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METHODS AND COMPOSITIONS FOR TREATING LEUKEMIA

BACKGROUND OF THE INVENTION
[0081] Leukemia {leukaemia) is a type of cancer of the blood or bone marrow characierired
by an abnormal increase of immature white blood cells called "blasts™. Levkemia i3 2 broad
ferm covering a spectrum of diseases. In turn, # is part of the even broader group of diseases
affecting the blood, bone marrow, and vinphoid system, which are all known as
hematological neoplasms.
{00021 Clinically and pathologically, leukemia is subdivided into a variety of large groups.
The first division is between ifs acute and chromic forms. Acute lenkemia is a fanuly of
sertous medical conditions relating to an oniginal diagnosis of leukemia. Forms of acute
leukemia mnclude: acute myeloid leukemia, acute evvthroid levkena, acute tymphoblastic
leukemia, Tocell acute tymiphoblastic leukemia, adult Tecell leukenua/lymphoma, precuwrsor T
acute tymiphoblastic leukemiaymphoma, blast crisis of chronic myvelogenous leukemia.
Chronic feukemia s an increase of abnormal white blood cells. It differs from acute
leukergia, and s categorired as mayelogenous or lymaphocytic. Chronic leakemia may refer o
chronic mvelogenous leukeimia, chronic lymphoeytic leukenma, hairy cell leukenma.
Additionally, the diseases are subdivided sccording to which kind of blood cell is affected.
This split divides leukemias mto lymphoblastic or lymphocyiic leukemias and myelowd or

myelogenous leukenuas,

SUMMARY OF THE INVENTION
{8063} In one aspect provided herein are methods for treating or reducmyg the nisk of
leakemia in g subject comprising administering {o said subject g therapeutically effective

amount of a cyc‘iohexmmne c‘o,mpmmd‘ having the structure:

O»‘\ K \ﬂ""’

\4

Rz

Ry

wherein each of X and Y independently is oxygen, NRs or sulfur;
Riis a hydrogen or C(=O)C -Calky;
each of Ry, Ry and R; independently is a hvdrogen, optionally substituted methy] or

{CHzhe—CHa:
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Ry 15 NRsRg, ORs, OCEOR:, CEOXOR:, C=QIRs, CEEOINR:R,, halogen, 5 or 6-
membered lactone, {?Iv(’:?ﬁ{t}k}f}_‘ C:—C.S.aiken}f}_‘ Cz—C_ga.ikyﬂyL aryl, glacosyl, wherein
the § or 6-membered lactone, C~Coalkyl, C-Calkenyl, C-Coalkynyl, aryl, and
glucosyl are optionally substituted with one or more substituents selected from
NRsRg, ORs, OC(=01Ry, CEHOYORs, CE0)IRs, CI=OINRsRq, O -C, alkyl, C-C,

alkenyl, C-C alkynyl. C ~C, cycloalkyl, and C -C haloalky;
each of Ry and Ry is independently a hydrogen or C-C alkyl;
Rz 15 a C-Ceatkyl, ORsor NRsRg;

mo= 1-12; and

n=1-127 or a pharmaceutically acceplable salt, metabolite, solvaie or prodrag thereol

INCORPORATION BY REFERENCE
{0004] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent a5 1§ each idividual publication, patent,
or patent application was specifically and individually indicated to he incorporated by

reference

BRIEF DESCRIPTION OF THE DRAWINGS
[0063] The novel featares of the invention are set forth with particalarity 1o the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the mvention are utilized, and the accompanying
drawings of which:
[0666] FIG. 1 shows exemplary results of Compound 1 stimulates ERK phosphorviation in
HepG2, AS49, and H833 cell Hnes. Hep(G2, AS49, and HE3E cell lines were seruni-starved
overnight and challenged with the indicated concentrations of Compound 1 for 1 h. Whole
cell lysates were then imununoblotted with a phospho-ERK /2 antibody and re-probed with
an antibody against f-actin. A duplicate membrane was probed with a total ERK 142 antihody.
The relative expression level of p-ERK 12 to f-actin was quantified by densitometry.
Experiments were conducted in triphicate.
{00671 FIG. 2A-C show tlustrative effective resulis of the exenyplary Compound 1 inlubiting
Ras processing in cancer cell Tmes. (2A) AS49 and HI3E cells were treated with different

concenirations of Compounnd 1 and grown ander serom (10% FBS) or serum-free {no FBY)
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conditions for 24 h, (2B} HI38, (20) HepG2 and K362 cells were treated with differemt
concenirations of Compounnd 1 and grown ander serum-free {no FBS} conditions for 24 h.
Whole cell lysates were then immunoblotted with a Ras antibody. A duplicate membrane was
probed with a GAPDH antibody. The relative expression level of unprocessed to processed
Ras was quantified by densitometry. The experiments were conducted three times. Bars
represent the mean = SEM. ¥P < 0,08, ¥¥ P < 0.0

j0008] FIG. 3A-C show tllustrative effective results of Compound 1 inhibiting the
prenylation activity of farnesylransferase in vitro and competes with FPP within cells. (3A)
Chemeal structure of Compound 1 and FPP. (3B) HR3R cells stimulated with enther
Compound 1 or FPP as indicated for 24 h. Whole cell lysates were then immunoblotied with
a Ras antibody. A duphicate membrane was probed with a GAPDH antibody. The relative
expression fevel of anprocessed to processed Ras was quantified by densitometry. The
experiiments were conducted three nmes. {30) SDS-PAGE of fluorescently labeled H-Ras-
GST after prenylation with NBD-FPP mediated by Flase. The lower panel shows the same
gel stained with Coomassie blue.

{0009 FIG. 4A-D show the mode! stracture of huwman FTase iy complex with Compoond §,
CIFM-derived L739, 750 pepudomimetic, and FPP substrate. (dA) Ribbon cartoons of FTase
complexed with Compound 1. (4B} Simuitaneous binding of Compoursd | (green) and FPP
{purple) to FTase. {(4C} Ribbon cartoons of FTase complexed with Antroquinonol. Putative
hydrogen bonds are represented by dashed lines. (413} Ribbon cartoons of FTase complexed
with Compound ¥ and CIFM-derived L739,730,

{0018 FIG. 3A-C show tlustrative effective resulis of Compound 1 inducing autophagic
activity in H838 cells, HE3S cells were weated with different concentrations of Compound 1
and grown under serum-~free conditions. {SA) Cells were harvested at 0, 24 and 48h following
ireatments and subjected to imounoblotied with Bechin-1 antihady. (5B) Whole cell lysates
were prepared at 24 h following treatiments and subjected to immunoblotted with an LC3B
antibody. A duplicate membrane was probed with &« GAPDH antibody. The refative
expression level of LO3IB-T to LC3IB-IT was guantified by densitometry. (3C) The distribution
of endogenous LU3B i antophagosomes was detected by confocal mitcroscopy. The
experiments were conducted three times. Bars represent the mean + SEM. *P <005, ™ P «
£1.01

{0011} FIG. 6 shows Hhustrative correlation between the cvtotoxie activity of Compound 1

with protein levels of Ras amd EGFR i cancer cell lines. Whole cell bysates were resolved by

b3
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SDS-PAGE and immunoblotted with a Ras antibody. Duplicate membranes were probed with
an antibody agaimst EGFR or GAPDH. The experiments were conducted three times.

{0012} FIG. 7 shows an exemplary schematic diggram tlustrating the proposed mechanism
of action of Compound 1. Lines with end arrows mndicate activation and up-regulation,
whereas those with parpendicular bars at the end mdicate mhibution and down-regulation. A
gray color with a dotted circle indicates molecules that have not been validated. Dashed

edges indicate interactions that have not been vahdated. “P" indicaies phosphorylation,

DETAILED DESCRIPTION OF THE INVENTHON
{013} Ras protemns ave soall GTPases that appear to be engaged in multiple signaling
pathways, leading to complex and divergent effects. Activation of Ras proteins 1s regulated
by posi-translational modification, which includes FTase-mediated prenviation of Ras.
Prenylation is essential for the normal function and transforming activity of the Ras
superfamily of proteins. Thus, agents that block Ras prenylation have been developed io
interfere with cancer cell swrvival and proliferstion. Exeniplary Compound 1 deseribed herein
is a novel faresylated quinone derivative 1solated from dnfrodia camphorata. Docking
studies showed that the farnesyl isoprennid tail of Compound 1 inserts into the ceniral cavily
of the FTase B-subunit sintlar to the farmnesy! group of FPP (See FIG. 3). FTase inhibition
assays revealed that Conmpound 1 inlubited FTase In a dose-dependent mannes n vilre {See
Example 10) Furthermore, the ratio of naprocessed o provessed Ras increased after
Compound 1, and the like mteract with FTase to prevent Ras processing mside cancer cells.
{0014} The s values of Compound 1 in cancer cell lines described herein have been shown
to correlate with expression of Ras and the epidermal growth factor recepior (EGFR). The
data described herein suggests that the protein level of Ras and EGFR, rather than the
presence of mutations i the Ras and FGFR genes, 15 the major determinant of
Antroguinonol-induced cytotoxicity i cancer cells.
{0015} The molecular mwodeling and docking-based approaches were used o demonstrate the
possibility of mteraction between GGTase-1 and Compound 1. The previous studies revealed

that Compound 1 triggers antitumor activily through several signaling molecules including
AMPK, PI3K, and mTOR {see e.g.. Kumar VB, et al., Motat Res 2011 Feb 10;707(1-2).43-
5229 Yu C-C, et al,, The Journal of nutritional biochenusiry 23 (83:9060-907; Chiang P-C, et
al., Biochemical Pharmacology 79 (2):162-17 1) Here, 1 some ambodiments provide the
exemplary cvelobexenone compounds {e.g., Compound 1) inhibiting Ras processing through

4
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inhibition of FTase activity. The possible signaling pathways that conttibute to Compound 1-
mediated antitumor activily are semmarized m FIG. 7. The Ras-PI3K-Aki-mTOR pathway,
wiiich is associated with proliferation, motility, metabolism, and dilferentiation, is inhibited
i response to Compound 1. Other key signaling molecales, such as ERK1/2 and AMPK,
were induced m response to Compound 1 treatment. Several studies have found that ERK 172
and AMPK are involved in different aspecis of apoptotic and sutophagic cell death. lt s
mferred that multiple signaling pathways are simultanecusty activated in response to
Compouond 1 stumulation. Thus, in some embodiments, the cvelohexenone compounds
provided herein {e.g., Compound ¥} promote the anticancer effects by regulating cross {alk
a complex signaling network that results in apoptosis and autophagy.

{0016} Inhibuion of prenviiransferase activity suppresses prenyiation of multiple signaling
molecules, iterfering with downstream signaling. Ras is @ pivotal ssgnaling protein n a
complex network that regulates several aspects of normal cell growth and malignant
transformation. Activating mutations in Ras, especially K-Ras, frequently ocour in human
cancers. Thus, targeting Ras 1s a pronusing strategy for treating cancer. Based on the
biochemical characterization and melecular docking analysis, the cyclobexenone compounds
provided hervein {e.g., Compound 1} inhibit Ras processing via mhibition of the enzyme
farnesviiransferase, ultimately resulting in cell death.

{0017} Leukemia is a2 malignant cancer of the bone marrow and blood. H is characterized by
the unconirolled growth of blood cells. Acute teukemin is a rapwdly progressing disease that
resulis in the massive accumulation of inunature, functionless cells in the marrow and blood.
The marrow often can no fonger produce enough normal red and white blood cells and
platelets. Anemna, a deficiency of red cells, develops in vivtually all levkemia patients. The
tack of nornial white cells impairs the body's ability to fight infections. A shortage of
platelets resulis m bruising and easy bleeding, On the other hand, chronic leukemia
progresses more slowly and leads to wnregulated proliferation and hence marked
overexpansion of a spectrum of matwe (differentiated) cells.

J0018] 1n some embodiments, provided herein gre methods for treating or reducing the risk of
a zubject with leakemia by adminustering a cvelohexenone compound described hevein to the
subject {e.g. a human). The cyclobexenone compounds provide therapeutic benefitto a
subject being treated for leukenuia {(see Examples 1-13). The cyclohexenone compounds, in
scane ensbodiments, are oblained from extracts of natural products and provide reduced

complications andfor side effects. In some emhodiments, this invention provides the
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therapeutic and prophylactic potential of exemplary cyclohexenone compouds {e.g.,
Compound 1) for treating or redacing the risk of levkemia.
{0019} In some emboduments, there are provided methods for weating or reducing the nisk of

a subject with leukemia comprising adnunistering {o said subject a 1‘herapeuticaﬂ.y effective

CHﬂ
Oz \/é\ ff’ \ Rq
Rg\xf l’/\OR
- ‘ Y

amount of a cyclohexenone compoand having the structure: Ry
wherein each of X and Y independently is oxygen, NR;s or sulfor;

Ris & hydrogen or C(=O)C -Calkyk

each of Ry, Ry and Rs independently 13 a hvdrogen, optionaily substituted meathyl or

{CH l)n""““CH N

Re is NR:Re, ORs. OC{E=0IRy, C{=0Y0ORs, C{=0Rs, C(=0INR:R¢, halogen, § or 6-

membered lactone, C,-Calkyl, C,-Calkenyl, C-Coalkyayl, arvl, glucosyl, wherein

the 3 or 6-mewnbered lactone, C,-C alkyl, C,-C alkenyl, C-Calkynyl, aryl, and

glucosyl are optionally substituted wath one or more substituents selected from

NRsRg, ORs, QUEOIR,, CE=OIORs, CEOR;, CH=OINRR,, C’;"Cs alkyl, (T.;!—(TS

alkenvl, C-C, alkynyl, C-C cycloatkyl, and C -C haloalkyk;

each of Ry and R is mdependently a hydrogen or C-Coalkyl;

Rs iy a C-Coalkyl, ORs or NR:Rg

e {120 and

n=1-12; or 3 pharmaceutically acceptable salt, metabolite, solvate or prodrug thersof.
{0028] In some embodiments, the leukenna 1§ an acute feukemia such as an acute myeloid
leukenyia, acute eryvihroid feukemis, acaie lvmphoblastce levkemia, T-cell acute
tymphoblastic lenkemia, adult T-cell leukemiaIvmphoma, precursor T acute hymphoblastic
feukemia/lvmphoma, or blast crisis of chronic myelogenous lsukenia, In some
ambodiments, the leukemia is chronic leukemia such as a chronic myelogencus leukemia,
chronic tymphocytic levkemia, hairy cell leukemia. i certain embodiments, the chronic
feukentia 15 a chronic myelogenous levkamia.. In some embodiments, the subject is human.

