SKIN TREATMENTS CONTAINING CARBOXYLIC ACID-SUBSTITUTED IDEBENONE
DERIVATIVES AND METHODS OF PREPARATION AND USE THEREOF This application
claims the benefit of priority to U.S. Provisional Patent Application No. 561/103,043 filed October 6,
2008, which is hereby incorporated by reference in its entirety. FIELD OF THE INVENTION The
present invention relates to topical dermatological compositions containing an effective amount of a
carboxylic acid-substituted idebenone derivative. In particular. the 10 invention relates to compositions
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FIELD OF THE INVENTION

The present mvention relates to topical dermatological compositions containing an
effective amount of a carboxylic acid-substituted idebenone derivative. In particular, the
10 invention relates to compositions that provide effective protection from damaging oxidation
processes in the skin leading to skin changes, and also provide protection for the compositions
themselves (including, for example, the constituents of cosmetic compositions containing these
carboxylic acid-substituted idebenone derivatives) from damaging oxidation processes.
Furthermore, the carboxylic acid-substituted idebenone derivatives of the present invention show
15 significant skin tolerance (i.c., non-irritation}, support vesicular breathing and cellular respiration,
contribute to stabilization of mitochondrial membranes, and promote the regeneration and

vitality of skin cells.

BACKGROUND

20 Skin is exposed to damage resulting from various sources, including both environmental
factors and biochemical processes. Oxidative processes damage proteins, lipids, and other
celiular components necessary to maintain the health and appearance of skin, resulting in skin

changes, such as skin aging (c.g., age spots), hyperpigmentation, UV damage, lines, wrinkles,



changes, such as skin aging (e.g., age spots), hypermgmentation, UV damage,lines, wrinkles, uneven
skin texture (e.g., cellulitis), etc. Oxidative damage to the skin and its more detailed causes are listed
in Miyachi Y "Skin diseases associated with oxidative injury, Fuchs J, Packer L (eds.), OXIDATIYE
STRESS IN DERMATOLOGY, Marcel Dekker, New York, pp. 323-331 (1993). The damaging effects
of the UV part of solar radiation on the skin are generally known. 5 While rays havi wavelength which
is less than 290 nm (the UVC range), are absorbed by the ozone layer in the earths atmosphere, rays
in the range betyeen 290 m,yand 0.nm (the UVB range), cause an erythema, simple sunburn or
even mg'é\ocrnlégéns{e%\}ié%cbc‘r"’h's.c? ‘é“‘éﬁ&gﬁer% dgvﬁrgﬁﬁﬁ%’o@ﬁﬁ? iSRG AL AR SRRSO
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photostability of which (Int. J. Cosm. Science
against UVB radiation, numerous compounds are known, in which they are derivatives of 3-
10 benzylidenc camphor, 4-aminobenzoic acid, cinnamic acid, salicylic acid, benzophenone and
also 2-phenylbenzimidazole. Also, for the range between about 320 nm and about 400 nm (the
UVA range) it is important to have filter substances available, since its rats may cause reactions
in light-sensitive skin, It has been proven that UVA radiation leads to damage of the elastic and

collagenic fibres of the connective tissue, which allows the skin to age prematurcly, and that it is

Lh

to be regarded as a cause of numerous phototoxic and photoallergic reactions. The damaging
mfluence of UVB radiation may be amplified by UVA radiation. It has also been proven that
consumption of lipophilic antioxidants, for cxample, alpha-tocopherol, is triggered in the skin by
UVA and UVB radiation (Thiele et al., J. Invest. Dermatol. 100, p. 756 ff. (1998,

Further, UV radiation is ionizing radiation. Hence, there is the risk that ionic species are
20 produced on UV exposure, which then in turn are able to intervene oxidatively in the
biochemical processes.

For protection against the rays of the UVA range, certain derivatives of

dibenzoylmethane have therefore been used, the photostability of which (Int. J. Cosm. Science
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10, 53 (1988)) is not provided to an adequate extent. UV radiation, however, may also lead to
photochemical reactions, wherein then the photochemical reaction products intervene in the skin
mechanism. Predominantly such photochemical reaction products arc free radical compounds, for
example hydroxyl radicals. Also, undefined free radical photoproducts. which are produced in the skin
itself, may trigger uncontrolled side reactions due to their high reactivity. Singlet oxygen, a non-free
radical excited state of the oxygen molecule, however, may occur in UV irradiation, short-lived
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existing triplet oxygen (free radical base state) by increased reactivity. 10 Nevertheless, excited,
reactive (fisesadisel wplebstateroliihe aven BolseHIR AR ANt FIPETmore. Ahers s ths,
occurrence of lipid peroxidation products, such as hydroperoxides and aldehydes, wherein first in turn
free radigal-ghainyeactions may be triggered and to which overall cytotoxic properties have to be
ascribed (Michiels and Ramacle, Toxicology, 66, 225 ff. (1990)). Lipid peroxidation is an oxidative
process that degrasesilinids, whersinden-mdisals:steal 1aeleqtans frem helividsinsalimambranes,
causing oxidative stress and cell damage. Light-sensitive skin includes the disorder
phothdcunaigses ahotpsersiive avplionsrfather desianationsiotdhe relymoamrhisdightdermatosis
are PLD, PLE, Mallorca Acne and a plurality of further designations, as are given in the literature (e.g..
A. Voelckel gtiaksdentralblaih HautoneSrachdechiskmnkheitonHd 98h ﬂ&@zip;t)z.)szpﬁym?mzous
skin symptoms also occur as concomitant symptoms in certain skin diseases or skin irregularities. For
exampley thetfipicaldiashdicttid slinical pietuke @haepeis kegulathcreddonerddoia greatesardesser
extent. In order to prevent these reactions, additional antioxidants and/or free radical
absorbessiscaiedgers: ibayahe inoorpoiiated ingosmegienofdermaiglogicaldmmulatiDuintiexigants are
substances that scavenge free radicals and prevent oxidation processes or prevent the auto-oxidation
of fats containingtmsturaiasdreompoendsy gantigkidanidiusiedinetheafigldhof aasmetitsrandipharmacy
are, for example, alpha-tocopherol, in particular in the form of alpha-tocopheryul acetate, sesamol,
coli® acidN denitatlives daaiyihydraxy ariselerdutylhydpotystelee né diadoidelanone:cAltiokidaristare
mainly used as protective substances against the decay of the compositions containing them.
HowevefF;ttisknowntbieat Writesicatenxiddtiondoposessesomayodisosoaatir 49 biydropenas dndciadimal
skin. Such processes play a considerable part in skin 10 aging. Thus. antioxidants and/or free radical
absorbepsdaiayadsitionalljibbeinsorporatediicivosmetit fosmualatio hsetoted andtpreviehtambige
caused by oxidative and degenerative biochemical processes. It has been proposed to use vitamin E
(US PatéHtousc proagiasshariiia 248861y S\ubstaried Raving kniowirvlaxidativ2aétidn(ipetinscreen
formulations, but even here the action achieved remains far below that hoped for. Tocopherol (a
vitamin Egiftioxiaiiissios esamplatgegraiesstdfermcpradexitiative plodeistsiice rediebsnend (64 |
0-hydroxydecyl)-2.3-dimethoxy-5-methyl- | ,4-benzoquinone) has been used previously to treat skin
cha\)llzige§1%F@§§FﬁBIé}?U}8‘.dPé%éﬁ{§ N8 756045 eRsseNisay th stisse i gelbdnonecas a topical
composition for treating skin changes. _ _

Light-sensitive skin includes the disorder photodermatoses (photosensitive cruptions).

Further designations for the polymorphic light-dermatosis are PLD, PLE, Maliorca Acne and a
plurality of further designations, as are given in the literaure (e.g., A. Voelckel ot al.
Zentralblatt Hautund Geschiechtskrankheiten (1989), 156, p. 2).

20 Ervthematous skin symptoms also occur as concomitant symptoms in certain skin
discases or skin uregularities. For example. the typical rash in the clinical picture of acne is

regularly reddened to a greater or lesser extent,
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20 SUMMARY OF THE INVENTION The present Invention relates to compounds of Formula I:
wherein R is a C222 straight or branched sugar acid, and wherein two or more hydroxy groups on the
sugar acid are each independently substituted with a Cr22 carboxylic acid. The present invention also
relates to a method of preparing a compound of general 5 Formula | by couplint, a corresponding di-.
tri-, or poly-carboxylic acid functionalized sugar acid to idebenone. For example, a method of preparing
idebenone dipalmitoyl glycerate includes the steps of: subjecting benzyl acrylate to a dihydroxylation
reaction to foym benzyl 23- d hydroxypropanaate; reactin ‘tlﬁe' benzy| 2,3-dihydroxypropanoate with
palmitoy! ch%?id(e)rt% form gf{%é}tzyﬁéé%_%g%%%pa@ E.UL?%& ylﬁﬂsigﬁ‘g e rg%ﬁﬁg%ﬁ% radical
3-(bengyloxy):3-0xopropane- 10% 2diyi dipahnitate with ethyl acetate to form o
3-bis(|c‘)ﬁa%§’r§gl%§r/ 6">§é§fpr35|g§no%d¥xci ; a%‘?@%’crﬁ{ﬁé the 237815 Balcr’ﬁitgﬁ 38D 15ahol Q GREA

idebenpne tq form id b%@)op% di,p%, itoyl ‘gllycer, tc. .. The present invention.also relates to a
compdsitign 'cor'nspr?'s'(?né aﬁc%r%%ou% 0 agen%?a 'rl‘—‘((")r]rfiﬁifl%ij Sa‘r%dg af leas to?i"eigéii(t:iaﬁi\}’er.oCC&"‘“CT—lﬁ)lrther, the
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5 field of cosmetics and pharmacy are, for example, alpha-tocopherol, in particular in the form of
alpha-tocopheryul acetate, sesamol, colic acid derivatives, butythydroxy anisole, butythydroxy
toluene, and idebenone. Antioxidants are mainly used as protective substances against the decay
of the compositions containing them, However, it is known that undesirable oxidation processes
may also occur in the human and animal skin. Such processes play a considerable part in skin

10 aging. Thus, antioxidants and/or free radical absorbers may additionally be incorporated into

cosmetic formulations to treat or prevent damage caused by oxidative and degenerative

biochemical processes. It has been proposed to use vitamin E (US Patent Nos. 4,144,325 and

4,248, 861), a substance having known anti-oxidative action in sunscreen formulations, but even

here the action achicved remains far below that hoped for. Tocopherol (a vitamin E antioxidant),
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for example, degrades to form pro-oxidative products.
ldebenone (6-(10-hydroxydecyl)-2.3-dimethoxy-3-methyl-1,4-benzoquinone) has been
used previously to treat skin changes. For example, U.S. Patent No. 6,756,045, describes the use

of idebenone as a topical composition for treating skin changes.

20 SUMMARY OF THE INVENTION

The present invention relates to compounds of Formula I;



compound of general Formula Ito a subject in need thereof. DETAILED DESCRIPTION The
carboxylic acid-substituted idebenone derivatives of the present invention are 20antioxidants and
provide a significant benefit in treating and preventing skin damage and unwanted skin changes
caused by oxidative and degenerative processes. The inventors have surprisingly discovered that
compositions prepared with carboxylic acid-substituted id benone derivatives of the present invention
provide a major improvement over comparable compositions prepared with underivatized idebenone
or with underivatized idebenone substituted with a monocarhgxylic acid. Notably, neither underivatized
idebenone nor underivatized idebenone substjtuted with a mpnocarboxylic acid include a sugar acid
attached to idebenone, as in the compd&itds. ef.the invéntion. Rather, the carboxylic
acid-substituted idebenone derivatives of th@ prgsent invention are surprisingly and significantly more
effective in treating skin changes and st ighifi¢antly inciggsgghgkin tolerance. Consequently, these
compounds provide a major advance and improvement in skin treatment compositions. 10For
example, delivery of the active ingredient (idebenone) is enhanced because the present carboxylic
acid-substituted idEBRAore #énvatiaeiiGehsedian Yeihaasiitpby bige SFene presehrdory
carboxylic acids (particularly di-, tri-, or poly-fatty acids) that render the compound more soluble across
the stra®iFFEORTEGMSHSRI B fhisrsaoh thd DRIy S EoHipb 2ad 8fceraitibes) éhitidterol, and
essential fatty acids. Delivery of the active ingredient is also IS enhanced because the present
carboxylic acid'SGbeiRTEd THEBERDAC A HATvES hdRsHS i aRH@Abitity MR U sSHRhuse cell
mermbranes are composed of fat soluble lipids. Additionally, compositions prepared with the present
carBoxy & A B RURAA S FEFOR LA 5 AP A oA s VY TETAEBEAPAS the
compound. h}{)drolgze in the skin over mg. ¢ All of the jorego__inog gﬂvances associated with carboxylic
acid-subStiTEddS nelioR BRI AHTSY'BF erBFRLanE MGRrIEH TRemEay! kit Akl reended
inflammation, increased.skin permeability. increased cell permeability,.and slow release therapy) lead
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dihydroxypropanoate; rcacting the benzyl 2,3-dihydroxypropanoate with palmitoyl chloride to
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form 3-(benzyloxy)-3-oxopropanc-1,2diyl dipalmitate; reacting the 3-(benzyloxy)-3-oxopropanc-
10 1,2diyl dipalmitate with ethyl acetate to form 2,3-bis{palmitoyloxy)propanoic acid; and reacting
the 2,3-bis(palmitoyloxy)propanotc acid with idebenone to form idebenone dipalmitoyl glycerate.
The present invention also relates to a composition comprising 2 compound of general

Formula I and at least one additive,
Further, the present invention relates to a method of treating a skin change, comprising
15  topically administering a composition comprising a therapeutically effective amount of a

compound of general Formula [ to a subject in need thereof.

