1 UNSATURATED FATTY ACID MONOESTERS AND DIESTERS ON ASCORBIC ACID AND
COSMETIC USEg d %@%@gGPESCRIPTION 5The present inventipp-cepeging sierpgatives of ascorbic
acid and pharmaceutical or cosmetic compositions cantaining the same, their method of preparation
and the uses thereof in particular as medication or as active cosmetic ingredient. 10Ascorbic acid
isanorganicacid having antioxidant properties. The natural sources of ascorbic acid are fresh fruit and
vegetables, in particular citrus fruits. On account of its antioxidant properties, ascorbic 15 acid is often
used in the agri-food industry as preservative under code number E300 in the list of food additives.
Ascorbic acid is also used in the cosmetic industry for its known anti-radical and keratolytic properties.
20Ascorbic acid is in the form of a white powder which easily becomes colored in air or in the
presence of humidity. Unsaturated fatty acids correspond to fatty acids having one or more
unsaturations. 2 The term mono-unsaturated fatty acid is used when they comprise a single
unsaturation. The term polyunsaturated fatty acid is used when they comprise several unsaturations.
Unsaturated fatty acids may also be of plant origin. Unsaturated fatty acids are divided into
different classes. These classes are defined by the position of the first unsaturation starting from the
side opposite 10 the acid group. In particular, a distinction is made between three main classes of
unsaturated fatty acids: omega 3, omega 6 and omega 9. The cis unsaturated fatty acids of the omega
3, omega 6 and omega 9 series comprise 15 several so-called essential fatty acids. These fatty acids
are said to be essential since they can only be provided via food intake. The omega 9
mono-unsaturated fatty acids whose main constituent is oleic acid (018:1) are known to 20 have
beneficial effects on thi¥IHeEVBATIBR GRGATHIGVESTUIANaREEERS ANTHelpoRAm3atirated fatty acids
(PUFASs) belonging to the omegs:3 andiomega 6 classEre@lseknomtizhave preventive effects
against cardiovascular disease and

DESCRIPTION
5 The present invention concerns derivatives of
ascorbic acid and pharmaceutical or cosmetic

compositions containing the same, their method of
preparation and the uses thereof in particular as
medication or as active cosmetic ingredient.

10 Ascorbic acid is an organic acid having
antioxidant properties. The natural sources of ascorbic
acid are fresh fruit and vegetables, in particular
citrus fruits.

on account of its antioxidant properties, ascorbic

15 acid is often used in the agri-food industry as
preservative under code number E300 in the list of focod
additives. Ascorbic acid is alsoc used in the cosmetic
industry for its known anti~radical and keratolytic
properties.

20 Ascorbic acid is in the form of a white powder
which easily becomes coleored in air or in the presence
of humidity.

Unsaturated fatty acids correspond to fatty acids

having one or more unsaturaticns.



25 cancer. It is particularly recommended by the French food safety agency AFSSAP to observe a

ratio between omg\gﬁ] %ﬁ@%@{g?ga 6 unsaturated fatty acids in foodpagqgtﬁ%%pgg%g one alpha

linolenic acid per S. 30In addition to their metabolic effec ey are capable of modifying
the expression of genes encoding intracellular protgins. These gene effects of PCFAs appear to
operate via nuclear receptors called PPARs (peroxysome proliferator activated receptor).PPARs 35
belong to the family of hormonal nuclear receptors of 3 steroid type. They form heterodimers with the
RXR receptors (Retinoic X Receptor) of retinoic acid and modulate gene expression. Therefore the w3
PUFAs appear to be negasive segulaiars-ahinflantnataryfesponse;: ihhikiting ¢he WrKB activation -

pathway via the i%ﬂg of the.expressjon Qf IKBa the major.iphibiter of the, NF-KR pathway (Ren J
and Chung SH. J Agric Food ﬁChgmd 2007.55: 5073-80). In addition tq%g@ RUFAs have inhibiting
action on the syntﬁes?fsugfs arachidonic am&%o fhe benefit of the synltihesis of docosahexanoic and
eicosapentanoic ax§d§{EalderPE 1ipidd>2001: 36, 1007-24). - Unsaturated fatty acids, in particular
polyunsaturated fatty acidszarerknewn fortheir derrigtoldgical préertits (Menpohit™S, Guillot B,
Truchetet F et al. Essential fatty acids in dermatology. Ann Dermatol Venereol, 1992, 119: 233-239). In

particular linoleic acid sy polyunsaturated:fatty acid invalved-indbe manyfagture ot the cell

membrane. A deficiency in linoleic acid leads to,dryness .of the skin and the presence:of allergy. - In
one aspect, there (|:sE %?g&i?j’egqgl%%?np%%%sdsgfs geanx%qﬁé)r%nu a g):};RZ (%,}therein: R1 is a hydrocarbon
chain of a C12 to 7% GridaturditPiatt A ciabomprsingFat 1658t SRE uRsATuratiBR® abvantageously 1 to
6, and prefefdbly the 42nd BawiRy and Ry independently or simultaneously represent: a hydrogen

or C1-C3 alkyl or a Phenyl; antk+ R4: ahydrogestatom or:CORIhavhkeres12¥d9s & hyd@mcarbon chain of
a 012 to 024 unsatyrated fatty-acid cgmprising at laast one unsaturation; advasiageaysly | to 6, and
preferably 1to 4. . In.apother agpect, terg,js provided the,compound a5 defined ahove for use

. me .
thereof as medlcaﬁon or as cosmetic active ingredient. . .
the omega 3, Oomega and omega &8 series comprise

15 several so-called essentilal fatty acids. These fatty
acids are said to be essential since they can only be
provided via food intake.

The omega 9 mono-unsaturated fatty aclds whose
main constituent is oleic acid (Cl8:1) are known to

20 have beneficial effects on the prevention of
cardiovascular disease.

The polyunsaturated fatty acids (PUFAs) belonging
to the omega 3 and omega 6 class are alsc known to have
preventive effects against cardiovascular disease and

25  cancer. It is particularly recommendsd by the French
focd safety agency AFSSAP to observe a ratio between
omega 3 and omega 6 unsaturated fatty acids in food,
namely a ratio of one alpha linclenic acid per 5
linoleic acids.

30 In addition tec their metabolic effects, they are
capable of modifying the expression of genss encoding
intracellular proteins. These gene effects of PUFAs
appear to operate via nuclear receptors called PPARs
(peroxysome proliferator activated receptor).PPARs

35 Dbelong to the family of hormonal nuclear receptors of



In another aspect, there is provided the compound as defined above for use thereof as depigmenting
active ingredient, anti-age active ingredient, hydrating active ingredient, anti-inflammatory active
ingredient, active ingredient for stimulating re-growth of head and/or body hair, or anti-oxidant active
ingredient. In another aspect, there is provided a composition for topical administration,
characterized in that it comprises at least one compound of general formula (I) such as defined above.
In ano#ff@rrasipéct tife is pleRitled arletHeritor sghithesizingrédmpothgs GHERnerarferBars(l) as

defineghahoyedyccoupling apunsaiyrateddatty acithuose curbgylicfuncligndsn ctivajeddorm,
with a derivative of ascorbic acid of following formula (Il): 3b The compounds of the invention are
diestepsBrmoRdEsters Bivinsatitated Tatty adid onPasSchibic AeRPWHoseRydrBRyls BEPasitish 5 and 6

are protected;by acyclicracetal anghmare-particulary.g cyelic acstal of acetpne (aggionigle). giis
function is easily hydrolysable in a slightly acid medium, namely on the skin which has an acid pH of
betwedf Y ahd I TRE EMRYackiat wiltRerdfofe pidtect Ble AtBrbfccadiaBRmRTst Shdationof its

side chaig. Fhe yse ohaayclicaceial allwsarstractyrete.he obtained of aceentablgsizeshaving
strong solubility in fatt%;ghases. The esters of fatg acids can also be easily cleaved bﬁ the

estera@8% presERE teERin, wiliRR Lalfows e FéiBase dFunddfitatetattydbds RedHERE, D.,
Tarrona e, AssenbiMdnqand &erfianJ. dnChatacterzationangd assay ehtive: eazanaticcadivites in the
stratum_corneum using tape-stripping, 5 Skin Pharmacol. Appl. Skin Physiol., 12, 182-192 (1999)). The
cleavifi§of the " s&&rs unsﬁﬁjrate‘a%fﬁtty aEiB By tRe Esterfdes pRRERERIREIRM-heref6fallows
the slawy giffusimefaciive ingredientsavhielh cprespandsito: thecaoncepsof drug7tdelivery. For
the compounds of formula (I) ccordin%to the present inventjon, the gction of the skirée terases on
the ester bondsTaEHE fo-fid refdask SFore unsHturated ity id BRABFORE THiRESR Jfistdrbic acid
when adbanonaesteneidmsattsated fattyracikisnsed] opaktnD unsapratetifatty (seidpandtof one
molecyle of ascorbic acid via the mono-ester at position 2 when a diester of upnsaturated fatty acid is
used. %rf paﬁ}é’]l;g{r%r dcféeSte?gr&cu%%g?uEatgé fa?%/ 26 %'cidsg e ggt%c?r? of ﬁaétgé‘[eréascels will |rI§tIy lead

to the fermationleigymondresteDet-an tindatWated:fatty acidiand to thel releass f-ascrbic deid, then
to the release o&ascorliic acid and of an(gher.unsaturated {att aci lgScherge 1%. ZCSEScheme ;
arricilar 1noée18 A&l I8 o PESES %&sa. rate atty  aci
Examgle of a'cleavage reaction by skin esterases [ Estera cidity
involved in the manufacture of the cell membrane. A deficiency
in linoleic acid leads to dryness of the skin and the presence
of allergy.
In one aspect, there is provided a compound of general

formula {(I):
Ra
R2+O 0
O
—— G
o o4
\ R'l
R4 (1)

wherein:
* Ry i1s a hydrocarbon chain of a C;; to C;y unsaturated fatty
acid comprising at least one unsaturation, advantageously 1

to 6, and preferably 1 to 4; and



| ascorbic acidlinoleic acid Therefore the subject of the present invention is a compound of
following general formula (1): R3 5 (I) in which R1 is a hydrocarbon chain derived from a 012 to L-24
unsaturated fatty acid comprising at least one unsaturation, advantageously 1 to 6 and preferably 1
10to 4; and R2 and R3 are independently or simujtaneously: a hydrogen or 01-03 alkyl or a Phenyl;
and 6 --. R4 is a hydrogen atom or CORI', where R1'is a hydrocarbon chain derived from a 012 to
024 unsatuRateddaty afid coMPESIATAERBEY on@unsatliraticra REVEAtEeoUslip 188 :4nd pheferably |

5to 4. B}&Wﬁtigg" i@lu't% ngg_za}g}iﬂg gf-the i@yl%q.gop;isa{pﬁant a double bond 0=0. By

"unsaturated fatty acid" in the meaning of the present invention is meant a straight-chain carboxylic 10

acid (R1002)) of (RYPOOZF adi @8nifisHibetwadf 12 afd 24 tafbohvatbais: prsferabh: 14 to 18
carbon atorgg, moke preferaply 18 carhon. atomsednelyding the caphom; atomyotthe cathoxyligacid

function) and comprising at least one C=C double bond, preferably 1 to 4 C=C double 15 bonds, these

double bon#&préfeiably ARving & GB cBafgualiBn B hyRRecabEAThaINoT dn GRsdurated fatty
acid” in the meaning ohihe prgseptinvention isimeantihedydrosarbenshaingd Rl og&di)inked to
the acid 20 function of the unsaturated fatty acid (R1002H) or (R1'002H). Rl and R1' therefore
repre<ent Bsstraigit hytiGcarbBR™ G cBMprafig PRic-28 preferadfy 18851¢ Gkt fuRther BReferably
17 carpeg:atemsrand comprising at least one, preferably 1 to 4, C=C double 25 bonds, these double

bonds preferably having a cis configuration. According to the invention, if A4 represents CDR:, R1 and
Rhnaybethé%aﬁﬂ?&#&ﬁeﬂﬁﬁ?Ct' there is provided the compound as defined

above for use thereof as depigmenting active ingredient, anti-
age active i1ngredient, hydrating active 1ingredient, anti-
inflammatory active ingredient, active ingredient for
stimulating re-growth of head and/or body hair, or anti-oxidant
active ingredient.

In another aspect, there is provided a composition for
topical administration, characterized in that it comprises at
least one compound of general formula (I) such as defined above.

