris, pH 7.5, 1% NP40, 0.1% SDS, 0.5% sodium deoxycholate, 150
mM sodium chloride, 2 mM EDTA and a protease inhibitor cocktail.). TCRa-YFP is
immunoprecipitated from the cell extract using an anti-green fluorescent protein (GFP)
antibody. The precipitated material is analyzed by SDS-PAGE and immunoblotting with
antibodies against uUb and GFP. The whole cell extracts are also analyzed by SDS-PAGE
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and immunoblotting with antibodies against p.97. CBU-028 and EERI both stabilize the
ERAD substrate TCRa-YFP in polyubiquitinated forms.

[0171] Comparison of the effect of 10 uM CBU-028 or EERI on the soluble p97
substrate GFPu is shown in Fig. 3, panel g. The experiments are performed as described
above for TCRa-YFP, except that 293 T cells stably expressing GFP are used. CBU-028 and
EERI both stabilize the soluble p97 substrate GFPu in polyubiquitinated forms.

ExAMPLE 7. EFFECT OF NOXA oN CyToTOXICITY OF CBU-028, EERI, OR BORTEZOMIB

[0172] The effect of NOXA on cytotoxicity of CBU-028, EERI, or bortezomib is
determined. Fig. 4 presents graphs comparing CBU-028, EERI, and bortezomib with respect
to percent cell viability as a function of concentration, measured using JEKO-1 cells stably
transfected with sShRNAs to luciferase (shLuc, control, B) or NOXA (shNoxa, O, sequence:
GATCCCGGTGCACGTTTCATCAATTTGTTCAAGAGACAAATTGATGAAACGTGCA
CCTTTTT) after treatment with the compound for 24 hrs, with viability determined with
MTT as described above and normalized to the untreated control.

[0173] The experiments show that blocking expression of NOXA with NOXA
shRNA results in increasing the concentration of each compound required to achieve

cytotoxity.

EXAMPLE 8. CYTOTOXIC ACTIVITY OF CBU-028 OR EERI AGAINST PRIMARY CELLS

[0174] The cytotoxic activity of CBU-028 or EERI against primary cells is
determined as a function of concentration. Cell viability of primary chronic lymphocytic
leukemia (CLL) cells or normal peripheral blood mononuclear cells (PBMC) at a
concentration of 5x10e6 cells/ml is determined after treatment with CBU-028 or EERI for 48
hrs in triplicates. Viability is determined using the MTT assay, as described previously, with
data normalized to the untreated control.

[0175] Results are shown in Fig. 5. PBMC are less sensitive to both EERI and CBU-
028 than are the CLL cells. Additional cytotoxicity data for CBU-0028, CBU-0062 and EERI
is given in TABLES II-IV.
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TABLE II. CBU-028 CYTOTOXICITY.
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TABLE III. CBU-062 CYTOTOXICITY
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TABLE IV.
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CLAIMS

What is claimed is:

1. A compound of the formula
2Xo 2Xs
X7 X O X7 °X
AT Y 4 AT TN \H)\( 4
O Rs or O Rs

or a pharmaceutically acceptable salt thereof; wherein
ys)
Ar, is Re G 55: where G is O, N, or S, and Rg is nitro, cyano, -PO., -CHO, or -COOH;
X;1s CR; or N;
X5is CRy or N;
X318 CR3 or N;
X418 CR4 or N;

wherein Rs  is not unsubstituted or substituted phenyl, unsubstituted pyridyl, or
unsubstituted pyridizine, or 2-methylbenzo[d]thiazole, and no more than 2 of X;-X4
are N;

R, to R, are independently chosen from hydrogen, halogen, hydroxyl, amino, cyano, nitro,
C,-Csalkyl, C,-Cjalkoxy, mono- and di-(C;-C,)alkylamino, C;-C;haloalkyl, and C;-
Cshaloalkoxy; and

One of the following three conditions may be present:

R and R, may be taken together to form a 6-membered carbocyclic ring, or a 5- or 6-
membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R1/R» ring is substituted with O or 1 or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C,-C,alkyl, C,-C,alkoxy, mono- and di-(C;-C,)alkylamino, C;-Cshaloalkyl, and C;-
Cshaloalkoxy;