DETAILED DESCRIPTION
The carboxylic acid-substituted ideberone derivatives of the present invention arc
20 antoxidants and provide a significant benefit in treating and preventing skin damage and

unwanted skin changes caused by oxidative and degenerative processes. The inventors have

wh



more skin types, more skin conditions, and on more areas of the body than has been effectively
feasible using comparable compositions prepared with underivatized idebenone or underivatized
idebenone substituted with a monocarboxylic acid. Moreover, thc carboxylic acid-substituted
idebenone derivatives of the present invention have been found to be more hypo llergenic and achieve
improved efficacy in treating skin damage (e.g., brown pigmentation) when compared with
underivatized idebenone or underivatized idebenonc substituted with a monocarboxylic acid. The
carboxylic acid-substituted idebenone derivatives of the. present vention may he prepared and used in
topical%g)ﬁ'ﬁlgé’lﬁo%éwf%vrctrﬁg %rgé%t(r:ﬁ“én ST SR AR s".’“l%eC %ﬁfﬁg}&tf&h%"%‘f\{ “f%@e‘ﬁﬁgﬁnﬁ{&y include
other companent (?l,rwa'gj Jitives, such as glycosaminoglycans and their 10 salts, in particular hyaluronic
acids rﬁ%\;indg g’ﬁfiﬁecﬁ 'af(rg%%?éwt&é‘? 4 X%Olgﬁ,‘babggﬁq S LAY BrhyAIIPSHIAI S STHRIBREY such as
inter-alpk -_g;&wg@g”npﬁaitgr@hgdco 0sitions, of the invention can be used to treat or prevent a wide
variet 'o%%kin changes fel.zf,']érytﬁi{?nptér%gﬂcs)?}nfraigr%\rﬁjg%%rr)}/\, Al 5%%%%%@?& uﬁ}éf’rtggtc(i ewéﬁﬂnf)toms
(€.9., dRoARaRTL SHID FhANSERINIoRaRP e RN (& Juinladermalasssl  Iyperpigmeniation (e.9.

age spots), and damaging 15effetts o part of solar radiation on e présent invention
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wherein lwo or more hydroxy groups on the sugar acid are each independently substituted with a Cuyi
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substituted with a Cl.'2 carboxylic acid. Preferred compounds of the present invention may also include

fewer fydrax:gEaURs sulstituted with longer,chaip carhoxicAsids ar oreydroxy JouRs

substituted with shorter chain carboxylic acids. uitable ‘carboxylic acids for use in the present

inventigmingkide MmeRoGRHAVigiasids oF RelySahMYlieAcids. AN LAY IGREIdSmaY.hg straight
chained, saturated carboxylic acids
provide a major advance and improvement in skin trecatment compositions,
10 For example, delivery of the active ingredient (idebenone) is enhanced because the
present carboxylic acid-substituted idebenone derivatives increase skin permeability by virtue of
the presence of carboxylic acids (particularly di-, tri-, or poly-fatty acids) that render the

compound more soluble across the stratum corneum lipid bi-layers of the skin that are composed

of ccramides, cholesterol, and cssential fatty acids. Dclivery of the active ingredient is also

(92 }

enhanced because the present carboxylic acid-substituted idebenone derivatives increase cell
permeability, which occurs because cell membranes are composed of fat soluble lipids.
Additionally, compositions prepared with the present carboxylic acid-substituted idebenone
derivatives are able to provide a slow release therapy as the compound hydrolyzes in the skin
over time.

20 All of the foregoing advances associated with carboxylic acid-substituted idebenone
erivatives of the present invention (i.e., reduced skin irriation, reduced inflammation. increased
skin permeability, increased cell permeability, and slow release therapy) lead to improved skin

conformity, and allow the skin treatment compositions of the present invention to be used on



5 (e.g., formic acid, acetic acid, propionic acid, butyric acid, valerie acid, caproic acid, cnanthic acid,
caprylic acid, pelargonic acid, capric acid, lauric acid, palm t ¢ acid, and stearic acid) or short-chain
unsaturated monocarboxylic acids (e.g., acrylic acid). Preferably, carboxylic acids of the present
invention are fatty acids (e.g., conjugate fatty acids medium to long-chain saturated and unsaturated
monocarboxylic acids, such as 10 docosahexaenoic acid, and eicosapentaenoic acid). Carboxylic
acids for use in the present invention also include amino acids, keto acids (e.g., pyruvic acid

acetoacefigacidy AMAGCARRXIAAGH (fom"RBROIGACE: SAIGKIG 3 é;)h Aigarhoxyl Gacids (€9,

L,C 1\»F
aldaric acid, oxalic acid, malonic acid, mali¢ acid, succinic acid, glutarl acl |p|c ac ale"c acid,
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IS 1 ,2,3-tricarboxylic acid (e.g., tricarballylic carballylic acid)), alpha hydroxycarboxylic acids

(e.g., 9'%‘2%@;%%'9’sl?&tz'{ﬁﬁ&!dwh}{déom%@é'éﬁ(ﬁgﬁ’c QRyPulyric A%, ﬂbf%%%%?lﬂc matic.acid, tagaric

acid and citric acid), and hyaluronic acid ugar acid" is defined as a st gl )r branched, saturated
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group substituted with two or more carboxyl groups wherein the hydroxy functional groups of two or

more caraxlOnoyRs Al gachndapangenibisubstiied with &Gl i%gn@@}r%a%xb'%%&g preferaply C14

more preferably C15_18). "Branched" refers to one or more lower alkyl groups such as methyl, ethyl,

or propyk-Alashedviaigetineasaliyd ehaitcRiaierabiiewondné s @8 M Qdh AreieRs QPG BUgafacid are
each Independently substituted with a C.22 carboxylic acid. The inventors have found that

compounds of the: presertiRventicnRimstdpisingneftretiveiindisatingpskiaghangamhesaysg they
provide the added benefits of reduced skin lion, reduced inflammation, increased skin permeability,

increaseptaeltpermiaability, iapid:slowielsdsestharapydauapraferied ambedimentainesampound of
Formula | is 3-ox0-3-(9-(2,4,5-tethyl- 3,6-dioxocyclohexa-1,4-dienyl)monyloxy)propane-I,2-diy1l
dipalmitate (idebenomne:dipaimitoyligly cetaier): whereitdRivissasGeh sugay asicniivdgieiadwanaydeaxy
groups are each independently
10 salts, in particular hyaluronic acids having & molecular weight of 1 to 1,000,000 and their salts,
or hyaluronidase inhibitors, such as inter-alpha-trypsin inhibitor. The compositions of the
mnvention can be used to treat or prevent a wide variety of skin changes (c.g., erythematous),
inflammatory, allergic or autoimmune-reactive symptoms (¢.g., dermatoses), skin changes in
light-scnsitive skin {e.g., photodermatoscs), hyperpigmentation (¢.g., age spots), and damaging
15 effects of the UV part of solar radiation on the skin.
The present mvention comprises compounds of Formula I:

o}

o) )[\
MeG l Caghigg—0 R

MeC Me
d Formula |

wherein R is a Cyas straight or branched sugar acid, and wherein two or more hydroxy
groups on the sugar acid arc cach independently substituted with a C,5, carboxylic acid.
20 Preferably, 2, 3, 4. or 5 hydroxy groups of the sugar acid are each independently substituted with

a Cy.2p carboxylic acid. Preferred compounds of the present invention may also include fewer



10substituted with a C16 carboxylic acid. The structure of idcbenone dipalmitoyl glycerate is shown
below: O In another embodiment, the present invention includes topical compositions comprising
carboxylic acid-substituted idebenone derivatives (e.(idebenone dipalmitoyl glycerate or 15 another
compound of Formula 1) and at least one additive. The composition may be provided in a form
selected from creams, lotions, solutions, sera anhydrous preparations. emulsions, mieroemulsions.
multiple emulsions, gels, solid sticks, ointments, and aerosols. The at least one additive may be

selecteq;lE _ffracl),m surfactants]#g%cmmtgélcwa%mIlgrlesf pigments OV@‘Cflltergg, LiVB filter r(éggllants,

. . OXY groups  Subs .o : i ¥ q
thickening agents, emulSiierssoivents. water, antioxidants. peruines, “dyBsHird dE8doraiites

antimicrg @tmg}}qﬂl ks_qh%%%}f%! ga%%%gﬁ ggglplexmg and sequestering agents, pearlesce_znt agents,
plant extracts, vitamins, and combinations thereof. In another embodiment, the present invention

relates to a malfod of aking eayhgxyic a6id: st idebenons derivatves of genprel Fgrmula |

I 8
In general, compounds present invention are made by syntheses that include a‘réadfion well
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5 {e.g. formic acid, acetic acid, propionic acid, butvric acid, valeric acid, caproic acid, enanthic

actd, caprylic acid, pelargonic acid, capric acid, lauric acid, palmitic acid, and stearic acid) or
short-chamn unsaturated monocarboxylic acids (e.g., acrylic acid).

Preferably, carboxylic acids of the present invention are fatty acids (c.g., conjugate fatty

acids, medium to long-chain saturated and unsaturated monocarboxylic acids, such as

10 docosahexaenoic acid, and cicosapentacnoic acid). Carboxylic acids for use in the present

invention also include amino acids, keto acids (e.g., pyruvic acid, acetoacetic acid), aromatic

carboxylic acids (e.g., benzoic acid, salicylic acid), dicarboxylic acids (e.g., aldaric acid, oxalic

acid, malonic acid, malic acid, succinic acid, glutaric acid, adipic acid, maleic acid, fumaric acid,

phthalic acid, ctc.), tricarboxylic acids (e.g., citric acid, isocitric acid, aconitic acid, propane-

15 1.23-tricarboxylic acid (c.g., tricarballylic acid. carballylic acid)), alpha hydroxycarboxylic acids

{¢.g.. glycolic acid, lactic acid, hydroxyacrylic acid, oxybutyric acid, glyceric acid, malic acid.

tartaric acid and citric acid), and hyaturonic acid.

“Sugar acid” is defined as a straight or branched, saturated or unsaturated, substituted or

unsubstituted Co.pz (preferably Cs.jq, more preferably Cos5) alkyl group substituted with two or

20 more carboxyl groups wherein the hydroxy functional groups of two or more carboxyl groups are

ecach independently substituted with a C;.; carboxylic acid (preferably 4.6, more preferably

Cyss). “Branched” refers to one or more lower alkyl groups such as methyl, ethyl, or propyl



For example, a compound of general Formula 1 (wherein R is a C2_22 straight or branched 10sugar
acid, and wherein two or more hydroxy groups on the sugar acid are each independently substituted
with a CL22 carboxylic acid) may be made by coupling a di-, tor poly-carboxylic acid functionalized
sugar acid to idebenone. In one embodiment, compounds of the present invention may be
synthesized by the followingc on scheme: HOO OH + RICOCI TEA, 4-DMAP, + R2000CH202 0 H2,
Pd-C (10%)

attached to a lincar alkyl chain. Preferably, 2, 3, 4, or 3 hydroxy groups on the sugar acid are
cach independently substituted with a Cy_»» carboxylic acid.
The inventors have found that compounds of the present invention are surprisingly

effective in treating skin changes because they provide the added benefits of reduced skin

th

irriation, reduced inflammation, increased skin permeability, increased cell permeability, and
slow reicasc therapy.

