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(57) Abstract: The present application relates to amorfrutin analogs and uses as PPAR modulators for the treatment of metabolic
syndrome, obesity, hyperlipidemia, elevated fasting blood glucose, elevated blood pressure, low HDL cholesterol, type 2 diabetes,
cardiovascular disease, a neurodegenerative disease, malaria or irritable bowel syndrome.
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PPAR MODULATORS
FIELD
[0001] The present application is directed to compounds of Formula (I),
() and (lll), which are multi-specific peroxisome proliferator-activated
receptor (PPARa and PPARY) ligands.

INTRODUCTION

[0002] Metabolic syndrome refers to a constellation of medical
conditions associated with increased risk for development of type 2 diabetes
and cardiovascular disease. The co-occurrence of central obesity along with
two out of the following four conditions defines the presence of metabolic
syndrome: hyperlipidemia, elevated fasting blood glucose, elevated blood
pressure and low HDL cholesterol (1). Approximately 25% of the world’s

population is estimated to have metabolic syndrome (1).

[0003] Primary treatment for a diagnosis of metabolic syndrome is
lifestyle intervention including decreased caloric intake and increased
exercise (2). Following that, second line treatment frequently involves the use
of pharmacologic agents that target the PPAR (peroxisome proliferator
activated receptor) subclass of nuclear receptor proteins (2-4). Anti-
hyperlipidemic agents, known as the fibrate class of drugs, target PPARa and
are effective at lowering hypertriglyceridemia and increasing HDL (5). In
contrast, the insulin sensitizing thiazolidinedione class of drugs (TZDs) target

PPARYy, a receptor important in the control of glucose homeostasis (3).

[0004] The PPAR receptors are transcription factors that act as
heterodimers with the retinoid x receptor (RXR) when complexed on DNA.
Upon ligand activation, there is a conformational change in the three-
dimensional structure of the receptor that promotes interaction with other
proteins such as co-regulators (activators or repressors) thereby modulating
the recruitment of basal transcriptional machinery, and influencing gene

expression.
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[0005] PPARa agonists (i.e., bezafibrate, fenofibrate, gemfibrozil,
clofibrate) exert their hypolipidemic effects by coordinately increasing the
transcription of genes important in liver fatty acid uptake and fatty acid
oxidation. Liver activation of PPARa increases the expression of the fatty acid
transport protein CD36 and the intracellular fatty acid binding protein FABP1,
which together contribute to an increased flux of fatty acids into the liver.
Pyruvate dehydrogenase kinase 4 (PDK4), another gene induced by PPARQq,
provides a critical signal that directs the cell to switch from glucose utilization
toward fatty acid utilization. Finally, several genes in the fatty acid B-oxidation
pathway are directly induced by PPARa. These include the mitochondrial
transporter carnitine palmitoyl transferase protein (CPT1) that helps transport
acyl-CoA-modified fatty acids to the mitochondria for B-oxidation; medium
chain acyl-coenzyme A dehydrogenase (ACADM) that promotes the
breakdown of medium chain fatty acids; and peroxisomal acyl-coenzyme A

oxidase 1 (ACOX1) that catalyzes the first enzyme in the B-oxidation pathway.

[0006] PPARa activation also results in increased circulating HDL (the
‘good cholesterol’ lipoprotein that promotes reverse cholesterol transport) via
increased ApoA1 secretion. Decreased inflammation has also been found to
occur with PPARa activation (6). PPARa increases the expression of IkBa
which promotes NF-kB degradation thereby reducing pro-inflammatory gene

expression (7).

[0007] PPARa has recently been shown to activate the starvation
hormone FGF21 (8,9). FGF21 is currently being developed as an anti-obesity
therapy because it has been shown in animal studies that when given in
pharmacologic doses that it increases insulin sensitization, increases energy
expenditure, and decreases body weight (10-12). FGF21 acts by increasing
fatty acid oxidation through the induction of the nuclear receptor co-activator
PGC1a (peroxisome proliferator-activated receptor-y coactivator 1a) (13).
FGF21 also promotes insulin sensitization via increasing glucose uptake in
adipose and muscle, suppressing hepatic glucose production, and decreasing

adipose tissue lipolysis (14-17). Finally, FGF21 was recently shown to
-2-
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increase energy expenditure by signaling to receptors in the brain that control
sympathetic input to thermogenic brown adipose tissue (18-20). Taken
together, upregulation of PPARa target genes results in improved systemic
lipid homeostasis that includes reduced circulating plasma triglycerides,

decreased LDL cholesterol, and increased HDL cholesterol.

[0008] PPARYy agonists (i.e., pioglitazone and rosiglitazone) exert their
insulin sensitization effects via several mechanisms (21-23). TZDs lower
plasma free fatty acids (FFAs) by coordinating their uptake into liver and fat to
be oxidized (22,24). Fat uptake in adipose is mediated by several factors
including lipoprotein lipase (LPL), which hydrolyzes circulating triglycerides;
the fatty acid uptake transporter CD36, and the fatty acid binding protein aP2,
also known as fatty acid binding protein 4. (25) TZDs also increase the
expression of the glucose transporter 4 (GLUT4) in adipose tissue to promote
glucose uptake, and uncoupling protein 2 (UCP2) to increase energy

expenditure.

[0009] PPARy activation by TZDs also increases the expression of
several adipokines that influence insulin sensitivity including adiponectin,
resistin and leptin (26). Adiponectin is a fat-derived hormone secreted into
circulation that increases insulin sensitivity by activating AMPK in muscle and
liver (27-29). PPARY is required for adipogenesis and for the maintenance of
fully differentiated fat cells. As such, TZDs have also been shown to increase
the number of small adipocytes, which have been shown are generally more
insulin sensitive than large adipocytes (25,30). At the same time, PPARy
activation in the macrophage is anti-inflammatory and contributes to the

maintenance of the anti-inflammatory ‘M2’ macrophages (31,32).

[0010] Unfortunately, the development of major side effects remains a
serious limitation for the therapeutic use of currently prescribed PPARYy
agonists. Common side effects of the PPARy agonists (TZDs) include weight
gain, increased fat mass, increased bone fracture rate, fluid retention, macular

edema, congestive heart failure and myocardial infarction (33). Studies have

-3-
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shown that women on rosiglitazone or pioglitazone have a two-fold increased
rate of distal bone fractures (34,35). Additionally, the incidence of fluid
retention and peripheral edema in patients taking TZD is approximately 5%
(34,36). PPARa agonists also suffer from undesired side effects including
increased liver enzymes, increased homocysteine and increased creatinine.
These effects preclude the use of PPARa agonists in patients with severe

renal dysfunction, liver disease and gallbladder disease (37).

[0011] An improved safety profile of a drug combining the best features
of both PPARa and PPARYy activation would be an attractive therapeutic
modality for the treatment of metabolic syndrome, type 2 diabetes, diabetic
dyslipidemia, hyperlipidemia, atherosclerosis and microvascular complications
of diabetes (38). Indeed, partial PPARy agonists or weak PPARY ligands have
previously been shown in mice to have insulin sensitizing effects without the
side effect of weight gain (39,40). Compounds with these characteristics are
termed selective PPAR modulators (SPPARMs). SPPARMSs are characterized
by their tissue-selective and/or gene-selective activities. This can be achieved
through partial agonism of the receptor or by reduced potency relative to
potent full PPAR agonists. The key feature is that these compounds allow the
separation of the negative effects of PPAR activation from the beneficial
(therapeutic) effects. The difference in response between highly potent full
agonists and SPPARMs is thought to arise because a distinct constellation of
co-activators are recruited upon ligand binding which influences the

downstream physiologic response (40a).

[0012] PPARy agonists are also useful for the treatment of several
other diseases such as malaria (41-44) and Alzheimer’s disease (45). In both
conditions, the anti-inflammatory actions of TZDs contribute, at least in part, to
the improvement with drug treatment (41,43,46-48). In the context of malaria
treatment, activation of PPARy induces the expression of CD36 in
macrophages, which strongly enhances parasite clearance from peripheral
blood (44,49-51). A randomized, doubleblind, placebo-controlled trial of

standard anti-malarial treatment in combination with rosiglitazone, found that
-4-
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patients treated with rosiglitazone exhibited enhanced parasite clearance and
reduced inflammatory cytokines in plasma compared to patients that received
placebo (43).

[0013] Over the past several years, brain insulin resistance has been
postulated to contribute to the pathogenesis of Alzheimer's disease (AD)
(52,53). Indeed, patients with type 2 diabetes have a 1.9-times greater risk of
developing AD compared to normoglycemic patients (53a). Likewise, it was
shown that in one study of AD patients, 80% of participants had impaired
fasting’ blood glucose or type 2 diabetes (53b). Pathologically, AD is
characterized by the accumulation and deposition of extracellular amyloid 3
plaques, neurofibrillary tangle formation, chronic neuroinflammation and
intraneuronal tau protein accumulation (54). Insulin resistance further

increases cerebral tau deposition (54a).

[0014] According to the amyloid hypothesis of AD, various amyloid
species contribute to disease. Amyloid B (AB) peptide oligomers and amyloid
fibrils are formed from AB42, a proteolytic fragment resulting from sequential
cleavage of the amyloid precursor protein (APP) by the aspartyl proteases, B-
secretase and y-secretase. Inhibition of y-secretase is currently one of the
most promising targets for the treatment of AD. In addition, soluble AB
oligomers bind and activate the synaptic signaling pathways that result in
hyperphosphorylation of tau protein, increased oxidative stress, and the

deterioration and loss of synapses (54).

[0015] There are several mechanisms by which PPARYy activation is
beneficial in the context of Alzheimer's disease (AD) (55). Activation of
PPARy minimizes neuroinflammation and induces the expression of CD36 in
microglia. CD36 has been found to promote AR clearance by microglia,
thereby contributing to the removal of AB (55a). Furthermore, PPARy induces
the expression of ApoE, a secreted protein that promotes the proteolytic
degradation of soluble AR peptide (55b). The administration of an RXR
agonist (RXR is the heterodimer partner for PPAR) to mouse models of AD

-5-
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were shown to reduce A levels and promote cognitive improvement via a
mechanism that was dependent on ApoE (56). Finally, PPARY activation has
been shown to modulate y-secretase function by transcriptionally inhibiting the
expression of B-secretase (BACE1) (57). Consistent with these mechanisms,
several animal models of AD have shown significant improvements in
cognitive function with rosiglitazone and pioglitazone treatment (58-61).
Preliminary studies in humans have confirmed the beneficial effect of
pioglitazone and rosiglitazone for the treatment of mild to moderate cognitive
impairment in AD (62-64).

SUMMARY

[0016] The present disclosure relates to compounds, and uses of
compounds, which are PPAR modulators (SPPARMs). In particular, in one
embodiment of the disclosure, the compounds are selective PPAR modulators
for PPARa and PPARYy and act as dual agonists.

[0017] In one embodiment, the present disclosure includes compounds
of the Formula (1)

n X
0

wherein
RingAis
(i) optionally substituted (Cg-C1)-aryl, or
(i) optionally substituted (Cs-C+o)-heteroaryl,
in which the optional substituents are selected from one to four of halo, OH,
O-(C+-Ce)-alkyl, (C4-Ce)-alkyl, -C(O)OH, ~OC(0)-(C4-Cg)-alkyl or —~C(O)O-(C+-

Ce)-alkyl;

Xis
()R,
(i) -OR’,

PCT/CA2014/000448
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(iii) -NR'R”,

(iv) -C(O)O-R,
(v) -C(O)-R’, or
(vi) -C(O)-NR'R”;

R’ and R” are each independently or simultaneously
(i) H,
(i) (C1-Cg)-alkyl optionally substituted by (Cs-C1g)aryl, or
(iii) (Ce-C1o)-aryl optionally substituted by (C+-Cg)alkyl or (Ce-Cig)aryl,
Wis
(i) —O-(C4-Cg)alkyl, or
(i) (C2-Cg)-alkylene-C(O)OR, wherein
(ii.a) wherein at least one carbon of the (C,-Ce)-alkylene group is
substituted with Ry and/or Ry; and
(ii.b) wherein at least one carbon of the (C,-Cs)-alkylene group is
replaced with an oxygen atom;
Ry and R, are each independently or simultaneously
(i H,
(ii) (C1-Ce)-alkyl,
(iii) (C3-Cg)-alkyl, or
(iv) Ry and Ry together form a (C3-Cg)-alkyl ring,
R is H or (C4-Cg)-alkyl, and
nis3,4,5 6,7, 8,9, or10,
or a pharmaceutically acceptable salt, solvate, prodrug and/or stereoisomer
thereof,

and wherein the following compounds are excluded from the Formula (1)

Ry .
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[0018] In another embodiment, the compounds of the Formula (l) are

compounds of the Formula (la)

RO W.

