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PRECURSOR COMPOUNDS FOR PROVIDING RETINOIDS OF THE VITAMIN A5 PATHWAY
AND USES THEREOF

FIELD OF THE INVENTION

The invention relates to the field of retinoid X receptor (RXR) signalling and a novel vitamin A pathway
called Vitamin A5 pathway. Compounds which are useful to provide (R) 9-cis-13,14-dihydro-retinoic acid an
endogenous RXR ligand are claimed as well as their uses and method for preparation thereof. The compounds of
the invention are useful for pharmaceutical and nutritional uses.

More particularly, precursors of 9cDHRA are among others 9-cis-13,14-dihydroretinol (9CDHROL, vita-
min A5) and 9-cis-13,14-dihydro-beta carotene (YCDHBC, pro-vitamin A5), which are respectively novel types
of retinoid and carotenoid RXR ligand precursors. It has been surprisingly found herein that such precursors
might be directly or indirectly metabolized to 9CDHRA. The invention also relates to preventive / pharmaceutical
usage of those compounds and in particular in treatment of depressive-like behaviors in chronic stress animal
model of depression and other various diseases where RXR-mediated signalling is affected or was proposed as
therapeutic target. Such diseases include neurodegenerative and metabolic diseases, skin- and immunological
dysfunctions (including inflammation) as well as cardio-vascular diseases and life-style applications like memory
enhancing effects.

BACKGROUND ART

Vitamin A, in parallel with vitamin C and D, was among the first group of compounds that were associ-
ated to deficiency symptoms. This active lipid was later named “vitamin A”. In 1931 Karrer et al. identified this
fat-soluble nutrient derivative in cod liver oil (Karrer et al., 1931a; Karrer et al., 1931b). Paul Karrer, who eluci-
dated the structure of retinol (i.e. vitamin Al) was awarded the Nobel Prize in Chemistry, for basic vitamin A
research in 1937. In parallel, Edisbury et al. (Edisbury et al., 1937) and Gilliam et al. (Gillam et al., 1938) found
in 1937-38 a food factor mainly present in marine fish. They used the term vitamin A2 to name this second cate-
gory of vitamin A, as it displays different absorption spectra than retinol due to the presence of an additional
double bound at the ring C3-C4 positions.

In the 1980°s the molecular action of vitamin A was further expanded mainly by the groups of Pierre
Chambon and Ronald Evans through the identification of all-trans-retinoic acid (ATRA) as the bioactive media-
tor of a large array of vitamin A effects. They identified ATRA as a nutrient derived lipid hormone and thereby
the association of ATRA with RAR (retinoic acid receptors) for mediating transcriptional activity (Giguere et al.,
1987) and the RARs themselves as new members of the nuclear hormone receptor superfamily (Petkovich et al.,
1987). Besides RARs, also the retinoid-X receptors (RXRs) (Kliewer et al., 1992; Leid et al., 1992; Mangelsdorf
et al., 1990; Evans 2014) identified as mediators of important function and were established as the obligatory

heterodimer-binding partner for a large variety of nuclear hormone receptors. In 1992 9-cis-retinoic acid, 9CRA

was identified as the putative “endogenous” ligand for the RXRs (Heyman et al., 1992; Levin et al., 1992). In
parallel the vitamin A2 derivative all-frans-3.4-didehydro-retinoic acid (ATDDRA; Vitamin A2-acid) was identi-

fied endogenously in humans (Vahlquist et al., 1982) and later shown to display similar activity as ATRA in
activating RAR-mediated gene transcription (Torma et al., 1994). However, 9CRA, although a potent RXR
ligand, has only been rigorously identified endogenously either after high pharmacological (toxicological) reti-
noid administration or after artificial nutritional interventions with food that is rich in vitamin A (Arnhold et al.,

1996; Schmidt et al., 2002; Ulven et al., 2001) (?). In addition “vitamin A” derivatives were found in inverte-
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brates, namely 3-hydroxyretinal (“Vitamin A3”) in arthropods and 4-hydroxyretinal (“Vitamin A4”) in some
crustaceans (Babino et al., 2016).

Retinol (Vitamin A1) plays an essential role in vision, particularly night vision, normal bone and tooth de-
velopment, reproduction, and the health of skin and mucous membranes (the mucus-secreting layer that lines
body regions such as the respiratory tract). Vitamin A also acts in the body as an antioxidant, a protective chemi-
cal that may reduce the risk of certain cancers.

As to medical uses of these compounds, all-trans-retinoic acid (ATRA, also called Tretinoin) is the active
agent in several medicinal formulations and is used, among others, in cosmetic and topical applications against
e.g acne and in acute promyelocytic leukemia.

Isomer 9-cis-retinoic acid (9CRA) is also used as a medicament under the name of Alitretinoin. The oral
formulation of 9CRA (Alitretinoin) is marketed under the trade name Toctino.

The primary indication for isotretinoin (the active agent being 13-cis-retinoic acid) is the treatment of se-
vere cystic acne vulgaris, and is also indicated for the treatment of skin lesions in AIDS-related Kaposi's sarcoma.

Under the trade name Toctino the compound has been granted prescription rights in the UK for oral use in
chronic hand eczema; guidance suggests, however, to prescribe it in severe cases only.

Thus, somewhat contrary to the multiple role of retinoids only a few of them are used as medicaments in a
relatively few specific diseases.

All these variants present in medicaments are present in the acid form and comprise a 13,14 double bond.

The Palczewski group reported the endogenous presence 13,14-dihydroretinoids, wherein the 13,14 dou-
ble bond is hydrogenated, and identified all-trans-13,14-dihydroretinoic acid (ATDHRA) as a low affinity ligand
for RARs and a weaker activator than ATRA of RAR-controlled genes in cell-based assays (Moise et al., 2004;
Moise et al., 2005, Moise et al., 2009).

Besides RARs, a further class of receptors, retinoid X receptors forming heterodimers with RARs play an
important role in nuclear receptor signalling [D. A. Mangelsdorf, R. M. Evans, Cell 1995, 83, 841-850.]. As
mentioned above 9-cis-retinoic acid (9CRA) is a potent activator of RXRs, mediators of important function and
obligatory heterodimer-binding partners for a large variety of nuclear hormone receptors.

Besides 9CRA a second class of derivatives that have been found to activate RXR-mediated signaling are
various fatty acids like phytanic acid (PHYA), docosahexaenoic acid (DHA) and oleic acid (de Urquiza et al.,
2000; Goldstein et al., 2003; Kitareewan et al., 1996). Several findings indicate, however, that the endogenous
levels of these derivatives are too low to bind RXR and elicit transcriptional activation.

Recently the endogenous presence of 9-cis-13,14-dihydroretinoic acid (9CDHRA) together with all-trans
isomer has been confirmed in several organs (liver, serum, brain) from mice through a combined LC-MS-MS and
UV analytical set-up and comparison with synthetic standard samples. The quantities measured were considered
sufficient to maintain RXR-dependent activities. In fact, 9CDHRA was found to display biological activities
similar to those of synthetic RXR agonists and coordinated the transcriptional activities of several nuclear recep-
tor-signaling pathways, possibly through the corresponding permissive heterodimers (Riihl et al., 2015).

However, metabolic pathways leading to this compound are still unclear and further work is required to
characterize this ligand and to determine its presumably multiple roles in biological systems (de Lera et al.,
2016).As a summary, vitamin A research has thus far established fundamental principles for connecting diet with
vitamin A and lipid hormone receptor activation and further mediated signaling resulting in regulation of various

(patho)-physiological pathways. Unfortunately, the endogenous presence and nutritional relevance of the RXR
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ligand and especially the status of 9CRA in that regard has proven highly controversial.

The present inventors have now identified a series of compounds including members of an independent
new vitamin A pathway (Vitamin AS), most notably 9-cis-13,14-dihydroretinol (9¢cDHROL), and which are pre-
cursors of the actual endogenous RXR ligand. They have also surprisingly found that these precursors produce an
unexpectedly high increase of 9cDHRA in the brain (e.g. preferential as to the liver), and are useful vectors to
target brain signaling of RXRs, whereas also demonstrated systemic production thereof. Moreover, starting from
9cDHROL extremely high levels of 9¢DHRA have been generated in the tissues and among others in the brain.

These findings render the compounds of the invention good candidates both as medicaments and as
nutraceuticals.

BRIEF DESCRIPTION OF THE INVENTION

The invention relates to a compound of general formula (I)

(R R o

wherein R is selected from COOR; and CH,OR; and a group of general formula (A) wherein

R; is a group which is removed by hydrolysis in a mammalian tissue or organ to result in (R) 9-cis-13,14-
dihydroretinoate and a biologically acceptable tolerable compound and/or

R, is H or an acyl group C(O)R; wherein R; is a group which is removed by hydrolysis in a mammalian
tissue or organ to result in (R) 9-cis-13,14-dihydro-retinol and a biologically acceptable tolerable compound,
and/or

R is a group of general formula A

Y

v
AF
kY

7

A

(A)

o

wherein Q, is a substituted or unsubstituted Cg_; alkenyl or cycloalkenyl, preferably a substituted or un-
substituted trimethyl-cycloalkenyl or more preferably a substituted or unsubstituted 2,6,6-trimethylcyclohexenyl,
even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-trimethylcyclohex-2-en-1-yl. If
the trimethylcyclohexenyl, e.g. 2,6,6-trimethylcyclohexenyl group is substituted it is preferably hydroxyl-
substituted or oxosubstituted, preferably oxosubstituted;

wherein said compound is converted into 9-cis-13,14-dihydro-retinol in mammalian tissue or organ or
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cells, once administered.

Highly preferably the group of general formula A is a group of formula a

R
h
H
N
H
3
e
\::’\' =
g,
[\
TN

(a)

wherein said compound is a 9-cis-13,14-dihydro-beta-beta-carotene (9CDHBC).

Said compound is converted into R configuration 9-cis-13,14-dihydroretinoic acid in a mammalian tissue
or organ or cells, once administered. Mammalian tissue or organ or cells is understood herein as at least one or at
least one type of tissue or organ or cell culture or population of cells or multiple tissue or organ or cell culture or
population of cells including the case when different steps of the conversion take place in different tissue or organ
or cell types.

Preferably said compound is for use in therapy in a mammalian subject, preferably in a human subject.
Preferably said compound is for use in therapy of a disease wherein a retinoid X receptor related disease is
treated.

Optionally, in particular wherein the invention relates to the compounds themselves R is different from
ethyl in particular in cases defined above.

The enantiomeric configuration of the compound is indicated in the formula. Preferably the compound or
any composition comprising it is enriched in this enantiomer (normally indicated as (R)) or preferably enantio-
pure, as defined herein.

The invention also relates to a compound of general formula (I)

{
(R) R
wherein R is selected from COOR; and CH,OR; and a group of formula (A), wherein
Ry is a Cy55 alkyl or a C,.55 alkenyl and/or
R, is H or an acyl group C(O)R; wherein R; is a Cy_»5 alkyl or a C, 5 alkenyl and/or

R is a group of general formula A
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wherein Q, is a substituted or unsubstituted trimethyl-cycloalkenyl forming a tetraterpenoid derivative
compound of general formula A, or more preferably Q; is a substituted or unsubstituted 2,6,6-
trimethylcyclohexenyl, even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-
trimethylcyclohex-2-en-1-yl. If the trimethylcyclohexenyl, e.g. 2,6,6-trimethylcyclohexenyl group is substituted it
is preferably hydroxyl-substituted or oxosubstituted, preferably oxosubstituted,;

wherein said compound is converted into 9-cis-13,14-dihydro-retinol in mammalian tissue or organ or

cells, once administered.
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wherein said compound is a 9-cis-13,14-dihydro-beta-beta-carotene (9CDHBC).

Said compound is capable of converting into R configuration 9-cis-13,14-dihydroretinoic acid in a mam-
malian tissue or organ, once administered.

In a preferred embodiment in the compound of the invention of general formula I R, or R, is as defined
above or the compound is a 9-cis-carotenoid compound which is a 9-cis-13,14-dihydro-beta-carotene derivative
or a 9-cis-13,14-dihydro-beta-carotene, preferably a 9-cis-13,14-dihydro-beta-beta-carotene, as a precursor com-
pound, wherein said compound is converted into R configuration 9-cis-13,14-dihydroretinoic acid in a mammal-
ian tissue or organ or cells, once administered.

Preferred options for the length of alkyl or alkenyl chain in case of R, or R, are as defined herein.

Preferably said compound is for use in therapy, as defined herein, in a mammalian, preferably in a human

subject.

Optionally, in particular wherein the invention relates to the compounds themselves R, is different from
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ethyl. The “invention relates to the compounds themselves means that the compounds are claimed as products
and are not limited by a medical or diagnostic use or purpose carried out on human or animal body. Moreover, it
means that the compound is not claimed as a part of a use or a method in a use or method claim.

The enantiomeric configuration of the compound is indicated in the formula. Preferably the compound or
any composition comprising it is enriched in this enantiomer (normally indicated as (R)) or preferably enantio-
pure, as defined herein.

In a first aspect the compound is a compound is of general formula (3)

(R)

CH:ORz

wherein R, is H or an acyl group C(O)R; wherein R; is selected from a

C, .05 alkyl or a C .53 alkyl, preferably a C, 5 alkyl or a C, alkyl and a Cy_5; alkyl, more preferably C,_, alkyl and a
Ci101 alkyl and a

C, .5 alkenyl, preferably a C,_g alkenyl or C,_4 alkenyl and a C,.,; alkenyl, more preferably a C,3.,; alkenyl.

In a preferred embodiment R; is a Cy_g alkyl, preferably a C,_¢ alkyl, more preferably a C,_4 alkyl.

In a preferred embodiment R; is a Cy.»; alkyl, preferably a Cy,,, alkyl, more preferably a C;3.49 alkyl. In a
preferred embodiment R; is C, ¢ alkenyl preferably C, 4 alkenyl more preferably C, 4 alkenyl.

In a preferred embodiment Rj is Co»5 alkenyl, preferably a C;;.5; alkenyl, more preferably a Ci3 5 alkenyl.

In an embodiment R, is H and the compound is (R) (R) 9-cis-13,14-dihydro-retinol.

In a further embodiment R, is an acyl group C(QO)R; and R; is a compound as defined above and R; is a
group which is removed by hydrolysis of the ester in a mammalian tissue or organ to result in the corresponding
alcohol (R) 9-cis-13,14-dihydro-retinol. Thus, the ester is converted to an alcohol and a biologically tolerable
and/or acceptable compound. Said alcohol compound is converted into R configuration 9-cis-13,14-
dihydroretinoic acid in a mammalian tissue or organ, once administered. This means that the compound has this
capability, i.e. “is” also means “being capable of” depending on whether the compound is actually administered.

Preferably said compound is for use in therapy in a mammalian subject, preferably in a human subject.

The enantiomeric configuration of the compound is indicated in the formula. Preferably the compound or
any composition comprising it is enriched in this enantiomer (normally indicated as (R)) or preferably enantio-
pure, as defined herein.

In a preferred embodiment of this aspect of the invention said compound is of general formula (4)

i

(R) CHz0C(O)R3
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wherein R; is as defined in case general formula (3) or R; is selected from
- a Cy4 alkyl, preferably methyl, ethyl, propyl or isopropyl,

- a Cyy.5 alkyl, preferably C;5.1o alkyl and

- a Cy1.23 alkenyl.

Preferably alkenyl is a polyunsaturated C,5.,; alkenyl.

In a preferred embodiment said compound being converted into R configuration 9-cis-13,14-
dihydroretinol in a mammalian tissue or organ, once administered.

More preferably the mammalian tissue is a nervous tissue or the tissue or organ is that of the central nerv-
ous system or of the peripheral nervous system. The mammalian cells are preferably nerve cells (neurocytes),
preferably or in particular oligodendrocytes.

In a further preferred embodiment the mammalian tissue is blood. In a further preferred embodiment the
mammalian tissue is liver.

In a further aspect of the invention said compound is of general formula (2)

(R} COOR;

(2

wherein R, is selected from a
C,5 alkyl or C,_»3 alkyl, preferably a C,_¢ alkyl and a Cq 53 alkyl, more preferably C, 4 alkyl and a C;;,; alkyl and a
C,.5 alkenyl or C,.54 alkenyl, preferably a C, ¢ alkenyl and a Cq.3 alkenyl, more preferably a Ci3.3 alkenyl.

Optionally, in particular wherein the invention relates to the compounds themselves R, is different from
ethyl.

The enantiomeric configuration of the compound is indicated in the formula. Preferably the compound or
any composition comprising it is enriched in this enantiomer (normally indicated as (R)) or preferably enantio-
pure, as defined herein.

In a preferred embodiment R, is selected from a C;_5 alkyl and a Cy_,; alkyl, more preferably C,4 alkyl and
a Cyy12; alkyl and a

Cy.5 alkenyl or C,,, alkenyl, preferably a C,4 alkenyl and a Cy.p; alkenyl, more preferably a Ci3,;3 al-
kenyl.

In a preferred embodiment R; is a Cy_¢ alkyl, preferably a C,_¢ alkyl, more preferably a C, 4 alkyl.

In a preferred embodiment R, is C, 5 alkenyl preferably C, 5 alkenyl more preferably C, 4 alkenyl.

In a preferred embodiment R is selected from methyl, ethyl, propyl or isopropyl optionally methyl, propyl
or isopropyl.

In a further aspect the invention also relates to a compound of general formula (5)
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wherein Q; is a substituted or unsubstituted Cq.1o alkenyl or cycloalkenyl, preferably a substituted or un-
substituted trimethyl-cycloalkenyl or more preferably a substituted or unsubstituted 2,6,6-trimethylcyclohexenyl,
even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-trimethylcyclohex-2-en-1-yl. If
the trimethylcyclohexenyl, e.g. 2.6,6-trimethylcyclohexenyl group is substituted it is preferably hydroxyl-
substituted or oxosubstituted, preferably oxosubstituted;

wherein said compound is converted into 9-cis-13,14-dihydro-retinol in mammalian tissue or organ or
cells, once administered.

Highly preferably the group of general formula A is a group of formula a

7 (@)

In a preferred embodiment the invention also relates to a 9-cis-carotenoid compound which is a 9-cis-
13,14-dihydro-beta-carotene derivative or a 9-cis-13,14-dihydro-beta-carotene for example a 9-cis-13,14-
dihydro-beta-beta-carotene or a 9-cis-13,14-dihydro-beta-alpha-carotene, preferably a 9-cis-13,14-dihydro-beta-
beta-carotene, as a precursor compound, wherein said compound is converted into R configuration 9-cis-13,14-
dihydroretinoic acid in a mammalian tissue or organ or cells, once administered. In particular the 9-cis-carotenoid
compound is a biologically acceptable tolerable compound.

In a further aspect the invention relates to a pharmaceutical composition comprising the compound as de-
fined above for a compound of general formula (3) said composition also comprising one or more pharmaceuti-

cally acceptable carriers, e.g. additive(s) and/or excipient(s).
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Preferably, the invention relates to a pharmaceutical composition comprising the compound as defined
above for a compound of general formula (4) said composition also comprising one or more pharmaceutically
acceptable carriers, e.g. additive(s) and/or excipient(s).

Preferably, the invention relates to a pharmaceutical composition comprising the compound as defined
above for the 9-cis-carotenoid and/or a compound of general formula (5), in particular a 9-cis-13,14-dihydro-
beta-carotene as a precursor compound said composition also comprising one or more pharmaceutically accept-
able carriers, e.g. additive(s) and/or excipient(s).

The invention also relates to a nutraceutical composition comprising the compound as defined above for a
compound of general formula (3) or preferably for a compound of general formula (4), or of general formula (5)
or the 9-cis-carotenoid compound, preferably 9-cis-13,14-dihydro-beta-carotene as a precursor compound said
composition also comprising one or more nutraceutically acceptable additive(s) and/or excipient(s). Preferably,
said composition being a dietary supplement, a functional food, a medical food or a food with a health claim.
Preferably said nutraceutical composition comprises said compound in an amount or concentration higher than it
is present in the natural food matrix and/or comprises additional amount of the compound, preferably additional

isolated or artificially prepared compound.

The invention also relates to a novel chemical synthesis of 9-cis-13,14-dihydroretinol and ester forms
thereof via alkyl 9-cis-13,14-dihydroretinoate. The method comprises

1) reduction of alkyl 9-cis-13,14-dihydroretinoate into 9-cis-13,14-dihydroretinol and optionally

ii) alkylation of 9-cis-13,14-dihydroretinol into the corresponding ester form. The esters are exemplified
hereinbelow.

In a preferred embodiment reduction is carried out by a hydride catalyst, like diisobutylaluminium hydride
(DIBAL-H) reduction in an organic solvent, preferably a small heterocycle like THF.

Esterification of alcohols are preferably carried out by alkylic andhidride reagents. Preferably basic nitro-
gen containing single ring heterocycle is applied like pyridine and/or derivatives. In a highly preferred embodi-
ment the reaction is carried out in the presence of dimethylaminopyridine (DMAP).

Preferred organic solvent applied are e.g. CH,Cl,, chloroform, CCl, ete.

Other esters of 9-cis-13,14-dihydroretinoic acid and 9-cis-13,14-dihydroretinol (such as palmitate and
others) can be easily prepared using the same sequence.

In a further embodiment the invention also relates to a novel chemical synthesis of a compound of general
formula (5) as defined above, preferably a 9-cis-carotenoid compound which is a 9-cis-13,14-dihydro-beta-
carotene derivatives preferably a 9-cis-13,14-dihydro-beta-beta-carotene, said method comprising

- conversion of a compound of general formula (3)

(R CH:OR:

wherein R, is H or an OH-protecting group;

into the corresponding aldehyde of formula (6) as an intermediate
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- reacting said aldehide intermediate with Wittig-reagent compound (7)

i
_,w’;..\’\.\_ .-'-E-\}\, « -"vl"‘d.\_ e N -
Q 1 ’\ﬁ:vf "{‘;,‘» R “‘”\'-‘(;ﬁx‘ = R
(7
5 wherein Q; is a substituted or unsubstituted Cq 1o alkenyl or cycloalkenyl, preferably a substituted or un-

substituted trimethyl-cycloalkenyl or more preferably a substituted or unsubstituted 2,6,6-trimethylcyclohexenyl,
even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-trimethylcyclohex-2-en-1-yl. If
the trimethylcyclohexenyl, e.g. 2,6,6-trimethylcyclohexenyl group is substituted it is preferably hydroxyl-
substituted or oxosubstituted, preferably oxosubstituted;
10 and R is a group forming a phosphorous ylide, preferably a phosphonium group, preferably a triphenyl-
phosphonium group, to give the desired compound according to formula (5).
In a preferred embodiment 9-cis-13,14-dihydro-beta-beta-carotene is prepared wherein general formula (7)

is a compound of general formula (8)

¢ \\s, = ™ N N 'R
15 R is a group forming a phosphorous ylide, preferably a phosphonium group, preferably a triphenyl-

phosphonium group, to give 9-cis-13,14-dihydro-beta-beta-carotene.

In a further aspect the invention also relates to a use of a compound as defined above for a compound of
general formula (3) or preferably for a compound of general formula (4) or for a compound of general formula
(5) or the 9-cis-carotenoid or the particular options as a food ingredient or food supplement. Preferably, the food

20 ingredient is ingredient of a functional food or a medical food.