In a preferred embodiment, the compound of Formula 1 is 3-ox0-3-(9-(2.4,5-trimethyi-
3,6-dioxocyclohexa-1,4-dienyl)monyloxy)propane-1,2-diyl dipalmitate (idebenone dipalmitoy
glycerate), wherein R' is a C sugar acid wherein two hydroxy groups are each independently
10 substituted with a Cys carboxylic acid. The structure of idebenone dipalmitoyl glycerate is shown
below:

O
0 /ﬂ\
O
0 CigH
MeQ CHQ)MGJY\ 1513
1 0 CrsHa
Med Me \‘(

o O

In another embodiment, the present invention includes topical compositions comprising

carboxylic acid-substituted idebenone derivatives (e.g.. idcbenone dipalmitoyl glycerate or

153 another compound of Formula I) and at least one additive. The composition may be provided in a
form sclected from creams, lotions, solutions, sera, anhydrous preparations. emulsions,
microcmulstons, multiple emulsions, gels, solid sticks, ointments, and acrosols. The at least one
additive may be sclected from surfactants, cosmetic auxiliarics, pigments, UVA filters, UVB

filters, propellants. thickening agents, emulsifiers, solvents, water, antioxidants, perfumes,



AcOEtOOH where RI and R2 are as defined above. For example, idebenone dipalmitoyl glycerate
may be prepared by a method comprising the steps of (a) subjecting benzyl acrylate to a
dihydroxylation reaction to form benzyl dihydroxypropanoate: (b) reacting the benzyl 2,3-d
hydroxypropanoate with palmitoyl chloride to form 3-(benzyloxy)-3-oxopropane-1,2diy1l dipalmitate; (c)
reacting the 3-(benzyloxy)-3- oxopropane-1,2diyl dipalmitate with ethyl acetate to form
2.3-bis(palmitoyloxy)propanoicacid: and (d) reacting the 2,3-bis(paloyloxy)propanoic acid with
idebenope Io{ rm idebe one 10dipalmitoyl glycerate, . In yet another embodiment, the present
invention CIELas T A hod T UG B SIS0 ontiel R PSSP BRSO (B 2 skin
aging (e.g., age spots, wrinkling, fine lines), hyperpigmer (e.g., age spots). UV damage. erythematous,
cellulitisd,&%ﬁ |5h‘i’ﬁwﬁt%“ff‘%%ﬁ‘é%‘w@?ﬁﬁ%ﬁg ﬁmaﬁ%ﬁ %f‘é’rgeé%“r%i?“glf’&? dstiBlising topically
administering an f;g@hctiv_e daamount f a carboxylic acid-substituted idebenane erivati e of the
present invent?(i)pnd?ze_giriggbgabnﬁ%n%iﬁéﬁnﬁt%%%@“é%?g '(5 I:[(t\(l;‘Ji %’Sp%lotiérrl? ?ﬁgﬁ(gé)d therdst X’%’E’&itions of

he Presgnl_substituted idebenone derivatives of general Formula 1. In general, compounds of the
5  present invention are made by syntheses that include a reaction well known in the art as a Fischer
esterification, by which a carboxylic acid reacts with an alcohol to form an ester, as generically

Hlustrated below:

/L - R—OH = Jk v 0

R OH R OR'

For example, a compound of general Formula I (wherein R is a Ca. straight or branched
10 sugar acid, and wherein two or more hydroxy groups on the sugar acid are cach independently
substituted with a Cy.2; carboxylic acid) may be made by coupiing a di-, tri-, or poly-carboxylic
acid functionalized sugar acid to idebenone.
In one embodiment, compounds of the present invention may be synthesized by the

following reaction scheme:

o
HO/\HKO + Ricoci _TEA 4-DMAP
| L R2 CH,Cl
o + RCOCH oLl
o o
M |
|
R’ 0 o ’ X
2
R\ro /
5

L
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invention may be used to reduce, if not completely prevent, damage to the skin caused by oxidative
influence, and cause a regenerating and vitalizing effect on aging, stressed, or damaged skin by
supporting vesicular breathing, stabilization of mitochondrial membranes and antiapoptotic properties.
These methods of treating a skin change comprise topically administering a composition of the present
invention (containing a carboxylic acid-substituted idebenone derivative, particularly of Formula I, and
preferably idebenone dipalmitoyl glycerate) to a subject in need thereof, wherein the
carboxylicacid-substituted idebenope derivative is gresent in a therapeuticall?", effective amount.
These compositions may contain ajjcarboxylic acidisubstituted idebenone derivative in a
therapeutically effectvefiount of :QOW to t%, preferably 10 0.05 wt% to 5 wt%, more
preferably 0.1 wi% fa-2:0 Wit fbased éh the tafal weidtit of the composition. The skin change may be
selected from skin aging, hyperpigmenﬁgation siO .n changes caused by UV damage, and skin changes
that comprise erythematous symptoms.qf%e compounds of Formula | may be used in topical

cosmetic or dermatological compositions and act as antioxidants and free radical
absorbers/scavengers. These compoundscl5 provide better prevention of damage to lipids, DNA, and
proteins and also better prevent skin aging and wrinkle formation. Examples of carboxylic
acid-substituted idebenone derivatives ofd-ormula | incluge, but are not limited to: idebenone
dipalmitoyl glycgrs%tgﬁj(i’g;%l%enone dimyristay! glycerate, idgbenone dioleykglycerate, idebet one d
linoleyl glycera gyigdebenane dieieesa n er idebenone digrucyl glycerate, and other

idebenone sugaragid 20 derivatives with two carboxylic acid’subs
trimyristoyl trinydroxypropanoate, idebenonegdtioleyl tihydroxypropanpate, igebenone trilinoleyl

trinydroxypropanoate, idebenone trieieosapentaesyl trinydroxypropa and idebenone trierucyl
trinydroxypropanoate, and other idebenone sugajj acid derivativés wi ee cadpexylic acid
substitutions. etc. Compositions comprising“carboxylic acid-substitilited idebenone derivatives of

the present invention protect the skin against photo-reactions and preveﬂt or treat inflammatory p

reactions. It coulg nokmavg ]Qgen fqrgs#ee that topical application of the carboxylic acid- substituted
. WHICTE 114 arc as 1Nea above . . : .
idebenone derivative compounds Such Asthase that contain di- or poly-fatty acids, would result in

significantly Iest skin. irrit]ation %r flammat'on th?n similf%\r com%(gsitions obntainin%qunderivatized

idebenone or und-rivatized .188 enone su %ﬁ Uted With a %%%oéd’rﬁg%ﬁlc gcfﬁn(qge'eog%grmnﬁgls'nghis

wassa syRrgg 1esult Ihs.compesitons ot fhe J.piERantinrention.ale chiil Sty hap other

skin care active ingredients, such as vitami and vitamin y exhibiting 5|gnﬂ|rcantT§/ increased skin

to'erancaiﬁp&&gp%%%ﬁsj%%m@%_]kdspm@,%d&{gy@}&\&%ﬁr fgg'aga%ev%ﬁnt Iventign are .
2 ges t &

surprisingly and significantly more effective in tréating skin cha an similar compositions

containing yiderivalized idepencis pbyndervaized dahrnens subsiiiyied witha ugagarpaxyiic
acid. ISThe compositions of'the present invention may contain at least one additive. Sulitabl
oxopropane-1,2diyl dipalmitate with cthyl acetate to form 2,3-bis(palmitoyloxy)propanoic acid;
and (d) reacting the 2,3-bis(palmitoyloxy)propanoic acid with idebenone to form idebenone
10 dipalmitoyl glyveerate,

In yet another embodiment, the present invention relates to a method of treating or
preventing the worsening of a skin change or {e.g.. skin aging (c.g., age spots, wrinkling, fine
lines), hyperpigmentation {(c.g., age spots), UV damage, erythematous, cellulitis, inflammatory
symptoms. photodamage, photoreactions, etc.) comprising topically administering an effective

15 amount of a carboxylic acid-substituted idebenone derivative of the present invention (c.g.,

idebenone dipalmitoyl glycerate) to a patient in need thereof. Compositions of the present

11



additives include, but are not limited to, surfactants, cosmetic auxiliaries, pigments, UVA filter UVB
filters, propellants thickening agents, emulsifiers, solvents (e.g., alcoholic solvents), water,
antioxidants. perfumes, dyestuffs, deodorants, antimicrobial materials, back-fatting agents, complexing
and sequestering agents, pearlescent agents, plat.nt extracts vitamins, active 20ingredients,and/or
derivatives and combinations thereof. Pro-oxidative degradation products do not occur when using
carboxylic acid-substituted idebenone derivatives of Formula I. The use of carboxylic acid-substituted
idebenone d%gr\{atiy?ss.[iasu%gaioxidants ,antfri %%?'E éj}%ekfz% combating .and/or %mtﬁ%lgim of skin aging

1IVED ma ¢ o . requce, 1 J prevent. Tgamage > S AUSCl. .
caused byOXIdatlve ress angln%ammatory reac |onsya within ﬁe ope of't ?)r(é%lé}?l ention.

The use. ofgaiasic, acid.sybsituted idebenone dervatives aptioxdants for the stabiization of
cosmetic or ermatologlca compositions, which contain as additive eﬁﬁerbvﬁamln A and/or %tS

derivariyes, (0 cuaaif, AsEIaln Ae.agid, -t Bliongle 6l B0 A6l (RInah S esten)

vitamin B and/or its derivatives, vitamin C and/or its derivatives and vitamin n s derivatives (for

example,siaa:tagaeRerorARSlaiehindlidplly of IneaMbnAton,is UR IeWPe IR0 e sgoe of

the preséent invention. The stabilizing effect of the present invention relates to smell and color and

in particuyar,io the,agive.ingredisnt.content Offcmﬁa%%p%smgﬁpkgﬁyr_Qﬁ{-’smﬁtHﬁ .9 cahexylic

acid-substituted idebenone derivatives as an agent for supporting vesicular breathing and stabilization

of mitochondeial mambrangs.with-adeitionat sntiapaptaticairetinskinsslls RRALS wse for the

regeneration and revitalization of agi g stressed or damaged skin, is within the scope of the present

invention. The Gasmetic.oAslitalelegical campesitiansiatdhedaysniondnay be.conyenanally.prepared
and then used to provide treatment, care, and cleansing of the skin, and as a make-up product in

decorativergasmelics Feradministration.the.caraxyic.agid-syhstituted idehenonederivatives of the

invention may be topically applied to the skin in cosmetic and dermatological compositions of the

inventioiddpdi mannar convantionaklioc sosaretics.Gasnetisranghdermetalogieat compasiiaps of the
invention may exist in various forms. 20 Hence, they may b- for example, a solution, a serum, an

anhydrausspraparationy an, efoulsionren BNetoeRivisien D thedtypewatstinoildw/@)enobihe type
oil-in-water (G/W), a multiple emulsion for example of the type water-in-oil-in-water (WIO'W), a gel, a
solid stickmansaiotmeht sitiariasiesak;|tis alsoadtantagrousto adpinisetcarkexylimagighsubstituted
caused by UV damage, and skin changes that comprise erythematous symptoms.
The compounds of Formula I may be used in topical cosmetic or dermatological
compositions and act as antioxidants and frec radical absorbers/scavengers. These compounds
15 provide better prevention of damage to lipids, DNA, and proteins and also better prevent skin
aging and wrinkle formation. Examples of carboxylic acid-substituted idebenone derivatives of
Formula I include, but are not limited to: idebenone dipalmitoy! glycerate, idebenone dimyristoy]
glycerate, idebenone dioleyl glycerate, idebenone  dilinoleyl  glveerate, idebenone
dicicosapentaeny! glycerate, idebenone dierucyl glvcerate, and other idebenone sugar acid
20 derivatives with two carboxylic acid substitutions, as well as idebenonc trimnyristoyl

trihydroxypropanoate,  idebenone  trioleyl  trihydroxypropanoate, idebenone  trilinoley]

trihydroxypropanoate, idebenone  tricicosapentaeny!  trihydroxypropanoate, and idebenone