\”/ N
(la)
0O

wherein
Ring A is

(i) optionally substituted (Ce-C1o)-aryl, or

(ii) optionally substituted (Cs-C+o)-heteroaryl,
in which the optional substituents are selected from one to four of halo, OH,
0-(C4-Cg)-alkyl, (C+-Cg)-alkyl, -C(O)OH, or —C(0)O-(C+-Ce)-alkyl;
Xis

()R,

(i) -OR’,

(ii) -NR'R’,

(iv) -C(O)O-R’,

(v) -C(O)-R’, or
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(vi) -C(O)-NR'R”;
R’ and R” are each independently or simultaneously

() H,

(i) (C4-Cg)-alkyl optionally substituted by (Ce-Cqg)aryl, or

(iii) (Ce-Cro)-aryl optionally substituted by (C4-Cs)alkyl or (Ce-Cqo)aryl,
W is (C2-Ce)-alkylene-C(O)OR, wherein

(ii.a) wherein at least one carbon of the (C,-Cg)-alkylene group is
substituted with R4 and/or R,; and
(ii.b) wherein at least one carbon of the (C,-Cg)-alkylene group is

replaced with an oxygen atom;
R1 and Rz are each independently or simultaneously

(i) (C1-Cg)-alkyl,

(ii) (C3-Csg)-alkyl, or

(iii) Ry and Rz together form a (C3-Cg)-alkyl ring,
R is H or (C4-Cg)-alkyl, and
nis3,4,56,7,8,9, or 10,
or a pharmaceutically acceptable salt, solvate, prodrug and/or sterecisomer
thereof.
[0019] The present disclosure also includes a use of a compound of the
Formula (Il) as a PPAR modulator, for example a selective PPAR modulator,

wherein the compound of the Formula (I1) has the following structure

W.
n X
(I

wherein
Ring A is
(i) optionally substituted (Cg-C1o)-aryl, or
(ii) optionally substituted (Cs-C+0)-heteroaryl,
in which the optional substituents are selected from one to four of halo, OH,
O-(C1-Ce)-alkyl, (C4-Cg)-alkyl, -C(O)OH, or —C(Q)O-(C4-Cg)-alky!;
-9.
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Xis

(iR,

(i) -OR’,

(i) -NR'R”,

(iv) -C(O)O-R’,

(v) -C(O)-R’, or

(vi) -C(O)-NR'R"; A
R"and R" are each independently or simultaneously

(i) H,

(i) (C4-Cg)-alkyl optionally substituted by (Cg-Cyo)aryl, or

(iii) (Ce-Cao)-aryl optionally substituted by (C4-Csg)alky! or (Cs-Cyg)aryl,
Wis

(i) ~O-(C4-Cg)alkyl, or

(i) (Co-Ce)-alkylene-C(O)OR, wherein

(iLa) at least one carbon of the (C,-Ce)-alkylene group is
substituted with R4 and/or R,; and
(ii.b) at least one carbon of the (C-Ce)-alkylene group is

replaced with an oxygen atom:;
Ry and Rz are each independently or simultaneously

(i) H

(i) (C1-Cg)-alkyl,

(iii) (C3-Cg)-alkyl, or

(iv) Ry and R together form a (C3-Cg)-alky! ring,
Ris H or (C4-Cg)-alkyl, and
nis3,4,56,7,8,9, or10,
or a pharmaceutically acceptable salt, solvate, prodrug and/or sterecisomer
thereof.
[0020] The present disclosure also includes a use of a compound of the
Formula (Ill) as a PPAR modulator, for example a selective PPAR modulator,
wherein the compound of the Formula (I1l) has the following structure

-10 -
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wherein
Ring B is
(i) optionally substituted (Ce-C1g)-aryl, or
(ii) optionally substituted (Cs-C1o)-heteroaryl,
in which the optional substituents are selected from one to four of OH, O-(Cs+-
Ce)-alkyl, (C4-Cg)-alkyl, -C(O)OH, or —C(0)O-(C1-Cg)-alkyl;
Rsis
(i H,
(ii) (C1-Ce)-alkyl,
(i) =C(=0)-(C+-Cg)-alkyl,
(iv) —(C4-Cg)-alkylene-C(=0)-O-R4, wherein the (C4-Ce)-alkylene moiety

is optionally substituted by one or more of (C4-Ce)-alkyl;

Rsis

(i H, or

(i) (C41-Ce)-alkyl
Yis

(i) H, or

(i) =C(O)OH,;

Z is (C10-Cao)alkyl, having 0-3 unsaturated bonds,

or a pharmaceutically acceptable salt, solvate, prodrug and/or stereoisomer
thereof.

[0021] The present disclosure also includes pharmaceutical
compositions comprising compounds of the Formula (1), (Il) and/or (lll) and

pharmaceutically acceptable excipients, carriers and/or additives.

-11-
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[0022] In one embodiment, the compounds of the Formula (1), (il) and/or
(1) may be synthesized from compounds present in cashew nut shell oil. In
one embodiment, the compounds of the Formula (1), (l) and/or (lll) are
synthesized in high yield, using environmentally friendly chemistry, from a low-
cost byproduct of cashew nut processing, which includes for exampie,

anacardic acids, cardol and cardanol.

[0023] The present disclosure also includes a method of treating or
preventing a disease or condition for which PPAR modulation provides a
therapeutic benefit, comprising administering an effective amount of a

compound of the Formula (1), (I} and/or (lil) to a patient in need thereof.

[0024] The present disclosure also includes a use of a compound of the
Formula (1), (II) and/or (ll1), for treating or preventing a disease or condition for

which PPAR modulation provides a therapeutic benefit.

[0025] Other features and advantages of the present application will
become apparent from the following detailed description. It should be
understood, however, that the detailed description and the specific examples
while indicating preferred embodiments of the application are given by way of
illustration only, since various changes and modifications within the spirit and
scope of the application will become apparent to those skilled in the art from

this detailed description.

DRAWINGS
[0026] The disclosure will now be described in greater detail with

reference to the following drawings in which:

[0027] Figure 1 is a graph showing the activity of compounds of the

disclosure in a luciferase reporter screen for A) PPARa and B) PPARYy;

[0028] Figure 2 is a dose response curve showing the activity of

compounds of the disclosure;

[0029] Figure 3 is a functional analysis in primary hepatocytes of

compounds of the disclosure;

-12-
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[0030] Figure 4A is a functional analysis in a 3T3-L1 differentiation
assay of compounds of the disclosure; Figure 4B shows Oil red O staining in

adipocytes after treatment with compounds of the disclosure;

[0031] Figure 5 is a graph showing the activity of compounds of the
disclosure in a second luciferase reporter screen for A) PPARa and B)
PPARYy;

[0032] Figure 6 is a second dose response curve showing the activity
of compounds of the disclosure;

[0033] Figure 7 is a second functional analysis in primary hepatocytes
of compounds of the disclosure;

[0034] Figure 8A is a second functional analysis in a 3T3-L1
differentiation assay of compounds of the disclosure; Figure 8B shows a
second Oil red O staining in adipocytes after treatment with compounds of the

disclosure;

[0035] Figure 9 is a graph showing the activity of compounds of the
disclosure in a third luciferase reporter screen for A) PPARa and B) PPARYy;

[0036] Figure 10 is a third dose response curve showing the activity of

compounds of the disclosure;

[0037] Figure 11 is a third functional analysis in primary hepatocytes of

compounds of the disclosure; and

[0038] Figure 12A is a third functional analysis in a 3T3-L1
differentiation assay of compounds of the disclosure; Figure 12B shows a
third Oil red O staining in adipocytes after treatment with compounds of the

disclosure.

DESCRIPTION OF VARIOUS EMBODIMENTS
DEFINITIONS

[0039] The term “(C1.Cp).alkyl” as used herein means straight and/or

branched chain, saturated alkyl radicals containing from one to “p” carbon

-13-
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atoms and includes (depending on the identity of p) methyl, ethyl, propyl,
isopropyl, n-butyl, s-butyl, isobutyl, t-butyl, 2,2-dimethylbutyl, n-pentyl, 2-
methylpentyl, 3-methylpentyl, 4-methylpentyl, n-hexyl and the like, where the
variable p is an integer representing the largest number of carbon atoms in

the alkyl radical.

[0040] The term “Cspcycloalkyl” as used herein means a monocyclic,
bicyclic or tricyclic saturated carbocylic group containing from three to “p”
carbon atoms and includes (depending on the identity of p) cyclopropyl,
cyclobutyl, cyclopenty!, cyclodecyl and the like, where the variable p’ is an
integer representing the largest number of carbon atoms in the cycloalkyl

radical.

[0041] The term “heteroaryl” as used herein refers to aromatic cyclic or
polycyclic ring systems having at least one heteroatom chosen from N, O and
S and at least one aromatic ring. Examples of heteroaryl groups include,
without limitation, furyl, thienyl, pyridyl, quinolinyl, isoquinolinyl, indolyl,
isoindolyl, triazolyl, pyrrolyl, tetrazolyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl,
benzofuranyl, benzothiophenyl, carbazolyl, benzoxazolyl, pyrimidinyl,
benzimidazolyl, quinoxalinyl, benzothiazolyl, naphthyridinyl, isoxazolyl,

isothiazolyl, purinyl and quinazolinyl, among others.

[0042] The term “aryl” as used herein refers to cyclic groups that
contain at least one aromatic ring, for example a single ring (e.g. phenyl) or
multiple condensed rings (e.g. naphthyl). In an embodiment of the present
disclosure, the aryl group contains 6, 9 or 10 atoms such as phenyl, naphthyl,
indanyl, anthracenyl, 1,2-dihydronaphthyl,  1,2,3,4-tetrahydronaphthyl,

fluorenyl, indanyl, indenyl and the like.

[0043] The suffix “ene” added on to any of the above groups means

that the group is divalent, i.e. inserted between two other groups.

[0044] The term “halo” as used herein refers to a halogen atom and

includes fluorine (F), chlorine (Cl), bromine (Br) and iodine (l).

-14 -
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[0045] The term “selective PPAR modulator’” as used herein refers to
compounds that have differential activation profiles towards heterologously
expressed PPARa or PPARy (i.e., partial or weak PPAR activity) or differential
activation of PPAR target genes, when compared to highly potent standard
full agonists of PPARa or PPARYy, for example GW7648 (for PPARa) and
rosiglitazone (for PPARY).

[0046] The term “pharmaceutically acceptable salt" refers, for example,
to a salt that retains the desired biological activity of a compound of the
present disclosure and does not impart undesired toxicological effects thereto;

and may refer to an acid addition salt or a base addition salt.

[0047] The term “solvate” as used herein means a compound or its
pharmaceutically acceptable salt, wherein molecules of a suitable solvent are
incorporated in the crystal lattice. A suitable solvent is physiologically tolerable
at the dosage administered. Examples of suitable solvents are ethanol, water
and the like. When water is the solvent, the molecule is referred to as a
“hydrate”. The formation of 'solvates will vary depending on the compound and
the solvate. In general, solvates are formed by dissolving the compound in the
appropriate solvent and isolating the solvate by cooling or using an
antisolvent. The solvate is typically dried or azeotroped under ambient

conditions.

[0048] In embodiments of the present disclosure, the compounds may
have an asymmetric center. These compounds exist as enantiomers. Where
compounds possess more than one asymmetric center, they may exist as
diastereomers. It is to be understood that all such isomers and mixtures
thereof in any proportion are encompassed within the scope of the present
disclosure. It is to be further understood that while the stereochemistry of the
compounds may be as shown in any given compound listed herein, such
compounds may also contain certain amounts (e.g. less than 20%, suitably
less than 10%, more suitably less than 5%) of compounds of the disclosure

having alternate stereochemistry. For example, compounds of the disclosure
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that are shown without any stereochemical designations are understood to be
racemic mixtures (i.e. contain an equal amount of each possible enantiomer
or diastereomer). However, it is to be understood that all enantiomers and
diastereomers are included within the scope of the present disclosure,

including mixtures thereof in any proportion.

[0049] The term "effective amount" or "therapeutically effective amount”
as used herein means an amount effective, at dosages and for periods of time
necessary to achieve the desired result. For example in the context of treating
a subject with malaria, an effective amount is an amount that, for example,
reduces the amount of parasite in the blood of a subject. Effective amounts
may vary according to factors such as the disease state, age, sex and/or
weight of the subject. The amount of a given compound that will correspond to
such an amount will vary depending upon various factors, such as the given
drug or compound, the pharmaceutical formulation, the route of
administration, the type of condition, disease or disorder, the identity of the
subject being treated, and the like, but can nevertheless be routinely

determined by one skilled in the art.

[0050] As used herein, the term “prodrug” refers to a substance that is
prepared in an inactive form that is converted to an active form (i.e., drug)
within the body or cells thereof by the action of, for example, endogenous
enzymes or other chemicals and/or conditions. Prodrug derivatives of the
compounds of Formula (1), (1) or (Ill), or pharmaceutically acceptable salts or
solvates thereof, can be prepared by methods known to those of ordinary skill
in the art, and include esters of any free hydroxyl or carboxyl moieties of the

compounds

[0051] Although the disclosure has been described in conjunction with
specific embodiments thereof, if is evident that many alternatives,
modifications and variations will be apparent to those skilled in the art.
Accordingly, it is intended to embrace all such alternatives, modifications and

variations that fall within the spirit and broad scope of the appended claims. In
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addition, citation or identification of any reference in this application shall not
be construed as an admission that such reference is available as prior art to

the present disclosure.

[0052] The operation of the disclosure is illustrated by the following
representative examples. As is apparent to those skilled in the art, many of the
details of the examples may be changed while still practicing the disclosure

described herein.
COMPOUNDS OF THE DISCLOSURE

[0053] The present disclosure relates to compounds which are PPAR
modulator, and in particular, selective PPAR modulators (SPPARMs). In
particular, in one embodiment of the disclosure, the compounds are selective
PPAR modulators for PPARa and PPARy and act as dual agonists.

