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DERIVATIVES OF EPA ENDOCANNABINGID EPOXIDES AS ANTI-
INFLAMMATORY, ANTI-CANCEROUS, ANTI-ANGIOGENC AND ANTIPLATELET
AGGREGATION COMPOUNDS

CROS5-REFERENCE TO RELATED APPLICATION

{0001} This application claims the benefit of and prionity to U.S. Provisional Application
No. 62/560,726, filed on September 20, 2017 the content of which is incomorated by

reference herein m its entirety, and priority to which is hereby claimed.

BACKGROUND

[6002] Endocannabinocid ¢poxides {(¢CBs) have been found in various rat organs and have
been shown to be anti-inflammatory, anti-angiogenic and to reduce platelet aggregation.
However, eCBs have two hydrolysable functional groups which make them less stable in the
human body. First, soluble epoxside hydrolases (sEH) hydrolyze the epoxide to imactive diol
compounds and fatty acid amide hydrolase (FAAH) hydrolyzes the amide functional group to
free acid, thereby reducing the molecule’s biclogical activity. Derivatives of e(UBs with

mmproved biological stability are needed to make them better candidates for therapeutics.

SUMMARY

{8603} The present nvention relates to novel endocannabinoid epoxides, their salts and

pharmaceutical compositions and methods of use.

In one aspect, the invention provides a compound of formula (1), compounds or composttiong

of formula (1), or a pharmaceutically acceptable salt thereof,

0
L2 L Rr2
< T il

wherein,
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A
oncof LLUEA LY LY and L7 is bt ¢ and the others of L', L2, L3, L, and L’ are

>

A

2, 3 :

A N g3~ to 6-membercd ring containing at least one heteroatom selected from
the group consisting of oxygen, nitrogen, and sulfur;

R! is hvdrogen, Cisalkyl, Cishaloalkyl, —Cisalkylene-R¥, -G, or —Cisalkylene-G;

Glis Cascycloatkyl, Csseyeloalkenyl, arvl, heteroaryl, or heterocycele, wherein G s
optionally substituted with 1, 2, 3, or 4 RY;

R? is Cieatkvl, Cishaloatkvl, ~Cisatkviene-R*?, G2, or ~Cisatkylene—G?;

(% is Caseycloalkyl, Cs.scycloatkenyl, arvl, heteroarvl, or heterocyele, wherein G?is
optionally substituted with 1, 2, 3, or 4 R*%,

R*! and R* at each occurrence are independently cvano, ~OH, ~OCalkyl, -
OC(O)Craalkyl, ~NHz, ~NHCaalkyl, -N{Craalkyly, -NBO{OY aalkyl, or -N((h-
satkvYC(O)Crsalkyl;

A) :
(), A,

provided that R? is not -CH2CH>OH when oo N o

[6004] In another aspect, the invention provides a pharmaceutical composition
comprising a compound of formula (1), or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

[B085] In another aspect, the present disclosure provides a use of a compound or
coraposition of formula (I), or a pharmaceutically acceptable salt thereof, for treating a
disease, condition, or disorder in a subject. For example, the compounds or compositions
disclosed herein may be used for treating cancer, reducing inflammation, reducing platelet

aggregation, reducing angiogenesis or mducing vasoconstriction or vasodilation.

{086} In another aspect, the present disclosure provides a use of a compound or
composition of formuda (I), or a pharmaceutically acceptable salt thereof, for manufacturing a
medicament for treating a disease, condition, or disorder in a subject. For example, the

compounds or compositions disclosed herein may be used for manufacturing a medicament
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for treating cancer, reducing inflammation, reducing platelet aggregation, reducing

angiogenesis, or inducing vasocoustriction or vasodilation,

{3007 In vet another aspect, the present disclosure provides a method of treating cancer
comprising administering to a subject in need thereof a therapeutically effective amount of 3
compound of formula (I}, or a pharmaceutically acceptable salt thereof, or a pharmaceutical

composition thergof,

[008] In vet another aspect, the present disclosure provides a method of reducing
mflammation comprising administering to a subject in need thereof a therapeutically effective
amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof, ora

phammaceutical composition thercof,

[B089] In vet another aspect, the present disclosure provides a method of reducing
platelet aggregation comprising administening to a subject m need thereof a therapeutically
effective amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof,

o1 a pharmaceutical composition thergof,

EEIRL) In yet another aspect, the present disclosure provides a method of reducing
angiogenesis comprising administering to a subject in need thereof a therapeutically effective
amount of a compound of formula (I}, or a pharmaceutically acceptable salt thercof, or a

pharmaceutical composition thereof.

{6611} In vet another aspect, the present disclosure provides a method of inducing
vasoconstriction or vasodilation comprising administering to a subject in need thereof a
therapeutically effective amount of a compound of formula {1}, or a pharmaceutically

acceptable salt thereof, or a pharmaceutical composition thereof.

[06612] Other aspects will become apparent by consideration of the detailed description

and accompanying drawings.

Brier DESCRIPTION OF THE DRAWINGS

01 3] The features, objects and advantages other than those set forth above will become
more readily apparent when consideration is given to the detailed description below. Such

detatled description makes reference to the following drawings.

'
3
i
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861 4] FIG. 1A shows the structures of EEQ-EA | and various gpoxide, aziriding and
thiirane derivatives and the corresponding syntheses from EPEA epoxide (EEQ). Epoxide
derivatives, 8,9-cpoxyeicosatetracnoyi-N-propyvlamine (EEQ-NA), 8.9-
epoxyeicosatetracnovi-isopropylamine (EEQ-IA), 8 Y-epoxyeicosatetracnoyi-
cyclopropvlamine (EEQ-CA), were synthesized from EEQ by amine coupling with
EDC/NHS 10 MeCN and incubated at room temperature for 14hrs. Aziridine derivatives, 1.¢.
8, Y-azinidine-cicosatetracnovi-cthanolamine (AzE-EA), and thitrane derivatives, 1.e. §,9-

thitranc-eicosatetracnoyl-ethanolamine (ThE-EA), are prepared as gencrally shown,

[B015] FIG. 1B shows modifications at the carboxyvlic acid group of EEQ-EA for all
corrgsponding epoxide denvatives, 1.¢. 5,6-EEQ-cvclopropylamine, 5,6-EEQ-n-propylanineg,
5,6-EEG-1sopropylamide through to 17-18-EEQ-cvelopropylamine, 17,18-EEG-n-

propvlamine, 17,18-EEQ-1sopropylamide.

{001 6] FIG. 1C shows aziridine derivatives of 5,6-EEQ through 17, 18-EEQ for three

amde groups.

{6617 FIG. 1D shows thiirane dernivatives of 5,6-EEQ through 17,18-EEQ for three

amide groups.

j3318] FIG. 2 shows EEQ-EA regioisomers role in newromflammation. BV-2 nucroglial
cells were pre-incubated with EEQ-EA regioisomers (2.5 pM) for 4 hours followed by LPS
{25 ng/mb} stimulation. Culture medium was collected afier 24 hours and analyzed for
promflammatory NO (n=3). Significant P values are indicated as *** (P<0.001), ** (P<0.01),

and * (P<0.03).

01 9] FIG. 3A, FIG. 3B, FIG. 3C and FIG. 3D show the dose-dependent NO and 11-6
studies for 17, 18-EEQ-EA and 8,9-EEQ-EA. BV-2 microglial cells were pre-incubated with
varying concentrations of 17,18-EEQ-EA or 8,9-EEQ-EA for 4 hours followed by LPS (25
ng/mk.} stimulation. Culture mediwm was collected after 24 bours and analyzed for NO (A,
C) and [L-6 (B, D) production. Sigmficant P values are mdicated as *%* (P<0.001), **
{(P<0.01), and * (P<0.05). Values are expressed as meant: SEM and +/- indicates LPS added
or LPS not added. * represents P<0.03, ** represents P<0.01, *** represents P<0.001, *##*

represents P<0.0001 relative to LPS.
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{0628} FIG. 4A, FIG. 4B, FIG. 4C and FIG. 4D show FAAH (FIG. 4B and FIG. 4D) and
sEH (FIG. 4A and FIG. 40) hydrolysis of 17 18-EEQ-EA and 8,9-EEQ-EA | respectively. To
determine the rate of hydrolysis by sEH, increasing substrate (8,9-EEQ-EA) concentrations
were incubated at 37°C with sEH ([E] fisat = 6 nM). For Vmax and Km values, plots were fitted
to the Michaelis-Menten equation using Origin Pro. For FAAH hydrolysis, membrancs from
rat forcbrain tissue were isolated for time-based hydrolysis. Incubations were performed with
100 pg of forebrain protein and 50 uM of substrate for 5, 20 and 40 minutes at 37°C. Both

reactions were measured for product conversion using LC-MS/MS.

{6021} FIG. 5A and FIG. 5B show dose—response curves for cannabinoid receptor |
(CNR1) and cannabinoid receptor 2 ({CNR2), respectively. The dose response curves were
generated by monitoring the relative luminescence of cannabmoid receptor 1 (CNR1) and
cannabinoid receptor 2 (CNR2) of PRESTO-Tango gene-transfected HTLA cclls for 17,18~
EEQ-EA, EPEA, and CP 55940, Values shown are the mean + SEM of experiments

performed multiple times (7= 3-7), ¥P <0.03, **P < (.01, and ***FP < 0.001.

6022} While the present mnvention is susceptible to various modifications and altemative
forms, exemplary embodiments thereof are shown by way of example in the drawings and are
herein described in detaid. It should be understood, however, that the description of
exerplary embodiments is not intended to hmt the mvention to the particular forms
disclosed, but on the contrary, the intention is o cover all modifications, equivalents and
alternatives falling within the spirit and scope of the mvention as defined by the embodiments
above and the claims below. Reference should therefore be made to the embodiments above

and claims below for interpreting the scope of the invention.

DETATILED DESCRIPTION

{18023} By way of mtroduction, compounds of the invention are dertvatives of a class of
biclogical lipid mediators known as endocannabinoids. Endocannabinoid cpoxides (¢(UBs)
have been found in various rat organs and have been shown to be anti-inflammatory, anti-
angiogemic and reduce platelet aggregation. However, eCBs have two functional groups that
arc susceptible to hydrolysis, which makes them less stable in the human body. Soloble
epoxide hvdrolases (sEH) convert the epoxide to inactive diod compounds and fatty acid
amide hydrolase (FAAH) converts the amide functional group to free acid, thereby reducing

the molecule’s biological activity. In this disclosure, denvatives of endocannabinoids at both

'
(v
i
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the epoxide and the amide ends improve the biclogical properties of the compositions by
reducing hydrolytic susceptibility in the body and mereasing the longevity of the molecules.
The svnthesis of these derivatives is based on rational design to reduce the hydrolvtic
susceptibility of these groups to sEH and FAAH. Furthermore, these derivatives retain anti-
mflammatory, anti-cancer, anti-platelet aggregatory and anti-angiogenic propertics. By
unproving the biclogical stability, these compounds are better candidates for therapeutics.
These molecules are derivatives of endogenous biological molecules found in all the tissues
and are expected 1o have fewer side effects as compared to other typical anti-inflammatory
drugs. Additionally since they target multiple signaling pathways leading to different varied
cifects, they are more likely to provide svnergistic offects in disease conditions. For instance,
as they are anti-neuroinflammatory and vasodilatory, they are expected to play important role

i cerebrovascular diseases.

i. Definitions

{6624] Ag described herein, compounds of the invention can opticnally be substituted
with one or more substituents, such as are iHlustrated gencrally above, or as exemplified by
particular classes, subclasses, and species of the invention. As deseribed heremn, the variables
m formula I encompass specific growps, such as, for example, alkyi and cveloalkvl. As one of
ordinary skill in the art will recognize, combinations of substituents envisioned by this
mvention are those combmations that result in the formation of stable or chemically feasible
compounds. The term "stable,” as used herein, refers to compounds that are not substantially
aftered when subjected to conditions to allow for their production, detection, and preferably
their recovery, purification, and usc for one or more of the purposes disclosed herein. In some
embodiments, a stable compound or chemically feasible compound is one that 1s not
substantially altered when kept at a temperature of 40°C or less, in the absence of moisture or

other chemicallv reactive conditions, for at least a week.