In an embodiment of the invention the compound as defined above for a compound of general formula (3)
or preferably for a compound of general formula (4) or a compound of general formula (5) or the 9-cis-carotenoid
or the particular options is for use in therapy in a mammalian subject.

In a preferred embodiment the compound is in the form of a pharmaceutical composition.

25 In a further preferred embodiment the compound is in the form of a nutraceutical composition which re-

quires an authorization to be marketed for the indication as provided herein.

In a further aspect the invention relates to a pharmaceutical composition comprising the compound as de-

fined above for general compound (2) said composition also comprising one or more pharmaceutically acceptable
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carriers, e.g. additive(s) and/or excipient(s).

The invention also relates to a nutraceutical composition comprising the compound as defined above for
general compound (2) said composition also comprising one or more nutraceutically acceptable additive(s) and/or
excipient(s). Preferably, said composition being a dietary supplement, a functional food, a medical food or a food
with a health claim.

In a further aspect the invention also relates to a use of a compound as defined above for general com-
pound (2) as a food ingredient. Preferably, the food ingredient is ingredient of a functional food or a medical
food.

In an embodiment of the invention the compound as defined above for general compound (2) is for use in
therapy in a mammalian subject.

In a preferred embodiment the compound is in the form of a pharmaceutical composition.

In a further preferred embodiment the compound is in the form of a nutraceutical composition which re-

quires an authorization to be marketed for the indication as provided herein.

In a preferred embodiment the compound or the pharmaceutical composition or the nutraceutical composi-
tion is for use in the prevention and/or treatment of an RXR-signaling mediated dysfunction.

In a preferred embodiment the compound or the pharmaceutical composition or the nutraceutical composi-
tion is for use in the prevention and/or treatment of a desease related to or due to impaired retinoid X receptor
signalling. Said disease preferably can be treated or prevented or alleviated by a selective. retinoid X receptor
ligand.

In a preferred embodiment the compound or the pharmaceutical composition or the nutraceutical composi-
tion is for use in the prevention and/or treatment of a desease selected from central nervous system related dis-
eases and peripheral nervous system related diseases.

In a preferred embodiment the compound or the pharmaceutical composition or the nutraceutical composi-
tion is for use in the prevention and/or treatment of mental diseases.

In a preferred embodiment the compound or the pharmaceutical composition or the nutraceutical composi-
tion is for use in the prevention and/or treatment of memory impairment or for use in enhancing memory per-
formance, wherein preferably said memory is working memory.

In a preferred embodiment the compound or the pharmaceutical composition or the nutraceutical composi-
tion is for use in the prevention and/or treatment of impaired cognitive functions or impaired learning.

In a preferred embodiment the compound or the pharmaceutical composition or the nutraceutical composi-
tion is for use in the prevention and/or treatment of depression.

In a preferred embodiment the compound or the pharmaceutical composition or the nutraceutical composi-
tion is for use in the prevention and/or treatment of a neurodegenerative disorder.

In a preferred embodiment the compound or the pharmaceutical composition or the nutraceutical composi-
tion is for use in the prevention and/or treatment of a neurodegenerative disorder selected from Alzheimer's dis-
ease, Parkinson's disease, Mild Cognitive Impairment (MCI), Parkinson's disease with MCI, Huntington's dis-
ease, Dementia with Lewy bodies (DLB), Amyotrophic lateral sclerosis (ALS), and other neurodegenerative
related dementias due to changes in the brain caused by ageing, disease or trauma; or spinal cord injury and atax-
ias, disseminated sclerosis and multiple sclerosis or other neurological conditions, preferably from Alzheimer's

disease and Parkinson's disease.
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In the above medical indication embodiments the compound is preferably selected from compounds as de-
fined above for general compound (2), (3) or (4). In the above medical indication embodiments the compound is
preferably selected from compounds as defined above for general compound (3) or preferably (4).

The invention also relates to the use of any of the above compounds in the preparation of a pharmaceutical
preparation or a medicament as defined herein or above.

The invention also relates to the use of any of the above compounds in the preparation of a nutraceutical
preparation, preferably a medical food or a food with a health claim as defined herein or above.

The invention also relates to a method for treatment of a disease as defined above wherein a compound of
the invention or a pharmaceutical composition of the invention or a nutraceutical composition is administered to a
mammalian subject preferably a human in need thereof in an effective dose. In a preferred embodiment admini-
stration is regular, e.g. daily administration.

The invention also relates to the use of any of the compounds as defined herein for maintaining health,
preferably as a food ingredient, a dietary supplement, e.g. as a vitamin or precursor thereof or as a nutraceutical
ingredient. In a preferred embodiment the invention relates to a use to maintain health to prevent a condition as
defined herein. In an embodiment said use is for maintenance of normal vision, maintenance of normal skin and
mucous membranes, and maintenance of normal hair.

More preferably said use is for maintenance of normal brain function or maintenance of mental health or
maintenance of mental performance or maintenance normal psychological function or cognitive function or for
contribution of the functioning of the nervous system. In an embodiment these uses are defined in a health claim.

The invention also relates to a method for maintaining a healthy condition of a subject as defined above
wherein a compound of the invention or a nutraceutical composition of the invention is administered to a mam-
malian subject preferably a human in need thereof as a part of a diet. In a preferred embodiment administration is
regular, e.g. daily administration.

It is mentioned herein that non-selective precursors cannot be used for the treatment and prevention of
RXR-signaling mediated dysfunctions according to the invention, as explained herein in connection with RXR
and RAR receptors.

The invention also relates to a use of a compound according to any of general formulae (3), (4) and/or (5)
as defined above as a dietary supplement as a vitamin A5 (9CDHROL) or precursor thereof. In a particular em-
bodiment the precursor is 9CDHBC. In a further particular embodiment the precursor is selected from
9CDHROL-esters.

The invention also relates to a use of a compound according to any of general formulae (3), (4) and/or (5)
as defined above as a dietary supplement as a 9CDHRA precursor, and RXR-ligand. In a particular embodiment
the 9CDHRA precursor is selected from 9CDHBC, 9CDHROL, 9CDHROL-esters and 9CDHRA -esters.

Preferably the precursors are administered in an intravenous, topical or oral route. The precursors can be
administered systemically or locally.

These precursors can be given for selective metabolic conversion to 9CDHRA, the endogenous RXR-
ligand for enabling RXR-mediated signaling.

In a particular embodiment the invention relates to the use of 9CDHBC to prevent, treat or ameliorate any
condition as defined above. In a preferred embodiment the condition is selected from the group consisting of: (a)
affective abnormalities in stress associated disorders including (but not limited to) psychiatric disorders such as

depression, schozophrenia (b) memory deficits associated with dementia, and in particular Alzheimer-disease.
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In a particular embodiment 9CDHBC is used for memory improvement.

In a particular embodiment the invention relates to the use of 9CDHROL or any ester thereof as defined
herein to prevent, treat or ameliorate any condition as defined above. In a preferred embodiment the condition is
selected from the group consisting of: (a) affective abnormalities in stress associated disorders including (but not
limited to) psychiatric disorders such as depression, schozophrenia (b) memory deficits associated with dementia,
and in particular Alzheimer-disease.

In a particular embodiment 9CDHROL or any ester thereof is used for memory improvement.

In a particular embodiment the invention relates to a use of 9CBC as a carotenoid precursof of 9SCDHBC.

In a particular embodiment the invention relates to a use of 9CBC as a food supplement to increase the

level of 9CDHBC in the human body in a non-therapeutic application.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: 9CDHROL treatment improves working memory performance in Delayed Non-Match to Place
Task (DNMTP). (a) an increasing learning curve for wild type C57BL6N male mice (n=5) illustrates acquisition
of the working memory task. Memory performance scored for increased inter-trial intervals (ITI) is shown in grey
field and corresponds to ITI of 3min and a mean ITI at which mice displayed memory deficit and which for the
whole group attained mean value of 13min (indicated as gr13). (b) 9CDHROL, but not vehicle treatment im-
proved working memory performance 7-9hrs after treatment when tested at mean ITI of grl3 min. Statistical
differences identified with one or two group t-test were indicated respectively as: *, p<0.05 when compared to
50% performance at chance level and #, p<0.03, for comparison with the performance on the last day of acquisi-
tion phase (day 10).

Figure 2: 9CDHROL standard mixture (top chromatogram) and endogenous levels in the liver of mice af-
ter vehicle treatment (bottom chromatogram).

Figure 3: 9CDHROL in mice after vehicle treatment representing endogenous levels (blue) and after
9CDHROL-treatment (red) in mice.

Figure 4: Levels of 9CDHRA after vehicle treatment representing endogenous levels (blue) and after
9CDHROL-treatments (red) in mice.

Figure 5: Levels of 9CDHRA after vehicle treatment representing endogenous levels (blue) and after
9CDHROL-treatment (red) in mouse liver. Top figure: Normal range (set on maximum); bottom figure: extended
range for the maximum range of endogenous retinoids.

Figure 6: 9CDHRA control-treatment (endogenous levels) and after supplementations of retinoids to oli-
godendrocyte cells. Up: endogenous (blue), 9CDHROL (orange) and 9CDHROL-acetate (pink) and bottom:
9CDHRA -acetate (pink)

Figure 7: Summary of putative nutritional precursors of the new vitamin AS cluster precursors. Retinoids
not yet identified as endogenous retinoids are marked with blue letters. Abbreviations: 9-cis-13,14-dihydro-
retinol (9CDHROL), 9-cis-13,14-dihydro-retinal (9CDHRAL) and 9-cis-13,14-dihydro-retinoic acid (9CDHRA),
all-trans-13,14-dihydro-retinal (ATDHRAL), all-trans-13,14-dihydro-retinol (ATDHROL), all-trans-13,14-
dihydro-retinoic acid (ATDHRA).

Figure 8: Increasing doses of (R)-9CDHRA reversed working memory deficits in Rbpl-/- mice and
showed pro-mnemonic activity in WT mice (n=8/group) in DNMTP task when tested at minimal ITI, at which

mice performed at chance level (50%) and which was 6min for the Rbpl-/- or 12min for WT mice. ttt: ATRA at
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concentration 10-5 M was cytotoxic.*, p<0.05. #, p<0.05; ##, p<0.01 as compared to vehicle treatment in the
same group; $, p<0.05; $3$, p<0.01; one group student t-test for comparison with performance at chance level of
50%. All the error bars represent S.E.M.

Figure 9: R-9CDHRA displays RXR agonist-like activities in vivo. Reverse of behavioural deficits after
treatments with UVI2108 and R-9CDHRA.

Increasing doses of R-9CDHRA (0.1, 1, 2 mg/kg) reduce despair behaviour in Rbp1-/- mice in the forced
swim test (n=26 for vehicle groups and n=6-8 for each remaining group); Statistical differences revealed by
PLSD Fisher test were indicated as: ***, p<0.001 for comparison with vehicle treated WT controls in respective
group. All the error bars represent S.E.M.

Figure 10: R-9CDHRA displays antidepressant effects in chronic social defeat stress model.

Figure 10a: Social defeat stress significantly increased immobility time in the forced swim test in mice
receiving (vehicle; n=12) as compared to non-stressed control (ctr; n=17) mice. 9cDHRA treatments de-
creased such immobility in stressed mice in a dose dependently manner (n=8 for 1mg/kg and n=6 for 3 mg/kg of
9¢cDHRA) and to a similar extent as synthetic RXR agonists UVI2108 (n=12).

Figure 10b: Sucrose preference deficit induced by social defeat stress was prevented by UVI2108 or by
9cDHRA treatments. Statistical differences revealed by PLSD Fisher test were indicated as : *, p<0.1 when
compared to control mice; #, p<0.1 as compared to vehicle treated stressed mice; $$, p<0.01, $, p<0.1 as com-
pared to absence of sucrose preference corresponding to the value of 50% of sucrose consumption. All the error
bars represent S.E.M.

Figure 11: Measurement of Retinol in cell culture after retinol application: ROL standard (black line),
ATROL applied (blue line), 9CROL applied (red line).

Figure 12: Measurement of DH-RA in cell culture after retinol application: ROL standard (black line),
ATROL applied (blue line), 9CROL applied (red line).

Figure 13: RA measurement in cell culture after retinol application: ROL standard (black line), ATROL
applied (blue line), 9CROL applied (red line).

Figure 14: A. 9CDHROL standard mixture (top chromatogram) and endogenous levels in mouse brain
(middle chromatogram) and after 9CDHROL-treatmenst (bottom chromatogram), both y-axis scales of the brain
samples were identical, while the y-axis of the standard are not similar and was fit on the maximum high of the
relevant peaks. B. 9CDHROL in human serum (top chromatogram) and 9CDHROL / ATDHROL standard mix-
ture (bottom chromatogram), both y-axis scales are not similar and were fit on the maximum high of the relevant
peaks. C. 9CDHROL in human food chain / cow liver (top chromatogram) and 9CDHROL / ATDHROL standard
mixture (bottom chromatogram), both y-axis scales are not similar and were fit on the maximum high of the rele-
vant peaks. D. Conversion of 9CDHBC and 9CBC to 9CDHROL in human oligodendrocyte cell line in vitro after
CTRL, 9CBC, 9CDHBC and 9CDHROL administration. Y -axis scales of the top three chromatograms are simi-
lar and were fit on the maximum high of the relevant peaks, while the bottom chromatogram has a much larger
scale.

Figure 15: 9CDHBC in the human food chain, standard 9CDHBC eluting at 25.0 min (upper figure) and
extracted peach from a can (bottom figure) with a peak co-eluting at 25,0 min and comparable UV /VIS spectra
(data not shown).

Figure 16: Intra-conversion of carotenoids: A. Conversion of administered 9CBC to 9CDHBC in human

oligodendrocyte cell line in vitro. Peak with a retention time of 25,1 min is present after 9CDHBC treatment as
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well in lower levels after 9CBC wteatment. B. No conversion of ATBC to either 9CBC or 9CDHBC in
oligodendrocyte human cell line in vitro. ATBC is eluting at 27,2 min (detectable at 411 nm, while having a
UVmax of 450 nm) and present in very high levels after ATBC-treatment (second figure from the top at the right
panel). 9CBC is present as a major shoulder peak after 9CBC-treatmenst while non-detectable after CTRL or
alternative treatments.

Figure 17: A. Conversion of 9CDHROL, 9CDHROL-ester and 9CDHRA -ester to 9CDHRA in human
oligodendrocyte cell line in vitro. A slightly different retention time of the derivatives was observed due to a
different HPLC-system and extraction procedure used as explained in the materials and methods section, retinoid
gradient. B. Conversion of 9CDHBC to 9CDHRA: 9CDHRA and ATDHRA standard levels after control-
treatment / endogenous (top chromatogram) and 9CDHBC-supplementation (bottom chromatograms) in mouse
liver using the same y-axis scale dimension. C. Conversion of 9CDHROL to 9CDHRA: 9CDHRA and ATDHRA
standard levels in serum, brain and liver after control-treatment / endogenous (top chromatograms) and after
9CDHROL-supplementation (bottom chromatograms) in mice using the same y-axis scale dimension per relevant
organ (serum, brain, liver).

Figure 18: Antidepressant activities of 9CDHROL and 9CDHBC in chronic social defeat stress model. (a)
Social defeat stress significantly increased immobility time in the forced swim test in mice receiving (veh; n=6)
as compared to non-stressed control (CTR; n=6) mice. 9CDHROL treatment (n=5) decreased such immobility in
stressed mice similarly to 9CDHBC (n=4). (b) Sucrose preference deficit induced by social defeat stress was
prevented by 9CDHROL or 9CDHBC treatments. Statistical differences revealed by student t-test were indicated
as: #*, p<0.01 when compared to control mice; #, p<0.05 as compared to vehicle treated stressed mice; §, p<0.05
as compared to the value of 50% of sucrose consumption corresponding to absence of sucrose preference. All the

error bars represent S.E. M.

DEFINITIONS

It is to be understood that this invention is not limited to the specific examples and embodiments provided
herein and alternatives which are within the skills of a person skilled in the art are to be included. It is also to be
understood that the terminology used herein is for the purpose of describing particular embodiments only, and is
not intended to be limiting.

As used in this specification and the appended claims, the singular forms "a", "an" and "the" include plural
references unless the context clearly dictates otherwise.

Typically the compounds according to the invention relate to enantiomers (pure enantiomers or mixture
provided that they are obtainable by the method of the invention), hydrates and solvates of same, solid forms of
same, as well as mixtures of said forms.

An “enantiomer” is either one of a pair of optical isomer compounds that are different compound and are
mirror images of each other.

“Enantiomer” is preferably understood herein as a compound of the invention as obtainable by an enanti-
oselective method preferably an enantioselective preparation method, highly preferably as an enantiopure or
enantiomerically pure compound. “Enantiopure” or “enantiomerically pure” is a compound wherein the mole-
cules have (to the extent obtainable by the method of the invention) the same chirality. Preferably enantiopure or
enantiomerically pure means optically pure, more preferably having at least 90%, preferably at least 95%, more
preferably at least 98% or 99% optical purity. Highly preferably the molecules of the “enantiopure” or “enanti-

omerically pure” have the same chirality within limits of detection.
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“Alkyl” refers to herein a straight or branched hydrocarbon chain radical consisting solely of carbon and
hydrogen atoms, which is saturated, having up to 25 (preferably 23 or 21 or 19) carbon atoms. In certain em-
bodiments an alkyl may comprise 1 to 25 carbon atoms (referred to as C;.,5 alkyl), or preferably it can be a Cy3,5
alkyl, a Cy3.03 alkyl a Cy3.2 alkyl, a Cy3.19 alkyl or a Cy3.47 alkyl; alternatively, it can be a short chain alkyl, e.g. a
Cy; alkyl, a Cy4 alkyl, a Cy_5 alkyl, a C; 4 alkyl, a Cy_; alkyl or a C; ¢ alkyl; still alternatively in some embodiment
it can be a Cg.7 alkyl, a Cg 15 alkyl or a Cg 15 alkyl. The alkyl is attached to the rest of the molecule by a single
covalent bond. The alkyl is preferably a non-branched, straight hydrocarbon chain. Alternatively it may comprise
a branched hydrocarbon chain, however, the branched side chains are typically methyl, ethyl or propyl groups,
preferably methyl or ethyl groups. The alkyl chain may be optionally substituted by one or more of the following
substituents: halo (including —F, Br, Cl or 1), cyano, nitro, oxo, C,_; alkoxyl or hydroxyl. Preferably the alkyl is
unsubstituted.

“Alkenyl” refers to herein a straight or branched hydrocarbon chain radical consisting solely of carbon and
hydrogen atoms, which is unsaturated, i.e. containing at least one double bond (i.e. C=C), having at least 2 and up
to 25 (preferably 23 or 21 or 19) carbon atoms. In certain embodiments an alkyl may comprise 2 to 25 carbon
atoms (referred to as C,,s alkyl); mutatis mutandis the chain length can be the same as with alkyls, however the
shortest chain comprises at least 2 carbon atoms. In respect of branching and substitution the same applies as in
case of alkyl chain.

The esters of (R) 9-cis-13,14-dihydro-retinol of the present invention may be fatty acid esters. Here, the
term “fatty acid” refers to a carboxylic acid having a long aliphatic (non-aromatic) chain which can be saturated
(alkyl) or unsaturated (alkenyl). Preferably the alkyl chains in fatty acids used in the invention are open chain
compounds which are either straight or branched. Typically, fatty acid alkyl chains contain at least 11 and at most
25, preferably 23, 22 or 21 carbons.

The compounds of the invention have pharmaceutical (medicinal) and nutritional uses as well.

A “pharmaceutical composition” relates to a composition for use in treatment of human or animal body to
restore or maintain health, said composition comprising an (one or more) active agent and one or more additional
substance useful as carrier. The term "carrier” refers to a diluent, adjuvant, filler, excipient, stabilizer, or vehicle
with which the agent is formulated for administration.

“Nutraceutical” refers to a foodstuff that provides health benefits in addition to its basic nutritional value.
A nutraceutical has a physiological benefit or provide protection against physiological disorder or discomfort. A
neutraceutical composition comprises a composition of the invention and at least an additional substance, e.g. a
neutraceutical carrier or a food component.

The term “dietary supplement” refers to a neutraceutical e.g. a neutraceutical composition intended to pro-
vide nutrients that may otherwise not be consumed in sufficient quantities.

"Functional food" is also a neutraceutical e.g. a neutraceutical composition and refers to any modified
food or food ingredient that may provide a benefit or provide protection against physiological disorder or discom-
fort; beyond the traditional nutrients it contains.

A “health claim” defines a health benefit for a neutraceutical and is subject to regulatory approval (analo-
gous to an indication in case of a medicament) in accordance with a national or equivalent law. A “health claim”
is to be as food labels and in food marketing.

The word "comprising" as used herein means contain i.e. is allows the presence of other entities or mem-

bers. The term may be limited to "consisting essentially of” meaning comprising the listed essential components
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or ingredients and optionally other non-essential components or ingredients; or to "consisting of” which means
that any additional component is excluded.

“Therapy” may include prevention and/or treatment.

“Preventing” or “prevention” of the development of a disease or condition refers at least the reduction of
likelihood of the risk of or susceptibility to acquiring a disease or disorder, or preferably causing at least one of
the clinical symptoms of the disease or disorder not to develop in a patient that may be exposed to or predisposed
to the disease but does not yet experience or display symptoms of the disease.

“Treating” or “treatment” of any disease or disorder refers, in some embodiments, to amelioration of at
least one disease, disorder or condition or preferably reducing the development of the disease or disorder or at
least one of the clinical symptoms thereof. In certain embodiments “treating” or “treatment” refers to ameliorat-
ing at least one physical parameter of the disease. In certain embodiments “treating™ or “treatment” refers to in-
hibiting the disease or disorder or condition, either physically or physiologically. In certain embodiments, “treat-
ing” or “treatment” refers to preventing or delaying the onset of the disease or disorder.

Specifically in case of diseases of the central or peripheral nervous system treatment and in particular in
case of degenerative disorders or in case of mental disorders, as appropriate, may include slowing in the rate of
degeneration or decline; making the degeneration less debilitating, improving a subject’s physical or mental well
being; improving or preserving memory and/or cognitive functions; restoring and/ or improving alertness and
ability to concentrate or, in some situations, preventing the onset of dementia.

Thus, the terms “prevention” and “treatment” may overlap as follows from the above definition as far as
and when the latter includes preventing or delaying the onset of the disease or disorder.

A subject is any animal subject or a human subject, in particular a vertebrate subject, more particularly a
warm-blooded subject or a mammalian subject.

A “mammalian subject” as used herein may be any mammal, preferably a laboratory animal, a pet, a live-
stock animal or a domestic animal. A mammalian subject may be, as example, a rodent, a primate, an ape or a
human. Preferably mammals are any vertebrates within the class Mammalia having neocortex (a region of the
brain), hair and mammary glands.

The compounds and the pharmaceutical compositions according to the invention may be used in a thera-
peutic method.

The compounds and the pharmaceutical compositions according to the invention are use in a therapeutic
method for the treatment of disease involving retinoic acid receptors (RAR) and retinoid X receptors (RXR).
Preferably the disease involves retinoid X receptors and the ligand of the invention is selective thereto. Such
disease may be a disease due to impairment of RXR signalling.

The compounds and the pharmaceutical compositions according to the invention are used in a therapeutic
method, in particular for the treatment of a mental disorder/disease.

