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FATTY ACID AMIDES AND USES THEREOF

FIELD OF THE INVENTION

This invention relates to fatty acid amides of amino acids, uses thereof and

pharmaceutical compositions comprising them.

BACKGROUND OF THE INVENTION

In vertebrates, skeletal mass is determined by continuous remodeling consisting
of the concerted and balanced action of osteoclasts, the bone resorbing cells, and
osteoblasts, the bone forming cells. Osteoporosis, the most prevalent degenerative
disease in developed countries, results from the impairment of this balance, leading to
bone loss and increased fracture risk. Bone remodeling is regulated by a complex
convergence of circulating hormones including sex steroids, parathyroid hormone and
pituitary-derived thyroid and follicle stimulating hormones, on one hand, and local
regulators of bone cell activity such as bone morphogenetic proteins, receptor activators
of nuclear factor kB ligand (RANKL) and a number of cytokines, on the other hand
[Abe et al, 2003; Sun et al, 2006; Rosen, 2006; Robling et al, 2006].

Recent work has shown that neuroendocrine pathways and neurotransmitters
also have a key role in the regulation of bone remodeling [Takeda et al, 2002; Elefteriou
et al, 2005; Lin et al, 2004; Allison and Herzog, 2006; Patel and Elefteriou, 2007; Tam
et al, 2008]. Upon finding of a skeletal endocannabinoid system [Bab, 2005; Idris et al,
2005; Karsak et al, 2005; Ofek et al, 2006, Tam et al, 2006, Tam et al, 2008; Scutt and
Williamson, 2007; Bab, 2007; Bab and Zimmer, 2008], it was particularly shown that
arachidonoyl ethanolamide (anandamide, AEA) [Devane et al., 1992] and 2-
archidonoylglycerol (2-AG) [Mechoulam et al, 1995] are present in bone tissue.
Furthermore, N-arachidonoyl-serine (ARA-S), a mitogenically active compound, which
is structurally related to endocannabinoids was identified in the brain [Milman et al,
2006].

There is a growing, need in aging modern society for potent and stable
compositions capable of promoting bone cell formation in order to achieve better

treatment of medical conditions associated with bone tissue loss.
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SUMMARY OF THE INVENTION

Tn one aspect of the present invention there is provided a fatty acid amide of an
amino acid, including a stereoisomer and a salt thereof, wherein the fatty acid moiety is
optionally substituted by at least one group selected from -C1-Cg alkyl, -OH, -OR;, -SH
and -SR,; and the amino acid moiety is optionally substituted by at least one group
selected from -Ci-Cs alkyl, -OH and -ORj3; wherein each of R;, Ry and Rj; is
independently -C;-Cs alkyl; provided that at least one of said fatty acid moiety and
amino acid moiety is substituted.

As used herein the term "fatty acid amide of an amino acid" is meant to
encompass the amide achieved upon conjugation of a fatty acid moiety and an amino
acid moiety through the formation of an amidic bond. It should be understood that while
compounds of the invention are generally referred to as a conjugates of a fatty acid
moiety and an amino acid moiety, the conjugates of the invention may be formed from a
great variety of precursors, employing a single or multi-step synthetic methodologies.

When referring to a "fatty acid moiety" it should be understood to encompass an
acyl moiety derivable from a fatty acid, namely being generally of the form RC(=0)-,
wherein R represents the aliphatic chain of the corresponding fatty acid, and wherein
the point of attachment of the fatty acid moiety to the amino acid moiety of the fatty
acid amide is through the carbonyl carbon atom of the fatty acid moiety.

As used herein the term "fatty acid" is meant to encompass a mono carboxylic
acid having an aliphatic chain ("tail"), wherein said aliphatic chain may be either
saturated, mono-unsaturated (having one unsaturated bond anywhere on the aliphatic
chain) or poly unsaturated (having at least two unsaturated bonds anywhere on the
aliphatic chain). An unsaturated bond on the aliphatic chain may be a double (in the cis
and/or trans configuration) or a triple bond. The length of the aliphatic chain (being
either saturated, monounsaturated or polyunsaturated) of a fatty acid may vary between
8 to 24 carbon atoms. Fatty acids may be derived from a natural source (either an
animal or plant source), synthetic source or semi-synthetic source.

Non-limiting examples of saturated fatty acids are lauric acid, myristic acid,
palmitic acid and stearic acid. Non-limiting examples of monounsaturated fatty acids
are myristoleic acid, palmitoleic acid and oleic acid. Non-limiting examples of
polyunsaturated fatty acids are linoleic acid, o-linolenic acid, arachidonic acid,

eicosapentaenoic acid, erucic acid and docosahexaenoic acid.
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In some embodiments, said fatty acid moiety of a fatty acid amide is selected
from a saturated fatty acid moiety, a mono-unsaturated fatty acid moiety and a poly
unsaturated fatty acid moiety. In other embodiments of the invention, the fatty acid
moiety is an oleoyl fatty acid moiety (CH3(CH,);CH=CH(CH,);C(=0)-), namely
derived from the corresponding oleic acid.

In some further embodiments, said fatty acid moiety is substituted by at least
one group selected from -C;-Cg alkyl, -OH, -OR;, -SH and -SR,, wherein R; and R, are
cach independently -C;-Cs alkyl. In other embodiments, said fatty acid moiety is
substituted by at least one -C;-Cg alkyl. In yet other embodiments, said at least one Ci-
Cs alkyl is methyl.

In further embodiments, said at least one substitution is on at least one of the o-
or -positions of said fatty acid moiety. As known in the art, the "orposition of said
Jatty acid moiety" is the carbon atom on the aliphatic chain of the fatty acid moiety
which is directly adjacent to the carbonyl carbon atom of the fatty acid moiety; the "4
position of said fatty acid moiety" is the carbon atom on the aliphatic chain of the fatty
acid moiety which is the second carbon atom adjacent to the carbonyl carbon atom of
the fatty acid moiety.

In some embodiments, a fatty acid amide of the invention is substituted at the o-
position of the fatty acid moiety. In other embodiments, a fatty acid amide of the
invention is substituted at the B-position of the fatty acid moiety. In further
embodiments, a fatty acid amide of the invention is substituted at both the - and B-
positions of the fatty acid moiety.

When referring to an "amino acid moiety" it should be understood to encompass
a radical derivable from an amino acid, namely being generally of the formula —
NHCHRCOOH , wherein the point of attachment of said amino acid moiety to a fatty
acid moiety, as defined herein, is through the amine of the amino acid muoiety, as
explained above.

The "amino acid" is an amino acid (i.e., alpha-amino acid or beta-amino acid) as
known in the art. In some embdoeimnts, the amino acid moiety is derived from an
amino acid of the general formula H,NCHRCOOH, wherein R is an organic substituent.
Non-limiting examples of amino acids are alanine, asparagine, aspartate, cysteine,
glutamate, glutamine, glycine, proline, serine, tyrosine, arginine, histidine, isoleucine,

leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine. An amino



10

15

20

25

30

WO 2009/125409 PCT/IL2009/000403
-4 -

acid as used herein may be derived from of a natural source, synthetic or semi-synthetic
source. An amino acid as used herein may also be in the D- or L- configuration. In some
embodiments, an amino acid is an L-amino acid.

In some embodiments, said amino acid moiety is selected from serine, cysteine,
tyrosine and phenylalanine. In other embodiments, said amino acid moiety is serine.

In some embodiments, of the invention said fatty acid moiety is optionally
substituted by one group selected from -C;-Cg alkyl, -OH, -OR;, -SH and -SRy; and the
amino acid moiety is optionally substituted by one group selected from -C;-Cs alkyl, -
OH and -ORj3; wherein each of Rj, Ry, and R; is independently -Cy-Cs alkyl; provided
that at least one of said fatty acid moiety and amino acid moiety is substituted.

In further embodiments, said amino acid moiety is unsubstituted.

In still further embodiments, said amino acid moiety is substituted by at least
one group selected from -C;-Cg alkyl, -OH, and -ORj, wherein Rj is -C;-Cg alkyl. In
other embodiments, said amino acid is substituted by -C;-C¢ alkyl. In further
embodiments, said -C;-Cg alkyl is methyl. In yet additional embodiments, said
substitution is on the a-position of said amino acid moiety.

The "o-position of said amino acid moiety" is the carbon atom on the amino acid
moiety which is directly adjacent to the carbonyl carbon atom of the amino acid moiety.

The expression "provided that at least one of said fatty acid moiety and amino
acid moiety is substituted" relates to the fact that at least one of a fatty acid moiety and
an amino acid moiety of the fatty acid amide of the invention is substituted as defined
herein.

In some embodiments, said amino acid moiety is substituted by at least one
substituent. In other embodiments, said substitution on said amino acid moiety is on the
o-position of the amino acid moiety.

In other embodiments, said fatty acid moiety is substituted by at least one
substituent. In further embodiments, said at least one substitution on the fatty acid
moiety is on the o and/or B-position of the fatty acid moiety. In yet further
embodiments each of said amino acid and fatty acid moieties is substituted by at least
one substituent. It should be noted that each substituent either on fatty acid moiety
and/or amino acid moiety is independently selected as defined herein.

The term "stereoisomer" as used herein is meant to encompass an isomer that

possess identical constitution as a corresponding stereoisomer, but which differs in the
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arrangement of its atoms in space from the corresponding stereoisomer. For example,
stereoisomers may be enantiomers, diastereomers and/or cis-trans (E/Z) isomers. It
should be understood that a composition comprising a fatty acid amide of the invention
may comprise single enantiomers, single diastereomers as well as mixtures thereof at
any ratio (for example racemic mixtures, non racemic mixtures, mixtures of at least two
diastereomers and so forth). Furthermore, the invention encompasses any stereoisomer
of a fatty acid amide of the invention achieved through in vivo or in vitro metabolism, or
by any type of synthetic rout.

