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Novel sulphur containing lipids for use as food supplement
or as medicament

Technical field

The present invention relates to lipid compounds of the general formula (1):

()
wherein
e R, is selected from a C1-Ca; alkyl, a C40-C22 alkenyl having 1-6 double

bonds, and a C1¢-Cz2 alkynyl having 1-6 triple bonds;
¢ R and Rj are the same or different and may be selected from a group of

substituents consisting of a hydrogen atom, a hydroxy group, an alkyl group,
a halogen atom, an alkoxy group, an acyloxy group, an acyl group, an alkenyl
group, an alkynyl group, an aryl group, an alkylthio group, an alkoxycarbonyl
group, a carboxy group, an alkylsulfinyl group, an alkylsulfonyl group, an
amino group, and an alkylamino group, provided that R; and Rz cannot both
be a hydrogen atom; or '

¢ R and Rj can be connected in order to form a cycloalkane like cyclopropane,
cyclobutane, cyclopentane or cyclohexane;

o Y is selected from sulphur, sulfoxide, and sulfone;

e Xrepresents a carboxylic acid or a derivative thereof, a carboxylic ester or a
carboxamide;

or a pharmaceutically acceptable salt, solvate, solvate of such salt or a prodrug
thereof.

In those cases were R; and R; are different, the compounds of formula () are
capable of existing in sterecisomeric forms. It will be understood that the invention
encompasses all optical isomers of the compounds of formula (1) and mixtures
thereof.
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The invention also relates to pharmaceutical compositions and lipid
compositions comprising such compounds, and to such compounds for use as
medicaments or for use in therapy, in particular for the treatment of diseases related
to the cardiovascular, metabolic and inflammatory disease area.

Background of the invention

Up to date, there has been a lot of research on fatty acid analogues and their
effects on diverse physiclogical processes impacting normal health and chronic
diseases.

For example, dietary polyunsaturated fatty acids (PUFAs) have been shown to
regulate plasma lipid levels, cardiovascular and immune functions, insulin action, and
neuronal development and visual function.

Tetradecylthioacetic acid (TTA) is a modified fatty acid which has a number of
powerful effects demonstrable both in-vivo and in-vitro.

TTA has properties very similar to natural fatty acids, the main difference
being that it cannot be oxidised by the mitochondrial B-oxidation, but significantly
increases the oxidation of other fatty acids. Despite the fact that TTA is not able to

undergo B-oxidation, it is metabolised in most ways as a normal saturated fatty acid.

S/\rcl),OH o

TTA affects oxidative status at different levels by having the potential of
changing the antioxidant defence system, in addition to being an antioxidant itself
through its free radical scavenging capacity.

Addition of TTA may prevent the oxidative modification of low-density
lipoprotein {LDL) particles in plasma and reduce the generation of lipid peroxides.

Several polyunsaturated fatty acid derivatives with sulfur in 3-position have
been prepared (Flock et al, Acta Chemica Scand., 1999, 53, 436). Methyl (all-Z)-3-
thia-6,9,12,15-octadecatetraenoate was tested in a Wistar rat model, and the effects
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were compared to the effects of TTA. The results suggest that both the saturated and
the unsaturated fafty acids lowered plasma ftriglycerides to a similar extent
(Willumsen et al, J. Lipid Mediators Cell Signalling, 1997, 17, 115)

it has surpisingly been found that nove| fatty acid derivatives represented by .
the general fon'nulé (I) have higher affinities for the receptors PPARa and PPARy
compared to TTA and (all-Z}-3-thia-6,9,12,15-octadecatetraenocic acid. Fatty acid
derivatives represented by the general formula (l) also reduced triglycerid,
cholesterol and free fatty acids levels in a dyslipidemic mice model to a greater
extent than TTA and (all-Z)-3-thia-6,9,12,15-0octadecatetraenoic acid.

Summary of the invention

One object of the present invention is to provide lipid compounds having
improved biological activity compared to 3-thia fatty acids. This object is achieved by
a lipid compound of formula (1)

In particular, the present invention relates to compounds of formula (1), wherein:

o R, is selected from a C4g-Cy2 alkyl, a C1¢-C22 alkenyl having 1-6 double

bonds, and a C4¢-C»2 alkynyl having 1-6 triple bonds;
¢« R;and Rj are the same or different and may be selected from a group of

substituents consisting of a hydrogeh atom, a hydroxy group, an alkyl group,
a halogen atom, an alkoxy group, an acyloxy group, an acyl group, an alkenyl
group, an alkynyl group, an aryl group, an alkylthio group, an alkoxycarbonyl
group, a carboxy group, an alkylsuifinyl group, an alkylsulfonyl group, an
amino group, and an alkylamino group, provided that Rz and R; cannot both
be a hydrogen atom; or

¢ R;and R3 can be connected in order to form a cycloalkane like cyclopropane,
cyclobutane, cyclopentane or cyclohexane;

3
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e Y is selected from sulphur, sulfoxide, and sulfone;
¢ Xrepresents a carboxylic acid or a derivative thereof, a carboxylic ester ora
carboxamide;

or a pharmaceutically acceptable salt, solvate, solvate of such salt or a prodrug
thereof.

In a compound according to the invention, said alkyl group may be selected
from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec.-butyl, and
n-hexyl; said alkenyl group may be selected from the group consisting of allyl, 2-

_ butenyl, and 3-hexenyl; said alkynyl group may be selected from the group consisting

of propargyl, 2-butynyl, and 3-hexynyl; said halogen atom may be selected from the
group consisting of fluorine, chlorine, bromine, and iodine; said alkoxy group may be
selected from the group consisting of methoxy, ethoxy, propoxy, isopropoxy, sec.-
butoxy, phenoxy, benzyloxy, OCH2CF3, and OCH,CH,0OCHS3; said acyloxy group may
be selected from acetoxy, propionoxy, and butyroxy; said aryl group is a phenyl
group; said alkylthio group may be selected from the group consisting of methyithio,
ethylthio, isopropylthio, and phenylthio; said alkoxycarbonyl group may be selected
from the group consisting of methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, and

butoxycarbonyl; said alkylsulfinyl group may be selected from the group consisting of

methanesulfiny!, ethanesulfinyl, and isopropanesulfinyl; said alkylsulfonyl group may
be selected from the group consisting of methanesulfonyl, ethanesulfonyl, and
isopropanesulfonyl; said alkylamino group may be selected from the group consisting
of methylamino, dimethylamino, ethylamino, and diethylamino; said carboxylate
group may be selected from the group consisting of ethyl carboxylate, methyl

" carboxylate, n-propyl carboxylate, isopropyl carboxylate, n-butyl carboxylate, sec.-

butyl carboxylate, and n-hexyl carboxylate; said carboxamide grou'p may be selected
from the group consisting of carboxamide such as N-methyl carboxamide, N,N-
dimethyl carboxamide, N-ethyl carboxamide and N,N-diethyl carboxamide.

In one embodiment of the invention, one of the substituents R; and Rj of the
compound of formula (1) is hydrogen and the other one is selected from a group of
substituents consisting of a hydroxy group, an alkyl group, a halogen atom, an
alkoxy group, an acyloxy group, an acyl group, an alkenyl group, an alkynyl group, an

4
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aryl group, an alkylthio group, an alkoxycarbonyl group, a carboxy group, an
alkylsulfinyl group, an alkylsulfonyt group, an amino group, and an alkylamino group.

In a prefered embodiement R; and R3 are independently selected from a
hydrogen atom, an alkyl group, an alkoxy group or an aryl group; or Rz and Rz can be
connected in order to form a cycloalkane. ‘

in another prefered embodiment R, and R3 are independently selected from a
hydrogen atom, an alkyl group, or a methoxy group or an ethoxy group.

In yet another prefered embodement Rz and Rj are independently selected
from a hydrogen atom, an ethyl, methoxy or ethoxy group, phenyl; or R, and R; are
connected to form a cyclobutane group.

In another embodiment of the invention, the substituents R, and Rj; of the
compound of formula (1) are the same or different and may be selected from a group
of substituents consisting of a hydroxy group, an alkyl group, a halogen atom, an
alkoxy group, an acyloxy group, an acyl group, an alkeny! group, an alkynyl group, an
aryl group, an alkylthio group, an alkoxycarbonyl group, a carboxy group, an
atkylsulfinyl group, an alkylsulfonyl group, an amino group. Preferably Rz and Rj are
alkyl groups selected from méthyl. ethyl, n-propwti, or isopropyl, more preferably
selected from methy or ethyl, and most prebreably R; and Rj are ethyl.

In one embeodiement of the invention the substituent R, of the compound of
formula (1) is a C19-C2; alkyl, and the said compound is derived from a saturated fatty
acid. _

Preferably, the substituents R; and Rj of the compound of formula (l) are the

. same or different and may be selected from a group of substituents as mentioned

above, and the substituent Ry is a C19-C22 alkyl, and the said compound is derived
from a saturated fatty acid.

When derived from a polyunsaturated fatty acid, Ry is typically a C1o-Ca22
alkenyl with 2-6 double bonds, e.g 3-6 double bounds, e.g. 3-6 methylene interrupted
double bonds in Z configuration. For example, R, is:

e a Cy5 alkenyl with 4 methylene interrupted double bonds in Z-configuration
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o a Cq alkenyl with 3-5 double bonds, e.g. a Cqg alkenyl with 5 methylene
interrupted double bonds in Z configuration

e a Cq4-Cy; alkenyl group with at least one double bond, having Z
configuration, and having the first double bond at the third carbon-carbon
bond from the omega (w) end of the carbon chain

e a Cy alkenyl with 5 methylene interrupted double bonds in Z-configuration

e a Cy alkenyl with 6 methylene interrupted double bonds in Z-configuration.

Furthermore, Ry may be a C19-Cy; alkynyl, e.g. a C46-Coz atkynyi with 1-6 triple
bonds. |

In one embodiment of the invention, the substituent Y of the compound of
formula (1) is sulfur.

In another embodiment of the invention, the substituent Y of the compound of
formula () is sulfoxide.
In still another embodiment of the invention, the substituent Y of the compound of
formula () is sulfone.

In one embodiment of the invention, the substituent X of the compound of
formula (I) is a carboxylic acid in the form of an ester, a free acid, a triglyceride or a
phospholipid. |

Preferably, the substituent X is a carboxylic acid in the form of an ester, or a
free acid, and more preferably X is a carboxylic acid in the form of a free acid.

- In another embodiement of the invention, the substituent Ry is a C10-Cz2 alkyl,
and the lipid compound being derived from a saturated -fatty acid; R; and R; are the
same or different and may be selected from a group of substituents consisting of a
hydroxy group, an alkyl group, a halogen atom, an alkoxy group, an acyloxy group,
an acyl group, an alkenyl group, an alkynyl group, an ary! group, an alkyithio group,
an alkoxycarbonyl group, a carboxy group, an alkylsulfiny! group, an alkylsulfonyl
group, an amino group; preferably Rz and Rj are alkyl groups; and
X is a carboxylic acid in the form of a free acid.
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The invention also relates to salts of the compound of formula (l). Such salts

may be represented by

wherein X is COO’,

Z* is selected from the group consisting of Li*, Na’, K", NH4",

and

or by

OH

OH OH
\N .
Ha" oH OH
Meglumine,
NH,*

HO\K\OH

Tris(hydroxymethyl)aminomethane,

OH

/\N/\

Ha*

Diethylamine,

NH,*

Arginine;

0O

NH,

J\ﬁ’\/\)LOH
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2

wherein X = COO", Z%" is selected from the group consisting of Mg?*, Ca®*,

+
Ethylenediamine,

and
Hg"
)
N
H,*

Piperazine.