The term “central nervous system related diseases” are diseases or disorders affecting the central nervous
system (CNS) i.e. either the brain or the spinal cord, resulting in neurological or mental disorders, preferably
which are linked to the RXR complex with RAR or other nuclear receptors. Causes of CNS diseases may be e.g.
trauma, infections, degeneration, autoimmune disorders, structural defects, tumors, and stroke. Here we focus on
neurodegenerative diseases, mood disorders, schizophrenia, and autism.

The term “peripheral nervous system related diseases” are diseases affecting the peripheral nervous sys-

tem, preferably which are linked to the RXR complex with RAR or other nuclear receptors. However the ligand
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of the invention is preferably selective to RXR.

The term “mental disorder” include among others obsessive-compulsive disorder, post-traumatic stress
disorder, anxiety, panic attacks, schizophrenia, schizoaffective disorders, depression, mania, manic-depression
(bipolar disorder), apathy, delirium, phobias, amnesia, eating disorders (e.g., bulimia, anorexia), and the like. In
one embodiment, the mental disorders include obsessive-compulsive disorder, post-traumatic stress disorder,
panic attacks, schizophrenia, schizoaffective disorders, depression, mania, manic-depression (bipolar disorder),
apathy, delirium, phobias, amnesia, and eating disorders (e.g., bulimia, anorexia). In another embodiment, the
psychiatric disorders include obsessive-compulsive disorder, schizophrenia, schizoaffective disorders, depression,
mania, manic-depression (bipolar disorder), apathy, delirium, and phobias. In another embodiment, the psychiat-
ric disorders include obsessive-compulsive disorder, schizophrenia, schizoaffective disorders, depression, mania,
and manic-depression (bipolar disorder). Preferably or in particular the term “psychiatric disorder” as used herein
refer to and will be understood by the skilled person as “mental disorders” as described in sections FO6-F50 of
WHO International Statistical Classification of Diseases and Related Health Problems 10™ Revision. In an em-
bodiment neurodegenerative disorders are excluded from the scope of mental disorders or mental disorders.

"Working memory or synonym short-term memory" characterizes the acquisition, storage, retention and
recall of the information for a short interval of time spanning from some minutes to several hours, optionally days
and used to modify behavior of the subject.

"Memory loss" refers to a reduction in the ability to acquire, store, retain and/or recall information includ-
ing past experiences, knowledge and thoughts.

The term “depression” or “depressive disorder” or “mood disorder” refers to a medical field that can be
understood by the skilled practitioner. A "mood disorder” refers to disruption of feeling tone or emotional state
experienced by an individual for an extensive period of time. Mood disorders include major depression disorder
(i.e., unipolar disorder), mania, dysphoria, bipolar disorder, dysthymia, cyclothymia and many others. See, e.g.,
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, (DSM 1V). A "Major depression disor-

"o

der,” "major depressive disorder," or "unipolar disorder" refers to a mood disorder involving any of the following
symptoms: persistent sad, anxious, or "empty” mood; feelings of hopelessness or pessimism; feelings of guilt,
worthlessness, or helplessness; loss of interest or pleasure in hobbies and activities that were once enjoyed, in-
cluding sex; decreased energy, fatigue, being "slowed down"; difficulty concentrating, remembering, or making
decisions; insomnia, early-morning awakening, or oversleeping; appetite and/or weight loss or overeating and
weight gain; thoughts of death or suicide or suicide attempts; restlessness or irritability; or persistent physical
symptoms that do not respond to treatment, such as headaches, digestive disorders, and chronic pain. Various
subtypes of depression are described in, e.g., DSM IV.

The term “neurodegenerative disease or disorder” as used herein refers to a disease or disorder character-
ized by progressive nervous system dysfunction or by progressive loss of structure or function of neural tissue,
preferably of neurons, including death of neurons. The “neurodegenerative disease or disorder” is preferably
selected from the group consisting of Parkinson's disease, Alzheimer's disease, Huntington's disease, frontotem-
poral lobar degeneration associated with protein TDP-43 (FTLD-TDP, Dementia with Lewy bodies (DLB), vas-
cular dementia, Amyotrophic lateral sclerosis (ALS), Mild Cognitive Impairment (MCI), Parkinson's disease with
MCI, and other neurodegenerative related dementias due to changes in the brain caused by ageing, disease or
trauma; or spinal cord injury and ataxias, disseminated sclerosis and multiple sclerosis, or other neurological

conditions.
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The compounds and the pharmaceutical compositions according to the invention are used in a therapeutic
method, in particular for the treatment of Alzheimer disease.
The term “Alzheimer's disease” refers to the most common form of dementia, which is well recognized

clinically. Memory loss also plays an important part in this disease.

DETAILED DESCRIPTION OF THE INVENTION

Vitamin A is a substance that can fully reverse vitamin A deficiency syndrome (IUPAC-IUB, 1982;
Moore, 1929; Riihl, 2007). Vitamin A1, used herein as a term applied to the retinol, retinyl esters and retinal, and
pro-vitamin A derivatives like f3-carotene, a-carotene and B-cryptoxanthin and comparable vitamin A2 deriva-
tives (3,4-didehydro-retinoids and the carotenoid anhydro-lutein), which mainly occur in avian and fish species
(Cama et al., 1952; Moise et al., 2007), belong to this category. The human relevance of visual pigments from the
vitamin A3 and A4 cluster, which thus far have not been linked to vertebrates may also be considered critically
(Babino et al., 2016).

In adult animals RXR-heterodimers, mainly RXR-VDR, RXR-PPAR, RXR-FXR and RXR-LXR het-
erodimers along with RXR-RAR, regulate homeostatic lipid metabolism and inflammation (reviewed in (Chawla
et al., 2001; Desvergne, 2007; Evans and Mangelsdorf, 2014; Mangelsdorf and Evans, 1995; Mangelsdorf et al.,
1995; Shulman and Mangelsdorf, 2005)). Changes in this receptor-mediated signaling result in severe metabolic
and immunological diseases (reviewed in ((Szanto et al., 2004a) and (Desvergne, 2007)). Several of these physio-
logical effects are dependent on RXR-mediated processes like inflammatory response and lipid signaling and
they are thereby linked to various patho-physiological effects identified in adult vitamin A-deficient animals
(Nunez et al., 2010; Stephensen et al., 2007; Wan et al., 2003).

An endogenous RXR ligand serves as the major switch to enable RXR-heterodimer-mediated signaling in
the mammalian organism. Various effects observed in vitamin A-deficient animals were comparable to effects
found in RXR-KO animals (Kastner et al., 1997a; Kastner et al., 1997b). The present inventors believe that, be-
sides non-nuclear hormone receptor-mediated effects in vision, RAR- and especially RXR-mediated pathways are
the major pathways for vitamin A-activity and that these are dependent on endogenous RAR and/or RXR ligands.

It is widely accepted that ATRA is the endogenous relevant RAR ligand but other ligands have also been
described (Moise et al., 2005; Riihl et al., 2015). 9-cis-Retinoids can be converted to all-trans-retinoids and serve
as additional precursors for the endogenous RAR-ligand ATRA.

Shirley M A et al. in 1996 (Shirley M A et al. 1996) have found that in rats 9-cis-RA is reduced to 13,14-
dihydro-9-cis-RA and the latter is conjugated with taurine to form a novel metabolite, considered this, neverthe-
less, as an initial step leading to beta-oxidation.

Recently 9-cis-13,14-dihydroretinoic acid (9CDHRA) has been identified as an endogenous retinoid in
mice. It has been concluded by the present inventors that 9CDHRA is the endogenous relevant ligand for the
retinoid X receptor (RXR), a nuclear hormone receptor involved in the regulation of various physiological rele-
vant pathways in the brain, lipid metabolism, inflammation, differentiation, proliferation and cell cycle. The
RXR-mediated signaling has been reported to be dysregulated in various diseases ranging from neurological
dysfunctions, cardiovascular diseases and skin / immune-related diseases where an RXR-signalling related
dysregulation of lipid homeostasis and inflammation are involved. The inventors have further identified the en-
dogenous RXR ligand, 9CDHRA, as a signaling lipid molecule possibly related to the dysfunctions of RXR due

to reduced levels of the ligand. Thereby a new vitamin A pathway called vitamin 5 pathway has been identified.
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The present invention relates to physiological as well as nutritional precursors of 9CDHRA. The major
precursor is claimed to be 9-cis-13,14-dihydroretinol (9CDHROL), i.e. vitamin AS and its esters, 9-cis-13,14-
dihydroretinyl esters (YCDHROL-esters) as well as 9-cis-13,14-dihydroretinoic acid esters (9CDHRA -esters). In
addition to these molecules novel carotenoids as pro-vitamin A(5) precursors like 9-cis-13,14-dihydro-B-carotene
(9CDHBC). Further upstream precursors of 9SCDHBC (like 9-cis-f-carotene (9CBC)) are contemplated.

The aim of the present study was to find and synthesize by organic chemical synthesis these additional de-
rivatives and test representative examples of these precursors in animal models for depression in mouse models.

In the set of experiments described in the Examples the present inventors have developed a new chemical
synthesis of 9-cis-13,14-dihydroretinol and 9-cis-13,14-dihydroretinyl-acetate via ethyl 9-cis-13,14-
dihydroretinoate. Other esters of 9-cis-13,14-dihydroretinoic acid and 9-cis-13,14-dihydroretinol (such as palmi-
tate and others) can be easily prepared using basically the same method.

New synthesis methods for 9-cis-13,14-dihydro-B-carotene and synthesized 9-cis-f-carotene have also
been developed.

Alternatively, chemoenzymatic synthesis of long-chain retinyl esters is also an option. A part of these syn-
theses utilize retinol as the starting material [O’Connor et. al. Ausl. .1. Chem. 1992, 45, 641; Maugard et. al.
Biolechnol. Prog. 2002, 18, 424.). Certain authors have utilized retinyl esters such as retinyl acetate as the starting
material for a biocatalytic preparation of long-chain retinyl esters (see e.g. unexamined Japanese Patent Applica-
tion JP 62-248495, 1987). US7566795B2 describes an improved method for the preparation of long-chain esters
of retinol via chemoenzymatic processing from short-chain retinyl esters and an appropriate long-chain acid or
ester in the presence of an enzyme and organic solvent and optionally in the presence of at least one molecular

sieve and/or at least one ion exchange resin to form the retinyl ester.

Several patent applications have been directed to various vitamin A form precursors and variants thereof.

As to esters of acid forms, WO 95/04018 Al relates to the preparation of 9-cis retinoic acid esters. The
compounds comprise double bonds between carbons 11 and 12, as well as between carbon atoms 13 and 14 and
can have either cis or trans configurations. While methods can be utilized herein, the compounds necessarily

cannot be 13,14 dihydro derivatives. WO 95/32946 A1 also relates to the preparation of 9-cis-retinoic acid esters.

The compounds must comprise double bonds between carbons 11-12 and 13-14, which may be both cis and trans
isomers.

As to esters of retinol, WO2013134867 A1 describes the treatment of retinitis pigmentosa using 9-cis or
11-cis retinyl esters (see claim 17). The description mentions 9-cis-13,14-dihydroretinoic acid as a metabolite, but
there is no suggestion to 9-cis-13,14-dihydroretinol derivatives. (“Pharmacokinetic analyses showed the pre-
dominant metabolites to be either 9-cis-retinyl oleate or 9-cis-retinyl palmitate and 13,14-dihydro-9-cis-retinoic
acid. At 4 hours after dosing, the concentration of these compounds was higher than that of 9-cis-retinyl acetate
and 9-cis-retinol.” See page 70, penultimate paragraph.)

WO 2011/034551 A2 describes pharmaceutical formulations comprising one or more 9-cis-retinyl esters
(acetate, palmitate, etc.) in a lipid vehicle and their uses for ophthalmic purposes. The description does not men-
tion the use of 9-cis-13,14-dihydroretinol derivatives.

Thus, apparently no documents appears to describe the medical use or, in particular, the nutritional use of
9-cis-13,14-dihydroretinol or its ester derivatives. Moreover, we have not found data relating to the ester deriva-

tives of 9-cis-13,14-dihydroretinol.
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RXR-ligand binding is a highly important mechanism responsible for vitamin A-mediated effects.

The RXR-precursor pathway is different from the RAR-precursor pathway leading to ATRA and selective
RAR-mediated signaling. Alternatively pro-vitamin Al carotenoids like proven for ATBC cannot be converted in
the human organism to 9-cis-derivatives and are thereby no precursors for RXR-selective ligands. Vitamin Al
alcohol all-trans-retinol is weakly and non-isomer-selectively converted to 9CDHROL and is thereby a weak
precursor and a no selective precursors for RXR -selective ligands. ATROL mainly may serves as multifunctional
precursors which is stored as retinyl-ester and tightly controlled by binding proteins in serum and cells for general
homeostasis and enabling RAR- and RXR-ligand synthesis and further RAR- and RXR-mediated signaling with-
out RXR-selectivity.

It is contemplated herein that 9-cis-13,14-dihydroretinoids can be considered as specific and/or selective
precursors of RXR ligands. Based on the information outlined above, potential RXR-ligands originating from
vitamin Al and A2 pathways seem to have no or very limited endogenous relevance. The present inventors have
shown, however, that this new signaling pathway, which is relevant for RXR-activation, should also be included
as a crucial criterion for general vitamin A functions (Figure 7). In the figure the presence of 9CDHRAL and
ATDHRAL are not yet identified. This route appears to be specific to the vitamin A pathway as analogous alco-
holic forms 9CROL and ATROL essentially do not convert into the corresponding acids in cell cultures e.g. in
oligodendrocytes. In summary, because the non-endogenously relevant 9CRA originating from vitamin Al path-
way should be excluded as an endogenous relevant RXR-activator, then 9-cis-13,14-dihydroretinoids and their
nutritional precursors represent a novel vitamin A signaling pathway which is called the vitamin A5 pathway.

The present inventors have elucidate the metabolic conversion of compounds of this vitamin A5 pathway
in supplementation experiments in the mammalian organism in in vitro cellular systems, identify them in mouse
and human organism as endogenous derivatives and identify these derivatives directly or indirectly within the
human food chain. In addition, it has been investigated and surprisingly found that 9CDHROL and 9CDHBC
display antidepressant activities in social stress defeat protocol as an RXR-mediated process. Therefore the inven-
tion relates to novel treatment methods of depression by administration of RXR-ligands or vitamin A5
(9CDHROL) as well aas RXR-ligand pre-precursors or vitamin A5 precursors (pro-vitamin A5 derivatives) like
9CDHBC.

As an example to show RXR signalling effect, among RXR-signalling dysregulated diseases, depression
has been chosen as a heterogeneous group of psychiatric disorder with non-clearly identified aetiology. It is char-
acterised by a number of core, affective symptoms including anhedonia and feelings of despair as well as less
specific, cognitive symptoms such as deficits of working memory. It has been shown that reduced bioavailability
of 9CDHRA in mice carrying null mutation for cellular retinol binding protein 1 (Rbpl) leads to depressive-like
behaviours, whereas pharmacological treatment with 9CDHRA restores normal behaviour in these mice. For
depression the administration of selective RAR-ligands does not lead to any improvement and this dysfunction
and it seems to be a selective RXR-signalling related dysfunction. The treatments with 9CDHRA precursors as
disclosed herein are of direct relevance for research into depression as 9CDHRA and 9CDHRA -precursors, simi-
larly to synthetic RXR ligands was effective in preventing depressive-like behaviours in chronic stress animal
model of depressive behaviours.

Specifically the present inventors have determined that the 9CDHRA precursor 9«CDHROL, when given
orally to mice can also induce positive effects on memory performance in mice. Moreover they have determined

that 9CDHROL is a precursor of 9CDHRA when given orally to mice.
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This is a surprising finding as analogues 9-cis-retinol (9CROL) and all-trans-retinol (ATROL) are not or
just weakly converted to 9-cis-retinoic acid (9CRA) and all-trans-retinoic acid (ATRA) in in vitro experiments
(see Figure 13) therefore they are not good precursor substrates for the corresponding acid forms.

Similarly, analogues 9-cis-retinol (9CROL) and all-trans-retinol (ATROL) are not or just weakly con-
verted to 9-cis-13,14-dihydroretinoic acid (9CDHRA) and all-trans-13,14-dihydroretinoic acid (ATDHRA) in in
vitro experiments (see Figure 13) therefore they are not good precursor substrates for active RAR- and RXR
ligands, either.

Thus the present inventors have found an unexpected novel vitamin A pathway by showing that 9SCDHRA
precursor 9CDHROL as well as esters thereof are special precursors of the active RAR- and RXR ligands.

The present results allow the conclusion that 9CDHROL is a novel endogenous retinoid in mice and de-
rivatives which, once administered, result in 9CDHROL in the animal or human body, can be considered as a
source of this new type of vitamin A.

The present inventors have also determined that 9CDHROL-ester and 9CDHRA-ester are alternative to
9CDHROL as precursors for 9CDHRA.

Thus, 9CDHROL and 9CDHROL-ester and 9CDHRA-ester are physiological and nutritional precursors
for 9CDHRA and can be used as alternative treatments to reach higher 9CDHRA-levels in (specific) tissues.

In additional animal studies in a set of models of mental diseases further evidence has been provided that
R-9CDHRA displays RXR agonist-like activities in vivo and reverses behavioural deficits in mice.

Together with evidence that 9CDHRA-esters and 9CDHROL as well as its esters increase the 9CDHRA -
levels in a surprising manner in the brain and in oligodendrocytes, showing reversal of behavioural deficits in
Rbpl-/- mice, improvement of cognitive performance in wild type mice reversal of antidepressant effects in
chronic social defeat stress model further supports the utility of the compounds of the invention in a broad range
of diseases of the central and peripheral nervous system. Rbpl-/- mice were used beacuse they show the same
type of deficits as RXRg-/- suggesting that RXRg signaling is down-regulated. Normalise their memory is a proof
that these mice are missing an RXR ligad and not the receptor itself (or receptor functionality). The use of RXRg-
/- mice is a negative control to show that 9cDHRA acts at RXRg to improve memory — in consequence in ab-
sence of RXRg it cannot improve memory. The results were confirmed in wild type animals.

RXR-liganding by 9CDHRA is resulting in selective RXR-activation pathways and RXR-LXR, RXR-
NR4A, RXR-VDR, RXR-FXR and RXR-PPAR mediated signaling. These RXR-mediated signalling pathways
can be modified by an RXR-ligand only and not by an RAR-ligand.

The present inventors have found the endogenous RXR ligand 9CDHRA and its effective precursor
9CDHROL (vitamin AS5) as well as upstream precursors. This Vitamin A5 / pro-vitamin AS pathway involves
pharmaceutical or nutritional or derma topical applications of our claimed selective RXR-precursors.

Prevention and usage of these Vitamin A5 / pro-vitamin A5 compounds for diseases where RXR-mediated
signaling is augmented like for various neurodegenerative diseases and further diseases of the skin and cardiovas-
cular system involving RXR-mediated altered lipid homeostasis and immune-regulation like atherosclerosis,
obesity and diabetes. These diseases with a dysfunctional RXR-mediated signaling can be prevented and / or
treated by our RXR-selective precursors.

As an example used in this study, depression was treated as an RXR-mediated signaling dysfunction and
9CDHRA as well as 9CDHROL and 9CDHBC as 9CDHRA precursors as an active treatment / prevention strate-

gy. Many other diseases were reported, however, in the art where an RXR-KO phenotype exists ranging mainly
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from neurodegenerative diseases and dysfunctions in the cardio-vascular system like obesity, diabetes, athero-
sclerosis and appetite regulation.

We claim that we have found an important physiological switch-mechanism in the human organisms
which can be selectively switched on by a) a selective physiological ligand (9CDHRA) or b) selectively by nutri-
tional precursors present in food, which can also be given as supplements / pharmaceuticals, 9CDHROL and
9CDHBC. This switch can enable RXR-mediated signaling and thereby prevent RXR-dependent dysfunctions
and diseases.

It has been also surprisingly found that the selective 9CDHRA-precursor 9CDHBC is a pro-vitamin AS
carotenoid for enabling RXR-mediated signaling.

As shown here just 9SCDHBC and not 9CBC is an excellent precursor of 9CDHROL (vitamin AS. The ca-
rotenoid 9CDHBC is a good precursors for 9CDHRA in mouse serum, liver and brain, when given orally to
mouse in in vivo supplementation trials In humans carotenoids are transported (while not in mice) and stored
within the body, while this happens not in mice. It has been shown that it is 9CDHBC and not 9CBC and espe-
cially not ATBC, is an excellent precursors of 9CDHROL and also 9CDHRA.

9CBC (already known) and 9CDHBC are both present in the human food chain (shown for peach and ad-
ditional for broccoli) as well as an overall precursor in the food chain present in algae. Plancton, mainly contain-
ing algae, is the starting material of all food of our planet: starting from plankton / algae, fishes, larger aquatic
and later terrestrial animals and finally humans, as the end of the global food chain with relevance selectively
evaluated from the human perspective.

According to the present invention functional food is claimed which comprises added isolated vitamin AS
or any precursor thereof like 9CDHBC or other compounds or compounds for use according to the invention.
Preferably the functional food according to the invention is a processed food and preferably a preserved food.

The selective RXR precursor ligands of the invention are surprisingly more effective than non-selective
compounds. For example, the known endogenous retinoid vitamin Al alcohol, ATROL, is just a weak and non-
isomer selective precursor of 9CDHROL and no precursor of 9CDHRA in human oligodendrocyte cell culture in
vitro. In supplemented mice it is just weakly and partly non significantly converted to 9CDHRA: factor 2 in se-
rum (non-significantly), factor 2,7 in liver (significantly) and factor 7 in mouse brain (significantly) examined in
mouse after oral supplementation we determine thereby no or just inefficient precursor substrate potential for the
usage as a selective RXR-ligand precursor. For comparison 9CDHROL, as our novel claimed Vitamin A5 alco-
hol, is converted to 9CDHRA in human oligodendrocyte cell culture in vitro excellently and highly efficiently
(factor 98 in serum and factor 76 in liver and factor 1294 in mouse brain, all significantly), when given the same
amount of these retinoids supplemented to mice. As shown here, 9CDHROL has been confirmed to be present in
human serum as well as in the human food chain examined in commercially available beef liver.

9CDHROL is thereby an excellent physiological and nutritional precursor for 9CDHRA and can be used
as alternative treatments to selectively reach higher 9CDHRA-levels and selective RXR-mediated signaling prov-
en in mice behavioral studies. 9CDHROL is very efficiently converted to 9CDHRA, as shown in in vitro as well
as in vivo supplementation trials. Esters of 9CDHROL (9CDHROL-ester) and 9CDHRA (9CDHRA -ester) are
also excellent and even more stable derivatives and can be given alternatively and yielding even higher conver-
sion to 9CDHRA. We claim that 9CDHROL belongs to a novel selective vitamin A family functioning as selec-

tive RXR-ligand precursors, named to be Vitamin AS family.
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9CDHBC is a novel endogenous derivative identified in high amounts in the human food chain at various
levels. We claim therefore that 9CDHBC is a novel selective pro-vitamin, named pro-vitamin A5 as a selective
precursor for the selective RXR-ligand 9CDHRA.

We also claim that 9CBC is a pre-precursor of an RXR-ligand and a pro-pro-vitamin A5. 9CBC can be
used alternatively as a food ingredient or nutraceutical derivatives with a very weak and non-selective derivative
for preventing V A5-deficiency and for general VAS5-supplementation to prevent RXR-dependent dysfunctions of
our organisms, here shown representatively by depression as a selective RXR-ligand / RXR-mediated neuro-
degenerative disease.