The term "salt" as used herein is meant to encompass any salt achieved by acid
or base addition. In some embodiments, the salt is an acid addition salt obtained by
protonation of a fatty acid amide of the invention (for example at the amidic moiety). In
other embodiments, the salt is a base addition salt obtained by deprotonation of a proton
from the fatty acid amide of the invention (for example from the acidic moiety, i.e. —
COOH of the fatty acid amide). Counter ion forming a salt of a fatty acid amide of the
invention can, in a non-limiting fashion, include inorganic or organic cations, which in
some embodiments are pharmaceutically acceptable, such as alkaline metal cations e.g.
potassium or sodium cation, alkaline earth metal cations such as magnesium or calcium,
or ammonium cation including e.g. the cations derived from an organic nitrogen-
containing base, such as trialkylamine-derived cations for example triethylammonium
ion.

In some embodiments of the invention, a fatty acid amide, a stereoisomer or a

salt thereof, is a compound of general formula (I):

I
@
Rs/ C\M/ T\COOH
Rs

wherein R4 is independently selected from -OH, -SH, phenyl and hydroxyl
phenyl; Rs is independently selected from H, -C;-Cg alkyl, -OH and -OR3; Rs is
independently selected from -Cj3-Cy, alkyl, -Ci3-Cy, alkenyl and -Cj3-Cpy alkynyl; Rg
being optionally substituted by at least one group selected from -C;-Cs alkyl, -OH, -
ORy, -SH and —SRy; wherein each of Ry, Ry, and Rj is independently -C;-C¢ alkyl; and
provided that when Rs is hydrogen Rg is substituted.
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The term "alkyl" is meant to encompass a monovalent linear (unbranched),
branched or cyclic saturated hydrocarbon radical. When referring to "C;-Cs alkyl" it
should be understood to encompass any linear or branched alkyl having 1, 2, 3, 4, 5, or
6 carbon atoms. Non-limiting examples of C;-Cg alkyl include methyl, ethyl, n-propyl,
iso-propyl, n-butyl, 2-butyl, 3-butyl, n-isobutyl, 2-isobutyl, n-pentyl, 2-pentyl, 3-pentyl,
2-methylbutyl, 2-dimethylpropyl, n-hexyl, 2-hexyl, 3-hexyl, 2-methylpentyl, 3-
methylpentyl,  2,3-dimethylbutyl,  2,2-dimethylbutyl, = 2-methyl-2-ethyl-propyl,
cyclobutyl, 1-methyl-clyclobutyl, 2-methyl-cyclobutyl, 1,1-dimethyl-cyclobutyl, 1,2-
dimethyl-cyclobutyl, 2,2-dimethyl-cyclobutyl, methyl-1-cyclobutyl, 1-cyclobutyl-ethyl,
2-cyclobutyl-ethyl, cyclopentyl, 1-methyl-cyclopentyl, 2-methyl-cyclopentyl. Similarly,
when referring to "-C;;-Cag alkyl" it should be understood to encompass any linear or
branched alkyl radical having 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 carbon atoms.
Similarly, when referring to "-C;3-C»; alkyl" it should be understood to encompass any
linear or branched alkyl radical having 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 carbon
atoms.

The term "alkenyl" is meant to encompass a linear (unbranched) or branched
hydrocarbon chain having at least one double bond. A double bond may be between any
two carbon atoms of the alkenyl chain and may be in the cis or frans (or the E or Z)
configuration. A double bond of an alkenyl may be unconjugated or conjugated to
another unsaturated group. When referring to "-Cj3-Cs; alkenyl" it should be understood
to encompass any linear or branched alkenyl radical having 13, 14, 15, 16, 17, 18, 19,
20, 21, 22 carbon atoms. Similarly, when referring to "-C;;-Cay alkenyl" it should be
understood to encompass any linear or branched alkenyl radical having 11, 12, 13, 14,
15,16, 17, 18, 19, 20 carbon atoms. '

The term "alkynyl" is meant to encompass a linear (unbranched) or branched
hydrocarbon chain having at least one triple bond. The triple bond may be between any
two carbon atoms of the alkynyl chain. The triple bond of an alkynyl may be
unconjugated or conjugated to another unsaturated group. When referring to "-C;3-C;
alkynyl" it should be understood to encompass any linear or branched alkynyl radical
having 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 carbon atoms. Similarly, when referring to
"-C11-C29 allkynyl" it should be understood to encompass any linear or branched alkynyl
radical having 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 carbon atoms.

The term "phenyl" is meant to encompass a -CgHs ring radical.
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The term "hydroxyl phenyl" is meant to encompass a phenyl ring substituted
with a hydroxy! group on any one of para-, ortho- or meta- positions of the ring relative
to the point of attachment to the phenyl ring.

The expression "provided that when Rs is hydrogen Rg is substituted” is meant to
encompass a fatty acid amide of general formula (I) wherein when the substituent Rs is
a hydrogen atom, R is substituted by at least one group selected from -Ci-Cs alkyl, -
OH, -OR;, -SH and —SR;. In other embodiments, when Rs is independently selected
from -C;-Cs alkyl, -OH and -ORj; (i.e. when Rs is different from hydrogen), Re is
optionally substituted by at least one group selected from -C1-Cs alkyl, -OH, -OR,, -SH
and —SR..

In some embodiments, R4 is -OH.

In other embodiments, Rs is -C;-Cg alkyl. In further embodiments, said -Cq-Ce
alkyl is methyl.

In other embodiments, Rg is a -C13-Cyz alkenyl. In further embodiments, said -
C13-Cy alkenyl comprises between 1 to 6 double bonds.

The term "I to 6 double bonds" is meant to encompass a -C;3-Cy; alkenyl chain
having 1, 2, 3, 4, 5, or 6 double bonds. Each double bond may be in the cis or frans (or
the E or Z) configuration and may be formed between any two carbon atoms on the
alkenyl chain. In some embodiments, said -Cy3-Cy2 alkenyl comprises a single double
bond.

In further embodiments, Rg is substituted by at least one group selected from C;-
Ce alkyl, -OH, -OR;, -SH and -SR,. In other embodiments, R is substituted by at least
two groups independently selected from -C;-Cs alkyl, -OH, -ORy, -SH and -SR,.

In further embodiments of the invention, R is a substituent of formula (II):

R11
R1o/k(a any
Ri2

wherein Ry is independently selected from -Ci1-Ca alkyl, -C11-Cao alkenyl and
~-C11-Cy alkynyl; and Ry and Ry, are each independently selected from H, -C;-Cg¢ alkyl,
-OH, -OR}, -SH and —SR3.
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In some other embodiments, Ryq is a -C11-Cog alkenyl. In other embodiments,
said -C11-Cyp alkenyl comprises between 1 to 6 double bonds. In yet other embodiments,
said -C11-Cy alkenyl comprises a single double bond.

In other embodiments, Ry is hydrogen. In further embodiments, Ry is -C1-Ce
alkyl. In yet further embodiments, said -C;-Cs alkyl is methyl.

In further embodiments, Ry is hydrogen. In other embodiments, Rjp is -C1-Cg
alkyl. In further embodiments, said -C;-Cg alkyl is methyl.

In other embodiments of the present invention, a fatty acid amide, including a

stereoisomer and a salt thereof, is a compound of general formula (II1):

Riy 0 CHaR,
Pl w
R Sor” ST |\COOH
| "R
Ri2

wherein Ry is independently selected from -OH, -SH, pheny! and hydroxyl phenyl; Rs is
independently selected from H, -C1-C¢ alkyl, -OH and —ORg3; Rio is independently
selected from -Cy1-Cyp alkyl, ~C13-Cao alkenyl and -Cy3-Coo alkynyl; Ry; and Ry, each
are independently selected from H, -Ci-Ce alkyl, -OH, -OR;, -SH and -SRy; wherein
each of Ry, Ry, and R; is independently -C;-Cs alkyl; and provided that at least one of
Rs, Ry and Ry, is different from hydrogen.

The expression "provided that at least one of Rs, Ry; and Ry is different from
hydrogen" refers to a compound of general formula (III) wherein at least one of the
substituents Rs, Ry; and Ry, is not a hydrogen atom. In some embodiments, when Rs is
hydrogen, at least one of Ry and Ry is individually selected from -C;-Cs alkyl, -OH, -
OR;, -SH and -SR,. In other embodiments, when Ry, is hydrogen, Rs is selected from -
C;-Cs alkyl, -OH and —ORj3 and/or Ry, is selected from -C;-Cg alkyl, -OH, -OR;, -SH
and -SR,. In further embodiments, when Ry is hydrogen, Rs is selected from -Cy-Cg
alkyl, -OH and —OR3 and/or Ry is selected from -C;-Cs alkyl, -OH, -ORy, -SH and -
SR,.

Certain of the above defined terms may occur more than once in the structural
formulae, and upon such occurrence each term shall be defined independently of the

other.
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The term "optionally substituted" as used herein means that the groups in
question are either unsubstituted or substituted with one or more of the substituents
specified. When the groups in question are substituted with more than one substituent,
the substituents may be the same or different.

In some embodiments, a fatty acid amide of the invention is a compound of
general formula (IIT), wherein Ryg is -C;1-Cyp alkenyl. In other embodiments, said -Cy1-
Cyo alkenyl comprises between 1 to 6 double bonds. In further embodiments, said -Cyi-
Cy alkenyl comprises one double bond.

In other embodiments, a fatty acid amide of the invention is a compound of
general formula (IIT), wherein Ry is -C;1-Cy alkenyl and Ry is -OH.