Aee Examples 2-13.

H



WO 2014/130619 PCT/US2014/017285

{00211 In some embodiments, the cyelobexenoe compound having the stractare

Ry CHy
r’% \‘vf'L ’\1‘/ Rs
R b > ‘j\‘\
X7 ToR
Y\’ » “ . . X I
Ra is prepared syuthetically or senu-syuthetically from any suitable

starting material. in other embodiments, the cyclohexenone compound is prepared by
fermentation, or the bke. For example, Compounds 1, and 3-7 are isolated from organic

solvent extracts. The non-hmited exemplary compounds are Hlustrated below.
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{0022} In other embodiments, the cyclohexenone compound having the struchwre
Ry CHs
Q*«\v"j\\\/{’\\f)‘\/}’ Ry
§ 8 ! 5]
Ry o
X7 or
‘fl\h n ” . e .
Ra is isolated from the ovganic solvent extracts of Anrodia
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camphoraie. 1n some embodiments, the organie solverdt is selected from aloohols {e.g.,
methanol, ethanol, propanol, or the like), esiers {e.g., methyl acelate, ethy] acetate, or the
like}, alkanes (e.g., pentane, hexane, heptane, or the like), halogenated alkanes (e.g.,
chloromethane, chloroethane, chloroform, methvlene chloride, and the like), and the like, For
example, exemplary Compounds 1-7 are isolated from organic solvent extracts. In certamn
embodiments, the orgmue solvent 1s alcohol. In certam embodiments, the aleohol 1s ethanol.
In some embodiments, the cyclohexenone compound is 1solated from the agueous extracts of
Amtrodia camphorata.

{0023} In some embodiments, R 1s a hydrogen, CEOW H, CEOXGHS, or C=(0CH In
some embodinents, R is a hvdrogen or methvl In certain embodiments, R; is a hvdrogen,
methyl, ethyl, propyl, butyl, pentyl or hexvl In some embodaments, R; is a hydrogen,
methyl, ethyl, propyl, butvl, pentvl or hexyl Tn some embodiments, Ry is halogen, NH;,
NHCH:, N{CHi),, OCH;, OCHs, CE0CH:, C=0CH;, CEQYOCH;, C=0300,Hs,,
C{=0INHCH;, C(=OINHC;Hs, C=OWH,, OCEOXCH;, OCEOIC:H:, OC=GOCH;,
QCEOOCH;, OCH=ONHCH,, OCEOINHCH., or OCEMINE,, In some embodiments,
Ry is CoHCICHD0H, CHCCH WO H, CHCOOH, CGHCOOH, CHLOH, CH:0H,
CH:Ph, GHPh, CHyCH=CICH CHO), CHCH=CICH MC=0CH,), § or b-membered
factone, C,-Caalkenyl, C,-Calkynyl, aryl, and glucosyl, wherein S or 6-membered lacione,
C,-Coatkenyl, C,-Calkynyl, arvl, and glucosyl are optionally substituted with one or more
substituents selected from NRsRs, ORs, QC{(=0R5, C(=0JOR:, C=ORs, CHEONRSR,, C -

C, atkyl, C-C alkenyl, C-Cpalkynyd, C-C cycloatkyl, and C-C haloatkyl. In certain

smbodiments, Ry i CHAOH=C{CHy),. In certain embodiments, the conmpound 13

CHy CHy CHs CH,
{ow ./’\\\«;“‘f S ’\\,_f?';‘ . ,«A\,\{;'" 1\.
NN
O\
CHa

Certain Pharmaceutical and Medical Terminology

{0024} Unless otherwise stated, the following terms used in this application, including the
specilication and clabms, have the definitions given below. Tt iust be noted that, as used in
the specification and the appended clams, the singular forms “a,” “an™ and “the” lnchuds
plural referents unless the context clearly dictates otherwise. Unless otherwise indicated,

conventional methods of mass spectroscopy, NMR, HPLC, protewn chemistry, biochemistry,

10
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recombinant DNA techuigues and pharmacology are emploved. In this application, the use of
“or " or “and” means “andior” unless stated otherwise. Furthermore, use of the term
“inchucing™ as well as other forms, such as “nclude™, “includes,” and “included,” is not
timiting. The section headings uvsed herein are for organizational purposes only and are not o
be construed as Hiniting the subject matter described.

{00251 An “alkyl” group refers to an aliplatic hydrocarbon group. The atkyl group may be a
saturated alkyl group {which means that it does not contamn any carbon-carbon double bonds
or carbop-carbon triple bonds) or the alkyl group may be an unsaturated alkyl group (which
means that it contains at least one carbon-carbon double bonds or carbon-carbon triple bond).
The alky! modety, whether saturated or unsaturated, may be branched, or siraight chain.
{0826} The “alky!” group may have 1 10 12 carbon atoms (whenever § appears heretn, a
numerical range such as 1 to 12 vefers o each integer i the given vange; ez, “1 to 12
carbon atoms™ means that the alkyl group may consist of 1 carbon atom, 2 carbon atoms, 3
catbon atoms, ¢fe., up to and including 12 carbon atoms, although the present definition also
covers the occarrence of the term “alkyl” where no numerical range is designated). The alkyl
group of the compounds described berein may be designated as “Ci-Cy alkyl” or similar
designations. By way of example only, "C-Cy alkel™ mdicates that there are one, two | three,
four, five, six, seven or eight carbon stoms n the alkyl cham. In one aspect the alkyl s
selected from the group consisting of methyl, ethvi, propyl, so-propyl, n-butyl, 1so-butvl,
sec-butyl, and t-butyl. Typical alky! groups inclode, but are in no way hnnted to, methyl,
ethyl, propyl, tsopropyl, butyl, isobayl, sec-butyl, tertiary gyl peniyl, neopentyl, hexyl,
allvi, but-2-enyl, but-3-enyl, cvelopropyimethyl, evelobutvimethyl, eyclopentyimethvl,
cyclohexylmethyl, and the Tike. In one aspect, an alkyl is a C-Cy atkyl

{0027} The term “alkviene” refers to a divalent atkyl radical. Any of the above mentioned
monovalent atkyvi groups may be an alkylene by abstraction of a second hydrogen atom from
the alkyl In one aspect, an alkyvlene s a U-Craalkyvlene. In another aspect, an alkvlene s a
Ci-Cratkylene. Typical alkylene groups inchude, but are not hnited 1o, -CHy-, ~CHCH ), -
C{CH -, ~CHACH -, -CH2CHICH ), -CHAC(CH e, -CHCHACHa-, ~CHCHLCHOCHo-, and
the like.

{00281 As used herem, the term “aryl” refers to an aromatic ring wherein each of the atoms
forming the ring 1s a carbon atom. Arvl nings are formed by five, six, seven, eight, nine, or
more than mne carbon atoms. Arvl groups are optionally substituted. I one aspect, an aryl is
a pheny! or a naphthalenyl In ong aspect, an aryl is a phenyl. In ong aspect, an aryl s a Gy

Cioaryl. Depending on the stracture, an aryl group can be a monoradical or a diradical (ie.,
i1
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an arviene group). Inone aspect, an arviens s 8 C-Co aryione. Exemplary arvienes include,
but are not Hmited to, phenyl-1 2-ene, phenyl-1 3-ene, and phenayl-1 4-ene.

[0029] The term “wromatic” refers to a planar ring having a delocahized s-electron system
containmg dn+2  glecirons, where n iy an inleger. Aromatic nings can be formed from five,
six, sgven, gight, nine, ten, or more than ten atoms. Aromatics ave optionally substituted. The
termy “aromatic” inclades both carboevelic arvl Carvt”, ez, phenvd and beterocyalic arvl {or
“heteroarvl™ or “heteroaromatic™} groups (e.g., pyridine}. The term includes monocyelic or
fused-ring polveyelic (i.e., rings which share adjacent pairs of carbon atoms) groups.

{0038] The termy “hale™ or, alternatively, “halogen™ or “halide™ means fuorg, ehloro, bromo
or iodo.

{80311 The term “lactone™ refers 10 a ovclic ester which can be seen as the condensation
product of an alcohol group -OH and a carboxylic acid group ~COOH m the same molecule,
1t 1s characterized by a closed ning consisting of two or more carbon atoms and a single
oxygen atom, with a ketone group =0 in one of the carbons adjacent to the other oxygen.
{0032} The terms “heterocyele”™ or “heterocyelic” refers to hetercaromatic rings {also known
as heteroarvis) and heterocyeloalkyl rings (also known as hetercalicychic groups? containing
one 1o four beteroatoms in the rine(s), where gach heteroatons iu the ringfs) i selected from
0, S and N, wherein each heterocyclic group has from 4 to 1) atoms in i(s ring system, and
with the proviso that the any ring does not contain two adjacent O or S atoms. Non-aromatic
heteroevelic groups {also known as heterocyeloalkyls) mechide groups having only 3 atoms i
therr ring system, but avomatic heterocyehic groups must have at least 5 atoms in their ring
svstem. The heterocyehic groups welhude benzo-fused rng systems. An example of a 3-
mambered heterocyclic group is azividinyl, An example of a 4-membered heterocyclic group
is azetidinyl. An example of a S-membered heterocyelic group is thigrolyl. An example of a
6-menmbered heterocyclic group 1 pyridyl, and an example of a Himembered heterocychic
group 13 quinohinyl. Examples of non-aromatic heterocvelic groups are pyvrrolidinyl,
tetrabydrofuranyl, dihydrofuranyl, tetrabhydrothienvl, oxazolidinonyl, tetrabydropyranyl,
dihvdropyranyl, tetrahydrothiopyranyl, piperidinyl, morpholinyl, thiomorpholinl, thioxanyl,
piperazinyl, azindinyl, azetdinyl, oxetanyl, thietany], homopiperidinv, oxepanyl, thiepanyl,
oxazepinyl, diarepinyl, thinrepinyl, 1,23 6-tetrahydropyridinvl, pyrrolin-2-yi, pyrrolin-3-vl,
indolinyl, 2ZH-pyrany!, 4H-pyranyl, dioxanyl, 1 3-dioxolanyl, pyrazolmyl, dithianyl,
dithiolanyl, dihvdropyranyl, dibydrothienyl, dihvdrofuranyl, pyrazolidinyl, imidazolinyl,

tmdazolidingl, 3-axahicyclof 3.1 . Ulhexanyl, 3-azabicyclof4.1.Otheptanyl, 3H-ndoly! and
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quinolizinyl. Examples of aromatic heterocyelic groups are pyridinyi, smidazolvd,
pyrimidingl, pyrazolyl, triazolvi, pyrazinvi, tetrazolyl, furvl, thienyl, ssoxazolvi, thiazolyl,
oxazolyl, isothiazolyl, pyrrolvl, guinolinyl, isoquinolinyl, indolyl, benzimidazolyl,
benzofuranyl, cimolinyl, indazolyl, indolizinyl, phthalavinyl, pyridarinyl, tiazinyl,
woindolyvl, pteridinyl, puninyl, oxadiazolyl, thadiazelyl, furazanyl, benrofuraranyl,
henzotluophenyl, benrothiazolyl, benzoxazolyl, quinazelinyl, quinoxalinyl, naphthyridinyl,
and furopyridinyl, The foregoing groups may be C-attached or N-attached where such 1s
possible. For instance, a group derived from pyrrole may be pyrrol- Loyl { N-attached) or
pyrrod-3-yl (C-attached). Further, a group derived from mmidazole may be timidazol-t-vlor
iniidazol-3-vl (hoth M-attached) or imidarol-2-vl, imidazol-4-vl or imidazol-5-vi (all C-
attached). The heterocyelic groups include benro-fused ring svstems. Non-gromatic
heterocycles may be substitwied with one of two oxo (=0 moleties, such as pyrrolidin-2-one.
{0033} The term “alkeny!” as used herein, means a straight, branched chain, or evelic (in
which case, 1t would also be known as a “cycloalkenvi™) hydrocarbon containing from 2-10
carbons and containing at least one carbon-carbon double bond formed by the removal of two
hydrogens. In some embodiments, depending on the structure, an altkenyl grogp is a
monoradical or a diradical (1.e., an alkenvlene group). In some embodiments, atkeny! groups
arg optionally substifuted. Hlustrative examples of alkeny! include, but are not timited o,
ethenyl, 2-propenyl, 2-methyl-2-propenvi, 3-butenyl, 4-pentenyl, S-hexenvi, I-heptenyl, 2-
methyl--heptenyl, and 3-cecenyl

{00341 The term “alkynyl” as used herein, means a straight, branched chamn, or cvelic (in
which case, it would also be known as a “cveloalkyny]™) hydrocarbon contaming from 2-10
carbons and containing at least one carbon-carbon tiple bond formed by the removal of fowr
hydrogens. In some embodiments, depending on the structure, an atkynyl group s 2
monoradical or a diradical (1.e., an alkynylene group). In some embodiments, alkvnvi groups
are optionally substituted. {Bustrative examples of alkynvl include, but are not hnuted to,
ethynyl, propynyl, butyoyl, pentynyl, hexynvl, heptynyd, and the like,

100351 The term “alkoxy™ as used herein, means gn alkyl group, as defined herein, appended
to the parent molecalar moiety through an oxygen atom. Hlustrative examples of alkoxy
mclude, but are not limited to, methoxy, ethoxy, propoxy, 2-proposy, butoxy, teri-butoxy,
pentvloxy, and hexyloxy.