idebenone derivatives in encapsulated form, for example in collagen matrices and other conventional
encapsulation materials, for example as cellulose encapsulations, in gelatin, wax matrices or
liposomally encapsulated. It is also possible and advantageous within the scope of the present
invention to add P carboxylic acid-substituted idcbenone derivatives to aqueous systems or surfactant
compositions for cleansing the skin. The use of carboxylic acid-substituted idebenone derivatives
for the protection of the skin from oxidative stress is also regarded as an advantageous embodiment of
the preseq Ve pRBIEAN D s ah satbarvle g subsiitilag debspone.detiaiiven In
washing 10formulations. he cosmetic and dermatological compositions of the invention may
contain gegMmetic;auxiliaries, as are used conventionally in such compositions, for example
preservatives, bactericides, perfumes, substances for preventing foaming, dyestuffs, pigments which
have a coloring gffegi;thiskening, AGRRIS sYFiagiant Subsipnees e mUfRifigss. Jefiening meisfizing
and/or moisture-retaining substances, fats, oils axes or other conventional constituents of a cosmetic
or denugilogicalfermisationsush aeRlcehels, PRNCISARIMIERS. foam:stabilizersnalacinhdss.
organic solvents or silicone derivatives. In particular, carboxylic acid-substituted idebenonée
deriyatives ey algodaagonabingd.assarding de:theninveition withiethen antioxidanis,apd/or, frge radical
absorbers. All antioxidants 20 which are suitable or conventional for cosmetic and/or dermatological
applicationsihaydorisisedacaeming todhejaventionasdaverabla antisxidants. the anfigxidants are
advantageously selected from the group consisting of resveratrol, amino acids (e. g.. glycine, histidine,
tyrosine atiyplophian}aod theipterivatyasss Ritazalas e & innesancacid)aohiheic dapyatives.
peptides. such as D,L-ca osD-carnosine, L-camosme and their derivatives (e.g., n ine), carotmoids,
carotenesf{eginglphadaraiens, betebeasatens; lyappanea)iasd thedhdeasivativessiabliegoganig acid and
its derivatives, lipoic acid and its derivatives (e.g., dihydrolipoic acid), aurothioglucose, propylthiouracil
and othenshiniabbioredaxid, ghudiRioms -cystdinewaystineseystaninaianththetghycatyts Nfagetyl,
methyl, ethyl, propyl, amyl, butyl and lauryl, palmitoyl, oleyl, gamma-Ilinolcyl, cholesteryl and glyeeryl
estdrs) anektheimsaitseditauryd:thilodiprepionatoil distearybtivodiinommanate, thiagipdoponia:aicicsand
their derivatives (esters. ethers, peptides, lipids, nucleotides, nucicosidcs and salts) and sulphoximine
compourdsiierd(, buthiglmme siilghoxirhiheschemotysteincrsubphakiskinep buthionine sulpbenes,
pentathionine 10 sulphoximinc, hexathioninc sulphoximine, hcptathionine sulphoximine) in very low,
acceptableddoges t(ged. deimolentodamaciesikie), atso {metaty chedating agentsn(gygapdlphaifiyardxy fatty
acids, palmitic acid, phytic acid, lactoferrin). alpha-hydroxy acids (e.g., citric acid, lactic acid, malic acid
mandelihattdyfsamic acidceohie akid, doliexttawtsyibiliubtonhitiverdin, EDAKR;EGTA @ndtheir
derivatives unsaturated fatty acids and their derivativesgamma-linolcnic acid.

idebenonc or underivatized idebenone substituted with a monocarboxylic acid.

15 The compositions of the present invention may contain at least one additive. Suitable
additives include, but are not limited to, surfactants, cosmetic auxiliaries, pigments, UVA filters,
UVB filters, propellants, thickening agents, emulsifiers, solvents (e.g.. alcoholic solvents), water,
antioxidants, perfumes, dyestuffs, deodorants, antimicrobial matcrials, back-fatting agents,
complexing and sequestering agents, pearlescent agents, plant extracts, vitamins, active

20 gredients, and/or derivatives and combinations thereof.

Pro-oxidative degradation products do not occur when using carboxylic acid-substituted
idebenone dertvatives of Formula 1. The use of carboxylic acid-substituted idebenone derivatives

as antioxidants and their use for combating and/or prophyvlaxis of skin aging caused by oxidative



15linolic acid, oleic cid), folic acid and their derivatives, ubiou none and ubiquinol and their
derivatives,vitamin C and derivatives (e.g., ascorbyl palmitate, Mg-ascorbyl phosphate, ascorbyl
acetate), tocopherols and derivatives vitamin E acetate), vitamin A and derivatives (e.g., vitamin A
palm tate) and coniferyl benzoate of benzoin resin, manic acid and their derivatives, butylhydroxy
toluene, butylhydroxy anisole, nordihydroguaiacie acid, nordihydroguaiaretic acid, 20
trinydroxybutyrophenonc, uric acid and its derivatives, mannosc and its derivatives, sesamol,

sesamolln zmcda\mfgts dertlavlatl}/&%&e ZnO tlZ t94) selenium and its derivati,veso?e .g.. selenium
methionin Stlbenes At their dervatves Sl ane oRHa PRt diiexiGR! PRSIEPS df St suitable

derivativ. on.(sa sters thers rsugars nucleotid snucle ldes tides and lipids)
of these %%%I(aggvgﬁgrﬁé éﬁ s(} Wg%u{é{h‘ﬁy‘&s HEISR TG N OO $ dta*ﬂ’éjs &?%‘B? Hiore

compoynds) in the. %m;gg% 89? ay% 1wt 14,t t% refer bI .05.wt% to 20 %, more
preferably | - 10 Wt‘g ase ont he total \ veel in %Ife%élédg(])rﬁeé’gs Cr R'P ?Aéw i.\/llrt"an‘?lﬁ“’é” g%veratrol

and/or their deriyalives fepressnt fe adds %%%gggtl'ggéﬁi RSN 'So?%{%‘qta{%four" RS

particular concentration from the range fro based Weigh 0

conpositianin B HOyided MGﬂUAMOK?{atx%ﬂ”gAa%FbYaﬂve&ﬁv ﬁ%!@ tenes or.helr derivatives

represent 10 the additionalantioxidant(s), it is advantageous to select their partlcular concentrations

from theyange fronr@-QAQ10 Wik LASEAHeR the. totah weig bl H;g &P“ﬂ%&#&'@*ﬁm n ERQYIQNS

accordlng to the present invention are advantageous and contain r examp e t ea ore mentloned

fats, oilg;aaxes.anthainelagingids. ardavaierandarsmulsiisr, aeds 4sadic V@QHQH@U%@( uch a

type of formulation I1SThe lipid phase may advantageously be selécted from thé following substance

group: mingral Qilsomingkal Wadess RIS «84CH as.tighiceridesof LaRHC QL caRy ¢agid; also gatural
oils, such as for example castor oil; fats, waxes and other natural and synthetic adipoids, preferably

esters ofdatiysagds with alcohols of low C number, for example with isopropanol, propylene glycol or
glycerine, or esters of fatty alcohols with alkane acids of low C number or with fatty 20acids; alkyl

berizoates; silicong:ilthsuch as climathyipalysioxanes: diRlypolSHeXanSSs as an agent for
supporting vesicular breathing and stabilization of mitochondrial membranes with additional
anti-apoptotic effect in skin cells and its use for the regeneration and revitalization of aging,
stressed or damaged skin, is within the scope of the present invention.
The cosmetic or dermatological compositions of the invention may be conventionally
15 prepared and then used to provide treatment, care, and cleansing of the skin, and as a make-up
product in decorative cosmetics. For administration, the carboxvlic acid-substituted idebenone
derivatives of the invention may be topically applied to the skin in cosmetic and dermatological
compositions of the invention in the manner conventional for cosmetics.
Cosmetic and dermatological compositions of the invention may exist in various forms.
20 Hence, they may be, for example, a solution, a serum, an anhydrous preparation, an cmulsion or
microemulsion of the type water-in-oil (W/0) or of the type oil-in-water (O/W), a multiple
crulsion, for example of the type water-in-oil-in-water (W/O/W), a gel, a solid stick, an

ointment or an acrosol. It is also advantageous to administer carboxylic acid-substituted

14



diphenylpolysiloxanes and mixtures thereof. The oil phase of the emulsions, oleogels or
lydrodispersions or lipodispersions within the scope of the present invention is advantageously
selected from the group of esters of saturated and/or unsaturated, branched and/or unbranchcd
alkane carboxylic acids of chain length from 3 to 30 C atoms and saturated and/or unsaturated,
branched and/or unbranched alcohols of chain length from 3 to 30 C atoms, from the group of esters
from aromatic carboxylic acids and saturated and/or unsaturated, branched and/or unbranched

alcohols;gfehain NG TAM 310,708 G AP, SUER esicr ol MaJEN AAUANIAGeaysl e, selected

from the group isopropyl myristate, isopropyl palmitate, isopropyl stearate, isopropyl oleate, n%utyl

stearatc fshexyl UG RAeaYIRlcale 1SROGHH steaate &9&9{1\5{.&&&%@&% I59Ronyl IRanpnangate,
2-ethylhexyl palmitate, 2-ethylhc yl lau te, 2-hexyldecyl stearate -octyldodecyl palmitate, leyl oleatc,

olcyl crugatecetusyh leatal grucyRiyeate and synthetic, semi-synthetic, and natural mixtures of such
esters, 10for example jojoba oil. Furthciuiore, the oil phase may advantageously be selected from

the group of branghgg@p&yam@a@h@ﬂfmﬁ.ggega{h@fB@@nﬂevm%éﬁé,<§i'&ﬁ@f}%&iﬁ digliorl sihgrsqthe

group of saturated or unsaturated, branched or unbranched alcohols, and fatty acid triglycerides,

namely thensigleciine estersef satuated angan unsatuiRtessianched andint mbrnshedalkane

carboxylic 15 acids of chain length from 8 to 24, in particular 12-18. C atoms. The fatty acid
triglycerides|nayiaduaniageously be selected, for example from the group of synthetic. semi-synthetic
and natural oils, for example olive oil, sunflower oil, soybean oil, peanut oil, rape -seed oil, almond oil,

palm oil, cocormii®ilspafrukarmgioiandiheilike: idehenbisianymisturasief SUet @dnastyaxin
components can be used advantageously within 20the scope of the present invention. It may also
optionallydre @duantagacss ioaiserwarxes) loraxampleceiyl palmiaienas thesinglelipid gamponent of
the oil phase.
in particular the use of carboxylic acid-substituted idebenone derivatives in washing
10 formulations.

The cosmetic and dermatological compositions of the invention may contain cosmetic
auxiliarics, as arc used conventionally in such compositions, for example preservatives,
bactericides, perfumes, substances for preventing foaming, dyestuffs, pigments which have a
coloring cffect, thickening agents, surfactant substances, emulsifiers, sofiening, moisturizing

15 and/or moisture-retaining substances, fats, oils, waxes or other conventional constituents of a
cosmetic or dermatological formulation, such as alcohols, polyols, polymers, foam stabilizers,
clectrolytes, organic solvents or silicone derivatives,

In particular, carboxylic acid-substituted idebenone derivatives may also be combined
according to the invention with other antioxidants and/or free radical absorbers. All antioxidants

20 which are suitable or conventional for cosmetic and/or dermatological applications may be used
according to the invention as favorable antioxidants. The antioxidants arc advantageously

sclecfed from the group consisting of resveratrol, amino acids (e.g., glycine, histidine, tyrosine.

tryptophan) and their derivatives, imidazoles (¢.g., urocanic acid) and their derivatives, peptides,



The oil phase is advantageously selected from the group 2-ethylhexyl isostearate, octyl dodecanol
sotndecyl isononanoate, isoeicosane, 2-ethylhexyl cocoate, 5 alkyl benzoate, capryl-cap Ic acid
triglyceride, dicaprylyl ether. Mixtures of Cu-is alkyl benzoate and 2-ethylhexyl isostearate,
mixtures of C12-15 kvl 5benzoate and isotridecyl isononanoate and mixtures of Cp.,: alkyl benzoate,
2-ethylhexyl isostearate and isonidecyl isononanoatc are particularly advantageous. Of the
hydrocarbons, paraffin oil, squalane and squalene can be used advantageously within the scope of the
present ir]%vear%tiqixj_.L The oiILg)hase may aéjhvanta%éaously also.contain c¢yclic or linear silicone oils or