10

Another representative salt is

wherein X is COO", Z™ is

OH OH
> M A0
HO O7 \HO
NH,*
' n

NH,

20 Chitosan

In the case the compounds of formula (1) is in the form of a phospholipid, such
compounds may be represented by the following formulas (1-1V),
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~
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wherein Z is:

P W
>
o OH
3
NHZ’ or
OH
-;_;f OH
HO OH
10 OH
and
Ra 2
HO ° y—"F
0
0]
o=sl=—o
|\
15 o Z
(v)
20 whereinZis:
}’J\/\NHZ ,
‘Fr’:\/\N+/
|\
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-;r;-"

NH- ,or
OH
‘:_.rr" OH
HO OH

OH

Compounds of formula (1), wherein X is a carboxylic acid in the form of a
triglyceride, a 1,2-diglyceride, a 1,3 diglyceride, a 1-monoglyceride and a 2-
monoglyceride, are also included in the present invention. These are hereinafter
represented by the formulas (V), (VI), (VI}), (V) and (IX), respectively.

. 9 Ry R
Y. o) R
R, Rs 0
0

10

R3
o
Rz
Y-
™~
Ri V)
Q Ry Rz
Y. 0 Ry
R / o \”XY ~
Rz Rs 0
15 HO

(Vi)

11
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5 (Vi)

OH
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Y- OH
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The compounds of formula (1) are capable of existing in stereoisomeric forms.

It will be understood that the invention encompasses all optical isomers of the
compounds of formula (1) and mixtures thereof. Hence, compounds of formula (1)
15 being present as diastereomers, racemates and enantiomers are included.

In a prefered embodiment of the invention the compound of formula (1} is

mjﬁ

12
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ethyl 2-((52,82,112,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)butanoate.

In another prefered embodiment of the invention the compound of formula (1}
is

= = SQ“,Olit
s
: O
ethyl 14(52,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)-
cyclobutanecarboxylate.

The present invention also relates to a lipid compound according of formula (1)
for use as a medicament. '

In a further aspect, the present invention provides a food supplement, a food
additive, or a neutraceutical preparation comprising a lipid compound of formula (1).

Such a food supplement may be produced for administration through any
route of administration. For example, the food supplement may be administered as a
liquid nutritional or as a beverage.

The food supplement may be in the form of a capsule, e.g. a gelatine capsule,
and the capsule may be flavoured.

In still a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of formula (1), preferably together with one or
more pharmaceutically acceptable carriers or excipients.

The novel lipid compounds and compositions of the invention may be
formulated in conventional oral administration forms, e.g. tablets, coated tablets,
capsules, powders, granulates, solutions, dispersions, suspensions, syrups,
emulsions, sprays, etc using conventional excipients, e.g. solvents, diluents, binders,
sweeteners, aromas, pH modifiers, viscosity modifiers, antioxidants, comn starch,
lactose, glucose, microcrystalline cellulose, magnesium stearate,
polyvinylpyrrolidone, citric acid, tartaric acid, water, ethanol, glycerol, sorbitol,
polyethylene glycol, propylene glycol, cetylstearyl alcohol, carboxymethylcellulose or
fatty substances such as hard fat or suitable mixtures thereof etc. Conventional
formulation techniques, well known in the art, may be used.

The compositions may likewise be administered by conventional
administration routes, i.e. orally. The use of orally administrable compositions, €.g.

tablets, coated tablets, capsules, syrups, etc is especially preferred.

13
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A suitable daily dosage of the compound according to formula (l) is 1 mg to 10
g of said compound; 50 mg to 1 g of said compound, or 50 mg to 200 mg of said
compound.

The pharmaceutical composition according to the invention may be used as a
medicament.

The present invention also relates to lipid composition comprising a lipid
compound according to formula (1). Suitably, at least 60% by weight, or at least 80%
by weight of the lipid composition is comprised of said compound.

The lipid composition may further comprise a pharmaceutically acceptable
éntioxidant, e.g. tocopherol.

Further, the present invention relates to a lipid composition for use as a
medicament.

Additionally, the present invention relates to the use of a lipid compound
according to formula (l) for use in:

e activation or modulation of at least one of the human peroxisome proliferator-
activated receptor (PPAR) isoforms a, y or 5, wherein said compound e.g. is a
pan-agonist or modulator

¢ the prevention and/or treatment of a dyslipidemic condition, e.g.
hypertriglyceridemia (HTG)

« the prevention and/or treatment of elevated triglyceride levels, LDL cholesterol
levels, and/or VLDL cholesterol levels

s the treatment and/or the prevention of obesity or an overweight condition

¢ the reduction of body weight and/or for preventing body weight gain

¢ the treatment and/or the prevention of a fatty liver disease, e.g. non-alcoholic
fatty liver disease (NAFLD).

+ the treatment and/or the prevention of atherosclerosis

¢ the prevention of myocardial infarction

¢ the treatment and/or the prevention of peripheral insulin resistance and/or a
diabetic condition

¢ the treatment and/or prevention of type 2 diabetes

o the reduction of plasma insulin, blood glucose and/or serum triglycerides

e the treatment and/or the prevention of an inflammatory disease or conditicn.

14
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The invention also relates to lipid compounds according to formula ([) for the
treatment of the above mentioned conditions, and to methods for the treatment
and/or prevention of the conditions listed above, comprising administering to a
mammal in need thereof a pharmaceutically active amount of a compound according
to formuia (I).

In addition, the present invention encompasses methods for manufacturing
lipid compounds according to formula (). The raw material may e.g. originate from a
vegetable, a microbial and/or an animal source, such as a marine fish oil. Preferably
a marine oil or a krill oil is used.

Detailed description of the invention

The present inventors have found that compounds of formula (I) as presented
above, have remarkably good pharmaceutical activity.

As used herein, the term "lipid compound” relates to fatty acid analogues
derived from e.g. saturated fatty acids, monounsaturated fatty acids, polyunsaturated
fatty acids and lipids comprising 1-6 triple bonds.

A "pharmaceutically active amount" relates to an amount that will lead to the
desired pharmacological and/or therapeutic effects, i.e. an amount of the combination
product which is effective to achieve its intended purpose. While individual patient
needs may vary, determination of optimal ranges for effective amounts of the
combination product is within the skill of the art. Generally, the dosage regimen for
treating a condition with the combination product of this invention is selected in

. accordance with a variety of factors, including the type, age, weight, sex, diet and

medical condition of the patient.

By “a pharmaceutical composition” is meant a lipid compound according to the
invention in any form suitable to be used for a medical purpose.

“Treatment” includes any therapeutic application that can benefit a human or
non-human mammal. Both human and veterinary treatments are within the scope of
the present invention. Treatment may be in respect of an existing condition or it may
be prophylactic.

13
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Nomenclature and terminology

Fatty acids are straight chain hydrocarbons possessing a carboxyl (COOH)
group at one end (a) and (usually) a methyl group at the other (w) end. In chemistry,

the numbering of the carbon atoms starts from the a end.
03]

3
s

H 1 7 10 13 16 19

The a carbon refers to the first carbon after the carbon that attaches to the
functional group, and the second carbon is the 3 carbon.

As used herein, the expression “methylene interrupted double bonds” relates
to the case when a methylene group is located between to separate double bonds in
a carbon chain of a lipid compound.

Detailed description of the invention

The inventors have surprisingly found that the following lipid compound shown
in categories A-E, are particularly preferable.

Category A

e derived from saturated fatty acids

. R1 isa C10-C22 a!kyl

¢ Xrepresents a carboxylic acid or a derivative thereof, a carboxylic ester or a
carboxamide |

Example i:
R1 = C14, Y=85

D e NP e N 2= N
R3><R2

Category B

¢ derived from monounsaturated fatty acids

¢ Rsis a Cyp-Co2 alkenyl having 1 double bond

16
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» Xrepresents a carboxylic acid or a derivative thereof, a carboxylic esteror a
carboxamide

Example ii:
R1=C1, Y=85

Example iii:
Ri=C1, ¥Y=5

NN NN NS X
x
Rs R,

Category C

¢ derived from polyunsaturated fatty acids
e Ryis a Cy0-Cs2 alkenyl having 2-6 double bonds

o X represents a carboxylic acid or a derivative thereof, a carboxylic ester or a
carboxamide

Example iv:
R1 = Cyo with 5 methylene interrupted double bonds in Z-configuration, Y = S

Example v:

R = Ca; with 6 methylene interrupted double bonds in Z-configuration, Y = S

———\/——\/—-\/—\/\/SXX
== Rs Ry

17
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Example vi:

R = C43 with 3 methylene interrupted double bonds in Z-configuration, Y =S

Rs Ry
SR

Example vii:
R1 = C45 with 4 methylene interrupted double bonds in Z-configuration, Y =S

Rs Ry
S X

Example viii:
R; = Cq5 with 3 methyiene interrupted double bonds in Z-configuration and 1 double
bond in E-configuration, Y =S

= SXX

== = Rs Ry

Example ix::

R4 = C45 with 5 methylene interrupted double bonds in Z-configuration, Y = S
Rs; R,
s X

Example x:
R1= Csg with 4 methylene interrupted double bonds in Z-configuration and 1 double
bond in E-configuration, Y = S ‘

18
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Category D

¢ derived from lipids containing 1-6 triple bonds

s Rjis a Cig-Cyy alkynyl

¢ Xrepresents a carboxylic acid or a derivative thereof, a carboxylic ester or a
carboxamide

Example xi:
R1= Cq4 with 1 triple bond, Y =S

\/\/\/\/\/\/Sx

Rs R

Category E

¢ R; is selected from a Cqo-C22 alkyl, a C1¢-C22 alkenyl having 1-6 double bonds,
and a C4p-C22 alkynyl having 1-6 triple bonds

e X represents a carboxylic acid or a derivative thereof, a carboxylic ester or a
carboxamide

s Y is sulfoxide or sulfone

Example xii:
Ry = C45 with 4 methylene interrupted double bonds in Z-configuration, Y = SO

Ry Rz

CCXY ™
— — 0

Example xiii:
R1 = C45 with 4 methylene interrupted double bonds in Z-configuration, Y = SO,

Ry R;
— AKX
Py X

N\

19
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Specific examples of preferred lipid compounds according to the invention are:

Category A — Saturated fatty acids:

R e WV Ve e
S\ NoH

2-(tetradecylthio)butanoic acid (1)
R1= Cq4Ha29, Rz = ethyl, Rz = a hydrogen atom, Y =S and X = COOH

S\‘j\OH

O'\
2-methoxy-2-(tetradecylthio)acetic acid (2)

R1 = Cy4H29, R2 = methoxy, R3 = a hydrogen atom, Y = S and X = COOH

Lo

0

2-(icosylthio)butanoic acid (3)
R1 = CaoHat, Rz = ethyl, R; = a hydrogen atom, Y =S and X = COOH

%LOH

2-ethyl-2-{tetradecylthio)butanoic acid (4)
R1 =C14H20, R2 = Rz = ethyl, Y =S and X = COOH

Category B — Monounsaturated fatty acids:

T

S COzH

20
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2-ethyl-3-thia-12Z-heneicosaenoic acid (5)
R1=CygH3s, Rz = ethyl, R3 = a hydrogen atom, Y =S and X = COOH

— sg%ro"'

o
(Z)-2-ethyl-2-(octadec-9-enylthio)butanoic acid (6)

R = C13H35, R; = R3 = ethyl, Y =8 and X = COOH

Category C — Polyunsaturated fatty acid derivatives:

oo

= — O
2-((32,62,92,122)-pentadeca-3,6,9,12-tetraenylthio)}butanoic acid (7)
R1 = C1sH23, Rz = ethyl, Rs = a hydrogen atom, Y = S and X = COOH

2-ethyl-2-{(32,6Z,9Z,127)-pentadeca-3,6,9,12-tetraenylthio)butanoic acid (8)

- R1=C45Hz3, R2 =Rj3 = ethyl, ¥ =S and X = COOH

m# >

= = = 0
2~((52,82,11Z2,14Z2,17Z)-icosa-5,8,11,14,17-pentaenylthio)propanoic acid (9)
R; =CyHaq, Rz = methyl, Rs=a hydrogen atom, Y =8 and X = COOH

21
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2-((52,82,11Z,14Z 17Z)-icosa-5,8,11,14,17-pentaenylthio) butanoic acid (10)
R1 = CyoH34, Rz = ethyl, R3 = a hydrogen atom, Y = S and X = COOH

e e N e N O
2-((5Z,8Z2,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)-2-methylpropanoic
acid (11)