{6625] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as conmmonly understood by onc of ordinary skill in the art. All publications,
patent applications, patents and other references mentioned herein are incorporated by
reference in their entirety. The materials, methods, and examples disclosed herein are

tHustrative only and not intended to be Hmiting.

o2

EEIN1Y

[0026] The terms “comprise(s}.” “include(s},” “having,” “has,” “can,” “contain{s}),” and

variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or

-6 -
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words that do not prechide the possibility of additional acts or structures. The singular forms
“a,” “an” and “the” include plural references unless the context clearly dictates otherwise,
The present disclosure also contemplates other embodunents “comprsing,” “consisting of”
and “consisting essentially of,” the embodiments or elements presented herein, whether

explicitly set forth or not.

{80627} The modifier “about” used in connection with a quantity is mclusive of the stated
value and has the meaning dictated by the context (for example, it includes at least the degree
of crror associated with the measurement of the particular quantity). The modificr “about”
should also be considered as disclosing the range defined by the absolute values of the two
endpoints. For example, the expression “from about 2 to about 47 also discloses the range
“from 2 to 4.7 The term “about”™ may refer to plus or minus 10% of the indicated number.
For example, “about 10%” may ndicate a range of 9% to 11%, and “about 17 may mean
from 0.9-1.1. Other meanings of “about” may be apparent from the context, such as rounding

off, so, for example “about 17 may also mean from 0.5t0 1.4,

[0028] Definitions of specific functional groups and chemical terms are described in
more detail below. For purposes of this disclosure, the chemical elements are identified 1n
accordance with the Periodic Table of the Elements, CAS version, Handbook of Chemistry
and Physics, 75th Ed., inside cover, and specific functional groups are generally defined as
described therein. Additionally, gencral principles of organic chemistry, as well as specific
functional moigtics and reactivity, are described 1o Organic Chemistry, Thomas Sorrell,
Umiversity Science Books, Sausalito, 1999; Smuth and March March’s Advanced Organic
Chemistry, 5th Edition, John Wiley & Sons, Inc., New York, 2001; Larock, Comprehensive
Organie Transformations, ¥VCH Publishers, Inc., New York, 1989; Carruthers, Some Modem
Methods of Organic Synthesis, 3rd Edition, Cambridge University Press, Cambridge, 1987;

the entire contents of each of which are mcorporated heremn by reference.

[6029] The term “alkyl” as used herein, means a straight or branched chain saturated
hvdrocarbon. Representative examples of alkyl imclude, but are not limited to, methyi, ethvl,
npropyl, isopropyl, n-butyl, sec-butyl, iscbutyl, tert-butvl, n-pentyl, isopentyl, neopentyl, n-
hexyl, 3-methylhexvl, 2.2-dimethyipentyl, 2.3-dimethvipentyl, n-heptyl, n-octyl, n-nonyi, and

n-decyl.
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{8030} The term “alkviene,” as used hergin, means a divalent group derived from a
straight or branched chain saturated hydrocarbon. Representative examples of atkviene
include, but are not hinuted to, ~-CHa-, -CH2CHb-, -CHCHRCHb -, ~CHCH{CHZ)CHo-, and
CHYCH(CH }CH(CH)CH:-,

{0031} The term “arvl,” as used herein, means phenyl or a bicvclic arvi. The bicyelic aryl
i3 naphthyl, dihydronaphthalenyl, tetrahvdronaphthalenyl, indanyl, or indenyl. The phenyl
and bicyclic arvls are attached to the parent molecular moicty through any carbon atom

contained within the pheny! or bicyclic arvl.
[6032] The term “cyanc” as used herein, represents a group of formula ~CN.

{80633} The term ““cycloalkyl” as used hergin, means a monovalent group derived from an
all~carbon non-aromatic ring system countaining zero heteroatoms as ring atoms, and zero
double bonds. The all-carbon ring system can be a monocychic, bicylic, or tricyclic ring
system, and can be a fused ring system, a bridged ring system, or a spiro ring svstem, or

combinations thereof. Hxamples of cycloalkylis inchide, but are not limited to, cyclopropyl,

cvelobutyl, cvelopentyi, cyvelohexyl, cveloheptyl, cvelooctyl, and }L/@ The
cyveloalky] groups described herein can be appended to the parent molecular moiety through

any substitutable carbon atom.

{034] The term “cveloalkenyl” as used herein, means a monovalent group derived from
an all-carbon non-aromatic ring system contaming zero heteroatoms as ring atoms, and at
least one carbon-carbon double bond. The cvcloalkenyl may have from 5-10 carbon atoms as
ring atoms. The cycloalkenyl may be monocyclic, bicyclie, bridged, fused, or spirocyelic.

Exemplary monocvelic cycloalkenyl rings inchude cyclopentenvi, cyclohexenvi

cveloheptenyl, and bicvelo[2.2 1lheptenyl.
[6035] The term “halogen” means a chlorine, bromine, 1odine, or fluorine atom.

{8636} The term “haloalkyl” as used herein, means an alkyl group, as defined herein, 1
which one, two, three, four, five, six, seven or eight hydrogen atoms arc replaced by a

halogen.
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{8637} The term “heteroaryl,” as used herein, means an aromatic heterocvele, 1.¢., an
aromatic ring that containg af least one heteroatom selected from O, N, or §. A heteroaryl
may contain from 3 1o 12 ring atoms. A heteroarvl may be a 5~ to 6-membered monocyclic
heteroarvl or an 8- to 12-membered bicychc heteroaryl, A S-membered monocyclic
heteroaryl ring contains two double bonds, and one, two, three, or four heteroatoms as ring
atoms. Representative examples of S-membered monocyelic hetercaryls inchude, but are not
himited to, furanyl, tmidazolyl, isoxazolyl, isothiazolyl, oxadiazolyi, oxazolyl, pyrazolyl,
pyrrolyl, tetrazolvl, thiadiazolyl, thiazolvl, thienyl, and trazolyl. A 6-membered heteroaryl
ring contains three double bonds, and one, two, three or four heteroatoms as ring atoms.
Representative examples of 6-membered monocvelic heteroaryls include, but are not limited
to, pyridinyl, pyridazinvl, pvomidinyl, pyrazinyl, and trnazinvi. The bicyelic heteroaryl is an
3-to 12-membered ring system having a monocyclic heteroarvl fused to an aromatic,
satarated, or partially saturated carbooyclic ring, or fused to a second monocyclic heteroaryl
ring. Representative examples of bicyelic heteroaryl include, but are not imited to,
benzofuranyl, benzoxadiazolyl, 1,3-benzothiazolyl, benzinudazolyl, benzothienyl, indolvl,
mdazolyl, isoquinolinyl, naphthyndinyl, oxazolopyridine, quinolinyl, thienopyridinyl, 5 .6, 7
JR-tetrahydroguinolinyl, and 6, 7-dihvdro-5H-cyvelopentalblpyridinyl. The heteroaryl groups
are connected to the parent molecular moiety through any substitutable carbon atom or any

substitutable nitrogen atom contained within the groups.

{86638} The terms “heterocycele”™ or “heterocvelic” refer generally to ring systems
containing at least one heteroatom as a ring atom where the hetercatom 1s selected from
oxygen, nitrogen, and sulfur. In some embodiments, a nitrogen or sulfur atom of the
heterocycele is optionally substituted with oxo. Heterocycles may be a monocyelic
heterocvcele, a fused bicvelic heterocycle, or a spiro heterocyele. The monocyclic heterocycle
is generally a 4, 5, 6, 7, or 8-membered non-aromatic ring containing at least one hetercatom
selected from O, N, or 8. The 4-membered ring contains one heteroatom and optionally one
double bond. The 5-membered ring containg zero or one double bond and one, two or three
hetercatoms. The 6, 7, or 8-membered ring contains zero, one, or two double bonds, and one,
two, or three heteroatoms. Representative examples of monocyclic heterocycle include, but
arc not limited to, azetidinyi, azepanvl, diazepanyl, 1,3-dioxanyl, 1,4-dioxanvl, 1,3~
dioxolanyl , 4,5-dibydroisoxazol-5-vl, 3, 4-dihvdropyranyl, 1,3-dithiolanyl, 1,3-dithianyl,
mwmidazolinyl, imidazolidinyl. 1sothiazolinvl, 1sothiazolidinyl, isoxazolinyl, isoxazolidinyl,

morpholinyl, oxadiazolinyl, oxadiazolidinyl, oxazolinyl, oxazolidinyl, oxetanyl, piperazinyl,

-9.
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piperidinyvl, pyranyl, pyrazolinyl, pyrazolidinyl, pyrrolinyl, pyrrohidinyl, tetrahvdrofaranyl,
tetrahydropyranyl, tetrabhydrothienyl, thiadiazobinyl, thiadiazolidinyl, thiazohinyl,
thiazolidinyl, thiomorpholinyl, 1. 1-dioxidothiomorpholinyl, thiopyranyl, and trithianvl. The
fused bicyclic heterocycle 1s a 7-12-membered ring system having a monocyclic heterocycle
fused to a phenyl, to a saturated or partially saturated carbocyelic ring, or to another
monocyclic heterocvelic ring, or to a monocycelic heteroaryl ring. Representative examples of
fused bicyclic heterocyele include, but are not limited to, 1,3-benzodioxol-4-vl, 1,3~
benzodithiolyl, 3-azabicyelo{3.1.0lhexanvl, hexahydro-1H-furo|3 4-clpyrrolyl, 2,3-dihydro-
1L4-benzodioxinyl, 2.3-dihydro-1-benzofuranyl, 2,3-dihvdro-1-benzothienyl, 2,3-dihvdro-1H-
mdolyl, 5,6,7 8~tetrahvdroimidazo| 1,2-alpyrazinyl, and 1,23 4-tctrabydrogumolinyl. Spiro
heterocyele means a 4-, 5-, 6-, 7-, or 8-membered monocyclic heterocyele ning wherein two
of the substituents on the same carbon atom form a second ring having 3,4, 5,6, 7, or 8
members. Examples of a spire heterocycle inchide, but are not himited to, 1,4-dioxa-&-
azaspiroj4.5]decanyl, 2-oxa-7-azaspiro|3 .5 jnonanyl, 2-oxa-6-azaspiro|3.3 theptanyl, and 8-
azaspirof4.5jdecane. The monocychic heterocvele groups of the present invention may
contain an alkviene bridge of 1, 2, or 3 carbon atoms, linking two nonadjacent atoms of the
group. Examples of such a bridged heterocvele include, but are not hinited to, 2,5-
diazabicyvelo]2.2. 1jheptanyl, 2~-azabicvelo]2.2.1 theptanyl, 2-azabicvelo2.2 2joctanyl, and
oxabicyclo] 2.2 theptanyl. The monocvclic, fused bicyclic, and spiro heterocyele groups are
connected to the parent molecular moiety through any substitutable carbon atom or any

substitutable nitrogen atom contained within the group.
{6639} The term “hydroxy” as used herein, means an ~OH group.