R and R3 may be taken together to form a 6-membered carbocyclic ring, or a 5- or 6-
membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from

N, O, and S, which carbocyclic or heterocyclic Ro/R; ring is substituted with 0 or 1 or
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more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C-Caalkyl, C;-Cjalkoxy, mono- and di-(C;-C,)alkylamino, C;-C;haloalkyl, and C;-
Cshaloalkoxy;

R; and R4 may be taken together to form a 6-membered carbocyclic ring, or a 5- or 6-
membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R3/R4 ring is substituted with 0 or 1 or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C;-Caalkyl, C;-Caalkoxy, mono- and di-(C;-Cy)alkylamino, C;-Cshaloalkyl, and C;-
Cohaloalkoxy; and

R; is hydrogen, halogen, hydroxyl, amino, cyano, nitro, C,-Cjalkyl, C;-C.alkoxy, mono- or

di-(C;-Cy)alkylamino, C;-C;haloalkyl, or C;-C;haloalkoxy.

2. A compound or salt of Claim 1, where Ar is

)\

Re G 55: , where Rg is nitro and G is oxygen.

3. A compound or salt of Claim 1 or 2, wherein

R, to R4 are independently chosen from hydrogen, halogen, hydroxyl, nitro, C;-Csalkyl, C;-
Cralkoxy, mono- or di-(C;-C,)alkylamino, trifluoromethyl, and trifluoromethoxy; and

one of the following two conditions is present:

R, and Rj are taken together to form a 6-membered aromatic ring or 6-membered
heteroaromatic ring containing one or two nitrogen atoms, which 6-membered R»/R3
ring is substituted with O or 1 or more substituents independently chosen from
halogen, hydroxyl, nitro, C;-Csalkyl, C;-C,alkoxy, mono- and di-(C;-C,)alkylamino,
trifluoromethyl, and trifluoromethoxys;

R; and Ry are taken together to form a 6-membered aromatic ring or 6-membered
heteroaromatic ring containing one or two nitrogen atoms, which 6-membered R3/R.
ring is substituted with O or 1 or more substituents independently chosen from
halogen, hydroxyl, nitro, C;-Csalkyl, C;-C,alkoxy, mono- and di-(C;-C,)alkylamino,
trifluoromethyl, and trifluoromethoxy; and

Rs is hydrogen or hydroxyl.
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4. A compound or salt of Claim 3, wherein

X is CRy, Xy is CRy; Rs is hydroxyl; and

X2 1s CRy; X3 is CR3 and R, and Rj are taken together to form a 6-membered aromatic ring,
which 6-membered R»/Rj ring is substituted with O or 1 or more substituents
independently chosen from halogen, hydroxyl, nitro, C;-C,alkyl, C,;-C,alkoxy, mono-

and di-(C;-C;)alkylamino, trifluoromethyl, and trifluoromethoxy.

5. A compound or salt of Claim 3, wherein

X is N; X; is CRy; Rs is hydroxyl; and

X;is CR3; X4 is CRy; and X5 and X, are taken together to form a 6-membered aromatic ring,
which 6-membered Ri/R, ring is substituted with 0 or 1 or more substituents
independently chosen from halogen, hydroxyl, nitro, C;-Csalkyl, C;-Csalkoxy, mono-

and di-(C;-Cy)alkylamino, trifluoromethyl, and trifluoromethoxy.

6. A compound or salt of Claim 3, wherein

X is CRy; X, is N; Rs hydroxyl; and

X318 CR3; X4 1s CRy; and X5 and X, are taken together to form a 6-membered aromatic ring,
which 6-membered R3/R, ring is substituted with O or 1 or more substituents
independently chosen from halogen, hydroxyl, nitro, C;-C,alkyl, C;-Csalkoxy, mono-

and di-(C;-Cs)alkylamino, trifluoromethyl, and trifluoromethoxy.