R4y =CoHaq, R2 = methy[, R3 = methyl, Y =8 and X = COOH

— — = 0O
2-ethyl-2-((56Z,82,112,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)butanoic acid (12)
R1 = CyoH31, Rz = Rz =ethyl, Y =S and X = COOH

— — — O
1-((52,82,112,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)cyclobutanecarboxylic

acid (13)
R1 = CyoH34, R2 and R3 combines to form cyclobutane ring, Y = S and X = COCH

= — OH

— — — 0
2-((52,82,11Z2,142,17Z)-icosa-5,8,11,14,17-pentaenylthio)-2-phenylacetic acid (14)
Rq = CxH31, Rz = phenyl, R; = a hydrogen atom, Y =S and X = COOH

O/
s
B E— — (@]

22
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2-((52,8Z2,112,14Z,17Z)icosa-5,8,11,14,17-pentaenyithio)-2-methoxyacetic acid (15)
Ry = CzoH31, R2 = methoxy, R; = a hydrogen atom, Y = S and X = COOH

2-((4Z,72,10Z,13Z,162,192)-docosa-4,7,10,13,16,19-hexaenylthio)butanoic acid {16)
R1 = Ca2H33, Rz = ethyl, R3 = a hydrogen atom, Y = S and X = COOH

) O
= N S\ = S
2-((4Z,72,102,132,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenylthio)-2-ethylbutanoic

acid (17)
R{ = CxHa3, Ro=R3 = ethyl, Y =S and X = COOH

2-((92,12Z,15Z)-octadeca-9,12,15-trienylthio)butanoic acid (18)
R1 = CygH31, Rz = ethyl, R3 = a hydrogen atom, Y = S and X = COOH

2-ethyl-2-((9Z,12Z,152Z)-octadeca-9,12,15-trienylthio)butancic acid (19)
R4 = CygHaq, R2 = R3 = ethyl, Y = 8 and X = COOH
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propane-1,2,3-triyl tris(2-((52,82,112,14Z,17Z)-icosa-5,8,11,14,17-
pentaenylthio)butanoate) (20) -

R1 = CooH31, R2 = ethyl, R; = a hydrogen atom, Y = S and X = a carboxylic acid in the

form of a triglyceride

Category D — Triple bond containing fatty acids:

0
X
=
\/\/\/\/\/\/S%OH
2-(tetradec-12-ynylthio)butanoic acid (21)
R1 = Cq4Hzs, Rz = ethyl, R3 = a hydrogen atom, Y = S and X = COOH

0]
\/\/\/\/\/\/s
! OH

2-ethyl-2-(tetradec-12-ynylthio)butanoic acid (22)
R1 = C14H25, R2 = R3 = ethyl, Y =8 and X =COOH

O
™
3
P W
O\

2-methoxy-2-(tetradec-12-ynylthio)acetic acid (23)
R; = Ci4H2s, R2 = methoxy, R3 = a hydrogen atom, Y = S and X = COOH
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Category E - Sulfones and sulfoxides:

o h
(XY
[£]
= = 0O O
2-((32,62,8Z,1227)-pentadeca-3,6,9,12-tetraenylsulfinyl)butanoic acid (24)
R4 = CysHas, R2 = ethyl, R3 = a hydrogen atom, Y = SO and X = COOH

2-((32,6Z,9Z,1 22)-pentad eca-3,6,9,12-tetraenylsulfonyl)butanoic acid (25)
Rt = CysHzs, Ry = ethyl, R3 = a hydrogen atom, Y = SO, and X = COOH

— = = OH
3

= = 0O O
2-((5Z,82,11Z,142,17Z})icosa-5,8,11,14,17-pentaenylsulfinyl)butanoic acid (26)
R1 = CxoHa31, Rz = ethyl, R; = a hydrogen atom, Y = SO and X = COOH

— Al
- Sl

=/ \= o
2-((52,8Z,112,14Z,17Z)-icosa-5,8,11,14,17-pentaenylsulfonyl)butanoic acid (27)
R4 = CyoHa4, Ro = ethyl, R3 = a hydrogen atom, Y = SO, and X = COOH

N OH
== — o 0O
2-ethyl-2-((52,82,11Z,142,172)-icosa-5,8,11,14,17-pentaenylsulfinyl)butanoic acid

(28)
R1 = C20H31, Rz = R3 = ethyl, Y=80and X = COOH
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— — — OH

N

N\ 0”03
2-ethyl-2-((52,82,11Z,14Z,172Z)-icosa-5,8,11,14,17-pentaenylsulfonyl)butanoic acid
(29)

R1 = CyoH31, Rz = R3 = ethyl, Y = SO, and X = COOH

The compounds of categories A-E above, were R; and R; are different, are
capabile of existing in stereoisomeric forms, i.e. all optical isomers of the compounds
and mixtures thereof are encompassed. Hence, the said compounds may be present

as diastereomers, racemates and enantiomers.
10

General synthetic methods for the compounds described herein

The compounds of general formula (I) can be prepared by the following

15 general procedures:

Method |
Step | HS._ _X Step Il S UX
R—OH ——> R{LG + X —— Ry
R3 R, R3 Rz
(X)
Step
80p X
Ri R3R,
n=1or2

20
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Method il
Step IV LG. . X Step V S. X
R1'_OH —_— R1_SH + 7< - R1, 7<
R3 Ry R3 Ry
(X
Step lll
/SO,, X
Ri R3R;
n=1lor2

The alcohols described in method | and I may be prepared directly from the
carboxylic esters of, for example, naturally occurring fatty acids; e.g. alpha-linclenic
acid, conjugated lincleic acid, eicosapentaenoic acid (EPA), etc. by reduction with a
reducing agent like lithium aluminiumhydride or diisobultylaluminiumhydride at -10 to
0 °C. The alcohols can also be prepared by degradation of the polyunsaturated fatty
acids EPA and DHA, as described by Holmeide et al. (J.Chem. Soc., Perkin Trans. 1,
2000, 2271). In this case one can start with purified EPA or DHA, but it is also
possible to start with fish oil containing EPA and DHA in mixture. '

Compounds of formula (X) and (XI) are comercially availiable, or they are
known in the litterature, or they are prepared by standard processes known in the art.
The leaving group (LG) present in compounds of formula (X1} may, for example, be
mesylate, tosylate or a suitable halogen, such as bromine.

Using methed 1, the resulting alcohols can be converted, using functional
group interconversion, by methods familiar to persons skilled in the art {(step 1), to
compounds where the terminal hydroxy group have been transformed into a suitable
leaving group (LG). Suitable leaving groups include bromine, mesylate and tosylate.
These compounds can be reacted further (step Il) in a substitution reaction with the
appropriately substituted thiol acetic acid derivatives (X}, in the precence of base.

Using method |l, the alcohols can be converted to the corresponding thiols
(step IV) by methods familiar to persons skilled in the art. The thiols can then be
reacted further (step V) in a substitution reaction with compounds of formula (X1}, in
the presence of base in an appropriate solvent system. |
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The corresponding sulfoxides and sulfones (Y = SO or SOy) can be prepared
by oxidation of the thioethers (Y = S) with a suitable oxidising agent (step lI).
Examples of oxidising agents are m-chloro-perbenzoic acid (MCPBA), hydrogen
peroxide (H,O5) and oxone (potassium peroxymonosulifate). By using 1 equivivalent
or less of the oxidising agent, the main product will be the sulfoxide. By using an
excess oxidising agent, the main product will be the sulfone.

If the acid derivatives used are carboxylic esters, hydrolysis can be performed
to obtain the free fatty acids. An esterifying group such as a methyl of an ethyl group
may be removed, for example, by alkaline hydrolysis using a base such as an alkali
metal hydroxide, for example LiOH, NaOH or KOH or by using an organic base, for
example EtsN together with an inorganic salt, for example LiCl in an appropriate
solvent system. A tert-butyl group may be removed, for example, by treatment with
an acid, for example an organic acid such as trifluoroacetic acid or formic acid in an
appropriate solvent system. An arylmethyl group such as a benzyl group may be
removed, for example, by hydrogenation over a catalyst such as palladium-on-carbon
in an appropriate solvent system.

The preparation of compounds of formula 1, according to method | or Il, may
result in mixtures of stereoisomers. If required, these isomers may be separated by
means of chiral resolving agents and/or by chiral column chromatography through
methods known to the person skilled in the art.

Method Ill

The compounds of formula (I} wherein X is a carboxylic acid and in the form of a
phospholipid can be prepared through the following processes.
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HO
R{” %LOH —— R{ >JI\AG HOY ™—0-p~0"]
R2 R3 RZ RS

Acylation of sn-glycero-3-phosphocholine (GPC) with an activated fatty acid, such as
fatty acid imidazolides, is a standard procedure in phosphatidylcholine synthesis. It is
usually carried out in the presence of DMSO anion with DMSO as solvent
(Hermetter; Chemistry and Physics of lipids, 1981, 28, 111). Sn-Glycero-3-
phosphocholine, as cadmium (ll) adduct can also be reacted with the imidazolide
activated fatty acid in the presence of DBU (1,8-diazabicyclo[5.4.0Jundec-7-ene) to
prepare the phosphatidylcholine of the respective fatty acid (intemational application
number PCT/GB2003/002582). Enzymatic transphosphatidylation can effect the
transformation of phosphatidylcholine to phosphatidyletanolamine (Wang et al, J.
Am. Chem. Soc., 1993, 115, 10487).

Phospholipids may also be prepared by enzymatic esterification and
transesterification of phospholipids or enzymatic transphosphatidylation of
phospholipids. (Hosokawa, J Am. Qil Chem.Soc. 1995, 1287, Lilja-Hallberg,
Biocatalysis, 1994, 195). '

Method IV

The compounds of formula (1) wherein X is a carboxylic acid in the form of a
triglyceride can be prepared through the following process. Excess of the fatty acid
can be coupled-to glycerol using dimethylamincpyridine (DMAP} and 2-(1H-
benzotriazol-1-yi )-N,N,N’,N'-tétramethyluroniumhexaﬂ uorophosphate (HBTU).
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Method V

The compounds of formula (1) wherein X is a carboxylic acid in the form of a
diglyceride can be prepared by reaction of the fatty acid (2 equivalents) with glycerol
(1 equivalent) in the presence of 1,3-dicyclohexylcarbondiimide (DCC) and 4-
dimethylaminopyridine (DMAP). '

Method VI
The compounds of formula (1) wherein X is a carboxylic acid and in the form of
a monoglyceride can be prepared through the following processes.

O

R{’Y >< . o
R3 Rz Rs
(@]
T v- R1 ‘n)<v R

1,2-O-isopropylidene-
sn-glycerol

Acylation of 1,2-O-isopropylidene-sn-glycerol with a fatty acid using DCC and
DMAP in chloroform gives a monodienoylglycerol. Deprotection of the isopropylidene
group can be done by treating the protected glycerol with an acidic (HCI, acetic acid
etc.) (O'Brian, J.Org.Chem., 1996, 5914).

There are several synthetic methods for the preparation of monoglycerides
with the fatty acid in 2-position. One method utilizes esterification of the faity acid
with glycidol in the presence of 1-(3-dimethylaminopropyl}-3-
ethylcarbodiimidehydrochloride (EDC) and 4-dimethylaminopyridine (DMAP) to
produce a glycidyl derivative. Treatment of the glycidyl derivative with trifluoroacetic
anhydride (TFAA) prior to trans-esterification the monoglyceride is obtained (Parkkari
et al, Bioorg. Med.Chem.Lett. 2006, 2437).
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0 /\& (@] 0O
Y- " /Y%’L /\8 TFAA Y- 0COCF3
R OH — > R (0 - Ry O{
Rs Ry Rs Ry R{ Ry OCOCF;

{glycidyl derivative) i Pyridine/MeOH

i OH
Y we
OH

Further methods for the preparation of mono-, di- and tri-glycerides of fatty
acid derivatives are described in international patent application, PCT/FR02/02831.