In another aspect, there i1ig provided a method for
gynthesizing compounds o©of general formula (I) ag defined above
by coupling an unsaturated fatty acid whose carboxylic function
is in activated form, with a derivative of asgcorbic acid of

following formula (IT):

R3
R2+O o
o\)\sjo
ug ~ OH

(1T}



The unsaturated fatty acids may be lauroleic acid 30 (012,1), myristoleic acid (C14:1), palmitoleic acid
(016,1), oleic acid (018:1), ricinoleic acid (C18,1); gadoleic acid (020:1), erucic acid (022,1), a-linolenic
acid (C18:3); stearidonic acid (C18,4), eicosatrienoic acid ( 020:3) r eicosatetraenoic acid (020:4) r 35
eicosapentaenoic acid (C20:5), docosapentaenoic agid (C 7 22:5) r docosahexaenoic acid (C22:6),
tetracosapentaenoic acid (024,5), tetracosahexaenoic acid (C 24,6), linoleic acid (018,2),
gamma-linol&fie acid(16:8)s eicdsddienoigiasid {020: 2R tkhofie gaansa-tnolemoacks(0208)1 5
arachidenic, AGldH020:4) dogasaleiragople asidl (022.2)docosanentagngic.acid 255 adigpic acid
(022:4) and calendic acid (218:2).  Advantageously, the compounds of the invention are those for
whichiRig$d BhQimsdturated fafty acig chivsere tHeegrodty cofpesetiléfcoleis adia X Ciady lirphaie (C18:2),
a-linolgpic,acid, (Q18:3) and y-ligalenic (C18:3).Advagtageguslynihe compayngs; afthe invaption are
those Tn which, when'R4 represents CORI', R1'is an 15 unsaturated fatty acid chosen from among the
group EBRTPrERTY ofefc a6RIYD1T: 1) iibIeIEERAP{FL8,2)! alifolehic 6B (11853 Hhd PRAdIERIc acid
(C18,3ame 15y AlkvEHR tharmeaning of thespregent ipveatioisreand siraight ar brageheds saturated
aliphatic 20 hydrocarbon chains and comprising the specified number of carbon atoms. Mention may

be maEFor EX&rhpfe ofFRliRA, etfiyidnd PRGHAEL O AdRFRAGSSusly e RRTUUNES oftRéfhvention
are thase, fof yvhiehk RZant-R3 sepresent  0L-031atkivh 25TAdvartagesusly, e cempguads of the

invention are those for which R2 and R3 represent a methyl. Advantageously, the compounds of

the invehtiBKSrePthose BRI Ri%ediEseRIAEIbroCdrb G Erah P 5519 18D 1 Gridtdrated

fatty agigheargprsingd #0330 upsawraionshaseAdvantageously the compounds of the invention are
those for which, when R4 represents CORI', RI' represents the hydrocarbon chain of a 014 to C18

unsaturated R &t E6RpAdingAHEY3 AfdAtratioNs285° RBRcERIHY 6 HEBHBIdMerdttt the
inventiog: e fosmula-dxeampodndsaresthiase fanwBich R4 represents CORI'.



According to another embodiment of the invention, 5 the formula (I) compounds are those for which R4

represents a hydr%egoié%ré? 663 In particular, the compounds of th%ﬁ@g%@%ﬁ chosen from

among the following mo es: 1. Molecule of general formula(l) where epresents CORI' -
dioctadeca-9,12-dienoate of (92, 9'Z, 127, 12'7)-2- (2,2-dimethy1-1,3-dioxolan-4-y1)-5-0x0-2,5-
dihydrofuran-3,4-diyl  dioctadeca-9,12,15-trienoate of (92, 9'Z, 122, 12'2, 1515Z,
15'7)-2-(2,2-dimethy1-1,3-dioxolan-4-y1)-5-0x0- 2,5-dihydrofuran-3,4-diyl, dioctadeca-6,9,12-trienoate
of (6Z,6'Z,92, 97,127, 12'7)-2-(2,2-dimethy1-1,3-dicxolan-4-y1)-5-0x02,5-dihydrofuran-3,4-diy1 20 -
dioleate of (Z)-2-(2:2-glimmethysl, 3-dioxolan-4-yd)-5- 0x0:2 brditydrofuran:3,4-diyli 2s Molecule of

general formula (Q%@%@lgsﬂ’,reﬂe,se@g‘:?mrogie.r,] aMa1:it, M.F, and Perié,
25(92,127)-5-(2,2-dimeth 1-1,3-dio>golag;4- 1)-4- hydrox -2-ox9-2,?;gfigydéglfyran-&:—c\:(loctadeca-Q,12-
dienoate (9Z,12£1g2)- - ,5?&51eeﬁhyz/i-f, “dioxo ana-i-sy 35-4-(Y}hydr03<y-2-0)(‘0.-51,151-1;,1|“hydrofuran-3-Y1
octadeca-9,12,15% 3btiénode 16297 127555 =aihathy 125 S didxotan A=y o9/
hydroxy-2-ox6-2,Fdimydréfswana3<al octadeca-6 5:12- tridnoatel., 12, 182-182
5-(2,2-dimethy1-1;3<ioxolan-4n¥1)4-bX-erexY-2:0xe852, a-dikydrofurans3:3d-oleate.d WO

2010/142663PCT/EP2010/057979,9, A furthersubiect of the present invention is a compound of
general formula (1) for use thereo ﬁgﬁedi%ar\}ion. 1 ngurtgle%?gsb'l%%[ of t@ prgg%nygvention is a
compound of generaeﬁ%rrcﬁﬂ?a (I)for use thereof as cosmetic active mgreglent. n particular, a
further subject of i FRAfISITIs F'ERTHOTNEIFGFFERERI Fotmidi (I795FGRE tRéredf BE depigmenting
active ingredient, astitage active 10 ingredient, antioxidant active ingredient, hydrating active
ingredient, anti-inflammatary active dngredient, of axaetive ingredient dar stimutating:body and/or head
haWre{ﬂownh.quggyggyoggﬂggququ%ﬂgaéyyygaaqguﬂggéogkin esterases on
the ester bonds leads to the release of one unsaturated
fatty acid and of one molecule of ascorbic acid when a
15 mono-ester of unsaturated fatty acid is used; or of Lwo
unsaturated fatty acids and of one molecule of ascorbic
acid via the mono-ester at position 2 when & diester of
unsaturated fatty acid is used.
In particular for diesters of unsaturated fatty
20 acids, the action of the esterases will firstly lead to
the formation of a mono—-ester of an unsaturated fatty
acid and to the release of ascorbic acid, then te the
release of ascorblc acid and of another unsaturated
fatty acid (Scheme 1).
25
Scheme 1: Example of a cleavage reaction by skin

esterases



15 cosmetic composition characterized in that it comprises at least one compound of general formula
(N in comblnatlong//v t%il (g}lﬂﬂgg?ceutlcauy or cos_metlcqlly accl?ptablg@fg@ﬂg%/ggfgwlarly adapted for
transcutaneous administration. 20In the present invention by "pharmaceutically or cosmetically .
acceptable” is meant useful in the preparation of a pharmaceutical or.cosmetic composition which is
generally safe, non-toxic and neither biologically nor otherwise undesirable and which is 25 acceptable
for a therapeutic or cosmetic use notably via topical application.  The pharmaceutical or cosmetic
compositions of the invention may be in forms which are usually known for topical administration to the
skin or scalp i.e. in 30 paticular lotions, foams, gels, dispersions, emulsions, shampoos, sprays,
serums, masks, body’milks pr creams, with excipientg particularly allowing penetration into the skin in
s and accessibility oftge ctl\%e ingredientf 35 Th¢ pharmaceutical or
S ofys(\e 0 igventian may also e it rm of gets for injgction (in combination

for example with hyaluyonic gcid C ébenmalginate'... lly used as wrinkle-fillers. These
compositions, in additfon to ompound(s) 5 of the prés Pinvention, generally contain a

physiologically accept
They may also contain surfa t agents, complexing@agents, preserviag agents, stabilizing agents,
emulsifiers, 10 thickeri&Esey [
fragrances, coloring agents, matifying jiters, hydrating agents or spa
waters, etc. These composjtions may also contain ot ive 15 ingredients leading to a
complementary or optionally synergy ect. Advantageously the compositions of the present invention
comprise from 0.01% to 10% by weight,  preferably 0.1% to] 5%y weight of the compound(s) of
20general formula (1). These compositions are more particulastytintended for depigmenting the skin
and/or head hair and/or body hair, for the treatment and/or prevention of ski eing, for hydrating the
epidermis, stimulating the 25 re-growth of head and/or body hair, or for freatingiinflammation of the sin.
A further subject of the present invention is a cosmetic megpod for treating and/of} preventing skin

ageing. 30The subject of the invention also extends td’ thgd for whitening affd lightening human
skin and/or body hair and/or head hair by applying a cosmetic. position con

ining at least one
compound of general formula (I) 11 A further subjectf thg invention oncerrls a method for
preparing a formula (1) compound by coupling an unsaturated fatty acidtovhgse Carboxylic function is in

activated form, with a derivative of ascorbic acid 1 ascorbic acid finolele acid

Therefore the subject of the present invention I1s

a compound of following general formula (I):
Rs
szj\{jo
O
— 0O
oKX

- Ry is a hydrocarbon chain derived from a Ciz to Coy

in which

unsaturated fatty acld comprising at least cone
unsaturation, advantageously 1 to 6 and preferably 1

10 to 4; and
- R, and Rs are independently oxr simultansously: =&

hydrogen or C;—-C; alkyl or a Phenyl; and



50f formula (Il). Scheme 2: Method for preparing a compound of formula (I) + BASE Ci RI OH 10(DCM

= dichloromethanﬁ)g\ﬁ/&%r ay represent CDR: or a hydr [ i
: metl eRAm : ydrogen atemxpon10/d384@upling reaction of
the invention is conducted w??zée presence of a base and optionally in 15 the presen?e of a coupling

auxiliary. The base may be pyridine for examplg or triethyla ine. The coupling auxiliary may for
example be 4-dimethylaminopyridine. 20By "activated form" in the meaning of the present invention is
meant a carboxylic acid function modified to make it more active with respect to nucleophiles. These
activated forms are well known to the person skilled in the art and may in particular be an acid 25
chloride. The present invantiondwritidae: bettesunderstood.in, thelighteof thé follewing non-limiting
examples. EXAMR;BE&Q-}&MBWG%‘%(MV‘G gempaunds of the 3@invention.+42 - Melecule of general

formula (1) where R4 represents .COP*: _1.1General method A; starting fr hlgride of an
unsaturated fatty acfﬂqgﬁalfﬁfri’dﬁﬁe S%ﬁER/IoIEé%%Ie 1 d?ra%:‘fgc?@ég-&l -die%%a%épbof 9%,9'2, 127, 12'7)-
2-(2,2-dimethy1-1,3*Hi6R6IRBAPT)5-0%B22 52 HiRYdrofurant3,4°diy 1S F0Pathway 1: To a solution of
5,6-C-Isopropylidené< 4.

By “unsaturation” in the meaning of the invention
is meant a doukle bond C=C.

By “unsaturated fatty acid” in the meaning of the
present invention 1s meant a straight-chain carboxylic

10 acid (R1COQH) or (R COxH) acid comprising between 12
and 24 carbon atoms, preferably 14 to 18 carbon atoms,
more preferably 18 carben atoms (including the carbon
atom of the carboxylic acid function} and comprising at
least one C=C double bond, preferably 1 to 4 C=C double

15 bonds, these double bonds preferably having a cis
configuration.

By “hydrocarbon c¢hain of an unsaturated fatty
acid” in the meaning of the present invention 1s meant
the hydrocarbon chains (Ri) or R;") linked to the acid

20  fupnction of the unsaturated fatty acid (R;COH) or
(Ry'COHY . Ry and Ry" therefore represent a straight
hydrocarbon chain comprising 11 to 23, preferably 13 to
17  and further praferably 17 carbon atoms and
comprising at least one, preferably 1 to 4, C=C double

25 bonds, these double bonds preferably having a cis
configuration. According to the invention, 1 Ry
represants CORp", R; and Ry'may be the same or
different.

The unsaturated fatty acids may be laurcleic acid

30 {Ciz:1)y myristolelc acid {Cira:17 palmitoleic acid
(Cig:1), oleic acid (Cis:n)s ricincleic acid (Cig:a1)s
gadoleic acid (Cppi), erucic acid {Cazaxl, g—-linclenic
acid {Cig.,3); stearidonic acid (Cig:al, eicosatriencic
acid {Cog:a) s eicogatetraenoic acid {Cop:a) s

35 eicosapentasnoic acid (Cao:s), docosapentaencic acid (C



ascorbic acid (1.08 g, 5 mmol, 1 eq.) and 4- Dimethylaminopyridine (61 mg, 0.5 mmol, 0.1 eq.) in 10

ml of anhydrous WH@@?@%Wder nitrogen, are added 2.9 g of linalegytshienide 63 mmol, 2 eq.)
then 15 the mixture’i$'left under agitation at ambient temperature for 16 hours. The reaction is followed

by thin layer chromatography (TLC).  After return to ambient temperature, the solvent is evaporated
then the residue extracted with an 20 ether/water mixture. The organic phase is washed twice with 1N
HC1 solution then with NaCi-saturated solution. After drying over magnesium sulfate an oil is obtained
after evaporation of the solvent. The residue is then purified on silica with the 25 heptane/ethyl acetate
mixture (100:0 to,2Q:380) atbyspreparatice ¢ PLC AThes praduct obtaimedsiirrtforreéfta colorless oil is

dried in vacuo ovemight, 4,49 g are pbtainedrwith enyield e£40%:23 ,HINMR:(40@ MHz, CDC13): 8:

083 21 6H): L2019 (1, 3410400,y 460,206 (n.8H):2,83 (210102 AL (21 491): 4,01 (0
1H); 4.18 (dd, IH)7 %35 (td" T ié; 514 (d; 191): 5.35 (m, 89 %PQSCNMR(%;%O MHz,CDC13):8:14.01;
22.6-33.6 (aliphati&l65.19572207 75 3 %‘ﬁ??"?“??ﬁ%?g;lff 07197-130:7150.8; 167.7; 168, 169.
Pathway 2:5,8-0-Eoptopghiéhe-agedrbiCacid (1 §7 7S pricedREaTeFentiortin dithfdromethane 10 (19
ml). Pyridine (0.794nb dszadedanddthe reactiof-zmediummdbecomes:haterogdeneousiydvhite (T=15C).
After 10 minutes under, agitationgthe-reaction medium is cooled to OC using an ice bath. A solution of

linoleoy! chloride (2.98 mi) in dichloromethane (6.m1),15,is added:ver;a-period.af & sainutes after
which the ice bath is remgved and theRrea,ction mezgll|uarpuiq‘spall%f€t3 #n?ae[ a itggg 3C mé'ggltes. The reaction
medium is washel\@iff water {3 x50 R With™a 29 copper sulfate sofution (w/v) (2 x 50 ml) 20 then
again with witer (500mI): TheddiganiCpRESETS dfibd Dvermaghdsiliiisulfate th&n Eoficentrated in
vacuo to afford a brawn-colered, oil(3:3 gy Yeeldc0686): Thisol:is stered ina-AitfdgeH-&tmosphere at
-18C. 25 1.2Genegak method.B; starting from an unsaturated fatty acid chloride and triethylamine 1.2a

Molecule 2: dioCtadeC&Z?dl?%f?@a’EfW??“@%eg'Munds of the invention are
those in which, when Ry répresents CORy*, Ry 1is an
15 unsaturated fatty acid chosen from among the group
comprising oleic acid (Cigni, lincleic acid (Cigz), o~
linolenic acid (Cap.3) and y-linclenic acid (Cia:3).
By “alkyl” in the meaning of the present invention
is meant straight or branched, saturated aliphatic
20 hydrocarbon chains and comprising the specified number
of carbon atoms. Mention may be made for example of
methyl, ethyl and propyl.
Advantageously, the compounds of the invention are
those for which Ry, and Rs represent a Ci;-Cs alkyl.
25 Advantageously, the compounds of the invention are
those for which Ry and R; represent a methyl.
ndvantageously, the compounds of the invention are
those for which R, represents the hydrocarbon chain of
a €y to Cig unsaturated fatty acid comprising 1 to 3
30  unsaturations.
Advantageously the compounds of the invention ars
those for which, when Ry represents CORy', R’
represents the hydrocarbon chain of a Ciz to Cus

unsaturated fatty acid comprising 1 to 3 unsaturations.