[0036] The term “cycloalkyl” as used herein, means a monocychic or polveyche radical that
contains only carbon and hvdrogen, and includes those that are saturated, partially

unsaturated, or fully unsatorated. Cycloalkyl groups mclude groups having from 3 to Wi ring
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atows. Representative examples of oychic include but are not Himited 1o, the following

A @ o
O O QOO
O O 04
<D

depending on the structure, a cyveloalkyl group is a monoradical or a diradical (e.g.. 2

moietics:

O

SR
b

. In some embodiments,

cveloalkylene group).
{0037} The terms “haloalky],” “haloalkenyl” “haloalkyny!” and “haloalkoxy™ as used herein,
mclude alkyl, alkenyl, alkynvl and atkoxy structures 1w which at least one hydrogen 5
replaced with a halogen atom. In certain embodiments 1n which two or more hydrogen gtoms
are replaced with halogen atoms, the halogen atoms are all the smme as one another. In other
embodiments in which two or more hydrogen atowms are replaced with halogen atoms, the
halogen atoms are not all the same as one another, The terns “fluoroalkyl™ and
“fluorcalkoxy™ include haloalkyl and haloalkoxy groups, respectively, in which the halo s
fluorine. Tn certain embodiments, haloalkyls are optionally sabstitated.
[0038] The term “plucosyl™ as used herein, include D- or L-fovm glucosyl groups, in which
the glucosyl group is attached via any hydroxy! group on the glucose ring.
j0039] The term “acceptable” with respect fo a formulation, composition or ingredient, as
used herein, means having no persistent detrimental effect on the general health of the subject
being treated.
[8048] dnrrodio is a genes of fongs in the family Meripilaceas. dnirodio species have fngting
bodies that typically Be flat or spread ont on the growing surface, with the hvimenium
exposed to the outside; the edges may be turned so as to form narvow brackets. Most spectes
are found in temperate and boreal forests, and cause byown rot.
{00411 The term “carries,” as used herein, refers to relatively nontoxie chemical compounds
or agents that facilitate the incorporation of a compound into cells or Hissues.
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{00421 The terms “co-adminisivation” or the like, 85 used hersin, are meant 10 encompass
administration of the selected therapeutic agenis to a single patient, and are intended to
mnclude treatiment regimens in which the agents are adnunistered by the same or different
route of adnuntsiration or at the same or different time.

[0043] The term “diluent” refers to chemical compounds that are used to dilute the
compound of interest prior o delivery. Diluents can also be used 1o stabilize compounds
because they can provide a more stable enviromment, Salts dissolved 1 buffered solutions
(which also can provide pH control or maintenance) are utilized as dituents m the art,
including, but not hnted to a phosphate baffered saline solution.

[0044] The terms “effective amount” or “therapentically effective mmount,” as used herein,
refer 1o o sufficient amount of an agent or a compound being admimsiered which will relieve
{0 some extent one or more of the symptons of the disease or condition being treated. The
result can be reduction and/or alleviation of the signs, symiptoms, or causes of a disease, or
any other desired alteration of a biclogical systern, For exaniple, an “elfective amount”™ for
therapeatic uses is the amoant of the composition comprising a compound as disclosed herein
required to provide a chinically significant decrease in disease symptoms. An appropriate
“gffective” amount in any mdividual case may be deternuned using technigues, such asa
dose escalation study.

{0045} The terms “enhance” or “enhancing.” as used herein, means to increase or profong
either 1 potency or duration a desired effect. Thus, in regard to enhancing the effect of
therapeutic agents, the term “enhancing” refers to the ability to mcrease or prolong, either in
potency or duration, the effect of other therapeutic agents on a system. An “enhancing-
effective amount,” as used herewn, refers 1o an amouant adequate to enhance the effect of
another therapeutic agent in a desired system.

[8046] A “metabolite” of a compound disclosed berein is a derivative of that compound that
15 tormed when the compound is metabolized. The term “active metabolite™ refers to a
biologically active denivative of a compownd that is formed when the compound is
metabolized. The term “metabolized,” as used hevein, refers to the sum of the processes
{including, but not limited to, hydrolysis reactions and reactions catalyzed by enzymes) by
which a particular substance 1s changed by an organism. Thas, enzymes may produce specific
structural alterations to 8 compound. For example, cytochrome P450 catalyzes s variety of
oxidative and reductive reactions while uridine diphosphate glucuronyliransferases catalyze
the transfer of an activated glocuronic-acid moleculs to sromatic alcshols, aliphatic alcohols;

carboxyhic acuds, amines and free sulphyvdryt groups. Metabolites of the compounds disclosed
i
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herein ave optionally identified either by administration of compounds 10 a bost and analvsis
of tissue samples from the host, or by incubation of compouends with bepatic cells in vitro and
analysis of the resulting compounds.

{0047} The term “pharmacentical combination™ as used herein, means a product that resulis
from the muxing or combining of more than one active ingredient and mncludes both fixed and
non-fixed combinations of the active ingredients. The term “fixed combination™ means that
the active ingredients, e.g. a compound {i.¢., a cyclohexenone compound described herein)
and a co~agent, are both administered {0 a patient simultaneously m the form of a single
entity or dosage. The term “non-fixed combination™ means that the active ingredients, e.g. 2
compound (1.¢., a cyclohexenone compound described hevetn) and o co-agent, are
adnunistered (o a patient gs separate entities etther simultaneously, concurrently or
sequentially with no specific ttervening time bmits, wherety such administration provides
effective levels of the two compounds in the body of the patient. The latter also applies to
cocktadl therapy, e.g. the adnunistration of three or more active mgredients.

048] The term “pharmaceutical composition™ refers to a mixtare of a compound (1.e., a
cyclohexenone compound described harein) with other chemical components, such as
carriers, stabilizers, diluents, dispersing agents, suspending agents, thickening agents, andéor
excipients, The pharmaceutical composition facilitates administration of the compound fo an
orgamsm. Multiple techniques of administering a compound exist in the ant inchuding, but not
himited to: intravenous, oral, aerosol, parenteral, ophithalmic, pulmonary and topical
admunistration,

[049] The term “subject” or “patient” encompasses mammals. Exanmples of manunals
include, but are not timited to, any member of the Mammalian class: humans, son-human
prinates such as chimpanzees, and other apes and monkey species; farm animals such ag
cittle, horses, sheep, goats, swine; domestic animals such as rabbits, dogs, and eats;
laboratory animals including rodents, such as rats, mice and gumea pigs, and the like. In one
ewpbodiment, the mamunal is a lnanan.

{00501 The terms “treat,” “treating” or “ireatment,” as used herewn, include alleviating,
abating or ameliorating at least one symptom of a disease or condition, preventing additional
symploms, inhibiting the disease or condition, e.g., arvesting the development of the disease
or condition, relieving the disease or condition, causing regression of the disease or condition,
relieving a condition caused by the disease or condition, or stopping the symiploms of the

disease or condition gither prophviactically andior therapeutically.
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Routes of Administration and Dosage
[{151] Suiiable routes of administration include, but are not limited to, oral, intravenous,
rectal, aerosol, parenteral, ophthalmic, pulmonary, transnwicosal, transdermal, vaginal, otic,
nasal, and topical administeation. In addition, by way of example only, parenteral delivery
includes mtramuscular, subcutaneous, intravenous, inframedullary injections, as well as
intrathecal, direct intraveniricular, miraperitoneal, intralymphatic, and miranasal injections.
{00521 In certain embodiments, a compound as described herein is administered in a local
rather than systemuc manner, for example, via injection of the compound directly nto an
organ, often i a depot preparation or sastained release formulation. In specific embodiments,
long acting formulations are adnunistered by implantation (for example subcutaneously or
wtranmscularly) or by intramuscular injection. Furthermore, in other embaodiments, the drug
is dehivered in a targeted drag delivery systeny, for example, in a hposome coated with
organ-specific anttbody. In such embodiments, the liposomes are tavgeted 10 and taken up
selectively by the organ. In yet other embodiments, the compound as described herain is
provided in the form of a rapid release formulation, in the form of an extended release
formelation, or in the form of an intermediate release formadation. In vet other embodiments,
the compound described herein s admibmistered topweally.
{0883 In some embodiments, the cyclohexenone compound, or a pharmaceutically

ceptable salt, metabolite, solvate or prodrug thereot, 15 administered parenterally or
mtravenously. I other embodiments, the cyclohexenone compound, or a pharmaceutically
accepiable salt, metabolite, solvate or prodrag thereof, is adnunistered by injection. In some
ambodiments, the cyvelohexenone compound, or a pharmaceutically acceptable salt,
metabolite, solvate or prodrug thereof, 1s administered orally
{0034} In the case wherein the patient’s condition does not imygrrove, upon the doctor’s
discretion the adminisiration of the compounds may be adnunistered chromically, that s, for
an extended period of time, including throughout the duration of the patient’s life in order to
amehorate or otherwise control or it the symiptoms of the patient’s disease or condition.
In the case wherein the patient’s status does improve, upon the doctor’s discretion the
admunistration of the compounds may be given continuously or temporarily suspended fora
certain length of time (¢, a “drug holiday™}.
{0035} The foregoing ranges are merely suggestive, as the number of varables 1o regard w0
an mdividual treatment regime is large, and considerable excursions from these
recoanmiended values are not uncomymon. Such dosages mav be altered depending on a

aumber of variables, not howted to the activity of the compound used, the disease or
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condition to be treated, the mode of administeation, the requivements of the individual
subject, the severity of the disease or condition being treated, and the judgment of the
practitioner.

{00586} Toxicity and therapeutic efficacy of such therapeutic regimens can be deternuned by
standard pharmaceutical procedures in cell cultures or experimental ammals, including, bat
not hinuted to, for determining the LDsy; (the dose lethal 1o 30% of the population) gud the
EDsa (the dose therapeutically effective in 50% of the population). The dose ratio between
the tovic and therapeutic effects is the therapeutic mdex and it can be expressed as the ratio
between LDsy and EDsy. Compounds exhibiting high therapeutic imndices are preferred. The
data obtained from cell culture assavs and animal studies can be used in formulating a range
of dosage for use in human, The dosage of such compounds Hes preferably within a range of
airculating concentrations that include the EDs with mimial toxicity. The dosage may vary

within this range depending upon the dosage form employed and the route of admimistration

utilized.
Pharmacestical Formulation
{00371 In some embodiments provide pharmaceuntical compositions comprising a

therapeutically effective amount of & cyclohexenone compound baving the structure:

Ry Ciy
3
NN
By X \( OR
Ye.

whevein cach of X and Y independently is oxygen, NRs or sulfur;

R is a hydrogen or C(=O)C -Calkyl;

gach of Ry, R; and Ry independently 1s a hydrogen, opiionally subsistuted methyl or
{CHabe-CHy;

Rs 18 NRsRg, ORs, OCEOW;, C(=030R,, C=0Rs, C(=OINRsR,, halogen, 5 or 6-
membered lactone, C,-Caalkyl, C,-Coalkenyl, C,-Coalkynyl, arvl, ghicosyl, wherein
the 5 or o-membered factone, U -Calkyl, C,-Cealkenyl, C-Coalkyayl, aryl, and
slucosyl are optionally substituted with one or more substituents selected from
NRsRg, ORs, OCEOR:, CEOYIRs, CHOIRs, CEOWRRE C,-C, alkyl, €,
alkenyl, C-C alkynyl, U-C eycloalbyl, and C-C, haloalkyl;

each of Rs and Ry Is independently a hydrogen or U -Clalkyl:
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Ry s a C-Coalkyl, ORsor NRsRg;
m = 1120 and p=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or
prodrug thereof; and a pharmaceutically accepiable excipient,

G058 In some embodiments, the cyclohexenone compounds of the pharmaceutical

compositions bave the structura:

Ry O
Ou A ,é\\:;:;j\\j/ Ry
' ,’ﬁ

R«; P S
X7 or
Yo
Ra
whergin each of X and Y independenilv is oxvgen, NRy or sulfur;
R is a hydrogen or C(=O)C-C atkyk

each of Ry, Ry and Ry independently is a hydrogen, optionally substituted methy! or

R 18 NRsRs, ORs, OU=NRs, CEOQYORS, CEORS, C=00NRR,, balogen, Sor 6-
membered lactone, C -Coalkyl, C-Calkenyl, C,-Calkynyl, aryl, glacosyl, wherein

the 5 or S-membered lactone, C-C alkyl, C,-Caltkenyl, C.