V'S RETEIT s préfelible ‘SPaH Hom the siltbRE il or the

may 10Consist com'ﬁ"flé?ely of stch o Bt w
S|I|conce3\%[s to, use an additional amount of othe{ oil phase co ﬁonents. @yclome_thlc,one (octa

ethylcyc SR S Vantageously smployed As shicons i o hetlde i dbcBrHing 15 the

invention, However, other silicone oils should also, advantageously be used,within the scope of the
preser(ljt '%'n{/oegi%:\?l{ocn, or éj;(larﬁBlécfgﬁ&g?hé%%}ﬁ:ﬁagtﬁgl o%r%%%?& Fm(éthylgi%lg&%{ﬂg?mc ac%’
IS 0t{ig}eclyglug&rgonanoatc,. of

po'y(“lﬁmﬁlﬂhﬁ@é’&ﬁmﬁ‘gﬁﬁ h10Urs &(l:u[i?iﬁ O&ﬁ&c l%‘?{ﬁghi&o.pe %{I}gr‘ one, cyl.‘tcmc.

cyelomethieone and 2 exyl Isostearate, are also particu arﬁ/ advantageous e agueous

i s T A L e
palmitoyl, oleyl, gamma-linoleyl, cholesteryl and glyceryl esters) and their salts, dilauryl
thiodipropionate, distearyl thiodipropionate, thiodipropionic acid and their derivatives (esters,
ethers, peptides, lipids, nucleotides, nucleosides and salts) and sulphoximine compounds (c.g.,
buthionine sulphoximines, homocysteine sulphoximine, buthionine sulphones, pentathionine

10 sulphoximine, hexathionine sufphoximine, heptathionine sulphoximine) in very low, acceptable
doses (e.g., pmole to umoles’kg), also (metal) chelating agents (e.g.. alpha-hydroxy fatty acids,
palmitic acid, phytic acid, lactoferrin), alpha-hydroxy acids (e.g., citric acid, lactic acid, malic
acid. mandelic acid), humic acid, colic acid, colic extracts, bilirubin, biliverdin, FDTA, EGTA
and their derivatives, unsaturated fatty acids and their derivatives (¢.g., gamma-linolenic acid,

I5 Hinolic acid, oleic acid). folic acid and their derivatives, ubiquinone and ubiquinol and their
derivatives, vitamin C and derivatives (¢.g., ascorbyl paimitate, Mg-ascorbyl phosphate, ascorbyl
acetate), tocopherols and derivatives (e.g., vitamin E acctate), vitamin A and derivatives (e.g.,
vitamin A palmitate} and coniferyl benzoate of benzoin resin, rutinic acid and their derivatives,
butylhydroxy toluene, butylhydroxy anisole, nordihydrogualacic acid, nordihydroguaiaretic acid,

20 tmhydroxybutyrophenone, uric acid and its derivatives, mannose and its derivatives, sesamol,
sesamolin, zinc and its derivatives (e.g.. ZnO, ZnSOy), sclenium and its derivatives (e.g..

selentum methionine), stilbenes and their derivatives (e.g., stilbene oxide, trans-stilbene oxide.
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20 isopropanol, propylene glycol, glycerine, ethylene glycol, ethylene glycol monoethyl or monobutyl
ether, propylene glycol monomethyl, monoethyl or monobutyl ether, diethylene glycol mom ethyl or
monoethyl ether and analogous products, also alcohols of low C number, for example ethanol.
isopropanol, 1.2-propane diol, glycerine nd in particular one or more thickening agents, which may
advantageously be selected from the group silicon dioxide, aluminum silicates, polysaccharides or
their derivatives, for example hyaluronic acid, xanthan gum, h ydroxypropy 'met hyl cellu lose,

particulaly,adyaagaonslu fiam ihe;otoun QkRAYACHRRs.In cadl casgndIAUAIN RN B e

combination. ixtures of the above-mentioned solvents are’used in particular. For alcoholit

solventsy Walgl Mmay,ReaduRRen SansiienRE said ﬁ%@c@ﬁﬁ%&%@ﬂsto the present invention

conventionally contain alcohols of low C number, for example ethanol, isopropanol, 1,2-propane diol,

glycerine and waerpnanabavesmentioned:oihin thepesanse af@ ticksning,agenhdvhigh fax

oily-alcoholic gels is preferably silicon 10 dioxide or an aluminum silicate, for aqueous-alcoholic or
alcoholicgelwisiaralarably 8 potiacrylaleso woThegenyantioraly-kpewn, tighhswolatie,liquefied
propellants, for example hydrocarbons (propane, butane. isobutane), which may be used alone or

mixed with-one, anather, atesuitablers piepallaptsifmcompositions which can be sprayed from
aerosol containers 15according to the present invention: Compressed air can also advantageously be

used.  Compasitids aceeiding tedhepiesentiavention mayAlseadvantagrously cantaithal
substances which absorb UV radiation in the UVB range, wherein the total quantity of filter substances

is, for exmmplaial Wit to a0 wippeierablysQisctarkd witkicnere preferalivn1idie GO Wik based on the
total weight of the compositions, in order to provide cosmetic 20 compositions which protect the skin
from theleitire Tangé.obaultthvioliet danwhey may: alsasenieras sunscreen agents for the skin. If the
compositions according to the present inamn UVB filter substances, they may be oil-soluble or
water-soluble. Presadeingitortme Anvention; dvadtagecuss ail-satdlites or their derivatives represent
10 the additional antioxidant(s), it is advantageous to select their particular concentrations from the
range from 0.0001-10 wt%, based on the total weight of the composition.
Emulsions according to the present invention arc advantageous and contain, for example

the afore-mentioned fats, oils, waxes and other adipoids. and water and an emulsifier, as is used

conventionally for such a type of formulation.

Ln

The lipid phasec may advantageously be selected from the following substance group:
mineral oils, mineral waxes; oils, such as triglycerides of capric or caprylic acid, also natural oils,
such as for example castor oil; fats, waxes and other natural and synthetic adipoids, preferably
esters of fatty acids with alcohols of low C number, for example with isopropanol, propylenc
glycol or glycerine, or esters of fatty alcohols with alkane acids of low C number or with fatty
20 acids; alkyl benzoates; silicone oils, such as dimethylpolysiloxanes, diethylpolysiloxanes,
diphenylpolysiloxanes and mixtures thercof.

The oil phasc of the emulsions, oleogels or hydrodispersions or lipodispersions within the

scope of the present invention is advantageously selected from the group of esters of saturated



UVB filters are, for example: mineral oils, mineral waxoils, such as triglycerides of capric or caprylic
acid, also natural oils, such as for example castor oil; fats, waxes and other natural and synthetic
adipoids, preferably esters of fatty acids with alcohols of low C number, for example with isopropanol,
ropylene glycol or glycerine, or esters of fatty alcohols with alkane acids of .) low C number or with
propy aly gly y
fatty acids; alkyl benzoa s; silicone oils, such as dimethylpolysiloxanes, diethylpolysiloxanes,
diphenylpolysiloxanes and mixtures thereof. 3-benzylidene camphor derivatives, preferably
3-(4-methylbenzylidene) camphor, 3-benzylidene camphor, 4- aminobenzg c acid derivatives,
preferaﬂ%y?ﬁ-% ‘Fl%[f réitxcy)lzlr-d(ndﬁjﬁﬁcegtﬁi}flé%iﬁ%é%%ﬁ&%g%éﬁ%ﬁwrﬁ’p f@mﬁé’t%}f’a Ny DerLdatE 8 tors of
cinnamic g¢id. preferably (2-ethylhexyl) 4- 10 methoxycinnarnate, isopentyl 4-methoxycinnamate;
esterstq é)f gg;ﬁ:yﬁ?grﬁ%i& ,%p?é%rdéﬁ%/d@ }é%ﬁ%ﬁ%‘i%cgtgﬁg%gkgg(ﬂ@(%’&Blﬂ) P& I’)@%ﬂﬂ:%l&lfe?%?nomentyl
salicyl%g ﬂq]eg% iv§a§ otg zophenone, preferably Z-hydroxy-4-methoxybenzophenone,
2-hy-drox!§/-4-m§&16x3?-4l-erﬁe‘%yqﬁéﬁg%%ﬁgﬁﬁg?%ﬁ& f%rofﬁﬂfﬁe '%&Vtﬁéﬁ% ﬁeﬁ%ﬁé;dé’&ers of

benayigenanelonis e isiehiy eyl Fmeraybemidenendionde.

-2,4,6-trianilino(p-carbo-2'- 15ethyl-I'hexyloxy)-1.3.5azinc. vantageous water-so ng ﬁQ/B filters

arg, forexample; salts of phepylhgnzimidazole-a-aulphanic acid, sugh as its.sodium otag,sium or its
triethanolammonuium salt, a?‘ld tﬁe sulphor?%c a&@’@&%ﬁﬂﬂ%ﬁﬁ%ﬁ% aléorzil\?dﬁ%%o%}f1b%ﬁ§lotpdlrﬁcénones.
S){Rhgnic agid 20

prefera}_%x%i;?%fé@%%fﬁf@%BBW%&QQ@?Q%?%}%Hl%'ﬂ%@ci? gfg’zfgx“% 2. St

derivatives o enzylidene caniphor, such as for example x0-3-borhyli grcmet yf)bnenzene

sulphopig agieh2-MethvhE2ax0-Rhemylidensrmetbylisy '_ﬂ'@%i&@&i@,aﬂ%&@@i{&gftg a%ﬁg;l._ as

1,4-di(2-0 0-10-sulpho-3-bornylidenc-methyl)benzene and its salts (the corresponding 1 -suTbhato
compoes;I ok eXRMRIE, thesQItesponding Sodii RORSSIYM Q0o kRoNMM: salk.alsg designated

as benzene-1,4-di(2-oxo-I-bornyhdene-methyl)-10-
erucyl oleate, erucyl erucate and synthetic, semi-synthetic, and natural mixtures of such esters,
10 for example jojoba oil.

Furthermore, the oil phase may advantageousty be selected from the group of branched
and unbranched hydrocarbons and waxes, silicone oils, dialkyl ethers, the group of saturated or
unsaturated, branched or unbranched alcohols, and fatty acid tri glycerides, namely the
triglycerine esters of saturated and/or unsaturated, branched and/or unbranched alkanc carboxylic

15 acids of chain length from 8 to 24, in particular 12-18, C atoms. The fatty acid triglycerides may
advantageously be selected. for example from the group of synthetic, semi-synthetic and natural
oils, for example olive oil, sunflower oil, soybean oil, peanut oil, rape-seed oil, almond oil, palm
oil, coconut oil, palm kernel oif and the like.

Also any mixtures of such oil and wax components can be used advantageously within

20 the scope of the present invention. It may also optionally be advantageous to use waxes, for

example cetyl palmitate, as the single lipid component of the oil phase.

18



sulphonic acid. The list of the said UVB filter- which may be used in combination with the active
ingredient combinations of the present invention should not be limiting. Also within the scope of the
present invention is the use of a combination of carboxylic acid-substituted idcbenonc derivatives with
at least one UVB filter as antioxidant or the use of a combination of carboxylic acid-substituted
idebenone derivatives with at least one UVB filter antioxidant in a cosmetic or dermatological
composition. It may also be advantageous to combine carboxylic acid-substituted idebenone 10

denvatives withyy i HRE2 DR AINELR, a7, RONan BRI RIERGNS K ORTIEHS RERARYIQR, These

substances are preferably derivatives of dibenzoylmethane, In"particu

144tert-W&Qﬁﬂ}’l@a%ﬁ(fé&(ﬁ%‘%%&%ﬂ&')R&P&Q@ﬁ&%%&ﬂ%@m cocoate, C-4s alkyl benzoate,

1-pheny1-3-(4'-isopropylphenyl)propane-1.3-dione These combinations or compositions which’contain

these combinations. arealser ]@(l;ggg;c% iigyeption The quantities used for the UVB combination
15may be used. Also within the scope of thé present invention is the use of a combinationcarboxylic

acid-substituted jdebencacderivatives with.at lgast ng VA filtetas-antigridant othe use of a

combination of the active ingredient combinations of the invéntion with at least one UVA filter as

antigxidaphin acasmaticeldelinatalagisalcompositian04tse withindhe 56oRe.0f theRiaset
invention is the use of a combination of carboxylic acid-substituted idebenone derivatives with at least

one UVAsfilerand.atiigasi@re iR fillesas Antiaxidanterihe msef,@ combination of carboxylic
acid-substituted idebenone derivatives with
Of the hydrocarbons, paraffin oil, squalane and squalene can be used advantageousty
within the scope of the present invention.
The oil phase may advantageously also contain cyclic or lincar silicone oils or may
10 consist completely of such oils, but wherein it is preferablc, apart from the silicone oil or the
siicone otls, to use an additional amount of other oil phase components.