7 A compound of Claim 1 or salt thereof, wherein the compound has the formula

o H
g
HO

0,N
or

Oo
O
H 27\
o hae
H
OH o _
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8. A method of inhibiting p97 and/ or inducing ER stress in a subject, comprising
providing a therapeutically effective amount of a hydrazone or diacylhydrazone p97 ATPase

inhibitor to the subject.

9. The method of Claim 8, wherein the subject is a patient having a disease or disorder

for which p97 inhibition or ER stress induction is an effective treatment.

10. The method of Claim 8 or 9 comprising providing a therapeutically effective amount

of a compound or pharmaceutically acceptable salt thereof of the formula

where

dashed lines indicate a single or double covalent bond;

A is hydrogen or oxo (=0);

Ar is furanyl, thienyl, pyridyl, or phenyl, each of which is optionally substituted with one or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
-CHO, -COOH, -PO., C;-Caalkyl, C;-Csalkoxy, C,-Cialkanoyl, C;-Cjalkylester,
mono- and di-(C;-C4)alkylamino, C;-C,haloalkyl, and C;-C,haloalkoxys;

mis1,2,3,4,or5;

X;is CR; or N;

X, is CRy or N;

X318 CR3 or N;

X41is CR4yor N;

wherein no more than 2 of X;-X, are N;

R;to R, are independently chosen from hydrogen, halogen, hydroxyl, amino, cyano, nitro,
C,-Cialkyl, C,-Cialkoxy, mono- and di-(C;-C,)alkylamino, C;-Cshaloalkyl, and C;-
Cshaloalkoxy;

One of the following conditions may be present:

R, and R; may be taken together to form a 6-membered carbocyclic ring, or a 5- or 6-
membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from

N, O, and S, which carbocyclic or heterocyclic R»/Rs ring is substituted with O or 1 or
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more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C-Caalkyl, C;-Cjalkoxy, mono- and di-(C;-C,)alkylamino, C;-C;haloalkyl, and C;-
Cshaloalkoxy;

R; and R4 may be taken together to form a 6-membered carbocyclic ring, or a 5- or 6-
membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R3/R4 ring is substituted with 0 or 1 or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C;-Caalkyl, C;-Caalkoxy, mono- and di-(C;-Cy)alkylamino, C;-Cshaloalkyl, and C;-
Cohaloalkoxy; and

R; is hydrogen, halogen, hydroxyl, amino, cyano, nitro, C,-Cjalkyl, C;-C.alkoxy, mono- or

di-(C;-Cy)alkylamino, C;-C;haloalkyl, or C;-C;haloalkoxy.

11. A method of inhibiting p97 and/or inducing ER stress in a subject comprising
providing a therapeutically effective amount of a compound or pharmaceutically acceptable

salt thereof of the formula

/XZ /X2
X7 X 0 X7 X
Lk A
P 2 7z
FaA s AN
Ar, Arq H
0 Rs or 0 Rs

where

Ar, is furanyl, thienyl, pyridyl, or phenyl, each of which is optionally substituted with one or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
-CHO, -COOH, -PO., Ci-Caalkyl, Ci-Caalkoxy, C,-Caalkanoyl, C;-Cialkylester,
mono- and di-(C;-Cy)alkylamino, C;-Cshaloalkyl, and C;-C;haloalkoxy;

nis abond ornisa 1 to4 carbon alkylene or alkenylene linker;

X;18 CR; or N;

X5is CRy or N;

X3is CR3 or N;

X41s CRs0r N

wherein no more than 2 of X;-X, are N;

R, to R4 are independently chosen from hydrogen, halogen, hydroxyl, amino, cyano, nitro,
C,-C,alkyl, C,-C,alkoxy, mono- and di-(C;-C,)alkylamino, C;-Cshaloalkyl, and C;-
Cohaloalkoxy;

One of the following two conditions may be present:
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R, and R; may be taken together to form a 6-membered carbocyclic ring, or a 5- or 6-
membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R2/R3 ring is substituted with 0 or 1 or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C-Caalkyl, C;-Cjalkoxy, mono- and di-(C;-C,)alkylamino, C;-C;haloalkyl, and C;-
Cohaloalkoxy;

R; and R4 may be taken together to form a 6-membered carbocyclic ring, or a 5- or 6-
membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R3/R4 ring is substituted with 0 or 1 or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C;-Caalkyl, C;-Caalkoxy, mono- and di-(C;-Cy)alkylamino, C;-Cshaloalkyl, and C;-
Cshaloalkoxy; and

R; is hydrogen, halogen, hydroxyl, amino, cyano, nitro, C,-Cjalkyl, C;-C.alkoxy, mono- or

di-(C;-Cy)alkylamino, C;-C;haloalkyl, or C;-C;haloalkoxy.