~Calkynyl aryl, and

chicosyl are optionally substituted with one or more substifuents selected from

NRsRg, ORs, OCEDR:, CEODORs, CHEORs, CEMNR Ry C-C alkyl, C-C

alkenyl, C,-C alkynyl, C-C cycloalkyl, and C-C haloalkyh:

each of Rs and Rq is independently a hydrogen or € -Calkvl:

Ryis a C-Coalkyl, ORsor NRsRg;

wee §-120 and e 1-120 or a pharmacentically acceptable salt, metabolite, solvate or
prodrug thereof
{00591 In some embodiments, R s 8 hydrogen, C=0)CH, Ci=MC:Hs, or CE=0)CH: In
some embodiments, each of Ry, R;and Ry mdependently i3 a hvdrogen, methyl, ethyl, propvl,
butyl, pentyl hexyl, heptyl, or octyl. | In certamn embodiments, Ry 1s a hydrogen or methyl
I certain embodiments, R; is a hydrogen, methyl, ethyl, propyl, buty], pentyl or hexyl In
certain embodimenis, Ry is a hydrogen, methyl, ethvl, propyl, butyl, pentvl or hexvl. 1n some
embodiments, Ry is halogen, NHa, NHCH;:, N{CH:)., OCH;, OCHa, CEOYIH,,
C{E=OCH;, C=0)0CH, Ci=00Hs, C=O0NBCH:, C{=0INBCH., C{=0NH;,
QCEOWH:, OCEOIC:H:, OCEOOCH,:, OCEOYOCH, OCE=O0INHCH;,
QCEOINHC Hs, or OC(=0INH:. In certain embodiments, Ry s GiHCCH L0H,

19



WO 2014/130619 PCT/US2014/017285

CHsCIOH L OCH,, CHYCOOH, CGHCOOH, CHOH, GiH-OH, CHPh, C:HsPh,
CHCH=C{CHMCRO), CHCH=C{CH X CEOXCHS), 5 or 6~-membered lacione, aryl, or
glucosyl, wherein the § or 6-membered lactone, arvi, and ghucosy! are optionally substitwied
with one or more substituents selected fFrom NRR,, ORs, OC{=0R,, CEEQWRs, C=0)R s,
CEOINRRy, C-C alkyl, C-C alkenyl, C-C alkynyl, C-C, cycloatkyl, and C -C
haloalkel. In certain embodiments, Ry s CHCOO0H, C:H:COOH, CHOH, C:HL0H,
CHoPh, CiHsPh, CHCH=CICH XCHO), CHCH=C(CH;NCEOICH:), § or 6-membered
lactone, arvl, or glucosyl, wherein § or 6-membered lactone, arvl, and glucosyl are optionally
substituted with one or more substituents selected from NBsRs ORs, OCE=O0RL, C{=(30R,
C=0MRs. CEOINRR,, C-C atkyl, C,-C atkenvl, C.-C, alkvnyl, C,-C, cycloalkyl, and ¢y
', haloalkyl

{0066} In certain embodiments, the compound 1s selected from group consisting of

GHs CHy CHy CHy
AN fJ\vf’\::fi\«v-’\:f«" TN G
HaG AN A
o7 YT Tow
8.
CHa .
CHy EHE ’ M. Cisy
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HO OH
Q\
CHy
CHy CHy CHy CHy
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{0062} in some embodiments, the compounds described herein are formulated into
pharmaceutical compositions. in specific embodiments, pharmacentical compositions are
formalated in a conventional manner using one or more physiologically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the active compounds
inte preparations which can be used pharmaceuntically. Proper formulation is dependent npon
the voute of admindstration chosen. Anv phavmaceuticallv accepiable techniques, carviers, and

excipients are used as suitable to formulate the pharmaceuntical compositions described
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herein: Remingron: The Science and Fractice of Pharmacy, Ninsteenth Bd {Easton, Pa.:
Mack Publishing Company, 1995} Hoover, Jolm E., Resuisgton s Pharmacentical Scieses,
Mack Publishing Co., Easton, Pennsylvania 1975 Liberman, H A and Lachman, L., Eds,,
Pharmacentical Dosage Forms, Marcel Decker, New York, N.Y., 1980; and Pharmaceutical
Dosage Forms wul Drug Delivery Svstems, Seventh Ed. (Lippincott Williams &
Wilkins1999),

{0063} Provided herein are pharmaceutical compositions comprising a compound (1., a
cyclohexenone compound described herein) and a pharmaceutically accepiable diluent(s),
axcipient{s), or carmesr(s). In certam embodiments, the compounds described are adnunistered
as pharmaceutical compositions in which a compound (e, a cyclohexenone compound
described herein} is nuxed with other active ingredients, as in combination therapy,
Encompassed herein are all combinations of actives set forth in the combination therapies
section below and throughout this disclosure. In specific embodiments, the pharmaceutical
compositions mnchude one or more compounds {1.e., a evelohexenone compound described
herein).

{0064} A pharmaceutical composition, as used hevein, refers to a mixture of a compound {i.e.,
a cyclohexenone compound described herem) with other chamical componants, such as
carriers, stabilizers, diluents, dispersing agents, suspending agenis, thickening agents, andfor
excipients. In certain embodiments, the pharmaceutical composition faciitates adnunistzation
of the compound to an organism. In some embodiments, practicing the methods of treatment
or use provided herein, therapeutically effective amounts of compounds (1.e., a
cvelohexenone compound deseribed herein} are administered i a pharmaceutical
composition to a mammal having a disease or condition to be treated. In specific
embodiments, the mammal is a buman. In certain embodiments, therapennically effective
amounis vary depending on the severity of the disease, the age and relative health of the
subject, the potency of the compound used and other factors. The compounds described
hevein are used singly or in combination with one or more therapeutic agents as components
of mixtures,

{0681 In one embodiment, a compound {1.e., 8 cyclohexenone compound deseribed herein)
is formudated i an agueous solotion. In specific embodiments, the agueous solation is
selected from, by way of example only, a physiologically compatible buffer, sach as Hank’s
selution, Ringer's solution, or physiological saline buffer. In other embodiments, a compound
{i.e., a eyclohexenone conpound described herein} is formulated for ransmucosal

sdmunistration. In specific embodiments, tansnwucosal forpwlations include penetrants that
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are appropriate to the bamer o be permeated. In still other embodiments wherein the
compounds described herein are formulated for other parenteral injections, appropriate
formulations mclude aqueous or nonaqueous selutions. 1o specilic embodiments, such
solutions inchude physiclogically compatible buffers and/or excipients.

{8066} In another embodiment, compounds described heremn are formulated for oral
admbustration. Compounds described heremn, including a compound (i.e., a cyclohexenone
compound described herein), are formulated by combining the active compounds with, e.g.,
pharmaceutically acceptable carriers or excipients. In various embodiments, the compounds
described herein are formulated in oral dosage forms that include, by way of example only,
tablets, powders, pills, dragees, capsules, liquids, gels, syrups, elixirs, slurries, suspensions
and the hke,

10067} In certamn embodiments, pharmacestical preparations for oral use are oblained by
nuxing one or more solid excipients with one or more of the compounds described herein,
optionally grinding the resulting mixture, and processing the mixture of granules, after adding
suitable apxiliaries, if desired, to obtain tablets or dragee cores. Sastable excipients are,
particelar, fillers such as sugars, icluding lactose, sacrose, manniiol, or sorbitol; cellulose
preparations such as: for example, maize starch, wheat starch, rice starch, potato starch,
gelatin, gum tragacanth, methylcellulose, microcrystatline cellulose,
hydroxypropyimethyleellulose, sodium carboxymethyleellulose; or others such as:
polvvinylpyirolidone (PVP or povidone} or calcium phosphate. In specific embodiments,
digintegrating agenis are optionally added. Disintegrating agents include, by way of example
only, cross-hinked croscarmeliose sodium, polyvinyipyrrolidone, agar, or algimic acid or a salt
theveof such as sodium alginate,

{0068} In one embodiment, dosage forms, such as dragee cores and tablets, sre provided with
one ot more suitable coating. In specific embodiments, concenirated sugar solutions are used
for coating the dosage form. The sugar solutions, optionally contain additional components,
such as by way of examople only, gum arabic, tale, polyeinylpyrrolidone, carbopol gel,
padvethylene glyeol, and/or tiantom dioxade, lacquer solutions, and suitable organic solvents
or solvent mixtures. Dyvestudts andfor pigmenis ave also optionally added o the coatings for
wdentification purposes. Addiionally, the dvestaffs andfor pigments are optionally atilized {0
characterive different combinations of active compound doses.

[0069] In certain emboditments, therapeutically effective amounts of at Ieast one of the
compounds described herein are fonmulated into other oral dosage forms. Oral dosaze forms

include push-fit capsules made of gelatin, as well as soll, sealed capsules made of gelatin and
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a plasticizer, such as ghycerol or sorbitol. In specific embodiments, push-fit capsules contain
the active ingredients n admixture with one or more filler. Fillers inclade, by way of example
only, lactose, binders such as starches, and/or lubricants such as tale or magnesium stearate
and, optionally, stabilizers. In other embodiments, soft capsules, contain one or more active
compound that is dissolved or suspended in a suitable liquid. Suitable Bguids include, by way
of example only, one or more fatty o}, liguid pataffin, or liquid polyethylene glycol, In
addition, stabilizers are optionally added.

[078] In other embodiments, therapeatically effective amounts of at least one of the
compounds desceribed herein are formulated for buccal or sublingaal adoimisiration.
Formulations switable for buccal or sublingnal adnunistration include, by way of example
only, tablets, lorenges, or gels. In still other embodiments, the compounds described hergin
ave formulated for parental injection, incloding formulations suitable for bolos injection or
contiuous mfuston. In specific embodiments, fornmulations for iigection are presented in wit
dosage form {e.g., in ampoules) or in multi-dose comtamers, Preservatives are, optionally,
added to the injection formulations. In still other embodiments, the pharmaceatical
compositions of a compound {iL.e., a eyclohexenone compound deseribed berein} are
formulaied in a form suitable for parenteral injection as a sterile suspensions, solutions or
emulsions i oily or aguenus vehicles. Parenteral imection formulations optionally contam
foraudatory agents such as suspending, stabilizing andfor dispersing agents. In specific
ernbodiments, pharmaceutical formulations for parenteral admimstration inclade aqueous
solutions of the active compounds in water-soluble form. In additional mmbodunents,
suspensions of the active compounds are prepared as appropriate oily imjection suspensions.
Suitable lipophilic solvents or vehicles for use i the pharmaceutical compositions deseribed
herein mclude, by way of exanple only, fatty oils such as sesame oil, or synthetic fatty acid
estars, such as ethy! oleate or iniglyvcerides, or liposomes, In certain specific embodiments,
aqueous injection suspensions contain substances which increase the viscosity of the
suspension, sach as sodium carboxymethyi celhdose, sorbitol, or dextran. Optionally, the
suspension contains suitable stabilizers or agents which increase the solubility of the
compounds o allow for the preparation of highly concentrated solutions, Alternatively in
other embodiments, the active ingredient 13 1n powder form for constiution with a suntable
vehicle, e.g., sierile pyrogen-free water, before use.

[0071] In one aspect, compounds {1Le., cyclohexenone compounds described herein) are
prepared as selutinns for parenteral injeection as described hersin or known i the art and

administered with an avtomatic injector. Automatic injectors, such s those disclosed m UK
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Patent Nos, 4,031,893, 5358 489, 5,540,664, 3,665,071, 5,695 472 and WO/2005087297
(each of which are incorporated heretn by reference for such disclosure) are known. In
general, all putomatic injectors contain a volume of solution that includes a conmpound (1.e.. a
cyclohexenone compound described herain) to be injected. In general, automatic injectors
include a reservorr for holding the solution, which is in fhud communication with a needle for
delivering the drug, as well as a mechanisim for antomatically deploying the needle, inserting
the needle into the patient and delivering the dose into the patient. Exemplary hjectors
provide about 0.3 mL., .6ml., 1 O0ml or other suitable volume of solotion at about a
concentration of 0.5 mg (o 50 mg of a compound (1.e., a cyclohexenone compound described
herein} per 1 ml of solution. Each injector 15 capable of delivering onlv one dose of the
compound,

{00721 In still other embodiments, the compounds (¢, cvelohexenone compounds desenbed
heremn) are admimstered topically. The compounds described herein are formulated into a
vartety of topically administrable compositions, such as solutions, suspensions, lotions, gels,
pastes, medicated sticks, balms, creams or ointments. Such pharmaceutical compositions
optionally contain solubilizers, stabilizers, tonicity enhancing agents, buffers and
preservatives.