In further embodiments, a fatty acid amide of the invention is a compound of
general formula (IIT), wherein Ry is -C;1-Cyp alkenyl, R4 is —OH and Rs is -C;-Cg alkyl.
In some embodiments, said -C;-C¢ alkyl is methyl.

In still other embodiments, a fatty acid amide of the invention is a compound of
general formula (III), wherein Ry is -Cy1-Cyg alkenyl, R4 is —“OH, Rs is -C;-Cg alkyl, Ry;
is -C1-Cg alkyl and R;5 is H. In some embodiments, said -C;-Cg alkyl is methyl.

In yet additional embodiments, a fatty acid amide of the invention is a
compound of general formula (II), wherein Ryg is -C11-Cyg alkenyl, R, is ~OH, Rs is H,
Ry is -Cy-Cg alkyl and R; is H. In some embodiments, said -C;-Cg alkyl is methyl.

In other embodiments, a fatty acid amide of the invention is a compound of
general formula (III), wherein R;g is -Cq1-Cy alkenyl, R4 is —OH, Rs is -C;-Cg alkyl, Ry
is -C;-Cg alkyl and Rjy is -Ci-Cs alkyl. In some embodiments, said -Cy-Cg alkyl is
methyl.

In other embodiments, a fatty acid amide of the invention is a compound of
general formula (III), wherein Ry is -C;1-Cy alkenyl, R4 is —OH, Rs is H, Ry; is -C-Cs
alkyl and Ry is -C;-Cg alkyl. In some embodiments, said -C;-Cg alkyl is methyl.

In further embodiments, a fatty acid amide of the invention is a compound of
general formula (III), wherein Ry is -C11-Cyp alkenyl, R4 is <OH, Rs is -C1-Cg alkyl, Ry;
is -Ci-Cs alkyl and Ry, is -Ci-Cg alkyl. In some embodiments, said -C;-Cg alkyl is
methyl.

In still other embodiments, a fatty acid amide of the invention is a compound of
general formula (III), wherein Ry is -Ci1-Cyp alkenyl, R4 is —OH, Rs is ~C1-Cg alkyl, Ryy
is H and Ry, is H. In some embodiments, said -C;-Cs alkyl is methyl.
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In additional embodiments, a fatty acid amide of the invention is a compound
of general formula (III), wherein R is -Cq1-Cao alkenyl, R4 is —OH, Rs is -C;-Cg alkyl,
Ri1 is H and Ry; is -C;-Cs alkyl. In some embodiments, said -C;-Cg alkyl is methyl.

In other embodiments, a fatty acid amide of the invention is a compound of
general formula (IIT), wherein Ryp is -C;1-Cy alkenyl, R4 1s ~OH, Rs is H, Ry; is H and
Ry is -C;-Cg alkyl. In some embodiments, said -C;-Cg alkyl is methyl.

In some embodiments of the invention, a fatty acid amide is a compound having

the structure (1):

@]

COOCH

O

OH

)

Iz

CHs,
and any enantiomer or salt thereof.
In other embodiments of the invention, a fatty acid amide is a compound having

the structure (2):
COOH

O—=0

OH

I=

@

CHs
and any stereoisomer or salt thereof.

In yet further embodiments of the invention, a fatty acid amide is a compound

having the structure (3):

COOH

OH

€)

and any stereoisomer or salt thereof.

In another aspect, the invention encompasses a pharmaceutical composition
comprising a fatty acid amide of the invention including any stereoisomer and salt
thereof. The invention further provides a use of a fatty acid amide of the invention for

the preparation of a pharmaceutical composition.
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In some embodiments, the pharmaceutical composition of the invention is for
stimulation of bone growth, bone mass, bone repair or prevention of bone loss.

The term "stimulation of bone growth, bone mass, bone repair” is meant to
encompass any quantitative and/or qualitative promotion of growth of the osseous
tissue, any quantitative and/or qualitative promotion of mass of the osseous tissue and
any quantitative and/or qualitative promotion of osseous tissue repair (for example in
the case any part of the osseous tissue is damaged or fractured for example after impact
or as a consequence of a disease, condition or any side effect of an external treatment)
in vertebrates at any development stage (from embryonic stage to elderly). In some
embodiments, the pharmaceutical composition is for increasing bone mass in a subject
in need thereof. In other embodiments, the pharmaceutical composition is for promoting
bone repair.

The term "prevention of bone loss" is meant to encompass any quantitative
and/or qualitative deterrence of osseous tissue loss in vertebrates at any development
stage (from embryonic development stage to elderly).

In further embodiments, the pharmaceutical composition of the invention is for
increasing the number of osteoblasts. In yet other embodiments, the pharmaceutical
composition of the invention is for decreasing the number of osteoclasts.

In another aspect, the invention provides a fatty acid amide of the invention for
the preparation of a pharmaceutical composition for the treatment of a medical
conditions benefiting from stimulating bone growth, gain of bone mass, prevention and
rescue of bone loss and bone repair. Non-limiting examples of medical conditions
benefiting from stimulating bone growth, gain of bone mass, prevention and rescue of
bone loss and bone repair are osteopenia, osteoporosis, bone fracture or deficiency,
primary or secondary hyperparathyroidism, osteoarthritis, periodontal disease or defect,
an osteolytic bone loss disease, post-plastic surgery, post-orthopedic surgery, post oral
surgery, post-orthopedic implantation, and post-dental implantation, primary and
metastatic bone cancer, osteomyelitis, or any combinations thereof. In some
embodiments, a medical condition benefiting from stimulating bone growth is
osteopenia or osteoporosis.

In another aspect, the invention provides a fatty acid amide of the invention for
use in the stimulation of bone growth, bone mass, bone repair or prevention of bone

loss. In some embodiments, a fatty acid amide of the invention is for the treatment of at
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least one disease or a disorder as recited above. In additional embodiments, said disease
or disorder is selected from osteopenia, osteoporosis, bone fracture or deficiency,
primary or secondary hyperparathyroidism, osteoarthritis, periodontal disease or defect,
an osteolytic bone loss disease, post-plastic surgery, post-orthopedic surgery, post oral
surgery, post-orthopedic implantation, and post-dental implantation, primary and
metastatic bone cancer, osteomyelitis, or any combinations thereof. In other
embodiments, said at least one disease or disorder is selected from osteopenia and
osteoporosis.

In yet a further aspect, the invention encompasses a method of stimulation of
bone growth, bone mass, bone repair or prevention of bone loss, said method
comprising administering to a subject in need thereof a therapeutically effective amount
of at least one fatty acid amide of the invention, or a composition comprising thereof. In
some embodiments said method is for the treatment of at least one disease or a disorder
as recited above. In some embodiments, said disease or disorder is selected from
osteopenia, osteoporosis, bone fracture or deficiency, primary or secondary
hyperparathyroidism, osteoarthritis, periodontal disease or defect, an osteolytic bone
loss disease, post-plastic surgery, post-orthopedic surgery, post oral surgery, post-
orthopedic implantation, and post-dental implantation, primary and metastatic bone
cancer, osteomyelitis, or any combinations thereof. In other embodiments, said at least
one disease or disorder is selected from osteopenia and osteoporosis.

The present invention also relates to a pharmaceutical composition comprising a
fatty acid amide of the invention in combination (e.g., admixture) with a
pharmaceutically acceptable auxiliary, and optionally at least one additional therapeutic
agent. The auxiliary must be “acceptable” in the sense of being compatible with the
other ingredients of the composition and not deleterious to the recipients thereof.

Pharmaceutical compositions include those suitable for oral, rectal, nasal, topical
(including transdermal, buccal and sublingual), vaginal or parenteral (including
subcutaneous, intramuscular, intravenous and intradermal) administration or
administration via an implant. The compositions may be prepared by any method well
known in the art of pharmacy. Such methods include the step of bringing in association
fatty acid amides of the invention or combinations thereof with any auxiliary agent. The

auxiliary agent(s), as the accessory ingredient(s), is typically selected from those
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conventional in the art, such as carriers, fillers, binders, diluents, disintegrants,
lubricants, colorants, flavouring agents, anti-oxidants, and wetting agents.

Pharmaceutical compositions suitable for oral administration may be presented
as discrete dosage units such as pills, tablets, dragées or capsules, or as a powder or
granules, or as a solution or suspension. The active ingredient may also be presented as
a bolus or paste. The compositions may further be processed into a suppository or
enema for rectal administration.

The invention further includes a pharmaceutical composition, as hereinbefore
described, in combination with packaging material, including instructions for the use of
the composition for a use as hereinbefore described.

For parenteral administration, suitable compositions include aqueous and non-
aqueous sterile injection. The compositions may be presented in unit-dose or multi-dose
containers, for example sealed vials and ampoules, and may be stored in a freeze-dried
(lyophilised) condition requiring only the addition of sterile liquid carrier, for example
water, prior to use. For transdermal administration, e.g. gels, patches or sprays can be
contemplated. Compositions or formulations suitable for pulmonary administration e.g.
by nasal inhalation include fine dusts or mists which may be generated by means of
metered dose pressurized aerosols, nebulisers or insufflators.

The exact dose and regimen of administration of the composition will
necessarily be dependent upon the effect to be achieved and may vary with the
particular formula, the route of administration, and the age and condition of the

individual subject to whom the composition is to be administered.

By another aspect the invention provides a use of a fatty acid amide of an amino
acid, comprising a fatty acid moiety and an amino acid moiety, including a stereoisomer
and a salt thereof for the preparation of a pharmaceutical composition for stimulation of
bone growth, bone mass, bone repair or prevention of bone loss. It should be understood
that this aspect of the invention encompasses fatty acid amides having optionally
substituted fatty acid moiety and optionally substituted amino acid moiety.