[6040] Terms such as “alkyl” “cycloatkyl” “alkylene,” etc. as used herein may be
preceded by a designation indicating the number of atoms present in the group in a particular
mstance {¢.g., "Craalkyvl" "Csecycloalkyl,” "Ciaalkylene™). These designations are used as
generally understood by those skilled in the art. For example, the representation "C" followed
by a subscripted number indicates the mumber of carbon atoms present in the group that
follows. Thus, "Csalky!" is an alkyl group with three carbon atoms (i.¢., n-propyl, isopropyl).
Where a range is given, as in "Ci4,” the members of the group that follows may have any
number of carbon atoms falling within the recited range. A "CiaalkyL” for example, is an
alkvl group having from 1 to 4 carbon atoms, however arranged (.., straight chain or

branched).
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{8041} If a group 1s described as being “substituted”™, a non-hydrogen substituent group is
in the place of hydrogen radical on a carbon or nitrogen of that group. Thaus, for example, a
substituted alkyl is an alkyl in which at least one non-bydrogen radical is in the place of a
hvdrogen radical on the alkvl. To illustrate, monofluorcalkyl is alkyl substituted with a
fluoro radical, and difluorealkyl is alkyl substituted with two fluoro radicals. It should be
recognized that if there is more than one substitution on a substituent, cach non-hydrogen
radical may be identical or different (unless otherwise stated). Substituent groups include, but
are not limited to, halogen, =0, =5, ¢vano, nitro, fluorcalkyl, alkoxyflooroatkyl,
fluorcalkoxy, alkyl, alkenvl, alkvnyl, haloalkvl, haloalkoxy, heteroalkvl, cycloalkyi,
cveloatkenyl, arvl, heteroarvl, heterocycle, eycloatkvialkvl, heteroarvialkyl, arvialkyl,
hyvdroxy, hydroxvalkyl, alkoxy, alkoxvalkyl, altkvlene, arvioxy, phenoxy, benzvioxy, amino,
alkvlamino, acvlamine, aminoalkyl, arylamino, sulfonylamine, sutfinylamino, sulfonyl,
atkyiselfonyl arvisulfonyl, aminosulfonyl, sulfinyl, -COOH, ketone, amide, carbamate, and

acvl.

{0042} When a group 1s referred to as “unsubstituted” or not referred to as “substituted”
or “optionally substituted”, it means that the group does not have any substituents. I a group
is described as being “optionally substituted”, the group may be either (1) not substituted or
{2) substituted. I a group is described as being optionally substituted with up to a particalar
number of non-hvdrogen radicals, that group may be either (1) not substituted; or (2)
substituted by up to that particular mumber of substituent groups or by up to the maximum

number of substitutable positions on that group, whichever is less.

3043} I substituents are described as being independently selected from a group, each
substituent is selected independent of the other. Each substituent, therefore, may be identical

to or different from the other substituent(s).

{0044] Uunless otherwise stated, structures depicted herein are also meant to mclude all
isomeric {¢.g., cnantiomeric, diastercomeric, and geometric {or conformational)) forms of the
structure; for example, the R and S configurations for each asvmmetric center, () and (E)
double bond isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastercomeric, and geometric ( or
conformational} muxtures of the present compounds are within the scope of the invention.
Unless otherwise stated, all tautomeric forms of the compounds of the invention are within

the scope of the invention. Thus, included within the scope of the invention are tauiomers of
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compounds of formula I The structures also include zwitterioine forms of the compounds or

salis of formula | where appropriate.

[8045] The terms "effective amount” or "therapeutically effective amount,” as used
herein, refer to a sufficient amount of an agent or a composition or combination of
compositions heing adminisicred which will relieve to some extent one or more of the
symptoms of the disease or condition being treated. The result can be reduction and/or
alleviation of the signs, symptoms, or causes of a disease, or any other desired alieration of a
biological systen. For example, an "effective amount” for therapeutic uses is the amount of
the composition comprising a compound as disclosed herein required to provide a clinically
significant decrease in disease symptoms. An appropriate "effective” amount i any
mdividual case may be determined using techniques, such as a dose escalation study. The
dose could be adnunistered in one or more adnunistrations. However, the precise
deternmination of what would be considered an effective dose may be based on factors
mdividual to each patient, including, but not limited to, the patient's age, size, type or extent
of disease, stage of the discase, route of administration of the regenerative cells, the type or
extent of supplemental therapy used, ongoing disease process and type of treatment desired

{e.g., aggressive vs. conventional treatment).

{00406] As used herein, "treat,” "treating” and the hike means a slowing, stopping or
reversing of progression of cancer when provided a composition deseribed heremn to an
appropriate control subject. The term also means a reversing of the progression of such a
disease or disorder to a point of ehiminating or greatly reducing the cell proliteration. As
such, "treating” means an application or admimstration of the compositions described herein
to a subject, where the subject has a disease or a symptom of a disease, where the purposs is
to cure, heal, alleviate, relicve, alter, remedy, ameliorate, improve or affect the discase or

symptoms of the disease.

[B047] As used herein, "subject” or “patient” means an individual having symptoms of, or
at risk for, cancer, increased inflammation, mcereased platelet aggregation, increased
angiogenesis, or other discase or disorder. A patient may be human or non-human and may
mclude, for example, animal strains or species used as “model systems” for research
purposes, such a mouse model as described herein. Likewise, patient may include either
adults or juventles {¢.g., children). Moreover, patient may mean any living organism,

preferably a mammal (¢.g., human or non-human} that may benefit from the administration of
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compositions contemplated herein. Examples of mammals include, but are not imited to, any
member of the Mammalian class: humans, non-haman primates such as chimpanzees, and
other apes and monkey species; farm amimals such as cattle, horses, sheep, goats, swine;
domestic animals such as rabbits, dogs, and cats; laboratory animals including rodents, such
as rats, mice and guinea pigs, and the like. Examples of non-mammals mchude, but are not
fimited to, birds, fish and the like. In one embodiment of the methods and compositions

provided herein, the manunal is a human.

23 <Ll

[60438] As used herein, the terms “providing”, “administering,” “introducing,” are used
mterchangeably herein and refer to the placement of the compositions of the disclosure mto a
subject by a method or route which results in at least partial localization of the composition to
a desired site. The compositions can be admunistered by any appropriate route which results

m delivery to a desired location in the subject.

2, Compounds

In one aspect, the present disclosure provides compounds or compositions of formula (I}, ora

phamaceutically aceeptable salt thereof,

o
L2 L"\/\/u\ R
RN T/

1_3,,/’\\ L&/\ Lﬁ/‘\ R1
I

wherein,

A

oncof LU L2 LY LY and L7 is et i and the others of L}, L2 L3, L*, and L’ are

o Ny is 3~ to 6~-membered ring containing at least one heteroatom selected from
the group consisting of oxygen, nitrogen, and sulfur;

R! is hvdrogen, Cisalkyl, Cishaloalkyl, —Cisalkylene-R¥, -G, or —Cisalkylene-G;

Gl s Cascycloalkyl, Csseyeloalkenyl, aryl, heteroaryl, or heterocyele, wherein G is
optionally substituted with 1, 2, 3, or 4 R¥;

R? is Cicatkvl, Crehaloatkyl, ~Cisalkviene-R*, ~G?, or ~Ciealkylene-G%;
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(37 is Cascycloalkyl, Cssoycloalkenyl, aryl, hetercaryl, or heterocycle, wherein G is
optionally substituted with 1, 2, 3, or 4 R,

R*! and R* at cach occurrence are independentlv cyano, —~OH, —~OC4alky!, -
OC(O)YCraaalkyl, -NHz, —NHC1salkyi, -N¢(Craalkyly, -NHC{O}C1galkyl, or =N{C1-

kv DC(OYCrsalkyl;

s
SRV,

provided that R? is not ~CH2CH2OH when 7% =
(8

1, P TN
{0049] In some embodiments, L1 is “ < and L2, L3, L4 and L7 are e, ,

r.e., compounds of formuda (I} have formula (1-a).

<mv®\/\/im?

(I-a)

[050] In some embodiments, compounds of formula (I-a) have formula (I-aa), wherein

Xis (3 NH, or 5.

X O
]
E’!

[ S —— R

{I-aa)

(a)
] pr—
[6051] In some embodiments, L2 is x W and LY L2 L4 and L are T ,

t.¢., compounds of formula (I) have formula (I-b}.

-14 -



WO 2019/060508 PCT/US2018/051888

{D ‘\/’""""V\//?LN/RQ

S S S R
{d-b}
[6052] In some embodiments, compounds of formula (E-b) have formula (I-ba), wherein
Xis O, NH, or §,
X 7
/ \ ““‘“““\/f\\/‘L R?
\\// N/
e —
{I~ba)

. ol Yo ) 7N
{0053] In some embodiments, L’ is WX and L1 L7 L and L7 are R ,

i.c., compounds of formula (I) have formula (i-c).

(;Z)
m\/m\/\/i\N /R2
e ~— K
&)
(-¢)
[6054] In some embodiments, compounds of formula (I-¢) have formula (I-ca), wherein

Xis O, NH, or §,

1
g g RZ
\//\\/)J\N/
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{I-ca}

) /m )
{0055} In some crbodiments, L* is bt Iy and LY, L2, and L are W e .ie.,

compounds of formula (I} have formula (I-d).

O

< “"“'"‘\/“““‘““\//\//U\N/Rz

— Gy

(-4

[6056] In some embodiments, compounds of formula (I-d) have formula (I-da), wherein

Xi1s O, NH, or S.

e e R

N/

X

T
<"m\/"""'"-‘\/\/)‘f\N/f?‘\2

{i-da)

(a)

] o , ) ST
{0057} In some embodiments, L° is wWooOW and LY, L2 L7 and L% are s .

r.e., compounds of formula (I) have formula (I-¢).

(i-0)
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{0058} In some embodiments, compounds of formula (I-e) have formula (I-ea), wherein

Xi1s O, NH, or S,

{I-ca)

{0069] In some embodiments, R' is hydrogen, 1..oalkyi {(such as methyi or ethyl), or Ci.

[6059] In some embodiments, E is ’L"-

shaloalkyl (such as chiommethyi or chloroethyly. In some embodiments, R! is hydrogen. In

"""" Aﬁ %%Aﬁr(

or 7 ™, 3 , and R is hydrogen.

[0061] In some embodiments, R? is Crsalkyl, ~Crsalkylene-R*, ~G?, or —Ciealkyviene~
(’. For example, R*> may be Cisalkyl, such as n-butyl, sec-butyl, isobutyl, tert-butyl, n-

pentyl. isopentyl. neopentyl, or n-hexyl. For example, R® may be ~Cr.salkylene-R*, such as
~CHCH-R??) ~CHCHCH-R¥, or ~CH(CHR)YCH:-R¥. For exaniple, R? may be -G* or -
Cisalkylene~G?, and G7 is Csseycloalkyl, Cyscvch}aikenyi, arvl, heteroarvl, or heterocycle,

wherein G is optionally substituted with 1 cord R¥
[6062] In some embodiments. G' or G? is a Cascycloalkyl optionally substituted with 1,

2,3, 0r 4 R¥. For example, G! or G” may be % j which is optionally substituted with 1,
2, or 3 R*. In some embodiments, R? is -G? or ~Crsalkylene-G?, and G is a Cigeycloalkyl

optionally substituted with 1, 2, 3, or 4 R¥. In some embodiments, R? is ~G* or ~(1.
calkviene-G?, and G7 1s “% :], which is optionally substituted with 1, 2, or 3 R¥.

[06063] In some embodiments, R* and R*? at each occurrence are indepedently —~OH, -
OCgalkyl, “OC0)Craatkyl, ~NHz, —NHC1salkyl, or -N{Ci4alkyl). In some

embodiments, R at each occurrence is independently ~OH or -NH:. For example, R? may

-1
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be ~Cisalkylene-~0OH (such as ~CH)CH2CHz-OH, or ~CH{CHz)CH:-OH) or - Crsalkylene—

NHz. For example, R? may be ~G? or ~Cicalkyviene-G*, wherein G? is a Caseyvcloalkyvl, Cs.

scycloalkenyl, arvl, heteroarvl, or heterocvele as defined herein, wherein G? is optionally

substituted with 1, 2, 3, or 4 R¥, and wherein R™ at each occurrence is independently —~OH or
. \Ssé\(\o}-{

~NH:. In some emboidments, R” is }Ef/\//b A,?WOH, CH,

{6064} In some embodiments, VLI“« B is , Of s 555« ,Rlis

hydrogen, and R? is Crsatkyl.