{0073 In vet other embodiments, the compounds {1e., cyclohexenone compounds described
herein) are formulated for ransdermal administration. {a specific embodiments, transdenmat
formudations employ transdermal defivery devices and transdermal delivery patches and can
he lipophilic emulsions or buffered, aqueous solutions, dissolved andior dispersed ina
polymer or an adhesive. {n varions embodiments, such paiches are constructed for
continvous, pulsatile, or on demand delivery of pharmacentical agents. In additional
embodiments, the transdermal delivery of a compound (1.e., a eyclohexenone conpound
described herein} is accomplished by means of iontophoretic patches and the like, In certain
embodiments, transdermal patches provide controlled delivery of a compound {1e.. a
cyclohexenone compound described hereiny. In specific embodiments, the rate of absorption
is slowed by using rate~controlling membranes or by trapping the compound within g
polymer mattix or gel In alternative embodiments, absorption enhancers are used to increase
absorption. Absorption enhancers or carriers include absorbable pharmacentically acceptable
solvents that assist passage through the skin. For example, in one embodiment, transdermal
devices are in the form of a bandage comprising a backing member, a reservoir coniaining the

compound eptionally with carriers, optionally o rate controlling barrier to deliver the
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compowd 1o the skimvof the host ata controlled and predetenmined rate over a prolonged
period of time, and means to secure the device to the skin.

{0074} Transdermal formulations described heretn may be adninistered using a variety of
devices which bave been described in the art. For example, such devices include, but are not
fimited 1o, US. Pat. Nos. 3,808,122, 3,598 123, 3,710,705, 3,731 683, 3,742 951, 3 814,097,
3021636, 3,972,905 3993 072, 3993073, 3,996,934, 4 331,894, 4,060,084, 4 069307,
1077407, 42018 211, 4230, 105, 4 292,299, 4,292 303, 8 336,168, 3,665 378, 3 837 280,
S.869.090, 6,923 983, 6.929 %01 and 6,946,144

{00751 The transdermal dosage forms described herein may incorporate certain
pharmaceutically acceptable excipients which are conventional in the art. In one embodiment,
the transdermal fornulations described herein include at least three components: {D a
formudation of a compound {i.e., a ecyclohexenone compound described hevein); (218
penetration enhancer; and (3) an agueous adiuvant. In addition, transdermal formulations can
wclude additional components such as, but not linuted 1o, gelling agents, creams and
oiniment bases, and the like. In some embodiments, the transdermal formulations further
nclude & woven or pon-woven backing material to enhance absorption and prevent the
removal of the fransdermal formulation from the slan. In other embodiments, the transdermal
formmlations described herein maintain a saturated or supersaturated staie to promote
diffusion into the skin.

{0076} In other embodiments, the compounds (1.e., cyclobexenone compounds described
herein) are formulated for admmisiration by inhalation. Varous forms suttable for
admimistration by inhalation include, but are not linmted to, aerosols, mists or powders.
Pharmaceutical compositions of a compound (e, & ovclohexenone compound described
herein} are conveniently delivered in the form of an aeroso! spray presentation from
pressurized packs or a nebuliser, with the use of a suitable propellant (e.z.,
dichlorodifluoromethane, wichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide
or other suitable gas). In specific embodiments, the dosage uni of a pressurized aerosol i
determined by providing a valve 1o deliver a metered amount. In certain embodiments,
capsales and cartndges of, such as, by way of example only, gelating for use in an whaler or
msufflator are formulated containing a powder mix of the compound and a suitable powder
base such as lactose or starch,

[0077] Intranasal formulations are known in the ant and are described in, for example, U8,
Pai WNos. 4,476,116, 5,116,817 and 6,391,432, each of which i specifically incorporated

herein by reference. Formulations, which inclode a compound (1e., a cyclohexenone
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compowd described herein), which are prepared according 1o these and other techuiiques
well-known in the art are prepared as solutions in saline, emploving benzyl alcohol or other
suitable preservatives, fluorocarbons, and/or other solubilizing or dispersing agents known in
the art, See, for example, Aunsel, H. C. ¢ ¢/, Pharmaceutical Dosage Forms and Drug
Delivery Svstems, Sixth Ed. {1993}, Preferably these compositions and formuiations are
prepared with suitable nontoxic pharmaceutically acceptable ingredients. These mgredients
are found in sources such as REMINGTON: THE SCIENCE AND PRACTICE OF
PHARMACY, 21st edition, 2003, a standard reference in the field. The choice of suitable
carriers is highly dependent upon the exact nature of the nasal dosage form desired, e.g.,
solutions, suspensions, ointments, ov gels. Nasal dosage forms generally contam large
amounts of water in addition to the active mgredient. Minor amaunis of other ingredients
such as pH adjusters, emulsifiers or dispersing agents, preservatives, surfactants, gelling
geents, or buffering and other stabilizing and solubilizing agents may also be present.
Preferably, the nasal dosage form should be isotonic with nasal secretions.

{0078} For admimstration by inhalation, the compounds described berein, may be in a form
as an agrosol, a mist or a powder. Pharmaceutical compositions deseribed herein are
convemently delivered in the form of an aerosol spray presentation from pressurized packs or
a nebuliser, with the use of a suitable propeliant, e g, dichlorodifluoromethane,
irichlorefluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas. Inthe
case of a pressurized aevosol, the dosage unit may be determined by providing a valve to
deliver a metered amount. Capsules and cartridges of, such as, by way of example only,
gelatin for use in an inhaler or msufflator may be formulated containing a powder mix of the
compownd described herein and a suttable powder base such as factose or starch.

{0079} In still other embodiments, the compounds (i.e., cyclohexenong compounds described
herein} are formulated in rectal compositions such as enamas, rectal gels, rectal foams, rectal
aerosols, suppostiories, jelly suppositories, or refention enemas, contaning conventional
suppostiory bases such as cocoa butter or other glveerides, as well as synthetic polymers such
as polyvinylpyrrolidone, PEG, and the ke, In suppository forms of the compositions, a low-
melting wax such as, but not limited to, a mixture of fatty acid glycerides, optionally in
combination with cocoa butter is first melted.

{00868 In certain embodiments, pharnmaceutical compositions are formulated in any
conventional manner using one or more physiologically accepiable carners compiising
excipienis and auxiliaries which facilitate processing of the active compounds into

preparations which can be used phanmacennically. Proper formulation is dependent upon the
24



WO 2014/130619 PCT/US2014/017285

rowte of adminisiration chosen, Any phanmaceutically acceplable technigues, carrters, and
excipients is optionally used as sutable and as understood m the art. Pharmaceuticat
conmpositions comprising a compound (1.¢., a cyclohexenone compound described herein)
may be manuiactured in a conventional manner, such as, by way of example only, by means
of conventional mixing, dissolving, granuiating, dragee-making, levigating, emulsifving,
encapsulating, enlrapping or COMPression processes.

{0081} Pharmaceutical compositions inchude at legst one pharmaceutically acceptable carrier,
diluent or excipient and at least one compound {i.e., cyclohexenone compounds deseribed
herein) described herem as an active ingredient. The active ingredient i3 m free-acid or free~
base form, or in a pharmaceutically acceptable salt form. In addition, the methods and
pharmaceutical compostiions described heren include the use crysialline forms {also known
as polvmorphs), as well as active metabolites of these compounds having the same type of
activity. All tautomers of the compounds described herein are included within the scope of
the compounds presented herein, Additionally, the compounds described herein encompass
wnsolvated as well as solvated forms with pharmaceutically acceptable solvents such as
water, ethanol, and the like. The solvated forms of the compounds presented herein ave also
considered to be disclosed herein. In addition, the pharmaceutical compositions aptionally
include other medicinal or pharmaceutical agents, carriers, adjuvants, such as preserving,
stabilizing, wetling or enwulsifving agents, solution promaters, salts for regulating the osmotic
pressare, buffers, andior other therapeutically valuable substances.

[0082] Methods for the preparation of compositions comprising the compounds described
herein include formulating the compounds with one or more inert, pharmaceutically
acceptable exciprents or carners to form a sohd, senu-solid or fiquud. Selid compositions
include, but are not limited to, powders, 1ablets, dispersible pranules, capsules, cachets, and
suppositories. Liguid compesitions mclude solutions in which a compound is dissolved,
enmulsions comprising a compound, or a solution containing iposomes, micelles, or
nanoparticles comprising a compound as disclosed herein. Semi-solid compositions inclade,
hut are not hianited to, gels, suspensions and creanss. The form of the pharmacentical
compaositions described berein include Haquid selutions or saspensions, solid forms saitable
for solution or suspension in a hquid prior {0 use, or as emulsions. These compositions also
optionally contain minor smounts of nontoxic, aaxiliary substances, such as wetting or
emulsifying agents, pH buffering agents, and so forth.

[6083] In some embodiments, pharmaceutical composition comprising at least compound

{i.e.. cvelohexenone compounds described herein) illustratively takes the form of a liqud
34



WO 2014/130619 PCT/US2014/017285

where the agenis are present in sohstion, in suspension or both. Typically when the
composition is administered as a solution or suspension a {wrst portion of the agent is present
in solution and a second portion of the agent is present in particulate form, in suspension in a
hquid matnix. In some embodiments, a hiquid composition includes a gel formulation. In other
embodiments, the liguid composition 13 aqueous.

00841 1n certain embodinents, pharmaceutical aqueous suspensions clude one or more
polyiners as suspending agents. Polymers include water-sohuble polymers such as cellulosic
polvmers, e.g, hydroxypropyl methylcellalose, and water-insolable polymers sach as eross-
linked carboxyl-contaiming polymers. Certain pharmacentical compositions described herein
include & mucoadhesive polymer, selected from, for example, carboxymethvicellulose,
carbomer (acrylic acid polymer), polvimethvimethacrylate), polvacrylamide, polycarbophil,
acrylic acid/butyl acrylate copolyimer, sodian alginate and dextran.

{0085 Pharmaceutical compositions alse, optionally mclude solubilizing agents to aid i the
solubiiity of a compound (1.e., cyclohexenone compounds described heremn). The term
“soloabilizing agent” generally includes agents that result in formation of a micellar solution
or a true solution of the agent. Certain acceptable nontonic surfactants, for example
polysorbate 80, are useful as solubiliving agents, as can ophihalnncally acceptable glyeols,
polygelveols, ez, polvethylene glveol 4080, and glveol ethers,

[0086] Furthermore, pharmaceutical compositions optionally include oue or more pH
adjusting agents or buffering agents, incloding acids such as acetie, bovie, citvie, Iactic,
phosphoric and hydrochloric acids; bases such as sodim hvdroxide, sodinm phosphate,
sadium borate, sodiam ciirate, sodium acedate, sodium lactate and fris-
hyvdroxymethylanminomethane; and buffers such as citrate/dextrose, sodium bicarbonate and
anunonium chioride. Such acids, bases and buffers are included in an amount required to
maintain pH of the composition in an acceptable range.

{8087} Additonally, pharmaceutical compositions optionally mclude one or more salis ihan
arount required (o bring osmolality of the composition into an acceptable range. Such salts
include those having sodium, potasstwm or gmmonium cations and chionde, ciirate,
ascorbate, borate, phosphate, bicarbonate, sulfate, thiosudfate or bisulfite anions; suitable salts
mclude sodium chloride, potassivum chlonide, sodium thiosalfate, sodiam hisnlfite and
amnoniwn sulfate.

[0088] Other pharmaceutical compositions optionally mchude one or more preservatives 1o
inhibit nmcrobial activity. Suitable preservatives include mercury-containing substances such

as merfen and thiomersal; stabilized chlorine dioxade; and quaternary anunonium compounds
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sach as benzalkontam chlonde, cetyltnimethyvlanmmonium bronude and cetvlpyndinnan
chioride.

{0089} Still other pharmaceutical compositions include one or more surfactants to enbance
physical stability or for other purposes. Suitable nonionic surfactants include
polvoxvethylene fatty acid glveerides and vegetable oiis, e g, polyoxyethvlene (6(5)
hydrogenated castor oil; and polyoxyethylene alkylethers and alkylphenyl ethers, e g,
octoxynol 10, octoxvnol 44,

{098 Sull other pharmaceuntical compositions may include one or more antioxidanis to
enhance chemical stability where required. Saitable antioxidants melude, by way of example
only, ascorbic acid and sodium metabisulfite.

{0091} In certain embodiments, pharmaceutical aqueous suspension compositions are
packaged in single-dose non-reclosable containers. Aliernatively, multiple-dose reclosable
containers are used, in which case it is typical to mclude g preservative in the composition.
[00921 1o alternative embodiments, other delivery systems for hydrophobic pharmaceutical
compounds are emploved. Liposomes and emulsions are examples of delivery velucles or
carriers herein. In centain embodinents, organic solvents such as M-methylpyrrolidone are
also employed. lu addional embodiments, the compounds described herein ave delivered
using a sustamned-release system, such as senupermeable matrices of solid hydrophebic
polvimers containing the therapeutic agent. Various sustained-release materials are useful
herein. In some embodiments, sustained-release capsules release the compounnds for a few
hours up 1o over 24 hours, Depending on the chemical nature and the hiological stability of
the therapeutic reagent, additional strategies for protein stabilization mayv be employed.
{0093} In certain embodiments, the formulations described herein include one or move
antioxidants, metal chelating agents, thiol containing compounds andfor other gencral
stabilizing agenis. Examples of such stabilizing agents, include, but are not himited to; (a)
about 0.5% to about 2% wiv glycerol, (b} about (. 1% to about 1% w/v methionine, (¢} about
0.1% to about 2% wiv monothioglyeerol, (d) about T mM o about 10 mM EDTA, {e) abowt
0.01% to about 2% wiv ascorbic acid, () 0.003%, to about 0.02% wiv polysorbate 80, (g}
.00 1% to about 0.03% wiv. polysorbate 20, (h arginine, (1) bepann, {§) dexwran sulfate, (k}
cyclodextring, {13 pentosan polysulfate and other heparinoids, {m) divalent cations such as
magnesiant and zing; or (n) combinations thereof.