In some embodiments, said use is for the preparation of a pharmaceutical
composition for the treatment of at least one disease or a disorder as recited above. In
some embodiments, said disease or disorder is selected from osteopenia, osteoporosis,

bone fracture or deficiency, primary or secondary hyperparathyroidism, osteoarthritis,



10

15

20

25

30

WO 2009/125409 PCT/IL2009/000403
-14 -

periodontal disease or defect, an osteolytic bone loss disease, post-plastic surgery, post-
orthopedic surgery, post oral surgery, post-orthopedic implantation, and post-dental
implantation, primary and metastatic bone cancer, osteomyelitis, or any combinations
thereof. In other embodiments, said at least one disease or disorder is selected from
osteopenia and osteoporosis.

In some embodiments, a fatty acid moiety of a fatty acid amide is selected from
saturated fatty acid, mono-unsaturated fatty acid and poly unsaturated fatty acid. In
further embodiments of the invention, a fatty acid moiety is an oleoyl fatty acid moiety
(CHs3(CHz);CH=CH(CH2),C(=0)-).

In other embodiments, a fatty acid moiety of a fatty acid amide is substituted by
at least one group selected from -C;-Cg alkyl, -OH, -OR,, -SH and -SR,, wherein R; and
R, are each independently -C;-Cg alkyl. In other embodiments, said at least one
substituent of a fatty acid moiety is a -C;-Cs alkyl. In yet further embodiments, said -C;-
C¢ alkyl is methyl. In other embodiments, said at least one substitution of a fatty acid
moiety of a fatty acid amide is on at least one of a- or B-positions of said fatty acid
moiety.

In yet further embodiments, a fatty acid amide of the invention is substituted at
the a-position of the fatty acid moiety of said fatty acid amide. In other embodiments, a
fatty acid amide of the invention is substituted at the B-position of the fatty acid moiety
of said fatty acid amide. In further embodiments, a fatty acid amide of the invention is
substituted at the a- and B-positions of the fatty acid moiety of said fatty acid amide.

In further embodiments, said amino acid moiety of a fatty acid amide is derived
from an amino acid selected from serine, cysteine, tyrosine and phenylalanine. In other
embodiments, said amino acid moiety of a fatty acid amide is derived from serine. In
some other embodiments, said amino acid moiety of a fatty acid amide is substituted by
a group selected from -C;-Cs alkyl, -OH, and -OR3, wherein R; is -C-Cg alkyl. In
further embodiments, said amino acid is substituted by -C;-C¢ alkyl. In yet further
embodiments, said -C;-Cg alkyl is methyl. In other embodiments, said substitution of an
amino acid moiety of a fatty acid amide is on the o-position of said amino acid moiety.

In other embodiments, a fatty acid amide for use in the preparation of a
pharmaceutical composition for stimulation of bone growth, bone mass, bone repair or
prevention of bone loss, is a compound having general formula (I), wherein Ry is

independently selected from -OH, -SH, phenyl and hydroxyl phenyl; Rs is
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independently selected from H, -C;-Cs alkyl, -OH and —ORj; Rg is independently
selected from -Cy3-Cyp alkyl, -Ci3-Cx alkenyl and -Cj3-Cp; alkynyl; optionally
substituted by at least one group selected from -C;-Cs alkyl, -OH, -OR;, -SH and —SR;;
wherein each of Rj, Ry, and Rj is independently -C;-Cs alkyl; including a stereoisomer
and a salt thereof.

In other embodiments, Ry is -OH.

In further embodiments, Rs is -C;-Cg alkyl. In further embodiments, said -C;-Cg
alkyl is methyl.

In further embodiments, Rg is a -C;3-Cp, alkenyl. In other embodiments, said -
C13-Cy alkenyl comprises between 1 to 6 double bonds. In further embodiments, -C3-
Cx, alkenyl comprises one double bond. In other embodiments, R is substituted by at
least one group selected from -C;-Cg alkyl, -OH, -OR;, -SH and —SR,. In further
embodiments, Re is substituted by at least two groups independently selected from -C;-
C¢ alkyl, -OH, -OR;, -SH and —SR;. In other embodiments, Rg is a substituent of
formula (II), wherein Ry is independently selected from -Cy3-Cypg alkyl, -C11-Cyyp alkenyl
and -C11-Cyp alkynyl; Ry and Ry, are each independently selected from H, -C;-Cg alkyl,
-OH, -OR;, -SH and —SR;.

In other embodiments, Ryg is a -C;1-Cyg alkenyl. In further embodiments, said -
C11-Coo alkenyl comprises between 1 to 6 double bonds. In yet further embodiments,
said -C;;-Cy alkenyl comprises one double bond.

In other embodiments, R;; is hydrogen. In further embodiments, R;; is -C;-Cg
alkyl. In yet further embodiments, said -C;-Cg alkyl is methyl.

In further embodiments, R;; is hydrogen. In some other embodiments, R, is -
C1-Cs alkyl. In yet other embodiments, said -C;-Cg alkyl is methyl.

In some other embodiments of the invention, a fatty acid amide for use in the
preparation of a pharmaceutical composition for stimulation of bone growth, bone mass,
bone repair or prevention of bone loss, is a compound having the general formula (I1I),
including a stereoisomer and a salt thereof, wherein Ry is independently selected from -
OH, -SH, phenyl and hydroxyl phenyl; Rs is independently selected from H, -C;-Cs
alkyl, -OH and —ORj; Rjo is independently selected from -Ci1-Cypo alkyl, -C11-Cao
alkenyl and -C;;-Cyo alkynyl; Ry; and R;; are independently selected from H, -C;-Cg
alkyl, -OH, -OR;, -SH and -SRy; wherein each of R;, Ry, and R3 is independently -C;-Cg
alkyl.
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In some embodiments, a fatty acid amide for use according o the invention is a
compound of general formula (III), wherein Rjp is -Ci;-Cyy alkenyl. In other
embodiments, said -C;;-Cyp alkenyl comprises between 1 to 6 double bonds. In further
embodiments, said ~-C;1-Cy alkenyl comprises one double bond.

In other embodiments, a fatty acid amide for use according to the invention is a
compound of general formula (IIT), wherein Ry is -Cy;-Cyp alkenyl and R4 is -OH.

In other embodiments, a fatty acid amide for use according to the invention is a
compound of general formula (III), wherein Ry is -C13-Cy alkenyl, R4 is —OH and Rs is
-C1-Cs alkyl. In some embodiments, said -C;-Cg alkyl is methyl.

In other embodiments, a fatty acid amide for use according to the invention is a
compound of general formula (III), wherein Ry is -Cy;-Cy alkenyl, R4 is —OH, Rs is -
C1-Cs alkyl, Ry is -C;-Cs alkyl and Ry, is H. In some embodiments, said -C;-Cg alkyl is
methyl.

In other embodiments, a fatty acid amide for use according to the invention is a
compound of general formula (III), wherein Ry is -C;11-Cyp alkenyl, R4 is —OH, Rs is H,
Ri1 15 -C;-Cg alkyl and Ry» is H. In some embodiments, said -C;-Cg alkyl is methyl.

In other embodiments, a fatty acid amide for use according to the invention is a
compound of general formula (III), wherein Ry, is -Cy;-Cy alkenyl, R4 is —OH, Rs is -
Ci-Cs alkyl, Ry; is -C;-Cg alkyl and Ry is -C;-Cg alkyl. In some embodiments, said -C;-
Cs alkyl is methyl.

In other embodiments, a fatty acid amide for use according to the invention is a
compound of general formula (IIT), wherein Ry is -C;3-Cyp alkenyl, R4 is —OH, Rs is H,
Ri1 is -C;-Cs alkyl and Rj3 is -C1-Cs alkyl. In some embodiments, said -C;-C alkyl is
methyl.

In other embodiments, a fatty acid amide for use according to the invention is a
compound of general formula (IIT), wherein Ry is -C;1-Cyg alkenyl, R4 is —OH, Rs is -
C:-Cy alkyl, Ry is -Cy-Cg alkyl and Ry, is -C1-Cs alkyl. In some embodiments, said -C;-
Cs alkyl is methyl.

In other embodiments, a fatty acid amide for use according to the invention is a
compound of general formula (III), wherein Ryq is -Cy;-Cyg alkenyl, R4 is —OH, Rs is -
C1-Cs alkyl, Ryy is H and Ry is H. In some embodiments, said -C;-Cg alkyl is methyl.

In other embodiments, a fatty acid amide for use according to the invention is a

compound of general formula (IIT), wherein Ry is -C;3-Cyg alkenyl, R4 is —OH, Rj is -
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C1-Cs alkyl, Ry is H and Rz is -C1-Cg alkyl. In some embodiments, said -C;-Cs alkyl is
methyl.

In other embodiments, a fatty acid amide for use according to the invention is a
compound of general formula (IIT), wherein Ryg is -C11-Cog alkenyl, R4 is ~OH, Rs is H,
Ry1 is H and Ry is -C;-Cg alkyl. In some embodiments, said -C;-Cg alkyl is methyl.

In some other embodiments of the invention, a fatty acid amide for use as
defined herein above is a compound having the formula (1), and any enantiomer and
salt thereof.

In other embodiments of the invention, a fatty acid amide for use as defined
herein above is a compound having the formula (2), and any stereoisomer and salt
thereof.

In yet further embodiments of the invention, a fatty acid amide for use as
defined herein above is a compound having the formula (3), or any stereoisomer and
salt thereof.