12. The method of Claim 11, wherein the compound is a compound of the formula
2 X =X
X7 X O Xy °X
AHMN/ W + Arq AN H/ \K\( 4
O Rs or O Rs

or a pharmaceutically acceptable salt thereof.

13. The method of Claim 12 wherein

Ar, is a 2-furanyl or phenyl, each of which is substituted with at least one nitro, hydroxyl,
amino, -CHO, -COOH, or —PO, substituent and optionally substituted with one or
more substituents independently chosen from cyano, C;-C,alkyl, C;-C,alkoxy, mono-

and di-(C;-Cy)alkylamino, C;-Cshaloalkyl, and C;-Cshaloalkoxy.

14. The method of Claim 12, wherein the compound is a compound of the formula
X //X
H X1/2.).(3 2 5 % 2.)53
R7\WN/NWX4 R7\WJ\N,N \h/X4
H
3\/0 O Rs 3\10 O Rs
Re or Re
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or a pharmaceutically acceptable salt thereof, wherein
Rg is nitro, cyano, -CHO, -COOH, or —PO,; and
R71s 0, 1, or 2 substituents independently chosen from halogen, C;-Csalkyl, and C;-C,alkoxy.

15. The method of Claim 14, wherein R is nitro and R; absent.

16. The method of any one of Claims 10 to 15, wherein

is a phenyl, naphthyl, quinolinyl, isoquinolinyl, or pyridyl, in which

Rs is hydrogen, halogen, hydroxyl, amino, cyano, nitro, C;-Caalkyl, C;-Csalkoxy, mono- or
di-(C;-Cy)alkylamino, C;-C;haloalkyl, or C;-Cshaloalkoxy; and

each of which

phenyl, naphthyl, quinolinyl, isoquinolinyl, is substituted with 0, 1, or 2 substituents

independently chosen from halogen, hydroxyl, amino, cyano, nitro, C;-Caalkyl, C;-Cjalkoxy,

mono- and di-(C,-C4)alkylamino, C;-C,haloalkyl, and C;-C,haloalkoxy.

17. The method of Claim 16, wherein

Rs is hydrogen or hydroxyl; and

each of which

phenyl, naphthyl, quinolinyl, isoquinolinyl, is substituted with O, 1, or 2 substituents
independently chosen from chloro, bromo, hydroxyl, nitro, methyl, methoxy, and

trifluoromethyl.

18. The method of Claim 16, wherein

X
z 23(3

2N
Rs

is phenyl, 3-pyridyl, 2-, 3-, or 4-hydroxy phenyl, 3-hydroxy-naphth-2-yl, 1-hydroxy-

isoquinolin-3-yl, 4-hydroxy-quinolin-3-yl;

each of which is additionally substituted with O, 1, or 2 substituents independently chosen

from hydroxyl, nitro, chloro, bromo, methyl, methoxy, and trifluoromethyl.
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19. The method of Claim 16, wherein

Rs  is 3-hydroxy-naphth-2-yl.

20. The method of any one of Claims 10 to 19, wherein Ar; is nitro-phenyl or nitro-

furanyl.

21. The method of any one of Claims 10 to 19, wherein Ar is

s\

Re 0] 55: and Rg is nitro, cyano, -PO,, -CHO, or -COOH.
22. The method of Claim 21, wherein Rg is nitro.