S

H”JJ m% A”” ,or &Aﬁ ,Rlis

0065] In some embodiments, b
N

n
PN " ) . . . 2
hydrogen, and R? is {,usall«;yiene---i{“ as described herein. In some embodiments, & Ry

VNV

is ", . OF = ?ﬁs , R!is hydrogen, and R? 1s -Cisalkylene~OH (such as

~, S
7/\%
:%L/\\//CJ =1 ‘155 S

WLJ _ ' _ <
,5 or  CHs Y or -Crsalkviene-NHa,

(3, ka%/f?‘-\ﬁ,.( N

n
(3066} In some embodiments, = ™ g

o

salkylene—OH. In some cmbodlmmts 15 ” . Rlis hydrogen, R?is -C1.

is hydrogen, R%is -1

Ky
. . N . a . 4
salkylene~NHs. In some embodiments, S is “» o~ Rlighvdrogen, R? is -C1.

(/“\\ H
N

salkvlene-0OH. In some embodiments, A < ig = . Rlis hvdrogen, R? is -Ch.
A 8

5\2-
: £ . 1 2 "4
salkviene-NHz. In some embodiments, 7™ "if 18 i ""{; , Rlishydrogen, R? is -C1
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D

X3 b“’LL. (JJJ‘ i
salkvlene—OH. In some embodiments, % & s 7 £ R'is hvdrogen, R? is -C1-
calkyvlene-NHaz.

H
[ o N

{6667} In some embodiments, 7 S ig T SN S N Lor “w ,Rlis

hydrogen, and R? is ~G? or -Cisalkylene-G?, in which G and R*? are as described herein. In

-G or ~Crealkylene~G?, and G?is a Cs xcycioaikwi Opuondﬂv substituted with 1, 2,3, or 4

ﬂ\ I
g V-V

R*. In some embodiments, ~
hydrogen, R” is ~G? or -Ciealkylene-G?, G* is a Ciscvcloalkyl optianaliy substituted with 1,

some embodiments, DL"*-« 3\ 15 orm’i« Fé& , Rl is hydrogen, R? is

?\

2,3, or 4 R¥, and R*¥ at each occurrence is independently ~OH or -NH:.

() A A A
[0068] In some embodiments, wWooW is = Yés =, , O i, B ,Rlis
hydrogen, R? is —G? or -Ci-salkylene-G?, and G* is gﬂﬁ wherein G2 is unsubstituted or

substituted with 1 or 2 R¥, R* at each occurrence being independently —~OH or ~NHa.

{6063} In some embodmlems ™ = 5;5 . Rlis hydrogen, R? is

¥ ~ on 4 G?
2, OH \" OH i 3 i -------
/{\\/ , S TN . CHs , O §—< In some embodiments, A 3 is

iS} ?S OH
* fsﬂ‘ . R’ is hydrogen, R is ENOH ;\//\/OH% 1? , O mgﬂ in
-//A\\- 2
b H,ﬁ . "L{LA“??

some embodiments, A S is < S RYis hyvdrogen, R? is
o v P 5

T A

}é\//\\/ : CHs

??{\\//G H
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{8670} In some embodiments, the compound of fornmuda (1) s selected from the group

, or a pharmaceutically acceptable salt

thereof.

06071} In some embodiments, the compound of formula (1) 1s a compound shown in FIG.

1B, 1C, and/or 1D

16672} Also provided herein is a composition comprising the structure (i)
G
< R'RVW\A/U\N R4
e — e ke
(1),
wherein,

OH
: . OH i> .
R1and R2 is selected from 7 " , r\ ,and , carbon chain with an
0=3, 4 5 or 6 ending i CH3, -OH, or -NH2, saturated cyelic rings with 3,4.5 or 6 carbons

with no substitutions, saturated cychic rings with 3, 4, 5 or 6 carbons with substitutions of -
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OH and -NH2, unsaturated cyclic rings with 3, 4, 5 or 6 carbons with no substitutions,
pasaturated cyclic rings with 3, 4, 5 or 6 carbongs with substitutions of -OH and -NH2,
aromatic groups with no substitutions, aromatic groups with substitutions of ~-OH or -NHZ,
and saturated or unsaturated cyclic rings contaming N, O or §, and

R3 is selected from 3, 4, 5 or 6 membered rings containing oxyvegen, nitrogen or sulfur.

{6673) In some embodiments, the composition 1s selected from the group consisting of

[074] A compound described herein can be in the form of a salt, e.g., a pharmaceutically
acceptable salt. As used herein, the term "pharmaceutically acceptable salt” refers to those
salts which are, within the scope of scund medical judgement, suitable for use in contact with
the tissues of humans and lower animals without undue toxicity, tritation, allergic response
and the fike, and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well known i the art. For example, 5. M. Berge, et al. describe
pharmaceutically acceptable salts in detail in J Pharmaceutical Sciences, 1977, 66, 1-19,
mcorporated herein by reference. Pharmaceutically acceptable salts of the compounds of this
mvention include those denved from suitable inorganic and organic acids and bases.

Examples of pharmaceutically acceptable, nontoxic acid addition salts are salis of an amino
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group formed with inorganie acids such as hvdrochlonic acid, hydrobromic acid, phosphoric
acid, sulfunie acid and perchloric acid or with organic acids such as acetic acid, oxalic acid,
maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using other methods
used in the art such as 1on exchange. Other pharmaceuticaily accepiable salts include adipate,
alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,
camphorate, camphorsulfonate, citrate, cyvclopentanepropionate, digluconate, dodecylsulfate,
cthancsulfonate, formate, fumarate, glhucoheptonate, glycerophosphate, gluconate,
hemisulfate, heptanocate, hexanoate, hvdrolodide, 2-hyvdroxy-ethanesulfonate, lactobionate,
lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalencsulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3-phenyipropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocvanate, p-tolugnesulfonate, undecanoate, valerate salts, and the like.
Salts derived from appropriate bases include alkali metal, alkaline carth metal, ammonium
and N{Cr-salkvl)s salts. This invention also envisions the quaternization of any basic
nitrogen-containing groups of the compounds disclosed herem. Water or oil-soluble or
dispersable products may be obtained by such guaternization. Representative alkali or
afkaline earth metal salts inchude sodiom, lithium, potassium, calcium, magnesium, and the
like. Further pharmaceutically acceptabie salts include, when approprniate, nontoxic
ammoninm, quaternary ammoniom, and amine cations formed using counterions such as
halide, hydroxade, carboxylate, sulfate, phosphate, nitrate, lower alkyl solfonate and aryl!

{c.g., phenvl/substituted phenyl) sulfonate.

{6675] The compounds or compositions disclosed herein may include isotope-labellied
forms. An isotope-labelled form of a compound is identical to the compound apart from the
fact that one or more atoms of the compound have been replaced by an atom or atoms having
an atomic mass or mass namber which differs from the atomic mass or mass number of the
atom which usually occurs in greater natural abundance. Examples of isotopes which are
readity commercially available and which can be mcorporated into a compound by well-
known methods include 1sotopes of hydrogen, carbon, nitrogen, oxygen, fluorine and

chlorine, for example ZH, 3H, 13C, 14C, 15N, 180, 170, 18F and 36CL

3. Pharmaceutical Compositions

{8676} In another aspect, the present disclosure provides a pharmaceutical composition

are provided, which comprises a compound as described herein or a pharmaceutically
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acceptable salt thereof, and optionally a pharmaceutically acceptable carrier, adjuvant or
vehicle. In certain embodiments, these pharmaceutical compositions optionaily further
corprise one or more additional therapeutic agents. In one embodiment, the pharmaceutical
composition comprises a therapeutically effective amount of a compound as described herein,
or a pharmaceutically acceptable salt thereof, and one or more pharmaceutically acceptable

carriers or vehicles.

16677} Pharmaceutical compositions of the present invention may be manufactured by
processes well known in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifving, encapsulating, entrapping or

lvophilizing processes.

{6678} As used herein, the term "pharmaceutically acceptabie salt” refers to those salts
which are, within the scope of sound medical pudgement, suitable for use in contact with the
tissucs of humans and lower animals without undue toxicity, irntation, alfergic response and
the hike, and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well known in the art. For example, S. M. Berge, et al. describe
pharmaceutically accepiable salts in detail in J Pharmaceutical Sciences, 1977, 66, 1-19,
mcorporated hercin by reference. Pharmaceutically acceptable salts of the compounds of this
mvention include those derived from suitable morganic and organic acids and bases.
Examples of pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino
group formed with norganic acids such as hvdrochlonc acid, hydrobromic acid, phosphoric
acid, sulfuric acid and perchlornic acid or with organic acids such as acetic acid, oxalic acid,
maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using other methods
used in the art such as ion exchange. Other pharmaceustically acceptable salts include adipate,
alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,
camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecvisuifate,
cthanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate,
hemisulfate, heptanocate, hexanoate, hydroiodide, 2-hydroxy-cthanesulfonate, lactobionate,
lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiccyanate, p-toluencsulfonate, undecanoate, valerate salts, and the like.

Salts derived from appropriate bases include alkal metal, alkaline earth metal, ammonium
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and N{C1-4dalkyl}4 salts. This invention also envisions the quatemization of any basic
nitrogen-containing groups of the compounds disclosed hercin. Water or oil-ssluble or
dispersable products may be obtained by such quatermization. Representative alkali or
alkaline earth metal salts include sodium, lithium, potassium, calcium, magnesium, and the
like. Further pharmaceutically acceptable salts include, when appropriate, nontoxic
ammonium, quaternary ammonivm, and amine cations formed using counterions such as
halide, hydroxade, carboxvlate, sulfate, phosphate, nitrate, lower alkvl sulfonate and aryl

{¢.g., phenyl/substituted phenyl) sulfonate.

[6079] As desernibed herein, the pharmaceuntically acceptable compositions of the
mvention additionally comprise a pharmaceutically acceptable carrier, adjuvant, or vehicle,
which, as used herein, includes any and all solvents, diluents, or other liquud vehicle,
dispersion or suspension aids, surface active agents, isotonic agents, thickening or
emulsifying agents, preservatives, solid binders, tubricants and the like, as suited 1o the
particolar dosage form desired. Remington's Pharmaceutical Sciences, Sixteenth Edition,
EW. Martin (Mack Publishing Co., Easton, Pa., 1980) discloses various carriers used in
formulating pharmaceuticallv acceptable compositions and known technigues for the
preparation thereof. Except insofar as any conventional carrier medium is incompatible with
the compounds of the avention, such as by producing any undesirable biclogical effect or
otherwise interacting i a deleterious manner with any other componeni(s) of the
pharmaceutically acceptable composition, its use 1s contemplated to be withun the scope of
this invention. Some examples of materials which can serve as pharmaceutically acceptable
carriers include, but are not imited to, ion exchangers, alumina, aluminum stearate, lecithin,
serum protems, such as human serum albumin, buffer substances such as phosphates, glveine,
sorbic acid, or potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids,
water, salts or electrolytes, such as protamine sulfate, disodiom hydrogen phosphate,
potasstum bvdrogen phosphate, sodium chlonde, zine salis, colloidal silica, magnesium
tnisilicate, polvvinyl pymrolidone, polvacryiates, waxes, polyethyienepolvoxypropviene-bloc
polvmers, wool fat, sugars such as lactose, glucose and sucrose; starches such as com starch
and potato starch; cellulose and its derivatives sach as sodium carboxymethyl celinlose, cthyl
cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients such as
cocoa butter and supposiiory waxes; oils such as peanut oil, cottonseed oil; satflower oil;
sesame oil: olive oil; com oil and soybean oil; glveols: such a propylene glycol or

polyethylene glveol; esters such as cthyl oleate and cthyl laurate; agar; buffering agents such

-4 -



WO 2019/060508 PCT/US2018/051888

as magnesium hydroxide and aluminum hydroxide; alginic acid; pyvrogen-free water; isotonic
saline; Ringer's solution; cthyl alcohol, and phosphate buffer solations, as well as other non-
toxic compatible lubricants such as sodium laurvl sulfate and magnesium stearate, as well as
coloring agentis, releasing agents, coating agents, sweetening, flavoring and perfuming
agents, preservatives and antioxidants can also be present in the composttion, according o

the judgment of the formulator.