12'7, 152, 1517)-2-(2,2-dimethy1-1,3-dioxolan-4- 30y1)-5-oxo-2,5-dihydrofuran-3,4-diyl - 14 Toa
solution of 5,6-4)‘%5)9 QB%US e- -ascorbic acid (432 mg, 2 mmol, 1 @@@gpgo%%lg\y@mme (960 pi, 7

mmol, 3.5 eq.) in ydrous dichloromethane and under nitrogen, are added 1.91 ml of
linolenoyl chloride (6 mmol, 3 eq., 70%, technical),gthen the e is left under agitation at ambient
temperature for 16 hours. The reaction is followed by TLC. After return to ambient temperature, the
solvent 10 is evaporated and the residue extracted with an ether/water mixture. The organic phase is
washed twice with iN HCI solution then with Mad-saturated solution. After drying over magnesium
sulfate, an oil is obtaineg-afies evaperationeokttie-solvent. e residuevs:therndb puriied on silica with

the heptanes/ethyl acetate mixture (100:0 10 70:30},0t by fyeparative KPLEy Fhe-progduct obtained in
the form of a colorle s oil is dried in vacuo overnight. 604 mg are obtained with a yield of 41%. 20NMR

(400 MHz, COC13)*5: 0.91 (2t, 6H): 1.27-1.39 (m, 30H): 1.67 (m,_4H): 2.06 (m, 4H); 2.53 (2t, 4H);
2.79 (2t, 4H); 4.09 (dd, AFHCALBFAE LAY % BB 1 F RIS 8154 (d°TH)! S 38" (AT “1219). 251.2b Molecule
3: WO 2010/ 42653P CHER2610/0579 7% 150ibKdeca®,0 ARffenGAtE off6£6'zR%9z7, 9'7, 122,
12'7)-2-(2,2-dimethyt-d s3-ciexalanydyd) < axe,5-dihydrofuran-3,4-diyl- 5Starting from 2.5
equivalents of gamma lipol 341@11%96 (98%) -Golerless ob withha yield:nf:68%. 33-1 NMR (400
MHz, CDC13): 8: 089 (2t, 1.27- 144( 20H); 1,47 (m, 4H) 4H); 2.06 (m, 8H); 102.55
(m, 4H); 2.80 (m, B 121"6%3 )5 iﬁ)aﬂofé’ 153}149?" Ig%] e 535%%(%n|%537 (m, 12H).

clecule of general ormu a

10 represents CORy’

- dioctadeca-2,12-diencate of (9Z, 87z, 12Z, 12'2)-2-
(2,2-dimethyl-1, 3~dioxolan-4-yl)-5-oxo-2, 5~
dihydrofuran-3,4-diyl

- dioctadecs-9,12,15-triencate of (%2, 972, 12z, 12'%

15 15%, 15/2)-2-(2,2-dimethyl-1, 3-dioxolan~4-yl)-5-0x0O—
2, 5~dihydrofuran~3, 4—diyl,

- dioctadeca-6,9,12-triencate of (62, 62, 92, 9'%
127, 12'z)-2-(2,2-dimethyl-1,3-dicxolan~4-yl)-5-ocxo~
2, 5-dihydrofuran-3,4-diyl

20 - dioleate of (72)-2-1{2,2-dimethyl-1,3~dioxolan-4-yl)~5-
éxo—Z,S—dihydrofuran—3,4—diyl.

2. Molecule of general formula {I) where Ry

represents a hvdrogen atom
25 -~ (9%, 122)-5=(2,2~dimethyl~1,3-dioxolan—4-yl) -4~
hydroxy-2-oxo-2, 5~dihydrefuran-3-yl octadeca-9, 12—

diencate
- {9z, 12%,152)-5-({2,2-dimethyl~1, 3~-dicxolan—4-yl) -4~
hydroxy-2-oxo-2, 5-dihydrofuran-3-yl octadeca-9,12,15-
30 triencate
- (62,92,122)-5-(2,2~dimethyl-1, 3~dioxolan-4-yl) -4~
hydroxy-2-oxo-2, 5~dihydrofuran-3-yl octadeca—6,9,12~
triencate
- 5~ (2,2-dimethyl-1, 3-diozolan-4-yl)-4d-hydroxy-2-0oxo-
35 2,5-dihydrcfuran-3-yl olesate.



1.2.c Molecule 4 dioleate of (1)-2-(2,2-dimethy1-1,3-dioxolan-4-

15y1)-5-ox<_)-2,5-%9%%%%}%,4@iyl - Starting from 2.5 equivalenispioteayl@horide (98%).
Colorless oil with ayiéld o oafter 20purification.  11-1 NMR(400 MHz, CDC13): 8:0.88 (2t, 6H);
1.26-1.55 (m, 46H);1.67 (m,4H); 2.00(m, 8H); 2.53¢ ’

A further subject of the present invention is =z
compound of general formula (1) for use thereof as
medication.

A further subject of the present invention is a

o3

compound  of general formula (1) for use thereci as

cosmetic active ingredient.

In particular, a further subject of the invention
is a compound of general formula {I) for use thereci as
depigmenting active ingredient, anti-age active
10 ingredient, antioxidant active ingredient, hydrating

active ingredient, anti-inflammatory active ingredient,

or as active ingredient for stimulating body and/oxr
head hair re-growih.

The invention also extends to a pharmaceutical or

15  cosmetic composition characterized in that it comprises
at least one compound of general Iormula (I) in
combination with & pharmaceutically or cosmetically
acceptable excipient particularly adapted for
transcutaneous administration.

20 In the present invention by “pharmaceutically or
cosmetically acceptable” is meant useful in  the .
preparation of a charmaceutical or cosmetic compoesition
which is generally safe, non—-toxic and neither
biologically nor otherwise undesirable and which is

25 acceptable for a therapsutic or cosmetic uss notably
via topical application.

The pharmaceutical or cosmetic compositions of the
invention may be in forms which are usually known for
topical administration to the skin or scalp i.e. in

30 particular letions, foams, gels, disgpersions,

amulsions, shampoos, sprays, Serums, masks, body miiks

or creams, with exciplents particularly allowing
penetration into the skin in order tTo improve the
properties and accessibility of the active ingredient.

35 The pharmaceutical or cosmetic compositions of the



(Mm,4H); 16 2.77 (2t, 4H); 4.09 (dd, IH); 4.18 (ad, 1H); 4.36 (td, 111); 5.14 (d, 1H); 5.34 (m, 4H).

EXAMPLE (2): S gl;u compounds of the 5 invention - Mol QN rmula (I) where
R4 represents a h 5@ rgge%rﬁé org;3 2.1Molecule 5 (92,127)-5-(2,2-dimet y%zpli?, dloﬁé% 4-y1)-4-

1thdroxy-2-oxo 2,5-dihydrofuran-3-yloctadeca-9, 4 2-dienoate- In a three-necked flask under
nitrogen a suspension is prepared of 5,6-0-isopropylidene-ascorbic 15 acid (5.5 g; 25.44 mmol) in 110
ml acetone after which 3.53 ml of triethylamine are added. Formation of an abundant white precipitate.
Linoleoyl chloride (3.55 mi; 11.06 mmol) is then added dropwise over 3 minutes and the mixture then
left under agitation 2040 1pinutes atiambientiemperatdren The puXturéagain Becomes limpid and then

a small pre(:lpltate of triethylammaniym gglprlqg(gﬁng)j@eq\, ;e splidis filered through a sintered filter
and the filtrate drawn to obtaln .an oil Thss ail is dissolved in 25 10Q ml ofgthyl acetate and washed

3 times with saturﬁf’é“d1 i1 %ot gn r]‘izhe org anlc ﬁgse IS drled over magnesium sulfate, filtered and
evaporated to 17 arrlveTé*tQE?GCﬁlﬁﬁ%ngO\ﬁﬁ%'ohﬂngﬁﬁw‘blajﬁélldt@f gﬂW)ﬁ 6§MHZ, 00013): 8:

0.90 (t,3H); 127-1:89 (mh20H}EFer(m, ZH’)YQWG»W, 4H)§ie21583(36,12’|-|), 2.0718:‘3{5? 2HY* 4.13 (dd, 1H);
4.20 (dd, 1H); 4.4§}(§I§,:‘Jbﬁ)béi@1dy1H)jcé§€a(m,e4Hw)ecﬂMmﬁ\laﬂh= 5e2pl)2MkNar ©979.7 D4-8117 =
477:$[2NLHI7=:g§§9%nt based, e.g. alcohols, ethers or glycols. They

may also contain surfactant agents, complexing agentis,

preserving agents, stabilizing agents, emulsifiers,

10 thickeners, gelling agents, humectants, emollients,
trace elements, essential oils, fragrances, coloring
agents, matifying agents, chemical or mineral filters
hydrating agents or spa waters, etc.

These compositions may also contain other active

15 ingredients leading to a complementary oI optionally
synergic effect.

Advantageously the compositions of the present
invention comprise from 0.01% to 10% by weight,
preferably 0.1% to 5% by weight of the compound({s) of

20 general formula (I).

These compcsitions are more particularly intended
for depigmenting the skin and/or head hair and/or body
hair, for the +treatment and/or prevention of skin
ageing, for hydrating the epidermis, stimulating the

25 re-growth of head and/or bedy hair, or for treating
inflammation cf the sin.

A further subject of the present invention is a
cosmetic method for treating and/or preventing skin
ageing.

30 The subject of the invention also extends to &
method for whitening and lightening human skin and/or
body hair and/or head hair by applying = cosmetic
composition containing at least one compound of general

formula (I)



éoz.z Molecqle 6 5-(2,2-dimethy1-1,3-dioxolan-4-yi)-4-hydroxy-2- oxo-2,5-dihydrofuran-3-y1 oleate -
ame operating r%%j lecule 5 starting from oleoyl chlorid I hoYield: 96%;
NMR (30'0 MHz, @{%‘%8%9 (t, 3H); 1.28-1.42 (m, 26H); 1.69 ?rr?%\ﬁ)é;hg%gy(}rﬁ%m; 2.62 (m,
2H); 4.15 (dd, 1H); 4.22 (dd, 1H); 4.45 (td, 1H); 4.79 (d, 1H); 205.36 (m, 2H). (M+Na.)% - 503.2 [M-HF
= 479.3 2.3 Molecule 7 25(9Z, 122, 157)-5-(2,2-dimethy1-1,3-dioxolan-4-Y1)-
4-hydroxy-2-oxo0-2,5-dihydrofuran-3-ylocatdeca- 9,12,15-trienoate - Same operating mode as for
molecule 5 starting from linolenoyl chloride. 30Brown solid. Yield: 91%. WO
2010/142663PCT/EP2GL0MADAR D18 kINMR (300 Midz, CDELB).c8: 089:(te 8; 1330-1.42 (m,

1411); 1.72 (M, 211%;:2.08:m, §11)::2.62(r8, 260282 (T (Michkudal Biddolb1)i 422 (dd, IH); 4.45
(td, 111); 54.70 (d 111); 5.38 (m, Cpu)aé%ﬂggu %%%g,e[l\/g: ugczgﬁgé’g/k%lnEj@): composition

according to the i |nven
in act1va+ed form, with a derivative of ascorbic acid

5 of formula {(II).

Scheme 2: Method for preparing a compound of

formula (I}

Ra
R, R
Rang 2 Y~
e g
Q O,
o ,ﬁ\ DCM
0 * o Ry * BASE el C
—
HO Nz i o»{p
OH 4
i I R4
10 (DCM = dichloromethane)
(where Ry may represent COR;’ or a hydrogen atom)
The couplin reaction of the invention is

conducted in the presence of a base and optionally in

15 the presence of a coupling auxiliary.

The base may be pyridine for exanmple or
triethylamine.

The coupling auxiliary may <for example be
4-dimethvlaminopyridine.

20 By “activated form” in the meaning of the present
invention is meant a carboxylic acid function medified
to make it more active with respect to nucleophiles.
These activated forms are well known to the person
skilled in the art and may in particular be an acid

25  c¢hloride.

The present invention will be better understood in

the light of the follewing non-limiting examples.

EYAMPLE (1): Synthesis of the compounds of the

30 invention.