13,14-Dihydro-carotenoids have not been reported to date except for the case of acyclic carotenoids such
as lycopene, phytoene and phytofluene. The 13,14-double bond formal hydrogenation might result from the ac-
tion of retinol-saturase (RETSAT) on the unsaturated precursor retinol or from an alternative metabolism of clas-
sical known retinoids (Moise et al., 2004). All-trans-13,14-dihydro-retinoic acid have been identified by research
groups of the present inventors in high concentration in serum, liver and brain of young wildtype non-vitamin A
supplemented mice (respectively, 96 ng/ml; 352 ng/mg; 38 ng/g).

In summary, the pathway from 9-cis-dihydro-carotenoids, preferably 9-cis-13,14-dihydro-carotenoids has
a physiological relevance for endogenous 9CDHRA synthesis starting from dietary carotenoids. Thus, it is con-
templated that 9CDHROL and 9CDHBC are nutritional and endogenous relevant precursors of the endogenous
RXR-ligand 9CDHRA.

Thus, the invention also relates to the use of 9-cis-dihydro-carotenoids (Y9CDHBC) for the purposes as dis-
closed herein.

The experiments show that the compounds of the invention are capable of providing 9cDHRA and could
work to maintain health, in particular health of the central or peripheral nervous system and/or maintain health
against the diseases mentioned herein or prevent or treat said diseases practically in anybody. In particular the
disease is a central or peripheral nervous system disease as listed herein.

Certain aspects and embodiment of the invention are detailed below, then the invention is illustrated by
Examples which are part of the invention; however, the skilled person will understand that based on the specific

and general teaching provided herein other variants and embodiments are at hand and can be carried out.

Preparation of the compounds of the invention

The starting compounds may be obtained commercially or may be synthesized according to standard
methods.

Preparation of 9-cis-13,14-dihydroretinoic acic and its esters

In the embodiment presented in the Examples the preparation of (R)-4 ethyl ester of (R)-9-cis-13,14-
dihydroretinoic acid [(R)-1] was based on the Suzuki coupling of enantiopure trienyliodide 3 and boronic acid 2
(See Scheme 1 in Example 1). The synthesis of 3 started with (Z)-stannyldienol 5 which was transformed into the
benzothiazolyl allyl sulfide 6 by Mitsunobu reaction with the corresponding thiol and subsequently oxidized to
sulfone 7 with H,O, and a peroxymolybdate (VI) reagent. The Julia-Kocienski olefination was performed using a
slight excess of base and in the excess of enantiopure aldehyde (R)-8 which is an ethyl-ester. As anticipated from
previous findings on the stereochemical outcome of the reactions of allylsulfones and aldehydes, the newly
formed olefin of trienyl ester (R)-9 is of Z-geometry. Treatment of the precursor stannane with a solution of io-

dine in CH,Cl, produced the iodide (R)-3 via Sn-I exchange and iodine-promoted isomerization of the 9Z,11Z
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diene to the desired 9Z,11F geometric isomer. Geometric isomers can be confirmed by NOE experiments.

The Suzuki reaction of freshly prepared boronic acid 2 and dienyl iodide (R)-3, followed by immediate
work-up resulted in ethyl (R)-9-cis-13,14-dihydroretinoate (R)-4. Saponification of (R)-4 provided the desired
carboxylic acid (R)-1 without detectable loss of stereochemical integrity. (See reaction Scheme 1)

Following the general scheme, enantiomer (S)-1 was also prepared with similar efficiency.

The preparation of the compounds of the invention is described in more detail in Example 1.

Alternative 9-cis-13,14-dihydroretinoic acid esters can be prepared with the corresponding ester variants
of the (R)-8 compound.

In addition, the carboxylic acid 9-cis-13,14-dihydroretinoic acid can be esterified with other alkyl or al-
kenyl-containing alcohols using standard procedures, such as the treatment of a mixture of both compound with
dicyclohexylcarbodiimide (DCC) and dimethylaminopyridine (DMAP).

Moreover further esters could be prepared starting from the corresponding aldehyde (R)-8 with a different
ester than ethyl.

Preparation of 9-cis-13.14-dihydroretinol and its 9-cis-13,14-dihydroretinyl esters

9-cis-13,14-dihydroretinol has been prepared as described herein by DIBAL-H (Diisobutylaluminium hy-
dride) reduction of Ethyl 13,14-dihydroretinoate.

Ester reduction can also be accomplished with lithium aluminum hydride (LiAlH,) in tetrahydrofuran
(THF) or diethyl ether, or with lithium borohydride and an alcohol (EtOH, MeOH) in THF/diethyl ether as sol-
vent.

9-cis-13,14-dihydroretinyl acetate was prepared from 9-cis-13,14-dihydroretinol by adding excess Ac,O
and pyridine in the presence of DMAP. The obtained ester was isolated and purified.

The synthesis method maintained the configuration optical purity of the enantiomers.

By this method alternative esters can be prepared with a carboxylic acid anhydride reagent R,0, being R a
carboxylic acid, or using the corresponding chlorides derived from the carboxylic acids, or using the activated
carboxylic acid prepared, for example, with DCC and DMAP.

Esters of 9-cis-13,14-dihydroretinol can be prepared by transesterification reactions of esters thereby the
acyl group can be replaced.

Alternatively, the retinyl esters can be prepared from 9-cis-13,14-dihydroretinol using appropriate esterify-
ing agents.

A further method may be selective enzymatic reactions.

For example lecithin:retinol acyltransferase (LRAT) catalyzes a transesterification, transferring long chain
fatty acyl moieties (primarily palmitic, stearic, oleic and linoleic acids) present at the sn-1 position of membrane
bilayer phosphatidylcholine to retinol, forming retinyl esters (O'Byrne, Sheila M. et al. 2013). Lipases form a
further group of enzymes suitable for synthesis of esters, like fatty acid ester (Kai Z J 2011, Yin Chunhua 2006)
Alternatively, a combined chemo-enzymatic method can be used (Liu ZQ 2015)

Such enzymes may be prepared by recombinant techniques and used to selectively prepare the desired es-
ter. Alternatively the enzyme can be cloned into appropriate host cell, overexpressed in active form and this re-

combinant cell can be used to prepare the desired ester.
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Certain preferred esters of the invention
Preferred 9-cis-13,14-dihydroretinoic acid esters

Preferred 9-cis-13,14-dihydroretinoic acid esters are typically lower alkyl esters like methyl, ethyl or pro-
pyl esters of 9-cis-13,14-dihydroretinoic acid. Esters of 9-cis-13,14-dihydroretinoic acid with long chain fatty
alcohols are less preferred than esters of long chain fatty acids of 9-cis-13,14-dihydroretinol.

Further preferred 9-cis-13.14-dihydroretinvl ester compounds

Further preferred 9-cis-13,14-dihydroretinyl ester compounds include formate (methanoate), ethanoate and
propionate esters, as well as, though less preferred, butyrate and valerate esters.

Long chain fatty acids may also form esters with 9-cis-13,14-dihydroretinol.

Long chain fatty acids (LCFA) include fatty acids with an aliphatic tails from 13 to 21 carbons.

Long chain fatty acids can be selected from saturated and unsaturated fatty acids the latter including

monounsaturated and polyunsaturated fatty acids.

Saturated fatty acids

Typical esters with saturated fatty acids can be formed e.g. with the following long chain fatty acids:

Myristic acid CH;(CH,),COOH 14:0
Palmitic acid CH;(CH,),COOH 16:0
Stearic acid CH;3(CH,);,COOH 18:0
Arachidic acid CH;(CH,),;COOH 20:0.

While saturated fatty acids are often stated to be unadvantageous in diet, they still may be useful compo-

nents of the esters of the invention as precursors of 9CDHROL in the human tissues.

Monounsaturated fatty acids (MUFAs)

Monounsaturated fatty acids have one carbon—carbon double bond, which can occur in different positions.
Themost common monoenes have a chain length of 16-22 and a double bond with the cis configuration which is
preferred.

Preferred MUFAs which are applicable in the present invention are oleic acid

CH;(CH),(HC=CH)(CH;);COOH and palmitoleic acid CH3(CH,)s(HC=CH)(CH,),;COOH. .

Polyunsaturated fatty acids (PUFAs)

In polyunsaturated fatty acids (PUFAs) the first double bond may be found between the third and the
fourth carbon atom from the first carboxylic acid carbon; these are called ®-3 fatty acids. If the first double bond
is between the sixth and

seventh carbon atom, then they are called ©-6 fatty acids.

Preferred PUFAs which are applicable in the present invention are for example -3 and ®-6 fatty acids.

Among PUFAs arachidonic acid (ARA) and docohexanoic acid (DHA) are useful in the treatment of Alz-
heimer’s disease (see e.g. EP1419780B1).

In this case, PUFAs, once hydrolysed, also can exert their advantageous effect in the organ in question.

In an embodiment, essential fatty acid esters are preferred. Two essential fatty acids are linoleic acid (LA)
and alpha-linolenic acid (ALA). The human body has a limited ability to convert ALA into the longer-chain

omega-3 fatty acids — eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are also preferred.

Branched chain fatty acids (BCFA)
Branched-chain fatty acids (BCFA) are bioactive food components [Ran-Ressler RR et al. “Branched-
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chain fatty acid content of foods and estimated intake in the USA.” Br J Nutr. 2014 Aug 28;112(4):565-72.],
which are present in milk and soy and in some cases (like phytanic acid) in ruminant animal fats, and certain fish.
Naturally occurring branched chain fatty acids demonstrate potential health properties and are preferred compo-
nents of the esters of the invention.

Such preferred BCFAs are e.g. the naturally occurring 13 -methyltetradecanoic acid, 15-methylpalmitic

acid and phytanic acid (3,7,11,15-tetramethyl hexadecanoic acid).

Fatty acids and their role in biology can be found e.g. in the following books:

(Ching Kuang Chow “Fatty Acids in Foods and their Health Implications” 2007; Arild C et al. Fatty Ac-
ids: Structures and Properties ENCYCLOPEDIA OF LIFE SCIENCES 2005)

The compounds and/or the pharmaceutical compositions according to the invention may be used in a

therapeutic method. A preferred therapy relates to diseases of the nervous system.

The compounds of the invention in the nervous system and nervous tissue

The compounds of the invention can be converted into their active form in nervous tissue or in the nervous
system. Preferably if the compounds are administered to an animal or human subject this conversion in the nerv-
ous system or in nervous tissue (in a preferred embodiment in the brain) is preferential.

In the preferred embodiment of the invention the compounds are converted by hydrolysis into 9CDHROL.
Alternatively, the compound is 9CDHROL. In the nervous system 9CDHROL is further converted into 9SCDHRA
which exerts its RXR agonist effect.

The nervous system as used herein consists of the central nervous system (CNS) and the peripheral nerv-
ous system (PNS). The central nervous system (CNS) is comprised of the brain and spinal cord.

The peripheral nervous system (PNS) includes all (branching) peripheral nerves, and regulates and con-
trols bodily functions and activity.

According to the invention 9CDHRA formed in situ exerts its RXR agonist effect in the nervous tissue to
prevent or treat diseases of the CNS or PNS (as detailed herein wherein such diseases are discussed).

Nervous tissue (or nerve tissue) is the main tissue component of the above-mentioned two parts of the
nervous system: the CNS and the PNS. It is composed of neurons, or nerve cells, which receive and transmit
impulses, and neuroglia, also known as (neuro)glial cells (glia), which assist the propagation of the nerve impulse
as well as providing nutrients to the neuron.

Neuroglial cells are e.g. the following cells:

Microglial cells, astrocytes, oligodendrocytes, NG2 glia, Schwann cells, satellite glial cell, enteric glia

To mention a few in somewhat more detail, oligodendrocytes are central nervous system structures that
form myelin sheaths on the axons of a neuron, which are lipid-based insulation that promotes an efficient conduc-
tion of nerve impulses down the axon. NG2 glia are CNS cells that serve as the developmental precursors of
oligodendrocytes. The Schwann cells are the PNS equivalent of oligodendrocytes, they help maintain axons and
form myelin sheaths in the PNS.

Experiments with oligodendrocyte cells together with data reporting role of synthetic RXR agonists in
control of remyelination support role and utility of compounds described in the patent for control of oligodendro-
genesis and myelin sheath function in the CNs and PNS as well as to NG2 glia.

Thus, the diseases of the CNS and PNS which can be treated, prevented or alleviated by an RXR agonist,
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can be treated with the esters of 9CDHRA, 9CDHROL and esters of the latter.

RAR/RXR, RXR/PPAR or RXR/LXR signaling in the brain is reviewed or evoked for example in the fol-
lowing publications: (van Neerven 2008; Shudo K et al. 2009; Skerrett R et al. 2015)

There are three retinoic X receptors (RXR): RXR-alpha, RXR-beta, and RXR-gamma, encoded by the
RXRA, RXRB, RXRG genes, respectively. RXR-ligand binding is a highly important mechanism responsible for
vitamin A-mediated effects. RXR occupies a central position in nuclear receptor (NR) signaling, because it serves
as the common heterodimerization partner of multiple NRs. These heterodimers are called permissive or nonper-
missive depending on whether the role of the RXR is as an active or a silent transcription partner, respectively.
Permissive RXR-NR heterodimers are activated by the RXR ligand or by the partner’s ligand, and synergistic
effects are usually observed if both partners of the heterodimer are bound to their ligands. One of the het-
erodimers is the RXR-RAR heterodimer.

The present inventors demonstrated that 9CDHRA as an RXR agonist coordinates the transcriptional ac-
tivities of several nuclear receptor-signaling pathways, possibly through the corresponding permissive het-
erodimers (Riihl et al., 2015).

The compounds of the invention are particularly useful as RXR agonist and in conditions wherein agonists
of RXR, in particular via RXR-RAR, but also RXR-PPAR or RXR-LXR is useful to maintain or restore health.

In a preferred embodiment the compounds can be used for the treatment of impaired cognitive functions
and/or impaired learning.

The compounds and/or the pharmaceutical compositions according to the invention may be used in a
therapeutic method, in particular for the treatment of memory impairment (memory loss), in particular working
memory impairment, e.g. defects and loss, or short term memory impairment, e.g. defects and loss, like amnesia,
etc. Memory impairment, impaired learning abilities and impaired cognitive functions may be associated with a
mental disorder, such as mild cognitive disorder, amnestic syndrome, memory and cognitive deficiencies in
schizophrenia and mood disorders, such as bipolar affective disorder and depression, stress related and anxiety
disorders, such as partial and complete amnesia, dissociative amnesia.

Several psychoactive substances and medications are known to cause memory loss, impaired learning
abilities and impaired cognitive functions, such as tricyclic antidepressants, dopamine agonists, antihistamines,
benzodiazepines, statins, beta blockers, barbiturates, opioids, THC, alcohol, etc.

The compounds and/or the pharmaceutical compositions according to the invention are especially useful in
reversing such memory impairment effected by a disease or a medication mentioned above.

The compounds and/or the pharmaceutical compositions according to the invention are especially useful in
the prevention and/or treatment of short term memory impairment. The compounds and/or the pharmaceutical
compositions according to the invention are particularly useful in improving working memory performance or
reducing working memory loss.

The compounds and/or the pharmaceutical compositions according to the invention are useful in the
treatment of depression, such as mild, moderate and severe depressive episodes as well as the depressive phase of
bipolar disease, cyclothymia or dysthymia, mixed anxiety-depression disorder, depression or depressive episode
associated with other diseases, such as schizophrenia, cancer, metabolic diseases, etc.

The compounds and/or the pharmaceutical compositions according to the invention are useful in prevent-
ing and/or treating neurodegenerative disorders. Preferably a neurodegenerative disorder is selected from Alz-

heimer's disease, Parkinson's disease, Mild Cognitive Impairment (MCI), Parkinson's disease with MCI, Alz-
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heimer's disease, Huntington's disease, Dementia with Lewy bodies (DLB), Amyotrophic lateral sclerosis (ALS),
and other neurodegenerative related dementias due to changes in the brain caused by ageing, disease or trauma,
or spinal cord injury and ataxias, disseminated sclerosis and multiple sclerosis or other neurological conditions.

According to a specific embodiment, the invention also relates to a kit that is suitable for the treatment by
the methods described above.

In an embodiment these kits comprise a composition containing the compound of the invention in appro-
priate dosages and a second composition containing a mood stabilizer, an antidepressant an anxiolytic etc.

In a further embodiment the kit comprises a composition containing the compound of the invention in ap-
propriate dosages and a second composition containing an active agent against a neurodegenerative disorder as
defined or listed herein.

The invention also relates to a combination comprising components of the kits as listed above.

Testing the compounds of the invention is possible in animal models (and non-animal models), e.g.
chronic social defeat stress model of depressive behaviors, animal models of amyloidosis orAlzheimer disease

and Parkinson’s disease.

Nutritional uses

The compounds of the invention might be used as a nutritional or dietary supplement, in a functional food
composition, in a dietary supplement composition or in a nutraceutical composition. Such nutritional or dietary
supplement, functional food composition, dietary supplement compositions or nutraceutical compositions have
the benefit of preventing, reversing and/or alleviating a condition as disclosed herein. In a preferred embodiment
the condition is memory loss, in particular working or short term memory impairment, particularly memory loss
without the administration of a pharmaceutical, i.e. in a non-medical way and/or have the benefit of preventing,
reversing and/or alleviating learning impairment and/or decline of cognitive functions. By non-medical a treat-
ment is meant for the purposes of the application wherein the normal body functions are to be maintained
wherein the condition is defined herein is non-pathological or has not reached a pathological level. Preferably, in
non-medical treatment a nutritional or dietary supplement, a functional food composition, a dietary supplement
composition or a nutraceutical composition is used to prevent, reverse and/or alleviate memory loss, learning
impairment and/or decline of cognitive functions in a condition which is still not or cannot be considered as an
illness.

Nutraceutical compositions may comprise a “nutraceutically acceptable carrier” means that the carrier is
acceptable for human consumption and retain or improve the biological properties of the active agent.

In analogy to other dietary vitamin A compositions based on the invention amounts of retinoids of the vi-
tamin A5 pathway can be measured in 9CDROL equivalents.

The composition of the invention are suitable for use in nutraceutical compositions, e.g. dietary dietary
supplement, a functional food, a medical food or a food with a health claim.

As shown herein fat soluble forms would be stored in the liver and supply of the body could be fulfilled

therefrom.

Formulations
Compositions comprise, besides the active agent at least one carrier.
The carrier may be e.g. a diluent, adjuvant, excipient, stabilizer, or vehicle with which the agent is formu-

lated for administration. Pharmaceutical carriers can be sterile liquids, such as water and oils, including those of
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petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil, and the
like. Water is a typical carrier when the pharmaceutical composition is administered intravenously. Saline solu-
tions and aqueous dextrose and glycerol solutions can also be employed as liquid carriers, particularly for in-
jectable solutions.

In one embodiment, the agent is formulated in accordance with routine procedures as a pharmaceutical
composition adapted for intravenous administration to mammalian or human beings. Typically, compositions for
intravenous administration are solutions in sterile isotonic aqueous buffer. Where necessary, the composition can
also include a solubilizing agent.

In solid formulations suitable pharmaceutical excipients include starch, glucose, lactose, sucrose, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride; dried skim milk,
glycerol, propylene, glycol, water, ethanol, and the like. The composition, if desired, can also contain minor
amounts of wetting or emulsifying agents, like lipids.

Pharmaceutical or nutraceutical compositions can take the form of solutions, suspensions, emulsion, tab-
lets, pills, capsules, powders, sustained-release formulations, and the like.

In particular in case of longer alkyl chain esters a lipid vehicle is advantageous. The compounds of the in-
vention are light and oxygen sensitive. Therefore selection of an appropriate vehicle may depend on its ability to
stabilize the compound of the invention. Such formulations are described e.g. in W0O2011034551A2 (Boch et al.,
Pharmaceutical formulations comprising 9-cis-retinyl esters in a lipid vehicle). Exemplary formulations and dos-
ages are described in W02011034551A2 and in W0O2013134867A1.

Suitable oral dosage forms include, for example, tablets, pills, sachets, or capsules of hard or soft gelatin,
methylcellulose or of another suitable material easily dissolved in the digestive tract. Suitable nontoxic solid
carriers can be used which include, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate, and the like. (See, e.g.,
Remington "Pharmaceutical Sciences", 17 Ed., Gennaro (ed.), Mack Publishing Co., Easton, Pennsylvania,
1985.)

Methods of introduction include but are not limited to intradermal, intramuscular, intraperitoneal, intrave-
nous, subcutaneous, intranasal, intraocular, epidural and oral routes. The agents can be administered by any con-
venient route such as, for example, by infusion or bolus injection, by absorption through epithelial or mucocuta-
neous linings (e.g., oral mucosa, rectal and intestinal mucosa), and the like, and can be administered together with

other functionally active agents.

Dosages

The doses of the agents can be carefully selected depending on the clinical status, condition and age of the
subject, dosage form and the like.

For example the human effective dose can be calculated from the animal dose as described for example in
Chapter V. (STEP 2: Human equivalent dose calculation) and in Table 1 of a 2005 July US FDA Guidelines.
This indicates that, to give a value of a dose to start with in humans, animal doses shall be divided by a factor
calculated based on body surface area, e.g. by a factor of 6.2 in body weight kilogramm doses between rats and
humans, and a factor of 12.3 in body weight kilogramm doses between mice and humans.

Thus, at least an upper limit can be safely given based on animal models depending species.

Side effects depend on dosages and the compounds of the invention are contemplated to be favorable in
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this regard.

Just to give an illustrative example, and subject to trials, in the case of eye drops, an agent can be adminis-
tered, for example, from about 0.01 mg, about 0.1 mg, or about 1 mg, to about 25 mg, to about 50 mg, to about 90
mg per single dose. Eye drops can be administered one or more times per day, as needed. In the case of injec-
tions, suitable doses can be, for example, about 0.0001 mg, about 0.001 mg, about 0.01 mg, or about 0.1 mg to
about 10 mg, to about 25 mg, to about 50 mg, or to about 90 mg of the agent, one to four times per week. In other
embodiments, about 1.0 to about 30 mg of agent can be administered one to three times per week or more in case
of need more often, e.g. daily. Oral dosages may fall into the same order of magnitude, e.g. from about 1 mg or 5
mg to about 10 mg, to about 25 mg, to about 50 mg, or to about 100 mg of the agent in a subject, daily or one to 6

times per week.

EXAMPLES
Example 1: Chemical synthesis - synthesis of dihydroretinoids:
To confirm whether relative MS-MS signal detected at 303>207 m/z corresponds to 9CDHRA, the stereo-

selective synthesis of both enantiomers of 9-cis-13,14-dihydroretinoic acid was carried out following the previ-
ously described strategy based on a palladium-catalyzed Csp2-Csp2 Suzuki coupling (Pazos Y et al. 2001). De-
tails of the stereocontrolled synthesis, purification and characterization of the (R)- and (S)-enantiomers of 9-cis-
13,14-dihydroretinoic acid are provided below.