Cyclomethicone (octamethylcyclotetrasiloxane) is advantageousty employed as silicone
oil fo be used according to the invention. However, other silicone oils should also
advantageously be used within the scope of the present invention, for cxample

15 hexamethyicyclotrisiloxane, polydimethylsiloxane, poly(methylphenyisiloxanc).

Mixtures of cyclomethicone and isotridecyl isononanoate, of cyclomethicone and 2-
cthylhexyl isostearate, are also particularly advantageous.

The aqueous phase of the compositions of the invention may optionally contain
advantageously alcohols, diols or polyols of low C number, and their cthers, preferably ethanol,

20 isopropanol, propylene glycol, glycerine, cthylene giveol. ethylene glycol monoethyl or
monobutyl ether, propylene glycol monomethyl, monocthyl or monobutyl ether, diethylene
glycol monomethyl or monoethy! ether and analogous products, also alcohols of low C number,

for example ethanol, isopropanol, 1.2-propane diol, glycerine and i particular onc or more

oy



at least one UNA filter and at least one UVI3 filter as antioxidant in a cosmetic or dermatological
composition. Cosmetic and dermatological compositions having an effective amount of carboxylic
acid -substituted idebenone derivatives may also contain inorganic pigments, which are used
conventionally in cosmetics to protect the skin from UV rays. They are oxides of titanium, zinc,
zirconium, silicon, manganese, cerium and mixtures thereof, and modifications in which the oxides are
he active agents. They are particularly preferably pigments based on titanium dioxide. These
combiqgl_t{i:ﬂ_gs. of UVA filterﬁig{ldng! Snt or com;?o%tionj)%:on aining this combination are also within

the scope of the f)lrg‘;eegésm%ventlon?ﬁé GUHTHES mentiBRda for e T6abBVE cBiBhatisAE may be
%!el preferably

used. smetic compositions which are a.skin-cleansing agent gr shampooin refe
. alunii um 515(}:0885. POLVSACCOAriaes or ihcgr cnv.ﬁzws q%g%%?gﬁge?lgc}rg]pgSI%& re)édg ]gﬂch

contain at least one onic, naon-ionic or amphoteric surfactan f

s oGO SRILCER g vt b e ey ad s, r

used conventiona efore. The surfattant subs emmixtures o nces may

be presgt e sAmpaing. ageninAconGenAtion petween | wid and 50w, These

cosmetic or dermatological compositions may also be aerosols having the auxiliaries conventionally

uspd thereforAn 15, RSMES £15aRSING AR0LSO' e, yeption cripw-alef ar Anbydious cleansing

20 agent concentrates intended for agueous cleansing may contain anionic, nonionic and/or”

amphajgfis surfaciantz«fer &xamels traditional soaps, for example fatty acid salts of sodium alkyl
sulphates, alkyl ether sulphates, alkane and alkyl benzene sulphonates sulphoacetates

sulphobetainesgarcesinaias aidesulphrRstRINcSRURNASHCCIDALSS §}&'&Q9§U?%@l¢@ﬁl@?%%m" esters
alkyl ether carboxylates protein-fatty acid condensates alkylbetaines and amidobetaines fatty acid
alkanofamides, RolyalyeplistheideslvativeSopanc diol, elycerine and water or an above-mentionad
oil m the presence of a thickening agent, which for otly-alcoholic gels is preferably silicon
10 dioxide or an aluminum silicate, for aqueous-alcoholic or alcoholic gels is preferably a
polyacryiate,

The conventionally-known. highly volatile, liguefied propellants, for example
hydrocarbons (propane, butane, isobutanc), which may be used alone or mixed with one another,
arc suitable as propellants for compositions which can be sprayed from acrosol containers

15 according to the present invention: Compressed air can also advantageously be used.

Compositions according to the present invention may also advantageously contain
substances which absorb UV radiation in the UVB range, wherein the total quantity of filier
substances is, for example 0.1 wt% to 30 wt%, preferably 0.5 to 10 wt%, more preferably 1.0 to
6.0 wt%, bascd on the total weight of the compositions, in order to provide cosmetic

20 compositions which protect the skin from the entire range of ultraviolet radiation. They may also
serve as sunscreen agents for the skin.

If the compositions according to the present invention contain UVB filter substances,

they may be oil-soluble or water-soluble. According to the invention, advantageous oil-soluble



Cosmetic compositions which are cosmetic cleansing compositions for the skin, may be presentliquid
or solid form. In addition to carboxylic acid-substituted idehenone derivatives, 5 they preferably
contain at least one anionicnon-ionic or amphotcric surfactant substance or mixtures thereof, if
required one or ore electrolytes and auxiliaries,as are used conventionally therefor. The surfactant
substance may be present in the cleansing compositions in a concentration between 0.001 and 99.999
wt%. based on the total weight of the compositions. Cosmetic compositions which are a shampooing

agent, in aggitign to.a effective, srnannt. A0of carpoxlic acld-substityted ide

. Ber: ey C?‘é&?ﬁ‘e% deryatives,
preferably contain an anionic, non-anionic or amphotcrle surfactant substarice or mixture EEFlereof,

optionally,3R, glegtiohig of thenyentigprandiguxiliatins. asareiused conventionathy.therefor . Jhe

surfactant substance may be present in the shampooing agent in a concentration between 0.001 A

and 99.999maff- R RMRORIHRNS Aecarding:to saﬁipﬁmﬁéemtmw@%ﬂnﬂﬁﬁzr&ﬁ@&mﬁl@fore-
|

15 mentioned surfactants rater and optionally the additives which are conventional in cosmetics, for

exampleyperfuBige thigke prsy dyestuifss dsodorants, aptimiciahialmaterialss hagk-fatting Rgenis.

complexing and sequestering agents, pearlescent agents, plant extracts, vitamins and/or their

deriyatives.aCtiveinaredientsang aIEli%sJ!@kﬁ%@i&ﬁ@ﬁtéﬂx\é%ﬁgQﬂs@'§%W§l®%ﬂ#9§@§‘i&@ﬁ@§ess for
protecting the skin and the hair 20from oxidative or photooxidative processes, which is characterized

in that a Giesriptic,ageRkwhigipEeNiRIRS A effestivaconcantationelsarbmwlicagid-substinted
idebenone derivatives, applied to the skin or hair in adequate quantity. Likewise, the present

inventioniaisadneludes-acpreigess -{arpegienting,cosmsticangasmatalogical igenpositigns,from.-
oxidation or photo-oxidation, wherein these compositions, for example compositions for treating and

caring formtheyhaikaic aidpasticuatbatk dagabiers? HaMRAcing aganisyalsonakenkeuRrogustss such as
for example nail varnishes, lipsticks, 5 foundations, washing and showering compositions, creams for

treating Gticaringufeirskin beothes;cosmetic edmpositiarns, theigonstitdents,of whishymay hringiwith
them stability problems due to oxidation or photo-oxidation on storage, characterized in that the
cosiheticretmpysitions:havagrreffe ctive: amouniaheach cxylis acidsubglitutedddehehangdepvatives.
ethylhexyl) salicylate, (4-isopropyl-benzyl) salicylate, homomentyl salicylate, derivatives of
benzophenone,  preferably  2-hydroxy-4-methoxybenzophenone,  2-hy-droxy-4-methoxy-4'-
methylbenzophenone, 2,2'-dihydroxy-4-methoxybenzophenone; esters of benzylidenemalonic
acid, preferably di(2-cthylhexyl) 4-mcethoxybenzylidenemalonate, -2,4,6-trianilino(p-carbo-2'-
15 ethyl-T'hexyloxy)-1.3.5-trazine.

Advantageous  water-soluble UVB  filters are, for example: salts of 2-
phenylbenzimidazole-5-sulphonic acid, such as its sodium. potassium or its triethanol-
ammonium salt, and the sulphonic acid itself; sulphonic acid derivatives of benzophenones,
preferably 2-hydroxy-4-methoxybenzophenone-5-sulphonic acid and their salts; sulphonic acid

20 derivatives of 3-benzylidene camphor, such as for example 4-(2-oxo-3-bomnylidenc-
methyljbenzene sulphonic acid, 2-methyl-5-(2-ox0-3-bornvlidene-methyl)suiphonic acid and
their salts as well as 1,4-di(2-oxo-10-sulpho-3-bomylidene-methylbenzene and its salts (the

corresponding  10-sulphato compounds, for example the corresponding sodium, potassium or



The quantity of carboxylic acid-substituted idebenone derivatives in these compositions 10 may be
0.0001-30 wt%, preferably 0.05-5 wt %, more preferably 0.1-2.0 wt%, based on the total weight of the
compositions. Also within the scope of the present invention are processes for producing the
cosmetic agents of the invention, which is characterized in that active ingredient combinations of the
invention are incorporated into cosmetic and dermatological formulations in a manner known to one of
skill in the art. EXAMPLES The use of these and other examples anywhere in the specification is
illustrative, only, and in no way.limits the scope and meaning of the invention or of any exemplified
form. QIR 30 THE MRS 1B ISHEA (5 Y SATHCAa pretEr SePELGEI HE Hihbed
hereingdp %gd ,rgi%difications and variations of the invention may be apparent to those skilled in the art
upon reading ﬁus Specification. and can be made without departing from its pirit and scope. The
invention is therefore t limited.anl the terms of the appended claims along with the. full scope
k}%c fl? t Pttﬁg sill.dteb\/oé] )fL;]l‘t)lﬁ){r éscgn mflé/ Ec §P{Pqem co W@%%%(%%Iﬁhfaﬁﬁﬁﬁgll

. S, W S
of equivalents to whic claims are ntitled. Example 1 - Synthesis

Glveergte.. sian Rig,S%3MMl vides. thesis of 3-0%0-3+(942.4,54
methyl-%,%-]a'i%xocyctloheigigﬂajddlﬁ?ﬁ%nn%ﬁ%g%/ lbr‘%%}g?]er} % -Cdllwgljﬁélmitat (Compound 5: idcbcnone

o s ki MBS BeBrere LR BIAARGR RUY IR GI L RRSIRS e Rgnang flervatives
acid-substituted idebenone derivatives with at lcast one UVB filter as antioxidant or the use of a
combination of carboxylic acid-substituted idebenone derivatives with at least one UVB filter as
antioxidant in a cosmetic or dermatological composition.

It may also be advantageous to combine carboxylic acid-substituted idebenone

10 derivatives with UVA filters, which hitherto are conventionally present in cosmetic COMpPOSItions.
These substances are preferably derivatives of dibenzoylmethane, in  particular 1-(4'-
tert.butylphenyl)-3-(4"-methoxyphenyl)propane-1,3-dione and [-phenyl-3-{4'-isopropyl-
phenylypropane-1.3-dione.  These combinations or compositions which contain  these

combinations arc also an object of the invention. The quantitics used for the UVB combination

-,_.
Lh

may be used.

Also within the scope of the present invention is the use of a combination of carboxylic
acid-substituted idebenone derivatives with at least one UVA filter as antioxidant or the use of a
combination of the active ingredient combinations of the invention with at least one UVA filter
as antioxidant in a cosmetic or dermatological composition.

20 Also within the scope of the present invention is the use of a combination of carboxylic
acid-substituted idebenone derivatives with at least one UVA filter and at least one UVB filter as

antioxidant or the use of a combination of carboxylic acid-substituted idebenone derivatives with

b



1. SOC12/CB2C12 2. idebenone, TEA, 4-DMAP CH2c125 A starting material in the idehenone
dipalmitoyl glycerate synthesis is benzyl acrylate (Compound 1), which may be subjected to various
chemical reactions in order to form a crude diol oil (Compound 2). This diol is then subjected to an
aeylation reaction with palmitoyl chloride in the presence of various eagents (TEA, 4-DMAP, and
CH2C12) in order to form a triester, Compound 3. This product is then reacted with ethyl acetate
(AcOEt) in the presence of various reagents (H2 and Pd-C (10%)) to form an acid, Compound 4. Then,

Compou t J It ne.n the presence
o vatious 1sBgens (1EA. &-DAA, A CHECLZ) 1oor e Sl acict Lo pacni & (eknone

10d|paln&g%cg,ly%(ate) The dihydroxylation of benzyl acrylate (Compound 1) to form Compound
2 may be performed in variousways. One method is to react benzyl acrylate (1.0 mmol) with 0.4

mol(N) of potassiim.gsmate dilvdratss thies,eRlalants afipotassim feric nate: (L. apd fhree

equivalents of potassium carbonate ina 1:1 mixture of t-butariol and water. (Angevv. Chem. Int ISEel.