The invention further provides a method of stimulation of bone growth, bone
mass, bone repair or prevention of bone loss, said method comprising administering to a
subject in need thereof a therapeutically effective amount of at least one fatty acid
amide of an amino acid comprising a fatty acid moiety and an amino acid moiety,
including a stereoisomer and a salt thereof. In some embodiments said method is for the
treatment of at least one disease or a disorder as recited above. In some embodiments,
said disease or disorder is selected from osteopenia, osteoporosis, bone fracture or
deficiency, primary or secondary hyperparathyroidism, osteoarthritis, periodontal
disease or defect, an osteolytic bone loss disease, post-plastic surgery, post-orthopedic
surgery, post oral surgery, post-orthopedic implantation, and post-dental implantation,
primary and metastatic bone cancer, osteomyelitis, or any combinations thereof, In
other embodiments, said at least one disease or disorder is selected from osteopenia and
osteoporosis.

In another aspect the invention provides a method of stimulation of bone growth,
bone mass, bone repair or prevention of bone loss, said method comprising
administering to a subject in need thereof a therapeutically effective amount of at least
one compound of general formula (I), wherein R4 is independently selected from -OH, -
SH, phenyl and hydroxyl phenyl; Rs is independently selected from H, -C;-Cs alkyl, -
OH and ~OR3; Rg is independently selected from -C13-Cy, alkyl, -Cy3-Ca2 alkenyl and -
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C13-Cy; alkynyl; optionally substituted by at least one group selected from -C;-Cg alkyl,
-OH, -OR;j, -SH and —SRj,; wherein each of Ri, Ry, and Rj is independently -C;-Cg
alkyl; including a stereoisomer and a salt thereof. In some embodiments, said method is
for the treatment of at least one disease or a disorder as recited above. In some
embodiments, said disease or disorder is selected from osteopenia, osteoporosis, bone
fracture or deficiency, primary or secondary hyperparathyroidism, osteoarthritis,
periodontal disease or defect, an osteolytic bone loss disease, post-plastic surgery, post-
orthopedic surgery, post oral surgery, post-orthopedic implantation, and post-dental
implantation, primary and metastatic bone cancer, osteomyelitis, or any combinations
thereof. In other embodiments, said at least one disease or disorder is selected from
osteopenia and osteoporosis.

In another aspect, the invention encompasses a method of stimulating bone
growth, bone mass, bone repair or prevention of bone loss, said method comprising
administering to a subject in need thereof a therapeutically effective amount of at least
one compound of general formula (III), wherein R4 is independently selected from -OH,
-SH, phenyl and hydroxyl phenyl; Rs is independently selected from H, -C;-Cs alkyl, -
OH and —ORs3; Ry is independently selected from -C;;-Cyq alkyl, -C;11-Cyp alkenyl and -
C11-Cy alkynyl; Ry; and Ry, are independently selected from H, -C;-Cs alkyl, -OH, -
OR;, -SH and -SRy; wherein each of R;, Ry, and Rj is independently -C;-Cgq alkyl;
including a stereoisomer and a salt thereof.

In some embodiments, said method is for the treatment of at least one disease or
a disorder as recited above. In some embodiments, said disease or disorder is selected
from osteopenia, osteoporosis, bone fracture or deficiency, primary or secondary
hyperparathyroidism, osteoarthritis, periodontal disease or defect, an osteolytic bone
loss disease, post-plastic surgery, post-orthopedic surgery, post oral surgery, post-
orthopedic implantation, and post-dental implantation, primary and metastatic bone
cancer, osteomyelitis, or any combinations thereof. In other embodiments, said at least
one disease or disorder is selected from osteopenia and osteoporosis.

The invention further provides a kit comprising at least one compound of the
invention or a pharmaceutical composition comprising thereof, as hereinbefore

described, and instructions for use thereof.
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While anandamide (arachidonoyl ethanolamide), arachidonoyl serine (ARA-S;
HU-362) and palmitoyl ethanolamide exhibited some osteoblastic proliferation activity,
it was found that oleoyl serine was considerably more potent (Fig. 1).

Without being bound by theory as oleoyl serine may be hydrolyzed in vivo by
amidases, oleoyl serine derivatives in which the amide bond is made more sterically
hindered (for example by an introduction of a methyl group in close positions to the
amide bond) and thus more difficult to approach by such enzymes, are considerably
more potent than oleoyl serine itself. Examples of derivatives of oleoyl serine include
oleoyl-a-methyl-serine (HU-671) and 2-methyl-oleoyl serine (HU-681). Fig. 2 presents
non-limiting examples of fatty acid amides of the invention and related compounds.
Fig. 3 presents exemplary synthetic route for the synthetic manufacture of fatty acid

amides of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, embodiments will now be described, by way of non-limiting example only,

with reference to the accompanying drawings, in which:

Figs. 1(A) — 1(F) are graphical depictions of screening of fatty acid derivatives
identified in brain for proliferative activity in MC3T3 E1 osteoblastic cells. (A), oleoyl-
serine (HU-639); (B), palmitoyl-serine; (C), arachidonoyl-serine (HU-362); (D),
arachidonoyl-ethanolamide; (E), palmitoyl-ethanolamide; (F), 2-arachidonoylglycerol.
Data are mean+SE obtained in 3 culture wells per condition.

Fig. 2 shows schematic structures of compounds of the invention.

Figs. 3(A) — 3(C) shows a scheme of an exemplary synthesis of oleoyl serine (A),
a-methyl oleoyl serine (B) and an exemplary synthesis of 2-methyl oleoyl serine (C).

Figs. 4(A) — 4(E) represents signaling of oleoyl-serine (HU-639) in osteoblasts. *,
ANOVA, p< 0.05 vs. oleoyl-serine (HU-639)-free control (Cntl).

Figs. 5(A) — 5(F) represents inhibition of osteoclast survival in ex vivo culture of
mouse bone marrow-derived monocytes incubated for 4 days with M-CSF and RANKL.
(A), number of intact osteoclasts with the use of oleoyl-serine (HU-639); (B), number of
apoptotic osteoclasts; (C), representative photomicrograph of culture oleoyl-serine (HU-

639)-free control culture; (D), representative photomicrograph of culture treated with
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10™° M oleoyl-serine (HU-639); (E), immunoblot analysis of Erk1/2 phosphorylation in
preosteoclast-like RAW 264.7 cells. (F), RT-PCR analysis of RANKL and OPG
expression in bone marrow-derived primary stromal cells. Quantitative data are
mean+SE obtained in 3 culture wells per condition. Arrows indicate, apoptotic
osteoclasts; *, ANOVA, p< 0.05 vs. oleoyl-serine (HU-639)-free control (Cntl).

Fig. 6 oleoyl-serine (HU-639) rescues ovariectomy (OVX)-induced trabecular
bone loss in mouse distal femoral metaphysis. Mice were OVXed or sham-OVXed and
left untreated for 6 weeks to allow for bone loss. Thereafter, OVXed mice were treated
by ip. administration of oleoyl-serine (HU-639), 5 mg/Kg/day for 6 weeks and
subjected to qualitative and quantitative analysis by microcomputed tomography.
BV/TV, trabecular bone volume density. VEH, ethanol/emulphor/saline solvent. Data
are mean+SE obtained in 6-8 mice per condition.

Fig. 7 represents stimulation of trabecular bone formation in distal femoral
metaphysis of ovariectomized (OVX) mice using oleoyl-serine (HU-639). Same mice
shown in Fig. 4. VEH, ethanol/emulphore/saline solvent. Histomorphometric analysis
based on vital labeling of newly formed bone by calcein. Data are mean+SE obtained in
6-8 mice per condition. *, ANOVA, p<0.05 vs. Sham-OVX.

Fig. 8 represents decreasing of osteoclast number in distal femoral metaphysial
trabecular bone in of ovariectomized (OVX) mice using oleoyl-serine (HU-639). Same
mice shown in Figs. 4 & 5. VEH, ethanol/emulphore/saline solvent. Osteoclast counts
were based on osteoclast specific staining with tartrate-resistant acid phosphatase.Data
are mean+SE obtained in 6-8 mice per condition. *, ANOVA, p< 0.05 vs. Sham-OVX
and OVX/VEH.

Fig. 9 represents methylated oleoyl-serine (HU-639) derivatives a-methyl oleoyl
serine (HU-671) and 2-methyl-oleoyl serine (HU-681)) stimulation of MC3T3 EIl
osteoblastic cell number at concentration 10- to 100-fold lower than HU-639. Data are
mean+SE obtained in 3 culture wells per condition. *, ANOVA, p< 0.05 vs. ligand-free
control (Cntl).

DETAILED DESCRIPTION OF EMBODIMENTS

Example 1: Synthesis of acyl-serines and methylated derivatives

Synthesis of Oleoyl Serine
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N-Hydroxysuccinimide Ester of Oleic Acid. Oleic acid (2 g, 7.08 mmoles) was
added to a solution of N-hydroxysuccinimide (0.814g, 7.08 mmoles) in dry ethyl acetate
(30 ml). A solution of dicyclohexylcarbodiimide (1.45 g, 7.08 mmoles) in dry ethyl
acetate (2.5 ml) was then added, and the reaction mixture was left overnight at room
temperature Dicyclohexylurea was filtered, and the crude material was
chromatographed on silica gel (eluting with chloroform) to give 2.38 g (85%) as
yellowish oil.

N-Oleoyl L-Serine. A solution of hydroxysuccinimide ester of oleic acid (395
mg, 1 mmole) in tetrahydrofuran (10 ml) was added to a solution of L-serine (105 mg, 1
mmole) and sodium bicarbonate 84 mg,1 mmole) in water (10 ml). The reaction mixture
was let stirring overnight at room temperature, evaporated down to 10 ml, and acidified
to pH 1 with 1 N HCL. The product was extracted with methylene chloride (2 x 20 mL)
and dried (MgSO,) and the solvent evaporated under reduced pressure. The crude
material was chromatographed on silica gel (eluting with chloroform: methanol) to give
221.7 mg (60%) as a white powder, m.p. 118 C, NMR (CD3;OH, ppm): 5.35-5.32
(m,2H), 4.57-4.36 (m,1H), 3.90-3.85 (dd, J=12Hz, 6Hz, 1H), 3.82-3.78 (dd, J=12H,,
6H,, 1H), 2.29-2.24 (t, 2H), 2.03-1.98 m, 4H), 1.68-1.58 (m, 2H), 1.32-1.29 (m, 22H),
0.91-0.87 (t, 3H). GC-MS (dTMS): 513, 498, 250, 132 m/z; LC-MS(-p): (M-H)" =368
m/z.