Combination Treatments

[0094] In general, the compositions described herein and, in sinboditents where

combinational therapy is employed based on the mode of sction described hevein, other
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agents do not have to be administered i the same pharmacentical composition, and i some
embodiments, becanse of different physical and chemical characteristics, are admnistered by
ditferent routes. In some embodiments, the tutal adnministration is made according to
established protocols, and then, hased upon the observed effects, the dosage, modes of
adnunistration and tines of adnunistration s modified by the skifled clinician.

[0095] 1o some embodiments, therapeutically-etfective dosages vary when the drugs are used
in treatment combinations. Combination treatment further includes peniodic treatments that
start and stop at various times 10 assist with the clinical management of the patient. For
combination therapies descnibed herein, dosages of the co-admunistered compounds vary
depending on the type of co~drug emploved, on the specific drug employed, on the disease,
disorder, or condition being treated and so forth,

{0096] 1t is anderstood that In some embodiments, the dosage regimen to treat, preventg, or
ameliorate the condition{s) for which relief 1s sought, 1s modified in gccovdance with a
vartety of factors, These factors include the disorder from which the subject suffers, as well
as the age, weight, sex, diet, and medical condition of the subject. Thas, in other
smbodiments, the dosage regimen actually emploved varies widely and therefore deviates
from the dosage regimens set forth herein.

Clombinations of compounds {i.&., the cyclohexenone compound described herein) with other
leukenua therapeutic agents are intended to be covered. In some embodiments, examples of
leukemia therapeutic agents to bring about boue marrow remission include, but are not
linated to, the foliowing: prednisone, L-asparaginase, and vinerisiine, and the fike. Io some
embodiments, examples of consolidation therapy or intensification leukenna therapeutic
agents to elimipate any remaining leukenya cells include, bat are not Hmitted to, the
following: methotrexate, 6~mercaptopurine (6~-MP), and the like.

{8097} The combinations of the cyclohexenone compounds and other leukemia therapeutic
agents described herein encompass additional therapies and treatment regimens with other
agents i some embodiments. Such additional therapies and treatment regimens can inchide
suother levkesnmia therapy in some embodiments. Alternanvely, in other embodiments,
additional therapies and treatmyent regimens include other agents used to treat adjanct
conditions associated with leukemia or a side effect from such agent in the combination
therapy. In farther embodiments, adjuvants or enhancers are administered with a

combination therapy described herem.

L4
Ld



WO 2014/130619 PCT/US2014/017285

[0098] In some embudiments provide compositions for freating or reducing the risk of
leukemia comprising a therapeutically effective amoant of 8 cyclohexenone compound

having the structure;

R CHg
. i 3
O S )J\ \\{) ~ R““
£y
R'} N \\\\ -
X QR
-~ ,

wheretn gach of X and Y independently is oxygen, NRs or sulfur;

R is a hydrogen or C(=0)C -Calkyl:

gach of Ry, R; and Ry independently 1s a hydrogen, opiionally substituted methyl or
{CHg e CH;;

Re 18 NRsRg, ORs, QC=OWR, C(=030Rs, CEOWR;, C(=OINRR,, halogen, 5 or 6-
membered lactone, C-Calkyl. C,-Catkenyl, C,-Calkynyl, aryl, glucosyl, wherein
the 5 or 6-membered tactone, U ~Coalkyl, C-Calkenyl, C.-Coalkyayi, aryl, and
slucosyl are optionally substituted with one or more substiuents selected from
NR:sRq. ORs, OCEOR:, CEOYOR;, CEOIRs, CEONRR, C-C alkyl, C,-C
alkenyl, C,-C alkynyl, C-C eycloalkyl. and C-C_ haloalkyi;

each of Rs and Ry ix independently a hydrogen or U -Calivl;

R:isa Cé *Cga}kyk ORsor NR:Re;

me= 1-12; and n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or

prodrug thereof, and one or more leukenua therapsutic agents.

Examples

Exgmple 1 Preparation of the exemplary cvclobexenone compounds

{8099] One hundred grams of myveeha, frmting bodies or nuxture of both from dpsrodia
camphorata were placed into a flask. A proper amount of water and alcohel {70-100%
aleohol solution) was added into the flask and were stirred at 20425° C for at feast 1 hour. The
solution was filtered through a filier and 0.45 yum membrane and the filirate was collected as
the extract,

00160} The filtrate of dnradia camphorata was subjected to High Performance
Liqud chromatography {(HPLC) analvsis. The separation was performed oy a RPIS column,

AL

the motale phase conssied of methanod (AY and 8.3%% acetic acid €B), with the gradiat
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conditions of G-10 mun 1y 93% - 20% B, 120 mun i 209-10% B, 20-35 min in 10%-10%
B, 3540 min in 10%-03% B, at the flow rate of | mi/min. The cohumn efflueni was
monitored with a UV-visible detector.

00161} The fractions collected at 21.2 to 21.4 sun were collected and concentrated to
yield compound §, a product of pale vellow Hgwid. Compound § was analyred to be 4-
hydroxy-8§-(11-hydroxy-3,7, H -trimethyldodeca-2 6-dienyD)-2, 3-dimethoxy-6-
methyleyelohex-2-enone with molecular weight of 408 (Molecular formula; Cyy HyQOs). ‘H-
NMR (CDCL) 8 (ppm)y= 1.21, 1.36, 1.67, 1.71, 1.75, 1.94.2.03, 2.07, 2.22, 2.25,
3.68, 4.05, 5.71 and 5.56. VC-NMR(CDCL)S(ppm): 12,31, 16.1, 16.12,

17.67. 25,67, 26 44 2674, 27.00, 3010, 40,27, 43 34, 59.22. 60.59, 71.§,
120,97, 123 84, 124 .30, 131,32, 134,61, 13592, 138,05, 160,48, and 197,11,

N "/\\, \/‘\f

(OF
H3Cn Xy~
o7 YT o
TTCH
5
Compound 8; d-hivdroxy-5-(1 I-hydvoxy-3,7 1 H-inmethyldodeca-2 6-dieny}-2 3-dimethoxy-

H-methylevelohex-2-enone
00162} The fractions collected at 23.7 to 24.0 min were collecied and concentrated o
vield compound 7, a product of pale vellow hiquid. Compound 7 was analyred (o be 4~
hydroxy-2 3-dimethoxy-5-{1 T-methoxy-3,7 1 L-trimethyldodecs-2,6-dieny )-6-
m&ihyicyciohex—z—enone with molecular weight 0 422 (€ 2 H £ 09).  HINMR (CDC1) 8
fppoy= 1 21, 136, L7E, L7585, 194, 2,03, 207, 2.22, 2,25, 3.24, 3.68, 4.05,
5,12, 5.50, and 3.61. -‘“c-NMa{{i‘m;‘.is}a(ppmj}; 2.31, 16,1, 16.12, 17.67,
2444, 20,44, 26,74, 27.00, 37.81, 3081, 40.27, 43 .34, 49,00, 39.22, 60.59,
120,07, 123,84, 124,30, 135.92, 138.05, 160.45 and 197.12

CHy CH; CH3

Cz

HaCo ‘\\,»‘“\
S \[ OH
O
CH3

"

Compound 7; 4-hvdroxy-2,3-dimethoxy-3-{1 l-methoxy-3,7, 1 1 -trimethvidodeca-2, 6-disnyii-
t-methvleyciohex-2-enone
{39163 The fractions collected at 25 to 30 nun were collected and concenwrated 1o

vield d-hydroxy-2, 3-dimethoxy-G-methyv 53,7 1 -tromethyldodeca-2.6 Hrienvl joyclohex-
3

LA
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Z-enone {compound 1), a product of pale vellow brown Hatnd, The analvsis of compound 1
showed the molecalar formala of € 2 H 1 Oy, molecudar weight of 390 with melting pownt of
4% 1o 32 °C. NMR spectra showed that ' H-NMR (CDCE) 8 (pprn)=1.31, 1.67, 1.71, 175,
194,203, 207,222,225, 368, 405, 507, and 5 14; BENMR (CDCL) 8 {ppm)p=12.31,
16.1, 1612, 17.67, 25,67, 26.44, 26,74, 27.00, 3971 _39.81, 4027, 43.34, 5922, 60.39,
12097, 123,84, 124 30, 131,32, 135,35, 135,92, 138.05, 16045, and 19712

CHy CHy CH, CHy
OW’L\V’”’\{” NN NN
: Hy
MG e "‘\\
v it
Q\
THy 1

Compound 1: d-hydroxy-2, 3-dimethoxy-6-methyl-5-(3,7, U -trimethyldodeca-2 6,10-
trienylicyelohex-2-enone

{00104} Compound 27, a metabolite of compound 1, was obtained from urine samples
of rats fed with Compound 1 in the animal study. Compound 27 was determined to be 4-
hydroxy-2 3-dimethox y-6-methy -5+ 3-methyvl-2-hesenoic acidjcyelobex-2-enone with
molecudar weight of 312 (U Ha Og). Compound 28 which was deterpuned as 2,3«
dimethoxy-S-methyvl-6-({2E 6E)-3,7 i -rimethyldodeca-2. .6, 10~-trienylieyclohexa-2 S-digne-
1 4-dione (molecular weight of 386,52, Cua Has Oy, was obtained from the purification

PYOCess.

O’\ J\ d;L\ - ,,0 L - P
\[ J/ ~ - \f Oxyp- Doy M \/’“\:‘r"’l e

S OH I

oS ~ N /"\_\‘:\

[ ©OH o Y o

25
27 O

j00105] Compound 26, 4-hydroxy-2-methoxy-6-methyl-3-({2E 6E}-3 7 11-
irimethvidodeca-2,6, Hi-trienyl e yelohex-2-enone, was also prepared by purification provess

with molecudar weight of 35053 ((5:3HwO4). Compound 28 was also prepared.

1 k OTfJ\ J ,\/K A ./\:O

c;x,”l\lf S NN L PN

| “oT Y oA
Ty “ &
o” > ToH o
26 - 28
{00186} Altematively, the exemplary compounds may be prepared from 4-hvdroxy-

2 3-dimethoxy-G-methyioveiohexa-2 S-dienone, or the hke.
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Similarly, other cyclohexenone compounds having the structure Ry
arve isolated from Ansrodia comphaora ov prepared synthetically or semi-synthetically from

the suitable starting materials. An ordinary skilled in the ant would readily ntilize appropriate
conditions for such synthesis.

Example 2: Cell lines and cell culiure preparation

{00107} Human hepatoma (HepG2, HepiB), human lung adenocarcinoma {(AS49,
HE38), and human myvelogenous leukemia (K362} cell lines were obtatned from American
Type Culture Collection (Rockville, MD, USAJ. Human prostate cancer cell lnes {(LNCaP
and DU 145}, human breast carcinoma {MCE-T), buman bladder carcinoma (TSGH 8301) and
human pancreas adenocarcinoma (BxPC-3) were obtained from BORC (Bioresowrce
Collection and Research Center, Hsinchu, Taitwan). HepG2, DUT4S and MCF-7 cell lines
were caltured in Minimum Essential Medium Alpha (Invitrogen/Gibeo BRL., Grand Island,
NY, USA) AS49 cells were cultared in Dutbecco’™s modified Eagle's mediam
{Inviogen/Giboo BRLY. HEB3R, TSGH &301, BxPC-3 LNCaP and K562 cell lines were
cultured in RPMI-1640 mediom {Invitrogen/Gibeo BRL). All cells were cultured at 37°C
5% €Oy i cultore media supplemented with 10% fetal bovine serum {FBS)
{Invitrogen/Gibeo BRLY and 100 UW/ml strepiomycin and pentettiin (Invitrogen/Gibeo BRLL
For treatment, cells were seeded in six-well plaies at 6.25 # 10° cells/well. On the following
day, the media was changed o serum-free media, and cells were serum-starved for 24 h.
Compound 1 was dissolved in DMSO and diluted 10 the required concentration in serum-free
median. Cultures were then treated with diluted Compound 1 as indicated. After ireatment,
cells were washed with cold phosphate-buffered saline {PBS) amd Iysed using RIPA buller
containing phosphatase and protease whibutors,

Example 3 Imoumoblot analvsis

00108 Sixiy pucrograms of odal protein vsstes measured using a Bradiord assay

(Sigma-Aldrich, St Lowis, MO, USA} ware

% 3RS%-polyvacrylamide gels

ka
i

,,,,

lectrophoresis wae perforrned st o constant voltage of 180V for 50 minates {man}. Gels
sotrophoresis was perfonme ¢ constan voltnge of 180V for 30 minutes {nun}. ¢

ware transterred onto FVOF membranes at g constant curvent of 280 miA for 90 nun. Bloig

it

were blocked with 3% bovine senam atbumm (BS& T and px‘@i}ed with a 11000 dilution of

A

{43 (Cell Signaling Technology,

antibodies against phospho-pddid? (8
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Dranvers, MA, USA), pd4M4IMAPK (ERELD), Becloe ! (Cell Signating Technology), LC3IB
(Novus Biologicals, Cambridge, UK), EGFR {Epitomics Ine, Santa Clara, CA), Ras,
GAPDH, ov f-gotin (Sigma-Alddrich). Sscondary sutibodies were conjugatad 1o hovseradish
peroxidase, which was detected using a 3,3 -dianunobenzidine substrate kit {Vector
Laboratories, Burlingame, CA). The mumenorsactive bands werg quantified by densitometry
using Image-Pro Plus software (Meadia Cybernetics, Silver Spring, MD).