It is also possible to use enzymatic processes (lipase reactions) for the
transformation of a fatty acid to a mono-, di-, tri-glyceride. A 1,3-regiospecific lipase
from the fungus Mucor miehei can be used to produce triglycerides or diglycerides
from polyunsaturated fatty acids and glycerol. A different lipase, the non-regiospecific
yeast lipase from Candida antartica is highly efficient in generating triglycerides from
polyunsaturated fatty acids (Haraldsson, Pharmazie, 2000, 3). |

Preparation, characterisation and biological testing of specific fatty acid derivatives of

formula (1

The invention will now be further described by the following non-limiting examples, in
which standard techniques known to the skiiled chemist and techniques analogous to
those discribed in these examples may be used where appropriate. Unless otherwise
stated:

* evaporations were carried out by rotary evaporation in vacuo;

« all reactions were carried out at room temperature, typically in the range
between 18-25°C with solvents of HPLC grade under anhydrous conditions;

o column chromatography were performed by the flash procedure on silica gel
40-63 um (Merck) or by an Armen Spotflash using the pre-packed silica gel
columns  “MiniVarioFlash”, “SuperVarioFlash”, “SuperVarioPrep” or
“EasyVarioPrep” (Merck);

e yields are given for illustration only and are not necessarily the maximum
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attainable;

o the nuclear magnetic resonance (NMR) shift values were recorded on a
Bruker Avance DPX 200 or 300 instrument, and the peak multiplicities are
shown as follows: s, singlet; d, doublet; dd, double doublet; t, triplet; q, quartet;
p, pentet; m, multiplett; br, broad; '

» the mass spectra were recorded with a LC/MS spectrometer. Separation was
performed using a Agilent 1100 series module on a Eclipse XDB-C18 2.1 x
150 mm column with gradient elution. As eluent were used a gradient of 5-85
% acetonitrile in buffers containing 0.01% trifluoroacetic acid or 0.005%
sodium formate. The mass spectra were recorded with a G 1956 A mass
spectrometer (electrospray, 3000 V) switching positive and negative ionization
mode.

Preparation of intermediates

Example 1:
Preparation of S-(3Z,62,9Z,12Z)-pentadeca-3,6,9,12-tetraenyl ethanethicate.

DEPNIPN

Triphenylphosphine (PPh3) (41.7 g, 159 mmol) was dissolved in dry
tetrahydrofurane (THF) (250 mL) at 0 °C under inert atmosphere and added
diisopropyl azodicarboxylate (DIAD) (30.8 mL, 159 mmol). The mixture was stirred at
0 °C for 40 minutes and then dropwise added a solution of (all-2)-3,6,9,12-
pentadecatetraenol (17.5 g, 79.4 mmol) and thioacetic acid (11.4 mL, 159 mmol) in
dry THF (150 mL). The resutting turbid mixture was stirred at 0 °C for 40 minutes,
then at ambient temperature for two hours. Heptane was added {300 mL), the
mixture was stirred for ten minutes and the precipitated white solid was removed by
filtration. This procedure was repeated twice and finally the residue after
concentration was stirred in heptane (100 mL) for 16 hours. Filtration and purification
of the residue by flash chromatography (1% EtOAc in heptane) provided 13.7 g (62%
yield) of the title compound as an oil.
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"H-NMR (200 MHz, CDCls): 5 0.96 {t, 3H), 2.05 (m, 2H), 2.31 (s+m, 5H), 2.76-
2.92 (m, 8H), 5.32-5.45 {m, 8H).

Example 2:
Preparation of (3Z,6Z,9Z,12Z)-pentadeca-3,6,9,12-tetraene-1-thiol.

LiAlH, (2.05 g, 54.1 mmol) was suspended in dry diethyl ether (100 mL) at 0
°C under inert atmosphere. To this suspension was added dropwise a solution of S-
(32,62,9Z,12Z)-pentadeca-3,6,9,12-tefraenyl ethanethioate (13.7 g, 49.2 mmol) in
dry diethyl ether (50 mL) and the resulting grey mixture was stirred at 0 °C for ten
minutes and then at ambient temperature for 30 minutes. The mixture was cooled to
~5 °C, added 1M HCI until pH=2 and filtrated through a short pad of celite. The pad
was washed with water and diethyl ether, the phases were separated and the
aqueous phase was extracted twice with diethyl ether (100 mL each). The combined
organic extracts were dried (Na;SO,), filtered and concentrated under reduced
pressure to afford 7.8 g (67 % yield) of the title compound as oil.

'H-NMR (200 MHz, CDCls): 5 0.96 (t, 3H), 2.06 {m, 2H), 2.39 (m, 2H), 2.51 (m,
2H), 2.81 (m, 6H), 5.28-5.54 {m, 8H); MS (ESI): 235 [M-H].

Example 3:

Preparation of S-(5Z2,8Z,112,14Z,17Z)-icosa-5,8,11,14,17-pentaenyl ethanethioate.

0

 — — s)k

Triphenylphosphine (21.0 g, 80 mmol) was dissolved in dry THF {170 mL) at O
°C under inert atmosphere and added DIAD (15.8 mL, 80 mmol) dropwise. After 40

minutes at 0 °C the white suspension was added dropwise to a solution of
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(62,82,112,142,17Z)-icosa-5,8,11,14,17-pentaen-1-ol (11.5 g, 40 mmol) and
thioacetic acid (5.7 mL, 80 mmol) in dry THF (50 mi) during 15 minutes. The
resulting turbid mixture was stirred at 0 °C for 30 minutes, followed by ambient
temperature for 1.5 hour. Heptane was added (200 ml), the mixture was stirred for
ten minutes and the precipitated white solid removed by filtration and rinsed with
heptane (150 mL). The residue was concentrated to remove most of the THF and
stired at ambient for 18 hours. The mixture was fiitered, concentrated and added
heptane (200 mL). The resulting mixture was stirred for 2 hours, filtered and
evaporated. The residue was purified by flash chromatography on silica gel, using
EtOAc: Heptane (2:98), followed by EtOAc: Heptane (4:96) and finally EtOAc:
Heptane (5:95). Concentrataion of the appropriate fractions provided 11.0 g (79 %
yield) of the title compound as oil.

TH-NMR (300 MHz, CDCls): 8 0.95 (t, 3H, J=7.5 Hz), 1.40 (m, 2H), 1.58 (m,
2H), 2.06 (m, 4H), 2.29 (s, 3H), 2.77 — 2.87 (m, 10H), 5.25 — 5.42 (m, 10H); MS (C}
(CH,)): 387 [M+C3Hs]*, 375 [M+C,Hs]*, 347 [M+H]*, 333 [M-CH.J", 305 [R-SH]".

Example 4:

Preparation of (62,82,112,142,17Z)-icosa-5,8,11,14,17-pentaene-1-thiol.

SH

S-(52,8Z,11Z,14Z 172Z)-Icosa-5,8,11,14,17-pentaenyl ethanethioate (7.00 g,
20.2 mmol) was dissolved in MeOH (100 mL) by stirring 10 minutes until the droplets
of oil dissolved, before anhydrous potassium carbonate, KoCO3; (2.79 g, 20.2 mmol)
was added in one portion. The mixture was stirred for 1 hour and 20 minutes at
ambient temperature and quenched by addition of 1 M HC! (50 mL) and water (150
mL). The white cloudy mixture was added Et;O (250 mL) and the phases were
separated. The water phase was exiracted with Et;0 (2x250 mL). The combined
organic phases were washed with brine (250 mL) and dried (MgSQ,). Filtration and
evaporation gave the title compound as oil {(5.99 g, 97 % yield), which was used
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without further purification.
'H-NMR (300 MHz, CDCl3): 8 0.96 (t, 3H, J=7.5 Hz), 1.31 (t, 1H, J=7.8 Hz),
1.44 (m, 2H), 1.61 (m, 2H), 2.06 (m, 4H), 2.51 (m, 2H), 2.77 — 2.85 (m, 8H), 5.28 —
5.41 (m, 10H); MS (CI (CH,)): 345 [M+C3Hs]", 333 [M+C2zHs]", 305 [M+H]", 271 [M-
SHI".

Example 5:

Preparation of (52,8Z2,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenyl methanesulfonate -

— — 0_‘:§_
= = — 0]

EtsN (1.50 mL, 10.8 mmol) and methanesulfonyl chloride (402 pL, 5.20 mmol) was
added to a solution of (6Z,82,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaen-1-ol (1.15g,
4.0 mmol}) in CH2Cl» (40 mL) held at 0 °C under nitrogen. The mixture was stirred at 0
°C for one hour, and poured into ice-water (100 g) and the water phase extracted
with Et2O (50 mL). The combined organic extracts were added 0.5 M H,SO4 (35 mL),
the organic phase washed with NaHCO; (sat. aq.) (25 mL), before dried (Mg:SOs,
10 gram). Filtration and concentration in vacuo afforded 1.24 gram of crude oil.
Purification on Armmen, SVP D26 column packed with 30 gram of 15-40 um Merck
silica, flow 20 mlL/min, UV 210 nm and collecting 15 mL fraction, was performed
using gradient elution: (starting heptane: EtOAc (100:0) and increasing during
10 min. to 10 % EtOAc, then increasing 5 min. to 20 % EtOAc (hold 10 min.), then
increasing -in 5 min. to 40 % EtOAc (hold 0 min.). Fractions 6-14 afforded 1.16g (79
% vyield) of the title compound as ail.

TH-NMR (300 MHz, CDCl): 5 0.97 (t, 3H), 1.50 (m, 2H), 1.75 (m, 2H), 2.03-
2.15 (m, 4H), 2.76-2.86 (m, 8H), 2.99 (s, 3H), 4.22 (t, 2H), 5.27-5.40 (m, 10H); MS
(electrospray): 389.2 [M+Na]".

Example 6:

Preparation of (4S,5R)-3-((S)-2-((52,82,11Z,14Z 1 72_)-icosa-5,8,1 1,14,17-
pentaenylthio)butanoyl}-4-methyl-5-phenyloxazolidin-2-one and
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(48,5R)-3~((R)-2-((5Z,8Z,11Z,14Z 17Z)-icosa-5,8,11,14,17-pentaenylthio)butanoyl)-4-
methyl-5-phenyloxazolidin-2-one

A mixture of 2<((52,82,112,142,17Z)-icosa-5,8,11,14,17-pentaenyithio)butanoic acid
(3.0 g, 7.9 mmol) in dry dichloromethane (40 mL) held at 0°C under nitrogen was
added DMAP (1.0 g, 9.5 mmol) and 1,3-dicyclohexyicarbodiimide (DCC) (1.8 g, 8.7
mmol). The resulting mixture was stirred at 0°C for 20 minutes, (4S,5R)-4-methyl-5-
phenyl-2-oxazolidinone (1.7 g, 9.5 mmol) was added and the resulting turbid mixture
was stirréd at ambient temperature for 24 hours. The mixture was filtrated and
concentrated under reduced pressure to give a crude product containing the desired
product as a mixture of two diastereomers. The residue was purified by flash
chromatography on Armen Spotflash instrument on silica gel using 2% ethyl acetate
in heptane as eluent. The two diastereomers were separated and the appropriate
fractions were  concentrated. (4S,5R)-3-((R)-2-((5Z,8Z,11Z,14Z,17Z)-Icosa-
5,8,11,14,17-pentaenylthio)butanoyl)-4-methyl-5-phenyloxazolidin-2-one eluted first
and was obtained in 0.95 g (47 % yield) as an oil. 1.47 g (67 % yield) of (4S,5R)-3-
((S)y2-((5Z,8Z2,112,14Z,172)-icosa-5,8,11,14,17-pentaenylthio)butanoyl)-4-methyl-5-
phenyloxazolidin-2-one was obtained as an oil.

(48,5R)-3-((R)-2-((5Z,82,112,14Z,17Z)-Icosa-5,8,11,14,17-
pentaenyithio)butanoyl)-4-methyl-5-phenyloxazolidin-2-one (E1):
TH-NMR (300 MHz, CDCl3): & 0.93-1.06 (m, 9H), 1.45-1.60 (m, 4H), 1.75-1.85 (m,
1H), 2.05-2.15 (m,'SH), 2.55-2.70 (m, 2H), 2.87 (m, 8H), 4.69 (t, 1H), 4.79 (p, 1H),
5.30-5.45 (m, 10H), 5.72 (d, 1H), 7.32 (m, 2H), 7.43 (m, 3H).