[0054] In one embodiment, the present disclosure includes compounds

of the Formula (1)

wherein
Ring Ais

(i) optionally substituted (Ce-C10)-aryl, or

(ii) optionally substituted (Cs-C1o)-heteroaryl,
in which the optional substituents are selected from one to four of halo, OH,
O-(C+-Ce)-alkyl, (C1-Ce)-alkyl, -C(O)OH, or —C(O)O-(C+-Ce)-alkyl;
Xis

(i R,

(i) -OR’,

(ii) -NR'R’,

(iv) -C(O)O-R’,

(v) -C(O)-R’, or

-17 -
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(vi) -C(O)-NR'R”;

R’ and R” are each independently or simultaneously
(i H,
(i) (C1-Cg)-alkyl optionally substituted by (Cs-C1g)aryl, or
(iii) (Ce-C1o)-aryl optionally substituted by (C+-Cs)alkyl or (Ce-C1o)aryl,
Wis
(i) —O-(C4-Cg)alkyl, or
(ii) (C1-Cs)-alkylene-C(O)OR, wherein
(ii.a) at least one of the carbon atoms of the (C4-Cs)-alkylene is
substituted with R4 and/or Ry; and
(ii.b) at least one of the carbon atoms of the (C4-Cg)-alkylene is
replaced with an oxygen atom;
R4 and R; are each independently or simultaneously
(i) H,
(if) (C4-Cg)-alkyl,
(iii) (C3-Cg)-alkyl, or
(iv) Ry and R, together form a (C3-Cg)-alkyl ring,
R is H or (C4-Cg)-alkyl, and
nis3,4,5,6,7,8,9, or10,
or a pharmaceutically acceptable salt, solvate, prodrug and/or stereoisomer
thereof,

and wherein the following compounds are excluded from the Formula (1)

0]

PP on
\@/\/\/\/v

3
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[0055] In one embodiment, Ring A is optionally substituted (Ce)-aryl or
optionally substituted (Cs-Cg)-heteroaryl. In another embodiment, Ring A is
optionally substituted (Cg)-aryl. In another embodiment of the disclosure, Ring

A has the following structure

[0056] In one embodiment, Ring A is optionally substituted once with
OH, O-(C4-Ce)-alkyl, -C(O)OH, —OC(O)-(C+-Ce)-alkyl or —C(O)O-(C1-Cg)-alkyl.

In another embodiment, Ring A has the structure

[0057] In another embodiment of the disclosure, X is R’, -OR’, -C(O)O-
R’, -C(O)-R’, or optionally substituted (Ce-C1g)-aryl, wherein R’ and R" are
each independently or simultaneously H, (C1-Cg)-alkyl or (Ce-C1g)-aryl. In one
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embodiment, X is OR’ or -C(O)O-R’, wherein R* and R’ are each
independently or simultaneously H or (C4-Cg)-alkyl. In a further embodiment,
X is OH, -C(O)OH or —C(0)O-(C4-Cg)-alkyl. In an embodiment, X is OH, -
C(O)OH or —C(O)OCH,CHs.

[0058] In one embodiment of the disclosure, W is —O-CH3, —C(R1)(R>)-
O- or -0O-C(Ry)(R2)-, wherein Ry and R are each independently or
simultaneously H, (C4-Cg)-alkyl or (C3-Cg)-alkyl, or Ry and R, together form a
(C3-Cg)-cycloalkyl ring. In a further embodiment, W is —O-CHj3, =C(R1)(R2)-O-
or -O-C(R1)(Ry)-, wherein R4 and R are each independently or simultaneously
(C4-Cy)-alkyl or (C3-Cg)-alkyl. In another embodiment, W is —OCHj, -
C(CH3)(CH3)-0O- or -O-C(CH3)(CHs)-. In another embodiment, W is —OCHg,

A I8

2,
Z
v

[0059] In an embodiment, R is H or (C4-Cg)-alkyl. In one embodiment,
H, CH3 or CH.CHs.

[0060] In another embodiment of the disclosure, n is an integer which is

6,7,8,90r10. In one embodiment, nis 7 or 8.

[0061] In another embodiment of the disclosure, the compound of the

Formula (1) is

-20-
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[0062]
compounds of the Formula (la)

RO W.

T .

0

wherein
Ring Ais
(i) optionally substituted (Ce-C1o)-aryl, or

(i) optionally substituted (Cs-C1o)-heteroaryl,
-21-
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in which the optional substituents are selected from one to four of halo, OH,
0O-(C1-Ce)-alkyl, (C1-Cg)-alkyl, -C(O)OH, or —C(0O)O-(C+-Cg)-alkyl;
Xis

(h R,

(ii) -OR’,

(iii) -NR'R”,

(iv) -C(O)O-R,

(v) -C(O)-R’, or

(vi) -C(O)-NR'R”;
R’ and R” are each independently or simultaneously

(i H,

(i) (C1-Cg)-alkyl optionally substituted by (Cs-C1g)aryl, or

(iii) (Ce-C1o)-aryl optionally substituted by (C4-Cg)alkyl or (Ce-Cro)aryl,
W is (C4-Cg)-alkylene, wherein at least two of the carbon atoms of the (C+-Ce)-
alkylene moiety are independently

(ii.a) substituted with R4 and/or R;; and
(ii.b) replaced with an oxygen atom;

R and R, are each independently or simultaneously

(i) (C1-Cg)-alkyl,

(ii) (C3-Cs)-alkyl, or

(i) Ry and Ry together form a (Cs-Cs)-cycloalkyl ring,
R is H or (C4-Cs)-alkyl, and
nis3,4,5,6,7,8,9, or 10,
or a pharmaceutically acceptable salt, solvate, prodrug and/or stereocisomer
thereof.

[0063] In one embodiment, the compound of the Formula (la) is

OH

(LDT476),

-22-
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(LDT477),

0 OH

\O/\/\/\/\!)(

(LDTA478),
o OH
\@/\/\/\/\ﬂ/
(LDT479), or
O
0
(LDT481).

5 [0064] In one embodiment of the disclosure, the compound of the

Formula (la) has the structure
[0065]
wherein

RO W
T S X
(1a)
o) . ,
10 RingAis

(i) optionally substituted phenyl, or
(ii) optionally substituted (Cs-Cg)-heteroaryl,
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in which the optional substituents are selected from one to four of halo, OH,
0O-(C4-Ce)-alkyl, (C4-Cg)-alkyl, -C(O)OH, —OC(0)-(C+-Cg)-alkyl or ~C(O)O-(C-
Ce)-alkyl;

Xis
(i) R,
(i) -OR’,
(ii) -C(O)O-R’,
(iv) -C(O)-R’, or
(v) -C(O)-NR'R”;

R’ and R” are each independently or simultaneously
(i) H,
(ii) (C4-Cg)-alkyl optionally substituted by (Cs-C1g)aryl, or
(iii) (Cs-C10)-aryl optionally substituted by (C4-Cs)alkyl or (Ce-C1g)aryl,

W is (C,-Cg)-alkylene, wherein
(ii.a) at least one carbon atom of the (C2-Ce)-alkylene group is
substituted with R4 and/or Ry; and
(ii.b) at least one carbon atom of the (C2-Ce)-alkylene group is

replaced with an oxygen atom;

Rqis
() H,
(i) (C4-Cg)-alkyl, or
(iii) (C3-Cg)-alkyl,
Rz is
(i) (C4-Cg)-alkyl, or
(ii) (C3-Cg)-alkyl, or
R, and R, taken together form a (C3-Cg)-cycloalkyl ring,

R is H or (C4-Cs)-alkyl, and
-24 -
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nis6,7, 8,9, or 10,

or a pharmaceutically acceptable salt, solvate, prodrug and/or stereoisomer

thereof.

[0066] In one embodiment, in the compound of Formula (la), Ring A is
5 optionally substituted phenyl. In another embodiment, Ring A is substituted

once with OH, O-(C4-Ce)-alkyl, -C(O)OH, —OC(QO)-(C1-Cg)-alkyl or —-C(O)O-

(C1-Ce)-alkyl. In one embodiment, Ring A has the following structure

[0067] In another embodiment, in the compound of Formula (la), Ring

10 A has the following structure

[0068] In another embodiment, in the compound of Formula (la), X is
R’, -OR’, -C(O)O-R’, -C(O)-R’, or optionally substituted (Cs-C1o)-aryl, wherein
R’ and R” are each independently or simultaneously H, (C1-Cg)-alkyl or (Ce-

15 Cyg)-aryl. In one embodiment, X is OR’ or -C(O)O-R’, wherein R’ and R” are
each independently or simultaneously H or (C4-Cg)-alkyl. In another
embodiment, X is OH, -C(O)OH or —C(O)O-(C4-Cg)-alkyl. In another
embodiment X is OH, -C(O)OH or —C(O)O-(C1-Cs)-alkyl. In another
embodiment, X is OH, -C(O)OH or —C(O)OCH,CHs.

20 [0069] In another embodiment of the disclosure, in the compound of
Formula (la), W is —C(R1)(R2)-O- or -O-C(R1)(R2)-, wherein Ry is H, (C1-C¢)-
alkyl or (C3-Cg)-cycloalkyl, Ry is (C4-Cg)-alkyl or (C3-Cg)-cycloalkyl, or Ry and
R, taken together form a (C3-Cs)-alkyl ring. In another embodiment, W is —
C(R1)(R2)-O- or -O-C(R1)(R2)-, wherein Ry is H, (C4-Cjs)-alkyl or (C3-Cg)-
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cycloalkyl, and R; is (C4-Cg)-alkyl or (C3-Ce)-cycloalkyl. In one embodiment, w
is —C(CHa3)(CH3)-O- or -O—C(CH3)(CHz)-. In a further embodiment, W is

ey I8

2

Z
Z
4

[0070] In one embodiment, in the compound of Formula (la), R is H or
(C4-Ce)-alkyl.

[0071] In one embodiment, R is H, CH3; or CH,CHa.

[0072] In another embodiment, in the compound of Formula (la), nis 6,

7,8, or 9, or optionally, nis 7 or 8.

[0073] In another embodiment of the disclosure, the compound of the

Formula (la) is

[0074]

OH

OH

OH

-26 -
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USE OF THE COMPOUNDS OF THE FORMULA (11) AND (1li)

[0075] The present disclosure also includes a use of a compound of the
Formula (Il), as a PPAR modulator, and in particular, as a selective PPAR
modulator, wherein the compound of the Formula (ll) has the following

structure

n X

)

wherein
Ring A is

(i) optionally substituted (Ce-C1o)-aryl, or

(ii) optionally substituted (Cs-C1o)-heteroaryl,
in which the optional substituents are selected from one to four of halo, OH,
O-(C4-Ce)-alkyl, (C+-Ce)-alkyl, -C(O)OH, or —C(0)0O-(C+-Cg)-alkyl;
Xis

i R,

(i) -OR’,

(iii) -NR'R”,
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(iv) -C(O)O-R,

(v) -C(O)-R’, or

(vi) -C(O)-NR'R”,
R’ and R” are each independently or simultaneously

(i) H,

(ii) (C1-Cs)-alkyl optionally substituted by (Ce-Cro)aryl, or

(iii) (Cs-C10)-aryl optionally substituted by (C4-Cg)alkyl or (Ce-Cro)aryl,
Wis

(i) —O-(C+-Ce)alkyl, or

(i) (C2-Ce)-alkylene-C(O)OR, wherein

(ii.a) at least one carbon atom of the (Co-Ce)-alkylene group is
substituted with Ry and/or Ry; and
(ii.b) at least one carbon atom of the (C,-Ce)-alkylene group is

replaced with an oxygen atom;
R, and R, are each independently or simultaneously

(i H,

(ii) (C4-Cg)-alkyl,

(iii) (C3-Cg)-alkyl, or

(iv) Ry and Ry together form a (C3-Cs)-cycloalkyl ring,
R is H or (C4-Cg)-alkyl, and
nis3,4,5,6,7,8,9, 0or10,
or a pharmaceutically acceptable salt, solvate, prodrug and/or stereoisomer
thereof.
[00786] In one embodiment, Ring A is optionally substituted (Ce)-aryl or
optionally substituted (Cs-Cg)-heteroaryl. In another embodiment, Ring A is
optionally substituted (Ce)-aryl. In a further embodiment, Ring A has the

following structure
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[0077] In another embodiment of the disclosure, X is R’, -OR’, -C(0O)0O-
R’, -C(O)-R’, or optionally substituted (Cs-C1g)-aryl, wherein R* and R” are
each independently or simultaneously H, (C4-Cg)-alkyl or (Cg-Cqg)-aryl. In
another embodiment, X is OR’ or -C(O)O-R’, wherein R’ and R” are each
independently or simultaneously H or (C4-Cg)-alkyl. In one embodiment, X is
OH, -C(O)OH or —C(0)0O-(C4-Cg)-alkyl. In another embodiment, X is OH, -
C(O)OH or —C(O)OCH,CHs.

[0078] In another embodiment of the disclosure, W is —O-CH3, —
C(R1)(R2)-O- or -O-C(R4)(Rz)-, wherein Ry and R; are each independently or
simultaneously H, (C4-Cg)-alkyl or (C3-Cg)-alkyl, or Ry and R; together form a
(C3-Cg)-alkyl ring. In a further embodiment, W is —O-CHs, —C(R1)(R2)-O- or -O-
C(R1)(R2)-, wherein Ry and R; are each independently or simultaneously (C+-
Cs)-alky! or (C3-Cg)-alkyl. In one embodiment, W is —OCHzs, —C(CH3)(CH3)-O-
or -O—-C(CH3)(CHg)-. In one embodiment, W is —OCHj,

o)

A I8

Z
el

[0079] In one embodiment, R is H or (C4-Cg)-alkyl. In another
embodiment, R is H, CH3z or CH,CHG.