Example 4; CCK-§ cell viability assay

[ 69} Cell Copnting Kit-8 ({CCK-8) allows sensitive colorimetric assays for the
determmation of cell viabilty in cell proliferation and cvtotoxicity assays. The detection
sensitivity of CCK-¥ is higher than the other tetrazolium salts such as MTT, XTT, MTS o
WST-1.

{00116} Cell viphitity was measured using Cell Counting Kit-8 {CCK-8, Enzo Life
Sciences, Farmingdale, NY). In this assav, WST-R is reduced by debvdrogenases in cells to
praduce a vellow-colored product {formazan), which is soluble in culture medium. The
amownt of formaran generated is directly proportional to the nember of hving cells. Afler
freatment, CCR-8 solotion was added 1o gach well and incubated for 4 h. The congentration
of formaran was measured with g spectrophotometer at an absorbance wavelength of 4530 nm.
Cell viability was expressed as a percentage of the correspondimg control,

Example 5. 8DS-PAGE-based prenvliransierase assay

(601113 In witro prenviation reactions were performed in 20 y reaction baffer (50 mM
HEPES, pH 7.2, 30 mM NaClL 5 mM MgClh, 5 M DTT, and 20 uM GDP) mixed with 3 pg

FTase (Jena, Germany), 25 M NBD-FPP, and 2ug H-Ras™" in the presence or absence of

various concentrations of Antrogquinonol. Reactions were incubated fov 3 hoat 37°C and
quenched by adding 20 ui 2x SDS-PAGE sample buifer and boiling st 93°C for 3 min.
Finally, the mixiures were resolved by 15%, SDS-PAGE. The gel was scanned using a
Typhoon 9400 scanner (GE Healtheare, UK) {excutation laser, 473 nm; emission cutoff filter,
310 nmy) followed by staning with Coomassie blue. The fuorescent bands were quantified
using Image-Pro Plus seftware (Media Cybernetics, Silver Spring, MD, USA )L

Example ¢; Inmunofluorescent and DAPT statning

001124 Cells were seeded onto glass coverstips i six-well plates. After an overnight
wncubation, cells were freated with the indicated concentrations of Compound | for 24 h.
Afler reatment, cells were fixed with 4% paraformaldehyde m PBS for § nun and
permeabilized with 0.1% Toitony X-100 In PBS for & min, Cells were incubated in 3% BSA as

a blecking agent for 30 nun. Cells were then tncubated with a rahbit polyclonal antibody
38
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agamst LO3IB Sigma-Aldrich} at room temperatare for 90 mun. After washing three times
consecutively with (1% Triton X-100 1n PBS, cells were incubated with a fluorescein
isothiocyanate-conjugated secondary antibody (Invitrogen Life Technologies, Passley,
Scotland, UK) at room ternperature for 60 min. Cells were mounted with Dapi-Fluoromount-
G™ (SouthernBiotech, Birmingham, AL, USA) and visualized by confocal fluorescence
microscopy using a Zeiss LSM 7380 plus ELYRA S.1.

Example 77 Deternunation of the cvicioxic effecis of Compound 1 and its denivatives

analovues, and a metsbolie

{00113 To deternune whether the cytotoxic effects of Conpound 1 correlate with the
presence of Ray mutations, cell lines derived from humas tung cancer {A5S49 and H83R), hiver
cancer (Hep(G2 and HepdB), and levkenya (K362 and THP-1} with wild-type Ray (HE3E,
Hep3B, and K862} or mutant Ras (A349, HepQG2, and THP-1) were used. Cell viability was
measured after 48 h of Compound 1 treatment. The cell lines and thew ICss in increasing
order were THP-1 (2.22 gM) << A%49 (3.24 pM) < HB3B (3.32 oM) < HepdB (3.74 uM) «
K562 (5.12 My < HepG2 (6.42 M) (Table 1), Thas, sensitivity to Compound 1 did not
correlate with Ras gene status, as Compound 1 exhibited excellent cytotoxic activity i all
cel hnes described hersin,

{00114} Table 1. ICs valoes of exenplary componnds of formuia X determined by

CCR-E cell viability assay.

Compound AS49 H838 HepdB Hep(2 K562 THP-1
H 3243035 1 29600 F 3748035 | 6422008 | S 122083 | 22226403
15 . 22565645 - . - -
26 - 113424 17 - - - -
27 - =10 - - - -
28 - =100 - - - -
29 - =106 - - - -
34 226 8224 | 25568654 ¢ 9.06123.03 | 27.0326.06 - -
31 GO8:0.7S | 3410143 | 7468706 | 8982097 - -

Values were presented as means £ S.E.M.

{00115} The results indicate that sensitivity to exemplary Compound 1 did not
correlate with Ras gene siatus, as Compound 1 exhubited excellent cyiotoxic activily i all

cell bines. Furthermore, based on the {Css values for Compound 1 analogs (Compowunds 25 to

34
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313 in HE38 cells indicated that the 2 -hvdroxy group and the famesyl group of Compound

were important for its evtotoxic effects.

Example 8 Evaluation of the impact of Compound 1 on level of phosphorviated ERK 172

{00116} To evaluate the mpact of Compound 1 on MAP kinase signaling, Hep(G2,
A349, and HY38 cells were treated with o wide range of Compound 1 concentrations, and
imnumnoeblots for phosphorylated and total ERK1/2 were performed. Compound 1 induced
phosphorviation of ERK1/2 in Hep(G2 and A349 cells, whereas the total ERK1/2 expression
fevel was anaffected (FIG. 13 However, in HS3S cells, the meorease wy ERK 12
phosphoryiation afler Compound 1 treatment was coincident with increased expression of
total ERK1/2. Thus, in general, Compound 1 induced an increase in ERK 172 phosphorylation

int cancer call hnes.

Example ¥ Study of ERK 142 phosphorviation in AS4Y cells by Compound 1

117} In a previous report, Compound 1 was shows to inhibit PI3K sigpaling in
AS49 cells (Kanmar VB, et al., Muotat Res 2011 Feb 10,707 1-2)0:42-523. Here, it was shown
that exenmplary Compound 1 apregulates ERK 12 phosphorylation in AS49 cells. Rasis an
upstream regulator of PI3K and ERK 12, To better undersiand the cellular signaling
pathways that lead to Compound I-mediated cancer cell death and fo more precisely wdentify
the cytosolic target of Compound 1, the contribution of Ras was investigated. Experiments
were conducted in serum and serant-free conditions using AS49 and HR3B cells, which werg
treated wath ditferent concentrations of Compound 1 for 24 h. Two distinct bands were
detected on immunoblots probed for Ras. The slower migrating band corresponded fo
unprocessed Ras, whereas the faster migrating hand represented fully processed Ras.
Compound 1 caused an accumulation of unprocessed Ras i both cell lines 1 serum and
serum-free conditions (FIG. 2A). Furthermore, Compound 1 caused a dose-dependent
accurdation of wprocessed Ras mn HB3R, Hep(G2 and K362 cells (FIG. 2B and 2C). The

results show that Compound 1 inlubits Ras processing in cancer cells.

Example 10 Evaluating the effects of Compound 1 on protemn FTase activity and FPP-~

dependent Ras prenviadon in cell culture

[08118] Postiranslational modification of Ras 15 essential for #is activation. The first
step conunitiing Ras to become active is pranviation by the enzyie FTase. Comparison of

the chemical stractures of Compound 1 and FPP, which 15 a prenyvl group donor for Ras,
40
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showed that both compounds have the same €15 Hpid chain (FI1G. 3A). Thus, the effects of
Compound 1 on protein FTase activity and FPP-dependent Ras prenvlation in cell culawe
were evaluated. The resulis indicated that Compound 1 alone significanily enhanced
accumuiation of unprocessed Ras, Further, FPP alone potentiated Ras processing in HR3E
cells. Competition assays showed that FPP neutralized the effect of Compound 1 on Ras
processing at concentrations as low as 10 gM (FIG. 3B). In addition, an in vitro enzymatic
activity assay demonstrated that Compound 1 achieved dose-dependent inhibition of FTase
activity {FIG. 3C). The resulis show that Compound | mbibss protein FTase activity and i3
competitive with FPP i cell culture,

Example 11 Molecular docking of Compound 1 on protein ¥lTase

00119} The anuno acid sequence for Flase (Accession no.: HCQ_A) was
downloaded from the National Center for Biotechnology Information protein database. A
CDOCKER-A CHARMm-based molecular docking algorithm was applied to predict and
assess the interaction between Compound 1 and the FTase CAAX box {see e.g. Wu G, etal,,
Vieth M (2003) Detailed analysis of grid-based molecular docking: & case study of

CDOCK ER—A CTHARMm-based MD docking algorithm. Journal of Compuotational
Chenustry 24 (133 1549-1562}. In ovder to tunit bias, all user-adjustable parameters were
kept at their defanlt setiings.

[00120] To predict the putative mteractions between FTase and exsmplary
cyvelohexenone compounds deseribed herein (e.g., Compound 1), 8 molecular docking
approach was conducied using the Dock Ligands {CDOCKER) program. Using the crystal
structure of Flase (PDB ID LICOY) a3 a temaplate, we built a docking model o characterize
the interaction between Compound 1 and the CAAX motif in FTase. Docking studies showed
that Compound | and FPP bind in g sinular orientation to the Flase active site (FI1G. 4A-B).
The farmesyl group of Compound 1 lies in the bydrophobic cavity and mteracts with a
number of conserved aromatic residues. The ring structure with the fumctional groups of
Compound 1 and the diphosphate motety of FPP are located near the off-subunit interface.
The cviotoxic effects of the Compound 1 analogues indicate that the length of the isoprens
anit and the 27-hydroxy groap play vital roles in mediating cytotoxic activity.

(0461211 The docking model can also be used to explam differences in the cytotoxic
profiles of Compound 1 analogues. It bas been shown that the number of soprene nnils
influences the binding affimty of 1soprenoids for FTase. The 27-hydroxy groap of Compoand

I may form intermolecular bydrogen bonds with the tyrosiue residue, Y3000 (FIG. 4C). In

5.
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addition, the spatial arrangement of the ting stracture of Compound 1 indicated that the 3-
methoxy group is located in an unoccupied space near the interface of the FTase subanits.
Thus, it 1s likely that demethoxy-Compound 1 would show an 1Cs only slightly less than the
protatype, Compound 1. These resulis provide important structural insighis tido the specific
architecture of Compound 1 and the CAAX motif in Flase (FIG. 4D), wiuch will help with
the rattonal design of active cyclohexenone compounds described herein {e.g., Compound 1
analogues).

Example 12: Compound 1 enhanced aulophagic activity in cancer cells

{00122} QOur previous investigations mdicated that Compound 1 induces apoptosis
and/or autophagic cell death in huoman cancer cell lines vig the PI3K/mTOR pathway. Ras
lies upstream of PI3K and has been demonsirated to negattvely regulate avtophagic sctivity
in RasVall2-transformed NTHAIT3 cells. Here, the level of Compound I-Induced autophagy
it o hung cancer cell hine was measured by immunoblot analysis of Beclin-t and LC3RB.
LC3B-contabiing antophagosomes were visualized by confocal microscopy. The results
indicated that Bechn-1 expression increased at 24 b and 48 h after Compound 1 treatment
(FIG. 3A-B}). Compound 1 also induced auophagic conversion of LC3B-1 o LO3IB-HL
Further, LC3B-H-associated antophagosomes (green fluorescent spots) were observed by
confocal nucroscopy (FIG. 5CY

Statistical Analysis

00123} Results of the Examples were expressed as the niean  standard evror of the
mean (SEM) of three mdependent experiments. A single factor par-wise ANQOVA statistical
analysis was conducied to determine the significance in differences. A two-tatled P-value of
less thas (.03 was considered significant.

Example 13: Efficacy test of Compound 1 on leukemia cancer xenoerafl model

124} Six o seven weeks old male CB.17 SCID mice were purchased from
BioLasco Tatwan Co., LTD. and quarantined for one week, During experiment period, 3
mice will be housed in one cage. All animals will be hosted in the Da-Hu antimal facility ina
12-h light/'12-h dark cvele at 19-25°C. Animals have free access to rodent pellet food and
wiater ad libitam. The experimental protocol of animal study was reviewed and approved by
the Institutional Animal Care and Use Comnutiee, DCB. Conmpound 1 was diluted m ohive
oil to final concentrations of 12 mg/ml.