(4S,5R)-3~((S)-2-((52,82,112,142,172Z)-lcosa-5,8,11,14,17-
pentaenylthio)butanoyl)-4-methyl-5-phenyloxazolidin-2-one:

"H-NMR (300 MHz, CDCl3): & 0.93 (d, 3H), 0.99 (t, 3H), 1.05 (t, 3H), 1.40-1.56
(m, 4H), 1.50-1.75 {(m, 1H), 2.00-2.15 (m, 5H), 2.47-2.65 (m, 2H}), 2.83 (m, 8H), 4.62
(t, 1H), 4.85 (p, 1H), 5.25-5.45 (m, 10H), 5.70 (d, 1H), 7.32 (m, 2H), 7.43 (m, 3H).
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Preparation of target molecules

Example 7:
Preparation of ethyl 2-((3Z,6Z,9Z,12Z)-pentadeca-3,6,9,12-tetraenylthio)butanoate

(30)
— = x(o\/
S
XY

A solution of 3Z,6Z,9Z,12Z)-pentadeca-3,6,9,12-tetraene-1-thiol (9.80 g, 41.5
mmol) in dry dimethylformamide (DMF) (70 mL) at 0°C under inert atmosphere was
added NaH (60 % in mineral oil, 1.82 g, 45.6 mmol) and stirred at this temperature
for ten minutes. Ethyl bromobutyrate (6.39 mL, 43.5 mmol) was added and the
mixture was stired at ambient temperature for 30 minutes. The mixture was
partitioned between saturated NH4Cl (150 mL) and heptane (150 mL). The aqueous
layer was extracted twice with heptane (100 mL each) and the combined organic
extract were washed with water (100 mL) and brine (100 mL). The organic layer was
dried (Na;S0Qy), filtrated and concentrated. The residue was purification by flash
chromatography on silica gel (heptane : EtOAc 99:1 then 95:5). Concentration of the
approprate fractions afforded 14.1 g (97 % yield) of the title compound as oil.

'H-NMR (200 MHz, CDCl3): 5 0.92-1.01 (2 x t, 6H), 1.27 (t, 3H), 1.60-1.80
(m,1H), 1.80-1.95 (m,1H), 2.00-2.15 (m, 2H) 2.25-2.45 (m, 2H), 2.60-2.75 (m, 2H),
2.80 (m, 6H), 3.15 (t, 1H), 4.17 (q, 2H), 5.31-5.43 (m, 8H); MS (ESI): 373 [M+Na]".

Example 8:

Preparation of ethyl 2-((32,64,9Z,12Z)pentadeca-3,6,9,12-
tetraenylsulfonyl)butanoate (31).

— — ,,S%(O\/
_ _ O 0g

Ethyl 2-((3Z,6Z,9Z,12Z7)-pentadeca-3,6,9,12-tetraenylthio)butanocate (2.7 g, | 7.7
mmol) was dissolved in dry CHCI; (40 mL) and the solution was cooled down to -
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20°C under inert atmosphere. meta-Chloroperoxybenzoic acid (nCPBA) (~77 %, 4.0
g, 18 mmol) dissolved in dry CHCI; (10 mL) was added dropwise and the resulting
solution was stired at -20°C for 30 minutes, allowed to slowly reach ambient
temperature and then stirred over night. The solvents were evaporated in vacuo, the
residue was added heptane (30 mL) and the resulting white precipitate was removed
by filtration. The filtrate was concentrated in vacuo and the residue was added
heptane (10 mL). The resulting white precipitate was again removed by filtration. The
filtrate was concentrated in vacuo and and the residue was purified by flash
chromatography on silica gel (heptane : EtOAc 4:1). Concentration of the appropriate
fractions afforded 0.37 g (13% vyield) of the title compound as an oil.
"H NMR (300 MHz, CDCls): § 0.96 (t, 3H), 1.03 (t, 3H), 1.31 (t, 3H), 2.02-2.15
(m, 4H), 2.62 (m, 2H), 2.82 (m, 6H), 3.05 (m, 1H), 3.20 (m, 1H), 3.70 (dd, J=10.3 Hz,
=4.7 Hz, 1H), 4.28 (q, 2H), 5.26-5.41 {m, 7H), 5.46-5.52 (m, 1H); MS (electrospray):
405.2 [M+Na]

Example 9:
Preparation of 2-((32,6Z,9Z,12Z)-pentadeca-3,6,9,12-tetraenylthio)butanoic acid (7).

— — 0

Ethyl 2-((32,6Z,9Z,12Z2)-pentadeca-3,6,9,12-tetraenylthio)butancate (14.1 g,
40.2 mmol) was dissolved in ethanol (200 mL) and added a solution of LIOH x H,0
(13.5 g, 322 mmol) in water (50 mL). The resulting turbid solution was stirred at 70°C
under inert atmosphere for 90 minutes, cooled, added water (100 mL) and 3M HCI
until pH=2. The mixture was extracted three times with heptane (100 mL each). The
combined organic extracts were dried (Na.SQ,), filtered and concentrated under
reduced pressure to afford 11.8 g (81 % yield) of the title compound as ail.

'H-NMR (200 MHz, CDCls): 6 0.91-1.06 (2 x t, J=7.2 Hz, J=7.5 Hz, 6H), 1.60-
1.80 (m, 1H), 1.80-1.95 (m, 1H), 2.05 (p, J=7.2 Hz, 2H), 2.35 (m, 2H), 2.60-2.75 (m,
2H), 2.75-2.80 (m, 6H), 3.14 (t, J=7.1 Hz, 1H), 5.31-56.47 {m, 8H); MS (ESI): 321 [M-
HJ".
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Example 10:
Preparation of 2-((3Z,6Z,9Z,12Z)-pentadeca-3,6,9,12-tetraenylsulfinyl)butanocic acid

(24)
=N OH
S
(XY

2+((3Z,6Z,9Z,12Z)-Pentadeca-3,6,9,12-tetraenylthio)butanoic acid {0.20 g, 0.62

mmol} was dissolved in dry CHCI; (10 mL) and the solution was cooled down to -
20°C under inert atmosphere. mCPBA (~77 %, 0.15 g, 0.68 mmol) dissolved in dry
CHC!3 (2 mL) was added dropwise and the resulting solution was stirred at -20°C for
35 minutes. The solvents were evaporated in vacuo, the residue was added heptane
(10 mL) and the resulting white precipitate was removed by filtration. The filtrate was
concentrated in vacuo and the residue was added heptane (10 mL). The resulting
white precipitate was again removed by filtration. The filtrate was concentrated in
vacuo and the residue was purified by flash chromatography on silica gel
(heptane:EtOAc + */1% HCOOH 4:1 — 1:1). Concentration of the appropriate
fractions afforded 100 mg (48% yield) of the title compound as an oil.

'H NMR (200 MHz, CDCl): 8 6.95 (1, 3H), 1.10 (2 x g, 3H), 1.70-1.80 (m, 1H),
2.05 (m, 3.5H), 2.20-2-40 (m, 0.5H), 2.60 (m, 2H), 2.81 (m, 7H), 2.90-3.00 (m, 0.5H),
3.10-3.25 (m, 1H), 3.70 (dd, 0.5H), 5.25-5.55 (m, 8H}); MS (electrospray): 337.1 [M-
HY

Example 11:
Preparation of 2-((3Z,64,9Z,12Z)-pentadeca-3,6,9,12-tetraenylsulfonyl)butanocic acid

(25)
—_— — I{OH
I:S|\

Ethyl 2-((32,64,9Z,12Z)-pentadeca-3,6,9,12-tetraenylsulfonyl)butancate (370 mag,
0.97 mmol) was dissolved in ethanol (10 mL) and added a solution of LiOH in H20 (1

M, 3.9 mL, 3.9 mmol). The resulting mixture was stirred at 60°C for three hours,
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cooled, added 0.1 M HCI until pH=2 and extracted twice with diethyl ether (15 mL
each). The combined organic layer was washed with brine (15 mL), dried, filtrated,
concentrated in vacuo and purified by flash chromatography on silica gel (heptane :
EtOAc “/5% HCOOH 4:1). Concentration of the appropriate fractions afforded 250
mg (73% yield) of the title compound as an oil.

'H NMR (300 MHz, CDCl5): 5 0.96 (t, 3H), 1.09 (t, 3H), 2.02-2.25 (m, 4H), 2.65
(m, 2H), 2.82 (m, 6H), 3.10 (m, 1H), 3.20 (m, 1H),

Example 12:
Preparation of ethyl 2-((5Z,8Z2,11Z2,14Z,172)-icosa-5,8,11,14,17-
pentaenylthio)propanoate (32).

O™

(5Z2,82,11Z,14Z,17Z)-icosa-5,8,1 1,14,17-pentaelne-1-thiol (305 mg, 1.00
mmol) was added to a solution of NaH (60.% in mineral oil, 44 mg, 1.10 mmol) in dry
DMF (10 mL) held at 0. °C under inert atmosphere. After ten minutes ethyl
bromopropionate {136 L, 1.05 mmol) was added and the mixture was stirred for 1.5
hour at 0 °C. The reaction mixture was added sat. aq. NH4Cl (20 mL) and heptane
(50 mL). The phases were separated and the water phase exiracted with heptane
(2x25 mL). The combined organics were washed with brine (25 mL), dried (MgSQ.),
filtered and evaporated to give 376 mg of title compound as crude oil. Purification by
flash chromatography on silica gel using gradient elution (starting pure heptane and
increasing stepwise to heptane:EtOAc 95:5) afforded 318 mg (79 % yield) of the title

compound as oil.

'H-NMR (300 MHz, CDCls): & 0.95 (t, 3H), 1.25 (t, 3H), 1.41 (d, 3H), 1.44 (m, -
2H), 1.58 (m, 2H), 2.06 (m, 4H), 2.60 (m, 2H), 2.71 — 2.85 (m, 8H), 3.36 (d, 1H), 4.17
(m, 2H), 5.25 — 5.40 (m, 10H); MS (Cl (CH,)): 445 [M+CsHs]", 433 [M+C,Hs]*, 405
[M+H]", 359 [M-OEt]", 331 [M-CO,Et]", 303 [R-S]"".
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Example 13:
Preparation of ethyl 2-({6Z,8Z11Z,14Z,172)-icosa-5,8,11,14,17-
pentaenylthio)butanoate (33).

To a solution of (6Z2,82,11Z2,14Z,17Z)-icosa-5,8,11,14,17-pentaene-1-thiol (305
mg, 1.00 mmol) in dry DMF (10 mL) at 0 °C under inert atmosphere was added NaH
(60 % in mineral oil, 44 mg, 1.1 mmol). After fiffeen minutes ethyl bromobutyrate (154
pL, 1.05 mmol) was added. The mixture was stirred for 1 hour at 0 °C. Sat. aq. NH4CI
(20 mL), water (20 mL) and heptane (50 mL) were added. The phases were
separated and the water phase was extracted with heptane (2x25 mL). The
combined organics were washed with water (25 mL} and brine (25 mL), dried
(MgSO0,), filtered and evaporated to give 379 mg of the title compound as a crude oil.
Purification by flash chromatography on silica gel using gradient elution (starting pure
heptane and increasing stepwise to heptane:EtOAc 95:5) afforded 345 mg (82 %
yield) of the title compound as oil.

"H-NMR (300 MHz, CDCls): 6 0.93 — 1.00 (m, 6H), 1.25 (1, 3H), 1.44 (m, 2H),
1.59 (m, 2H), 1,68 (m, 1H), 1.87 (m, 1H), 2.07 (m, 4H), 2.57 (m, 2H), 2.73 — 2.88 (m,
8H), 3.12 (m, 1H), 4.17 (m, 2H), 5.27— 5.46 (m, 10H); MS (Cl (CH,)). 459
{M+C3Hs]", 447 [M+CZH5]", 419 [M+H]", 373 [M-OEt]", 345 [M-CO,E1]", 303 [R-S]™* .