Eng!. 1996438n448:db 1acSlilothe deaction at oo I8 RRIaiUIR.for ARPsRXIBate Y, Al haots |ty pe

necessary to add more of the osmate catalyst to drive the reaction to completion. After an agueous

workup, tagerHR igliiCoNRAIIAR) is e tain et inmalost gUARLatve Mield o f ritarAngthgfmethod

for dihydroxylation of benzyl acrylate is to use non-volatile potassium osmate d hydrate. (. 1 Org.

Chem. 129& 6094 Bonzyhacsyliaie (LQimmeiiwas raactad with 0.3 melfsiofpptassiwmiasmate
dihydrate. 1.3 equivalents of N-methylmorpholine N-oxide (NMO)

oxides are the active agents. They are particularly preferably pigments based on titanium dioxide.

These combinations of UVA filters and pigment or compositions containing this

combination are also within the scope of the present invention. The quantities mentioned for the
10 above combinations may be used.

Cosmetic compositions which are a skin-cleansing agent or shampooing agent preferably
contain at least one anionic, non-ionic or amphoteric surfactant substance, or also mixtures of
such substances, carboxylic acid-substituted idebenone derivatives in aqueous medium and
auxiliarics, as arc uscd conventionally therefore. The surfactant substance or the mixtures of

15 these substances may be present in the shampooing agent in a concentration between 1 wt% and
50 wt%.

These cosmetic or dermatological compositions may also be aerosols having the
auxiliaries conventionally used therefor.

Agucous cosmetic cleansing agents of the invention or low-water or anhydrous cleansing

20 agent concentrates intended for agueous cleansing may contain anionic. nonionic and/or
amphoteric surfactants, for example traditional soaps, for example fatty acid salts of sodium
alkyl sulphates, alkyl ether sulphates, alkane and alkyl benzene sulphonates sulphoacetates

sulphobetaines sarcosinates amidosulphobetaines sulphosuccinates sulphosuccinic acid semi-

[ R
Tl



in a 1:1:1 solvent ini.xt re of watcr:acctone:acetonitrilc at oom temperature. The reaction was complete
in 12 hours. After an aqueous workup, the crude diol (Compound 2) was obtained as an oil in nearly
guantitative yield. [he proton NMR indicated that the crude did was 95% pure. This crude oil became
dark brown after standing overnight at room temperature Probably a small amount of residual osmate
was present in the crude diol and was responsible for the color change. The work-up conditions may
be modified to include a bisulfite wash and/or a plug filtration to move any baseline impurities. If the
darkening cannot,be eliminated, the crude diol (Compound 2) may be taken directly on to the ester
(Com pobﬁqncasﬁﬂéﬁd%ﬂ’r}iffcéi& A AR CEAGEEY Cf((j}g:[fg Bﬁﬁ’i%ii’)fﬁ(é/ %Pﬁﬂ 8 Idﬂgagﬂlﬁﬁé’&%v}:olu mn
chromatography to identify the otT&Co ound 2). ijs compound did not ionize with electrospray
LC/MS.@?%(%%%%&RI%@%%% i)rlé’rqgﬁ ﬁ(épég‘sﬁfgd if)‘%&i‘u%t. Compound 2, had been prepared. Example 2
- Composmon(?g:g 8@ nin2 C‘%”{}B%‘&_IS Rf the Present |nvention 15Com%g tions cgntalnln

carboxylic acid-su stituted idebenone erivatves 6 %h(éeﬁl?éisnégnf?ﬁ} 'é}r“ﬂlft})on sh%ruﬁ%eﬁré%rgﬁ’lgf%% free of

sensitizijng.agentsn.hen). Suitakle compositi ceording to the present invention may be prepared
with var{i%uss ingreéﬂents, as gesclﬁ%eén béﬁ%%%fe% # }Exglu ﬁe’bsélﬁ?)%% béeir?\‘igﬁ?/%mre e%éﬁ%\gds’in each

corposign i sxamplerelersito acarhpmicagisisiiiag idehenane. delvalive gldbe present

invention, such as idebenone 70dipalmitoyl glycerate. Facia nser of the presenten on containin2:

Aqua. SpdiimJ.aurov Q%éml%%%ﬁ&lﬂ%%&déw&%%%@n@'ﬂ%%U&”a%t?fre%%&‘%}iﬂ@&(%%i?%{m"”e
Oxide, Sodium Lactate, PEG-6

therefor. The surfactant substance may be present in the cleansing compositions in a

concentration between 0.001 and 99.999 wi%, based on the total weight of the compositions.
Cosmetic compositions which are a shampooing agent. in addition to a effective amount
10 of carboxylic acid-substituted idebenone derivatives, preferably contain an anionic, non-anionic
or amphoteric surfactant substance or mixture thereof, optionally an electrolyte of the invention
and auxiliaries, as are used conventionally therefor. The surfactant substance may be present in
the shampooing agent in a concentration between 0.001 wt®s and 99.999 wt%.
The compositions according to the present invention contain, apart from the afore-
15 mentioned surfactants, water and optionally the additives which are conventional in cosmetics,
for example perfume, thickener, dyestuffs, dcodorants, antimicrobial materials, back-fatting
agents, complexing and scquestering agents, pearlescent agents, plant extracts, vitamins and/or
their derivatives, active ingredients and the like.
The present invention also includes a cosmetic process for protecting the skin and the hair
20 from oxidative or photooxidative processes, which is characterized in that a cosmetic agent,
which contains an effective concentration of carboxylic acid-substituted idebenone derivatives, is

applied to the skin or hair in adequate quantity.



Caprylic/Capric Glycerides, Sucrose Polysoyate, PEG-6 Lauramide, Lactic Acid, Cl 77891, Glycerin,
Glycol Palmitatc, Cctearyl Alcohol. ectearcth-33, CA-Sub Idebenone Derivative, Salicylic Acid,
CapryliciCapric riglyccride, Coco-Glucoside, Coconut Alcohol Cucumis Sativus Fruit Extract, PEG-120
Methyl Glucose Dioleate, Hydroxyethylcellulose, Aluminum Hydroxide, Stearic Acid, Xanthan Gum,
Citric Acid, Disodium EDTA, and Phenoxyethanol. Eve Serum of the present invention containini.t:
Aqua, Sodium Lactate, Isopropyl Lauroyl Sarcosinate, PPG-3 Benzyl Ether Myristate, Algae Extract, Cl

77891, Gcherirhi_E@qugigoxi];rr}gg&L}Qeﬁ,&%%erdiﬁ ,}n%%i&@%id ecengButene 1[cl)(poclxmer.Caffeine,

CA-Sub Idebenone 10 Derivative, Retinol, Chondrus Crispus, E’rhgz%?l rlrn%%%oné, SmchcTor

Cyclopentasiloxane, | haligidsy Rimgthicono an.Gum.Glucose, ' Hydroxide,
Hycrate e e A T, G o e AL o Gy oy

Olivate, g@ﬂ?&%@@ (9'['?(1%%1@%0'{%1 ﬁﬂ‘ﬂlrﬁzh%@%%%;%'%gﬂ%ﬂhgl& F{)rplg@ﬂfpﬂgq 4Qsr lacquers,

Acrylamide/Sodium Acryloyldimethyl Taurate Copolymer, Isohexadecane, Polysorbate 80,

Flydroxym@mﬁ%lﬁskgsgge%ﬂriﬁman@@ampepllamq,iy%@Iéfw@ﬁ%wwg@mlswgi%%%mFacia'

Cream of the present invention contaimni Aqua, Sodium Lactate, Caprylic/Capnc Triglyce de,

Bis-Klydreyyethexpienyl Rimetticansi 2 WeaHB I RARIQRYh- AL 0L RAICASINAIE. kActiG AGid,fptearyl

Glucoside, Glycine Soja Protein, Oxido Reductas 20 CA-Sub Idebenone Derivative, Retinol, Sodium

HyaluronaignsedibmhBGHnklrer, chifialese, SENANERUS L SRS I ERSE sIRONRXRURRAR due 1o
Polyquaternium-51, Sodium Polyacrylate, PVWFMA Copolymer,Xanthan Gum, Cetearyl Olivate,

Sorbitandivaien GlyseryliganaPRG:3RQ0StgaraterPalysorhaia 20 AtamifeRafilhave an
Acryloyldimethyl Taurate Copolymer, Polysorbate 80, Hydroxyethylcellulose, Magnesium Aluminum

Silicate, Stearietha0dual A7 Hiydragesates Gy cendicoRildRisedivgn EDTA, and Phenoxyethanol.
Treatment Peel of the present invention containing: Lactic Acid, Aqua, SD Alcohol 40-B. Ammonium
Lactate. SalicylithAcjghGA-Stibatdebenoas darivatived anshitydcoxyetaylealitlonese compositions
10 may be 0.0001-30 wt%, preferably 0.05-5 wt%, more preferably 0.1-2.0 wt%, basced on the total
weight of the compositions.
Also within the scope of the present invention are processes for producing the cosmetic
agents of the invention, which is characterized in that active ingredient combinations of the

invention arc incorporated into cosmetic and dermatological formulations in a manner known to

15 one of skill in the art.

EXAMPLES
The usc of these and other examples anywhere in the specification is illustrative only, and
in no way limits the scope and meaning of the invention or of any exemplified form. Likewise,
20 the invention s not limited to any particular preferred embodiments described herein. Indeed.
modifications and variations of the invention may be apparent to those skilled in the art upon

reading this specification. and can be made without departing from its spirit and scope. The

k2
LA



Alternative composition (e 12_ cream) of the present invention containing: Aqua, Glycerin. Cetyl
Ricinoleate, Isohexadecane, Ccresin, Glyceryl Stcaratc, Isopropyl Lauroyl Sarco mate, Scricin,
Dimethico ¢, PEG-60 Hydrogenated Castor Oil, Steareth-2, Sodium PCA, PEG-100 Stearate, Cl 10
77891, CA-Sub Idebenone Derivative, Cholesterol. Ceramide ill, Linoleic Acid, Linolenic Acid,
Tocopherol, Panicum Miliaccum Extract, Glycosaminoglycans, BHT, Propylene Glycol, Styrene
Acrylates Copolymer, Hydrolyzed Corn Starch, Ammonium Hydroxide, PEG-30 Dipolyhydroxystearate.
Cetyl Hydrox{yethﬁéjellu ose. thanSG r@ Ma nesium Aluminum Silicate, Disodium EDTA, and
Phenoxyethanol. S sitioh"te! gc TEFEs Y @Ftﬁ@’ﬁ?@%@ﬁﬁﬁ@%ﬂﬁ%é@ﬁ% A¢ cfﬂ:]é

erna

Sodium Lactat cerin, Sugrose Coco ate, Lacti %Id Isohexadecane, Isopropyl Lauroyl
Sarcosmal]ecgf er}gffF Sarata! &Et éihrgPéqé rbitan Stearate, Steareth-2, Cl 77891,

Magnesium Aluminum Silicate, PEG- 60 Hydrogenated Castor Oil, Butylene Glycol, Methyl
Dihydroxybenzoate. CA- 20 Sub Idebenone Derlvatlve Retina Tocophcrol, Glycyrrhiza Glabra Root
Extract, Nlgrus, éAlba Extract Vitis Vinifera Extract, Magnesium
Ascorbyl Phospha Axeid. Dlmethlcone Polysorbate 20,
PEG-30 Dlpolwg@g qa@ haS g%lglj I H yeeIIuI ium E

Propylene Glycol, Styre# crylatestop yr#er );é/ roly @tgrr% g}r% gﬁ?ﬁ%%@&rﬁ%de and

Phenoxygithanotmonyloxyipropane-1,2-diyl dipalmitate (Compound 5. idebenone dipalmitoyl

glycerate), which is representative of the carboxylic acid-substituted idebenone derivatives of the

present mvention.