Synthesis of N-oleoly a-methyl-DL-serine

N-oleoly o-methyl-DL-serine. A solution of N-hydroxysuccinimide ester of oleic
acid (395 mg, 1 mmole) in tetrahydrofuran (10 ml) was added to a solution of a:-methyl-
DL-serine (119.1 mg, 1 mmole) and sodium bicarbonate (84 mg, 1 mmole) in water (10
ml). The reaction mixture was left stirring overnight at room temperature, evaporated
down to 10 ml, and acidified to pH 1 with 1 N HCIL. The product was extracted with
methylene chloride (2 x 20 mL) and dried (MgSOy), and the solvent evaporated under
reduced pressure. The crude material was chromatographed on silica gel (eluting with
chloroform: methanol) to give 191.5 mg (50%) as a white powder. 'H NMR (CDCl3) &
0.911 (t, 3H), 1.302 (d, 20 H), 1.597-1.612 (m, 5H), 2.054 (m, 4H), 2.283 (t, 2H), 3.860
(dd, 1H), 4.11 (dd, 1H), 4.503 (t, 1H), 5.37 (m, 2H).

Synthesis of 2-methyl oleoyl serine
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Methyl Oleate. Methyl oleate was prepared from oleic acid (Aldrich) and a 50
fold excess of HPLC grade methanol. The oleic acid (7 g, 0.0247 mol) was added to a 1
K 2-neck flask, equipped with a thermometer and a reflux condenser. A nitrogen
adapter was connected to the condenser and the reaction vessel was purged of air in
vacuo, and then refilled with dry N, The methanol (50.25 ml, 1.235 mol) along with 10
drops of 18 M H,S04 and the mixture refluxed for 36-48 hrs. The crude product was
extracted with ether, washed with water and dried over MgSOy4 and filtered. The
solvent was removed in vacuo. The crude material was chromatographed on silica gel
(eluting with 3% ether: petroleum ether) to give 4.5762 g (62.4%) as a colorless oil.
Methyl 2-Methyl Oleate. Methyl oleate (3 gm, 10.13 mmol) in 30 ml dry THF was
added dropwise to 2 equivalents of LDA solution (10.13 ml, 20.27 mmol of a 2.0M
LDA solution in THF/heptane/ethylhexane) in 6 ml dry THF at (-40)-(-50)°C for 45
min. It is critical that the reaction mixture was kept low during anion formation to
avoid cis-trans isomerization of the double bonds. A ten fold excess of the methyl
iodide was then added (101.3 mmol, 6.29 ml)rapidly with vigorous stirring and the red
mixture immediately turned yellow. The reaction mixture was stirred for 90 min.,
allowing the bath and the reaction mixture to warm to room temperature and then
poured into water and extracted with ether. The ether layers were washed with brine,
dried (MgSOy) and the solvent evaporated under reduced pressure. The rude material
was chromatographed on silica gel (eluting with 1% ether: petroleum ether) to give
2.0118 g (64.1%) as a yellowish oil.

2-Methyl Oleic acid. To methyl 2-methyl oleate (2 gm, 6.4 mmol) were added
10 equivalents of lithium hydroxide (1.542 gm, 64 mmol) in 82 ml 3:1 methanol: H,O
(61.5 ml CH30H: 20.5 ml H,O). The reaction was heated to 60°C and monitored by
TLC. The reaction was stopped after 5 hrs, acidified by 1N HCI until it is acidic, then
extracted with ether. The ether extracts were dried (MgSO,) and the solvent evaporated
under reduced pressure to give 1.07 g (56.3%) as colorless oil.

N-HydroxysuccinimideEster of 2-Methyl Oleic acid. 2-Methyl Oleic acid (535.3
mg, 1.808 mmoles) was added to a solution of IN-Aydroxysuccinimide 231.26 mg, 2.01
mmoles) in dry ethyl acetate (12.56 ml). After 5 min. stirring, a solution of
dicyclohexylcarbodiimide (414.35 mg, 2.009 mmoles) in dry ethyl acetate (2.5 ml) was
then added, and the reaction mixture was left stirring overnight at room temperature

under nitrogen atmosphere. Dicyclohexylurea was filtered, and the crude material was
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chromatographed on silica gel (eluting with chloroform) to give 629 mg (85.05%) as
yellowish oil.

2-Methyl Oleoyl-L-Serine. A solution of L-serine (190 mg, 1.8 mmol) in 20 ml.
of 0.1 N sodium carbonate and 0.1 N sodium bicarbonate was added to a solution of N-
hydroxysuccinimide ester of 2-methyl oleic acid (204.5 mg, 0.5 mmole) in 20 ml
tetrahydrofuran. The reaction mixture was stirred overnight at 35°C, evaporated down
to 20 ml, and acidified to pH 1 with 1 N HCL. The product was extracted with
methylene chloride (2 x 20 mL), dried (MgSOy), and the solvent evaporated under
reduced pressure. The crude material was chromatographed on silica gel (eluting with
chloroform: methanol) to give 86 mg (45%) as a yellowish oil 'H NMR (CDCl3) &
0.912 (t, 3H), 1.129 (d, 3H), 1.288 (s, 20H), 1.611 (m, 2H), 2.018 (m, 4H), 2.323 (m.
1H), 3.787 (dd, 1H), 3.980 (dd, 1H), 4.503 (t, 1H), 5.353 (m, 2H).

Example 2: Skeletal activity of oleoyl serine

Several lipid compounds present in the brain stimulated the proliferation of
MC3T3 El osteoblast-like cells in vitro (Fig. 1). Of these compounds, oleoyl-serine
(HU-639) showed the highest potency, more than doubling cell number at 10" M
concentration (Fig. 1). The HU-639 mitogenic effect was confirmed measuring BrdU
incorporation in the MC3T3 El1 cells and in primary calvarial osteoblasts (Fig. 4A).
Notably, calvarial osteoblasts derived from mice deficient of the CB2 cannabinoid
receptor displayed a similar pattern of proliferative response to oleoyl-serine (HU-639)
(Fig. 4B), suggesting that the oleoyl-serine (HU-639) effects are mediated by a receptor
or receptors other than CB2. Typical of some osteoblast mitogenic agents [Miguel et al,
20057, the dose-response curves representing oleoyl-serine (HU-639) activity in culture
are bell shaped, with the peak stimulation of cell number followed by reversal of the
effect to baseline levels (Figs. 4A, 4B). Nevertheless, like CB2, the putative main
oleoyl-serine (HU-639) receptor is a Gi-protein coupled receptor inasmuch as the
oleoyl-serine (HU-639) activity is inhabitable dose-dependently by pertusis toxin (Fig.
4C). Further downstream of the Gi-protein HU-639 stimulates Erk1/2 phophorylation
(Fig. 4D). Inhibition of Erk1/2 phophorylation by the MEK inhibitor PD98059 blocks
the oleoyl-serine (HU-639) mitogenic activity dose-dependently (Fig. 4E).

In addition to the stimulation of osteoblast number, oleoyl-serine (HU-639)

inhibits osteoclast survival in ex vivo cultures of bone marrow-derived monocytes
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grown in the presence of RANKL and macrophage-colony stimulating factor (Figs. SA,
5C, 5D) by stimulating osteoclast apoptosis (Figs. 5B, 5D). The reduced osteoclast
survival is accompanied by reduced Erk phosphorylation, mainly p42 (Fig. S5E); it is
only partially cell autonomous, as oleoyl-serine (HU-639) also inhibits RANKL
expression in bone marrow stromal cells (Fig. 5F). This inhibition is likely to have a
restraining effect on osteoclast survival [Kim et al, 2009].

Based on the in vifro screening, the in vivo skeletal activity of oleoyl-serine
(HU-639) in an ovariectomy (removal of ovaries; OVX) mouse model, the most widely
used animal model for osteoporosis, was analyzed. Using this experimental system for
testing bone anabolic activity, OVXed mice are left untreated to allow for bone loss to
occur, followed by a treatment period intended for reversal of the bone loss [Alexander
et al, 2001]. In the present study, a micro-computed tomographic (UCT) analysis
indicated that in the distal femoral metaphysis, oleoyl-serine (HU-639) significantly
reversed more than 50% of the OVX-induced trabecular bone loss within a six-week
treatment period (Fig. 6). This effect is greater than the reversal of bone volumetric
density by parathyroid hormone (1-34), the only clinically approved bone anabolic
agent [Alexander et al, 2001]. The difference in trabecular bone volume density
(BV/TV) between the oleoyl-serine (HU-639) treated mice and vehicle treated OVXed
controls was statistically insignificant. To further elucidate the process leading to the
oleoyl-serine (HU-639) rescue of OVX-induced bone loss, the same mice were
subjected to an analysis of bone formation and resorption by computerized
histomorphometry (HM). As expected, trabecular bone formation parameters in the
vehicle treated animals did not differ from the sham OVXed controls, indicating that the
OVX-induced bone loss has ceased and a new remodeling balance has been established.
Typical of a bone anabolic agent, oleoyl-serine (HU-639) stimulated mineral
appositional rate (MAR), leading to the stimulation of overall bone formation (Fig. 7).
The OVX-induced enhancement of bone formation was statistically significant when
compared to both sham- and vehicle-treated OVXed controls. As in culture, oleoyl-
serine (HU-639) markedly inhibited bone resorption, represented by osteoclast counts

based on tartrate resistant acid phosphatase (TRAP) staining (Fig. 8).