Example 14;
Preparation of 2-{(5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)butanoic

acid (10)
N \&
S

— N\ O

Ethyl 2-((5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)butanoate
(209 mg, 0.50 mmol) was dissolved in ethanol (2.5 mL) and added to a solution of
LiOH x H2O (168 mg, 4.0 mmol) in water (2.5 mL). The resulting turbid solution was
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stirred at 70 °C under inert atmosphere for 2 hours, cooled and added water (10 mL)
and 1 M HCI (5 mL) to pH = 1-2. The mixture was extracted with heptane (2 x 20
mL) and diethyl ether (20 mL). The combined organic extracts were dried (MgSOQ,),
filtered and concentirated under reduced pressure to give 154 mg of the title
compound as crude oil. Purification by flash chromatography on silica gel using
gradient elution (starting with pure heptane and increasing stepwise to
heptane:EtOAc (with 5 % HOAc) 80:20) afforded 151 mg (77 % yield) of the title
compound as oil.

"H-NMR (300 MHz, CDCl3): & 0.95 (t, 3H), 1.02 (t, 3H), 1.46 {m, 2H), 1.52 —
1.78 (m, 3H), 1.90 (m, 1H), 2.05 (m, 4H), 2.63 (m, 2H), 2.75 — 2.90 (m, 8H), 3.14 (&,
1H) (m, 1H), 4.17 (m, 2H), 5.27 — 5.46 (m, 10H).

Example 15:
Preparation of {8)-2-((5Z,8Z,112,14Z,172)-icosa-5,8,11,14,17-pentaenylthio)butanoic

acid (34).
MH

Hydrogen peroxide (30 % in water, 0.71 mL, 6.91 mmol) and lithium hydroxide
monohydrate (0.15 g, 3.46 mmol) was added to a solution of (4S,5R)-3-((S)-2-
((5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)butanoyl)-4-methyl-5-
phenyloxazolidin-2-one (0.95 g, 1.73 mmol) in tetrahydrofuran (12 mL) and water (4
mL) held at 0°C under nitrogen. The reaction mixture was stired at 0°C for 30
minutes. 10% NazSOjs (aq) (30 mL) was added, the pH was adjusted to ~2 with 5M
HCl and the mixture was extracted twice with heptane (30 mL). The combined
organic extract was dried (Na,S0,), filtered and concentrated. The residue was
subjected to flash chromatography on silica gel using increasingly polar mixtures of
heptane and ethyl acetate (98:8 > 1:1) as eluent. Concentration of the appropriate
fractions afforded 0.15 g (17 % vyield) of the title product as an oil. .
"H-NMR (300 MHz, CDCl3): & 1.00 (t, 3H), 1.07 (t, 3H), 1.46 (m, 2H), 1.60-1.75
(m, 3H), 1.85 (m, 1H), 2.10 (m, 4H), 2.66 (m, 2H), 2.80-2.90 (m, 8H), 3.21 (t, 1H),
5.35-5.45 (m, 10H); MS (electrospray): 389.3 {M-HJ’; [aln-49° (c=0.12, ethanol).
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Example 16: .
Preparation of (R)-2-((56Z,82,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)butanoic
acid (35). '

QCX_V\”S’\%OH

Hydrogen peroxide (30 % in water, 1.04 mL, 10.2 mmol) and lithium hydroxide
monochydrate (0.21 g, 5.09 mmol) was added to a solution of (4S,5R)-3-((R})-2-
((5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)butanoyl)-4-methyl-5-
phenyloxazolidin-2-one (1.40 g, 2.55 mmol) in tetrahydrofuran (15 mL) and water (5
mL) held at 0°C under nitrogen. The reaction mixture was stirred at 0°C for 45
minutes. 10% NaxSOs (aq) (35 mL) was added, pH was adjusted to ~2 with 5M HCI
and the mixture was extracted twice with heptane (35 mL). The combined organic
extract was dried (Na;S0Q,), filtered and concentrated. The residue was subjected to
flash chromatography on silica gel using increasingly polar mixtures of heptane and
ethyl acetate (98:8 - 1:1) as eluent. Concentration of the appropriate fractions
afforded 0.17 g (22 % yield) of the title product as an oil. "H-NMR (300 MHz, CDCls):
5 1.00 (t, 3H), 1.07 (t, 3H), 1.46 (m, 2H), 1.60-1.75 (m, 3H), 1.85 (m, 1H), 2.10 (m,
4H), 2.66 (m, 2H), 2.80-2.90 (m, 8H), 3.21 (t, 1H), 5.35-545 (m, 10H); MS
(electrospray): 389.3 [M-HJ; {a]n +50° (c=0.14, ethanol).

Example 17:
Preparation of ethyl 2-((5Z,8Z,11Z14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)-2-
methylpropanoate (36)

To a solution of (6Z,82,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaene-1-thiol (305
mg, 1.00 mmol) in dry DMF (10 mL) at 0 °C under inert atmosphere was added NaH
(60 % in mineral oil, 44 mg, 1.1 mmol). After fiteen minutes ethyl 2-bromo-
2-methylbutyrate (154 pL, 1.05 mmol) was added and the mixture was stirred for 1.5
hour at 0 °C. The reaction mixture was quenched by addition of sat. aq. NH,Cl (20
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mL). Water (20 mL) and heptane (50 mL) were added and the phases were
separated. The water phase was extracted with heptane (2x25 mL). The combined
organics were washed with water (25 mL) and prine (2 x 25 mL), dried (MgSO,),
filtered and evaporated to give 377 mg of the title compound as a crude oil.
Purification by flash chromatography on silica gel using isocratic elution
(heptane:EtOAc 98:2) afforded 307 mg (77 % yield) of the title compound as oil.

TH-NMR (300 MHz, CDCl3): 8 0.95 (t, 3H), 1.28 (t, 3H), 1.42 (m, 2H), 1.48 (s,
6H), 1.54 (m, 2H), 2.06 (m, 4H), 2.58 (m, 2H), 2.71 — 2.85 (m, 8H), 4.15 (m, 2H),
5.22 — 5.48 (m, 10H); MS (CI (CH4)): 459 [M+CsHs]", 447 [M+CoHs]", 419 [M+H]",
373 [M-OE{]*, 345 [M-CO,Et]", 303 [R-SJ™*.

Example 18:
Preparation of 2-((52,8Z2,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenyithio)-2-
methylpropanoic acid (11)

Ethyl 2-((52,84,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)-2-
methylpropanoate (209 mg, 0.50 mmol) was dissolved in ethanol (2.5 mL) and added
to a solution of LIOH x H,O (168 mg, 4.0 mmol} in water (2.5 mL). The resulting
turbid solution was stirred at 70 °C under inert atmosphere for 2 hours, cooled and
added water (10 mL) and 1 M HCI (5 mL) to pH = 1-2. The mixture was extracted
three times with heptane (3 x 20 mL). The combined organic extracts were dried
(MgSQ,), fittered and concentrated under reduced pressure to give 101 mg of the title
compound as crude oil. Purification by flash chromatography on silica gel using
gradient elution (starting with pure heptane and increasing stepwise to
heptane.EtOAc (with 5 % HOAc) 80 : 20) afforded 78 mg (40 %) of the title
compound as oil.

TH-NMR (300 MHz, CDCl3): 5 0.95 (t, 3H), 1.35 — 1.66 (m, 4H), 1.50 (s, 6H),
2.07 (m, 4H), 2.63 (t, 3H), 2.70 — 2.92 (m, 8H), 5.13 — 5.50 (m, 10H).
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Example 19: ‘
Preparation of ethyl 1-((54,82,11Z,142,17Z)-icosa-5,8,11,14,17-
pentaenylthio)cyclobutanecarboxylate (37).

szc_’;\%‘m

To a solution of (5Z,82,11Z,14Z,17Z)-icosa-5,8,11,14,1 7-pehtaene-1-thio[ (305
mg, 1.00 mmol) in dry DMF (10 mL) at 0 °C under inert atmosphere was added NaH
(60 % in mineral oil, 44 mg, 1.1 mmol). After fifteen minutes ethyl 2-bromo-
cyclobutane carboxylate (170 pL, 1.05 mmol) was added and the mixture was stirred
for 1.5 hour at 0 °C. The reaction was quenched by addition of sat. ag. NH4Cl (20
mL). Heptane (50 mL) was added, and the phases were separated. The water phase
was extracted with heptane (2x25 mL). The combined organics were washed with
water (25 mL) and brine (25 mL), dried (MgSOy), filtered and evaporated to givé 409
mg of the title compound as a crude oil. Purification by flash chromatography on
silica gel using isocratic elution (heptane:acetone 98:2) afforded 243 mg (56 % yield)
of the title compound as oil.

TH-NMR (300 MHz, CDCla): & 0.95 {t, 3H), 1.27 (t, 3H), 1.42 (d, 3H), 1.54 (m,
2H), 1.84 (m, 1H), 1.96 — 2.23 (m, 7H), 2.51 (m, 2H), 2.60 (m, 2H), 2.73 — 2.90 (m,
8H), 4.18 (m, 2H), 5.23 - 5.43 (m, 10H); MS (Cl (CHa)): 471 [M+C3Hsl", 459
[M+C2Hs]*, 431 [M+H]", 385 [M-OEt]*, 357 [M-COEt}", 303 [R-S]"".

Example 20:
Preparation of 2-ethyl-2-((52,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-
pentaenylthio)butanoic acid (12).
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NaOEt (21 wt.% in EtOH, 0.37 ml, 0.98 mmol) was added dropwise to a
solution of 2-mercapto-2-ethyl butyric acid (0.08 g, 0.49 mmol) in dry EtOH (7 mL)
held at 0°C under inert atmosphere. The resulting mixture was stirred at 0°C for 30
minutes before a solution of (5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenyl

~methanesulifonate (0.15 g, 0.41 mmol) in dry EtOH (3 mL) was added dropwise. The

resulting turbid mixture was stirred at ambient temperature for 24 hours, poured into
NHA4CI (sat.)(aq.) (15 mL), added 3M HCI to pH ~2 before extracted twice with EtOAc
(2x20 mL). The combined organic extracts were washed with brine (10 mL), dried
(MgSO04), filtrated and evaporated in vacuo. The residue was purified by flash
chromatography on silica gel using a gradient of 10-25 % ethyl acetate in heptane as
eluent. Concentration of the appropriate fractions afforded 0.12 g (70 % vyield) of the
titie compound as oil.

1H-NMR (300 MHz, CDCls): & 0.88-1.02 (m, 9H), 1.45-1.58 (2xm, 4H), 1.72
(m, 2H), 1.82 (m, 2H) 2.09 (m, 4H), 2.53 (f, 2H), 2.76-2.86 (m, 8H), 5.29-5.39 (m,
10H. MS (electrospray): 417.3 [M-H]-;

Example 21:
Preparation of ethyl ethyl 2-((5Z,8Z,112,142,17Z}-icosa-5,8,11,14,17-pentaenylthio)-
2-phenylacetate (38).

— = OFt
— = — 0

To a solution of (52,8Z2,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaene-1-thiol (305
mg, 1.00 mmol) in dry DMF (10 mL) at 0 °C under inert atmosphere was added NaH
(60 % in mineral oil, 44 mg, 1.1 mmol). After fifteen minutes. ethyl 2—bromo-2-phenyl
acetate (255 mg, 1.05 mmol) was added and the mixture stirred for 1.5 hour at 0 °C.
The reaction mixture was quenched by addition of sat. aq. NH4Cl (25 mL). Heptane
(50 mL) was added and the phases were separated. The water phase was exiracted
with heptane (2x25 mL). The combined organics were washed with water (25 mL)
and brine (25 mL), dried (MgSQy), filtered and evaporated to give 453 mg of title
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compound as crude oil. Purification by flash chromatography on silica gel using
isocratic elution (heptane:EtOAc 98:2) afforded 177 mg (38 % yield) of the title

compound as ail.