[0080] In an embodiment, nis 6, 7, 8, 9 or 10. In one embodiment, n is
7 or 8.
[0081] In one embodiment of the disclosure, the compound of the

Formula () is
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[0082] The present disclosure also includes a use of a compound of the
5 Formula (lll) as a selective PPAR modulator, wherein the compound of the

Formula (lll) has the following structure

Rs
\O

z (ny

wherein
Ring B is
10 (i) optionally substituted (Cg-C1o)-aryl, or
(i) optionally substituted (Cs-C1o)-heteroaryl,
in which the optional substituents are selected from one to four of OH, O-(C;-
Ce)-alkyl, (C4-Cg)-alkyl, -C(O)OH, or —C(0O)O-(C+-Cs)-alkyl;
Rsis

15 () H,
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(ii) (C4-Ce)-alkyl,

(iii) —=C(=0)-(C1-Cp)-alkyl,

(iv) —(C4-Cg)-alkylene-C(=0)-O-R4, wherein the (C4-Cg)-alkylene moiety
is optionally substituted by one or more of (C4-Cg)-alkyl;

5 Ry4is
(i) H, or
(i) (C4-Cg)-alkyl
Y is
() H, or
10 (i) —C(O)OH;

Z is (C19-Cop)alkyl, having 0-3 unsaturated bonds,

or a pharmaceutically acceptable salt, solvate, prodrug and/or stereoisomer

thereof.

[0083] In one embodiment, Ring B is optionally substituted (Ce¢)-aryl or
15  optionally substituted (Cs-Cs)-heteroaryl. In another embodiment, Ring B is

optionally substituted (Cg)-aryl. In another embodiment, Ring B has the

R, Rs
O/ O/
f jY Y< f
Zor z,

[0084] In another embodiment of the disclosure, R3 is H, (C4-Cs)-alkyl, —
20 C(=0)-(C4-Cjy)-alkyl, or —(C4-C3)-alkylene-C(=0)-O-R4, wherein the (C4-Cj3)-

following structure:

alkylene moiety is optionally substituted by one or more of (C4-Cs)-alkyl. In a
further embodiment, Rz is H, CH3, -C(O)CHj3;, or -CH,C(=0)O-R, optionally

substituted by one or more methyl groups. In one embodiment, Rj is

ey e o

-32-

25



WO 2015/176153 PCT/CA2014/000448

10

[0085] In another embodiment of the disclosure, Z is (C4-C1g)alkyl,
having 0-3 unsaturated bonds. In another embodiment, Z is (C1s)-alkyl, having

0-3 unsaturated bonds. In one embodiment, Z is

[0086] In one embodiment, the compound of the Formula (lll) is

OH (0]

OH

(LDT11),

o]

Ao

OH

(LDT13),

~

0] o]

OH

(LDT30),
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O/\”/O\/
o]
(LDT15),

OH
o/\“/

o)

(LDT16),
(><n/°\/
)

(LDT408),0r

OH

(LDT409).
COMPOSITIONS
[0087] The present disclosure also includes pharmaceutical

compositions comprising a compound of the Formula (1), (Il) and/or (Ill) as
defined above, or pharmaceutically acceptable salts, solvates, and prodrugs

thereof, and a pharmaceutically acceptable carrier or diluent. The compounds
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are suitably formulated into pharmaceutical compositions for administration to
subjects, preferably humans in a biologically compatible form suitable for

administration in vivo.

[0088] The compositions containing the compounds of Formula (1), (Il)
and/or (lll) can be prepared by known methods for the preparation of
pharmaceutically acceptable compositions which can be administered to
subjects, such that an effective quantity of the active substance is combined in
a mixture with a pharmaceutically acceptable vehicle. Suitable vehicles are
described, for example, in Remington's Pharmaceutical Sciences (2003 - 20th
edition) and in The United States Pharmacopeia: The National Formulary (USP
24 NF19) published in 1999. On this basis, the compositions include, albeit not
exclusively, solutions of the substances in association with one or more
pharmaceutically acceptable vehicles or diluents, and contained in buffered

solutions with a suitable pH and iso-osmotic with the physiological fluids.

[0089] The compounds of Formula (1), (ll) and/or (lll) may be used
pharmaceutically in the form of the free base, in the form of salts, solvates and
as hydrates. All forms are within the scope of the disclosure. Acid and basic
addition salts may be formed with the compounds of the disclosure for use as
sources of the free base form even if the particular salt per se is desired only
as an intermediate product as, for example, when the sait is formed only for
the purposes of purification and identification. All salts that can be formed with
the compounds of the disclosure are therefore within the scope of the present

disclosure.

[0090] In another embodiment of the disclosure, the compounds of the
Formula (1), (II) and/or (lll) may be combined with other active agents such as
active agents involved in the treatment of metabolic syndrome. For example,
the compounds of the Formula (1), (i) and/or (lll) may be combined with anti-
diabetic medications such as metformin, or anti-atherosclerosis medications

such as a statin.

METHODS OF MEDICAL TREATMENT
-35-
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[0091] In one embodiment of the disclosure, the compounds of the
Formula (1), (Il) and (Ill) are PPAR modulators, and in particular, selective
PPAR modulators for PPARa and PPARy. In one embodiment, the
compounds of the disclosure act as dual agonists for these receptors. In one
embodiment of the disclosure, the compounds exhibit increased ECso values
for PPARa and PPARYy relative to positive controls (for example, GW7647 and
rosiglitazone, respectively). In another embodiment of the disclosure, the
compounds of the Formula (1), (Il) and/or (Ill} are partial agonists of PPARa
while retaining full agonist activity of PPARy. In an embodiment of the
disclosure, selective PPAR modulators have an improved benefit to risk ratio
when compared to full PPAR agonists. In one embodiment, as the compounds
of the Formula (1), (I) and/or (lll) are not full agonists of PPARa, they may

have reduced side effects compared with other PPAR agonists.

[0092] In one embodiment of the disclosure, there is included a method
of treating or preventing a disease or condition for which PPAR modulation
provides a therapeutic benefit, comprising administering an effective amount of
a compound of the Formula (1), (1) and/or (Ill) to a patient in need thereof. In
one embodiment, the PPAR modulation is PPARa and PPARy modulation. In
another embodiment of the disclosure, the PPAR modulation using the
compounds of the Formula (1), (It} and/or (lll) comprises partial agonist activity
against PPARa and full agonist activity against PPARYy.

[0093] In another embodiment of the disclosure, there is included a use
of a compound of the Formula (I), (1) and/or (lil), for treating or preventing a
disease or condition for which PPAR modulation provides a therapeutic

benefit.

[0094] In another embodiment, the disease or condition for which PPAR
modulation provides a therapeutic benefit is metabolic syndrome. In one
embodiment, metabolic syndrome includes obesity, hyperlipidemia, elevated

fasting blood glucose, elevated blood pressure and/or low HDL cholesterol.
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[0095] In another embodiment, the disease or condition for which PPAR
modulation provides a therapeutic benefit is type 2 diabetes or cardiovascular
disease.

[0096] In another embodiment, the disease or condition for which PPAR
modulation provides a therapeutic benefit is a neurodegenerative disease. In
one embodiment, the neurodegenerative disease is Alzheimer's disease,
amyotrophic lateral sclerosis (ALS), Parkinson's disease, Huntington's disease,

and multiple sclerosis. In one embodiment, the disease is Alzheimer's disease.

[0097] In another embodiment, the disease or condition for which PPAR

modulation provides a therapeutic benefit is malaria.

[0098] In another embodiment, the disease or condition for which PPAR

modulation provides a therapeutic benefit is irritable bowel syndrome.

EXAMPLES

[0099] The operation of the disclosure is illustrated by the following
representative examples. As is apparent to those skilled in the art, many of the
details of the examples may be changed while still practicing the disclosure

described herein.
[00100] Experimental Protocols
[00101] Materials and methods

[00102] All reagents and solvents were obtained from commercial
suppliers Tedia CoR and Sigma-AldrichR. Before use, the reagents and
solvents were pretreated when necessary. The solvents were removed under
reduced pressure on a TecnalR TE-211 apparatus. The acetylation reaction of
cardanol for obtaining dihydroxy derivative (LDT71) was performed in a
household microwave BrastempR BMK38ABHNA JetDeFrost model with a
capacity of 38 L and power 900 W. All reactions were monitored by thin layer
chromatography (TLC) using commercial plates precoated Kieselgel 60 F254.
Visualization was performed by UV fluorescence (Amax = 254-366 nm).

Chromatographic separations were performed on a silica gel column G60 (70-
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230 mesh) SILICYCLER. Yields refer to chromatographically and
spectroscopically pure compounds. Compounds were named following IUPAC
rules. All melting points were determined on a Quimis 340/23 apparatus and
are uncorrected. The identity and purity of intermediates and final compounds
were ascertained through 1H NMR, 13C NMR and IR spectra. 1H NMR
spectra were determined in deutered chloroform or methanol containing ca 1%
tetramethylsilane as an internal standard, using a Bruker DOX 300 at 300 MHz
and a Bruker Avance DXR 500. 13C spectra were determined in the same
spectrometers at 75 MHz and 125 MHz, respectively, employing the same
solvents. Chemical shifts () are reported in ppm to the nearest 0.01 ppm
using solvent as the internal standard. Coupling constants (J values) are given
in Hz. The areas of the signals were obtained by electronic integration and
their multiplicities described as: singlet (s), doublet (d), double doublet (dd),
triplet (t), quartet (q), multiplet (m), broad signal (bs). The infrared spectra (IR)
were obtained by the spectrometer Perkin ElmerR Spectrum BX (Central
Analytical UCB) using potassium bromide discs (KBr) or as a liquid film on
sodium chloride (NaCl) plate. The values for absorptions are reported in wave

numbers, using as a unit the reciprocal centimeters (cm-1).
[00103] Example 1: Synthesis and Characterization of Compounds
[00104] 1.1 3-(8-Hydroxyoctyl)phenol (LDT71)

[00105] An erlenmeyer containing a solution of 12.00 g of mixture of
cardanols (monoene, diene and triene) (39.406 mmol) distilled acetic
anhydride (12.0 mL) and phosphoric acid (12 drops) was placed inside an
unmodified household microwave oven and irradiated for 3 minutes (3 x 1') at
a power of 400 W. After, the residue was extracted with ethyl acetate (3 x 15.0
mL) and the combined organic fractions washed with solution of 5% sodium
bicarbonate (20.0 mL), 10% hydrochloric acid solution (20.0 mL), brine (20.0
mL), and dried over anhydrous sodium sulfate. After evaporation of the solvent
at reduced pressure, the reaction mixture was purified by chromatography on a

silica gel (dichloromethane) affording the desired compound in 73% yield.
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Then, 10.00 g of the mixture of acetylated cardanols was diluted with
dichloromethane (20.0 mL) and methanol (20.0 mL) in a ozonolysis flask of
250.0 mL. The flask was adapted to the ozonator with a stream of ozone for
one 1.5 hour, in bath of dry ice/acetone. Next, the secondary ozonide was
reduced with 5.900 g of sodium borohydride (158.704 mmol) in 60.0 mL of
methanol. At the end of addition of sodium borohydride, the reaction remained
for six hours under stirring. Then, the mixture was acidified with concentrated
hydrochloric acid to pH 3, and it was extracted with ethyl acetate (3 x 30.0 mL).
The combined organic fractions were washed with brine (30.0 mL) and dried
over sodium sulfate. After evaporation of the solvent, the product was
chromatographed on silica gel (dichioromethane and chloroform and then
chloroform and ethanol) leading to hydroxylated derivative (LDT71) in 79% of
yield: 79%. IR (KBr) vmax cm™: 3351, 2929, 2855, 1589, 1456. 'H NMR (300
MHz, CDCI3): § 1.30 (bs, 8H, CH2), 1.53-1.59 (m, 4H), 2.54 (t, J = 7.6 Hz, 2H),
3.66 (t, J = 6.6 Hz, 2H), 6.65 (dd, J = 8.1 Hz, J = 2.5 Hz, 1H), 6.67 (sl, 1H),
6.71 (d, J = 7.6 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H). RMN 3C (75 MHz, CDCI3): §
25.8 (C3), 29.2 (C6), 29.4 (C5), 29.5 (C4), 31.3 (C7), 32.7 (C2), 35.9 (C8),
63.2 (C1), 112.8 (CH2'), 115.6 (CH6’), 120.8 (CH4'), 129.5 (CHY’), 144.9 (C3),
156.0 (C-O1’).