10 1. A cream Ingredients (trade names) INCI name Percentage Function Purified water Water QS* to

100% Glycerin Glycerin 3 Humectant EDTA**,2Na Disodium EDT ' gent
Phenoxyethanol I%%W&F\gﬁol 0.35 Preserving AP%%/ %ﬁ@fﬂ%%&

12

- Molecule of general formula (I) where R, represents
CORy’ 3

1.1 General method A: starting from a chloride of an

unsaturated fatty acid and pyridine

5 1.la Molecule I:
diactodeca-9, 12-diencate of (9%,9'Z, 12z, 127L%)~
2-(2,2-dimethyl-1,3~dioxolan-4-yl}-5-oxo-2, 5~
dihydrofuran—-3,4-diyl-

Aoms

0
0
7 N
10 Pathway 1: To a solution of 5,6-0-Isopropylidene-
ascorbic acid (1.08 g, 5 mmol, 1 eg.} and 4—

Dimethylaminopyridine (61 mg, 0.5 mmel, 0.1 eg.) in
10 ml of anhydrous pyridine and under nitrogen, are
added 2.9 g of linoleoyl chloride (10 mmol, 2 eg.) then
15  the mixture is left under agitation at ambient
temperature for 16 hours. The reaction is followed by
thin layer chromatography (TLC).
After return to ambient temperature, the solvent
is evaporated then the residue extracted with an
20 ether/water mixture. The organic phase is washed twice
with 1IN HC1 solution then with NaCl~saturated sclution.
After drying over magnesium sulfate an oil is obtained
after evaporation of the solvent.
The residue is then purified on silica with the
25 heptane/ethyl acetate mixture (100:0 to 70:30) or by
preparative HPLC. The product obtained in the form of a
colorless oil 1s dried in vacuo overnight.

1.49 g are obtained with a yield of 40%.



agent Sepipluss4 400 Polyacrylate-13 and Polyisobutene and Polysorbate 20 and water 1 Gelling and

stabilizing agent Simulsol é 5 Glyceryl stearate and PEG stearatg *** ifying a
gent WO
2010/142663PC1“/|9F9’96%% 79 19 Lanette(r) 16 Cetyl alcohol 1 %Ir@s%grl?é@%

13

ly WMR (400 MHz, CDCis): 8: 0.83 (2t, 6H); 1.27-1.39
(m, 34H); 1.68 (m, 4H); 2.06 (m, 8H); 2.53 (2t, 4H);
2.77 (2t, 4H); 4.01 (dd, 1H); 4.18 ({(dd, 1H); 4.35 (taq,
1H): 5.14 (d, 1H)Y:; 5.35 {m, BE}. .

5 ¢ WMR (100 MHz, CDCli): 8:  14.01;  22.6-33.6
(aliphatic); 65.19; 72.9; 75.3; T6.7; 77; 110.8; 122.0:
127~-130; 150.8; 167.7; 168, 1e5.

Pathway 2: 5, 6-0-Isopropylidene-ascorbic acid

(1 g} is placed in suspension in dichloromethane
10 {19 ml). Pyridine (0.79 ml) is added and the reaction
medium becomes heterogeneously white (T=15°C). After
10 minutes under agitation, the reaction medium 1is
cooled to 0°C wusing an ice bath. A solution of
linoleoyl chloride (2.98 ml) in dichloromethane {6 ml)
15 is added over a period of 5 minutes after which the ice
bath is removed and the reaction medium is left under
agitation 30 minutes.
The rveaction medium is washed with water (3 x 50 ml)
with a 2% copper sulfate solution (w/v} (2 x 50 ml)
20 then again with water (50 ml). The organic phase is
dried over magnesium sulfate then concentrated in vacuo
to afford a brown-colored oil (3.3 g; Yield 96%).

This oil is stored in a nitrogen atmosphere at -18°C.

25 1.2 General method B: starting from an unsaturated
fatty acid chloride and triethylamine
1.2a Molecule 2:
dioctadeca-9,12,15%-triencate cof (97,972, 124,
1279, 15z, 15'%Z)-2-(2,2-dimethyl-1,3~-dioxolan—4-
30 yi)=5~oxo-2,5~dihydrofuran-3, 4-diyl -



factor Myto10318 Capric/caprylic triglycerides Liquid paraffin 6 4 Emollient Emollient Primol0 352

Cetiol(r) CC Dicaprylyl carbonate 4 Emollient Molecule 1 92,9'Z,12 'Z)=2- - dimethy1-1,3-
dioxolan-4-y1)- 5%§ég}giia?ﬁ)§arofuran- gleieinr i

14

\ V4

_ To a solution of 5,6-C-Isopropylidene-ascorbic
acid (432 mg, 2 mmol, 1 eg.) and triethylamine (960 ni,

7 mmol, 3.5 eg.) in 20 ml of anhydrous dichloromethane

{621

and under nitrogen, are added 1.%1 ml cof linclienoyl
chleride (6 mmol, 3 eg., 70%, technical), then the
mixture is left under agitation at ambient temperature
for 16 hours. The reaction is followed by TLC,
After return tc ambient temperature, the solvent
10 is evaporated and the residue extracted with an
ether/water mixture. The organic phase is washed twice
with 1IN HC1 solution then with NaCl-saturated solution.
After drving over magnesium sulfate, an oil is obtained
after evaporation of the scolvent. The residue is then
15 purified on silica with the heptanes/ethyl acetate
mixture {100:0 to 70:30) or by preparative HPLC. The
roduct obtained in the form of a colorless oil is
dried in vacuo overnight.
604 mg are obtained with a yield of 41%.
20 'H NMR (400 MHz, CDCls}: &: .81 (2t, eH); 1.27-1.39
(m, 30H); 1.67 (m, 4H); 2.06 (m, 4H); 2.53 (2t, 4H);
2.79 (2%, 4Hy:; 4.09 (dd, 1H); 4.18 (dd, 1H); 4.36 (td,
iHY; 5.14 (d, 1H}; 5.38 {(m, 1ZH).

25 1.2b Molecule 3:



3,4-diy1 dioctadeca-9,12- dienoate 0.5 Active ingredient Chlorphenesin Chlorphenesin 0.27

Preserving agent’ Mic é 100 Methyl polymethacrylate 1 Pow: r rance 0.1
Fragrance QS: q%éﬁrﬁi@ é\g"’EDTA: ethylenediaminetetraacetic ﬁff?jf@gg?%fg?hylene glycol
WO 2010/142663PCT/EP2010/057979 20 15

dioctadeca~-6,9,12-triencate of (62, &'Z, 92, 9'F,
12%, 12'7)-2-{2,2-dimethyl-1, 3-dioxclan—-4-yl) -5~

oxc—-2,5-dihydrofuran-3, 4-diyli-

L

Q
&)
\/L:yfzﬁo
O e

Starting from 2.5 eguivalents cof gamma lincolenoyl
chloride (98%).

Colorless oil with a vield of 68%.
M ONMR (400 MHz, CDCli): &: 0.89 (2t, 6H); 1.27-1.44
(m, 20H); 1.47 (m, 4H); 1.68 (m, 4H); 2.06 (m, BH);
10 2.55 (m, 4H); 2.80 (m, 8H)y; 4.01 (dd, 1H); 4.18 (dd,
1H); 4.36 (td, 1H); 5.14 (d, 1Hy; 5.37 (m, 128).

1.2.¢c Molecule 4

dioleate of (Z)-2-{(2,2-dimethyl-1l,3~dioxolan—-4-
yl)-~5-ox0-2, 5~dihydrofuran-3, 4-diyl -

-~

o :
0
Q -
o o
- o}
Y

Starting from 2.5 equivalents of oleoyl chloride
(9B%).

15

Colorless oil with a yield of 53% after
26 purification.
g NMR (400 MHz, CDCls): &: ©.88 (2t, @H):; 1.26-1.55
(m, 46H): 1.67 {(m, 4H); 2.00 (m, BH):; 2.53 {(m, 4H);



stabilizing agent Pemulene TR1 a copolymer of acrylic acid and alkyl methacrylate 0.3 Gelling and

stabilizing agent %ﬁi%@j&%(gf)ric/caprylic triglyceride 4 Emollie%gfm&ég%b%uid paraffin 4

Emollient Molecu

16

2.77 (2t, 4H); 4.09 (ad, 1H); 4.18 (dd, 1H); 4.36 (td,
1H); 5.14 {4, 1H); 5.34 {(m, 4H}.

EXAMPLE (2)}: Synthesis of +the compounds of the

5 invention

- Molecule of general formula (I) where Ry represents a

hydrogen atom

2.1 Molecule 5
{97, 127) -5~ (2, 2-dimethyl-1, 3-dioxoclan-4-yl) -4~
10 nydroxy-2-oxo—2, 5~dihydrcfuran-3-yl octadeca—-9,

i2-diencate—

In a three-necked flask under nitrogsn a
suspension is prepared of 5,6-0-Isopropylidene~ascorbic

15  acid (5.5 g; 25.44 mmol) in 110 ml acetone after whnich
3.53 ml of triethylamine are added. Formation of an
abundant white precipitate. Lincoleoyi chioride
(3.55 ml; 11.06 mmol) 1s then added dropwise over

3 minutes and the mixture then left under agitation

20 10 minutes at ambient temperature. The mixture agailn
becomes limpid and then a small precipitate of
triethylammenium chloride is formed. The solid is
filtered through a sintered £ilter and the filtrate
drawn up to obtain an oil. This oil is dissolved in

25 100 mi of ethyl acetate and washed 3 times with
saturated NaCl solution. The organic phase 1s dried

over magnesium sulfate, filtered and evaporated to



12'7)-2-'2,2- dimethy1-1,3- dioxolan-4-y1)- 5-oxo0-2,5- dihydrofuran- 3,4-diyl dioctadeca- 9,12-dienoate

0.5 Active ingred% %ﬂl@ sin Chlorphenesin 0.27 Preservi
/Ea?g p n 0. erving ggepibiagipeed-ragrance 0.1
Fragrance QS: quantum sa |561£EDTA: ethylenediaminetetraacetic acid EXAMPLE (4): Results of

biological tests 5 4.1Targets of biological tests 17

arrive at 4.76 g of a brown solid giving a yield of

80%.

T NMR (300 MHz, CDCls): &: 0.90 (t,3H); 1.27-1.39 (m,

20H); 1.70 (m, 2H); 2.06 {(m, 4H); 2.58 (t, 2H); 2.78
5 (£, 2H); 4.13 (dd, 1H); 4.20 (dd, 1H); 4.43 {m, 1H};

4.65 (d, 1H); 5.37 {m, 4H).

[M+Na]® = 501.2; [2M+Nal® = 879.7

[M~H]™ = 477.3; [2M-H] = 855.7

10 2.2 Melecule ©
5-(2,2-dimethyl-1, 3-dioxolan-4-yl)-4-hydroxy-2-—
oxo-2,5-dihydrofuran-3-yl oleate -
Same operating mode as for molecule 5 starting from
oleoyl chloride.
15 White solid, Yield: 56%;

Iy MMR (300 MHz, CDCls): &: 0.8% (t, 3H); 1.28-1.42 (m,

26H); 1.69 (m, 2H); 2.02 (m, 4H); 2.62 (m, 2H}; 4.15

‘aqd, 1H); 4.22 (dd, 1H): 4.45 (td, 1H); 4.70 (d, 1H):
20 5.36 (m, 2H).

iM+Na]® = 503.2

[M-H]" = 479.3

2.3 HMolecule 7
25 (9%, 124, 157y -5~ (2,2-dimethyl-1,3~-dioxolan~-4-y1i)~
4-hydroxy-2-oxo~2, 5-dihydrofuran-3-yl ocatdeca-
9,12,15~triencate -
Same operating mode as for molecule % starting from
linolenoyl chleride.
30  Brown solid. Yield: 91%.



The extracellular matrix (ECM) is a dynamic structure having a structural, regulatory role for tissues.

The ECM of the

(water, mineral sal

é@iﬁ&%fﬁé’%d of fibers (collagen and elastin) andof ftmdamentaisubstance 10
S, gly [

coproteins, hyaluronic acid and proteoglycans). It imparts to the skin its

turgescence and mechanical properties: firmness,glasticity and tonicity. The ECM permanently
undergoes rearrangement in relation to the equilibrium between 21 the synthesis and degradation of
its constituent macromolecules. The ECM is formed of four types of

macromolecules:collagen,elastin,structural

hyaluronic acid).

they are fibrillar collagens of type I, Ill and V.

-glycoproteinsandglycosaminoglycans(suchas 5

Collagens are fibrous proteins that are highly abundant in the dermis. In majority

network and play a 10 mechanical role imparting resis
degradation of the ECM sets in over the course of50 e physiological processes (scar healing,

embryonic development, angiogenesis...) but also

Med. 333: 1419, 1997; Shapiro SD Current Opinio
the ECM are mostly 20 degraded by enzymes of e

o

geps form the essential component of the fibrous
e and elasticity to the skin.