00125} Twnor cefl Bne: THP-1 cells (Jeokemia) were cultired in RPMI-1640 mediom

or DMEM medivm wiuch supplemented with 10% heat smactivated fetal bovine serum. The
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cells were cultied in tissue culture fasks in g humsdified imcubator a1 37 °C, w an

atmosphere of 3% CQO; and 95% alr.

n Vivo Implantation

{00126} The human cancer cells used for implantation were harvested during log phase

growth and resuspended in phosphate buffered saline to a concentration containing 2 x 1¢°

cells'mb of THP-1, i 0.1 mL of a 30%% Matrigel solution (BD Biosciences, M4, USA)

When the average tumor volume had reached 150 mny', the mice were randomly divided into

2 groups and were administraied with test articles. Volome was calaudated using the formula:
Tamor Volume = {w” #¥2

where w = width and / = length in dimmeter (mn) of the tumor,

Treatment
{00127} The following table presents a sunumary of the treatment plan. All treatments

of Compound 1 were administered by oral gavage (PO} twice/day (bID) and 5 daysiweek for
4 weeks. All doses were adnunistered m a volume of 10 mLikg body weight. Vehicle group
received the same vohume of olive o served as control group for caleulation of tumor growth

inhibitton rate.

Treatment Regimen
Group N
Agent Dose Route Schedule
Vehicle biD x Sdaysiwk x
i 5 o - PO
{clive oil) 4 wk
] _ . - biD x Sdaysiwk x
2 5 Compound 1 120 mg'kg PO
4 wk

Assessments of tuntor volunie and body weight
[ 281 Tumors were measured twice per week using calipers. The percentage of
tumor growth infubition {TGT) was caleulated using the following formula

QETGE = {1 - (THCY % 100%
where T and C represent the mean tumor volumes of the treatment group and the control
group, respectively. Animals were weighed twice weekly until the completion of the study.
The body weight change was calculated as the percentage ncrease in body weight compared
to the initial body weight.

Brata analvsis

A
(3%
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081291 Data was exprassed as meantSEM, Comparisons belwesn 1w groups were

performed ysing Student’s 7 test. A p valae <0.05 was considered statistically significant

difference,
Results
{00130} FIG. 8 shows almost no body weight changes of THP-1 xenograft nice treated

with test compound. The tmor-bearing mice were treated with vehicle {olive o1ty or
Compound 1 at 120 mg/kg by oral gavage twice per day and 5 davs per week for 4 weeks.
The body weight was measured twice weekly.

[0 31} F1G. 9 shows decrease of the tumor volume of THP-1 xenograft mice treated
with test compound. The tumor-bearing mice were treated with vehicle {(olive oil) or
Antroguinonol at 120 mgkg by oral gavage twice per day and § days per week for 4 weeks.
The tumor volume was measured twice weekly, ¥¥4P<0.003 compared to velucle control.
{00132 FIG. 10 shows the decrease tumor mass weight at the end poit of THP-1
xenograll mice treated with test compound.

jO1133] These results clearly demonstrate the effectness and efficacy exemplary
mvention Compound 1 on leckemia cancer treatment based on xenograft model.

Example 14 Use of Compound 1 for Treaung Patients With Acute Myveloid Leukemia,

Myelodvsplasia, Non-Hodukin's Lviaphoma, or Multiple Mveloma

[00134] Chinical trial to study the effectiveness of the cyclohexenone compounds
described hevein such as Compound 1 i treating patients who have acute myeloid leukemia,

myelodysplasia, nos-Hodghkm's lymphoma or multiple myeloma.

{01 354 Study Type:  Interventional
{00136} Study Design: Masking: Open Label
foa137) Privnary Purpose: Treatmen

OBIECTIVES:
{00138} Petermine the abiity of Compound 1 i treating patients who have acute

myveloid leakemia, myelodysplasia, non-Hodgkin's lvmphoma or muluple myeloma.

00139 Determine the effect of this treatment regimen in these patienis.
jH11 30} Determune the safety and potential antitemor efficacy of this reatment

regimen in these patients.
00141} OUTLINE: Patients receive Compound 1 orally on days 1-12. Patients with
acute mveloid leukemia who respond to therapy may teceive & second course approximately

10 days after the end of the first. Subsequent zourses in these patients, and all additional
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courses iy atl other patients, are repeated every 21 10 28 days in the absence of disease
progression or snacceplable toxicity.

Ehgihiliny

{00142} Ages Eligible for Study: 18 Years and older

{00143} CGenders Eligible for Study:  Both

001441 PROJIECTED ACCRUAL: A total of 20 patients will be accrued for this
study.

FHI145] DISEASE CHARACTERISTICS:

Diagnosis of one of the following neoplastic diseases:
Acute myeloid leukemia

Myelodysplasia

Low or intenmediate grade non-Hodgkin's lymphoma

Multiple myeloma

jO146] Failed prior conventional therapy and no other known carative therapy exisis
0147} Pattents with non-Hodgkin's lvmphoma must have tumor cells in bone

marrow of mahgnant effusions that are accessible for bone marrow gspiration or
paracentesis/thoracentests NOTE: A new classification scheme for adult non-Hodghn's
Iymphoma has begn adopted by PR The ternunology of "indolent” or "aggressive”
Ivmphoma will replace the former ternunology of "low”, "intermediate”, or "high"” grade
lymphonwa. Howevaer, this protocol uses the former terminology.

PATIENT CHARACTERISTICN:

00148} Ager 18 and over

{00149} Performance status: Karnofsky 60-100%

[30150] Life expectancy: Not specified

{00151} Hematopoietic: Patients without leukemia or myeloma:

WBC at least 2,500/mm’; Platelet count at feast 75,000/mm’

001521 Hepatic: Bilirubin no greater than 2.5 mgddl
1183 Renal: Creatinine no greater than 2.5 mg/dL
184} Other: Not pregnant or nursing; Negative pregnancy test; Fertile pationts must

use effective contraception during and for 4 weeks after study

{00155} PRIOR CONCURRENT THERAPY:
(08156} Biologic therapy: Mot specified

A=
LA
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[ 57} Chemotherapy: Patients without leukemia: At Jeast 3 weeks since priog
cytotoxic chemotherapy

{00158} Endocrine therapy: Not specified

(00159} Radiotherapy: Patients without levkemia: At least 3 weeks since prior
radiotherapy

001601 Surgery: Not specified

Example 15 Oral Formulation

00161} To prepare a pharmaceutical composition for oral delivery, 100 mg of an
exemplary Compound 1 was mixed with 100 mg of corn oil. The mixture was incorporated
mnie an oral dosage unit in a capsule, which is suitable for oral admnustration.

001621 In some instances, 100 me of a compound described herein i3 mixed with 750
mg of starch, The mixture is ncorporated into an oral dosage unit for, such as a hard gelatin
capsule, which is suitable for oral adnunistration.

Example 16: Sublineual (Hard Lozenee) Formulation

163} To prepare a pharmaceuatical composition for buceal delivery, such as a hard
fozenge, mix 100 mg of a compound described herein, with 420 myg of powdered sugar
mixed, with 1.6 mL of light com syrup, 2.4 mb distilled water, and (1,42 mL nunt extract, The
mixture is gently blended and poured inte a mold to form a lorenge suitable for buccal
administration,

Example 17 Inhalation Compuosition

[ 64} To prepare a pharmaceutical composition for inhalation delivery, 20 mg of a
compowd described herein is mixed with 50 mig of anhvdrous cifric acid and 100 mi of
{1.9% sodium chioride solution. The mixture is incorporated into an inhalation delivery anit,
such as a nebulizer, which is suitable for mbalation administration,

{00165} While preferved embodiments of the present invention have been shown and
described herein, it will be obviows 1o those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will now
seeur 10 those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described heremn may be
employed in practicing the myvention. 11 idended that the following clanmg define the
scope of the invention and that methods and structures within the scope of these claims and

thair equivalents be covered thereby,
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CLAIMS
WHAT IS CLAIMED IS:
i. A method for wreating or reducing the risk of leukemia 1 a subject comprising

adnunistering to said subject a therapeutically effective amount of a cyclohexenone

Ry~ CHs
Osp A AR
! n
R ~ /i\ PN
X7 Y Cor
, Ye
compond having the stroctare: Ry

wherein each of X and Y independently is oxygen, NR;s or sulfur;
Ris & hydrogen or C(=O)C -Calkyk
each of Ry, Ry and Rs independently 13 a hvidrogen, optionaily substituted mathyl or
{CHp—CHa,
Ry 18 NR:Rq, ORs, OQCEQIR,, T{=0Y0Rs, Ci=01R:, C(=0INRR,, halogen, § ar 6~
membered lactone, C-Calkyl, C-Calkenyl, C-Calkyayl, arvl, glucosyl,
wherein the 3 or 6-membered lactone, U ~-Calkyl, C,-Calkenyl, C,-Calkyvoyl, arvl,
and glucosyl are optionally substituted with one or more substituents selected from
NR:sRg, ORs, QUOIR,, C=EOIOR;:, CEOWRs, C(=0NRKR,, (T§~{TS alkyl, (T;!—{TS
alkenvl, C-C, alkynyl, C-C cycloatkyl, and C -C haloalkyk;
each of Ry and R is mdependently a hydrogen or C-Coalkyl;
Ry s a C-Calkyl, ORsor NRsRg
m= 112 and

n=1-12; or a pharmaceutically accepiable salt, metabolite, solvate or prodrug thereof

2 The method of clamm 1, wherein the leukemia is an acute leukenua.
3. The method of clains 1, whergin the leukemia is chronic leukenyia.
4. The method of claim 2, wheretn the acute leukemia is an acute myeloid

levkemia, acute ervthroid leukenua, acute lymphoblastic levkemua, T-cell acute
Ivmphoblastic feukemia, aduit T-cell lenkemia/tvimphoma, precursor T acute fvmphoblastic
feukemia‘lymphorog, or blast crisis of chronic myelogenous leukemia.

5, The method of clamm 3, wherain the chronie leukenua is a chronie
myelogenous leakenna, chronic lvimphocytic feukemia, hairy cell feukemia.

5. The method of claim 5, wherein the chronic leakemia is a chronie

nvelogenous leukemia.
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The method of claim 1, wherein said evelohexenone compound, or a
pharmaceutically acceptable salt, metabolite, solvate or prodrag thereof] is administered
orally, parenterally or itravenously.

8. The method of claim {, wherein said eyclohexenone compound, or a

pharmaceutically acceptable salt, metabolie, solvate or prodrug thereot, 15 administered by

injection.
@, The method of claim 1, wherein said cyclohexenone compound, or a

pharmaceutically acceptable salt, metabolite, solvate or prodrag thereof] 1s administered
orally.

10, The method of claim |, wherein said subject is buman.

1. The method of claim |, wherain said compound is isolated from dnwradia
camphoraia.

i
CE=QOHH;.

o]

The method of claim 1, wherein R is @ hydrogen, C=0)CH,, CEOCH;, or

i3. The method of claim 1, wherein each of Ry, R; and Ry mdependently is a
hvdrogen, methyvl, ethyl, propyl, botvl, pentyd, bexyl, haptyvl, or ooyl

14, The method of any one of clatms 13, wherein Ry is g hydrogen or methyl.

i The method of any one of claims 13, wherein R; 13 a hydrogen or methvl

i6. The method of clam 1, wherain Ry is halogen, NH;, NHCH;, N{CH;),, OCH;,
QU Hs, C=0)CH;, Cl=00CaHs, CE0Y0CH;, C=000 Hs, CEOINHCH;, CEOINHCH;,
CEOINH:, OCEOICH:, OCEOIC:HS, OCEOOCH;, OCEOIOC:Hs, OCHEOINHCH:,
QC(=OINHC Hs, or OC{(=0)NH..

17, The method of claim 1, wherein Ry is GHsCCH0H, CHEC{CH:):0CH:,
CH>COOH, GH=COOH, CH;0H, CGHS0H, CHPh, CuHPh, CHCH=C{CH X CHO),

CHUH=CCH X C(=0OM0H)Y, § or G-membered lactome, arvl, or glucosyl, wherein the § or 6-

(¥4

ol

membered factone, aryl, and glucosy! are optionally substituted with one or more substituents
selected from NRsRg, ORs, OCEOR, CL=0)0Rs, CEORS, CEOINRR,, C-Catkyl, C-

C, atkenyl, C-C_ alkynyl, C-C eveloatkyl, and C~C haloalkyl.

1%, The method of claim 1, whevein Ry is C-Calkyt optionally substituted with
one or more substituents selected from NRRs, ORs, OUEOIRy C(=Q10Rs, CHE=OR;,
C=0INRsR,. C o alkyl, C;nC o alkenyl, (f,‘..f{ffﬂ alioenyl, C‘S—C ¢ evcloalkyd, and C‘.l -C
haloalkyl

19 The method of claim 18, wherein R is CHyCH=C{CH .
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20, The method of claim 1, wherein said compound is

CHq {?{Hg ?HS CHy
D\\[J\ V/”\\\_,;fx" N N \V/N\J?LCHA
~ § -
Hilg Y oH
O\
CHa
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FIG. 6
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