[00106] 1.2 8-(3-Methoxyphenyl)octan-1-ol (LDT72)

[00107] A mixture containing 1.00 g (3.782 mmol) of LDT71, 1.04 g of
potassium carbonate (7.565 mmol), 0.60 mL of methyl iodide (9.456 mmol)
and acetone (25.0 mL) was reflux for 24 hours. after, the acetone was
evaporated under reduced pressure, and the mixture extracted with ethyl
acetate (3 x 10.0 mL). The combined organic fractions were washed with 10%
hydrochloric acid solution (30.0 mL), saturated brine (30.0 mL), and dried over
anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure and the residue chromatographed on a silica gel (hexane-
dichloromethane 1:1), yielding the derivative LDT72 in 80%. IR (KBr) vimax cm™:
3368, 2929, 1602, 1465, 1260,1051, 776, 695. "H NMR (300 MHz, CDCly):
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51.33 (m, 8H, CHy), 1.54-1.58 (m, 2H, CHy), 1.60-1.63 (m, 2H, CHy), 2.59 (t, J
= 6.0 Hz, 2H), 3,64 (t, J = 6.0 Hz, 2H), 3.81 (s, 3H, ArOCHs), 6.72-6.79 (m,
3H), 7.18-7.21 (m, 1H). 3C NMR (75 MHz, CDCly): & 25.9 (C3); 29.6 (C8),
29.4 (C4), 29.5 (C5), 31.5 (C7), 32.9 (C2), 36.2 (C8), 55.3 (ArOCHy), 110.9
(CH2), 114.4 (CH®), 121,1 (CH4"), 129.3 (CH5'), 144.7 (C3), 159.7 (C-O1).

[00108] 1.3 8-(3-Methoxyphenyl)octanoic acid (LDT80)

[00109] To a solution of 0.50 g of LDT72 (2.115 mmol) in acetone (20.0
mL), under ice/water bath, was added dropwise Jones reagent until a brown
coloration of the mixture was maintained for five minutes, indicating the end of
the reaction. The excess of Jones reagent was deactivated by adding isopropyl
alcohol (1.0 mL) and the mixture extracted with chloroform (2 x 10.0 mL), the
organic fractions were washed with brine (10.0 mL), and dried over anhydrous
sodium sulfate. After evaporation of the solvent at reduced pressure, the
residue was chromatographed on a silica gel (dichloromethane) and then,
dichloromethane and chloroform, leading to target LTD80 derivative in 96%
yield. (white solid m.p. 46-48 °C). IR (KBr) vmax cm-1: 2927, 1708, 1595,
1459, 1272,1038. '"H NMR (300 MHz, CDCIi3): 1.21-1.33 (m, 9H, ArOCH3; C4-
C6), 1.60-1.62 (m, 4H), 2.30-2.36 (m, 2H), 2.57 (t, J = 7.7 Hz, 2H), 6.71-6.73
(m, 2H), 6,76 (d, J = 7.7 Hz, 1H), 7,16-7.20 (m, 1H). °C NMR (75 MHz,
CDCI3): § 18.4 (C4), 22.6 (C3), 24.9 (C6), 29.2 (C5), 31.3 (C7), 34.1 (AC2),
36.2 (C1), 55.3 (ArOCH3), 111.0 (CH2)), 114.4 (CHE'), 121.0 (CH4), 129.3
(CH5’), 144.6 (C3), 159.7 (C-01), 179.0 (COOH-8).

[00110] 1.4 Ethyl 8-(3-methoxyphenyl)octanoate (LDT482)

[00111] A mixture of 0.10 g of LDT80 (0.399 mmol), 0.11 g of potassium
carbonate (0.798 mmol) in acetone (7.0 mL) was stirred for 20 minutes, and
then, 0.10 mL of ethyl iodide (1.198 mmol) were added. The mixture was
refluxed for 2 hours. After, the solvent was concentrated under reduced
pressure and the residue was extracted with ethyl acetate (3 x 10.0 mL). The
combined organic phases were washed with a 10% hydrochloric acid solution

(20.0 mL), brine (10.0 mL) and dried with anhydrous sodium sulfate. The
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solvent was evaporated under reduced pressure and the product was
chromatographed on a silica gel (dichloromethane, chloroform and then
chloroform and ethanol) to afford the compound LDT482 in 90% yield as an
incolor liquid. IR (KBr) vmax cm-1: 2931, 1735, 1599, 1463, 1261, 1166. 1H
NMR (300 MHz, CDCl): 8 1.26 (t, J = 7,1 Hz, 3H), 1.28-1.34 (m, 6H, CH2),
1.63-1.66 (m, 4H, CH2), 2.29 (t, J = 7.5 Hz, 2H), 2.58 (t, J = 7.7 Hz, 2H), 3.80
(s, 3H, ArOCH3); 4.13 (q, J = 7.1 Hz, 2H), 6.73 (dd, J = 10.5 Hz, J = 2.3 Hz, 1
H), 6,75 (sl, 1H); 6,79 (d, J = 7.6 Hz, 1H), 7.17 (t, J = 7.8 Hz, 1H). 13C NMR
(75 MHz, CDCI3): & 14.4 (RCO2CH2CH3), 25.0 (C3), 25.1 (C4), 29.2 (C3),
29.3 (C6), 31.5 (C7), 345 (C2); 36.2 (C8), 553 (ArOCH3), 60.3
(Ar/CO2CH2CH3), 111.0 (CHZ2), 114,4 (CHE), 121.0 (C4), 129.3 (CH5),
144.6 (C3'), 159.8 (C-01’), 174.0 (Ar/fCO2CH2CH3).

[00112] 1.5 Ethyl 2-(3-(8-hydroxyoctyl)phenoxy)acetate (LDT296)

[00113] A mixture containing 1.00 g of LDT71 (4.497 mmol), 1.240 g of
potassium carbonate (8.995 mmol) and acetone (50.0 mL) was stirred for 20
minutes, and then, 0.62 mL of ethyl 2-bromoacetate (5.622 mmol) were added.
The reaction was stirred for 24 hours at room temperature, and then, extracted
with ethyl acetate (2 x 30.0 mL). The combined organic fractions were washed
with a 10% hydrochloric acid solution (30.0 mL), brine (20.0 mL), and dried
over anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure and the residue chromatographed on a silica gel column
(dichloromethane:chloroform 2:1), yielding the ester derivative LDT 296 in 62%
yield as a in color liquid. IR (film) vmax cm-1: 3421, 2929, 2955, 1761, 1596,
1458, 1205, 1093."H NMR (300 MHz, CDCl3): & 1.27-1.32 (m, 3H,
ArOCH2CO2CH2CH3; 8H, CH2, C3-C6), 1.53-1.59 (m, 4H, CH2), 2.57 (t, J =
75 Hz, 2H), 363 (t, J = 6.6 Hz, 2H), 427 (g, J = 7.1 Hz, 2H,
ArOCH2CO2CH2CH3), 4.61 (s, 2H, ArOCH2CO2CH3), 6.71 (dd, J = 8.1 Hz, J
= 2.5 Hz, 1H), 6.76 (bs, 1H), 6.81 (d, J = 7.6 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H).
3¢ NMR (75 MHz, CDCl3): § 14.3 (ArOCH2CO2CH2CH3), 25.9 (C3), 29.3
(C6), 29.5 (C5), 29.6 (C4), 314 (C7), 33.0 (C2), 361 (C8); 61.5
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(ArOCH2CO2CH2CH3), 63.2 (CH20H-1), 65.7 (ArOCH2CO2CH2CH3), 111.6
(CH2)), 115.3 (CH4’), 122.1 (CH4’), 129.4 (CH5’), 144.9 (C3), 158.1 (C-O1),
169.3 (ArOCH2CO2CH2CH3).

[00114] 1.6 8-(3-(2-Ethoxy-2-oxoethoxy)phenyl)octanoic acid
(LDT298)

[00115] To a solution of 0.460 g of LDT296 (1.491 mmol) in acetone
(20.0 mL), under ice/water bath, Jones reagent was added dropwise until a
brown coloration of the reaction system was maintained for five minutes,
indicating the end of the reaction. The excess of Jones reagent was
deactivated by adding isopropyl alcohol (1.0 mL) and the mixture was
extracted with chloroform (2 x 15.0 mL). The combined fractions were washed
with saturated saline solution (10.0 mL), and dried anhydrous sodium sulfate.
After evaporation of the solvent at reduced pressure, the residue was
chromatographed on a silica gel (chloroform, chloroform and ethanol) leading
to target LTD298 derivative in 83% yield. IR (film) vmax cm-1: 2930, 2857,
1760, 1735, 1603, 1457, 1204, 1093. 'H NMR (300 MHz, CDCls):  1.27-1.33
(m, 9H, ArOCH2CO2CH2CH3, C4-C6), 1.62-1.60 (m, 4H, CH2), 2.34 (t, J =
75 Hz, 2H), 257 (t, J = 7.6 Hz, 2H), 428 (q, J = 7.1 Hz, 2H,
ArOCH2CO2CH2CH3), 4.61 (s, 2H, ArOCH2CO2CH3), 6.72 (dd, J = 8.1 Hz, J
= 2.0 Hz,1H), 6.75 (bs, 1H), 6.77 (dI, J = 7.5 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H).
3C NMR (75 MHz, CDCly): & 14.3 (ArOCH2CO2CH2CH3), 24.8 (C3), 29.1
(C5), 29.2 (C4), 29.2 (Ce6), 31.3 (C7), 34.2 (C2), 36.0 (C8), 61.5
(ArOCH2CO2CH2CH3), 65.6 (ArOCH2CO2CH2CH3), 111.7 (CH2'), 115.3
(CH&); 1221 (CH4’), 129.4 (CH5), 144.8 (C3), 158.0 (C-O71), 169.3
(ArOCH2CO2CH2CH3), 179.9 (C1).

[00116] 1.7 Ethyl 8-(3-(2-ethoxy-2-oxoethoxy)phenyl)octanoate
(LDT480)

[00117] A mixture containing 0.10 g of LDT298 (0.310 mmol), 0.080 g of

potassium carbonate (0.620 mmol), and acetone (10.0 mL) was stirred for 20

minutes, and then, 0.04 mL of ethyl iodide (0.620 mmol) were added. The
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mixture was refluxed for 2 hours. After, the solvent was concentrated and the
mixture was extracted with ethyl acetate (3 x 10.0 mL). The combined organic
phases were washed with a 10% hydrochloric acid solution (20.0 mL), brine
(10.0 mL) and dried with anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure and the residue was chromatographed on
a silica gel (dichloromethane, chloroform and then, chloroform and ethanol),
affording the compound LDT480 in 98%. IR (KBr) vmax cm™: 2931, 2856,
1762, 1735, 1603, 1586, 1486, 1448, 1201, 1094. "H NMR (300 MHz, CDCls):
§ 1.22-1.31 (m, 12H, ArOCH2CO2CH2CH3, Ar/CO2CH2CH3, C4-C6), 1.58-
1.63 (m, 4H), 2.27 (t, J = 7.5 Hz, 2H), 2.56 (t, J = 7.7 Hz, 2H), 4.11 (9, J = 7.1
Hz, 2H, ArOCH2CO2CH2CH3), 4.26 (q, J = 7.1 Hz, 2H, Ar/fCO2CH2CH3),
4.60 (s, 2H, ArOCH2CO2CHS3), 6.69 (dd, J = 6.5 Hz, J = 2.3 Hz,1H), 6.74 (s|,
1H), 6.80 (dI, J = 7.6 Hz, 1H), 7.17 (t, J = 7.8 Hz, 1H). RMN 3C (75 MHz,
CDCI3): & 14,3 (ArOCH2CO2CH2CH3); 14,4 (Ar/CO2CH2CH3); 25,1 (Ar/CH2-
3); 29,2 (Ar/CH2-5); 29,2 (Ar/CH2-4); 29,2 (Ar/CH2-6); 31,3 (Ar/CH2-7); 34,5
(Ar/CH2-2); 36,0 (Ar/CH2-8); 60,3 (Ar/CO2CH2CH3); 61,4
(ArOCH2CO2CH2CH3); 65,6 (ArOCH2CO2CH2CH3); 111,6 (Ar-2-CH); 115,2
(Ar-4-CH); 122,1 (Ar-6'-C); 129,4 (Ar-5'-C); 144,8 (Ar- 3-C); 158,0 (Ar-1-C-0Oy;
169,2 (ArOCH2CO2CH2CH3); 174,0 (Ar/CO2CH2CH3).

[00118] 1.8 Ethyl 2-(3-(8-hydroxyoctyl)phenoxy)-2-methylpropanoate
(LDT476)

[00119] A mixture containing 1.50 g of potassium carbonate (10.794
mmol), 1.70 g of potassium iodide (10.794 mmol), 1.60 mL of ethyl a-
bromoisobutyrate (10.794 mmol) and acetonitrile (20.0 mL) was stirred for 20
minutes, and then, were added 1.20 g of LDT71 (5.397 mmol). The reaction
was refluxed for 48 hours. After, the solvent was concentrated and the mixture
was extracted with ether (2 x 30.0 mL). The combined organic fractions were
washed with 10% hydrochloric acid solution (30.0 mL), brine (30.0 mL) and
dried over sodium sulfate. The solvent was evaporated under reduced

pressure and the residue chromatographed on a silica (dichloromethane), to
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afford the derivative LDT476 in 65% vyield. IR (film) vmax cm™: 3421, 2929
2855, 1734, 1602, 1583, 1485, 1466, 1179, 1023. "H NMR (300 MHz, CDCl3):
6 1.21-1.26 (m, 4H, ArOC(CH3)2C0O2CH2CH3; 9H, CH2, C2-C6), 1,42-1,52
(m, 11H, ArOC(CH3)2C0O2CH2CH3, C7), 2.53 (t, J=7.5Hz, 2H), 361 (t, J =

5 6.6 Hz 2H), 422 (q, J = 7.1 Hz, 2H, ArOC(CH3)2C0O2CH2CH3), 6.62 (dd, J =
8.1 Hz, J = 2.4 Hz, 1H), 6.67 (sl, 1H), 6.79 (d, J=7.5Hz, 1H), 7.10 (t, /= 7.8
Hz, 1H). *C NMR (75 MHz, CDCI3): § 14.2 (ArOC(CH3)2CO2CH2CH3), 25.5
(ArOC(CH3)2C0O2CH2CH3), 25.8 (C3), 29.2 (C6), 29.4 (C5), 29.5 (C4), 31.3
(C7), 32.9 (C2), 36.0 (C8), 61.5 (ArOC(CH3)2CO2CH2CH3), 63.0 (C1), 79.1

10 (ArOC(CH3)2C0O2CH2CH3), 116.3 (CH2), 119.5 (CHE’), 122.4 (C4’), 128.9
(CH®’), 144.3 (C3), 155.5 (C-0O1’), 174.6 (ArOC(CH3)2CO2CH2CH3).