The

athological processes (arthritis,

etastases...) (Fisher et al., N. Engl. J.
y 10: 602, 1998). The components of
eptidase type called matrix metalloproteinases

or MMPs (Nagase.and \Woessnef;J; Bigle Chens 274: 2149, 1999). MMPs1ake awactive part in the

scar healing process but they also contribute tg skin_slagkenin the o of wrinkles. MMPs are
25 enzymes of ziﬁg%)nﬂoiéeg%da%éné t E}é) M ngor{i}ﬁferg:%ﬁélcoglj% ggérrr%ﬁgas)t ly (i\ég%des the triple
helix of type | fibrilfar céifaderfs, ‘ahd &@bo degradés collagens ﬁhﬁ V?II and @%Ka ari VM and
Saarialho-Kefe U4 Exp. Dernidtot. 6:.-36 199, 1997). MMP-1 therefore plays a crucial role in the
initiation of the degradation-ofscallagens. This collagenolytic activity is also associated with scar
healing. Type | str@mgbﬁsig (MMP->3) degrades glycoproteins such as fibronectin and laminin, some 35
proteoglycans, elastin, gelatin and collagens IV et V. 22 At skin level, MMP-Is and MMP-3s are
expressed both by the keratinocytes and by the figrobl(%ls;ts. Dyrin. skipna\%ei?% reduction in the
quantity of hyalur8#R4dil.id Bso OBERATEd bdth 3F epidernialand at dermal Tevel. 5 This reduction is
the result ofldddecrease in the synthesis of hyaluronic acid and an increase in hyaluronidase activity
(Stern R, Maibach HI (2008} Ryadaronan in skin: aspects of aging and its pharmacologic modulation.

din Dermatol 26: 22). 10 In addition, numerous studies evidence an increase in pro-inflammatory

cytokines _(IL-6, _IEL-BI%) duning aging (Frar?f@égh;lg}ngl, Me Q@ry’gg}&gg@_ eingﬁmggyel_opment, 92,
2006). This pro-mflam(r:hatory context or "inflammaging" appears to be directly involved in 15 the onset
of some signs of.agefft: ) i eiani-et-al— at-1i5. 2004:
Licastro et al., NeGrohidk #gingt2006). The Hitefeukins, cytokinés Produced by the T lymphocytes,
are then expressed (IL-6 or IL-8). 100%
Glycerin Glycerin 3 Humectant
EDTA**, ZNa Disodium EDTA 0.1 Complexing
agent
Phenoxvyethanol Phenoxysethanol 0.35 Preserving
agent
Sepiplus™ 400 Polyacrylate-13 1 Gelling and
and stabilizing
Polyiscbutene agent
and Polyscrbate
20 and watexr
Simulscl™ 165 Glyceryl 4 Fmulsifying
stearate and PEG agent
stearate *** 100




20To evidence the activity of the compounds of general formula (I) against skin ageing and against

inflammation, the%er%%??f“tgﬁ)s& compounds was measured on the

MMP-3 and IL8 in

9&E i f MMP-1,
dermal fibroblasts treated with H202, thereby ﬁg mifﬁ%&ﬁ?r? 2

micking the process of

cellular senescence. The effect of these compounds;of general formula (I) was also measured on the
synthesis of hyaluronic acid and on hyaluronidase activity. The stimulation of the synthesis of
hyaluronic acid also allows skin hydration 30 to be improved and/or restored (Bissett DL. J. Cosmet.

Dermatol. 2006 Dec. 5(4): 309-15. Glucosamine: an ingre

ient with skin

and other benefijts). Similarly,

to evidence the depiggienting activity of the compaurds o
ct of these compounds was 23 measuré

invention, the ef

[ general formulad{hsdaecording to 35 the
2d on the synthesisqQfapglanin by

colorimetric assgy oma celt '%in of
u

compounds of gefigral Trmuta (1) on the

rlc/capr
W

measuring their

\ r.eég owtn
activity.on stimulation 6fth '
growth of the hupianihairdoliicke. 104.2kTest pretotbl for

urine mel nomaf; gne B16-F10.
ﬁead and/or 5 bod

In&docwgré the effect of the
y hair was also evaluated by

- dermal-bapil
rmat-paph

a-cells-and-stimulation of the

the gefie expressionlaf- (MMP-1, MMP-3 and

IL8 in human fibrohlasts: & Gell treatmentp; - Adugrap dern
operative skin) were cultured in DMEM culture medium 15

al fibroblasts

isatatert frem-discarded

+ 10% FCS. The cells were pre-treated with

vitamin C and the-compoundtobetested for,lbh(;%d Ca
were then replaced in DMEM with vitamif C afid di

%fade(

12'2)-2-(2,2-dimethy1-1,3-dioxolan-4- 262y ¥)-525%0-2%5-dihydrofuran-3,4
stress,the fibroblasts entered into senesdéerce e sehrescent fibroblasts

remain metaboli¢ajly; activie: (Hayflick, J. vestnDerpatel.,
lysed with the lysis buffer of the RNeasyQ kit (QIAGEN). -
The extracted RNAs were converted to g&malen%entary DN

en” ReA -]if:r)nél PCR ar
fluorescence thermocycler (BIO-RAD). The 1évéliofexpres

dicctadeca~9,12-

Reverse 30 Transcription kit by Qiag

nd then stimulated with HZ0Z.
ca-9,12-dienoate of (92, 9'2, 122,
-diyl.72 hours after ending of

The cells

no lgrgerproliferate but

73; 8¢l4, 1979).:Fhe eellswere 25 then
Reverse transcription and real:time PCR

NA following the indications of the Quantitect
alyses were cpnducted using an iQ 'cycler
sion of the mMRNAs coding for

dienoate
Chlorphenesin Chlorphenasin 0.27 Preserving
agent -
Micropearl Methyl 1 Powder
M100 polymethacrylate
Fragrance Fragrance 0.1 Fragrance
0S: quantum satis
*EDTA: ethylenediaminetetraacetic acid
***PEG: polyethylene glycol
5 2. A milk
Ingredients i INCI name Percentage Functicn
(trade names)
Purifised water Water 0% to 100%
Glycerin Glycerin 3 Humectant
EDTA**, ZNa Disodium EDTA 0.1 Complexing
agent
Phenosxyethanol | Phenoxyethancl 0.35 Preserving
agent
Synthalen® K Carbomern 0.2 Geliing and |




MMP-1, MMP-3, IL8 was analyzed using the real-time PCR 35 technique. To normalize the level of
expression of theﬁ?@g@i@ ég?i terest, the analysis strategy developgg{%‘ﬁé@@%§%’9@ela et al.,
Genome Biol. 3: 34 (2002) was chosen. Using the aCT values obtained during a first
PCR, the algorithm of Genorm software version 5 34 (Vandesompele J et a/ , Genome Biol. 3:
RESEARCHO0034 2002) compares the level of stability of three reference genes under precise
experimental conditions of the cell test and allows the determination of the most stable reference gene.
In our 10 model, the three tested reference genes were the following: 3-actin (Human.(3-actin),
GAPDH (Human glyceraldehyde-3-phosphate dehydrogenase) and YW i1lizing
(Tyrosine-3-morjooxygenase, tryptopgan-5-monooxygenase activation|proteigzeta polypeptide).
15The first step pormajizes 1 Lt values obtained for fhe gen intere relati the Ct values
obtained for the ref%r:}{ﬂce%enge for|each ex| ilesfmmentaﬂ conditigh(gThe fol %%v%n%%v%qﬁ=refore
calculated: 20LICt = Ctgene of mteresté‘ft@fdéh@éﬁ%e These LCt VAifiae %réf)?é?e Nt the raw
non-transformed values used for statisticzih@nalysis. The second step gf the&&iéHation determines the
variation in the number of copies of thergene ©f PSinderast during treatment. To do so BilCt is
calculated: ZILIC Aqmgﬁ_rgated &qrgggﬁgg* F For the non:-treated gontrol, this QR is
therefore equal to I It is then possnle o cgi%ulate gn ingduction or inhibition factor of the gene of
interest 30 compared-with-this-controt: Ei' estfts-of thetestonthegxpressionof MME-1, MMP-3
and 118 in humaf AbRBIEsES 2 Statisfid a2l 55 8 atisticaf analysis-WAS perfdrmed using a test

RO tro GG et DV O ITTTOUTTIT

called "one-way ANOVA". Variance |an&ysis?t8ing the Dunnett test then allows the comparing, for

each of the 12'7)y-2-(2,2-
dimethyl-1, 3~ Active
Molecule 1 dioxolan-4-yi)— 0.5 ingredient

5-ox0-2,5~

dihydrofuran—

3,4-diyl

dioctadeca-

9,12-dienocate
Chlorphenesin Chlorphenesin 0.27 Preserving

agent
Fragrance Fragrance 0.1 Fragrance
QS: guantum satis
**EDTA: ethylenediaminetetraacetic acid
EXAMPLE (4): Results of blological tests
5 4.1 Targets of biological tests
The extracellular metrix (ECM) is a dynamic

structure having a structural, regulatory role for
tigssues. The ECM of the dermis 1s formed of fibers

(collagen and elastin) and of fundamental substance

10 (water, mineral salts, glycoproteins, hyaluronic acid
and proteoglycans). It imparts to the skin its
turgescence and mechanical properties: firmness,

elasticity and tonicity. The ECM permanently undergoes

rearrangsment in relation tc the eguillbrium between



analyzed genes, of the Act values of normal adult 5 fibroblasts with the compounds in the presence of

H202 in both cas%%%laiﬁ) }f—:&tﬁg}en gives the "p value" characterizingsthe;significange@f the results
obtained for both conditions The degree of significance was established as follows: 10- significant for p

< 0.05 (*) very significant for p < 0.005 (**) highly significant for p < 0.001 (***) non-significant for p >
0.05. - Analysis of the expression of the mRNAs of MMD-1, 15 MMR-3 and IL-8 in senescent human
dermal fibroblasts treated or non-treated with the compounds of the invention Analysis of the relative
guantity of mMRNAs The human dermal fibroblasts were incubated in the 20 presence of ascorbic acid
or dioctadeca-9,12rdieneate-bE £k, 9'Znd21¢22'7)<>242dimethylik 3-diOx6lant:-4ent
y1)-5-ox0-2,5-dihydrofuran-3:.4-diyl (=ractivedrgredientLinJable 2yrbefore. apdafterbeing stimulated

with H202. To analyze the.effect of these 25 extracts on the, expression of.mRNAs.medulated by
H202, the samples _treated with the active ingre e&gg gnflnstlTulated with H202 were compared with
e!

the sample stimul&teF By Witk H203"For eSch SaFPIE. Tife fevel of expression of the mRNA of
interest had t& be 3G hvkrralizediwith the level of expression of the mRNA of the most stable reference
gene Analysis of percentagezagtivity arelt iSidlsopossibletol valculates pereentage iniibition of the
level of expressionqf;the different 26 mMANAS by the.activedngresients:He b evaluated, using the
formula: 5 %inhibiéigflg 45[%H%0L2R%%ngggd )gﬂllgggg@qtivg&ggagggonﬁg%te%e
essential compeonent of the fibrous network and play a
10 mechanical role imparting resistance and elasticity to
the skin.
The degradation of the ECM sets in over the course
of some physiclogical processes {scar healing,
embryonic development, angiogenesis.) but also during
15 pathological processes farthritis, arthrosis,
atherosclerosis, tumor development and formation of
metastases..) (Fisher et al., N. Engl. J. Med. 333:
1419, 1997; Shapiroc SD Current Opinicon in Cell Biology
10: 602, 1998). The components of the ECM are mostly
20 degraded by enzymes of endopeptidase type called matrix
metalloproteinases or MMPs (Nagase and Woessner, J.
Biol. Chem. 274: 21491, 19%9). MMPs take an active part
in the scar healing process but they also contribute to
skin slackening and the onset of wrinkles. MMPs are
25 enzymes of zinc endopeptidase type.
MMP~1, or interstitial collagenase, mostly
degrades the triple Thelix of <type I fibrillar
collagens, and also degrades collagens II, II, VIII and
¥ (Kahari VM and Saarialho-Kere U, Exp. Dermatol. 6
30 199, 1997). MMP-1 therefore plays a crucial role in the
initiation of the degradation of collagens. This
collagenolytic activity is also associated with scar
healing. Type 1 stromelysin (MMP~3) degrades
glycoproteins such as fibronectin and laminin, some

35 proteoglycans, elastin, gelatin and collagens IV et V.



Re202R non-treated x 100

young or senesc
tested MMP-3

10

ot
{n

25

35

Table 1: Relative quantity of mRNFis of MMP-1, MMP-3 and IL-8 of

and percentage 10 inhibition of the | ression by the
e\&%&%{ ﬁlg%%%on H202 5.9 Ascorbic acid (3pM) ?@/@ﬁf@ﬁ)‘h‘@'}%@
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At skin level, MMP-l1s and MMP-3s are expressed both by

the keratinocytes and by the fibroblasts. During skin

ageing, a

reduction in the guantity of hyaluronic acid

is also observed both at epidermal and at dermal level.

This reducticn is the result of a decrease in the

synthesis

of hyaluronic acid and an increase 1in

hyalurcnidase activity (Stern R, Malbach HI (2008)

Hyaluronan

in skin: aspects of aging and its

pharmacologic modulation., Clin Dermatol 26: 22).

In addition, numercus studies evidence an increase

in pro-inflammatory cytokines (IL-6, IL-8 ..} during

aging {Franceschi et al, Mechanisms of ageing and

development, 92, 2006). This preo-inflammatory context

or “inflammaging” appears to be directly involved in

the onset

of some signs of ageing, in particular at

skin level (Mocchegiani et al., Biomed Central, 1:5,
2004; Licastrc et al., Neurobiol. Aging, 2006)}. The
interleukins, cytokines produced by the T lymphocytes,

are then expressed (IL-6 or IL-8).

To evidence the activity of the compounds of

general formula (I} against skin ageing and against

inflammation, the effect of these compounds was

measured on the gene expression of MMP-1, MMP-3 and ILSB

in human dermal fibroblasts treated with H;C,, thereby

mimicking

effect of

the process of cellular senescence. The

these compounds of general formula (I} was

also measured on the synthesis of hyaluronic acid and

on hyaluronidase activity. The stimulation of <the

synthesis of hyaluzonic acid also allows skin hydration

to be improved and/or restored (Bissett DL. J. Cosmet.

Dermatol.

2006 Dec. 5(4): 309-15. Glucosamine: an

ingredient with skin and other benefits).

Similarly, %to evidence the depigmenting activity

of the compounds of general feormula (I) according to

the invention, +the effect of these compounds wWas



3.5 50* Molecule 1(3 pM) 1.9 81*** IL-8  RQ % Inhibition H202 3.1 Ascorbic acid (3pM)
WO 2010/142663 PCT/EP2010/057979
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measured on the synthesis of melanin by colorimetric

assay on a cell line of murine melancmas: line B1&-F10.

In additicn, the effect of the compounds of

gensral formula (I) on the re-growth of head and/ox

5  body hair was also evaluated by measuring thelr

activity on stimulation of the proliferation of dermal

papilla cells and stimulation of the growth of the
human hair follicle.