{0080] The pharmaceutically acceptable compositions of this invention can be
administered to hwmans and other animals orally, rectally, pareonterally, intracistemally,
miravaginally, intraperitoneally, topically (as by powders, omntments, or drops), bucally, as an

oral or nasal spray, or the ke, depending on the severity of the discase being treated.

{0081} Pharmaceutical compositions for parenteral mjection comprise pharmaceutically
acceptable sterile aguecus or nonaguecus solutions, dispersions, suspensions or emulsions as
well as sterile powders for reconstitution mito sterile injectable solutions or dispersiouns just
prior to use. Examples of suitable aqueous and nonagueous carriers, diluents, solvents or
vehicles include water, ethanol, polvols {such as glycerol, propviene glycol, polyethyiene
glvcol and the like}, vegetable oils (such as olive oil), injectable organic esters {such as ethyl
oleate) and suitable mixtures thereof. Proper fluidity can be maintained, for example, by the
use of coating materials such as lecithin, by the maintenance of the required particle size in

the case of dispersions and by the use of surfactants.

3082} These compositions can also contain adpuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of microorganisms
can be ensured by the mclusion of various antibacterial and antifungal agents, for example,
paraben, chlorobutanol, phenol sorbic acid and the like. It can also be desirable to include
isotonic agents such as sugars, sodium chloride and the like. Prolonged absorption of the
mjectable pharmaceuatical form can be brought about by the inclusion of agents which delay

absorption such as alumimum monostearate and gelatin,

{6683} In some cases, in order to prolong the effect of the drug, it 15 desirable to slow the
absorption of the drug from subcutancous or intramuscular mjection. This can be
accomplished by the use of a liqund suspension of crystalline or amorphous matenal with
poor water solubility. The rate of absorption of the drug then depends upon its rate of

dissolution which, in tum, can depend upon crystal size and crystalline form. Alternatively,
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delayed absorption of a parenterally administered drug form is accomplished by dissolving or

suspending the drug o an of vehicle,

{0084} Liguid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and
chixirs. In addition to the active compounds, the iguid dosage forms may contain mert
dilaents commonly used in the art such as, for example, water or other solvents, solubilizing
agents and emulsifiers such as ethyl alcohol, isopropy! aloohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glyeol, 1,3-butylenc glycol, dunethyiformamide,
oils {in particular, cottonseed, groundnut, com, germ, olive, castor, and sesame oils),
glycerol, tetrahvdrofurfuoryl alcohol, polyethylene glycols and fatty acid esters of sorbitan,
and mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and

perfuming agents.

[085] Solid dosage forms for oral administration include capsules, tablets, pills,
powders, cement, putty, and gramudes. In such solid dosage forms, the active compound can
be mixed with at least one inert, pharmaceutically acceptable excipient or carrier, such as
sodium citrate or dicalcium phosphate and/or a} fillers or extenders such as starches, lactose,
sucrose, glucose, mannitol and silicic acid: b) binders such as carboxymethyiceliulose,
alginates, gelatin, polyvinylpyvrrohdone, sucrose and acacia; ¢) humectants such as glyeerol;
d} disintegrating agents such as agar-agar, calcium carbonate, potato or tapicca starch, alginic
acid, certain silicates and sodium carbonate; ¢} solution retarding agents such as paraffin; f)
absorption accelerators such as quaternary ammonium compounds; g) wetting agents such as
cetyl afeohol and glveerol monostearate; h) absorbents such as kaolin and bentonite clay and
1} lubricants such as talc, calcium stearate, magnesium stearate, solid polvethylene glveols,
sodium lauryl sulfate and mixtures thereof. In the case of capsules, tablets and pills, the

dosage form can also comprise boffering agents.

(086} Solid compositions of a similar type may also be emploved as fillers in soft and
hardfilled gelatin capsules using such excipients as lactose or mulk sugar as wekll as high
molecular weight polyethvlene glycols and the like. The solid dosage forms of tablets,
dragees, capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings and other coatings well known in the pharmaceutical formulating art. They may

optionaily contain opacifving agents and can also be of a composition that they release the
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active mgredient{(s) only, or preferentially, in a certain part of the intestinal tract, optionally,
in a delaved manner. Examples of embedding compositions that can be used include
polymeric substances and waxes. Solid compositions of a similar type may also be emploved
as fillers mn soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar

as well as high molecular weight polyethvlene glyeols and the hike.

{8087} The active compounds can also be in microencapsulated form with one or more
exeipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms may alse comprise, as is normal practice,
additional substances other than mnert diluents, ¢ g ., tableting lubricants and other tableting
aids such a magnesium stearate and microcrystalline celiulose. In the case of capsules, tablets
and pills, the dosage forms may also comprise buffering agents. They may optionally contain
opacifying agents and can also be of a composition that they release the active mngredient(s)
only, or preferentially, in a certain part of the intestnal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances and

Waxes.

{0088} “ormpositions for rectal or vaginal adomunistration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-iratating
excipients or carriers such as cocoa butter, polyethvlene glyeol or a suppository wax which
are sohd at ambient temperature but liquid at body temperature and therefore melt in the

rectum or vaginal cavity and release the active compound.

{0089} Dosage forms for topical or trans dermal administration of a compound of this
mvention inchide ointments, pastes, creams, lotions, gels, powders, sclutions, sprays,
mthalants or patches. The active component is admixed under stenile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required. Uphthalmic formulation, cardrops, and eve drops are also contemplated as being
within the scope of this invention. Additionally, the mveuntion conteraplates the use of
transdermal patches, which have the added advantage of providing controiled delivery of a
compound to the body. Such dosage forms are prepared by dissolving or dispensing the

compound 10 the proper medium. Absorption enhancers can also be used to increase the flux
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of the compound across the skin. The rate can be controlled by either providing a rate

controlling membrane or by dispersing the compound in a polvmer matrix or gel.

6090} Compounds described herein can be administered as a pharmaceutical
composition comprising the compounds of interest in combination with one or more
phammaceutically accepiable carriers. The phrase "therapeutically effective amount” of the
present compounds means sufficient amounts of the compounds to treat disorders, at a
reasonable benefit/risk ratio applicable o any medical treatment. It is understood, however,
that the total daily dosage of the compounds and compositions can be decided by the
attending physician within the scope of sound medical judgment. The specific therapeuticaily
effective dose level for any particelar patient can depend upon a variety of factors imcluding
the discrder being treated and the severity of the disorder; activity of the specific compound
employed; the specific composition emploved; the age, body weight, general health and prior
medical istory, sex and diet of the patient; the time of admimistration, route of
administration, and rate of excretion of the specific compound employed; the duration of the
treatment; drugs used in combination or comcidental with the specific compound employed;
and like factors well-known in the medical arts. For example, 1t 13 well within the skill of the
art to start doses of the compound at levels lower than required to achieve the desired

therapeutic effect and to gradually increase the dosage untii the desired effect is achieved.

so as to obtamn an amount of the active compound(s) that is effective to achieve the desired
therapeutic response for a particular patient and a particular mode of administration. In the
treatment of certain medical conditions, repeated or chronic administration of compounds can
be required to achieve the desired therapeutic response. "Repeated or chronic administration”
refers to the admimstration of compounds daily (.o, every day} or intermitiently (ie, not

avery day) over a pericd of days, weeks, months, or longer,

{8091} The compositions described herein may be admmustered with additional
compositions to prolong stability, delivery, and/or activity of the compositions, or conbined
with additional therapeutic agents, or provided betore or after the administration of additional

therapeutic agents.

{86632} Combination therapy includes admimstration of a single pharmaceutical dosage
formulation containing one or more of the compounds described herein and one or more

additional pharmaceutical agents, as well as administration of the compounds and each
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additional pharmaceutical agent, in ifs own separate pharmaceutical dosage formulation. For
example, a compound described herein and one or more additional pharmaceutical agents,
can be administered to the patient together, in a single oral dosage composition having a fixed
ratio of each active ingredient, such as a tablet or capsule; or each agent can be admimstered
in separate oral dosage formulations. Where separate dosage formulations are used, the
present compounds and one or more additional pharmaceutical agents can be administered at
cssentially the same time {¢.g., concurrently) or at separately staggered times {e.g.,

sequentially).

093] It will be appreciated that appropriate dosages of the compounds, and
compositions comprising the compounds, can vary from patient to patient. Determining the
optimal dosage will generally involve the balancing of the level of therapeutic benefit against
any risk or deleterious side effects of the treatments of the present tnvention. The selected
dosage level will depend on a vaniety of factors including, but not fimited to, the activity of
the particular compound, the route of administration, the time of administration, the rate of
exeretion of the compound, the duration of the treatment, other drugs, compounds, and/or
materials used i combination, and the age, sex, weight, condition, general health, and prior
medical history of the patient. The amount of compound and route of administration will
whtimately be at the discretion of the physician, although generally the dosage will be to
achicve local concentrations at the stte of action which achieve the desired effect without

causing substantial harmful or deleterious side-effects.

[3094] For example, a therapeutically effective amount of a compound of formula (1),
may be about 1 mg/kg to about 1000 mg/kg, about 5 mg/kg to about 950 mg/kg, about 10
mg/kg to about 900 mg/ke, about 15 mg/kg to about 830 mg/kg, about 20 mg/kg to about 800
mg/kg, about 25 mg/kg to about 750 mg/kg, about 30 mg/kg to about 700 mg/kg, about 35
mg/kg to about 650 mg/kg, about 40 mg/kg to about 600 mg/kg, about 45 mg/ke to about 550
mg/kg, about 530 mg/kg to about 300 me/keg, about 55 mg/ke to about 450 ma/ke, about 60
mg/kg to about 400 mg/kg, about 65 mg/kg to about 350 mg/kg, about 70 mg/ke to about 300
mg/kg, about 75 mg/kg to about 250 mg/kg, about 80 mg/ke to about 200 mg/keg, about 85

mg/kg to about 130 mg/kg, and about 90 mg/kg to about 100 mg/ke.

{8095] ft will be readily apparent to those skilled in the art that other suitable
modifications and adaptations of the compounds and methods of the present disclosure

described herein are readily applicable and appreciable, and may be made using suitable
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cquivalents without departing from the scope of the present disclosure or the aspects and
embodiments disclosed herein.  Having now described the present disclosure in detail, the
same will be more clearly understood by reference to the following examples which are
merely intended only to illustrate some aspects and embodiments of the disclosure, and
should not be viewed as hnmiting to the scope of the disclosure. The disclosures of all joural
references, U.S. patents and publications referred to herein are hereby incorporated by

reference 1n their entiretics.

4. Methods of Use

3096} The endocannabinoeid system 15 involved i a broad range of functions and is
unplicated in a variety of physiological and pathological conditions (inflammation,
mmmunomodulation, analgesia, cancer and others) as described in Bifuleo et al. (2007) Oncol
Rep 17:813-816. The compounds or compositions as disclosed herein, or pharmaceutically
acceptable salts thereof, or pharmaceutical compositions as described herein, may be used for
treating a disease, condition, or disorder int a subject. For example, the compounds or
corapositions disclosed herein may be used for treating cancer, reducing inflammation,
reducing platelet aggregation, reducing angilogenesis, or inducing vasoconstriction or

vasodilation.
{6697} Cancer

098] Provided are uses of the compounds or compositions for treating cancer. Also
provided are uses of the compounds or compositions in the manufacture of a medicament for
treating cancer. The disclosed compounds and compositions may be used in methods of
treating cancer, comprising adnunistering to a subject in need thereof a therapeutically
cffective amount of a compound of formula (1), or a pharmaceutically acceptable salt or

pharmaceutical composition thereof.