[00120] 1.9 2-(3-(8-hydroxyoctyl)phenoxy)-2-methylpropanoic acid
(LDT477)

[00121] To a solution of 0.30 g of LDT476 (0.891 mmol)} in
15  tetrahydrofuran (7.0 mL) was added a solution of 0.08 g of lithium hydroxide
(3.566 mmol) dissolved in distilled water (3.0 mL), and transfer catalyst phase
AliquatR (3 drops). The mixture was refluxed for 4 hours. Then, the mixture
was acidified with concentrated hydrochloric acid to pH 1 and it was extracted
with ethyl acetate (3 x 10.0 mL). The combined organic fractions were washed
20 with brine (10.0 mL) and dried with sulfate anhydrous sodium. The solvent was
evaporated under reduced pressure and the residue was chromatographed on
silica gel (dichloromethane, chloroform and then, chloroform and ethanol),
affording the compound LDT477 in 99% yield. IR (KBr) vmax cm-1: 2928,
2856, 1719, 1603, 1485, 1466, 1152, 1010. 1H NMR (300 MHz, MeOD): 3
25 1.24-1.30 (m, 11H), 1,60-165 (m, 12H, ArOC(CH3)2CO2H), 2.54 (t, J = 8.0 Hz,
2H), 3.60-3.66 (m, 2H), 6.69 (dd, J = 8,0 Hz, J = 2.3 Hz, 1H), 6.75 (sl, 1H),
6.85 (d, J=7.6 Hz, 1H), 7.15 (d, J = 4.6 Hz, 1H). 13C NMR (75 MHz, MeOD):
8 25.4 (ArOC(CH3)2CO2H), 25.6 (C3), 28.6 (C6), 29.2 (C4), 29.3 (C5), 31.2
(C7), 32.5 (C2), 35.8 (C8), 63.1 (C1), 79.4 (ArOC(CH3)2CO2H), 117.4 (CH2'),
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120.3 (CH6'), 123.2 (CH4'), 129.1 (CH5'), 144.4 (C3'), 154.9 (C-O1’), 177.6
(ArOC(CH3)2CO2H).

[00122] 1.10 8-(3-((1-ethoxy-2-methyl-1-oxopropan-2-
yl)oxy)phenil)octanoic acid (LDT478)

5 [00123] To a solution of 0.600 g of LDT476 (1.783 mmol) in acetone
(20.0 mL), under ice/water bath, was added dropwise Jones reagent until the
brown coloration of the reaction was maintained for five minutes, indicating the
end of the reaction. The excess of Jones reagent was deactivated by adding
isopropyl alcohol (2.0 mL) and the mixture extracted with chloroform (2 x 15.0

10 mL). The fractions combined were washed with 10% hydrochloric acid solution
(30.0 mL), brine (10.0 mL), and dried over sodium sulfate. After evaporation of
the solvent at reduced pressure, the residue was chromatographed on a silica
gel (dichloromethane, chloroform and then, chloroform and ethanol), leading to
target derivative LTD478 in 80% yield. IR (KBr) vmax cm-1: 2931, 2856, 1734,

15 1709, 1602, 1458,1142, 1024. 1H NMR (300 MHz, CDCI3): 6 1.25 (t, /=71
Hz, 3H), 1.32 (bs, 6H), 1.55-1.64 (bs, 11H, ArOC(CH3)2C0O2CH2CH3), 2.34 {(t,
J=7.5Hz, 2H), 2.53 (t, J = 7.6 Hz, 2H), 4.23 (q, J = 7.1 Hz, 2H), 6.63 (dd, J =
6.0 Hz, J = 1,9 Hz, 1H), 6.68 (sl, 1H), 6.80 (d, J=7.6 Hz, 1H), 7.12 (t, J= 7.8
Hz, 1H). *C NMR (75 MHz, CDCI3): 5 14.2 (ArOC(CH3)2CO2CH2CH3), 24.8

20 (ArOC(CH3)2CO2CH2CH3), 25.6 (C3), 29.1 (C4), 29.2 (C6), 31.3 (C7), 34.2
(C2), 36.0 (C8), 61.5 (ArOC(CH3)2C0O2CH2CH3), 79.1
(ArOC(CH3)2C0O2CH2CH3), 116.3 (CH2’), 119.5 (CH6’), 122.4 (CH4’), 128.9
(CH5’), 144.3 (C3), 155.5 (CO1’), 174.6 (ArOC(CH3)2C0O2CH2CH3), 180,0
(C1).

25 [00124] 1.11 8-(3-((2-carboxypropan-2-yl)oxy)phenyl)octanoic acid
(LDT479)

[00125] To a solution of 026 g of LDT478 (0.821 mmol) in
tetrahydrofuran (5.0 mL) was added a solution of 0.08 g of lithium hydroxide
(3.287 mmol) dissolved in distilled water (3.0 mL), and transfer catalyst phase

30 AliquatR (3 drops). The mixture was refluxed for 4 hours. Then, the mixture
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was acidified with concentrated hydrochloric acid to pH 1 and it was extracted
with ethyl acetate (3 x 10.0 mL). The combined organic fractions were washed
with brine (10.0 mL) and dried with sulfate anhydrous sodium. The solvent was
evaporated under reduced pressure and the residue was chromatographed on
silica gel (dichloromethane), affording the compound LDT479 in 82% yield. IR
(KBr) vmax cm™: 2931, 2856, 1710, 1604, 1584, 1485, 1466, 1154,1009. 'H
NMR (300 MHz, MeOD): & 1.23-1.28 (m, 6H), 1.59-1.61 (m, 10H,
ArOC(CH3)2CO2H), 2.35 (t, J = 7.3 Hz, 2H), 2.55 (t, J= 7.6 Hz), 6.74 (d, J =
7.2 Hz, 1H), 6.85 (s, 1H), 7.16 (d, J = 7,6 Hz, 1H), 7.18 (t, J3 = 7,8 Hz, 1H).
13C NMR (75 MHz, MeOD): 524.8 (ArOC(CH3)2CO2H), 25.3 (C3), 28.7 (C5),
289 (C4), 289 (C6), 312 (C7), 342 (C2, 359 (C8), 793
(ArOC(CH3)2CO2H), 117.6 (CH2’), 120.3 (CHE’), 123.3 (CH4’), 129.1 (CH5),
1445 (C3’), 154.9 (C-071’), 179.5 (ArOC(CH3)2C0O2H), 180.5 (C1).

[00126] 1.12 Ethyl 8-(3-((1-ethoxy-2-methyl-1-oxopropan-2-
yl)oxy)phenyl)octanoate (LDT481)

[00127] A mixture containing 0.17 g of LDT478 (0.485 mmol), 0.13 g of
potassium carbonate (0.970 mmol), and acetone (10.0 mL) was stirred for 20
minutes, and then, 0.08 mL of ethyl iodide (0.970 mmol) were added. The
mixture was refluxed for 2 hours. After, the solvent was concentrated and the
mixture was extracted with ethyl acetate (3 x 10.0 mL). The combined organic
phases were washed with a 10% hydrochloric acid solution (20.0 mL), brine
(10.0 mL) and dried with anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure and the residue was chromatographed on
a silica gel (dichloromethane, chloroform and then, chloroform and ethanol),
affording the compound LDT481 in 79% yield. (white solid m.p. 39-42 °C). IR
(KBr) v max cm™: 2926, 2856, 1710, 1600, 1527, 1493, 1468, 1272, 1193. 1H
NMR (300 MHz, CDCI3): 6 1.22-1.30 (m, 12H), 1,58 (bs, 11H), 2.27 (t, J=7.5
Hz, 2H), 2.53 (t, J = 7.6 Hz, 2H), 4.11 (q, J = 7.1 Hz, 2H), 4.22 (q, J = 7.1 Hz,
2H), 6.63 (dd, J = 6.1 Hz, J = 2.0 Hz, 1H), 6.67 (sl, 1 H), 6.79 (dl, J = 7.6 Hz,
1H), 7,11 (¢, J = 7.8 Hz, 1H). 13C NMR (75 MHz, CDCI3): § 14.2

- 46 -

PCT/CA2014/000448



WO 2015/176153

10

15

20

25

(ArOC(CH3)2CO2CH2CH3), 14.4 (ArfCO2CH2CH3), 25.1 (C3), 29.2 (C5),
29.2 (C4), 29.3 (CB), 31.4 (C7), 34.5 (C2), 36.0 (C8), 60.3 (A/CO2CH2CH3),
61.5 (ArOC(CH3)2CO2CH2CH3), 79.1 (ArOC(CH3)2CO2CH2CH3), 116.2
(CH2'), 119.5 (CHS'), 122.4 (CH4'), 128.9 (CH5'), 144.3 (C3'), 155.6 (C-O1),
174.0 (ArOC(CH3)2C0O2CH2CH3), 174.6 (ArfCO2CH2CH3).

[00128] Example 2: Biological Assays
[00129] 2.1 Luciferase Assays

[00130] HEK293 cells were maintained in Dulbecco’s modified Eagle's
medium supplemented with 10% fetal bovine serum. Cell transfection was
performed in media containing 10% charcoal-stripped fetal bovine serum using
calcium phosphate in 96-well plates. The total amount of plasmid DNA (150
ng/well) included 50 ng UAS-luc reporter, 20 ng B - galactosidase, 15 ng
nuclear receptor (GAL4-hPPARa and GAL4-hPPARY) and pGEM filler plasmid.
Ligands were added at 6 to 8 hours post transfection. Cells harvested 14 to 16

hours later were assayed for luciferase and B -galactosidase activity.
[00131] 2.2 Primary Hepatocyte Assays

[00132] Mouse primary hepatocytes were isolated by collagenase
perfusion as previously described (Patel et al. 2011). Cells were plated onto
type | collagen-coated plates at 0.5x106 cells per well for 2 hours in
attachment media (Wiliam’s E Media, 10% charcoal stripped FBS, 1x
penicillin/streptomycin, and 10 nM insulin), and then switched to overnight
media (M199 Media, 5% charcoal stripped FBS, 1x penicillin/streptomycin,
and 1 nM insulin). Ligand treatments were carried out on the following day in
M199 media without FBS. Cells were harvested 24hrs later for RNA extraction.

[00133] 2.3 3T73-L1 Differentiation Assays

[00134] 3T3-L1 cells were maintained in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal calf serum. Adipocyte differentiation was
induced in two-days postconfluent cells by treating the cells with 100ug/ml

isobutylmethylxanthine, 1 uM dexamethasone, and 5 pg/ml insulin with 10%
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FBS in DMEM (Day 0). Rosiglitazone and LDT ligands were added at the start
of differentiation. Two days later, cells were switched to the medium containing
5 pg/ml insulin with 10% FBS. After an additional 72hrs, cells were switched to
maintenance media containing 10% FBS in DMEM. Thereafter, the media was
changed every 2 days. Cells were harvested on day 11 for RNA expression

and Oil Red O was used to estimate lipid accumulation.
[00135] 2.4 Oil Red O Staining

[00136] Following 11 days of differentiation, cells were washed with PBS
twice and fixed in 10% neutral buffered formalin (Sigma) for 1 h at room
temperature, followed by two ddH.O and two washes with 60% isopropanol.
Cells were then stained with 0.6% (w/v) Oil Red O solution (60% isopropanol,
40% water) for 10min at room temperature, followed by five washes with
ddH20 to remove unbound dye and images were taken with Leica M205 FA

microscope.

[00137] 2.5 RNA Isolation, cDNA Synthesis and Real Time QPCR

Analysis

[00138] Total RNA was extracted from cells using RNA STAT-60 (Tel-
Test Inc.), followed by DNase | treatment (RNase-free; Roche), and reverse
transcribed into cDNA with random hexamers using the High Capacity Reverse
Transcription System (ABI; Applied Biosystems). Real-time quantitative PCR
(QPCR) analysis was performed on an ABI 7900 in 384-well plates using 2X
SYBR Green PCR Master Mix (ABI). Relative mRNA levels were calculated

using the comparative Ct method normalized to cyclophilin mRNA.
[00139] Discussion

[00140] To identify PPARa and PPAR y agonists, compounds of the
Formula (I) (in particular compounds of the Formula (la)) were analyzed for
activity using the GAL4-hPPARa/y-UAS-luciferase reporter system in
transiently transfected HEK293 cells as shown in Figure 1. All of the
compounds tested (dosed at 50 uM) showed activity on both PPARa (Fig 1A)
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and PPARYy (Fig 1B), with at least 3-fold increase in response when compared
to Vehicle. LDT477 and LDT480 were the most active compounds in this
assay.