The preparation of the ethyl ester of (R)-9-cis-13,14-dihydroretinoic acid (R)-4 was based on the Suzuki
coupling of enantiopure trienyliodide 3 and boronic acid 2 (Scheme 1). The synthesis of 3 started with (Z)-
stannyldienol 5 (Dominguez B. et al. 2000, Pazos Y et al. 1999) which was transformed into the benzothiazolyl
allyl sulfide 6 by Mitsunobu reaction with the corresponding thiol and subsequently oxidized to sulfone 7 with
H,0; and a peroxymolybdate (VI) reagent (Schultz HS et al. 1963) at -10 °C. The Julia-Kocienski olefination
(Blakemore PR. 2002; Aissa C 2009) was performed using a slight excess of base (NaHMDS, 1.15 equiv.) and
1.7 equivalents of enantiopure aldehyde (R)-8. (Moise AR et al. 2008, Leonard J. et al. 1995) As anticipated from
previous findings on the stereochemical outcome of the reactions of allylsulfones and aldehydes (Sorg A et al.
2005, Vaz B et al., 2005), the newly formed olefin of trienyl ester (R)-9 is of Z-geometry (which was confirmed
by NOE experiments). Treatment of the precursor stannane with a solution of iodine in CH,Cl, produced the
iodide (R)-3 via Sn-l exchange and iodine-promoted isomerization of the 97,117 diene to the desired 9Z,11F

geometric isomer (as confirmed by NOE experiments).
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Scheme 1. Reagents and conditions:

(a) PPh;, BTSH, DIAD, CH,CL, 2h (98%).

(b) (NH4)¢Mo07,0,4 " 4H,0, 30% H,0,, EtOH, -10 °C, 17h (66%).
(c) NaHMDS, THF, -78 °C, 30 min (93%).

(d) I, CH,Cl,, 25 °C, 30 min.

(e) Pd(PPh3),, 10% aq. TIOH, THF, 25 °C, 3h (42%)).

(f) 2M KOH, MeQOH, 80 °C, 45 min (84%).

The Suzuki reaction of freshly prepared boronic acid 2 and dienyl iodide (R)-3 using Pd(PPhs), as cata-
lyst and 10% aq. TIOH as base in THF at ambient temperature, followed by immediate work-up afforded ethyl
(R)-9-cis-13,14-dihydroretinoate (R)-4 in 78% yield.

(From (R)-4 the corresponding carboxylic acid (R)-1 can be provided in 84% yield without detectable
loss of stereochemical integrity.

Following the general scheme, enantiomer (5)-4 can also be prepared with similar efficiency.

Preparation and Characterization of Compounds - General procedures

Solvents were dried according to published methods and distilled before use. All other reagents were
commercial compounds of the highest purity available. Unless otherwise indicated all reactions were carried out
under argon atmosphere, and those not involving aqueous reagents were carried out in oven-dried glassware.
Analytical thin layer chromatography (TLC) was performed on aluminum plates with Merck Kieselgel 60F254
and visualized by UV irradiation (254 nm) or by staining with an ethanolic solution of phosphomolibdic acid.
Flash column chromatography was carried out using Merck Kieselgel 60 (230-400 mesh) under pressure. Elec-
tron impact (EI) mass spectra were obtained on a Hewlett-Packard HP59970 instrument operating at 70 eV. Al-
ternatively an APEX III FT-ICR MS (Bruker Daltonics), equipped with a 7T actively shielded magnet was used
and ions were generated using an Apollo API electrospray ionization (ESI) source, with a voltage between 1800
and 2200 V (to optimize ionization efficiency) applied to the needle, and a counter voltage of 450 V applied to

the capillary. For ESI spectra samples were prepared by adding a spray solution of 70:29.9:0.1 (v/v/v)
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CH;OH/water/formic acid to a solution of the sample at a v/v ratio of 1 to 5% to give the best signal-to-noise
ratio. High Resolution mass spectra were taken on a VG Autospec instrument. 'H NMR spectra were recorded in
CsDg and acetone-d, at ambient temperature on a Bruker AMX-400 spectrometer at 400 MHz with residual protic
solvent as the internal reference.

(2Z 4E)-1-(Benzothiazol-2-yDsulfanyl-5-(tri-n-butylstannyl)-3-methylpenta-2,4-diene (6).

A solution of (2Z,4E)-3-methyl-5-(tributylstannyl)penta-2,4-dien-1-01 (1.0 g, 2.58 mmol), 2-
mercaptobenzothiazol (0.65 g, 3.87 mmol) and PPh; (1.10 g, 4.21 mmol) in THF (14 mL) was stirred for 5 min at
0 °C. A solution of DIAD (0.77 mL, 3.87 mmol) in THF (5 mL) was added dropwise and the mixture was stirred
for 30 min at 25 °C. The solvent was removed and the residue was purified by column chromatography (C18-
silicagel, CH;CN) to afford 1.11 g (78%) of a colorless oil identified as (2Z,4E)-1-(Benzothiazol-2-yl)sulfanyl-5-
(tri-n-butylstannyl)-3-methylpenta-2,4-diene 6. 'H NMR (400 MHz, C¢D¢) 6 8.04 (d, 7/ = 8.2 Hz, 1H, CH), 7.46
(d,J =19.2 Hz, *Jg;u = 71.2 Hz, 1H, CH), 7.34 (d, J = 8.0 Hz, 1H, CH), 7.21 (ddd, J = 8.3, 7.3, 1.2 Hz, IH, CH),
7.01 (ddd, J = 8.3,7.4, 1.1 Hz, 1H, CH), 6.66 (d, J = 19.2 Hz, *J,5 = 71.2 Hz, 1H, CH), 5.65 (t, J = 8.1 Hz, 1H,
CH), 4.37 (d, J = 8.2 Hz, 2H, CH,), 1.86 (s, 3H, CH3), 1.8-1.6 (m, 6H, CH»), 1.5-1.4 (m, 6H, CH,), 1.1-1.0 (m,
15H, CH; + CH,) ppm. *C NMR (100 MHz, C¢Dg) & 166.4 (s), 153.7 (s), 142.6 (d), 138.6 (s), 135.7 (s), 132.0
(d), 125.9 (d), 124.1 (d), 122.1 (d), 121.7 (d), 121.0 (d), 30.2 (1), 29.3 (1, 3x), 27.6 (t, 3x), 19.8 (g), 13.8 (q, 3x),
9.7 (t, 3x) ppm; IR (NaCl) v 2955 (s, C-H), 2923 (s, C-H), 2870 (m, C-H), 2850 (m, C-H), 1460 (s), 1427 (s) cm’
. HRMS (ESI") m/z caled for CosHoNS,2%Sn: 538.1620; found: 538.1621.

(2Z 4E)-1-(Benzothiazol-2-yDsulfonyl-5-(tri-n-butylstannyl)-3-methylpenta-2 4-diene (7).

To a solution of (2Z,4E)-1-(benzothiazol-2-yl)sulfanyl-5-(tri-n-butylstannyl)-3-methylpenta-2,4-diene 6
(0.48 g, 0.89 mmol) in EtOH (9 mL), at -10 °C, was added a solution of (NH4)¢Mo0,0,4-4H,0, (0.44 g, 0.36
mmol) in aqueous hydrogen peroxide (35%, 7.7 mL, 89.1 mmol). After stirring for 17 h at -10 °C, the mixture
was quenched with H;O and extracted with Et,O (3x). The combined organic layers were washed with brine (3x)
and dried (Na,SO,), and the solvent was removed. The residue was purified by chromatography (C18-silicagel,
MeOH) to afford 0.33 g (66%) of a colorless oil identified as (2Z,4E)-1-(benzothiazol-2-yl)sulfonyl-5-(tri-n-
butylstannyl)-3-methylpenta-2,4-diene 7. 'H NMR (400 MHz, C¢D;) 6 8.10 (d, J= 8.2 Hz, IH, CH), 7.18 (d, J =
19.2 Hz, 1H, CH), 7.16 (t, / = 7.5 Hz,1H, CH), 7.12 (t, / = 8.1 Hz, 1H, CH), 6.98 (t, /= 7.7 Hz, 1H, CH), 6.59 (d,
J=19.2 Hz, *Js,z = 68.2 Hz, 1H, CH), 5.43 (t, J = 8.0 Hz, 1H, CH), 4.32 (d, J = 8.1 Hz, 2H, CH,), 1.8-1.6 (m,
9H, CH; + CH,), 1.6-1.4 (m, 6H, CH,), 1.1-1.0 (m, 15H, CH; + CH,) ppm. C NMR (100 MHz, C¢D¢)  167.1
(s), 152.9 (s), 143.1 (s), 141.7 (d), 136.9 (s), 134.4 (d), 127.3 (d), 127.1 (d), 125.0 (d), 122.1 (d), 112.0 (d), 53.3
(t), 29.3 (t, 3x), 27.5 (t, 3x), 20.0 (q), 13.8 (q, 3x), 9.6 (t, 3x) ppm; IR (NaCl) v 2955 (s, C-H), 2923 (s, C-H),
2850 (m, C-H), 1467 (m), 1333 (s), 1151 (s) em™. HRMS (ESI") m/z caled for C,sHigNNaO,S,'?Sn: 592.1338;
found: 592.1334. UV (MeOH) Apax 239 nm.

(35,47 ,6Z 8E)-Ethyl 3,7-Dimethyl-9-(tri-n-butylstannyl)nona-4,6,8-trienoate ((S)-9).

A cooled (-78 °C) solution of (2Z4E)-1-(benzothiazol-2-yl)sulfonyl-5-(tri-n-butylstannyl)-3-
methylpenta-2,4-diene (0.115 g, 0.20 mmol) in THF (9 mL) was treated with NaHMDS (0.23 mL, 1M in THF,
0.23 mmol). After stirring for 30 min at this temperature, a solution of (§)-ethyl 3-methyl-4-oxobutanoate (0.044
g, 0.30 mmol) in THF (4.5 mL) was added and the resulting mixture was stirred for 1h at -78 °C and 3h letting the
temperature reach to 1t. Et)O and water were added at low temperature and the mixture was warmed up to room
temperature. It was then diluted with Et,O and the layers were separated. The aqueous layer was extracted with

Et,O (3x), the combined organic layers were dried (Na,SO,) and the solvent was removed. The residue was puri-
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fied by column chromatography (C-18 silica gel, MeOH) to afford 0.94 g (93%) of a pale yellow oil identified as
(38,472,6 Z,8E)-ethyl 3,7-dimethyl-9-(tri-n-butylstannyl)nona-4,6,8-trienoate ($)-9. [a]ZSD +11.5° (¢ 1.22, MeOH).
"H NMR (400 MHz, CsDg)  7.60 (d, J = 19.1 Hz, *Js,x = 65.1 Hz, 1H, CH), 6.85 (t, J = 11.4 Hz, 1H, CH), 6.64
(d, J =19.2 Hz, “Js,u = 71.9 Hz 1H, CH), 6.58 (d, J = 11.9 Hz, 1H, CH), 5.31 (t, J = 10.4 Hz, 1H, CH), 4.03 (q, J
=7.1 Hz, 2H, CH,), 3.5-3.3 (m, 1H, CH), 2.4-2.2 (m, 2H, CH,), 2.02 (s, 3H, CH3), 1.8-1.6 (m, 6H, CH,), 1.6-1.4
(m, 6H, CH,), 1.2-0.9 (m, 18H, CH; + CH,) ppm. “C NMR (100 MHz, C¢D¢) & 171.3 (s), 143.2(d), 135.8 (d),
135.4 (s), 130.7 (d), 123.8 (d), 122.9 (d), 59.8 (t), 41.8 (1), 29.3 (¢, 3x), 29.2 (d), 27.5 (t, 3x), 20.7 (q), 20.3 (q),
14.0 (q), 13.7 (g, 3x), 9.6 (t, 3x) ppm. IR (NaCl) v 2957 (s, C-H), 2924 (s, C-H), 2871 (m, C-H), 2851 (m, C-H),
1737 (s, C=0), 1459 (m), 1160 (m) cm. HRMS (ESI") m/z caled for CosHyNa0,'™°Sn: 521.2416; found:
521.2408. UV (MeOH) Ay 285 nm.

(3R,4Z,6Z SE)-Ethyl 3,7-Dimethyl-9-(tri-n-butylstannyl)nona-4,6,8-trienoate ((R)-9). [a]*’p -10.3° (¢
1.25, MeOH).

(3R 4AE,6Z ,8E)-Ethyl 9-Iodo-3,7-dimethylnona-4,6,8-trienoate ((R)-3).

To a solution of (3R,4Z,6Z,8E)-ethyl 3,7-dimethyl-9-(tri-n-butylstannyl)nona-4,6,8-triencate (R)-9
(0.060 g, 0.121 mmol) in CH,Cl, (5.3 mL) was added dropwise iodine (0.046 g, 0.182 mmol) in CH,Cl, (2.8 mL)
and the resulting mixture was stirred for 30 min at 25 °C. A saturated Na,S,05 solution was added and the reac-
tion mixture was extracted with Et,O (3x), the combined organic layers were dried (Na,SOy) and the solvent was
removed. The residue was purified by column chromatography (silica gel, 97:3 hexane/Et;N) to afford 0.037 g
(92%) of a pale yellow oil identified as (3R,4E,6Z,8E)-ethyl 9-iodo-3,7-dimethylnona-4,6,8-trienoate (R)-3.
[a]®p +14.8° (c 0.74, MeOH). "H NMR (400 MHz, C¢Dg) 8 7.65 (d, J = 14.5 Hz, 1H, CH), 6.28 (dd, J = 14.9,
11.3 Hz, 1H, CH), 6.05 (d, /= 14.5 Hz, 1H, CH), 5.64 (d, / = 11.1 Hz, 1H, CH), 5.44 (dd, J = 15.0, 7.8 Hz, 1H,
CH), 3.95(q, J=7.1 Hz, 2H, CH,), 2.64 (dt, /= 14.1, 7.0 Hz, 1H, CH), 2.15 (dd, J = 14.9, 7.1 Hz, 1H, CH), 2.06
(dd, J = 14.9,7.3 Hz, 1H, CH), 0.97 (t, / = 7.2 Hz, 3H, CH,), 0.88 (d, / = 6.8 Hz, 3H, CH;) ppm. C NMR (100
MHz, CsDg) 6 171.9 (s), 142.7 (d), 140.4 (d), 132.7 (s), 130.9 (d), 124.6 (d), 78.5 (d), 60.5 (t), 41.8 (t), 34.5 (d),
20.4 (q), 19.9 (@), 14.7 () ppm. IR (NaCl) v 2972 (m, C-H), 2932 (m, C-H), 1731 (s, C=0), 1666 (m), 1180 (m)
e, HRMS (ESI) mv/z caled for C3HsINaO,: 357.0322; found: 357.0316. UV (MeOH) A 275 nm.

(38,4E,6Z,8E)-Ethyl 9-Iodo-3,7-dimethylnona-4,6,8-trienoate ((5)-3). [a]*p -16.7° (¢ 0.72, MeOH).

(9Z,13R)-Ethyl 13,14-Dihydroretinoate ((R)-4). To a solution of (3RA4E,6Z,8E)-ethyl 9-iodo-3,7-
dimethylnona-4,6,8-trienoate (R)-3 (0.036 g, 0.107 mmol) in THF (2.3 mL) was added Pd(PPh;), (0.013 g, 0.011
mmol). After 5 min at room temperature, 2,6,6-trimethylcyclohex-1-enylboronic acid 2 (0.027 g, 0.161 mmol)
was added in one portion followed by TIOH (10% aqueous solution, 0.75 mL, 0.407 mmol). After stirring for 3 h
at 25 °C, Et,0 was added and the reaction mixture was filtered through a short pad of Celite®. The filtrate was
washed with NaHCO; (sat) and the organic layer was dried (Na,SO,) and the solvent was removed. The residue
was purified by column chromatography (silica gel, 97:3 hexane/Et;N) to afford 0.028 g (78%) of a pale yellow
oil identified as (9Z,13R)-ethyl 13,14-dihydroretinoate (R)-4. [a]*’p +14.2° (¢ 0.48, MeOH). "H NMR (400 MHz,
CsDg) 6 6.90 (d, J=16.0 Hz, 1H, CH), 6.71 (dd, /=149, 11.2 Hz, 1H, CH), 6.28 (d, /= 16.0 Hz, |H, CH), 5.96
(d, J=11.1 Hz, 1H, CH), 5.51 (dd, J = 15.0, 7.8 Hz, 1H, CH), 3.94 (q, J = 7.2 Hz, 2H, CH,), 2.77 (dt, J = 14.1,
7.1 Hz, 1H, CH), 2.21 (dd, J = 14.8, 7.3 Hz, 1H, CH), 2.11 (dd, J = 14.8, 7.2 Hz, 1H, CH), 1.95 (t, J = 6.1 Hz,
2H, CH,), 1.90 (s, 3H), 1.79 (s, 3H), 1.66 — 1.52 (m, 2H), 1.52 — 1.41 (m, 2H), 1.11 (s, 6H), 0.95 (t, /=7.1 Hz,
3H, CH;), 0.94 (d, J = 6.8 Hz, 3H, CHs) ppm. °C NMR (100 MHz, C¢Dy) | 171.4 (s), 138.3 (s), 137.6 (d),
132.7 (s), 130.6 (d), 129.1 (d), 129.0 (s), 127.9 (d), 124.8 (d), 59.8 (1), 41.6 (1), 39.6 (1), 34.2 (s), 34.1 (d), 33.0 (1),
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28.9 (q, 2x), 21.8 (q), 20.4 (q), 20.1 (g, 19.5 (1), 14.1 (q) ppm. IR (NaCl) v 2961 (s, C-H), 2929 (s, C-H), 2866
(m, C-H), 1737 (s, C=0), 1455 (m), 1372 (m), 1167 (m) cm™. HRMS (ESI") m/z calcd for CyHz50,: 331.2632;
found: 331.2625. UV (MeOH) Ay 287 nm (e = 20000 L-mol ™ -em™).

(9Z,135)-Ethyl 13,14-dihydroretinoate ((S)-4). [a]*p, -15.5° (¢ 0.51, MeOH).

(9Z,13R)-13,14-Dihydroretinoic Acid ((R)-1). To a solution of (9Z,13R)-ethyl 13,14-dihydroretinoate
(R)-4 (0.023 g, 0.069 mmol) in MeOH (4.7 mL) was added KOH (2M aqueous solution, 1.1 mL, 2.27 mmol) and
the reaction mixture was stirred for 45 min at 80 °C. After letting the reaction cool down to room temperature,
CH,Cl, and brine were added and the layers were separated. The aqueous layer was washed with H,O (3x). The
combined aqueous layers were acidified with HCI 10% and extracted with CH,Cl, (3x). The combined organic
layers were dried (Na,SO,4) and the solvent was removed. The residue was purified by column chromatography
(silica gel, gradient from 95:5 to 90:10 CH,Cl,/MeOH) to afford 0.017 g (84%) of a pale yellow oil identified as
(9Z,13R)-13,14-dihydroretinoic acid (R)-1. [(1]221, +7.1° (¢ 0.67, MeOH). "H NMR (400 MHz, acetone-dg): 6=
6.66 (d, J = 16.0 Hz, 1H), 6.60 (dd, J = 15.0, 11.2 Hz, 1H), 6.18 (d, J = 16.0 Hz, 1H), 593 (d, / = 11.1 Hz, 1H),
5.65 (dd, J = 15.0, 7.5 Hz, 1H), 2.73 (dt, J = 13.9, 7.0 Hz, 1H), 2.4 — 2.2 (m, 2H), 2.1 — 2.0 (m, 1H), 1.91 (s, 3H),
1.72 (s, 3H), 1.7 — 1.6 (m, 2H), 1.5 — 1.4 (m, 2H), 1.08 (d, J = 6.8 Hz, 3H), 1.03 (s, 6H) ppm. *C NMR (100
MHz, acetone-ds) 1?7 173.5 (s), 138.9 (s), 138.8 (d), 133.4 (s), 131.1 (d), 129.8 (s), 129.7 (d), 128.5 (d), 125.4
(d), 41.8 (1), 40.3 (t), 34.9 (s), 34.6 (d), 33.6 (1), 29.4 (q), 22.1 (@), 20.7 (q), 20.6 (q), 20.0 (t) ppm. IR (NaCl) v
2957 (s, C-H), 2923 (s, C-H), 2855 (m, C-H), 1709 (s, C=0), 1446 (m), 1290 (m) cm™". HRMS (EST") m/z calcd
for CyoH3,0,: 303.2319; found: 303.2313. UV (MeOH) hpa 289 nm (s = 17600 L-mol ' -cm™).

(9Z,135)-13,14-Dihydroretinoic Acid ((S)-1). [6]**p -6.9° (c 0.26, MeOH).

Example 2.1: Svynthesis of (R)-9-cis-13,14-dihydroretinol and (R)-9-cis-13,14-dihydroretinol acetate
(R)-9-cis-13,14-dihydroretinol was synthesized by DIBAL-H reduction of (9Z,13R)-Ethyl 13,14-
Dihydroretinoate ((R)-4) in THF at -78 °C in 95% yield (Scheme 1).

(R)-9-cis-13,14-dihydroretinyl acetate was prepared in 86% yield by acetylation of (R)-9-cis-13,14-dihydroretinol
with acetic anhydride and pyridine in the presence of dimethylaminopyridine (DMAP).

DIBAL-H, THF Ac,0, pyridine, DMAP
o _
78C, 95% CH,Cly, 23°C, 86%
(A COR (R) CHoOH ) CH,OAC
Scheme 2

(3R,4E,6Z,8E)-3,7-Dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-yl)nona-4,6,8-trien-1-ol ((R)-10)

To a cooled (-78 °C) solution of ethyl (3R,4E,6Z,8E)-3,7-dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-
ylnona-4,6,8-triencate [ethyl (R)-9-cis-13,14-dihydroretinoate, (R)-4] (32.0 mg, 0.097 mmol) in THF (1.0 mL),
DIBAL-H (0.242 mL, (.242 mmol, 1.0 M in hexanes) was added and the resulting mixture was stirred for 30 min
at -78 °C. The mixture was allowed to warm up to -20 °C in 2.5 h. H,O was added and the mixture was extracted
with Et,O (3x). The combined organic layers were dried (Na,SO,) and the solvent removed. Flash chromatogra-
phy of the residue (silica gel, first neutralized with 98:2 hexane/Et;N, then gradient from 95:5 hexane/EtOAc to
EtOAc) afforded (3RAE,6Z,8E)-3,7-dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-yl)nona-4,6,8-trien-1-0l (26.5
mg, 95%) as a colorless oil. '"H-NMR (400.13 MHz, CsDg): § 6.93 (d, J = 16.0 Hz, 1H), 6.69 (dd, J = 14.9, 11.1
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Hz, 1H), 6.29 (d, J = 16.0 Hz, 1H), 6.01 (d, J = 11.1 Hz, 1H), 5.46 (dd, J = 15.0, 8.3 Hz, 1H), 3.35 (1, J = 6.6 Hz,
2H), 2.27 (dt, J = 14.0, 6.7 Hz, 1H), 1.98 — 1.92 (m, 2H), 1.93 (s, 3H), 1.79 (s, 3H), 1.63 — 1.52 (m, 2H), 1.51 —
1.43 (m, 2H), 1.36 (q, J = 6.7 Hz, 2H), 1.11 (s, 6H), 0.91 (d, J = 6.7 Hz, 3H) ppm. *C-NMR (100.62 MHz,
CsDg): 5 140.0 (d), 138.6 (s), 132.5 (s), 130.9 (d), 129.6 (d), 129.2 (s), 128.1 (d), 124.9 (d). 60.9 (t), 40.2 (1), 39.9
(), 34.5 (s), 34.3 (d), 33.2 (1), 29.21 (q), 29.18 (q), 22.0 (q), 20.9 (q), 20.7 (Q), 19.7 (t) ppm HRMS (ESI"): Calcd.
for CyHs;:O ([M+HT), 289.2526; found, 289.2526. IR (NaCl): v 3338 (m, O-H), 2957 (s, C-H), 2926 (s, C-H),
2861 (m, C-H), 1454 (m), 1375 (m), 965 (m) cm’™.