[(6099] Canger is a class of diseases which occurs because cells become immortalized;
thev fail to heed customary signals to tum off growth which is a normal function of
remodehing in the body that requires cells to die on cue. Apoptosis, or programmed cell death,
can become defective and when this happens malignant transformation can take place. The
immortalized cells grow bevond their normal limits and invade adjacent tissues. The
malignant cells may also metastasize and spread to other locations in the body via the

bloodstream or ymphatic sysiem. Cancer cells often form a mass known as a tumor.
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[86186¢] Compounds of the present invention have functionalities that may be
advantageous for cancer treatment mchuding mhibition of cell proliferation and induction of
apoptosis. As a class of molecules, endocannabinoids and cannabinoids show anti-tumor
effects in various tumor cells, such as, e.g. neuroblastoma, mantle cell lymphoma,

colon cancer, osteosarcoma, and ghoma. Activation of the two cannabinoid receptors, CB1
and UB2. can lead to the inhibition of cell proliferation and induction of apoptosis in multiple

types of cancer cell lines resulting in the reduction of tumor growth in vivo.

{00101} The methods can be used with any cancer cell or in a subject having any type of
cancer, for example those described by the National Cancer Institute. The cancer may be a
carcinoma, sarcoma, lymphoma, leukemia, melanoma, mesotheboma, multiple myeloma, or
seminoma. In some embodiments, the cancer is an osteosarcoma. The cancer may be a cancer
of the bladder, blood, bone, brain, breast, cervix, colon/rectum, endometrium, head and neck,
kidney, liver, lung, muscle tissue, ovary, pancreas, prostate, skin, spleen, stomach, testicle,

thyroid or uterus.

[88102]  There are many different treatment options for cancer and the treatment sought is
often determined by the type and stage of the cancer. Treatment options mclude;
chemotherapeutic drug treatment, hormonal drug treatment, radiotherapy, surgery,
complementary therapies and combinations thercot. The compounds and compositions of the

present mvention may be ased in combination with any well-known cancer treatment options.
[B8103]  Reducing Inflammation

[00194] By virtue of the anti-inflammatory properties shown herein, the compounds and
compositions according to the present invention may be useful in a wide variety of
imdications having an mflammatory or awtoimmune mechanism involved in their eticlogy or
pathogenesis. Manipulation and use of endocannabinoids 77 vive has been shownto be a

potent treatment against intlamimatory disorders.

[86105]  Provided herein are uses of the compounds or compositions for reducing
mflammation in a subject. Also provided herein are uses of the compounds or compositions
in the manufacture of a medicament for reducing inflammation in a subject. The disclosed
compounds and compositions may be used i various methods including methods of reducing

mflammation, comprismg admimstering to a subject 1 need thereof a therapeutically
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cffective amount of a compound of formula (1), or a pharmaceutically acceptable salt or

pharmaceutical composition thereof.

[08106]  Inflammatory disorders underlie a vast vanety of human diseases. The immune
system is often involved with mflammatory disorders, demonstrated in both allergic
reactions and some myopathies, with many immune systerm disorders resulting in abnormal
mflammation. Compounds of the present invention may be used to reduce mflammation in a
subject suffering from many acute and chronic discases/disorders that are inflammatory in
their nature including but not limited to rheumatoid diseases ¢.g. theumatoid arthritis,
ostecarthritis, diseases of the visceral system ¢.g. inflammatory bowel svndrome, ulcerative
colitis, and Crohn’s Disease, antoimmune diseases, ¢.g. lupus ervthematodes, lung diseases
like asthma and COPD, Alzheimer’s disease, cancer, multiple sclerosis, Psortasis,

sarcoidosis, and spondyloarthropathy {erg. ankvlosing spondylitis).
1861071 Reduction in Platelet Aggregation

{06108]  Provided herein are uses of the compounds or compositions for reducing platelet
aggregation in a subject. Also provided herem are uses of the compounds or compositions in
the manufacture of a medicament for reducing platelet aggregation in a subject. The disclosed
compounds and compositions may be used o vartous methods including methods of reducing
platelet aggregation, comprising admimstering 1o a subject in need thereof a therapeutically
effective amount of a compound of formula (1), or a pharmaceutically acceptable salt or

pharmaceutical composition thereof.

[66109]  Platelets are small disc-shaped blood cells and their chief function is to maintain
the wntegrity of the vascular system; not only during injury, but also day-to-day wear and tear.
To do this, platelets can, when they come mto contact with certain materials and chemicals
undergo a process known as the aggregation-adhesion reaction. When they aggregate
platelets change from their discoid shape to a more sphernical form, they throw out long
processes known as pscudopodia and somebow become sticky. The result of this is that they
stick to one another and to the damaged tissue, thus plugging gaps or holes in the blood

veasel wall, Endocannabinoids may control platelet activation and limit aggregate formation.

{66116} The phenomenon of aggregation 1s the most widely studied property of platelets: it

is of interest not only for scientific reasons (platelets make an 1deal test system for examining
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celludar mechanismas and drug action}, but also has diagnostic sigmificance since there are

many conditions in which platelet function is abnormal.

[88111]  The compounds or compositions as disclosed herein may be used to reduce
platelet aggregation in a subject suffering from many vasc-occlusive disorders such as
unstable angina, acute myocardial infarction, reocclusion of vessels following balloon
angioplasty, transient ischennc attacks and strokes. Thrombocytosis or

mereased platelet count may occur in certain disease states such as cancer, chronic infections,
and certain blood discases, and may cause mereased blood clot formation or thrombosis due
to platelet aggregation. The compounds of the present mvention mav be used to reduce
platelet aggregation in various other diseases involving thrombosis, such as venous
thrombosis, established peripheral arterial disease, thrombophlebitis, artenal embolism,
coronary and cerebral arterial thrombosis, unstable angina, myocardial infarction, stroke,
cercbral embolism, renal embolism, pulmonary emboliam and other embolism- or
thrombosts-related afflictions produced by but not limited to procedural or surgical
mterventions. Such conditions may also result from thromboembolism and reocculsion

during and after thermbolvud therapy, after angioplasty, and after coronary artery bypass.

{06112} The compounds or compositions as disclosed herein may be used to nduce
platelet aggregation m a subject suffermg from vanous blood coagulation disorders
meluding, but not limited to, hemostatic disorders characterized by prolonged bleeding times,
thrombooytopenias, von Willebrand disease, hemophilia, myeloproliferative disorders
(MPDs), mvelodysplasia, paraproteinemias, and uremia In particular, conditions can be
treated which are caused by an impaired aggregation behavior of blood platelets or

thrombopathies, and bleeding conditions caused by platelets deficiency {(thrombocytopenia).
186113] Anti-angiogenic

{30114}  Angiogenesis is an important biological process, necessary for reproduction,
development, and wound repair. Angiogenesis beging with the degradation of the basement
membrane by proteases secreted from activated endothelial cells. In adults, the rate of
proliferation of endothelial cells is generally low, and tissues are normally in a state of
angiogenesis equilibrium i which growth factors that simulate new vessel growth are

balanced by other factors which inhibit vessel growth. However, rapid proliferation of
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endothehal cells can occur during certain processes such as reproduction and wound healing.

The rate of angiogenesis responds to a change in the levels of angiogenic growth factors.

{00115}  Abnormal angiogenests can occor in vartous discases and disorders. These
diseases and disorders can be divided into two groups: diseases involving excessive
angiogenesis, and diseases involving msufficient angiogenesis. In some discases, decreased
angiogenesis 18 beneficial due to abnormal angiogenesis evidenced by the formation of
abnormal blood vessels. which are heterogeneous with regard to organization, unevenly
distributed, and chaotic. Abnormal blood vessels generally exhibit a serpentine or tortuous
course, branch irregularly and form arterio-venous shunis, and may also be thin-walled and
leaky. It 1s therefore desirable to be able to modulate the rate of angiogenesis m order o help
prevent or treat these types of conditions, either by mcreasing or decreasing the rate of

angiogenesis.

{66116} The compounds or compositions as disclosed hercin may reduce cell migration
and proliferation and are thus useful n the treatment of discases with overactive cell
migration and proliferation, such as disorders involving excessive angiogenesis. Provided
herein are uses of the compounds or compositions for reducing angiogensis in a subject. Also
provided are uses of the compounds or compositions in the mamufacture of 2 medicament for
reducing angiogenesis in a subject. The disclosed compounds and compositions may be used
i various methods mchiding methods of reducing angiogenesis, comprising administering to
a subject in need thereof a therapeutically effective amount of a compound of formula (1}, or

a pharmaceutically acceptable salt or pharmaceutical composition thereof,

{00117} The compounds or compositions as disclosed herein may be used for treating
diseases and disorders involving excessive angiogenesis, abnormal angiogenesis, or where
decreased angiogenesis would be beneficial, include retinal neovasculanzation, hemangioma,
solid tumors, metastasis, psoriasis, neovascular glaucoma, diabetic retinopathy, macular
degeneration, arthritis {¢.g., rheumatoid arthritis), endometriosis, retinopathy of prematurity

{(ROP), gingivitis, and pre-eclampsia,

[86118] Prevention of solid tumor growth is of particular interest. Examples of cancers
that typically involve solid tumor growth include neoplasms of the central nervous system
such as, but again not necessarily himited to glioblastomas, astrocytomas, neuroblastomas,

meningiomas, ependymomas; cancers of hormone-dependent tissues such as prostate,
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testicles, uterus, cervix, ovary, mammary carcinomas including but not imited to carcinoma
mn sity, medullary carcinoma, fubular carcinoma, invasive {infiltrating) carcinomas and
mucinous carcinomas; melanomas, including but not himited to cutancous and ocular
melanomas; cancers of the lung which at least include squamous cell carcinoma, spindie
carcinoma, small cell carcinoma, adenocarcinoma and large cell carcinoma; and cancers of
the gastrointestinal system such as esophageal, stomach, small intesting, colon, colorectal,

rectal and anal region which at least include adenocarcinomas of the large bowel.
{00119 Fasoconsiriction and Vasodilation

106128]  The compounds or compositions as disclosed herein may be used for inducing
vasoconstriction or vasodilation i a subject. Also provided are uses of the compounds or
compositions in the manufacture of a medicament for mducing vasoconstriction or
vasodilation in a subject. The disclosed compounds or compositions as disclosed herein may
be used in a method of inducing vasoconstriction or vasodilation, comprising admimstering
to a subject in need thereof a therapeutically effective amount of a compound of formula (1),

or a pharmaceutically acceptable salt or pharmaceutical composition thereof.

{86121} The compounds or compositions as disclosed herem may modulate blood flow
through vasoconstriction and/or vasodilation. In some embodiments, the compounds or
compositions may induce vasoconstriction. Vasoconstriction is the narrowing of the blood
vessels resulting from contraction of the muscular wall of the vessels, in particular the
large arteries and small arterioles. The process 1s particularly important in

staunching hemorrhage and acute blood loss. The compounds and compositions described
herein may be used to treat shock, migraines, low blood pressure, excess bleeding, and

atlergic reactions.