[00141] To determine the individual potencies of the tested compounds,
dose-response analyses were carried out in the HEK293 cells using the
previously described GAL4-hPPARa/y-UAS-luciferase reporter system as
shown in Figure 2. LDT477, LDT478 and LDT480 were found to be less potent
partial PPARa agonists when compared to the full agonist GW7647, with EC50
values of 20 uM, 37 uM and 3.9 uM, respectively (Fig 2A). Interestingly, these
compounds had a full agonist profile on the PPARYy receptor when compared
to rosiglitazone control, with EC50 values of 14 yM, 14 puM, and 21 uM,
respectively (Fig 2B).

[00142] Classically, the activation of PPARa leads to a gene expression
cascade that increases intracellular fatty acid uptake and B-oxidation in the
liver. The ability of the compounds of the Formula (l) to upregulate the
expression of PPARa target genes in primary mouse hepatocytes was
examined. Treatment of primary hepatocytes with 50 uM of the compounds as
shown in Figure 3 resulted in the upregulation of Fgf21 expression, a hormone
which has potent anti-diabetic properties by promoting fatty acid oxidation and
ketone body production. The expression of CPT-1, a rate limiting enzyme in [3-
oxidation, was also increased following treatment. Moreover, the expression of
PDK4, an enzyme which allows for preferential utilization of fatty acids as an
energy source instead of glucose, was also upregulated. Finally, treatment with
the compounds of the Formula (I} upregulated the expression of genes
involved in fatty acid uptake, FABP1 and CD36. Overall, these results indicate
that the compounds of the Formula (l) promote fatty acid oxidation in the liver.
it is important to note, that despite the fact that the compounds exhibited partial
agonist activity in the luciferase-reporter assays (Fig 1) they showed similar
efficacy as the positive control WY for PPARa target gene activation. In
summary, the majority of the compounds were able to activate PPARa in

primary hepatocytes to promote a gene expression program that facilitates
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fatty acid uptake and oxidation. These are the beneficial effects of PPARa-
targeting drugs that are used to correct dyslipidemia in type 2 diabetes and

metabolic disorders.

[00143] TZDs are well characterized inducers of adipocyte differentiation
via PPARy-mediated induction of the adipogenic program. The ability of the
compounds of the Formula (I) to upregulate the expression of PPARYy target
genes in a 3T3-L1 cell differentiation assay was examined. Treatment of 3T3-
L1 pre-adipocytes with 25 uM of the compounds as shown in Figure 4 resulted
in the upregulation of PPARy and CEBPa, two master regulators of adipocyte
differentiation. The expression of adiponectin was also elevated following
treatment with the compounds. Adiponectin is secreted by mature adipocytes
and improves insulin sensitivity by stimulating AMPK, increasing glucose
uptake in muscle, and decreasing gluconeogenesis in the liver. In addition,
adiponectin also decreases adipose tissue inflammation. The expression of
GLUT4, the predominant glucose uptake transporter in adipocytes, was also
upregulated by LDT477 and LDT481. In type 2 diabetes, adipocytes are not
able to uptake the glucose following insulin stimulation due to insulin
resistance. Therefore, LDT477 and LDT481 may exert beneficial effects on
insulin resistance by increasing the expression of GLUT4 in adipose tissue.
TZDs have the further beneficial effect of promoting lipid oxidation in fat
through coordinated uptake of fatty acids via induction of LPL, CD36 and AP2.
Moreover, the expression of uncoupling protein 2 (UCP2) in adipose tissue,
which is important for mediating energy expenditure, was also upregulated by
LDT compounds. In line with the gene expression data, Oil red O staining (Fig
4B) showed that LDT477 and LDT481 were able to induce adipocyte
differentiation. Overall, certain compounds of the Formula (l) were found to
possess the beneficial effects of PPARy activation by showing potent
increases in adiponectin levels with an overall lower adipocyte differentiation
rate, which indicates the compounds can be therapeutically beneficial and
permit insulin sensitization without the undesirable weight gain that occurs with
TZD therapy.
-50 -
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[00144] To identify PPARa and PPARY agonists of the compounds of the
Formula (I}, the compounds were analyzed for activity using the GAL4-
hPPARa/y-UAS-luciferase reporter system in transiently transfected HEK293
cells as shown in Figure 5. LDT297 showed ~2-fold increase in activity as
compared to Veh in the PPARa activation assays (Fig 5A), whereas in the
PPARYy activation assay it had a ~12-fold increase in reporter activity. LDT298

showed comparable luciferase activation in both PPARa and PPARYy assays.

[00145] To determine the individual potencies of compounds of the
Formula (Il), dose-response analyses were carried out in the HEK293 cells as
shown in Figure 6. LDT296, LDT297 and LDT298 were found to be less potent
partial PPARa agonists, when compared to the full agonist GW7647 (Fig 6A).
The EC50 value for LDT296 was not determined, however, LDT297 and
LDT298 had EC50 values of 36 uM and 1.3 pM, respectively. Interestingly,
LDT297 and LDT296 had a less potent, full agonist profile on the PPARYy
receptor (Fig 6B) when compared to the rosiglitazone control. Using curve-
fitting, we estimate that the EC50 for LDT297 is 26 uM.

[00146] To examine the ability of compounds of the Formula (Il) to
upregulate the expression of PPARa target genes, primary mouse hepatocytes
were treated with 50 uM of selected compounds as shown in Figure 7. LDT297
showed upregulation of Fgf21 expression, a hormone which has potent anti-
diabetic properties by promoting fatty acid oxidation, insulin sensitivity and
enhanced energy expenditure. The expression of CPT-1, a rate limiting
enzyme in B-oxidation, was also increased following LDT297 treatment.
Moreover, the expression of PDK4, an enzyme which allows for preferential
utilization of fatty acids over glucose as an energy source, was also
upregulated. Finally, LDT297 treatment upregulated the expression of genes
involved in fatty acid uptake, FABP1 and CD36. Overall, these results indicate
that compounds of the Formula (Il) (LDT297) can promote fatty acid uptake
and oxidation in the liver which represent beneficial effects of PPARa

activation for treatment of hyperlipidemia.

-51-

PCT/CA2014/000448



WO 2015/176153

10

15

20

25

30

[00147] To examine the ability of compounds of the Formula (ll) to
upregulate the expression of PPARY target genes, 3T3-L1 pre-adipocytes were
treated with 25 uM of selected LDT compounds and monitored for
differentiation as shown in Figure 8. Similar to the compounds of the Formula
(1), LDT297 upregulated the expression of PPARy and CEBPa (master
regulators of adipocyte differentiation), and adiponectin (a hormone secreted
by mature adipocytes and improves insulin sensitivity) and GLUT4 (a glucose
uptake transporter) (Fig 8A). Moreover, LDT297 treatment increased the
expression of genes involved in fatty acid uptake (LPL, CD36 and AP2),
facilitating fatty acid oxidation. The expression of UCP2, an uncoupling protein
which plays a role in increasing energy expenditure, was also upregulated by
LDT297. (Fig 8A). In line with the gene expression data, Oil red O staining (Fig
8B) showed that LDT297 was able to induce adipocyte differentiation but this
induction was attenuated compared to that of rosiglitazone. Overall, these
results indicate that compounds of the Formula (Il) (LDT297) possess the
beneficial effects of PPARy activation by showing potent increases in
adiponectin levels with an overall lower adipocyte differentiation rate, which
indicates the compounds can be therapeutically beneficial and permit insulin

sensitization without the undesirable weight gain that occurs with TZD therapy

[00148] To identify novel PPARa and PPARy agonists from the
compounds of the Formula (Ill), the compounds were analyzed for activity
using the GAL4-hPPAR/y-UAS-luciferase reporter system as shown in Figure.
All compounds in this series were active against PPARa (Fig 9A) and exhibited
2-8-fold induction relative to vehicle control when dosed at 50 pM. Similarly,
the compounds in this series were also active against PPARYy (Fig 9B) and
achieved between a 4-14-fold induction relative to vehicle control when dosed
at 50 uM.

[00149] To determine the individual potencies of the compounds of the
Formula (lIl), dose-response analyses were carried out in the HEK293 cells as
shown in Figure 10. All of the compounds were found to be less potent, partial

PPARa agonists when compared to the full agonist GW7647 (Fig 10A). The
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following EC50 values were obtained for PPARa: LDT11 9 uM; LDT13 7 uM;
LDT15 3.5 uM; LDT16 0.9 uyM; LDT30 32 pM; LDT409 0.2 pM. Similarly,
LDT13, LDT15 and LDT408 were partial PPARy agonists, whereas LDT11 and
LDT16 exhibited full agonist profile compared to rosiglitazone against the
PPARy receptor (Fig 10B). The following EC50 values were obtained for
PPARy: LDT11 12 uM; LDT13 12 yM; LDT15 42 uM; LDT16 3.6 uM.

[00150] To examine the ability of the compounds of the Formula (lll) to
upregulate the expression of PPARa target genes, primary mouse hepatocytes
were treated with 50 uyM of selected compounds, as shown in Figure 11.
LDT15 showed upregulation of Fgf21 expression, a hormone which has potent
anti-diabetic properties by promoting fatty acid oxidation, energy expenditure,
and insulin sensitization. The expression of PDK4, an enzyme which allows for
preferential utilization of fatty acids as the energy source, was upregulated by
LDT15 and LDT408. FABP1 and CD36, genes important in fatty acid uptake,
were also significantly increased with LDT15 and LDT408. Overall, these
results indicate that the compounds can promote fatty acid uptake and

oxidation in the liver that would lead to decreased circulating lipids.

[00151] To examine the ability of the compounds of the Formula (lll) to
upregulate the expression of PPARYy target genes, 3T3-L1 pre-adipocytes were
treated with 25 uM of selected compounds and monitored for adipocyte
differentiation, as shown in Figure 12. Most of the compounds increased the
expression of PPARy and CEBPa (master regulators of adipocyte
differentiation). Adiponectin expression was induced to a similar degree as
Rosi by LDT15 and LDT409; LDT11 and LDT408 also significantly increased
its expression (Fig 12A). Moreover, LDT C15 compounds increased the
expression of LPL, CD36 and AP2, all of which promote lipid oxidation in fat
through coordinating the uptake of fatty acids. UCP2, an uncoupling protein
which promotes energy expenditure, was also upregulated by LDT15, 30, 408
and 409. GLUT4 expression was also augmented by LDT 11, 13, 15, 408 and
409. Since GLUT4 is a predominant glucose uptake transporter in adipocytes,

it is possible that LDT C15 series of compounds may exert beneficial effects on
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hyperglycemia and insulin resistance by increasing the expression of GLUT4 in
adipose tissue. Oil red O staining (Fig 12B) showed that LDT409 was
comparable to Rosi in its ability to induce adipocyte differentiation. In contrast,
LDT15, LDT408 and LDT11 were less adipogenic compared to Rosi. These
data, taken together, indicate that the compounds can serve as insulin

sensitizers that are devoid the negative side effects found with TZDs.
[00152] Example 3: Prophetic In vivo Experiment

[00153] To test the ability of the LDT compounds to lower hyperlipidemia,
lower hyperglycemia and/or increase insulin sensitivity without concomitant
weight gain we will test the compounds in three animal models of metabolic
disease: i) Diet-induced obese (DIO) mice, ii) leptin receptor deficient mice
(db/db) and iii) Zucker diabetic fatty rats. Each model will be treated with LDT
compounds for up to 6 weeks. Oral glucose tolerance and insulin tolerance
tests will be administered after 4.5 and 5.5 weeks of drug treatment. DIO mice
will be generated by feeding 6 week old C57Bl/6 mice a high fat high
cholesterol diet for 12 weeks. Drug treatment will be initiated when the mice
are 18 weeks old and be administered daily for six additional weeks. Body
composition (body weight, fat distribution, lean mass), total energy
expenditure, gene expression, histologic analysis, and plasma analyses will be
performed at the end of the study. Samples will be processed to assess insulin
sensitivity and hyperlipidemia by measuring plasma levels of FFAs, glucose,
insulin, triglycerides, cholesterol, and FGF21. Tissue cholesterol and
triglyceride levels will also be measured. Tissues will be processed for gene

and protein analysis of PPAR target genes.