(3R 4E,6Z,8E)-3,7-Dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-yl)nona-4,6,8-trien-1-yl Acetate ((R)-11)

To a solution of (3R,4E,6Z,8E)-3,7-dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-yl)nona-4,6,8-trien-1-o0l
(5.7 mg, 0.020 mmol) in CH,Cl, (0.5 mL) were sequentially added Ac,O (0.009 mL, 0.099 mmol), pyridine
(0.008 mL, 0.099 mmol) and DMAP (0.5 mg, 0.004 mmol). The resulting mixture was stirred for 1 h at 25 °C.
Then, Et,0 was added and the resulting solution was washed with a saturated aqueous solution of CuSO, (2x).
The organic layer was dried (Na,SO,) and evaporated. Flash chromatography of the residue (silica gel, gradient
from hexane to 85:15 hexane/EtOAc) afforded (3R,4E,6Z,8E)-3,7-dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-
yDnona-4,6,8-trien-1-yl acetate (5.6 mg, 86%) as a colorless oil. '"H-NMR (400.13 MHz, CsDy): 6 6.92 (d, J =
16.0 Hz, 1H), 6.67 (dd, J = 15.0, 10.8 Hz, 1H), 6.29 (d, / = 16.0 Hz, 1H), 5.98 (d, J = 11.1 Hz, 1H), 5.39 (dd, J =
15.0, 8.2 Hz, 1H), 4.11 — 3.92 (m, 2H), 2.16 (dq, J = 14.4, 7.2 Hz, 1H), 1.99 — 1.90 (m, 2H), 1.93 (s, 3H), 1.79 (4,
J = 1.0 Hz, 3H), 1.67 (s, 3H), 1.62 — 1.53 (m, 2H), 1.50 — 1.41 (m, 4H), 1.11 (s, 6H), 0.86 (d, J = 6.8 Hz, 3H)
ppm. PC-NMR (100.62 MHz, C¢Dy): & 170.0 (s), 138.9 (d), 138.6 (s), 132.8 (s), 130.9 (d), 129.4 (d), 129.3 (s),
128.2 (d), 125.2 (d), 62.7 (1), 39.9 (1), 36.0 (1), 34.5 (s), 34.4 (d), 33.2 (1), 29.19 (g), 29.18 (q), 22.0 (g), 20.74 (),
20.70 (q), 20.6 (q), 19.7 (t) ppm. HRMS (ESI"): Calcd. for CyHssO; ([M+H]"), 331.2632; found, 331.2621. IR
(NaCl): v 2957 (s, C-H), 2926 (s, C-H), 2860 (m, C-H), 1741 (s, C=0), 1455 (m), 1365 (m), 1238 (s), 966 (m)
e’

Example 2.2: Synthesis of 9-cis-B.8-carotene (Scheme 3, including added numeration)

9-cis-Ethylretinoate (IIT). To a cold (0 °C) solution of ethyl (E)-4-(diethoxyphosphoryl)-3-methylbut-2-
enoate (II) (0.227 g, 1.10 mmol) in THF (2.0 mL) was added nBuLi (0.63 mL, 1.00 mmol, 1.6 M in hexane) and
DMPU (0.15 mL, 1.24 mmol). After stirring for 1 h, the reaction was cooled down to -78 °C and a solution of
(2Z.,4E)-3-methyl-5-(2,6,6-trimethylcyclohex-1-en-1-yl)penta-2,4-dienal (I) (0.100 g, 0.46 mmol) in THF (2.5
mL) was added and stirred for 2 h. Water was added and the mixture was extracted with E20 (3x). The com-

bined organic layers were dried (Na2SO4) and the solvent was evaporated. The crude was purified by column
chromatography (silica gel, 95:5 hexane/EtOAc) to afford 0.144 g (96%) of a yellow solid identified as ethyl 9-
cis-retinoate (III).

9-cis-Retinol (IV). To a cold (-78 °C) solution of cthyl 9-cis-retinoate (IIT) (0.154 g, 0.47 mmol) in THF
(2.3 mL) was added DIBAL-H (1.08 mL, 1.08 mmol, 1.0 M in toluene) and the reaction was stirred for 2 h. Then
water was added and the mixture was extracted with EtOAc (3x). The combined organic layers were dried
(Na2S04) and the solvent was evaporated. The crude was purified by column chromatography (silica gel, gradi-
ent from 95:5 to 80:20 hexane/EtOAc) to afford 0.080 g (60%) of a yellow oil identified as 9-cis-retinol (IV).

9-cis-retinal (V). To a solution of 9-cis-retinol (IV) (65 mg, 0.23 mmol) in CH2CI2 (9.1 mL) were added
MnO2 (197 mg, 2.27 mmol) and Na2CO3 (240 mg, 2.27 mmol) and the reaction was stirred for 1.5 h at 25 °C.
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The mixture was filtered through a pad of Celite® washing with CH2CI2. The solvent was evaporated, affording
38 mg (58%) of a yellow oil identified as 9-cis-retinal (V).

(2E,4E,6E,8E)-Bromo-(3,7-dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-yl)nona-2,4,6,8-tetraen-1-
yDtriphenyl-phosphane (VII). To a solution of Vitamin A / all-trans-retinol (VI) (1.370 g, 4.78 mmol) in MeOH
(2.7 mL) was added PPh3 (1.443 g, 5.5 mmol) and a solution of HCI (1.4 mL, 4 M in dioxane) and the reaction
was stirred for 2 h at 25 °C. Then, the mixture was poured into water and extracted with Et20 (2x). The aqueous
layer was extracted with AcOEt (3x) and the combined organic layers were dried (Na2504) and the solvent was
evaporated. The light orange residue was triturated three times with EtOAc to afford 1.390 g (52%) of a yellow
foam identified as (2E.4E,6E,8E)-bromo-(3,7-dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-yl)nona-2,4,6,8-
tetraen-1-yl)triphenyl-phosphane VII. 1H NMR (400.16 MHz, CDCl3): 5 7.88 (m, 6H), 7.78 (m, 3H), 7.69 (m,
6H), 6.56 — 6.42 (m, 1H), 6.24 — 5.94 (m, 4H), 5.39 (d, J = 10.6 Hz, 1H), 4.99 (m, 2H), 2.01 (m, 2H), 1.92 (s,
3H), 1.69 (s, 6H), 1.55 — 1.40 (m, 4H), 1.01 (s, 6H) ppm. 13C NMR (101.63 MHz, CDCI3): ¢ 143.7 (s), 137.7
(s), 137.5 (s), 137.4 (d), 134.9 (d), 134.8 (d), 132.0 (d), 129.5 (d), 128.45 (d) 127.5 (d), 126.4 (d), 118.7 (s), 117.8
(s), 114.1 (d), 39.6 (1), 34.2 (s), 33.0 (), 28.9 (q, 2x), 25.4 (1), 24.9 (1), 19.2 (g), 13.1 (g), 12.8 (q) ppm. HRMS
(ESI+): Cald. for C38H44P+ (IM-Cl]+), 531.3175; found, 531.3166.

9-cis-B,B-carotene (VII). To a solution of phosphonium salt (VII) (24.9 mg, 0.044 mmol) in THF (0.20
mL) at -78 °C was added nBuLi (0.027 mL, 0.044 mmol, 1.6 M in hexane) and the mixture was stirred for 30
min. Then a solution of 9-cis-retinal V (9.0 mg, 0.031 mmol) in THF (0.13 mL) was added and the mixture was
stirred for 1 h at -78 °C and 30 min at 25 °C. Water was added and the mixture was extracted with Et20 (3x). The
combined organic layers were washed with brine (2x) and dried (Na2S0O4) and the solvent was evaporated. The
residue was purified by column chromatography (C18-silica gel, CH3CN) to afford 11.3 mg (67%) of a red foam

identified as 9-cis-B,B-carotene (VIII). The spectroscopic data are identical to those previously published (LIT).
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Scheme 3

Example 2.3: Synthesis of (R)-9-cis-13,14-dihydro-},B-carotene (Scheme 4 including numeration)

(Z)-3-lodo-3-methylprop-2-en-1-ol (X). Cul (0.34 g, 1.78 mmol) was added to a solution of propargylic
alcohol (IX) (1.00 g, 11.84 mmol) in Ef20 (13.2 mL). A solution of MeMgBr (17.8 mL, 53.51 mmol, 3 M in
Et20) was added at -20 °C. After stirring at this temperature for 2 h, the solution was allowed to reach 25 °C and
further stirred for 12 h. A solution of 12 (9.10 g, 35.67 mmol) in Et20 (40.0 mL) was added at O °C and the cool-
ing bath was removed. After stirring at 25 °C for 24 h, the resulting mixture was cooled down to 0 °C and ice
water was added. The organic layer was washed with a saturated aqueous solution of Na25204 (3x) and then
filtered through a pad of Celite®. The residue was purified by distillation (0.2 mmHg, 60 °C) to afford 2.10 g
(60%) of a yellow oil identified as (Z)-3-iodo-3-methylprop-2-en-1-0l (X). IH-NMR (400.16 MHz, C6D6): &
5.49 (s, 1H), 3.90 (s, 2H), 1.55 (s, 3H) ppm. 13C-NMR (101.63 MHz, C6D6): 6 146.6 (s), 74.1 (d), 67.5 (1), 20.9
(@) ppm. HRMS (ESI+): Cald. for C4HSIO ([M+H]+), 198.9609; found, 198.9614.

(Z)-3-Iodo-2-methylacrylaldehyde (XI). To a solution of (Z)-3-iodo-3-methylprop-2-en-1-ol (IIX) (0.21 g,
1.06 mmol) in CH2CI2 (53.0 mL) was added MnO2 (0.93 g, 10.65 mmol) and Na2CO3 (1.13 g, 10.65 mmol) and
the reaction was stirred for 1 h at 25 °C. Then, the mixture was filtered through a pad of Celite® washing with
CH2CI2. The solvent was evaporated to afford 0.15 g (73%) of a yellow oil identified as (Z)-3-iodo-2-
methylacrylaldehyde (XI).

2-(1E,3Z)-4-Todo-3-methylbuta-1,3-dien-1-yl)-1,3,3-trimethylcyclohex-1-ene (XIII). To a cold (-30 °C)
solution of phosphonium salt (XII) (150 mg, 0.31 mmol) in THF (2.5 mL), nBuLi (2.5 mL, 0.36 mmol, 2.36 M
in hexanes) was added and the mixture was stirred at O °C for 45 min. After cooling down to -30 °C, a solution of
(Z)-3-iodo-2-methylacrylaldehyde (XI) (70 mg, 0.36 mmol) in THF (2.5 mL) was added and the reaction mixture



10

15

20

25

30

35

40

CA 03082441 2020-05-12

WO 2018/091937 PCT/HU2017/050047
-39-

was stirred for 1.5 h. Water (5 mL) was added and the mixture was extracted with hexane (3x). The organic ex-
tracts were dried (Na2SO4) and the solvent was evaporated. The residue was purified by column chromatography
(C18-silica gel, CH3CN) to afford 65 mg (64%) of a yellow oil identified as 2-(1E,3Z)-4-iodo-3-methylbuta-1,3-
dien-1-y1)-1,3,3-trimethylcyclohex-1-ene (XIII). IH-NMR (400 MHz, C6D6): 6 6.80 (d, J = 16.1 Hz, 1H), 6.32
(d, J = 16.1 Hz, 1H), 5.80 (s, 1H), 1.88 (m, 2H), 1.78 (s, 3H), 1.66 (s, 3H), 1.57 — 1.48 (m, 2H), 1.44 — 1.39 (m,
2H), 1.07 (s, 6H) ppm. 13C-NMR (101 MHz, C6D6): 6 142.3 (s), 137.5 (5), 135.1 (d), 132.1 (d), 130.8 (5), 78.6
(d), 39.7 (1) 34.0 (s), 33.1 (1), 29.1 (q, 2x), 22.0 (q), 20.9 (q), 19.3 (©) ppm. UV (MeOH): imax 266 nm. IR
(NaCl: v 2925 (m, C-H), 2862 (m, C-H), 962 (m), 771 (s) cm-1. HRMS (ESI+): Cald. for C14H21I ([M+H]+),
316.0688; found, 316.0684.

Silylether (XV). To a solution of 2-(1E,3Z)-4-iodo-3-methylbuta-1,3-dien-1-yl)-1,3,3-trimethylcyclohex-
1-ene XIII (161 mg, 0.510 mmol) in THF (0.2 mL) was added Pd(PPh3)4 (45 mg, 0.039 mmol). After stirring for
5 min at 25 °C, a solution of (R)-borolane XIV (150 mg, 0.392 mmol) in THF (1.0 mL) and 10% aqueous solu-
tion of TIOH (4.26 mL) were added and the reaction mixture was stirred for 2 h. The mixture was extracted with
Et20 (3x) and the combined organic layers were washed with brine (3x) and dried (Na2SO4) and the solvent was
evaporated. The residue was purified by column chromatography (silica gel, 95:5 hexane/EtOAc) to afford 120
mg (71%) of a colorless oil identified as (3R,4E,6Z,8E)-{[3,7-dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-
yDnona-4,6,8-trien-1-ylJoxy }triisopropylsilane (XV). 1H NMR (400.16 MHz, C6D6): 6 6.93 (d, J = 16.0 Hz,
1H), 6.69 (dd, J = 14.9, 11.1 Hz, 1H), 6.29 (d, J = 16.0 Hz, 1H), 6.01 (d, J = 11.1 Hz, 1H), 5.46 (dd, T = 15.0, 8.3
Hz, 1H), 3.35 (t, } = 6.6 Hz, 2H), 2.34 — 2.19 (m, 1H), 1.99 — 1.89 (m, 2H), 1.93 (s, 3H), 1.79 (s, 3H), 1.62 — 1.53
(m, 2H), 1.50 — 1.44 (m, 2H), 1.36 (q, J = 6.7 Hz, 2H), 1.11 (s, 6H), 0.91 (d, ] = 6.7 Hz, 3H) ppm. HRMS (ESI+):
Cald. for C29H530Si ([M+H]+), 445.3848; found, 445.3806.

(R)-9-cis-13,14-Dihydro-retinol XVI1. To a cold (0 °C) solution of silylether (XV) (91.2 mg, 0.212 mmol)
in THF (3.5 mL) was added Bu4NF (0.32 mL, 0.32 mmol) and the mixture was stirred for 0.5 h at 25 °C. A satu-
rated aqueous solution of NaHCO3 was added and the mixture was extracted with Et20 (3x). The combined
organic layers were washed with brine (3x) and dried (Na2S0O4) and the solvent was evaporated. The residue was
purified by column chromatography (gradient from 95:5 to 70:30 hexane/EtOAc) to afford 41 mg (67%) of a
colorless oil identified as (R)-9-cis-13,14-dihydro-retinol (XVI). 1H NMR (400 MHz, C6D6): 6 6.93 (d, J = 16.0
Hz, 1H), 6.69 (dd, J = 14.9, 11.1 Hz, 1H), 6.29 (d, J = 16.0 Hz, 1H), 6.01 (d, J = 11.1 Hz, 1H), 5.46 (dd, J = 15.0,
8.3 Hz, 1H), 3.35 (t, J = 6.6 Hz, 2H), 2.34 — 2.19 (m, 1H), 1.99 — 1.89 (m, 2H), 1.93 (s, 3H), 1.79 (s, 3H), 1.62 —
1.53 (m, 2H), 1.50 — 1.44 (m, 2H), 1.36 (g, ] = 6.7 Hz, 2H), 1.11 (s, 6H), 0.91 (d, J = 6.7 Hz, 3H) ppm. 13C NMR
(101 MHz, C6D6): 6 140.0 (d), 138.6 (s), 132.5 (s), 130.9 (d), 129.6 (d), 129.2 (s), 128.0 (d), 124.9 (d), 60.9 (1),
40.2 (1), 39.9 (1), 34.5 (s), 34.3 (d), 33.2 (1), 29.21 (q), 29.19 (@), 22.0 (q), 20.9 (q), 20.7 (q), 19.7 (t) ppm. IR
(NaCl): v 3326 (br, O-H), 2966 (m, C-H), 2865 (m, C-H), 965 (s) cm-1. HRMS (ESI+): Cald. for C20H330
([M+H]+), 289.2584; found, 289.2525.

(R)-9-cis-13,14-Dihydro-B,B-carotene (XIX). To a solution of alcohol (XVI) (25 mg, 0.087 mmol) in
CH2C12 (3.7 mL) at 0 °C were added Dess-Martin periodinane (73.5 mg, 0.173 mmol) and pyridine (0.014 mL,
0.173 mmol) and the reaction was stirred for 30 min at 0 °C and 2 h at 25 °C. Then, Et20 (5 mL), a saturated
aqueous solution of NaHCO3 (3 mL) and a saturated aqueous solution of Na25203 (3 mL) were added. The
layers were separated and the aqueous layer was extracted with Et20 (3x) and the combined organic layers were
washed with a saturated aqueous solution of NaHCO3 (2x) and brine (2x), dried (Na2504) and the solvent was

evaporated. The residue was purified by column chromatography (silica gel, gradient from 95:5 to 70:30 hex-
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ane/EtOAc) to afford 14 mg (57%) of a colorless oil identified as (R)-9-cis-13,14-dihydro-retinal (XVII). It was
observed that this product was very unstable and easily isomerized. IR (NaCl): v 2927 (m, C-H), 2864 (m, C-H),
1461 (s), 1105. HRMS (ESI+): Cald. for C20H310 ([M+H]+), 287.2362; found, 287.2369. To a solution of
phosphonium salt VII (24.9 mg, 0.044 mmol) in THF (0.2 mL) at -78 °C was added nBuLi (0.027 mL, 0.044
mmol, 1.6 M in hexanes) and the reaction was stirred for 30 min. Then a solution of (R)-9-cis-13,14-dihydro-
retinal XVII (9.0 mg, 0.031 mmol) in THF (0.13 mL) was added and the mixture was stirred for 1 h at -78 °C and
30 min at 25 °C. Water was added and the mixture was extracted with Et20 (3x). The combined organic layers
were washed with a saturated aqueous solution of NaCl (2x) and dried (Na2S04). The solvent was evaporated
and the residue was purified by column chromatography (C18-silica gel, CH3CN) to afford 11.3 mg (67%) of a
red foam identified as (R)-9-cis-13,14-dihydro-8,B-carotene (XIX). 1H-NMR (400 MHz, C6D6) 6 6.80-6.63 (m,
2H), 6.57-5.90 (m, 7H), 5.80-5.35 (m, 4H), 2.32-2.10 (m, 3H), 1.94 (s, 3H), 1.91 (s, 3H), 1.89-1.82 (m, 4H), 1.78
(s, 9H), 1.67-1.43 (m, 8H), 1.33 (s, 6H), 1.10 (s, 12H), 0.96 (m, 3H) ppm. HRMS (ESI+): Cald. for C40H59
([M+H]+), 539.2528; found, 539.4611.

References used in the synthesis procedures which are incorporated herein:

' Okitsu, T. Chem. Comm. 2008, 47, 6330-6332.

" Englert, G. Helv. Chim. Acta 1975, 58(8), 2367-2390.

! Zanoun, A. J. Mol. Struct.: THEOCHEM 2006, 777(1-3), 113-120.

! Koyama, Y.; Hosomi, M.; Hashimoto, H. Shimamura, T. J. Mol. Struct. 1989, 193, 185-201.

! Koukal, P.; Ule, I.; Necas, D.; Kotora, M. Eur. J. Org. Chem. 2016, 2110-2114.

! (a) Isler, 0.; Gutmann, H.; Lindlar, H.; Montaron, M.; Riiegg, R.; Ryser, G.; Zeller, P. Helv. Chim. Acta
1956, 39, 463. (b) Broek, A. D.; Muradin-Szweykowska, M.; Courtin, J. M. L.; Lugtenburg, J. Red. Trav. Chim.
Pays-Bas 1983, 102, 46.
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Example 3: Animal experiments

Animals:
Male mice (Charles River, France) were housed in groups of 3 mice per cage in a 7am-7pm light/dark cy-
5 cle in individually ventilated cages (Techniplast, Italy). Food (standard chow diet, DO4 from SAFE, France) and
water were freely available. All experiments were carried out in accordance with the European Community
Council Directives of 24 November 1986 (86/609/EEC) and in compliance with the guidelines of CNRS and the
French Agricultural and Forestry Ministry (decree 8§7848).
For social defeat stress protocol we used C57BL/6N mice (Charles River, France) at the age of 6-7 weeks.
10 All mice were housed in groups of 4-5 mice per cage in a 7am-7pm light/dark cycle in individually ventilated
cages (Techniplast, Italy) until stress protocol which was carried out in MICE cages adapted for social defeat
stress (see below). CD1 males mice purchased from Charles River (France) were used as aggressors in this test
(see below).
Food and water were freely available. All experiments were carried out in accordance with the European
15 Community Council Directives of 24 November 1986 (86/609/EEC) and in compliance with the guidelines of
CNRS and the French Agricultural and Forestry Ministry (decree 87848) and authorisation of French Ministry of

Research.
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Behavioral procedures and tissue sample collection:

Behaviourally naive groups of mice were tested in the DNMTP in the T-maze according to a protocol pre-
viously described (Wietrzych et al., 2005), with modifications to facilitate pharmacological tests (Wietrzych-
Schindler et al., 2011). Specifically, in the present protocol, animals were first trained for 10 consecutive days
with minimal inter-trial intervals (ITT) of about 15 sec, which was necessary to attain the criterion of 90% or
more of correct choices during four consecutive days (days 9-10). After this period ITI was increased semi-
randomly by blocks of 6 min during 5 consecutive days (days 11-15 indicated) to determine “test ITI” for each
animal, which was defined as the shortest ITI at which mice perform at chance level. From day 16 mice were
tested using corresponding “test ITT” delays following vehicle injection on the day 16 (to test for the effect of
vehicle alone) and following 9CDHROL (40 mg/kg) injection on day 17. Three mice were excluded from testing
since their latency to choose the arm during the retention phase exceeded 3 min in more than one trial/day on
three consecutive days (exclusion criterion). On the day 18 mice were again injected with 9CDHROL (40 mg/kg)
and 9 hours later sacrificed for chemical analyses. Mice which received vehicle injections on three consecutive
days were used as vehicle-treated controls for analyses of 9CDHROL metabolism. An additional group of 3 naive
mice was also injected with 9CDHROL (40 mg/kg) to test for 9SCDHROL metabolism following acute treatment.

Forced swim test: The forced swim paradigm was carried out between lpm and 4pm in a 3-litre glass
beaker half-filled with water at 22-23°C (the water depth was 17 cm). All mice were tested only once in this task.
To this end, each mouse was lowered gently into the water and the time of immobility was scored during a 6-
minute testing period. The mouse was judged immobile when it floated in an upright position and made only
small movements to keep its head above the water. After 6 min, the mouse was taken out of the water, left to dry
under a red light lamp and returned to its home cage. The immobility scores of each animal were used as an index
of despair behaviour.