10 4.z2.71, Test protocel for the gene expression of
MMP-1, MMP-3 and IL8 in human fibroblasts.
- Cell treatment
Human dermal fibroblasts (isolated from discarded
operative skin) were cultured in DMEM culture medium
15 + 10% FCS. The cells were pre—treazted with wvitamin C
and the compound to ke tested for 1éh at 37°C and then
stimplated with Hy0,. The cells were then replaced in
DMEM with wvitamin C and dioctadeca-9,1l2-diencate of
(97, 9'%, 127, 12'%)-2-(2,2-dimethyl-1,3-dicxclan-4-
20 yl)-5-oxo-2,5-dihydrofuran-3,4-diyl. 72 Thours after
ending of stress, the fibroblasts entered into
senescence: the senescent fibroblasts no longer

proliferate but remain metabolically active {Hayflick,

J. Invest. Dermatol., 73; 8-14, 1%79). The cells were
25  then lysed with the lysis buffer of the RNeasy® kit
{QIAGEN) .

- Reverse transcription and real-time PCR
The extracted RNAs were convertad to complementary
DNA following the indications of the Quantitect Reverse
30 Transcription kit by Qlagen. Real-time PCR analyses
were conducted using an 10 Icycler fluorescence
thermocycler (BIO-RAD).
The level of expression of the mRNAs coding Ior
MMP-1, MMP-3, IL8 was analyzed using the real-time PCR

35 technigue. To normalize the level of expression of the



1.2 92*** Molecule 1(3 pM) 0.9 102*** 15Molecule 1 (dioctadeca-9,12-dienoate of (92, 9'Z,

121,12'7)-2-(2,2-dimpethydrh3gioxolan-4-y1)-5-0x0- 2,5-dihydrofurape3sA: iyl more substantially
inhibits the expression of MMP1, MMP3 and IL-8 than ascorbic acid. 27 The present invention

concerns the use of compounds of general formulaz(d) for preventing and/or treating skin ageing.

The present invention also extends to the use of 5 compounds of formula (1) for treating inflammatory
skin reactions. 4.3.1 Test protocol for the assay of melanin in molecules B16-F10 10 - Principle:

This is a test to measure the synthesis of melanin by colorimetric assay on a cell line of murine
melanomas: line Bt6410f Thisttest atlows tike evallasion of the depignientigpreperty of active 15
ingredients.  The.Bd68:c4Q£ells were seededmntordb-welkplates in DMEM: rtediomisupplemented

with FOE (fetal calf sgrum)and incubated 24;hours.at 37C, 5% 002. Fthe eelis were then stimulated
with a-MSH (to stimulate the 2Q synthesis. of melanin, megt%mg!r@tion ﬁ%%%rgeq? was ahout 150%) and

treated 72 hours With- tHe’ Active fng?ggieﬁ%g fo b6 testéd. Each concentration of active Ingredient was

tested at leasP in tAphcate! VPSR MBRRAIF followed®y inffacelluldiThelhin disgolved i 25 lysis buffer
were then assayetAFabssfieiicyeadingcarae5sim. ke {otakprotéing viereldéterfifned in the lysate
and the results are expressegrip-mg-melapindag proiains. Thegercentage-activitywas calculated as
follows: 30% activity,z Contral noryalized, mean s fireated normalized maan¥<100 the
determination of the most =table reference gene. In our
10 model, the three tested reference genes were the
following: B-actin {Human B-actin}, GAPDH (Human
glyceraldehyde-3-phosphate dehydrogenase) and YWHAZ
{(Tyrosine-3-monooxygenase, tryptopgan—-5-monooxygenase
activaticn protein zeta polypeptide).
15 The first step normalizes the Ct values obtained
for the gene of interest in relation to the Ct wvalues
obtained for the reference gene, for each sxperimental
condition.
The following was therefore calculated:
20 ACt = Clgene of interest — Clreference gene
These ACt vaiues represent the raw non-transformed
values used for statistical analysis.
The second step of the calculation determines the
variation in the number of copiles of the gene of
25 interest during treatment. To do so O0ACt is calculated:
AMCEt = ACtnon-treated mer — ACTtreated wur
For the nen-treated control, this QR is therefore
equal to 1. It is then possible fto calculate an
induction or inhibition factor of the gene of interest

30 compared with this control.

4.2.2 Resulits of the test on the expression of MMP-1,
MME-3 and IL8 in human fibroblasts

- Statistical analysis



Control normalized mean 28 A negative value indicates an inhibition, whereas a positive value

indicates induced\@% dnelanin. 54.3.2 Results of the assay pf-meiapinipsBderF10 cells. Table
2: Percentage inhibition of mtracellular melanin and 1050 values. 100pM504M20pMIOpM
OEWIHIEMITIMNIIIIIIICSOnM ncl* Molecule L HInlIM -9 67 Molecule 2 ndnd-53 -11 20 Molecule 3

ndnd -50 -25 20 Molecule 4 nd-44 -6

Statistical analysis was performed using a test
cailed “one-way ANOVA”. Variance analysis using the
Dunnett test then allows the comparing, for each of the
analyzed genes, of the ACt values of normal adualt

5 fibroblasts with the compounds in the presence of HzO»
in both cases. This <test then gives the “p value”
characterizing the significance of the results obtained
for both conditions The degree of significance was
established as follows:

10 - gignificant for p < 0.05 (¥)

- very significant for p < 0.005 (**)
- highly significant for p < 0.001 {(¥>*)
~ non-significant for p > 0.05.
~ Bnalysis of the expression of the mRNAs of MMP~1,

15 MMP-3 and IL-8 in senescent human dermal fibroblasts

treated or non-treated with the compounds of <the
invention

» Analysis of the relative guantity of mRNAs

“he human dermal fibrcblasts were incubated in the

20 presence of ascorbic acid or dioctadeca-9, l2-dienocate

of (92, 972, 127, 1272)-2~(2,2-dimethyl-1,3-dioxclan—4-
v1)=5-oxo-2, 5-dihydrofuran-3, 4-diyl {= active
ingredient 1 in Table 2} before and after being
stimulated with H0.. To analyze the effect of these
25 extracts on the expression cof mRNAs modulated by H-Os,
the samples treated with the active ingredients and
stimulated with H,0; were compared with the sampie
stimulated solely with Hy0,. For each sample, the level
of expression of the mRNA of interest had to be

30 normalized with the level of expression of the mRNA of

the most stable reference gene
+ RAnalysis of percentage activity
It is also possible to calculate percentage

inhibition of the level of expression cof the different



16 53 Molecule 5 Mal -4 66 1Molecule 6 -49-7nd nd 105 10 *nd non-determined  The results of
these tests (Table 2) show the inhibition of the synthesis of intr By molecules 1, 2,
3,4,5,6is great&%%QHépg%BlS vitamin C. The present inven??(‘)é"nya Egd}:?r%zlrgr?sgthe use of the
compounds of general formula (1) for depigmenting the skin and/or body hair and/or head hair. 20 4.4.1
Assay protocol for the synthesis of hyaluronic acid The keratinocytes HaCaT are cultured in DMEM
culture medium + 10% FCS. The cells are treated with the active ingredients to be tested (Table 1) for
48h 25 at 37C. The synthesized hyaluronic aicd (HA) is assayed in the culture medium using an ELISA
type kit (Echelon@)rnWiO 2910414 2663RE T/EB 20104529 7Y 20T her percentage activity was
determined as follqwss > hercentage variation compared with the control %p/C = HHAJactiveingreth /
[HA]control X 100) - 100 4.4.2 Results of the assay of hyaluronic acid on the line of human

keratinocytes HaCaT Table 3: Percentage stimulation of the synthesis of h aluronic acid.
Finhibition =

5 (RQHZOZ _ RQnonmtreated) . (RQ1§2O2+active ing. _ RQ:wn-—':reated) s 100
RQHZGZ - Rann-treated

Table 1: Relative quantity of mRNAs of MMP-1, MMP-3 and
IL-8 of young or senescent fibroblasts, and percentage
10 inhibition of the level of mRNA expression by the

tested active ingredients.

MMP-1
RO % Inhibition
H05 3.6
Ascorbic acid (3uM) 3.2 18
Molecule 1 (3 pM} 0.9 105*** 1
MMP-3
RO % Inhibition
Hz02 .9
hscorbic acid {3uM) .5 50%*
Molecule 1 (3 pM) 1.9 glx=*
;
IL-8
RO % Inhibition
HoCOp 3.1
Ascorbic acid (3uM) 1.2 VAR
Molecule 1 {3 uM) 0.9 102%x*
15 Molecule 1 (dicctadeca-9,l2-diencate of (92, 9’2,
122, 127%)-2-(2,2~-dimethyl-1, 3~dioxclan-4-yl)-5-oxo-

2, 5-dihydrofuran-3,4-diyl} more substantially inhibits
the expression of MMPI, MMP3 and IL-8 than ascorbic

acitd.



[Concentration 2 pM 20 pM 30 pM 300 pM Vitamin C 9 19 (Moleculel 132 70  *nd non-determined

The results of the tg&ta g g 3) show that vitamin C, used at b'OWﬁﬁfJi’O@ﬁ%é: centrations
15(30 and 300 p 55 no éfféct on the synthesis of hyaluronic acid in HaCaT kerat?ir:)cytes

Molecule 1, at 2 and 20 pM, strongly stimulates the-synthesis of hyaluronic acid: +132% + 70%. The
present invention therefore concerns the use 20 of the compounds of general formula | for the
prevention and/or treatment of skin ageing. The invention also extends to the use of the compounds of
general formula | to improve and/or restore skin hydration (Bissett DL. J. Cosmet. Dermatol. 2006 Dec.
5 25(4): 309-15. Glucosassine pam srgredient with: skin an-dotherienefits). use  of

compounds of general formula (I} for preventing and/or
treating skin ageing.

The present invention also extends to the use of

5 compounds of formula (I) for treating inflammatory slkin

reactions.

4.3.1 Test protocol for the assay of melanin  in
molecules B15-F10
10 - Principle:

This is a test to measure the synthesis of melanin
by colorimetric assay on & cell line c¢f murine
melanomas: line  B16-F10. This test allows The
evaluation of the depigmenting property of active

15 ingredients.

The B16~F10 cells were sseded onto 96-well plates
in DMEM medium supplemented with FCS (fetal calf
seyum)and incubated 24 hours at 37°C, 5% COp. The cells
were then stimulated with o-MSH (to stimulate the

20 synthesis of melanin, the stimulation observed was
about 150%) and treated 72 hours with the active
ingredients to be tested. Fach concentratiocn of active
ingredient was tested at least in triplicate. Total
melanin followed by intracellular melanin dissolved in

25 lysis buffer were then assayed by absorbency reading at
405 nm. The total proteins were determined in the
lysate and the results are expressed in mg malanin/mg
proteins. The percentade activity was calculated zs
follows:

30 % activity =

Control normalized mean - Treated normalized mean x 100

Control normalized mean



4.5.1 Assay protocol for hyaluronidase activity: Hyaluronidase activity is measured by the assay of 30
residual hyaluronig,acj .. The substrate is fixed to a carrier then ' ence of an
enzyme and a qul};&%t%/gém%ﬁ%ound to be tested. The residual 30 }—F[Aé?.'e. t @é%%%ﬁrolyzed HA is
assayed using a HAElisa detection system: Hyalurgpan enzyme-linked immunosorbent assay
(Echelon Biosciences0). 0.5 units of hyaludonidase of bovine origin (BTH, 5 Bovine Testis
hyaluronidase) were pre-incubated at 37C with the compound to be tested. This mixture was
deposited on the HA fixed to the surface of a microplate well. The enzymatic reaction took place at pH
7.2n at 37C. Washing wasfeljewed:by-areeognitiona1@ step. of residualiHA, by.hyakuenectin (NH). The
quantity of bonded NH,was. measured by ELISA using.an anti:-NH antibody,conjugated with alkaline
phosphatase. The gqitro.Dhenyl phosphate disodium salt (pnNbio) substrate of the phosphatase allows
spectrometric det&ctiGh at 15 405 nm. (Delpech B at a/., Analytical Biochemistry 149, 555(565 (1985);
Robert Stern at al. Analytical Biochemistry 251, 263-269 (1997)). OD intensity was correlated with the
quantity of residudl-HA? ThrsguaatityfoflesidgalM AN ditdcthilinked 3 enZymatict26 activity. In the
presence of an inhibitor, the larger the quantity of residual HA the more the sample is inhibiting. A
percentage inhibition of hyalyienidase will he expressed, skherefore the-netenzymatic activities were
25 calculated which represent the diﬁe(raeiré%% inn mean gros&aei%tievity without enzyme and the gross
activity of the enzyme with or without the compound to Pe testeds. The percentage enzymatic
inhibition related to-the compoynd-to-be-tested-was-calculated-as-follows:-3p-%-inhibition = (Maximum
net enzymatic activity) - Net enzyim@ietactivity iithe presértie of theCdmpounebieie tested) /
Maximum net enzymatic activity. whepe themaxisnum; neterizymaticactivity represents the mean net
enzymatic activity,0f-Q.5, /WO 2019A142663P¢T/ER2010/057979 314.5.2Resyli of the assay of
hyaluronidase agtjvit |a'[])+ig % E/leas rement oIrlgnzynatlgﬁlgnlbqnon_altldmerent gosesmean as
A=A

apercentage) C reahS Hatior-Moledite !
Molecule 3 nd nd ~50 ? -25 20
Molecule 4 nd ~44 6 146 53
Molecule 5 ~78 ~35 -13 ~4 66
Molecule & ~-49 -7 nd nd 105

10 *nd non—determined

The results of these tests (Table 2} show thait the
inhibition of the synthesis of intracellular melanin by
molecules 1, 2, 3, 4, 5, & is greater than that of

15  wvitamin C.

The present invention also concerns the use of the
compounds of general formula (I) for depigmenting the
skin and/or body hair and/or head hair.