[00154] To test the ability of the LDT compounds to mitigate the
progression of neurodegenerative diseases, we will test the compounds in an
animal model of Alzheimers disease (TgCRND8 mice). Wildtype and
TgCRND8 mice will be treated with LDT compounds by daily administration for
up to 8 weeks. Fear conditioning testing will be performed at the end of the

study to assess whether any improvements in cognitive function were
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detected. After sacrificing the mice, the brains will be processed for Ap1-40
and AB1-42 quantitation. Intracerebral levels of PPAR target genes will be
measured by real-time PCR and Western blotting. Immunohistochemistry will

be performed to assess amyloid plaque burden.
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CLAIMS:
1. A compound of the Formula (la)
RO W,
\ﬂ/ > x
(la)
O 1

wherein

Ring A is

(i) optionally substituted phenyl, or

(i) optionally substituted (Cs-Cs)-heteroaryl,
in which the optional substituents are selected from one to four of halo, OH,
O-(C4-Ce)-alkyl, (C4-Cg)-alkyl, -C(O)OH, —OC(0)-(C+-Cs)-alkyl or =C(O)O-(C;-

Ce)-alkyl;
Xis
(R,
(i) -OR’,
(iiiy -C(O)O-R,

(iv) -C(O)-R’, or
(v) -C(O)-NR'R”;

R’ and R” are each independently or simultaneously
(i) H,
(ii) (C1-Cg)-alkyl optionally substituted by (Ce-Cio)aryl, or
(iii) (Ce-C1o)-aryl optionally substituted by (C4-Cs)alkyl or (Cs-Co)aryl,

W is (C-Cg)-alkylene, wherein
(ii.a) at least one carbon atom of the (C,-Ce)-alkylene group is
substituted with R4 and/or Ry; and
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(ii.b) at least one carbon atom of the (C,-Cg)-alkylene group is

replaced with an oxygen atom;

Rqis
(i) H,
(i) (C1-Cg)-alkyl, or
(iii) (C3-Cg)-alkyl,
Ry is
(i) (C4-Cg)-alkyl, or
(i) (C3-Cg)-alkyl, or
R and R, taken together form a (C3-Cg)-cycloalkyl ring,

R is H or (C4-Cg)-alkyl, and
nis 6,7, 8,9, or 10,

or a pharmaceutically acceptable salt, solvate, prodrug and/or stereoisomer

thereof.

2. The compound of the Formula (la) according to claim 1, wherein Ring

A is optionally substituted phenyl.

3. The compound of the Formula (la) according to claim 1 or 2, wherein
Ring A is optionally substituted once with OH, O-(C4-Cg)-alkyl, -C(O)OH, —
OC(0)-(C1-Cg)-alkyl or —C(O)O-(C+-Ce)-alkyl.

4. The compound of the Formula (la) according to any one of claims 1-3,
wherein Ring A has the following structure
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5. The compound of the Formula (la) according to any one of claims 1-3,
wherein Ring A has the following structure

6. The compound of the Formula (la) according to any one of claims 1-5,
wherein X is R’, -OR’, -C(O)0O-R’, -C(0O)-R’, or optionally substituted (Cs-C1o)-
aryl, wherein R’ and R” are each independently or simultaneously H, (C1-Csg)-

alkyl or (Cs-C1o)-aryl.

7. The compound of the Formula (la) according to claim 6, wherein X is
OR’ or -C(O)O-R’, wherein R’ and R” are each independently or

simultaneously H or (C4-Cg)-alkyl.

8. The compound of the Formula (la) according to claim 7, wherein X is
OH, -C(O)OH or —C(0O)O-(C+-Cg)-alkyl.

9. The compound of the Formula (la) according to claim 8, wherein X is
OH, -C(O)OH or —C(0O)0-(C+-C4)-alkyl

10.  The compound of the Formula (la) according to claim 9, wherein X is
OH, -C(O)OH or —C(O)OCH.CHjs.

1. The compound of the Formula (la) according to any one of claims 1-
10, wherein W is —C(R1)}(R2)-O- or -O-C(R4)(Rz)-, wherein Ry is H, (C4-Ce)-
alkyl or (C3-Cs)-cycloalkyl, R; is (C4-Cs)-alkyl or (C3-Cg)-cycloalkyl, or Ry and
Rz taken together form a (Cs-Cg)-alkyl ring.

12.  The compound of the Formula (la) according to claim 11, wherein W is
—C(R1)(R2)-O- or -O-C(R1)}(Ry)-, wherein Ry is H, (C4-Cs)-alkyl or (C3-Ce)-
cycloalkyl, and Ry is (C4-C3)-alkyl or (C3-Cs)-cycloalkyl.
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13.  The compound of the Formula (la) according to claim 12, wherein W is
—C(CHg3)(CH3)-O- or -O—C(CH3)(CHg)-.

14.  The compound of the Formula (la) according to claim 13, wherein W is

0

A I

%
2

15. The compound of the Formula (la) according to any one of claims 1-
14, wherein R is H or (C4-Cg)-alkyl.

16.  The compound of the Formula (la) according to claim 15, wherein R is
H, CH3 or CHQCH3.

17. The compound of the Formula (la) according to any one of claims 1-

16, whereinnis 6, 7, 8, or 9.

18.  The compound of the Formula (la) according to claim 17, wherein n is
7 or 8.

19.  The compound of the Formula (la) according to any one of claims 1-18,

wherein the compound of the Formula (la) is

OH

OH
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20. A use of a compound of the Formula (ll) as a PPAR modulator,
wherein the compound of the Formula (Il) has the following structure

W

wherein
Ring Ais
(i) optionally substituted phenyl, or
(i) optionally substituted (Cs-Ceg)-heteroaryl,
in which the optional substituents are selected from one to four of halo, OH,
O-(C4-Cq)-alkyl, (C4-Cg)-alkyl, -C(O)OH, or —C(0)0O-(C+-Cg)-alkyl;

Xis
(i R,
(i) -OR’,
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(i) -OR’,

(ii) -NR'R”,

(iv) -C(O)O-R’,
(v) -C(O)-R’, or
(vi) -C(O)-NR'R”;

R’ and R” are each independently or simultaneously

W is

(i H,
(ii) (C4-Cg)-alkyl optionally substituted by (Cs-C1o)aryl, or
(iii) (Ce-C10)-aryl optionally substituted by (C4-Cg)alkyl or (Ce-C1g)aryl,

(i) —O-(C4-Ceg)alkyl, or
(ii) (C2-Ce)-alkylene-C(O)OR, wherein

(ii.a) at least one carbon atom of the (C2-Ce)-alkylene group is
substituted with R4 and/or Ry; and

(ii.b) at least one carbon atom of the (C2-Ce)-alkylene group is

replaced with an oxygen atom,

R, and Ry are each independently or simultaneously

i H,

(i) (C1-Cg)-alkyl,

(iii) (C3-Cg)-alkyl, or

(iv) Ry and R, together form a (C3-Cg)-cycloalkyl ring,

R is H or (C4-Cg)-alkyl, and

nis3,4,5,6,7,8,9 or10,

or a pharmaceutically acceptable salt, solvate, prodrug and/or sterecisomer

thereof.
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21. The use of a compound of the Formula (ll) according to claim 21,

wherein Ring A is optionally substituted phenyl.

22.  The use of the Formula (lI) according to claim 20 or 21, wherein Ring A
is optionally substituted once with OH, O-(C4-Cs)-alkyl, -C(O)OH, —OC(0O)-(C1-
Ce)-alkyl, —C(O)O-(C1-Cg)-alkyl or —C(O)O-(C+-Cs)-alkyl.

23. The use of a compound of the Formula (Il) according to any one of

claims 20-22, wherein Ring A has the following structure

24. The use of a compound of the Formula (ll) according to any one of
claims 20-23, wherein X is R’, -OR’, -C(0)O-R’, -C(O)-R’, or optionally
substituted (Cg-Cio)-aryl, wherein R’ and R” are each independently or

simultaneously H, (C4-Cs)-alkyl or (Ce-C1o)-aryl.

25. The use of a compound of the Formula (ll) according to claim 24,
wherein X is OR’ or -C(O)O-R’, wherein R’ and R” are each independently or
simultaneously H or (C-Csg)-alkyl.

26. The use of a compound of the Formula (ll) according to claim 25,
wherein X is OH, -C(O)OH or —-C(O)O-(C+-Csg)-alkyl.

27. The use of a compound of the Formula (lI) according to claim 26,
wherein X is OH, -C(O)OH or —C(O)OCH,CHs.

28. The use of a compound of the Formula (ll) according to any one of
claims 20-27, wherein W is —O-CHj3, —C(R1)(R2)-O- or -O-C(R1)(R2)-, wherein
R1 and R, are each independently or simultaneously H, (C4-Cg)-alkyl or (Cs-

Ce)-alkyl, or Rq and Rz together form a (Cs-Cg)-alkyl ring.
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29. The use of a compound of the Formula (ll) according to claim 28,
wherein W is —O-CHas, —C(R4)(R2)-O- or -O-C(R)(Rz)-, wherein Ry and R; are
each independently or simultaneously (C+-Cs)-alkyl or (Cs-Ce)-alkyl.

30. The use of a compound of the Formula (ll) according to claim 29,
wherein W is -OCHz, —C(CH3)(CH3)-O- or -O—C(CH3)(CHs3)-.

31. The use of a compound of the Formula (ll) according to claim 30,
0.

g 1T

7

wherein W is —OCHg,

32. The use of a compound of the Formula (ll) according to any one of
claims 20-31, wherein R is H or (C4-Cg)-alkyl.

33. The use of a compound of the Formula (Il) according to claim 32,
wherein R is H, CH3 or CH>CHas.

34. The use of a compound of the Formula (Il) according to any one of
claims 20-33, whereinnis 6, 7, 8, 9 or 10.

35. The use of a compound of the Formula (ll) according to claim 34,

wherein nis 7 or 8.

36. The use of a compound of the Formula (Il) according to any one of

claims 20-35, wherein the compound of the Formula (l1) is

OH

OH
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OH

OH

Py .

/“\/o OH
HO
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/\OJK/O\Q/V\/\/\“/OH
° and

[¢]
HO
ie]

37. A use of a compound of the Formula (Ill) as a PPAR modulator,
wherein the compound of the Formula (l1l) has the following structure

R3
\O

Y

z ()

3

wherein
Ring B is
(i) optionally substituted (Cg-C10)-aryl, or
(ii) optionally substituted (Cs-C10)-heteroaryl,
in which the optional substituents are selected from one to four of OH, O-(C+-
Ce)-alkyl, (C4-Ce)-alkyl, -C(O)OH, or —C(O)O-(C4-Cs)-alkyl;

R3 is
(i) H,

(ii) (C4-Ceg)-alkyl,
(iii) =C(=0)-(C4-Cg)-alkyl,
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(iv) —(C+-Ceg)-alkylene-C(=0)-O-R4, wherein the (C1-Cg)-alkylene moiety

is optionally substituted by one or more of (C4-Cg)-alkyl;

R, is

() H, or

(ii) (C4-Cg)-alkyl
Y is

() H, or

(i) ~C(O)OH;

Z is (C10-Cyo)alkyl, having 0-3 unsaturated bonds,

or a pharmaceutically acceptable salt, solvate, prodrug and/or stereoisomer

thereof.

38. The use of a compound of the Formula (lll) according to claim 37,
wherein Ring B is optionally substituted (Cg)-aryl or optionally substituted (Cs-
Cs)-heteroaryl.

39. The use of a compound of the Formula (lll) according to claim 38,

wherein Ring B is optionally substituted (Cg)-aryl.
40. The use of a compound of the Formula (lll) according to any one of
claims 37-39, wherein Ring B has the following structure

Rs R;

o o

Z or Z,

41. The use of a compound of the Formula (lll) according to any one of
claims 37-40, wherein Rj is H, (C4-C3)-alkyl, —C(=0)-(C¢-Cg3)-alkyl, or —(Cs4-
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Cs)-alkylene-C(=0)-O-R,4, wherein the (C4-Cj)-alkylene moiety is optionally
substituted by one or more of (C4-Csz)-alkyl.

42. The use of a compound of the Formula (lll) according to claim 41,
wherein Rz is H, CHj, -C(O)CHs;, or -CH,C(=0)0O-R4 optionally substituted by

one or more methyl groups.

43. The use of a compound of the Formula (lll) according to claim 42,

wherein Rs is
‘/\”/O\/ ‘/\H/OH ‘><n/0\/ OH
o , 0 , e} or 0 .

44. The use of a compound of the Formula (lil) according to any one of

claims 37-43, wherein Z is (C12-C+g)alkyl, having 0-3 unsaturated bonds.

45. The use of a compound of the Formula (lll) according to claim 44,

wherein Z is (C1s)-alkyl, having 0-3 unsaturated bonds.

46. The use of a compound of the Formula (Ill) according to claim 45,

wherein Z is

ﬁ\V//\\//N\v//\\//CZZ\\J/A\\//\\V//,
W\/\/ , or

47. The use of a compound of the Formula (lll) according to any one of

claims 37-45, wherein the compound of the Formula (lil) is
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OH (0]

OH

OH
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OH

O

48. A use of a compound of the Formula (I) according to any one of claims
1-19 for treating or preventing a disease or condition for which PPAR

modulation provides a therapeutic benefit.

49. The use of a compound of the Formula (I) according to claim 48,
wherein the disease or condition is metabolic syndrome, obesity,
hyperlipidemia, elevated fasting blood glucose, elevated blood pressure, low
HDL cholesterol, type 2 diabetes, cardiovascular disease, a neurodegenerative

disease, malaria or irritable bowel syndrome.

50. The use of a compound of the Formula (I!) and/or (lll) according to any
one of claims 20-47 for treating or preventing a disease or condition for which

PPAR modulation provides a therapeutic benefit.

51. The use of a compound of the Formula (I} according to claim 50,
wherein the disease or condition is metabolic syndrome, obesity,
hyperlipidemia, elevated fasting blood glucose, elevated blood pressure, low
HDL cholesterol, type 2 diabetes, cardiovascular disease, a neurodegenerative

disease, malaria or irritable bowel syndrome.
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Figure 4A
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1)  the compounds that fall within the scope of claims 4, 5 wherein the variable W is restricted to optionally substituted alkylene chain
wherein the first carbon atom is replaced by an oxygen; and the compounds of claim 19;

2) the compounds of claims 36; and

3) the compounds that fall within the scope of claims 40 and 43; and the compounds of claim 47.
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