[66122]  In some embodiments, the compounds or compositions as disclosed herein may
mduce vasodilation. Vasodiiation 1s the widening of blood vessels to increase blood flow in
the body to tissues that need 1t. The compounds and compositions as disclosed herein may be
used to treat conditions such as hypertension, wherein the subject has an abnormally high
blood pressure, as well as angina, congestive heart failure, and erectile dvsfunction, diabetic
nephropathy, Raynand’s syndrome, cardiomyopathy, and where mamtaining a lower blood
pressure reduces the subject’s risk of developing other cardiac problems. The compounds and

corapositions as disclosed hercin may be used prevent siroke, beart attacks, or heart fatlures.
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3. Examples

001237  General Syathesis of EEQ. A nonspecific epoxidation reaction with 50 mg of
cicosapentaenoic acid (EPA) dissolved in 2 ml of dichloromethane (DCM) with 2 mol equiv
of metachloroperoxybenzoic acid (mCPBA} was reacted for 1 h at room temperature. The
reaction was stopped with an equal volume of 10% aqueous NaHCO: (o remove mCPBA
from the organic layer, and the aqueous layer was re-extracted thrice with equal volumes of
DCM; the combined organic laver was dried in vacuo. Purification of regioisomers was
achigved using normal-phase HPLC (NP-HPLC) using a Zorbax-NHz semipreparative
column (5 pm, 9.4 x 250 mm, Agilent, PN880932-208) with an isocratic gradient
(hexane/isopropanol/acetic acid, 90:10:0.1) coupled to an HPLC system. For cocluting
regioisomers of EPA-epoxides (17, 18-EEQ and 11,12-EEQ)}, the muxtures were further
purified on the same system vsing reverse-phase HPLC (RP-HPLC), a Sun Fire Prep C18
column (5 um, 19 x 50 mm, PN 186002566; Waters}, a mobilc system composed of solvent
A (F:O/cetonitrle/acetic acid, 95:5:4.1) and solvent B (HeO/acetoniinile/acetic acid,
5:95:0.1), and a linear gradient from 50 to 09 A in 50 nun. The synthesis of 17, 18-EEQ,

14, 15-EEQ, 11,12-EEQ, 8 9-EEQ, and 5 6-EEQ was confirmed by comparing retention fimes
relative to authentic standards purchased from Cayman Chemical and high-resolution mass

spectrometry.
Example 1. Synthesis of EEQ-EA and amino terminal derivatives

[86124] Scheme 1 shows a representative synthesis of amide modified 17 18-EEQ
derivative. The purified epoxide isomer may be reacted with the respective amine in the
presence of EDC and NHS o produce the coupled product with above 80% conversion in all
cases. This process may also be applied to the synthesis of compounds having an epoxade at

the 5.6, 8,9, 11,12, or 14,15 positions.

Scheme |

EDC, NAS, MeCHN,
R2-NH-R?

37410 23 °C, 14h

[B8125]  In a solution of epoxade in acetonitrife (MeCN), a solution of 1-Ethy!-3-(3-
dimethylaminopropyl) carbodumde (EDCY (10 mg/mL in acctonitrile) and N-

hvdroxysuccinimide (NHS} (106 mg/mL in acetonitrile) i the ratio of {1:40:40} 1s added and
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meubated at 37 °C for 20 muns. Next, a solution of amine (2 mg/mL in acetonitrile) mn the
ratio of 1:40 with epoxide is incobated at room temperature with rocking for 12-16 hrs. The
acetonitrile is removed under reduced pressure and the residue is dissolved in ethanol before
purification via HPLC. Punfication of 17,18-EEQ denvatives 18 performed using a reversed
phase high-performance liquid chromatography (RP-HPLC), Sun Fire Prep C18 5 um 19 x 50
mm {Waters, PN 186002566 and a mobile system composed of solvent A
{(HxO/acetomitrile/acetic acid 95:5:0.1) and solvent B (Hz:O/acetonitrile/acetic acid 5:95:0.1)

and a linear gradient from 50% A to 0% A in 50 minutes.
[B6126]  The followmg compounds were made using analogous procedures:

00127} (82.,872,1172,1472)-16-(3-ethyloxiran-2-vi}-N-(3-hydroxypropyi)hexadeca-
58,111 4-tetraenamide (17,18-EE(Q-NA). Synthesis was performed as mentioned n the
previous section using 17, 18-EEQ and 3-amino-1-propanol. HR-ESE-MS (m/z} found: 376 3,
IM + H}" calculated CasHa7NOs: 375 54

100128]  (5Z.87,117,1473-16-(3-ethyloxiran-2-yi}-M-(i -hydroxypropan-2-ylthexadeca-
58,11, 14-tetracnamide (17,18-EE( -14). Synthesis was performed as mentioned in the
previous section using 17, 18-EEQ and R-(—)2-amino-1-propanol. HR-ESI-MS (m/z) found:
3763, IM + HJ calculated CosHasNGs: 375.54.

Example 2. Synthesis of azindine denivatives

[00129]  Scheme 2 shows a representative conversion of a 17, 18-EEQ epoxide to the
corresponding azindine. The epoxide may be converted to azide with sodiuvm azide and
ammoniin chloride and then reduced with triphenyiphosphine to produce the corresponding
azindme. This process may also be applied to the synthesis of compounds having an

azindime at the 5,6, 8,9, 11,12, or 14,15 positions.
Scheme 2
? 2 1. NHLCL Nan,, .
@”\/XN/’R MeQOH:H,0O, 80 °C, 33 S = ”"‘v’J\N/R
! 2, PPh,, MeCN, |
_— — 1 > 33 9 _— —_— 1
v 80 °C, 3h R

Q

Iz

[B6136] To astirred solution of sodium azide (2 equivalents) and ammonium chloride (3

equiv) in water at room temperature a solution of epoxide (1 equivy is added in MeOH and
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then the reaction is stirred at 80 °C for 3 h. Afier the solution is cooled to room temperature,
the excess of MeOH is removed under reduced pressure and the residue is diluted with
EtOAc, washed with water, dried over anhvdrous sodium sulfate and concentrated under
reduced pressure to give a brown oil. Filtration on a pad of silica gel (hexane/EtOAc 4:1)
gives the nitrile that is taken forward for the next reaction. A solution of nitrile in anhvdrous
acetonitrile is heated to reflux under nitrogen atmosphere. Next, triphenviphosphine (26
equiv), is added immediately and the reaction is stirred under reflux for 3 h. After cooling to

room temperature, the nuxture is concentrated under reduced pressure and purified by

colomn chromatography on silica gel (hexane/Et(JAc 7:3}.

Example 3. Synthesis of thitrane derivatives

{00131} A representative conversion of a 17, 18-EEQ epoxide to corresponding thitrane in
the presence of potassium thiocvanate and oxalic acid in a commercial microwave 1s shown
Scheme 3. This process may also be applied to the synthesis of compounds having a thitrane

atthe 5.6, 8,9, 11,12, or 14,15 positions.

Scheme 3

P //\ ;{1 commercial microwave
/\\O power = 1, [0 min

{86132} To asolution of amide derivative in methancl, KSCN and oxalic acid are added
and heated i a commercial microwave at power 1 for 10 nuns. The reaction mixture is
cooled and concentrated m vacuo. The mixture s purified using normal phase HPLC using

50% hexane 10% sopropanol as the eluent.

Example 4. Anti-inflaromatory assay in BY-2 microghal cells

{86133]  Experiments were performed with mouse BY-2 microghial cells. Cells were
grown and maintaimed in Dulbecco's modified Fagle's medium supplemented with 10% fetal
bovine serum, 1% streptomycin and penicillin at 37 °Cin a 5% CCh humidified air
atmosphere. BV-2 cells were secded in 24-well plates (200K cells/mL} and grown to 80-90%
confluency. For regioisomer scroening and dose response studies, media was replaced with
serum-free media and the cells were pre-incubated with regioisomers for 4 hours prior to

stimulation with 25 ng/mL LPS (Sigma-Aldrich, USA}. To determine nitrite and 1L-6
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production, media was collected at 24 hours and the production of nitric oxide (N(O) was
determined by using the Greiss method and IE-6 secretion was measured using ELISA (no.
583371; Cayman Chenucal). All isomers of EPEA epoxides, EEQ-EA, showed reduction in
NG formation (FIG. 2, FIG. 3A and FIG. 3B). For 1L-6 studies, both 17,18-EEQ-EA (FIG.
3D and 8,9-EEQ-EA (FIG. 3C) reduced 1L-6 in a dose-dependent manner.

Example 5. Susceptibility to FAAH and sEH hydrolysis of 8,9- and 17 13-EEQ-EA

{06134} For soluble epoxide hydrolase (sEH) kinetics, increasing concentrations of
substrates (8,9-EEQ-EA (FIG. 4C) and 17,18-EEQ-EA(FIG. 4A)) were incubated with
recombinant sEH (final [6nM1) in a 0.1 mL reaction containimg NaPQs: (0. 1M, pH 7 4),
bovine serum albumin (6.1 mg/ml) at 37°C. The enzvmatic reaction was stopped after Smin
with equal volume of methanol with AUDA (0.5 uM) and centrifuged at 10,000 g for 10 min.
The supernatant was saved and guantitaied vsing LC-MS/MS. Data was fit to kinetic curves
and the Michaclis-Menten equation was used to calculate Voux and K. Compared to the
terouinal 17, 18-EEQ-EA, 8 9-EEQ-EA showed a faster rate of hydrolysis with turnover rate
of (Vmax/Kmy 32151476 nmol min-1 mg-1 of sEH, 4 times that of 17 I8 EEQ-EA (77719

nmol min-1 mg-1 of sEH).

[86135] For fatty acid amide hvdrolase (FAAH) kinetics (FIG. 4B and FIG. 4D}, rat
forebratn membranes were homogenized in buffer (530 mM Tris pH 7.4, 1 mM EDTA and 3
mM MgCla) and membrane pellet was coliected as previously described. 8.9-EEQ-EA or
13,14-EDP-EA (50 uM) was mncubated with 100 ug forebrain membrane containing 50 mM
Tris (pH 7.4}, 1 mM EDTA, 3 mM MgCh in a 0.5 mL reaction. Lineanity of the reactions
was confirmed at 5, 20 and 40 minutes. Reactions were stopped with methanol containing 1
mM PMSF and centrifuged at 10,000 g for 10 nun to collect supernatant via LC-MS/MS.
Hyvdrolysis from 8 9-EEQ-EA to corresponding 8,9-EEQ was comparable to the rate of 17,

18-EEQ-EA to 17, 18-EEQ.

Hxample 6. Presto-Tango B-arrestin recruitment assay

{00136]  Binding of the parent compounds to putative receptors UNR 1 and CNR2
{cannabinoid receptors 1& 2) was measured by a Presto-Tango assay (FIG. 5A and FIG. 5B,
respectivelyy. These receptors are responsible for many downstream effects of marijuana
derivatives as well as other endocannabinoids that have been previously reported 1n literature

and this study explores it our compounds bind to these receptors. HTLA cells were received
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from the Roth Lab and CNR1 and CNR2 plasmids were purchased from Addgene. HTLA
cells were maintained in DMEM with 10% FBS containing 2 ug/mb of puromycin and 166
pg/mL of hvgromycin B at 37 °C in a 5% CO; humidified air atmosphere and grown to 80-
90% confluency. Cells were then sceded at 20,000 cells per 100ul into poly-L-lysine coated
S6-well plate. After 18-24 hours, cells were transfected with CNR2 (0. 1pg/well) using
Calfectin as the transfection reagent. Transfection media was replaced after 12-18 bours with
serum-~media and procecded for ~36 hours. For epoxygenated metabolites, scrum-media was
replaced with 100 pl. media containing 19 dialvzed FBS and 1uM AUDA for 30 nun, then
compound was further diluted with media containing 1% dialyzed FB5S and was added in a
log dose manner (final well vol. 200 pl. including the media with AUDA) and incubated for
3-14 hours. The following day, media was removed and 40 pl of diluted Bright-Glo solution
(Promega, Madison, WI} was added to each well and incubated i the dark for 20min at room
temperature before luminescence recordings. Relative lamingscence wmts (RLU} values were
normalized to % receptor response, plotied as a function of compound concentration and
analyzed using “DoseResp” in OniginPro. EPEA epoxade 17 18-EEQ-EA activate CNR2
(ECs0=1 4nM} more significantly than CNRI (ECse=18.5nM).