Sucrose preference test: This task, designed to measure hedonic behaviours in mice is based on the pal-
atable nature of sucrose observed in a number of mouse strains. On the first day of the test, sucrose-naive mice
were placed in individual cages at 11am and left there with water and food for habituation period. At 5pm one
water bottle was replaced with two bottles: one containing water and another 0.8§% sucrose solution. Three hours
later (8pm) the bottles were weighed to measure liquid consumption and were replaced in cages until morning.
The measures of an overnight consumption were then carried out for additional day to evaluate sucrose prefer-
ence. Mice were not water deprived at any moment, in order to measure spontaneous sucrose preference and
exclude any potential emotional confounds induced by stress of water deprivation. The sucrose preference was
expressed as the percent of sucrose solution consumed with respect to total liquid consumption.

Social Defeat Stress: Social defeat stress procedure was a modified version of the protocol previously de-
scribed (Berton, McClung et al. 2006). C57BL/6N mice were defeated chronically for 10 consecutive days. Every
day they were exposed to the physical contact with an unfamiliar CD1 aggressor in its home cage for maximal
interaction time of 5 minutes. After each session of physical stress, C57BL/6N and CD1 mice were separated by
a perforated wall and maintained in sensory contact for 24h. After the last session of stress, mice were transferred
into new cages and housed separately throughout the behavioral tests period. C57BL/6N control mice, similarly
to the experimental animals, were housed two per cage separated by a metal perforated wall. Every day, they

were exposed to the physical contact for 5 minutes.
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Animal treatments

For behavioral analysis 9CDHROL and 9CDHBC were dissolved in ethanol, and then mixed with sun-
flower oil, so that the final solution contained 3% ethanol. Vehicle treatments consisted of 3% ethanol solution in
sunflower oil. Treatments were administered by intraperitoneal injections at volume/weight ratio 3 ml/kg between
at 7am and 7 h before the beginning of testing. Treatments were administered per os at 10mg/kg for each sub-
stance and volume/weight ratio 3 ml/kg between 5-6pm every second day of stress protocol immediately after the
stress session starting from day 1of the stress protocol.

For metabolic analyses ATROL, 9CDHROL, 9CDHBC and control solutions were prepared as described
above. Single per os application of the dose of 40mg/kg of each substance was used to treat mice in the evening
and samples were collected 11h later in the light protected conditions, weighted, frozen in liquid nitrogen and
stored at -80° until analyses. Serum was prepared and immediately stored in brown vials at -80C, till further anal-
ysis.

Statistical analysis

The comparisons of behavioral performance during learning phase was carried out using one-way
ANOVA on repeated measures with time as dependent parameter and percent of correct choices as an independ-
ent parameter. The pharmacological data were analyzed by comparing animal performance after vehicle and
9CDHROL treatment using one-way ANOVA on repeated measures. Post-hoc statistical analyses were per-
formed to compare animal performance to 50% chance level using one-group student t-test. Significant differ-
ences are indicated in the corresponding figure.

Results from animal supplementation studies

To test the possibility that 9CDHROL can act as substrate for production of 9CDHRA in vivo, we have
tested working memory in delayed non-match to place (DNMTP) as a behavioral paradigm sensitive to detect
activity of 9CDHRA (Riihl et al., 2015). To this end we have trained a cohort of C57BL6J male mice in DNMTP
task to attain the criterion of maximal performance (above 90%) over 4 consecutive days (Fig. 1a). Wild type
C57BL6N male mice acquired working memory task as indicated by significant effect of the day of training
(F[9,39]=8,28; p<0.001, one-way ANOVA on repeated measures) when trained with 15 sec inter-trial intervals
(ITD. Memory performance was decreased when mice were tested at longer ITI of 3min. However, when ITI
reached on average 13min (the mean for the whole group indicated in the graph as gr13) mice displayed complete
memory loss in DNMTP task as their performance was not different from the chance level of 50% (p<0.05, one
group t-test). The ITT at which each animal displayed complete forgetting were identified as “test ITI” for each
individual animal and was used when testing pro-mnemonic activity of 9CDHROL (Fig. 1b). During such tests
vehicle application did not improve memory as percent of correct choices was comparable to chance level of 50%
(p=0.2, ns; one group t-test), whereas 9CDHROL treatment significantly enhanced memory performance
(F[1,4]16; p<0.05, one-way ANOV A on repeated measures for the effect of treatment). 9CDHROL treated mice
performed significantly better than the chance level of 50% (p<0.05; one group t-test).

Example 4: Analytical procedures and HPLC and L.C-MS analysis

LC-MS analysis of tissue samples

A. Just retinoid analysis: Analytical procedures: High performance liquid chromatography mass spec-
trometry (Agilent 1260 Infinity LC system; Madrid, Spain) —mass spectrometry (SCIEX Triple Quad 3500 Sys-
tem; Sciex, Madrid, Spain) analyses were performed under dark yellow/amber light using previously validated

protocol (Riihl, 2006; Riihl et al., 2015). For the detection of 13,14-dihydroretinoic acid MS-MS setting were 303
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-> 207 m/z and for the detection of 13,14-dihydroretinol MS-MS settings were 290 -> 69 m/z using the same
dwell time and collision energy comparable to MS-MS specific settings of retinoic acids. Accordingly, for sample
preparation 100 mg of the material (if samples were under 100 mg, water was added up to the used standard
weight: 100 mg) or 100 pl serum was diluted with a threefold volume of isopropanol, the tissues were minced by
scissors, vortexed for 10 seconds, put in a ultra sonic bath for 5 minutes, shaken for 6 minutes and centrifuged at
13000 rpm in a Heracus BIOFUGE Fresco at +4°C. After centrifugation, the supernatants were dried in an Ep-
pendorf concentrator 5301 (Eppendorf, Germany) at 30°C. The dried extracts were resuspended with 60 pl of
methanol, diluted with 40 pl of 60 mM aqueous ammonium acetate solution and transferred into the autosampler
and subsequently analysed.

B. Combined retinoid and carotenoid analysis: Analytical procedures: High performance liquid chro-
matography mass spectrometry (Agilent 1260 Infinity LC system; Madrid, Spain)-mass spectrometry (SCIEX
Triple Quad 3500 System; Sciex, Madrid, Spain) plus and additional online diode array detector (Waters 966
DAD, Waters, Santiago de Compostella, ES) analyses were performed under dark yellow/amber light using pre-
viously validated protocol (LIT) plus adding a third and 4th eluent after 20 min elution time. Linear gradient from
20 min 20% (isopropanol : methanol :methyl-tert-butyl-ether (MTBE) / 30:30:40) - 80% (isopropanol:methanol /
50:50), 25 min 40% (isopropanol:methanol :methyl-tert-butyl-ether (MTBE) / 30:30:40) - 60% (isopropa-
nol:methanol / 50:50), 29 min 70% (isopropanol:methanol:methyl-tert-butyl-ether (MTBE) / 30:30:40) - 30%
(isopropanol:methanol / 50:50), 30 min 0% (isopropanol : methanol :methyl-tert-butyl-ether (MTBE) / 30:30:40)
- 100% (isopropanol:methanol / 50:50), 30,1 min 20% (isopropanol : methanol :methyl-tert-butyl-ether (MTBE) /
30:30:40) - 80% (isopropanol:methanol / 50:50). For the detection of 13,14-dihydroretinoic acid MS-MS setting
were 303 -> 207 m/z, for the detection of 13,14-dihydroretinol MS-MS settings were 290 -> 69 m/z and for the
detection of 9CDHBC 405 -> 405 / 405 -> 95 m/z. Accordingly, for sample preparation 100 mg of the material (if
samples were under 100 mg, water was added up to the used standard weight: 100 mg) or 100 pl serum was di-
luted with a threefold volume of isopropanol, the tissues were minced by scissors, vortexed for 10 seconds, put in
a ultrasonic bath for 5 minutes, shaken for 6 minutes and centrifuged at 13000 rpm in a Heraeus BIOFUGE
Fresco at +4°C. After centrifugation, the supernatants were dried dried in a GYROZEN centrifugal vaccum con-
centrator equipped with a ILMAC MPC 301-Z vacuum pump (CONTROLTECNICA, Madrid, ES) at 30°C. The
dried extracts were resuspended with 30 pl of methanol — MTBE (50 — 50) and transferred into the autosampler
and 10 ul subsequently analysed.

Statistical analysis

Startistical analyses for behavioral analysis and retinoid / carotenoid analysis were performed using student

t-test for each of the two-group comparisons. Significant differences are indicated in the corresponding figures.

Results from HPLC and LC-MS analysis

Initial identification of endogenous 9CDHROL and identification of 9CDHROL after treatment of
9CDHROL to mice

Initially we analyzed a mixed standard of 9-cis-13,14-dihydroretinol (9CDHROL) and all-trans-
dihydroretinol (ATDHROL) using our LC-MS analytics (top Figure of Figure 2) and after we analysed a liver
sample from vehicle treated mice (bottom figure of Figure 2). Both peaks from the standards 9CDHROL and
ATDHROL are co-eluting with the peaks identified in the liver samples using the same MS-MS fragmentation

channels in our LC-MS system. Based on the co-elution and using the same LC-MS parameters and the same
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fragmentation pattern channels (290 -> 69 m/z) used, we claim and identify 9CDHROL and ATDHROL as en-
dogenous retinoids in the mammalian organism. In addition, these co-eluting peaks can also be observed in lower
levels in serum and brain of mice and 9CDHROL is strongly increased after 9SCDHROL-treatment (Figure 3).

Identification of endogenous 9CDHROL in mouse, human and the human food matrix:

Mouse brain were prepared according to procedure described above. Briefly, after single per os applica-
tion of the dose of 40mg/kg of 9CDHROL (or other cited substances) in the evening mice were sacrificed after 11
hours and tissues samples including brain were dissected in the light protected conditions, weighted, frozen in
liquid nitrogen and stored at -80° until analyses. Serum was prepared and immediately stored in brown vials at -
80C, till further analysis.

Human serum samples Were obtained from the blood of healthy volunteers with all the subjects” written
informed consent.

Food samples: Beef liver was bought at a local butcher in Vigo, Spain. Conserves of peaches in can
(Metades, Pessago em calda, Auchan/Alcampo-home-brand / 420g can) were purchased at Alcampo, Vigo,
Spain.

Initially we analyzed a standard of 9-cis-13,14-dihydroretinol (9CDHROL, top chromatogram of Figure
14A) using our LC-MS analytics and after we analysed a control brain sample from control treated mice (middle
chromatogram of Figure 14A). The peak from the 9CDHROL standard is co-eluting with the peak identified in
the brain samples using the same MS-MS fragmentation channels in our LC-MS system.

In addition we identified 9CDHROL in human serum (Figure 14B) as well as in relevant human food /
beef liver (Figure 14C). Based on the co-elution and using the same LC-MS parameters and the same fragmenta-
tion pattern channels (290 -> 69 m/z) used, we claim and identify 9CDHROL as a novel endogenous retinoid in
the mammalian organism mouse and humans as well as being present in human food represented by beef liver,
which is also a mammalian organism.

Identification of 9CDHBC in the human food matrix (Figure 15):

9CDHBC was identified using co-elution and comparable UV/VIS spectra in peaches in a can (conserve).

Example 5: Identification of compounds after treatment in mice
Identification of 9CDHRA after 9CDHROL treatment in mice
Recently we identified that 9CDHRA is an endogenous derivative in mice (Riihl et al., 2015) and in hu-

mans (still unpublished data). The next step is to identify precursors of 9CDHRA 1in in vive and in vitro models.

Animal treatment, administration of 9CDHROL and sample analysis was carried out as described in Ex-
amples 3 and 4.

Using mouse supplementation experiments we gavaged n=6 mice orally with 100 mg/kg bw 9CDHROL
i.p. and 9 h after the treatment the mice were killed and blood, brain and liver was taken. After centrifugation of
the drawn blood, serum was obtained.

In serum, brain and liver 9CDHRA and ATDHRA was found endogenously in low levels. In addition after
9CDHROL-treatment a strong increase of 9CDHRA levels were identified in serum, brain and liver analysed
samples (Figure 4). As a comparison we displayed the increase levels of 9CDHRA in liver samples in Figure 5.

Identification of 9CDHROL in mice

9CDHROL is accumulated in mice 9CDHROL-treated mice and a metabolite from 9CDHBC in

vitro oligodendrocyte cell culture: Treatment with 9CDHROL in orally supplemented mice increases
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9CDHROL in mouse brain (Figure 14A, bottom chromatogram) compared to control-treated brain (middle chro-
matogram of Figure 14A). We note herein that administration of 9CDHBC and 9CDHROL increases 9CDHROL
levels in human oligodendrocytes cell culture, while ATBC did not display any increase. 9CBC (and ATROL)
display no or just a weak and non-isomer selective increase of 9CDHROL in oligodendrocytes cell culture (Fig-
ure 14D). In summary, 9CDHBC is an excellent precursor substrate of 9CDHROL in human

oligodendrocyte cell culture in vitro.

Example 6: Cell culture experiments

Cell culture experiments

Normal immortalized oligodendrocyte line 158N was cultured as previously reported (Feutz et al., 2001).
When cells attained 70% of confluency they were treated with 10-2M ethanol solution of one of the following
compounds: 9CDHROL, 9CDHROL-acetate, 9CDHRA -ethyl ester. 9CDHRA and ethanol as control, vehicle
treatment. 18 h after treatment cells were collected in amber Eppendorf tubes and stored at -80°C until analyses.
Treatments and cell collection were carried out in light limited conditions to avoid photolysis of retinoids.

High performance liquid chromatography mass spectrometry (LC-MS) was carried out as described in Ex-
ample 4.

Conversion of ATROL and 9CROL

In analogous experiments we applied the following retinol species, mutatis mutandis on the same cell cul-
ture: ATROL and 9CROL. As a standard normal ROL standard was applied (black line). The species are also
indicated by arrows (Figure 11).

Conversion of the retinol species were also followed. On Figure 12 measurement of 13,14 dihydro-retinoic
acid (DH-RA) species 9CDHRA and ATDHRA is shown after administration of the same retinol species ATROL
and 9CROL (blue line and red line, respectively). It is clearly shown that at most a very small amount of dihydro-
acids or no amount at all (9CROL) occurs in the cells.

In analogous experiments, measurement of retinoic acid species 13-cis retinoic acid (13CRA) as well as
9CRA and ATRA is shown after administration of the same retinol species ATROL and 9CROL (blue line and
red line, respectively). It is clearly shown that at most a very small amount of these acid forms if any occur in the

cells which are barely can be seen against a noisy background. Thus, conversion of the alcohols into the corre-

sponding acid forms is very weak and the alcoholic forms are certainly inappropriate as precursors.

Analytical procedures were carried out as described above.

Identification of 9CDHRA after addition of 9CDHROL, 9CDHRET -acetate or 9CDHRA -ethyl-ester
to oligodendrocytes

We identified that 9CDHRA is a metabolite of 9CDHROL supplementation in serum, brain and liver of
mice. In addition we treated oligodendrocyte cells lines with 10-5 M of 9CDHROL, 9CDHRET-acetate or
9CDHRA-ethyl-ester for 18 h. We observed that after administration of 9CDHROL, 9CDHRET-acetate a strong
increase of 9CDHRA-levels was found (top Figure 6). In addition we found that after 9CDHRA -ethyl-ester ap-
plication a very strong increase was identified (bottom Figure 6).

Identification of 9CDHROL after administration of 9YCDHBC and 9CDHROL

Administration of 9CDHBC and 9CDHROL increases 9CDHROL levels in human oligodendrocytes cell
culture, while ATBC did not display any increase. 9CBC (and ATROL) display no or just a weak and non-isomer
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selective increase of 9CDHROL in oligodendrocytes cell culture (Figure 14D). In summary. 9CDHBC is an ex-
cellent precursor substrate of 9CDHROL in human oligodendrocyte cell culture in vitro.

Identification of 9CDHBC after 9CDHBC, 9CBC and ATBC administration

Identification of 9CDHBC after 9CDHBC and 9CBC administration, but not after ATBC admin-

istration to oligodendrocyte cell culture in vitro (Figure 16A and 16B): In oligodendrocytes cell culture when
administering 9CBC we can detect 9CBC with a retention time of 26,1 min at 411 nm detection wavelength in
these treated cells (Figure 16A, 411 nm detection), while no 9CBC could be detected in control treatments as well
as either after ATBC or 9CDHBC-treatments. The existence has also been confirmed by a UV/Vis spectra taken
by the diode array detector (data not shown here).

Focusing on 9CDHBC with a UV detection at 366nm (Figure 16B), we can detect a very small peak of
9CDHBC after control treatments or ATBC treatments, while after 9CBC-treatments a somewhat higher peak and
an even more higher peak can be detected after 9OCDHBC-treatment (at 25,1 min retention time) and was con-
firmed by a comparable UV spectra taken by the diode array detector (data not shown here).

Identification of 9CDHRA after 9CDHROL, 9CDHROL-ester, 9CDHRA and 9CDHRA -ester ad-
ministration to oligodendrocyte cell culture

In treated oligodendrocyte cells lines with 10° M of 9CDHROL, 9CDHROL-acetate, 9CDHRA or
9CDHRA-ethyl-ester for 18 h. We observed that after 9CDHROL, 9CDHROL-acetate a strong increase of
9CDHRA-levels was found (Figure 17A). In addition, we found that after 9CDHR A -ethyl-ester (and 9CDHRA,
data not shown) applications a very strong increase was identified (bottom chromatogram of Figure 17A). While
9CDHROL and 9CDHROL-esters are excellent precursor of 9CDHRA, we also determined that ATROL,
9CDHBC, 9CBC and ATBC are not converted to 9CDHRA (data not shown). In summary, 9CDHROL.,

9CDHROL-esters and 9CDHRA -esters are excellent, selective and isomer-specific RXR-ligand precursors in

human oligodendrocyte cell culture in vitro.

Example 7 Identification of 9CDHRA after 9CDHROL, 9CDHBC supplementation in mice

The experiments were analogous to those described in Example 5.

In addition to the in vitro experiments we also performed in vivo supplementation experiments with orally
supplemented mice with 9CDHBC and 9CDHROL (Figure 17B and 17C). A moderate but significant increase
of 9CDHRA was observed after 9YCDHBC-supplementation (Figure 17B) in comparison with control. Low levels
of 9CDHRA and its isomer ATDHRA can also be observed in serum, liver and brain of control-mice (top chro-
matograms of Figure 17C) of mice and especially 9CDHRA is strongly increased after 9CDHROL-

supplementation (bottom chromatograms of Figure 17C).

Example 8: Experimental procedure — testing (R)-9CDHRA in animal tests

Example 8.1: Methods

Animals:

Rbpl-/- and Rxry-/- mutants as well as their wild type (WT) control mice were raised on a mixed genetic
background (60% CS7BL/6J and 40% 129SvEms/j) from heterozygous crosses as described (Ghyselinck NB
1999; Krezel et al., 1996), and tested at the age of 3-6 months. All mice were housed in groups of 4-5 mice per
cage in a 7am-7pm light/dark cycle in individually ventilated cages (Techniplast, Italy). Food and water were

freely available. All experiments were carried out in accordance with the European Community Council Direc-
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tives of 24 November 1986 (86/609/EEC) and in compliance with the guidelines of CNRS and the French Agri-
cultural and Forestry Ministry (decree §7848).

For social defeat stress protocol we used C57BL/6N mice which were transferred from Taconic
(France) at the age of 6 weeks and housed in groups of 4 per cage. After 1 week of habituation period they
were subjected to the social defeat stress. CD1 purchased from Charles River (France), were used as aggressors
in this test.

Behavioural procedures: All behavioural tests were carried out in the Institute Clinique de la Souris

(http://www.ics-mci.fr/) according to standard operating procedures.

Forced swim test:

The forced swim paradigm (Dalvi and Lucki, 1999) was carried out between 1pm and 4pm in a 2-litre
glass beaker half-filled with water at 22-23°C (the water depth was 17 cm). All mice were tested only once in this
task. To this end, each mouse was lowered gently into the water and the time of immobility was scored during a
6-minute testing period. The mouse was judged immobile when it floated in an upright position and made only
small movements to keep its head above the water. After 6 min, the mouse was taken out of the water, left to dry
under a red light lamp and returned to its home cage. The immobility scores of each animal were used as an index
of despair behaviour.

Sucrose preference test: This task, designed to measure hedonic behaviours in mice (Moreau, 1997), is

based on the palatable nature of sucrose observed in a number of mouse strains. On the first day of the test, su-
crose-naive mice were placed in individual cages at 11am and left there with water and food for habituation pe-
riod. At 5pm one water bottle was replaced with two bottles: one containing water and another 0.8% sucrose
solution. Three hours later (8pm) the bottles were weighed to measure liquid consumption and were replaced in
cages until morning. The measures of an overnight consumption were then carried out for additional day to
evaluate sucrose preference. Mice were not water deprived at any moment, in order to measure spontaneous su-
crose preference and exclude any potential emotional confounds induced by stress of water deprivation. The
sucrose preference was expressed as the percent of sucrose solution consumed with respect to total liquid con-
sumption.

Social defeat stress: Social defeat stress procedure was a modified version of the protocol previously de-

scribed (Berton et al. 2006). C57BL/6N mice were defeated chronically for 10 consecutive days. Every day they
were exposed to the physical contact with an unfamiliar CD 1 aggressor in its home cage for maximal interaction
time of 5 minutes. After each session of physical stress, CS7BL/6N and CD1 mice were separated by a perfo-
rated wall and maintained in sensory contact for 24h. After the last session of stress, mice were transferred into
new cages and housed separately throughout the behavioral tests period. C57BL/6N control mice, similarly to
the experimental animals, were housed two per cage separated by a metal perforated wall. Every day, they were
exposed to the physical contact for 5 minutes.
Animals were then tested in the forced swim and sucrose tests.

Example 7.2: R-9CDHRA supplementation reverses behavioural changes in Rbpl-/- mice

In order to address relevance of 9CDHRA in modulation of RXR functions in vivo inventors tested
whether R-OCDHRA can reverse behavioural deficits in Rbpl-/- mice. Acute treatment with R-9CDHRA reduced
in dose dependent manner immobility of knockout mice in the forced swim test attaining maximal effect already
at 1 mg/kg, which was comparable to antidespair effect of synthetic RXR agonist UVI2108 at the same dose or 5

mg/kg treatment with ATRA (Figure 9). Effects of treatments were not evident in WT mice, which may be re-
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lated to the low baseline immobility in this strain and in consequence floor effect. Such activities were mediated
by RXRy as 2 mg treatment with R-9CDHRA did not improve performance of Rxry-/- mice, which remained
immobile for 120 + 25 sec as compared to 119 + 19 sec in vehicle treated Rxry-/- animals.

Similarly to antidespair effects in the forced swim test, 1 or 2 mg/kg of R-9CDHRA also improved per-
formance of Rbpl-/- mice in memory tests. Such treatments increased the rate of successful choices of Rbpl-/-,
which performed significantly better than 50% of chance level when tested at inter-trial interval of 6 min in
DNMTP test (Figure 8). Treatment with 2 mg/kg of R-9CDHRA raised also performance of WT mice to about
70% of correct choices when tested at long inter-trial intervals of 12 or 18 min at which the same WT mice per-
formed at chance level (50% of correct choices) if treated with vehicle. Such treatment did not improve perform-
ance of Rxry-/- mice which performed at 57 = 7% of correct choices, providing further evidence that compro-
mised RXRy function associated with reduced levels of 9CDHRA is at the origin of the deficits observed in
Rbpl-/- animals.