20 4.4.1 Bssay protocol for the synthesis of hyaluronic
acid

The keratinocytes HaCaT are cultured in DMEM

culture medium + 10% FCS. The cells are treated with

the active ingredients tc be tested (Table 1) for 4t%h

25  at 37°C. The synthesized hyalurconic aicd (HA) 1is

assayed in the culture medium using an ELISAE type kit
{Echelon®) .
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119 111E111 (. 250pM.  200pM
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The percentage activity was determined as follows

- percentage variation compared with the control

%p/C = ([HA]active ingrea. / [HAlcontrog % 100) - 100
5
4.4.2 Results of the assay of hyaluronic acid on the
line of human keratinocytes HaCaT
Table 3: Percentage stimulation of the synthesis
10 of hyalurcnic acid.
Concentration 2 pM 20 pM | 30 M | 300 nM
Vitamin C * * 9 19
| Molecule 1 132 70 * | *

*nd non—-determined

The results of these tests (Table 3) show that
vitamin C, used at biclogically active concentrations
15 (30 and 2300 pM) has no effect on the synthesis of
hyaluronic acid in HaCaT keratinocytes.
Molecule 1, at 2 and 20 uM, strongly stimulates
the synthesis of hyalurconic acid: +132% + 70%.
The present invention therefore concerns the use
20 of the compounds of general formula I for the
prevention and/or treatment of skin ageing. The
invention also extends to the use of the compounds of
general formula I to improve and/or restore skin
hydration (Bissett DL. J. Cosmet. Dermatol. 2006 Dec. 5
25 (4): 309-15. Glucosamine: an ingredient with skin an

dother benefits).

4.5.1 Assay protocel for hyaluronidase activity:
Hyaluronidase activity is measured by the assay of
30 residual hyaluronic acid (HA). The substrate is fixed
to a carrisr then placed in the presence of an enzyme

and a quantity of compound to be tested. The residual



(79 1 *73 * 150pM ** - 100pM 113 SOpM 76 11176 1067 * 40pM 86
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BA i.e. the non~hydrclyzed HA is assayed using a HA-
mlisa detection system: Hyaluronan enzyme—linked
immunosorbent assay (Echelon Bicsciences®).

0.5 units of hyaluronidase of bovine origin (BTH,
Bovine Testis hyaluronidase) were pre-incubated at 37°C
with the compound to be tested. This mixture was
deposited on the HA fixed to the surface of a
microplate well. The enzymatic reaction took place at
pH 7.2n at 37°C. Washing was followed by a recognition
step of residual HA by hyaluronectin (NH). The guantity
of bonded NH was measured by ELISA using an anti-NH
antibody conjugated with alkaline phosphatase. The p-
nitrophenyl phosphate disodium salt (pnNpp) substrate
of the phosphatase allows spectrometric detection at
405 nm. (Delpech B et al., Analytical Biochemistry 149,
555 (565 {1985); Robert Stern et al. Analytical
Biochemistry 251, 263-269%9 (1997}). OD intensity was
correlated with +the quantity of residusl HA. The
quantity of residual HA is directly linked to enzymatic
activity. In the presence of an inhibitor, the larger
the guantity of residual HA the more the sample is
inhibiting. A percentage inhikition of hyalurcnidase
will be expressed.

Therafore the net enzymatic activities were
calculated which represent the difference in mean gross
activity without enzyme and the gross activity of the
enzyme with or without the compound to be tested.

The percentage enzymatic inhibition related to the
compound to be tested was calculated as follows:

% inhibition = (Maximum net enzymatic activity) - Net
enzymatic activity in the presence of the compound to
be tested) / Maximum net enzymatic activity.

where the maximum nat anzymatic activity

represents the mean net enzymatic activity of 0.5U.
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4.5.2 Result of the assay of hyaluronidase activity
Table 4: Measurement of enzymatic inhibition at

different doses (mean as a percentage)

Concen- | Molscule | Molecule | Molecule | Molecule 6 Ascorbic
tration 1 4 5 6 ascorbyl acid
palmitate
500uM 122 * * * * 4
2501M 119 * * * 112 *
200uM * * % o 79 *
150uM * “* * * * *
100uM 113 * * * 73 1
501M 76 111 76 106 71
401M 86 * * * % *
301M 66 * * * * *
25uM 46 * * * 57 *
20npM 44 * * * * *
10pM 21 72 31 34 31 *
SuM 14 * * * * *

*Non—-determined

The results of these tests {Table 4} show that
vitamin C, used at these concentration (100 and 500 pM)
has no effect on hyalurcnidase (BTH).

The results of these tests show that 6-ascorbyl
palmitate advantageously inhibits hyaluronidase, from
1¢ to 250 M, with dose effect.

The molecules 1, 4, & and 6 of 5pM to 500uM
strongly inhibit hyaluronidase: molecule 1 has a dose
effact and its ICB0 is in the regicon of 25 to 30 uM.

Molecules 1, 4, 5 and % are aguivalent to or more
active than ascorbyl palmitate which is considered to
be the reference molecule (A. Botzki et al, JBC Vol.
279 N°44, pp 45890-450007).

The results of these tests show that the
inhibition of hyaluronidase by molecules 1, 4, 5 and &

is equivalent to or greater than that of ascorbyl



21 72 31343 HHHHmsui * * 5pM 14 *Non-determined The results of these tests (Table
4) show that vnarwg gﬂlﬂﬁ%%é%gthese concentration (100 and 500 pp)HapRRiEeekon hyaluronidase
(BTH). The results of theSe tests show that 6-ascorbyl palmitate advantageously inhibits
hyaluronidase, from 10 10 to 250 pM, with dose effect. The molecules 1, 4, 5 and 6 of 5pM to
500pM strongly inhibit hyaluronidase: molecule 1 has a dose effect and its 1050 is in the region of 25 to
30 pM. Molecules 1, 4, 5 and 6 are equivalent to or more 15 active than ascorbyl palmitate which is
considered to be the reference molecule (A. Botzki et al, JBC Vol. 279 N44, pp 45990-450007). The
results of these tests:show ¢hat e inhikitieniof hyaluronidase by miotécales 4,5 8Ad 6 20 is

equivalent to or greater than-that of-ascorhyt WQ,20104LA2663RE T/ER2010M571978:32 palmitate and

vitamin C. The antt hyaluronidase aclyity of ghe desgrhed molegules.s therglorg,gigater than that of

ascorbic acid anogé-ascorby palmitate.
palmitate.
5 The present invention therefore concerns the use

of the compounds of general formula I for the
prevention and/or treatment of skin ageing and to

improve and/or restore skin hydration.

10 4.6.1 Protocol for in vitre stimulation of the
proliferation of dermal papilla cells.

Human dermal papilla cells {Promocell) were placed
in culture and held in early passage culture in DMEM
medium supplemented with 10% FCS. They were then seeded

15 in a 96-well plate in DMEM medium supplemented with 10%
FCS for 12h. The culture medium was replaced by serum-
free DMEM medium then by DMEM supplemented with 1% FCS
and molecules 1, 2, 3 and 4 at the different tested
concentrations After incukation for 60 h, cell

20 proliferation was evaluated by incorporation of 3xdU.

4.6.2 Results of in vitro stimulated proliferation test
of dermal papilla cells.

The diagrams in appended Figure 1 show the
25  increase in BrdU incorporation and the stimualated
cellular proliferation of the cells in the presence of

the  different molecules (as a% of the control).
Molecule 1 stimulates proliferation of the cells
of the dermal papiila with dose effect and Dbest
30 activity &t the concentration of 1Z.5 uM (169%
proliferation). Similarly, molecule 4 induces
proliferation with stimulation of 113.8% at the
concentration of 6.25 uM. Molecules 2 and 3 also induce
proliferation of the cells but to a jesser extent than

35 molecules 1 and 4.



5The present invention therefore concerns the use of the compounds of general formula | for the
prevention and/or treatment of skin ageing and to improve and/or restore skin hydration. 10 4.6.1

Protocol for in vitrd SARA%GF the proliferation of dermal papilla celid L2 Fermal papilla

cells (Promocell) were placed in culture and held i garly passage culture in DMEM medium
supplemented with 10% FOB. They were then seedéd 15 in a 96-well plate in DMEM medium
supplemented with 10% FOB for 12h. The culture medium was replaced by serum-free DMEM
medium then by DMEM supplemented with 1% FCS and molecules 1, 2, 3 and 4 at the different tested

concentrations After incuhatign J9e60 h,:call.20 prolifergtion was-evaluated Ly ineoperation of B dU.
4.6.2 Results of inc\é%)oﬁg'@gla&d %&qjlg%raagtiog lest of de mal Eggillgggﬂﬁl%pgn%ia ms in appended
BrdU 0 [ I

Figure 1 show the 25’Increase in BrdU incorporation and the stimulated cellular proliferation of the
cells in the preserf@e8f the’diffsiant MGIERAIECRS 896 bt the control).  Molecule 1 stimulates

proliferation of the cells of the dermal papilla with dose effect and best 30 activity at the concentration
of 12.5 pM(169% praliferation):Simildry, nsolecule:4induces prolderationviithcstimuitation of 113.9% at
the concentration of 6.25aM:Malgeules-2 aneh 3 also induce proliferation of the cells but to a lesser
extent than 35 molecules 1 and 4. 33  The present invention also concerns the use of the
compounds of general fgrmula %%for stimulatin ;reghr%{vth of head apd&{o%bod hair. 54.7.1 Protocol for

stimulation of the growtﬁm%?%wsé" rr?éfn E%Fr fofficie’™ - ioﬁgl%lsogf the occipﬁ?aa] reﬁff)éh*gf a human scalp

were obtained froifféfertiveingste: THe RER OIS T6 Were isoratéd by nittd dissection under
binocular magnification. Theylweee individually ptaced: irectiltare followsng Philpottisitechnique (Philpott
MP et a/, J Cell Sgia §7:463-#4/1::1990)=F hechair falliclesdn-anagen phaseiwere: incubated in 24-well
culture dishes 15 %g%gggﬁenggi@‘p\é@ga@'stg@qgli%éupp}g@mgggecq_ with 10.pgfmL Insulin, 10 pg/mL
Transferrin, 10 ngé’nh_ Hygrqcort'bsp.ndleg &&n}\{l GIL{[%Q?} X1, ;}‘Qg U{Frgl.,rPe@iciIEnk }go p%/mL
Streptomycin, 250 relglsz Kr‘n’phote’ricm B and in‘the gr’esen‘ce of mdlecules 3°or 4 for 11 days. The 20

incubation mediurR"#4&reGliIAn§ réféhed  FHRRABRGthENING (M Hm) 6Fedck haftfollicR was measured
at 4 and 8 days' cilturetin captaret-imagesioflthieahais folkclesn25 40D PeResukts of e test for
stimulated growthiaf the fauman hedifollicle 10 Therdiagrans i appended Figurez/show the effect of

molecules 3 and 4;08.the lepgthening of hairdellicles. after 4 days’ ang:8 days'dneybation.
100 pg/mL Streptomycin, 250 ng/mlL Amphotericin B and in
the presence of moiecules 3 or 4 for 11 days. The
20  incubation medium was regularly renewed. The
lengthening {in um) of each hair follicle was measured
at 4 and 8 days’ culture in captured images of the hair

follicles.

25 4.7.2 Regults of the test for stimulated growth of the
human hair follicle
The diagrams in appended Figure 2 show the effect
of melecules 3 and 4 on the lengthening of hair
follicles after 4 days’ and 8 days’ incubation.
30 The following table (Table D) gives the growth
percentages obtained for each treatment condition and
the percentages £or stimulated halr growth cbtained

with mclecules 3 and 4 compared with the control.



30 The following table (Table 5) gives the growth percentages obtained for each treatment condition
and the percentages for stimulated hair growth obtained with molecules 3 and Z ared with the
control. WO 201872458838 /EP2010/057979 34 Table 5: Growth!perddmtad: %22% hair growth

stimulation percentaaes Incubation days D4 D8 343§8 % growth % growth % activity % activity
Non-treated 44 77 0 0 Molecule 3 )

Table 5: Growth percentages and hair growth

stimulation percentages

ﬁIncubation days D4 D8 D4 D83
% % % %

growth {growth | activity |activity
Non-treated 44 77 0 0
Mclecule 3 52 B85 25 18
Molecule 4 51 84 19 12

Molecules 3 and 4 at the concentration of 15 uM,

5 significantly stimulate halr growth with 25% and 19%

stimulated growth respectively, after 4 days’ culture.

The present invention also concerns the use of the
(1)
growth of head and/or body hair.

compounds of general formula te stimulate the re-—
10

4,8.1.Protoccl for evaluation of hair bulb degeneration

The degeneration of the follicle

after 11 days, is

kinetics
by
the hair bulb

The percentage apoptosis 1s

when

cease culture evaluated
observation of morphological damage of
15 {rounding, deformationj.
calculated by counting the number of apoptotic hair
follicles relative to the total number of follicles
4.8.2 Results of the evaluation of hair bulb
20 degeneration
The {Table &)

molecule 4 on the survival of hair

following table shows the effect of
follicles after an
incubation time cf 11 days.
25 Table 6: Survival of hair Ffellicles after 11 days
of incubaticn
Number of apoptotic bulbs at DIL
(Number of total follicies)

1 } 1 Number %

!
apoptosis




52 85 25 18 Molecule 4 51 84 19 12 Molecules 3 and 4 at the concentration of 15 uM, 5 significantly
stimulate hair growth with 25% and 19% stimulated growth respecti e#r 1?1;5 r4 §' culture.  The
present invention ai36"GAEMSE the use of the compounds of genera ormu?)ae(%ta(]) s?imulate the
regrowth of head and/or body hair. 10 4.8.1:Protocgql for evaluation of hair bulb degeneration The
degeneration of the follicle when kinetics cease after 11 culture days, is evaluated by observation of
morphological damage of the hair bulb 15 (rounding, deformation). The percentage apoptosis is
calculated by counting the number of apoptotic hair follicles relative to the total number of follicles
4.8.2 Resultsoftheev iangfhairbylb 20degeneration 5 (The followingrtable (Table 6) shows the
effec_t of molepule 4 ) Cgtjlg %ﬂg!@l of rla_ur fo}hc_ﬂgsﬂter :‘Bé’l( h%ubatlon .t'rr.}deo.(.)f 11 cl ys. 25Table 6:
Survival of hair follicles—after-TTdays ofincubation Number-of apoptotic butbs at DIl (Number of total

follicles) Number % apoptosis
Molecule 4 allowed marked limiting of  hair

degeneration (50% of apoptotic hair versus 75% for the

control). Therefore, molecule 4 appears Lo have an
5 anti-apoptosis effect allowing hair survival to be

maintained.