[88137]  For reasons of completeness, various aspects of the invention are set out in the

following numbered clauses:

186138] Clause 1. A compound of formula (1), or a pharmaceutically acceptable salt

thercof,

wherein,

£
oneof L L2 LY LY and L7 is O and the others of LY, L2 L, L% and L” are
g

>
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()
v, o5 )
Ao N g 3- to 6-membered ring containing at least one heteroatom selected from
the group consisting of oxygen, nitrogen, and sulfur;
R! is hydrogen, Crealkyl, Cishaloatkvl, ~Cisalkviene-R*, -G, or ~Cisalkylene-Gl;

Gl is Casoycloatkvl, Csseycloalkenyl, arvl, heteroaryl, or heterocycle, wherein Gl is
optionally substituted with 1, 2, 3, or 4 RY;

R? is Ciealkvl, Cishaloalkvl, ~Cisalkyviene-R*, ~G?, or ~Csatkylene—G?;

(% is Cascycloalkyl, Csseycloalkenyl, aryl, heteroaryl, or heterocycle, wherein G%is
optionally substituted with 1, 2, 3, or 4 R*,

R* and R* at each ocowrrence are independently cyvano, ~OH, ~OC4alkyl, ~
OC(OCraalkyl, ~NHz, ~NHCqalkyl, -N{Craalkvl), -NHC{O)YCiaalkyl, or -N(C1.
salkyvC(OChsalkyl:

oy
W is it X

provided that R? is not ~CH>CHoOH when ® N

[0613%]  Clause 2. The compound of clanse 1, or a pharmaceutically acceptable salt

thereof, whercin oOW is oW , g Y , Of s ﬁf’.

{06146  Clause 3. The compound of any one of clauses 1-2, or a pharmaceutically

acceptable salt thercof, wherein R! is hydrogen.

{86141} Clause 4. The compound of any one of clauses 1-3, or a pharmaceutically

acceptable salt thereof, wherein R? is Crsalkyl, ~Crsalkylene-R*, -G?, or ~Cirealkylene-G2.

1061421 (lause 5. The compound of any one of clauses 1-4, or a pharmaceutically

acceptable salt thereof, wherein R? is ~Croealkyvlene—R*,

{66143} Clause 6. The compound of any one of clauses 1-4, or a pharmaceutically

acceptable salt thereof, wherein
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R? is ~G* or -Crsalkylene-(G?, and

(G? is Cascycloalkyl optionally substituted with 1,2, 3. or 4 R¥,
[88144] Clause 7. The compound of clause 6, or a pharmaceutically acceptable salt

thereof, wherein G2 is ~_§ j, which is optionally substitated with |, 2, or 3 R®,

{86145]  Clause 8. The compound of any one of clauses 1-7, or a pharmaceutically

acceptable salt thereof, wherein R*? at each occurrence is independently ~OH or -NH:.

[86146] Clause 9. The compound of any one of clauses 1-7, or a pharmaceutically

\?35 OH
32{\/&3.--1‘/ }{\\/’\OH‘/ \CE\ or —§-<]

acceptable salt thereof, wherein R? is

1061471 Clause 10, The compound of clause 1, selected from the group consisting of

, and
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OH
N/\/’
H

, or a pharmaceutically acceptable salt

thercof.
{00148] Clause 11. A pharmaceutical composition comprising a therapeutically effective

amount of a compound of any one of clauses 1-10, or a pharmaceutically acceptable salt

thereof. and a pharmaceutically acceptable carmer.

186149)  Clause 12, The compound of any one of clauses 1-10, or a pharmaceutically

acceptable salt thereof, for use i treating cancer.

{86136} Clause 13. The compound of any one of clauses 1-10, or a pharmaceutically

acceptable salt thereof, for ase in reducing nflammation in a subject.

[06151]  Clause 14, The compound of any one of clauses 1-10, or a pharmaceutically

acceptable salt thereof, for use in reducing platelet aggregation in a subject.

{01521 Clause 15, The compound of any one of clauses 1-10, or a pharmaceutically

acceptable salt thereof, for use n reducing angiogenesis in a subject.

186153] Clause 16, The compound of any one of clauses 1-10, or a pharmaceutically

acceptable salt thereof, for use in mducing vasoconstriction or vasodilation in a subject.

106154]  (lause 17, Use of a compound of any one of clauses 1-10, or a pharmaceutically

acceptable salt thereof, for manufacturing a medicament for treating cancer.
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1861535] Clause 18, Use of a compound of anv one of clauses 1-10, or a pharmaceutically
acceptable salt thereof, for manufacturing a medicament for reducing inflammation m a

subject.

{00156]  (lawse 19. Use of a compound of any one of clauses 1-10, or a pharmaceutically
acceptable salt thereof, for manufacturing a medicament for reducing platelet aggregation in a

subject.

1061571 Clause 20, Use of a compound of any one of clauses 1-10, or a pharmaceutically
acceptable salt thereof, for manufacturing a medicament for reducing angiogencsis in a

subject.

{00158}  (lause 21. Use of a compound of any one of clauses 1-10, or a pharmaceutically
acceptable salt thereof, for manufacturing a medicament for inducing vasoconstriction or

vasodilation in a subject.

{00159)  Clause 22. A method of treating cancer comprising administering 1o a subject in
need thereof a therapeutically effective amount of a compound of anv one of clauses 1-10, or

a pharmaceutically acceptable salt thereof, or a pharmaceutical composttion of clause 11

106166  Clause 23, A method of reducing inflammation comprising administermg to a
subject in need thereof a therapeutically effective amount of a compound of any one of
clauses 1-10, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition

of clause 11.

{00161} Clause 24. A method for reducing platelet aggregation comprising admimistering
to a subject in need thereof a therapeutically effective amount of a compound of any one of
clauses 1~10, or a pharmaceutically acceptabie salt thereof, or a pharmaceutical composition

of clause 11.
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86162} Clause 25. A method of reducing angiogenesis comprising administering {0 a
subject 1 need thereof a therapeutically effective amount of a compound of any one of

clauses 1~10, or a pharmaceutically acceptabie salt thereof, or a pharmaceutical composition

of clause 11.

186163} Clause 26. A method of inducing vasoconstriction or vasodifation comprising
administering to a subject in need thereof a therapeutically effective armount of a compound
of anv one of clauses 1-10, or a pharmaceutically acceptable salt thereof, or a pharmaceutical

composition of clause 11,
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CLAIMS
The invention claimed is:
1. A compound of formula (F), or a pharmaceutically acceptable salt thereof,

?
L3 L"\/\/[L\ R?
T "
3T L4//A\ 5T N R’
(0

wherein,

A
oncof LLUEA LY LY and L7 is Pt 7 and the others of L', L2, L3, L, and L’ are

>

{ A
“, a3

A N g3~ to 6-membercd ring containing at least one heteroatom selected from
the group consisting of oxygen, nitrogen, and sulfur;
R! is hydrogen, Croatkyl. Cishaloalkyl, ~Cisalkviene-R¥!, -G, or ~Cisalkylene-Gl;

G is Caseycloalkyl, Csscycloalkenyl, aryl, heteroaryl, or heterocycie, wherein G is
optionally substituted with 1, 2, 3, or 4 RY;

R? is Cieatkvl, Cishaloatkvl, ~Cisatkviene-R*?, G2, or ~Cisatkylene—G?;

(% is Caseycloalkyl, Cs.scycloatkenyl, arvl, heteroarvl, or heterocyele, wherein G?is
optionally substituted with 1, 2, 3, or 4 R,

R* and R* at each ocowrrence are independently cyvano, ~OH, ~OC4alkyl, ~
OC(OCraalkyl, ~NHz, ~NHCqalkyl, -N{Craalkvl), -NHC{O)YCiaalkyl, or -N(C1.
salkyvC(OChsalkyl:

a) :
(0 A

provided that R? is not -CH>CH>OH when 7 ;S
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The compound of claim 1, or a pharmacecutically acceptable salt thereof, wherein

H

stf %Af‘“ o S‘OF,/‘\}:”

~

3 The compound of any one of claims 1-2, or a pharmaceutically acceptable salt

thereof, wherein R! is hydrogen.

4. The compound of any one of clamms 1-3, or a pharmaceutically acceptable salt

thereof, wherein R? is Crealkyl, ~Crealkylene-R*?, ~G?, or ~Ciealkylene-G*.

5. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt

thereof, wherein R? is -Crsalkylene-RY,

6. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt
thereof, wherein

R? is ~G* or -Crsalkylene-(G?, and

(G? is Cascycloalkyl optionally substituted with 1,2, 3. or 4 R¥,

7. The compound of claim 6, or a pharmaceutically acceptable salt thereof, wherein G2

T . which is optionally substituted with 1, 2, or 3 R¥.

8. The compound of any one of claims 1-7, or a pharmaceutically acceptable salt

thereof, wherein R™ at each occurrence is independently ~OH or -NHz.

9, The compound of any one of claims 1-7, or a pharmaceutically acceptable salt

hy OH
:%{"\/OH ’ B%MOH ? \0(\ "g_Q

thereof, wherein R? ig or
* 2

10.  The compound of claim 1, selected from the group consisting of

P

s

~3
1
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, or a pharmaceutically acceptable salt

thereof.
11, A pharmaceutical composition comprising a therapeutically effective amount of a
compound of any one of claims 1-10, or a pharmaceutically acceptable salf thereot, and a

pharmaceutically acceptable carrier.

12, The compound of any ong of claims 1-10, or a pharmaceutically acceptable salt

thereof, for use i treating cancer.

13 The compound of any one of claims 1-10, or a pharmaceutically acceptable salt

thercof, for use in reducing mflarnmation in a subject.

14 The compound of any one of claims 1-10, or a pharmaceutically acceptable salt

thereof, for use i reducing platelet aggregation in a subject.
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15. The compound of any one of claims 1-10, or a pharmaceutically acceptable salt

thereof, for use in reducing angiogenesis 1 a subject.

16. The compound of any one of claims 1-10, or a pharmaceutically acceptable salt

thereof, for use 1n indacing vasoconstriction or vasodilation in a subject.

17. Use of a compound of any one of claims 1-10, or a pharmaceutically acceptable salt

thereof, for manufacturing a medicament for treating cancer.

18. Use of a compound of any one of claims 1-10, or a pharmaceutically acceptable salt

thereof, for manutacturing a medicament for reducing inflammation in a subject.

19, Use of a compound of any one of claims 1-10, or a pharmaceutically acceptable salt
thereof, for manufacturing a medicament for reducing platelet aggregation in a subject.
20. Use of a compound of any one of claims 1-10, or a pharmaceutically acceptable salt

thereof, for manufacturing a medicament for reducing angiogenesis in a subject.

21 Use of a compound of anv one of claims 1-10, or a pharmaceutically acceptable salt
thereof. for manufacturing a medicament for inducing vasoconstriction or vasodilation in a

subject.

22, A method of treating cancer comprising administering o a subject in need thereof a
therapeutically effective amount of a compound of any one of claims 1-10, ora

pharmaceutically accepiable salt thereof, or a pharmaceutical composition of claim 11,

23, A method of reducing inflammation comprising administering to a subject in need
thercof a therapeutically effective amount of a compound of any onc of claims 1-10, ora
phammaceutically acceptable salt thereof, or a pharmaceutical composition of claim 11

24, A method for reducing platelet aggregation comprising administering to a subject in
need thereof a therapeuticallv effective amount of a compound of anv one of claims 1-10, or

a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of claim 11,
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25. A method of reducing angiogenesis comprising administering to a subject in need
thereof a therapeutically effective amount of a compound of any one of claims 1-10, ora

pharmaceutically acceptable salt thereof, or a pharmaceutical composition of claim 11.

26. A method of mducing vasoconstriction or vasedilation comprising administering to a
subject in need thereof a therapeutically effective amount of a compound of any one of
claims 1-10, or a pharmaceutically acceptable salt thercof, or a pharmmaceutical composition

ofclaim 11,

]
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful interational search can be carried out, specifically:

3. Claims Nos.: 4-9, 11-26
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I_—_I As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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