Example 7.3: R-9CDHRA displays antidepressant effects in chronic social defeat stress model.

The present inventors have found that R-9CDHRA supplementation treats depressive behaviours in
chronic stress model of depression. Stress is an important environmental factor in the etiology of depression. To
test efficiency of 9cDHRA for treatment of depressive behaviours induced by stress, we used social defeat stress
animal model (Berton et al., 2006, Hollis and Kabbaj, 2014). Ten days of short daily physical contacts with
resident dominant CD1 male followed by subsequent sensory contact efficiently induced despair in the forced
swim task (Figure 10.a). Treatment with 1 or 3 mg/kg of 9cDHRA during the stress protocol efficiently normal-
ised immobility time which was comparable with control non-stressed mice. In contrast to the lower dose, treat-
ment with 3mg/kg of 9cDHRA displayed anti-despair effects as it was significantly lower than immobility time
observed in stressed, non- treated mice indicating thus that 9cDHRA displays dose effect in controlling this
behavioural parameter. The effect of 9cDHRA was comparable with activity of synthetic panRXR agonist
UVI2108, suggesting critical role of RXR activation in attaining anti-despair activity of by 9cDHRA. In addition
to despair behaviors chronic stress induced also anhedonia reflected by absence of preference of sweetened drink
which was consumed at the level not significantly different from 50% reflecting random choice (Figure 10.b).
Anhedonia was abolished in stressed mice treated already with low dose of 9¢cDHRA (1mg/kg) as illustrated by
sucrose preference significantly exceeding a chance level of 50%, although this preference was even more
marked after treatment with higher dose of 3mg/kg of 9cDHRA. A panRXR agonist UVI2108 displayed activi-
ties similar to 9cDHRA supporting the involvement of RXR activation by 9cDHRA in antidepressant activities.

In a previous patent use of RXRg-/- was a negative control to show that 9cDHRA acts at RXRg to im-
prove memory — in consequence in absence of RXRg it cannot improve memory. Rbpl-/- were used beacuse
they show the same type of deficits as RXRg-/- suggetsing that RXRg signlaing is down. By showing that
9cDHRA can nomalise their memory was a proof of concept that these mice are missing RXR ligand and not the
receptor itself (or receptor functionality). Even in previous experiments we showed that 9cDHRA can also im-
prove memory of WT mice suggesting that it could work as memory enhancer in healthy subjects, but also could
be used as memory enhancer in AD. However 9¢cDHRA may have teratogenic effect so we test precursors whch

are most probably derived of such teratogenic activities.

Example 7.4: 9CDHROL or 9CDHBC prevent depressive behayiours in chronic stress model of depres-
sion (Figure 18):

Stress is an important environmental factor in the aetiology of depression. To test efficiency of 9cDHROL
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and 9cDHBC for treatment of depressive behaviours induced by stress, we used social defeat stress animal model
(Berton et al., 2006, Hollis and Kabbaj, 2014). Ten days of short daily physical contacts with resident dominant
CD1 male followed by subsequent sensory contact efficiently induced despair in the forced swim task (fig. 18.A).
Treatment with 10mg/kg of 9CDHROL or 10mg/kg of 9CDHBC during the stress protocol efficiently normalised
immobility time which was comparable with control non-stressed mice. In addition to despair behaviour’s
chronic stress induced also anhedonia reflected by absence of preference of sweetened drink which was con-
sumed at the level not significantly different from 50% reflecting random choice (fig. 18.B). Anhedonia was
abolished in stressed mice treated with 10mg/kg of 9CDHROL or 10mg/kg of 9CDHBC during the stress proto-

col as illustrated by sucrose preference significantly exceeding a chance level of 50%.

SUMMARY AND INDUSTRIAL APPLICABILITY

Vitamin A is a cluster of derivatives which can be converted in the body to visual pigments and ligands for
nuclear hormone receptors. The vitamin Al (retinol) is well known to be a precursor for the RAR ligand all-trans
retinoic acid (ATRA), while the identity of the precursor of 9-cis-13,14 dihydroretinoic acid (9CDHRA), the
recently discovered endogenous ligand of the retinoid X receptor (RXR) is unknown. In this study we show that
nutritional precursors of 9cDHRA are 9-cis-13,14-dihydroretinol (9CDHROL) and 9-cis-13,14-dihydro-beta
carotene (9CDHBC), which are respectively novel types of retinoid and carotenoid never described up to date,
but present at high levels in food matrix and endogenously in mammalian organisms, including human. Using in
vitro and in vivo experiments we demonstrate that such precursors might be directly or indirectly metabolized to
9CDHRA. In contrast, well know endogenous retinoids / carotenoids like all-trans-retinol, 9-cis-retinol and all-
trans-f-carotene are only weak and non-selective precursors of 9CDHRA. We also demonstrate that known en-
dogenous carotenoid 9-cis-B-carotene (9CBC) only weakly transformed to 9CDHBC via dehydrogenation. How-
ever, 9CDHBC is readily turned into 9cDHRA, and as such can be proposed as an indirect precursor of RXR
ligand - 9cDHRA. Through our metabolic screen we established for the first time that 9CDHRA -esters,
9CDHROL, 9CDHROL-ester, 9CDHBC are excellent to fair nutritional and physiologically relevant selective
precursors of the endogenous RXR-ligand 9CDHRA to induce RXR-mediated signaling. We further described
this new class of substances as a new independent and selective new type of vitamin A, named hereafter Vitamin
A5 for 9cDHROL or pro-vitamin A5 for 9CDHBC. The proof of concept for preventive / pharmaceutical usage
of those compounds is shown in treatment of depressive-like behaviors in chronic stress animal model of depres-
sion. Similar use of these compounds can be envisaged for various diseases where RXR-mediated signalling is
affected or was proposed as therapeutic target. Such diseases may include neurodegenerative and metabolic dis-
eases, skin- and immunological dysfunctions (including inflammation) as well as cardio-vascular diseases, but

may also concern life-style applications like memory enhancing effects.
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CLAIMS

1. A compound of general formula (I)

Sen

(R) R o

5 wherein R is selected from a group of general formula (A), -CH,OR; and -COOR; wherein

R is a group of general formula A

(A)

10

wherein Q is a substituted or unsubstituted Cq.o alkenyl or cycloalkenyl, preferably a substituted or un-

substituted trimethylcycloalkenyl or more preferably a substituted or unsubstituted 2,6,6-trimethylcyclohexenyl,

even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-trimethylcyclohex-2-en-1-yl. If

the trimethylcyclohexenyl, e.g. 2,6,6-trimethylcyclohexenyl group is substituted it is preferably hydroxyl-

15 substituted or oxosubstituted, preferably oxosubstituted, and/or

R, is H or an acyl group -C(O)R; wherein -C(O)R; is a group which is removed by hydrolysis in a

mammalian tissue or organ to result in (R)-9-cis-13,14-dihydroretinol and a biologically acceptable tolerable

compound and/or

R, is a group which is removed by hydrolysis in a mammalian tissue or organ to result in (R)-9-cis-

20 13,14-dihydroretinoic acid and a biologically acceptable tolerable compound, wherein R, is different from ethyl,

said compound being converted into (R) -9-cis-13,14-dihydroretinoic acid in a mammalian tissue or or-

gan or cells, once administered.

2. The compound of general formula (I) according to claim 1

1
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(R R @

wherein R is selected from a group of general formula (A), CH,OR,, and COOR; wherein

R is a group of general formula A:

B
N
I
N
.
™~
3
H
IR
N
RN
1
1
1
AN
\,b\
\
H
H
H
s
A,
W
~.
NG
\Q{.
H
5 s (A)

wherein Q, is a substituted or unsubstituted trimethylcycloalkenyl forming a tetraterpenoid derivative
compound of general formula A, or more preferably Q; is a substituted or unsubstituted 2,6,6-
trimethylcyclohexenyl, even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-
10 trimethylcyclohex-2-en-1-yl. If the trimethylcyclohexenyl, e.g. 2,6,6-trimethylcyclohexenyl group is substituted it
is preferably hydroxyl-substituted or oxosubstituted, preferably oxosubstituted;
wherein said compound is converted into 9-cis-13,14-dihydroretinol in mammalian tissue or organ or
cells, once administered
and/or
15 R, is H or an acyl group C(O)R; wherein R is a Cy,5 alkyl or a C,.,5 alkenyl,
wherein said compound is converted into 9-cis-13,14-dihydroretinol in mammalian tissue or organ or
cells, once administered
and/or
R, is a Cy 55 alkyl or a C,.»5 alkenyl and R, is different from ethyl,
20 said compound being converted into (R)-9-cis-13,14-dihydroretinoic acid in a mammalian tissue or or-

gan, once administered.

3. The compound according to claim 2 wherein said compound is

- a compound of general formula (3)

2
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CHOR:

wherein R, is H or an acyl group C(O)R; wherein Rj is selected from a
Ci.23 alkyl, preferably a C,¢ alkyl and a Cy_»; alkyl, more preferably C,4 alkyl and a C;;,; alkyl and a
C,.5 alkenyl, preferably a C, ¢ alkenyl and a C;_»; alkenyl, more preferably a C;3.5; alkenyl, and/or

5 - a compound of general formula (5)

Qi

wherein Q, is a substituted or unsubstituted Cg ;o alkenyl or cycloalkenyl, preferably a substituted or un-

substituted trimethyl-cycloalkenyl or more preferably a substituted or unsubstituted 2,6,6-trimethylcyclohexenyl,

10 even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-trimethylcyclohex-2-en-1-yl. If

the trimethylcyclohexenyl, e.g. 2,6,6-trimethylcyclohexenyl group is substituted it is preferably hydroxyl-

substituted or oxosubstituted, preferably oxosubstituted;

wherein said compound is converted into 9-cis-13,14-dihydroretinol in mammalian tissue or organ or

cells, once administered.

15 4. The compound for use according to claim 2 wherein said compound is of general formula (2)

(R}

COCR:

wherein R, is selected from a

Ci.23 alkyl, preferably a C,¢ alkyl and a Cy_»; alkyl, more preferably C,4 alkyl and a C;;,; alkyl and a

C,.4 alkenyl, preferably a C, ¢ alkenyl and a Cq.,3 alkenyl, more preferably a Ci5.,3 alkenyl, wherein R, is differ-

20 ent from ethyl, optionally wherein R; is selected from methyl, propyl and isopropyl.

3
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5. The compound for use according to claim 3, wherein said compound is of general formula (4)

NP SN
f‘\.\‘
£ EF i .
Ry CHaOC{OIR:

wherein R; is selected from
- a Cy 4 alkyl, preferably methyl, ethyl, propyl or isopropyl,
5 - a Cy1; alkyl, preferably Cy3.,9 alkyl and
- a Cy1.93 alkenyl, preferably a polyunsaturated C;z 53 alkenyl.
6. The compound according to any of claims 3 or 5 wherein
said compound being converted into (R)-9-cis-13,14-dihydroretinol in a mammalian tissue or organ, once
administered,
10 wherein preferably the mammalian tissue is a nervous tissue or the tissue or organ is that of the central
nervous system or of the peripheral nervous system or the cells are nerve cells in particular oligodendrocytes.

7. A compound of general formula (I)

= i
{R) R o
wherein R is selected from a group of general formula (A), -CH,OR; and -COOR; wherein
15 R is a group of general formula A
g iy
EQ”Q\
N
\-{\Qt.
b
T A

wherein Q is a substituted or unsubstituted Cq_o alkenyl or cycloalkenyl, preferably a substituted or un-

20 substituted trimethylcycloalkenyl or more preferably a substituted or unsubstituted 2,6,6-trimethylcyclohexenyl,
even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-trimethylcyclohex-2-en-1-yl. If

the trimethylcyclohexenyl, e.g. 2,6,6-trimethylcyclohexenyl group is substituted it is preferably hydroxyl-

substituted or oxosubstituted, preferably oxosubstituted, and/or

4
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R, is H or an acyl group -C(O)R; wherein -C(O)R; is a group which is removed by hydrolysis in a
mammalian tissue or organ to result in (R)-9-cis-13,14-dihydroretinol and a biologically acceptable tolerable
compound and/or

R, is a group which is removed by hydrolysis in a mammalian tissue or organ to result in (R)-9-cis-
13,14-dihydroretinoic acid and a biologically acceptable tolerable compound,

said compound being converted into (R)-9-cis-13,14-dihydroretinoic acid in a mammalian tissue or or-
gan or cells, once administered,

for use in the prevention or treatment of a disease, preferably a retinoid X receptor (RXR) related dis-
ease.

8. The compound of general formula (I) for use according to claim 7

(R)

R o
wherein R is selected from a group of general formula (A), CH,OR,, and COOR; wherein

R is a group of general formula A:

(A)
Qi
wherein Q; is a substituted or unsubstituted trimethylcycloalkenyl forming a tetraterpenoid derivative

compound of general formula A, or more preferably Q; is a substituted or unsubstituted 2,6,6-
trimethylcyclohexenyl, even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-
trimethylcyclohex-2-en-1-yl. If the trimethylcyclohexenyl, e.g. 2,6,6-trimethylcyclohexenyl group is substituted it
is preferably hydroxyl-substituted or oxosubstituted, preferably oxosubstituted;

wherein said compound is converted into (R)-9-cis-13,14-dihydroretinol in mammalian tissue or organ
or cells, once administered

and/or

R, is H or an acyl group C(O)R; wherein R is a Cy55 alkyl or a C,.,5 alkenyl,

wherein said compound is converted into (R)-9-cis-13,14-dihydroretinol in mammalian tissue or organ
or cells, once administered

and/or

R, is a Cy55 alkyl or a C,.»5 alkenyl,

5
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said compound being converted into (R)-9-cis-13,14-dihydroretinoic acid in a mammalian tissue or or-

gan, once administered.

9. The compound according to claim § wherein said compound is

5 - a compound of general formula (3)

& CH:OR:

wherein R, is H or an acyl group C(O)R; wherein R; is selected from a
C.53 alkyl, preferably a C,¢ alkyl and a Cgy_»; alkyl, more preferably C,4 alkyl and a C;,; alkyl and a
C,.»5 alkenyl, preferably a C, ¢ alkenyl and a C,_»; alkenyl, more preferably a C,3.,; alkenyl, and/or

10 - a compound of general formula (5)
\ o E
W -,
‘..f"“ \\/’A‘ e 0
\\\ . L\\‘ E-‘(}\»}{
fi\—\
:\\(}\
3
E{‘\,\ P
o
oy

wherein Q, is a substituted or unsubstituted Cq_j alkenyl or cycloalkenyl, preferably a substituted or un-

substituted trimethylcycloalkenyl or more preferably a substituted or unsubstituted 2,6,6-trimethylcyclohexenyl,

15 even more preferably unsubstituted 2,6,6-trimethylcyclohex-1-en-1-yl or 2,6,6-trimethylcyclohex-2-en-1-yl. If

the trimethylcyclohexenyl, e.g. 2,6,6-trimethylcyclohexenyl group is substituted it is preferably hydroxyl-
substituted or oxosubstituted, preferably oxosubstituted;

wherein said compound is converted into (R)-9-cis-13,14-dihydroretinol in mammalian tissue or organ or

cells, once administered..

20 10. The compound for use according to claim 8 wherein said compound is of general formula (2)

6
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

CA 03082441 2020-05-12

WO 2018/091937 PCT/HU2017/050047

(R) COORs

wherein R, is selected from a

C.53 alkyl, preferably a C,¢ alkyl and a Cy_»; alkyl, more preferably C,_4 alkyl and a C;;,; alkyl and a

C,.4 alkenyl, preferably a C, 4 alkenyl and a Cy.53 alkenyl, more preferably a C;.,; alkenyl, wherein preferably R,
is selected from methyl, ethyl, propyl or isopropyl optionally methyl, propyl or isopropyl.

11. The compound for use according to claim 9, wherein said compound is of general formula (4)
e ‘\j,f‘:%x;\\q}
\«' R

N

3
Ry CH:O CLO)Rs
wherein Rj; is selected from
- a Cy4 alkyl, preferably methyl, ethyl, propyl or isopropyl,
- a Cy1 alkyl, preferably Cy3.19 alkyl and
- a Cy15; alkenyl, preferably a polyunsaturated C,3,; alkenyl.
12. The compound according to any of claims 9 or 11 wherein
said compound being converted into (R)-9-cis-13,14-dihydroretinol in a mammalian tissue or organ, once
administered,
wherein preferably the mammalian tissue is a nervous tissue or the tissue or organ is that of the central

nervous system or of the peripheral nervous system or the cells are nerve cells in particular oligodendrocytes.

13. A 9-cis-carotenoid which is a 9-cis-13,14-dihydro-beta-carotene derivative or a 9-cis-13,14-dihydro-
beta-carotene, preferably a 9-cis-13,14-dihydro-beta,beta-carotene or a 9-cis-13,14-dihydro-beta,alpha-carotene,
more preferably a 9-cis-13,14-dihydro-beta,beta-carotene, as a precursor compound, wherein said compound is

converted into (R)-9-cis-13,14-dihydroretinoic acid in a mammalian tissue or organ or cells, once administered.

14. The 9-cis-carotenoid compounds according to claim 13 for use in therapy in a mammalian subject,
preferably in an RXR-related disease or in vitamin AS deficiency, wherein optionally said 9-cis-carotenoid
compounds are present in a nutraceutical composition said nutraceutical composition containing said compound
in an amount or concentration higher than it is present in the natural food matrix and/or comprises additional
amount of the compound.

15. A pharmaceutical composition comprising the compound as defined in any of claims 1 to 6 or the
compound for use as defined in any of claims 7 to 12 or the 9-cis-carotenoid according to claim 13, said composi-

tion also comprising one or more pharmaceutically acceptable additive(s) and/or excipient(s).

16. A nutraceutical composition comprising the compound as defined in any of claims 1 to 6 or the com-

7
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pound for use as defined in any of claims 7 to 12 or the 9-cis-carotenoid according to claim 13, said composition

also comprising one or more nutraceutically acceptable additive(s) and/or excipient(s).

17. The nutraceutical composition according to claim 16, said composition being a dietary supplement, a

functional food, a medical food or a food with a health claim.

18. The nutraceutical composition according to claim 16, said composition comprising the compound as
defined in any of claims 1 to 6 or the compound for use as defined in any of claims 7 to 12 or the 9-cis-carotenoid
according to claim 13 or an endogenous or isolated precursor of said 9-cis-carotenoid, in an amount higher than
present in a corresponding natural environment or food matrix, said composition also comprising one or more

nutraceutically acceptable additive(s) and/or excipient(s).

19. The compound for use according to any of claims as defined in any of claims 1 to 6 or the compound
for use as defined in any of claims 7 to 12 or the 9-cis-carotenoid according to claim 13 or the pharmaceutical
composition according to claim 15 or the nutraceutical composition according to claim 16 or 17 for use in the
prevention and/or treatment of a disease selected from diseases related to impairment of RXR-signaling or in

Vitamin A5 deficiencies.

20. The compound for use according to any of claims as defined in any of claims 1 to 6 or the compound
for use as defined in any of claims 7 to 12 or the 9-cis-carotenoid according to claim 13 or the pharmaceutical
composition according to claim 15 or the nutraceutical composition according to claim 16 or 17 for use in the
prevention and/or treatment of a disease selected from central nervous system related diseases and peripheral

nervous system related diseases.

21. The compound for use according to any of claims as defined in any of claims 1 to 6 or the compound
for use as defined in any of claims 7 to 12 or the 9-cis-carotenoid according to claim 13 or the pharmaceutical
composition according to claim 15 or the nutraceutical composition according to claim 16 or 17 for use in the
prevention and/or treatment of
- learning and/or memory impairment, wherein preferably said memory is working memory,

- impaired cognitive functions or impaired learning and memory,

- depression.

22. The compound for use according to any of claims as defined in any of claims 1 to 6 or the compound
for use as defined in any of claims 7 to 12 or the 9-cis-carotenoid according to claim 13 or the pharmaceutical
composition according to claim 15 or the nutraceutical composition according to claim 16 or 17 for use in the
prevention and/or treatment of a neurodegenerative disorder, preferably a neurodegenerative disorder selected
from Alzheimer's disease, Parkinson's disease, Mild Cognitive Impairment (MCI), Parkinson's disease with MCI,
Huntington's disease, Dementia with Lewy bodies (DLB), Amyotrophic lateral sclerosis (ALS), and other neu-
rodegenerative related dementias due to changes in the brain caused by ageing, disease or trauma; or spinal cord

injury and ataxias, disseminated sclerosis and Multiple sclerosis (MS) or other neurological conditions.

23. Use of a compound as defined in any of claims 1 to 6 or the compound for use as defined in any of
claims 7 to 12 or the 9-cis-carotenoid according to claim 13 or the pharmaceutical composition according to
claim 15 or the nutraceutical composition according to claim 16 or 17 for in enhancing memory performance,

wherein preferably said memory is working memory.

8
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24. Use of a compound according to any of claims 1 to 6 or the compound for use as defined in any of
claims 7 to 12 or the 9-cis-carotenoid according to claim 13 or the pharmaceutical composition according to
claim 15 or the nutraceutical composition according to claim 16 or 17 or as a food ingredient for maintaining

health of a subject.

25. The use of a compound according to claim 22 to maintain mental health or perfomance or to maintain

health to prevent a condition as defined in any of claims 12 to 16.

26. Use of a compound according to any of claims 1 to 6 or the compound for use as defined in any of
claims 7 to 12 or the 9-cis-carotenoid according to claim 13 as a dietary supplement for maintaining health of a

subject.

27. Use of 9-cis-beta-carotene (9CBC) optionally present in a nutraceutical composition said nutraceutical
composition containing said compound in an amount or concentration higher than it is present in the natural food
matrix and/or comprises additional amount of the compound, as a carotenoid precursor of 9-cis-13,14-dihydro-
beta-carotene (9CDHBC).

28. Use of 9CBC, optionally present in a nutraceutical composition, preferably an extract, in an amount
higher than present in a corresponding natural environment or food matrix, as a food supplement to increase the

level of 9-cis-13,14-dihydro-beta-carotene (9CDHBC) in the human body in a non-therapeutic application.
29. Use of 9CBC as a precursor of an RXR-ligand functioning as precursor of pro-vitamin AS.

30. 9CBC for use as a food ingredient or nutraceutical derivatives in preventing VAS5-deficiency and for
general VAS-supplementation to prevent an RXR-dependent dysfunction, preferably a selective RXR-ligand /

RXR-mediated neurodegenerative disease, in particular depression.

9
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FIGURE 1: Effect of 9CDHROL treatment on working memory performance in Delayed Non-Match to Place
Task (DNMTP).
(a) Learning curve for wild type C57BL6N male mice
(b) Correct choices 7-9 hrs after treatment with 9CDHROL and vehicle when tested at mean ITI of gr13

min.
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FIGURE 4: Levels of 9CDHRA after vehicle treatment representing endogenous levels
(blue or dark grey) and after 9CDHROL-treatments (red or light grey) in mice.
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FIGURE 5:
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FIGURE 6: 9CDHRA control-treatment (endogenous levels) and after supplementations of retinoids to oli-
godendrocyte cells. Up: endogenous (blue or dark grey), 9CDHROL (orange or light grey) and
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C. Cow liver D. ' oligodendrocytes
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