"H-NMR (300 MHz, CDCL): 6 0.95 (t, 3H), 1.24 (t, 3H), 1.41 (m, 2H), 1.56 (m,
2H), 2.05 (m, 2H), 2.51 (m, 2H), 2.60 (m, 2H), 2.67 — 2.92 (m, 8H), 4.17 (m, 2H), 4.53
(s, 1H), 5.21 — 5.46 (m, 10H), 7.27 — 7.35 {(m, 3H), 7.43 — 7.46 (m, 2H); MS (ClI
(CH.)): 507 [M+C3Hs]", 495 [M+C,Hs]", 467 [M+H]", 421 [M-OEt]*, 393 [M-CO,E{",
303 [R-SJ™.

Biological testing

Example 22:
Evaluation of PPAR activation in-vitro

The assay was carried out in-vitro in three stable reporter cell lines, PPARaq,
PPARS or PPARYy, expressing respectively a chimeric protein containing the ligand
binding domain (LBD) of human PPARa, human PPARS or human PPARY fused to
the yeast transactivator GAL4 DNA binding domain (DBD).

The luciferase (Luc) reporter gene is driven by a pentamer of the GAL4
recognition sequence in front of a B-globin promoter. The  use of GAL4-PPARq,
GAL4-PPARD and GAL4-PPARYy chimeric receptors allows for elimination of
background activity from endogenous receptors and quantitation of relétive activity
across the three PPAR subtypes with the same reporter gene.

Two unsubstituted reference substances, Reference 1 and 2, and five test
substances, (7), (10), (11), (24) and (25) were tested in a concentration of 10 uM.

The structural formulae of the tested substances are as show below:

o) — == OH
\/\/\/\/V\/S\)J\OH Y

— — 0O

Reference 1 Reference 2
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e At e e et s

(1) (10)

(7)

(24) (25)

The PPAR selectivity of the substances was determined by comparison to
known drug references (1uM GW7647 for PPARq, 1uM L-165041 for PPARD and
1uM BRL49653 for PPARY) set of 100 % activity.

The results are presented in Figure 1.

Example 23:
Evaluation of PPARG. activation in-vifro (Concentration Response data)

The assay was carried out in-vitro using mammalian-one-hybrid assays (M1H)
comprising GAL4-DNA binding domain-PPARa-LBD fusion constructs in conjunction
with 5xGAL4-sites driven Photinus pyralis luciferase reporter construct in transiently
transfected HEK293 cells.

Compound (12) and positive control (GW7647) were tested at different
concentrations. The results are presented in Table 1.

PPARx
Compound _ EC50 (nM) Efficacy (%)
GW7647 0.45 100
(12) 286 84

Table 1
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Example 24:
Evaluation of the effects on lipid metabolism in-vivo in a dyslipidemic model
(APOE*3Leiden transgenic mice) '

This animal model has proven to be representative for the human situation
regarding plasma lipoprotein levels, lipoprotein profiles, its responsiveness to
hypolipidemic drugs (like statins, fibrates etc.) and nutrition. In addition, depending on
the level of plasma cholesteroi APOE*3Leiden mice develop atherosclerotic lesions
in the aorta resembling those found in humans with respect to cellular composition
and morphological and immunohistochemical characteristics.

Female APOE*3Leiden mice were put on a semi-synthetic Westem-type diet
(WTD, 15% cocoa butter, 40% sucrose and 0.25% cholesterol; all w/w). With this diet
the plasma cholesterol level reached mildly elevated levels of about 12-15 mmol/l.
After a 4 weeks run-in period the mice were sub-divided into groups of 10 mice each,
matched for plasma cholesterol, triglycerides and body weight (1=0).

The test substances were administered orally as admix to the Westem-type
diet. To facilitate the mixing of the compounds sunflower oil was added to a total oil
volume of 10 mL/kg diet.

After three weeks of treatment (t = 3 weeks) mice were fasted ovemight (o/n)
and blood samples were taken to measure plasma ketone bodies and free fatty
acids. At t = 0 and 4 weeks blood samples were taken after a 4 hour-fast period to

measure plasma cholesterol and triglycerides.

Two unsubstituted reference substances, Reference 3 and 2, and three test
substances, (7), (10) and (12), were dosed at 0.3 mmol/kg bw/day. The structural
formulae of the tested substances are as show below:

O e — OH
S
\/\/\/\/\/\/\/S\/U\OH _ _ /\Or

Reference 3 Reference 2
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The results are shown in Figure 2.

Example 25:
Evaluation of the effects on glucose metabolism in a diabetes type-ll mode! (male
ob/ob mice)

Ob/ob mice can be used as a model for type |l diabetes. The mice are

‘homozygous for the obese spontaneous mutation (Lep®®) leading to leptin deficiency.
-In addition to obesity (ob/ob mice may reach three times the normal body weight of
wild type controls), obfob mice exhibit a diabetes type ll-like syndrome of

hyperglycemia, glucose intolerance, elevated plasma insulin, infertility, impaired
wound healing, and an increase in hormone production from both pituitary and
adrenal glands.

Male ob/ob mice were put on a normal low-fat diet for a few weeks for
acclimatization. After the acclimatization period the mice were sub-divided into three
groups of 10 mice each, matched for body weight, plasma glucose and insulin (t=0).

All compounds were administered orally as admix to AM Il diet. To facilitate
the mixing of the compounds, sunflower oil was added to a fotal oil volume of 10
ml/kg diet.

At t=0, 2 and 4 weeks body weight and food intake was measured. At t=0, 2
and 4 weeks blood samples were taken after a 4 hour-fast period to measure whoie
blood HbA1c and plasma glucose, insulin, cholesterol and triglycerides.

Pioglitazone was used as reference (15 mg/kg bw/day). Compound (10) was
dosed at 0.6 mmol/kg bw/day. The results (t = 4) are shown in Figures 3-6.
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CLAIMS

1. A lipid compound or its pharmaceutically acceptable salt represented by formula (1)

[First chemical formula]
Rz

R(‘“Y"'“('}“‘X
Ra

(0

[In the formula, R1 is selected from among C10-C22 alkenyl groups in Z configuration with 3
to 6 methylene-interrupted double bonds as well as C16-C22 alkenyl groups with 1 to 6 triple
bonds;

R2 and R3, which are identical or different, can be selected from among groups of
substituents comprising a hydrogen atom, a hydroxy group, an alkyl group, a halogen atom,
an alkoxy group, an acyloxy group, an acyl group, an alkenyl group, an alkynyl group, an aryl
group, an alkylthio group, an alkoxycarbonyl group, a carboxy group, an alkylsulfinyl group,
an alkylsulfonyl group, an amino group, or an alkylamino group, but R2 and R3 may not both
be a hydrogen atom; or

R2 and R3 can be bound to form a cycloalkane;

Y is selected from among sulfur, sulfoxide and sulfone;

X is a carboxylic acid or derivative thereof, said derivative may be a carboxylic acid ester,
carboxamide, monoglyceride, diglyceride, triglyceride, or phospholipid. However, the
compound of formula (1) is not 2-((5Z,82,112,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio)

butanoic acid.]

2. The lipid compound of Claim 1 in which the aforementioned cycloalkane is

cyclopropane, cyclobutane, cyclopentane or cyclohexane.
3. The lipid compound of Claim 1 or 2 in which R2 and R3 each are independently

selected from among a hydrogen atom, an alkyl group, an alkoxy group or an aryl group; or

R2 and R3 are connected to form a cycloalkane.
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4. The lipid compound of Claim 3 in which R2 and R3 each are independently chosen

from a hydrogen atom, an alkyl group, a methoxy group, or an ethoxy group.

5. The lipid compound of Claim 3 in which R2 and R3 each are independently chosen
from a hydrogen atom, an ethyl group, a methoxy group, an ethoxy group, or a phenyl group;

or R2 and R3 are connected to form a cyclobutane group.

6. The lipid compound of Claim 1 or 2 in which one of R2 and R3 is a hydrogen atom
and the other one is chosen from a group of substituents comprising a hydroxy group, an
alkyl group, a halogen atom, an alkoxy group, an acyloxy group, an acyl group, an alkenyl
group, an alkynyl group, an aryl group, an alkylthio group, an alkoxycarbonyl group, a
carboxy group, an alkylsulfinyl group, an alkylsulfonyl group, an amino group, or an

alkylamino group.

7. The lipid compound of Claim 1 or 2 in which R2 and R3 are the same or different and
each is selected from a group of substituents comprising a hydroxy group, an alkyl group, a
halogen atom, an alkoxy group, an acyloxy group, an acyl group, an alkenyl group, an
alkynyl group, an aryl group, an alkylthio group, an alkoxycarbonyl group, a carboxy group,

an alkylsulfinyl group, an alkylsulfonyl group, or an amino group.

8. The lipid compound of Claim 7 in which R2 and R3 are alkyl groups.

9. The lipid compound of Claim 8 in which R2 and R3 are the same or different and

each is independently chosen from a methyl group, an ethyl group, an n-propyl group or an

isopropyl group.

10. The lipid compound of Claim 8 in which R2 and R3 are ethyl groups.

11. The compound of Claim 1 or 2 in which R1 is a C14-C22 alkenyl group having 3 to 6
methylene-interrupted double bonds in Z configuration, wherein at least one of the
aforementioned double bonds is located at the third carbon-carbon bond from the omega (w)

end of the carbon chain.

12. The compound of Claim 11 in which R1 is a C14-C22 alkenyl group having 5 or 6

double bonds.
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13. The lipid compound of Claims 1 or 2 in which R1 is a C16-C22 alkynyl group wherein

the aforementioned lipid compound is derived from lipids having 1 to 6 triple bonds.

14, The lipid compound of any of Claims 1 to 13 in which Y is sulfur.

15. The lipid compound of any of Claims 1 to 13 in which Y is sulfoxide.

16. The lipid compound of any of Claims 1 to 13 in which Y is sulfone.

17. The lipid compound of Claims 1 or 2 in which X is a carboxylic acid or its derivative in

ester form.

18. The lipid compound of Claim 17 in which X is a carboxylic acid.

19. The lipid compound of Claims 1 or 2 in which the aforementioned salts of the
aforementioned lipid compounds contain a monovalent cation, a bivalent cation, or a

polyvalent cation.

20. The lipid compound of any of Claims 1 to 19 in which said compound is in a mixture

of diastereomeric isomers or is in racemic form.

21. The lipid compound of Claim 20 in which said compound is in the form of a

diastereomer or an enantiomer.

22. The lipid compound of Claim 20 in the form of its R stereocisomer.

23. The lipid compound of Claim 20 in the form of its S stereocisomer.

24, The lipid compound of Claims 1 or 2 in which the aforementioned compound is:

[Second chemical formula]

53



e i OH
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— — = O
1-((52,82,117,142,177Z)-icosa-5,8,11,14,17-pentaenylthio) cyclobutane carboxylic acid; or

[Third chemical formula]

QZX:?\% >

2-ethyl-((52,82,112,14Z,17Z)-icosa-5,8,11,14,17-pentaenylthio) butanoic acid,

[Fourth chemical formula]

ooy

O

2-((32,62,92,127)-pentadeca-3,6,9,12-tetraenylthio) butanoic acid,

[Fifth chemical formula]

— o . OH
ua\é
= — — O
2-((52,82,117,147,177)-icosa-5,8,11,14,17-pentaenylthio)-2-methyl propanoic acid,

[Sixth chemical formula]

2-((32,62,92,127)-pentadeca-3,6,9,12-tetraenylsulfinyl) butanoic acid,

[Seventh chemical formula]
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090
2-((32,62,92,127)-pentadeca-3,6,9,12-tetraenylsulfonyl) butanoic acid,

[Eighth chemical formula]

VAN EVAVE ) on
<_/¥/ %
s —N o 0
2-ethyl-2-((52,82,117,147,177)-icosa-5,8,11,14,17-pentaenylsulfinyl) butanoic acid or

[Ninth chemical formula]

XV
_ — 0" 0 0

2-ethyl-2-((52,82,117,147,177)-icosa-5,8,11,14,17-pentaenylsulfonyl) butanoic acid.