The present invention alsc concerns the use of the

compounds of general fermula (I} to stimulate re-growth

cf head and/or body hair.



WO 2010/142663PCT/EP2010/057979 35 Control ~ 9(12) 75 Molecule 4 15 uM 6(12) 50

Molecule 4 allowed marked limiting of hair degeneration (50% of apg ﬁgﬂ iq
eE; ec? a

control). Therefo&%&@éﬁﬁ%‘sﬁ appears to have an 5 anti-apoptosis

Rl yersits 75% for the

lowlng hair survival to be

maintained. The present invention also concerns t g use of the compounds of general formula (1) to

stimulate re-growth of head and/or body hair. 36 CLAIMS 5wherein:

CLATMS
1) A compound of general formula (I}):
R3
R2+o
O . o
o oH

Y R1
Rg

5 wherein:

e« Ry is a  hydrocarbon chain of a

{1}

Ci2

unsaturated fatty acid comprising at

to Cz.g;

least one

unsaturation, advantageously 1 to 6, and preferably

1 to 4; and

10 - Ra and Ra independently or simultaneously

represent: a hydrogen or (;-Cj éikyl or a FPhenyl;

and

- Ry: a hydrogen atom or CORy’, where

Ry!

ig a

hydrocarbon chain of a Cpp to Cpg unsaturated fatty

[
[§3]

acid comprising at least one unsaturation,

advantageously 1 to 6, and preferably 1 to 4.

23 The compound of general formula

(I)

according

to claim 1 characterized in that Ry and Rz reprsssnt a

20 Cq1—Cs alkyl.

3) The compound of general formula {I) according
to sither of claims 1 to 2, characterized in that Rj
and Rz represent a Methyl.

25

4) The compound of general formula (1) according
to one of claims 1 to 3 characterized in that:

R:: represents the hydrocarbon chain of a Cis to Cqg

unsaturated fatty acid comprising 1 to 3 unsaturations.

30



R1 is a hydrocarbon chain of a Cn to 024 unsaturated fatty acid comprising at least one unsaturation,
advantageously 1 to 6, and preferably 1 to 4; and 10- R2andR3ind I aneously
represent: a hydr‘(yé%%déwg’l-é@ alkyl or a Phenyl; and R4: a hydroge(I—:'Rr?g%%rgélglr@g:%ggil%t where R1'is a
hydrocarbon chain of a Cn to 024 unsaturated fatty-acid comprising at least one unsaturation,
advantageously 1 to 6, and preferably 1 to 4. 2) The compound of general formula (1) according
to claim 1 characterized in that R2 and R3 represent a 20Ci-Cs alkyl. 3) The compound of general
formula (I) according to either of claims 1 to 2, characterized in that and R3 represent a Methyl. 25

4) The compound of gegeral farmwa-{h-aeeording i ongiofielaims sl tor3 chacactetized in that: RI:

represents the hydrocarbon. chain of a,014 tq Gig tinsaturated fatty agidcomprising 1 to 3
unsaturations. WO 2%1%/2%2%63PCT/EPZOlQ/0579 937 ;9) The compound of-general formula (1)
according to one Bf claiff® 1% tharatleri?ed in tha :Oﬁl':%%%ese%ts the Rydrocarbon chain of a 024
to Cis unsaturatedmaty #cid edripiising? T 16 FOR8aLFATGNS. 5° ° By TRE"GSMpdURd of general
formula (I) acgording to one of claims 1 to 5 characterized in that the unsaturated fatty acid is chosen
from the group composed of: {auroleigaciel 4012, 1y e myyristoleic-acic: 10(Q) 43ty padmitoleic
aci_d(C16_:1),o_Ieic Qgid%%%&@ﬁ rigﬂ]gﬂg ai:idt(glg:_l)@g@pg&ig_ﬁqg_t{ 02,0 :%@ruc@iﬁ@cid (C_22,1_),
a—IlnoIenl_c acid (C18:3); stearidonic acid (0181@’ eicosatriengic a gcglgzo;g,)eelc&g,g{graerl_om acid
(020:4) elcosapeﬁiﬁéﬁ"&%ﬁﬁﬁfi(oﬁgﬂ15aopocosapentaen0|c acid (Cdocosahexaeno.c acid (022:6) |
tetracosapentaeneierasitt®22 %) tdPacsssickadhort ativie 24:63‘,; Thoric adid (O1872),
gamma-linotemic acig; (018:3)aeicosaticnviczacid (020,2);) dihomeFamitadinoléniciacid (Czo.z),
arachidonic acid 20(020:4); docasatetraengic acidi§322:2); decashpeftaanoic erucic

acid (Cas.q), o-linolenic acid (Cieez); stearidonic acid

(Cis.q4), eicosatriencic acid (Capz), elcosatetraenoic

acid {Czg:4) 4 eiceosapentaencic acld (Cz0:5) ,

15 docosapentasnoic acid (C 525}, docosahexasnoic acild

(Ceora) tetracosapentaenoic acid 1Coa:is) s

tetracosahexaenoic acid (C aue), dincleic acid (Cigiad,

gamma-iinolenic acid (Cis:z), eicosadiencic acid (Cpo:z);

dihomo-gamma-linclenic acid  (Czei3) ., aracbidonic acid

20 (Cap.s), docosatetraencic acid (CTpei), docosapentaenolic
acid (Cosis), adrenic acid  (Cazia) and calendic acid

(Cig:3) -

7y The compound of general formula (I) according

55  +o one of claims 1 to 6 characterized in that the
unsaturated fatty acid is cheosen from the group
composed of: oleic acid (Cieal, lincleic acid (Cie:zly

a-linolenic acid (Cigs) and y-linolenic acid (Cis:s) -

30 8) The compound of general formula (1) according
tc one of claims 1 to 7 characterized in that Ry

represents COR:’.



acid (022:5) , adrenic acid ( 022 : ) and calendic acid ( 018:3) 7) The compound of general

formula (1) accord\mg%%g LPne;of claims 1 to 6 characterized in thabpihg pRsalyRRatty acid is
chosen from the group composed of: oleic acid (C18:1), linoleic acid (0182), a-linolenic acid (016:3)

and y-linolenic acid (018:3). 308)The compound of.general formula (I) according to one of claims 1 to 7
characterized in that R4 represents CORI'. 38 9) The compound of general formula (I) according
to claim 8, characterized in that R1 and RJ may be the same or different. 10) The compound of
general formula (I) according to one of claims 1 to 7 characterized in that R4 is a hydrogen atom.

11) The compound of generatfernutar(thaccarding:10talorfe oficlaimsil te 20-¢hdragterized in that it
is chosen from amgng; digctadeca:9.12-diengate of (922973122,4127)-Zay be the
(2,2-dimethy1-1,3-dioxoggn-4-¥%g-5£o§02,5- dihydrofuran-3,4-diyl 15dioctadeca-9,12,15-trienoate of
(92,97, 127, 1227157 15%- -(E“,E-dimethyl-l,3-dioxo|an-4-y1)-5-ox0- 2,5-dihydrofuran-3,4-diy1
dioctadeca-6,9,12-trienoate of (6Z, 6'Z, 97, 9'Z, 127, 12'7)-2-(2,2-dimethy1-1,3-dioxolan-4-y1)-5-0x0-
202,5-dihydréfuran-3,4-Hiy1 disleates? (22 - @02 HhnfetRy 1 A0 3%heRo 1dn- £y PRES 79
ox0-2,5-dihydrofufan-3;4-diyl (Q2127)15-(2 2 dimethytde34diedolan-4-2)-4Rs is a
hydroxy-2-oxo-2,@-@Q@gu@fé—lg_-yioctadeca-g,12- 25dienoate

11} The compound cf general formula (I) according

10 +to ons of claims 1 to 10 characterized in that it is

chozen from among:

o dioctadeca-9,12-dienocate of (9%, %'z, 122, 12'Z)-2-
(2,2-dimethyl-1, 3~dioxolan~4-yl)-5-oxoZ, 5~
dihydrofuﬁan—B,émdiyl _

15 « dioctadeca-9,12,15~triencate of (92, 972, 12z, 12'Z,
15%, 1572y -2~ (2, 2—-dimethyl-1,3-dioxclan—~4-yl}-D-oxro~
2,5-dihydrofuran~3,4-diyl

« dioctadeca-6,9,12~triencate of (62, &'%Z, 92, 9'%,
127, 12'%)-2-(2,2-dimethyl~1,3-dioxolan—4~yl)-53-oxo~

20 2, 5-dihydrofuran-3,4-diyl

« dicleate of (7)-2-1{2,2~dimethyl-1,3-dioxolan—4-yl)-5-
oxo~2, 5-dihydrofuran~3,4-diyl

+ (97, 127)-5- (2, 2-dimethyl~1l,3—dioxolan~4-yl) -4~
nydroxy-2-oxo-2, 3~dihydrofuran-3-yl octadeca~9,12-
25 dienoate

= {87, 127,152)-5- (2, 2-dimethyl~1, 3~dioxoclan—-4-yl) ~4-
nydroxy-2-oxo-2, 5-dihydrofuran-3-yl octadeca~%,12,15-

trienocate
. (62,92,lZZ)mS—(2,2wdimethyl-l,deioxolanmémyl)—4~
30 hydroxy-2-oxo—2, 5—dihydrofuran~3-yl octadeca—-6,9, 12~
triencate

e 5-{2,2-dimethyl-1, 3-dioxolan~4-yl)-4-hydroxy-2-oxo-
2,5-dihydrofuran-3-yl oleate.



(92,122,157)-5-(2,2-dimethy1-1,3-dioxolan-4-y1)-4- hydroxy-2-oxo-2,5-dihydrofuran-3-y1

octadeca—9,12,15\¥@g 22@.5,92,122)-5-(2,2-dimethy1—1,3-dioxo|p@ﬁ@§))-fb/057979
30hydroxy-2-oxo0-2,5-dihydrofuran-3-Y1 octadeca-6,9,12- trienoate

5-(2,2-dimethy1-1,3-dioxolan-4-y1)-4-hydroxy-2-o0xa- 2,5-dihydrofuran-3-y1 oleate. 39 12) The
compound of one of claims 1 to 11 for use thereof as medication or as cosmetic active ingredient.

13) The compound according to one of claims 1 5 to 11forusethereofasdepigmentingactive ingredient,
anti-age active ingredient, hydrating active ingredient, anti-inflammatory active ingredient, active
ingredient for stimulatingzre-grewth:ehheaddand/osbodythait,z0mant-oxidant detiveciggredient. 10

14) A composition far, topicakadministration, shatactesized:indhat i Gempriges atdeast one compound
of general formula (1) such as defined in one of claims 1 to 11. 15 15) The composition for topical
administration according to claim 14, characterized in that it comprises a%leasﬁt Org)sl% to 10% by
weight of a compound ofdenérst fofitis () and préfetabfy from 6719 t6'59% 20'by weight of a
compound ofgeneraliformiflayl). :se16) FTheTMposhion fertbpiEaHdmtistration dtcording to one of
claims 14 or 15, chayasterized, in that it is.irtended foredepigmentingnthe skiryandior2s head hair
and/or body hair, 5grgihﬁetr§§dg1n@@§@g@gloraa@mmaﬁa&ia@gaegiw hydraditigetire, epidermis, for
stimulating re-growttclioJehezilnlgarnegic{ger3 g?dyfgglr, or i‘%ligetg_rg@tmpenjg(yﬁgg inflammation. 3017; A

method for synthe%zmg compounds of general formula (1) according.to any.of claims 1 to 11 by
C% acgav rey T

coupling an unsaftitatet faRy 4ciPwhosscarboxyfic TiRction s in activated form. with a derivative of
ascorbic acitl®of following formula (I): 40 18) ThemethodaCcordingtoclaim 17,
14y A composition for topical administration,

characterized in that it comprises at least one
compound of general formula (I) such as defined in one
of claims 1 to 11.
15

15) The composition for topical administration
according to claim 14, characterized 1in that it
comprises at least 0.01% to 10% by welght of & compound
of general formula (I) and preferably from £.1% to 5%

20 by weight of a compound of general formula (I}.

16) The composition for topical administration
according to one of claims 14 or 15, characterized in
that it is intended for depigmenting the skin and/or

25  head hair and/or body hair, for the treatment and/oxr
prevention of skin ageing, for hydrating the epidermis,
for stimulating re-growth of head and/or body hair, or

for the treatment of skin inflammation.

30 17y A method for synthesizing compounds of
general formula (I) according to any of claims 1 to 11
by coupling an unsaturated fatty acid whose carboxylic
function is in activated form, with a derivative of
ascorbic acid of following formulz (II):
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characterized in that the coupling reaction is S performed starting from an unsaturated fatty acid

whose carboxyliq&gi%ﬁw&pg&is activated in the form of an acid chjgridep o ivesreEsence of a base
and optionally a coupling auxiliary.

a0
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'\’—'O

R o
O
HO OH
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18y The method according to claim. .17,

characterized in that the coupling reaction 1is

5 performed starting from an unsaturated fatty acid whose
carboxylic azcid function 1s activated in the form of an
zcid chloride, in the presence of a base and optionally
a coupling auxiliary.