23. The method of any one of Claims 8 to 22, wherein the a disease or disorder for which
p97 inhibition and/ or ER stress induction is an effective treatment disorder is cancer, cancer
prophylaxis in a patient having an increased risk of cancer, tumor, neoplasm,
neovascularization, vascularization, cardiovascular disease, intravasation, extravasation,
arthritis, infection, Alzheimer's dementia, blood clot, atherosclerosis, melanoma, a skin
disorder, rheumatoid arthritis, diabetic retinopathy, macular edema, macular degeneration,

inflammation or autoimmune disease, or viral infection.

24, The method of Claim 23 wherein disorder is a condition conferring an increased risk

of cancer, a solid tumor or disseminated cancer.

25. The method of Claim 23, wherein the cancer is leukemia, multiple myeloma or
lymphoma.
26. The method of Claim 25, wherein the patient is resistant to treatment with a

proteasome inhibitor.

217. The method of Claim 26, wherein the proteasome inhibitor is bortezomib.
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28. The method of Claim 25, wherein the autoimmune disorder is lupus.

29. The method of any one of Claim 8 to 23, wherein the viral infection is a retroviral

infection.

30. The method of Claim 29, wherein the viral infection is HIV.

31. The method of any one of Claim 8 to 22 wherein the compound is given together with

another pharmaceutically active agent.

32. The method of Claim 31, wherein the compound is given together with a proteosome
inhibitor.

33. The method of Claim 32, wherein the proteasome inhibitor is bortezomib.

34. A pharmaceutical composition, comprising a compound or salt of any one of Claims 1

to 8 together with a pharmaceutically acceptable carrier.

35. The pharmaceutical composition of Claim 34, wherein the composition is formulated
as an injectable fluid, an aerosol, a cream, a gel, a tablet, a pill, a capsule, a syrup, or a

transdermal patch.

36. A method of inhibiting p97 and/ or inducing ER stress in a cell, comprising contacting
the cell with a concentration of a compound or salt sufficient to significantly inhibit p97 or

induce ER stress, wherein the compound is a compound of the formula

_X
poLXT % Xs
"

r 2y S -~ \
Arq 2 N X4

- < N
m
O Rs

where
dashed lines indicate a single or double covalent bond;

A is hydrogen or oxo (=0);
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Ar, is furanyl, thienyl, pyridyl, or phenyl, each of which is optionally substituted with one or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
-CHO, -COOH, -PO., C;-Caalkyl, C;-Csalkoxy, C,-Cialkanoyl, C;-Caalkylester,
mono- and di-(C;-Cy4)alkylamino, C;-C;haloalkyl, and C;-Cshaloalkoxy;

mis 1, 2,3, or4,

X;1s CR; or N;

X5 is CR; or N;

X318 CR3 or N;

X418 CR4 0r N;

wherein no more than 2 of X;-X, are N;

R, to R4 are independently chosen from hydrogen, halogen, hydroxyl, amino, cyano, nitro,
C-Cialkyl, Ci-Caalkoxy, mono- and di-(C;-Cy)alkylamino, Ci-Cshaloalkyl, and C;-
Cohaloalkoxy;

One of the following two conditions may be present:

R» and R3 may be taken together to form a 6-membered carbocyclic ring, or a 5- or 6-
membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R,/R;5 ring is substituted with 0 or 1 or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C,-Cialkyl, C;-Csalkoxy, mono- and di-(C;-C,)alkylamino, C;-Cshaloalkyl, and C;-
(C,haloalkoxys;

R; and R4 may be taken together to form a 6-membered carbocyclic ring, or a 5- or 6-
membered heterocyclic ring containing 1 or 2 heteroatoms independently chosen from
N, O, and S, which carbocyclic or heterocyclic R3/R4 ring is substituted with O or 1 or
more substituents independently chosen from halogen, hydroxyl, amino, cyano, nitro,
C,-C,alkyl, C-C,alkoxy, mono- and di-(C;-C,)alkylamino, C;-Cshaloalkyl, and C;-
(C,haloalkoxy; and

Rs is hydrogen, halogen, hydroxyl, amino, cyano, nitro, C;-Caalkyl, C;-Csalkoxy, mono- or
di-(C;-Cy)alkylamino, C;-Cshaloalkyl, or C;-Cshaloalkoxy.

37. The method of Claim 36 wherein the cell is present in a human subject.
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