Example 3: Enhanced stimulation of osteoblast number by methylated

derivatives of oleoyl serine
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The oleoyl-serine derivatives a-methyl oleoyl serine (HU-671) and 2-methyl-
oleoyl serine (HU-681) were tested in the MC3T3 E1 osteoblastic cell assay, HU-671
and HU-681 stimulated cell number with respective peak effects at 10> M and 10° M
as compared to 10! M of the parent HU-639 molecule (Fig. 9).
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CLAIMS:

1. A fatty acid amide of an amino acid, including a stereoisomer and a salt thereof,
wherein:

the fatty acid moiety is optionally substituted by at least one group selected from
-C;-Cs alkyl, -OH, -OR}, -SH and -SR5; and

the amino acid moiety is optionally substituted by at least one group selected
from -C;-Cg alkyl, -OH and -ORg3;

Ri, Ry, R3 are each independently -C;-Cg alkyl;

provided that at least one of said fatty acid moiety and amino acid moiety is
substituted.
2. The fatty acid amide according to claim 1, wherein said fatty acid moiety is
selected from a saturated fatty acid moiety, a mono-unsaturated fatty acid moiety and a
poly unsaturated fatty acid moiety.
3. The fatty acid amide according to claims 1 or 2, wherein said amino acid is
selected from serine, cysteine, tyrosine and phenylalanine.
4. The fatty acid amide according to any one of claims 1 to 3, wherein said amino
acid is substituted by a group selected from -C,-Cg alkyl, -OH, and -OR3.
5. The fatty acid amide according to claim 4, wherein said amino acid is
substituted by -C;-Cs alkyl.
6. The fatty acid amide according to claim 5, wherein said ~-C;-Cg alkyl is methyl.
7. The fatty acid amide according to any one of claims 4 to 6, wherein said
substitution is on the a-position of said amino acid moiety.
8. The fatty acid amide according to any one of claims 1 to 7, wherein said fatty
acid moiety is substituted by at least one group selected from -C;-Cs alkyl, -OH, -ORj, -
SH and -SRo.
9. The fatty acid amide according to claim 8, wherein said fatty acid moiety is
substituted by at least one -C;-Cg alkyl.
10.  The fatty acid amide according to claim 8, wherein at least one C;-C¢ alkyl is
methyl.
11.  The fatty acid amide according to any one of claims 8§ to 10, wherein said at

least one substitution is on at least one of o~ or B-positions of said fatty acid moiety.
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12.  The fatty acid amide according to claim 1, being a compound of general formula

(I), including a stereoisomer and a salt thereof:

0 CHR4
ICI) Cl: @
e \+N1 - | “NGooH
Rs

wherein

R4 is independently selected from -OH, -SH, phenyl and hydroxy! phenyl;

R; is independently selected from H, -C;-Cg alkyl, ~OH and -OR3;

Re is independently selected from -C;3-Cy, alkyl, ~Ci3-Cyy alkenyl and -Cy3-Cy
alkynyl; optionally substituted by at least one group selected from -C;-Cg alkyl, -OH, -
OR4, -SH and —SRy;

R1, Ro, R3 are each independently -C,-Cg alkyl;

provided that when Rs is hydrogen Rg is substituted.

13.  The fatty acid amide according to claim 12, wherein R4 is -OH.

14.  The fatty acid amide according to claims 12 or 13, wherein Rs is ~C;-Cg alkyl.
15.  The fatty acid amide according to claim 14, wherein said -C;-Cg alkyl is methyl.
16.  The fatty acid amide according to any one of claims 12 to 15, wherein R¢ is a -
C13-Cx, alkenyl.

17.  The fatty acid amide according to claim 16, wherein said -C;3-Cy; alkenyl
comprises between 1 to 6 double bonds.

18.  The fatty acid amide according to any one of claims 12 to 17, wherein R is
substituted by at least one group selected from -C;-Cg alkyl, -OH, -OR}, -SH and -SR;.
19.  The fatty acid amide according to any one of claims 12 to 17, wherein Ry is
substituted by at least two groups independently selected from -C;-Cg alkyl, -OH, -OR,,
-SH and -SR;.

20.  The fatty acid amide according to any one of claims 12 to 19, wherein R is a

substituent of formula (II):
R14
Rm)ﬁ/ii ©
Riz

wherein
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Ry is independently selected from -C;1-Cyg alkyl, -C;1-Cyg alkenyl and -Ci1-Cyy
alkynyl;

Ry: and Ry, are each independently selected from H, -C;-Cq alkyl, -OH, -OR;, -
SH and —SR,.
21. The fatty acid amide according to claim 20, wherein Ry is a -C;1-Cyp alkenyl.
22.  The fatty acid amide according to claim 21, wherein said -C;;-Cyy alkenyl
comprises between 1 to 6 double bonds.
23.  The fatty acid amide according to any one of claims 20 to 22, wherein Ry is
hydrogen.
24. The fatty acid amide according to any one of claims 20 to 22, wherein Ry; is -
C;-Cg alkyl.
25.  The fatty acid amide according to claim 24, wherein said -C;-Cg alkyl is methyl.
26.  The fatty acid amide according to any one of claims 20 to 22, wherein Ry, is
hydrogen.
27.  The fatty acid amide according to any one of claims 20 to 22, wherein Rj; is -
C;-Cs alkyl.
28.  The fatty acid amide according to claim 27, wherein said -C;-Cg alkyl is methyl.
29.  The fatty acid amide according to claims 1 or 12, being a compound of general

formula (I1I), including a stereoisomer and a salt thereof:

R11 0 CHaR4
ClH ﬂ cl: (I
Ry \CIH/ \”/ i “NcooH
Rs

Riz

wherein

R4 is independently selected from -OH, -SH, phenyl and hydroxyl phenyl;

Rs is independently selected from H, -C;-C¢ alkyl, -OH and —ORg;

Ry is independently selected from -C;;-Cyg alkyl, -Cy;-Cyo alkenyl and -C;1-Cyg
alkynyl;

Ri; and Ry, each are independently selected from H, -C;-Cg¢ alkyl, -OH, -ORy, -
SH and -SRy;

Ry, Ry, R are each independently -C;-Cg alkyl;

provided that at least one of Rs, Ry and Ry, is different from hydrogen.
30.  The fatty acid amide according to claim 29, wherein Ryq is -C11-Cyo alkenyl.
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31. The fatty acid amide according to claim 30, wherein said -Cq;-Cao alkenyl
comprises between 1 to 6 double bonds.

32.  The fatty acid amide according to any one of claims 29 to 31, wherein Ry is -
OH.

33.  The fatty acid amide according to any one of claims 29 to 32, wherein Rs is -C;-
Cs alkyl.

34.  The fatty acid amide according to claim 33, wherein said -C;-Cg alkyl is methyl.
35.  The fatty acid amide according to any one of claims 29 to 34, wherein Ry; is -
C;-Ce alkyl.

36.  The fatty acid amide according to claim 35, wherein said -C;-Cg alkyl is methyl.
37. The fatty acid amide according to claims 29 to 36, wherein R;; is -C;-Cg alkyl.
38. The fatty acid amide according to claim 37, wherein said -C;-Cg alkyl is methyl.
39. The fatty acid amide according to claim 31, wherein said -Cj;-Cyp alkenyl
comprises a single double bond.

40. A compound according to claim 39 having the formula:

COOH

I
C\N OH
H o Ch,

and any enantiomer and salt thereof.

41. A compound according to claim 39 having the formula:
COOH

0
PP
H

CHg
and any stereoisomer and salt thereof.
42. A pharmaceutical composition comprising a fatty acid amide of any one of
claims 1 to 41 or any stereoisomer or salt thereof.
43.  Use of a fatty acid amide of any one of claims 1 to 41 for the preparation of a
pharmaceutical composition.
44. A fatty acid amide according to any one of claims 1 to 41 for use in the

stimulation of bone growth, bone mass, bone repair or prevention of bone loss.
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45. A fatty acid amide according to claim 44, for the treatment of at least one
disease or a disorder selected from osteopenia, osteoporosis, bone fracture or
deficiency, primary or secondary hyperparathyroidism, osteoarthritis, periodontal
disease or defect, an osteolytic bone loss disease, post-plastic surgery, post-orthopedic
surgery, post oral surgery, post-orthopedic implantation, and post-dental implantation,
primary and metastatic bone cancer, osteomyelitis, or any combinations thereof.

46. A fatty acid amide according to claim 45, wherein said at least one disease or
disorder is selected from osteopenia and osteoporosis.

47. A method of stimulation of bone growth, bone mass, bone repair or prevention
of bone loss, said method comprising administering to a subject in need thereof a
therapeutically effective amount of at least one fatty acid amide of any one of claims 1
to 41.

48.  The method according to claim 47, for the treatment of at least one disease or a
disorder selected from osteopenia, osteoporosis, bone fracture or deficiency, primary or
secondary hyperparathyroidism, osteoarthritis, periodontal disease or defect, an
osteolytic bone loss disease, post-plastic surgery, post-orthopedic surgery, post oral
surgery, post-orthopedic implantation, and post-dental implantation, primary and
metastatic bone cancer, osteomyelitis, or any combinations thereof.

49, The method according to claim 48, wherein said at least one disease or disorder
is selected from osteopenia and osteoporosis.

50. Use of a fatty acid amide of an amino acid, including a stereoisomer and a salt
thereof, said fatty acid amide comprising a fatty acid moiety and an amino acid moiety,
for the preparation of a pharmaceutical composition for stimulation of bone growth,
bone mass, bone repair or prevention of bone loss.