25. The lipid compound of Claims 1 or 2 in which R1 is a C16-C22 alkynyl, the
aforementioned lipid compound is derived from lipids having 1-6 triple bonds; X is a
carboxylic acid or its derivative, said derivative is represented by a carboxylic ester, a

carboxamide, a monoglyceride, a diglyeride, a triglyceride or a phospholipid; and Y is sulfur.

26. The lipid compound of Claim 1 or 2 in which R1 is selected from among C10-C22
alkenyl groups having 3 to 6 methylene-interrupted double bonds in Z configuration and
C16-C22 alkynyl groups having 1 to 6 triple bonds; X is a carboxylic acid or its derivative,
said derivative is represented by a monoglyceride, a diglyeride, a triglyceride, a carboxylic

acid ester or carboxamide; and Y is a sulfoxide or sulfone.

27. A food supplement containing at least one lipid compound from any of Claims 1 to
26.
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28. A pharmaceutical composition containing at least one lipid compound from any of
Claims 1 to 26.

29. The pharmaceutical composition of Claim 28 that contains at least one
pharmaceutically acceptable carrier, excipient or diluent, or any arbitrary combination

thereof.

30. The pharmaceutical composition of Claims 28 or 29 that contains at least one

pharmaceutically acceptable antioxidant.

31. The pharmaceutical composition of Claim 30 in which the aforementioned at least

one pharmaceutically acceptable antioxidant is tocopherol.

32. The pharmaceutical composition of any of Claims 28 to 31 that is formulated for oral

administration.

33. The pharmaceutical composition of Claim 32 that is in the form of a capsule or a
tablet.

34. The pharmaceutical composition of any of Claims 28 to 33 that is formulated to

provide a daily dosage ranging from 1 mg to 10 g of the aforementioned lipid compound.

35. The pharmaceutical composition of Claim 34 that is formulated to provide a daily

dosage ranging from 50 mg to 1 g of the aforementioned lipid compound.

36. The pharmaceutical composition of Claim 35 that is formulated to provide a daily

dosage ranging from 50 mg to 200 mg of the aforementioned lipid compound.

37. The pharmaceutical composition of any of Claims 28 to 36 for use as a medicament

or for medical examination purposes.

38. A lipid composition containing at least one of the lipid compounds of any of Claims 1
to 26.
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39. The lipid composition Claim 38 that is structured so that at least 60 wt% of the

aforementioned lipid composition is at least one of the aforementioned lipid compounds.

40. The lipid composition of Claim 38 that is structured so that at least 80 wt% of the

aforementioned lipid composition is at least one of the aforementioned lipid compounds.

41. The lipid composition of any of Claims 38 to 40 that further contains at least one

pharmaceutically acceptable antioxidant.

42. The lipid composition of Claim 41 in which the aforementioned at least one

pharmaceutically acceptable antioxidant is tocopherol.

43. The lipid composition of any of Claims 38 to 42 that is used as a medicament.

44, The lipid compound of any of Claims 1 to 26 for use in activation or modulation of at

least one of the human peroxisome proliferator-activated receptor (PPAR) isoforms a, y or 0.

45, The lipid compound of Claim 44 in which the aforementioned compound is a pan-

agonist or a modulator.

46. The lipid compound of any of Claims 1 to 26 for use in the prevention and/or

treatment of symptoms of a dyslipidemic condition.

47. The lipid compound of Claim 46 in which the symptom of the aforementioned

dyslipidemic condition is hyptertriglyceridemia.

48. The lipid compound of any of Claims 1 to 26 for use in the prevention and/or
treatment of elevated triglyceride levels, LDL cholesterol levels, and/or VLDL cholesterol

levels.

49. The lipid compound of any of Claims 1 to 26 for use in the treatment and/or the

prevention of obesity or an overweight condition.

50. The lipid compound of any of Claims 1 to 26 for use in the reduction of body weight

and/or for preventing body weight gain.
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51. The lipid compound of any of Claims 1 to 26 for use in the treatment and/or the

prevention of fatty liver disease.

52. The lipid compound of Claim 51 in which the aforementioned fatty liver disease is

non-alcoholic fatty liver disease (NAFLD).

53. The lipid compound of any of Claims 1 to 26 for use in the treatment and/or the

prevention of atherosclerosis.

54. The lipid compound of any of Claims 1 to 26 for use in the prevention of myocardial

infarction.

55. The lipid compound of any of Claims 1 to 26 for use in the treatment and/or the

prevention of peripheral insulin resistance and/or a diabetic condition.

56. The lipid compound of any of Claims 1 to 26 for use in the treatment and/or

prevention of type 2 diabetes.

57. The lipid compound of any of Claims 1 to 26 for use in the reduction of plasma

insulin, blood glucose and/or serum triglycerides.

58. The lipid compound of any of Claims 1 to 26 for use in the treatment and/or the

prevention of an inflammatory disease or condition.
59. The method of producing the lipid compound of any of Claims 1 to 26.

60. The lipid compound of Claim 24 in which the aforementioned compound is

[Tenth chemical formula]

— — OH
S

—= == == O
2-ethyl-2-((52,82,117,147,177)-icosa-5,8,11,14,17-pentaenylthio) butanoic acid.
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61. A lipid composition containing the lipid compound stated in Claim 60.

62. The lipid composition of Claim 61 in which the aforementioned lipid composition is a

pharmaceutical composition.

63. The lipid compound of Claim 19 in which the aforementioned salts of the

aforementioned lipid compound contain a bivalent cation.

64. The lipid compound of Claim 19 in which the aforementioned bivalent cation is

chosen from Mg2+, Ca2+, ethylene diamine, or piperazine.

65. The lipid compound of Claims 1 or 2 in which X is chosen from among N-methyl
carboxamide, N,N-dimethyl carboxamide, N-ethyl carboxamide, and N,N-diethyl

carboxamide.

66. A method of producing the lipid compound stated in any of Claims 1, 2 or 25 that
comprises any of the following methods:
method I

[Eleventh chemical formula]

Method |
Stage | Stage |l
HS. X
R1""‘OH rrrr——— R1—LG + X P R1/S X
R3 R2 R3 Rz
Method (X)
. Stage lll
SOn X
Ri R3R,
n=1or 2

{In the formula, R1, R2, R3 and X are as defined in Claims 1 or 26, while LG represents a
leaving group such as mesylate, tosylate or a suitable halogen}
method II:

[Twelfth chemical formula]
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Method Il

Stage IV LG X Stage V S
Rf"OH err———- Rf“SI‘I + X B e — R1/ Xx
R3Rs R3 R,
(XI)
Stage lll
R 80n< X
tOR3R;
n=1or2

{In the formula, R1, R2, R3 and X are as defined in Claims 1 or 26};
method III:

[Thirteenth chemical formula]

O ') HO

Rz Rs Ry Ry o
©
GPC
O
R'("'Y
) RSO‘\\
o) !
R2 30\\\' it ® N~
o )
{In the formula, R1, R2, R3 and Y are as defined in Claims 1 or 26, AG represents an acyl
group}
method IV:

the compounds of formula (1) {wherein R1, R2, R3 and Y are as defined in Claims 1 or 26
and X is a carboxylic acid derivative in the form of a triglyceride} are prepared by coupling
excess fatty acid to glycerol using dimethylaminopyridine (DMAP) and 2-(1H-benzotriazol-1-
yD-N,N,N’,N’-tetramethyl uronium hexafluorophosphate (HBTU),

method V:
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The compounds of formula (I) {wherein R1, R2, R3 and Y are as defined in Claims 1 or 26
and X is a carboxylic acid derivative in the form of a diglyceride} by reacting a fatty acid (2
equivalents) with glycerol (1 equivalent) in the presence of 1,3-dicyclohexyl carbon diimide
(DCC) and 4-dimethylamino pyridine (DMAP),

method VI:

[Fourteenth chemical formula]

0 O>< OH
R{’Y OH + >< S e R
R, R, o g " OH
3 2 Rs. R
OH 3 2

- 0
Y R1 Y"'Rg
1.2-O-isopropylidene O
sn-glycerol

{In the formula, R1, R2, R3 and Y are as defined in Claims 1 or 26}.

67. The method of Claim 66 in which the starting material originates from a vegetable, a

microbial and/or an animal source.

68. The method of Claim 67 in which the animal oil starting material is a marine oil or a

krill oil.

69. The method of Claim 19 in which the aforementioned salts of the aforementioned

lipid compound contain a monovalent cation.
70. The lipid compound of Claim 69 in which the aforementioned monovalent cation is
chosen from Li+, Na+, K+, NH4 +, meglumine, tris (hydroxymethyl) aminomethane,

diethylamine, or arginine.

71. The lipid compound of Claim 19 in which the aforementioned salts of the

aforementioned lipid compound contain a polyvalent cation.

72. The lipid compound of Claim 71 in which the aforementioned polyvalent cation is

chitosan.
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73. The lipid compound of any of Claims 1 or 2 in which R1 is a C10-C22 alkenyl group

in Z configuration with 3 to 6 methylene-interrupted double bonds.

74. The lipid compound of Claim 73 in which the aforementioned lipid compound is

derived from unsaturated fatty acids.

75. The lipid compound of Claim 73 in which R1 is a C10-C22 alkenyl group with 3 to 6

double bonds.

76. The lipid compound of formula () or its pharmaceutically acceptable salt

[Fifteenth chemical formula]
R2
R—Y~C~X
Rs

()

{In the formula, R1 is selected from among C10-C22 alkenyl groups in Z configuration with 3
to 6 methylene-interrupted double bonds;

R2 and R3, which are identical or different, can be selected from among groups of
substituents comprising a hydrogen atom, a hydroxy group, an alkyl group, a halogen atom,
an alkoxy group, an acyloxy group, an acyl group, an alkenyl group, an alkynyl group, an aryl
group, an alkylthio group, an alkoxycarbonyl group, a carboxy group, an alkylsulfinyl group,
an alkylsulfonyl group, an amino group, or an alkylamino group, but R2 and R3 may not both
be a hydrogen atom; or

R2 and R3 can be bound to form a cycloalkane;

Y is selected from among sulfur, sulfoxide and sulfone;

X is a carboxylic acid or derivative thereof, said derivative may be a carboxylic acid ester or
carboxamide. However, the compound of formula (1) is not 2-((52,82,117,147,177)-icosa-
5,8,11,14,17-pentaenylthio) butanoic acid.}

77. A lipid compound or its pharmaceutically acceptable salt represented by formula (1)

[Sixteenth chemical formula]
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R(—Y~C—X
Rs3

)

{In the formula, R1 is selected from among C10-C22 alkenyl groups in Z configuration with 3
to 6 methylene-interrupted double bonds as well as C18-C22 alkenyl groups with 1 to 6 triple
bonds;

R2 and R3, which are identical or different, can be selected from among groups of
substituents comprising a hydrogen atom, a hydroxy group, an alkyl group, a halogen atom,
an alkoxy group, an acyloxy group, an acyl group, an alkenyl group, an alkynyl group, an aryl
group, an alkylthio group, an alkoxycarbonyl group, a carboxy group, an alkylsulfinyl group,
an alkylsulfonyl group, an amino group, or an alkylamino group, but R2 and R3 may not both
be a hydrogen atom; or

R2 and R3 can be bound to form a cycloalkane;

Y is selected from among sulfur, sulfoxide and sulfone;

X is a carboxylic acid or derivative thereof, said derivative may be a carboxylic acid ester or
carboxamide. However, the compound of formula (1) is not 2-((52,82,117,147,177)-icosa-
5,8,11,14,17-pentaenylthio) butanoic acid.}

78. The lipid compound of Claim 76 in which X is a carboxamide chosen from among N-
methyl carboxamide, N,N-dimethyl carboxamide, N-ethyl carboxamide, and N,N-diethyl

carboxamide.
79. The lipid compound of Claim 77 in which X is a carboxamide chosen from among N-

methyl carboxamide, N,N-dimethyl carboxamide, N-ethyl carboxamide, and N,N-diethyl

carboxamide.
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