51.  Use according to claim 50, for the treatment of at least one disease or a disorder
selected from osteopenia, osteoporosis, bone fracture or deficiency, primary or
secondary hyperparathyroidism, osteoarthritis, periodontal disease or defect, an
osteolytic bone loss disease, post-plastic surgery, post-orthopedic surgery, post oral
surgery, post-orthopedic implantation, and post-dental implantation, primary and
metastatic bone cancer, osteomyelitis, or any combinations thereof.

52.  Use according to claim 51, wherein said at least one disease or disorder is

selected from osteopenia and osteoporosis.
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53. Use according to claim 50, wherein said fatty acid moiety is selected from
saturated fatty acid, mono-unsaturated fatty acid and poly unsaturated fatty acid.

54.  Use according to claims 50 or 53, wherein said fatty acid moiety is substituted
by at least one group selected from -C;-Cg alkyl, -OH, -OR;, -SH and -SR,, wherein R;
and Ry are each independently -C;-Cs alkyl.

55.  Use according to claim 54, wherein said at least one substituent of a fatty acid
moiety is a -C1-Cg alkyl.

56.  Use according to claim 55, wherein said -C;-Cg alkyl is methyl.

57. Use according to any one of claims 54 to 56, wherein said at least one
substitution of a fatty acid moiety is on at least one of o~ or B-positions of said fatty
acid moiety.

58.  Use according to any one of claims 50 to 57, wherein said amino acid moiety is
selected from serine, cysteine, tyrosine and phenylalanine.

59.  Use according to claim 58, wherein said amino acid moiety is serine.

60.  Use according to claim 59, wherein said amino acid moiety is substituted by a
group selected from -C;-Cs alkyl, -OH, and -OR3, wherein Rj is -C;-Cg alkyl.

61.  Use according to claim 60, wherein said substitution of an amino acid moiety is
on the a-position of said amino acid moiety.

62.  Use according to claim 50, wherein said fatty acid amide is a compound having

general formula (I), including a stereoisomer and a salt thereof:

T
@
RG/C\{:‘]/T\COOH
Rs

wherein

R4 is independently selected from -OH, -SH, phenyl and hydroxyl phenyl;

Rs is independently selected from H, -C;-Cs alkyl, -OH and —OR3;

R¢ is independently selected from -Cy3-Cyp alkyl, -Cy3-Cx, alkenyl and -Cy3-Cy,
alkynyl; optionally substituted by at least one group selected from -C;-C¢ alkyl, -OH, -
ORy, -SH and —SRy;

Ri, Ry, R;3 are each independently -C;-Cg alkyl.

63. A use according to claim 62, wherein Ry is -OH.
64. A use according to claims 62 or 63, wherein Rs is -C;-Cg alkyl.
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65. A use according to claim 64, wherein said -C;-Cg alkyl is methyl.

66. A use according to any one of claims 62 to 65, wherein R is a -Cy3-Ca» alkenyl.
67. A use according to claim 66, wherein said -C;3-Cy; alkenyl comprises between 1
to 6 double bonds.

68. A use according to any one of claims 62 to 67, wherein Ry is substituted by at
least one group selected from -C;-Cs alkyl, -OH, -OR;, -SH and —SR,.

69. A use according to any one of claims 62 to 67, wherein Ry is substituted by at
least two groups independently selected from -C;-Cg alkyl, -OH, -OR;, -SH and —SR,.

70. A use according to any one of claims 62 to 69, wherein Rg is a substituent of

formula (1I):
R11
R1o/%/g?z§ D
Ri2

Ryo is independently selected from -C;1-Cyg alkyl, -C;;-Cyo alkenyl and -C;1-Cyp

wherein

alkynyl;
R1; and Ry, are each independently selected from H, -C;-Cg alkyl, -OH, -ORy, -
SH and —SR,.
71. A use according to claim 70, wherein Ry is a -C;1-Cyg alkenyl.
72. A use according to claim 71, wherein said -C;;-Cy alkenyl comprises between 1
to 6 double bonds.
73. A use according to any one of claims 70 to 72, wherein Ry; is hydrogen.
74. A use according to any one of claims 70 to 72, wherein Ry; is -C;-Cg alkyl.
75. A use according to claim 74, wherein said -C;-Cg alkyl is methyl.
76. A use according to any one of claims 70 to 72, wherein Ry2 is hydrogen.
77. A use according to any one of claims 70 to 72, wherein Ry, is -C1-Cg alkyl.
78. A use according to claim 77, wherein said -C;-Cg alkyl is methyl.
79.  Use according to claims 50 or 62, wherein said fatty acid amide is a compound

having the general formula (III), including a stereoisomer and a salt thereof:
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Ri1 0 CHaR,
Pl w
Rig™ \CIH/ ~y7 IL\COOH
5

wherein

Ry is independently selected from -OH, -SH, phenyl and hydroxyl phenyl;

Rs is independently selected from H, -C;-C alkyl, -OH and —OR3;

Ry is independently selected from -C;1-Cyg alkyl, ~C11-Cyo alkenyl and -C11-Cao
alkynyl;

Ri; and Ry, are independently selected from H, -C;-Cs alkyl, -OH, -OR;, -SH
and -SRy;

R1, Ry, Rj3 are each independently -C;-Cg alkyl.
80. A use according to claim 79, wherein Ry is -Cj;-Cyp alkenyl.
81. A use according to claim 80, wherein said -C;;-Cy alkenyl comprises between 1
to 6 double bonds.
82. A use according to any one of claims 79 to 81, wherein Ry is -OH.
83. A use according to any one of claims 79 to 82, wherein Rs is -C;-Cg alkyl.
84. A use according to claim 83, wherein said -C;-Cg alkyl is methyl.
85. A use according to any one of claims 79 to 84, wherein Ry; is -C;-Cg alkyl.
86. A use according to claim 85, wherein said -C,-Cg alkyl is methyl.
87. A use according to any one of claims 79 to 86, wherein R;; is ~C;-Cg alkyl.
88. A use according to claim 87, wherein said -C;-Cy alkyl is methyl.
89. A use according to claim 81, wherein said -Cy;-Cyo alkenyl comprises a single
double bond.
90. A method of stimulation of bone growth, bone mass, bone repair or prevention
of bone loss, said method comprising administering to a subject in need thereof a
therapeutically effective amount of at least one fatty acid amide of an amino acid
comprising a fatty acid moiety and an amino acid moiety, including a stereoisomer and
a salt thereof.
91.  The method according to claim 90, for the treatment of at least one disease or a
disorder selected from osteopenia, osteoporosis, bone fracture or deficiency, primary or
secondary hyperparathyroidism, osteoarthritis, periodontal disease or defect, an

osteolytic bone loss disease, post-plastic surgery, post-orthopedic surgery, post oral
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surgery, post-orthopedic implantation, and post-dental implantation, primary and
metastatic bone cancer, osteomyelitis, or any combinations thereof.

92.  The method according to claim 91, wherein said at least one disease or disorder
is selected from osteopenia and osteoporosis.

93. A method of stimulation of bone growth, bone mass, bone repair or prevention
of bone loss, said method comprising administering to a subject in need thereof a
therapeutically effective amount of at least one compound of general formula (I),

including a stereoisomer and a salt thereof:

T
@
Rs/ C\H/ T\COOH
Rs

wherein

R4 is independently selected from -OH, -SH, phenyl and hydroxyl phenyl;

Rs is independently selected from H, -C;-Cg alkyl, -OH and —ORs;

R is independently selected from -C;3-Cy, alkyl, -Ci3-Cx, alkenyl and -Cy3-Cyo
alkynyl; optionally substituted by at least one group selected from -C;-Cs alkyl, -OH, -
OR}, -SH and —SRy; .

R}, Ry, R3 are each independently -C;-Cg alkyl.

94.  The method according to claim 93, for the treatment of at least one disease or a
disorder selected from osteopenia, osteoporosis, bone fracture or deficiency, primary or
secondary hyperparathyroidism, osteoarthritis, periodontal disease or defect, an
osteolytic bone loss disease, post-plastic surgery, post-orthopedic surgery, post oral
surgery, post-orthopedic implantation, and post-dental implantation, primary and
metastatic bone cancer, osteomyelitis, or any combinations thereof.

95.  The method according to claim 94, wherein said at least one disease or disorder
is selected from osteopenia and osteoporosis.

96. A method of stimulating bone growth, bone mass, bone repair or prevention of
bone loss, said method comprising administering to a subject in need thereof a
therapeutically effective amount of at least one compound of general formula (III),

including a stereoisomer and a salt thereof:
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Rqq 0 CHaRy
P w
Ry er” O I\COOH
| Ry
R12

wherein

Ry is independently selected from -OH, -SH, phenyl and hydroxyl phenyl;

R;s is independently selected from H, -C;-Cq alkyl, -OH and —OR3;

Ry is independently selected from -C;1-Cy alkyl, -Cy;-Cyo alkenyl and -C1;-Cao
alkynyl;

Ri; and Ry, are independently selected from H, -C;-Cg alkyl, -OH, -OR;, -SH
and -SRy;

Ri, Ry, R; are each independently -C;-Cg alkyl.
97. The method according to claim 96, for the treatment of at least one disease or a
disorder selected from osteopenia, osteoporosis, bone fracture or deficiency, primary or
secondary hyperparathyroidism, osteoarthritis, periodontal disease or defect, an
osteolytic bone loss disease, post-plastic surgery, post-orthopedic surgery, post oral
surgery, post-orthopedic implantation, and post-dental implantation, primary and
metastatic bone cancer, osteomyelitis, or any combinations thereof.
98.  The method according to claim 97, wherein said at least one disease or disorder

is selected from osteopenia and osteoporosis.
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