Ao . f
/\© Ho/\cjiko/\@
1 2

Palmitoyl chloride
CHyCl, Wro /®

O Q
Hy, PA-C (10 %) /\/\/\/\/\/\/\)\O/\HLOH

4 ]
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Sun Protector of the present invention containing: Zinc Oxide, Octinoxate, Oxybenzone, s Octisalat .
Aqua, Dicaprylyl Carbonate PEG-20 Stcarate, CA-Sub Idebenone Derivative, Pentylcne Glycol,
Glyccryl Stearate, Laureth-23, Silica. Bis-Hydroxyethoxypropyl Dimethicone, Ccteary 1 A | coho
Coco-Glucoside, Butyrospen ium Parkii Extract, Phosphol ipids, Cyclopentasiloxane,
Cyclohexasiloxanc, Butylene Glycol, Caprylic/Capric Triglyceride, Ascorbyl Tetraisopalmitate,
Tocopherol, Carbo cr, Sodium DNA, Ccryl Hydroxyethylcellulose. 10 Potassium Cetyl Phosphate,
Hydrogenated Palm G 1 yc erid es, Dimethoxydiphenylsilane/Triethoxycaprylylsilane Crosspolymer,
Xanthan Gum, Disodium EDTA, Diazol d nyl Urea ad lodopropynyl Eutylcarba ate. Environmental

Protector of the present invention contamin Aqua, Glycerin, Qip@g ycolgGlyceryl Stearatc,
PEG-I00 Stearate, Stearyl Alcohol, Ccteareth-20, @-f b 1debenone D rivati\ég%§uperoxide
Dismutase, Cétyt¥tjirdxylethyicellulose, Xanthaps 7 Pisodiurn EDT,&).‘EKG Phenoxyethanol.
Prophetic Comprsiiamogy ergang) of the preesent iivention containina atdeast: CA-Sub 20ldebenone
Derivative. Resveratrol;aathin (e.g., Caffeine), AHA (Lactic Acid), and Stimulators of Collagen
Synthesis (as. e.g., Vitamin C and derivatives thereof). Example 3 - Maximization Test of Idebenone
Dipalmitovl Clvcerate A study was performed to evaluate the contact-sensitizing potential of a
topical Facial CleslifitEshtanfiglidesbaofebenpamlipyirepeérale (vehigletheside Benonk dipamitoy!
alycerate) using the Maximization Test. The test was a repeat insult patch test wherein the test
material WaE'Bppled undes amocsr shhicares émptiptsec bpypise biregtiann i verde foreiimor back
repeatedly to the same site for five 48-hour induction periods, followed 10-14 days later by a single
challengd'$ & havargiannsiid) TheltedickdmplenwadicsHedte ennr wlaing tesmpasdipphidaiz! neat.
All test materials were stored under ambient conditions in an inaccessible location under the
supervisfOiPHAmE e SLtAcT 01 TR S atmiectE tretd A AR atitd) CAbGIRVEINEsE® 60BR thisTage of

18 years. None of the , . ,
ester, Compound 3. This product is then reacted with ethyl acetate (AcOE?) in the presence of

various reagents (Hy and Pd-C (10%)) to form an acid, Compound 4. Then, Compound 4 is

combined with a solvent (SOCL/CH,Cly) and reacted with idebenone in the presence of various

reagents (TEA, 4-DMAP, and CH,Cly) to form the end product, Compound 5 (idebenone
10 dipalmitoyl glycerate).

The dihydroxylation of benzyl acrylate (Compound 1) o form Compound 2 may be
performed in various ways. One method is to react benzyl acrylate (1.0 mmol) with 0.4 mol% of
potassium osmatc dihydrate, three cquivalents of potassium ferricvanate (111, and three
equivalents of potassium carbonate in a 1:1 mixture of t-butanol and water. (4ngew. Chem. Inr.

15 Ed Engl 1996, 35, 448-451). Stir the reaction at room temperature for approximately 21 hours.
It may be necessary to add more of the osmate catalyst to drive the reaction to completion. After
an aqueous workup, the crude diol (Compound 2) is obtained in an almost quantitative yield.

Another method for dihydroxyvlation of benzyl acrvlate is to usc non-volatile potassium
osmate dihydrate. (J. Org. Chem. 1998, 6094). Benzyl acrylate {1.0 mmol) was reacted with 0.5

20 mol% of potassium osmate dihvdrate, 1.3 equivalents of N-methylmorpholine N-oxide (NMO)



subjects had a medical or dermatological illness and none were sensitive to sunlight or to topical
preparations and/or cosmetics. The criteria for exclusion were: history of sun hypersensitivity and
photosensitive dermatoses; history of allergy or hypersensitivity to cosmetics, toiletries or other
dermatological products history of recurrent dermatological diseases, e.g., psoriasis opic 15 eczema;
pregnancy or mothers who were breastfeechng; scars, moles or other blemishes over the upper
arm(s). volar forearm(s) or back which could have interfered with the study; history of recurrent
urticar{g grlhi\ges_o Ld%?(%}]sm\{vrrlg v &}(‘etregei\gin%ﬂsggemic or topical grugsior medications which could
interfere With delayad immuRologic TEsAoHaas & ¢ BT A5 IBPSISTHISTEN Of B rGRsS 't thase product
or components.in,th test pr duct; other conditions consjd reda1 the 20investigator as sound reasons
for disquaﬁEchtE%ATr%%%’npr% iment o the Stagy, o« © "'Idﬁe%’;%t(c -Xwagugﬂm?e\a% BHHaT Buter arm
volar forearm.or the back of each, subject. The gnfire test was co QS_E# of tyo distingt phases: an
Induct%n pha?se'?’algﬁﬁ a %Havl e%lfjlejd 'plrl:gés . Omnlhdu%t;mmﬁ&ﬁ%(géﬁ?d gﬁ) SHiR 5".6‘5%&15 6f BYfieous SLS
(0.25%)was.appligd.to.a designated site-under a.15inm disc of Webril cotton cloth n%{%‘; patch was
fastened :fo the skin 5 with oc‘:ic us%e tape{"rro?%llnggenrf"o8‘(331‘n Eﬁ?ﬁo‘ﬁr?(}&?tet?taaeﬁ%ﬁ% tﬁéﬂ p‘étch was
ergoved, and QRN ol iheiest mastial was anplied (o the same site before the site was again
covered with occlusive tape (induction pﬁg‘% Tﬁeﬁl?\ uucgyfocrillcga% Wé‘ssr%ﬁoi%"%lgéé Ii‘(%?r]l %gah%urs (or for

72 hougsiyRer plagedaera erkend) aterhich.l Wessmever ad 06 sle agaln examined for

irritation. 1 no irritation was present, a 0:25% aqueous SLS patch was again reapp ied foh& 10 same

site foriddhans. delaed broisappligaion ofia dieshnduatianaaial with e teshnalegialig the same

. . d = Glo:. .
site. This sequence viz. 24 hour SLS pre-treatment followed by 48 hours of test materlafappllcatlon
was congpedrdona intahnf Suadustionexpasuresiiuitatinn.deyriapad alapy: Hue-Roint during the
induction phase as previously outlined, the 24-hour SLS pre-treatment patch was eliminated and only
the testanatgnialwasikgapplied to the same site after a 24-hour rest 15 period during which no patch
was applied.The aim during this phase of the study was to maintain at least a minimal degree of
indtation in orries éauenbanes peRgtatiordhouanhecormenmbanier rChallsage Bhase,After a ten
day rest period which follows the last induction application, the subjects were challenged with a single
applicationcofrifreitestithaserialite amew.Athskinysite/ amnsthe oprAsHeaIN faeanm of sife;rfback in
order to determine if sensitization had developed. Pre-treatment with SLS was performed prior to
challepgelusipproxpoately, 006 dngfrapd:086 aqueous solution was applied to a fresh skin site under a |
mm disc of Webril cotton and covered with occlusive pc The SLS patch was left in place for one hour.
It was then removed

Example 2 — Compositions Containine Compounds of the Present Invention

15 Compositions containing carboxylic acid-substituted idebenone derivatives of the presem
mvention should preferably be free of sensitizing agents (c.g., paraben). Suitable compositions
according to the present invention may be prepared with various ingredients, as described below,
The “CA-Sub Idebenone Derivative” referenced in each composition in this example refers to a
carboxylic acid-substituted idebenone derivative of the present invention, such as idebenone

20 dipalmitoyl glycerate.

Facial Cleanser of the present invention containing: Aqua, Sodium Lauroyl Oat Amino-Acids,

Sodium C12-16 Olefin Sulfonate, Cocamidopropylamine Oxide, Sodium Lactate, PEG-6



and the test material was applied to the same site The challenge patch was then covered by occlusive
tape and left in place for 48 hours. After that period, the patch was removed and the site graded 15-30
minutes later and again 24 hours later for any reaction. Scoring Scale: 0 = not sensitized | = mild
sensitization (viz. erythema and a little edema) 2 = moderate sensitization (erythema with
infiltration, raised, spreading beyond the borders of the patch, with or without vesiculation) 3 = strong
sensitization (large vesiculo-bullous reaction). 10Based on these findings, the number of subjects with

positive regponses weriRbuRted frthe.tesliratarialpEhedest YSIRID showp Moab&% Lyway used to

classify the allergenic potential of the test substarice. Table | Sensitization Rate Grade
Glycerin, Glycol Palmitate, Cetearyl Alcohol, Ceteareth-33, CA-Sub Idebenone Derivative,

Salicvlic Acid, Caprylic/Capric Triglveeride, Coco-Glucoside, Coconut Alcohol, Cucumis
Sativus Fruit Extract, PEG-120 Methyl Glucose Dioleate, Hydroxyethylcellulose, Aluminum

3 Hydroxide, Stearic Acid, Xanthan Gum, Citric Acid, Disodium EDTA, and Phenoxyethanol.

Eye Serum of the present invention containing; Aqua, Sodium Lactate, lsopropyl Laurovi

Sarcosinate, PPG-3 Benzyl Ether Myristate, Algae Extract, C1 77891, Glycerin, Palmitoyl
Tripeptide-3, Glycerine, Lactic Acid, Decence/Butene Copolymer, Caffeine, CA-Sub ldchenone
10 Derivative, Retinol, Chondrus Crispus, Pheny! Trimethicone, Cyclopentasiloxane, Phospholipids,
Dimethiconol, Xanthan Gum, Glucose, Aluminum Hydroxide, Hydrated Silica, Alginic Acid, CI
77489, Stlica, Sodium Polyacrylate, PVM/MA Copolymer, Cetearyl Olivate, Sorbitan Oljvate,
C20-22  Alkyl Phosphate, (C20-22  Alcohols, Polysorbate 20, Acrylamide/Sodium
Acryioyldimethy!l Taurate Copolymer, Isohexadecanc, Polysorbate 80, Hydroxyethyleellulose,

{5 Triethanolanine, Disodium EDTA, and Phenoxyethanol.

Moisturizing Facial Cream of the present invention containing: Aqua, Sodium Lactate,

Caprylic/Capric  Triglyceride, Bis-Hydroxyvethoxypropyl Dimethicone, Glycerin, Isopropyl
Lauroy! Sarcosinate, Lactic Acid. Cetearyl Glucoside, Giycine Soja Protein, Oxido Reductases,
20 CA-Sub ldebenone Derivative, Retinol, Sodium Hyaluronate, Sodium PCA, Urea, Trehalose,
Chondrus Crispus, Glucose, Isohexadecane, Polyquaternium-31, Sodium Polyacrylate, PVM/MA
Copolymer, Xanthan Gum, Cetearyl Olivate, Sorbitan Olivate, Glyceryl Stearate, PEG-100

Stearate, Polysorbate 20, Acrylamide/Sodium Acryloyldimethyl Taurate Copolymer, Polysorbate



TClassification _0l-1 Weak i7;252 _Mild 8 -- 13/25 3 Moderate

n

80, Hydroxyethylcellulose, Magnesium Aluminum Silicate, Steareth-100, CI 77891,

Hydrogenated Glyceridic Oil, Disodium EDTA, and Phenoxyethanol.

Treatment Peel of the present invention containing: Lactic Acid, Aqua, SD Alcohol 40-B,

Ammonium Lactate, Salicylic Acid, CA-Sub Idebenone Derivative, and Hydroxyethylcetlulose.

Alternative composition {e.g.. cream) of the present invention containing: Aqua, Glycerin, Cetyi
Ricinoleate, Isohexadecane, Ceresin, Glyceryl Stearate, Isopropyt Lauroyl Sarcosinate, Sericin,
Dimethicone, PEG-60 Hydrogenated Castor Oil, Steareth-2, Sodium PCA, PEG-100 Stearate, Cl
77891, CA-Sub ldebenone Derivative, Cholesterol, Ceramide 11, Linoleic Acid, Linolenic Acid,
Tocopherol, Panicum Miliaceum Extract, Glycosaminoglycans, BHT, Propylene Glycol, Styrene
Acrylates  Copolymer, Hydrolyzed Corn  Starch, Ammonium Hydroxide, PEG-30
Dipolyhydroxystearate, Cetyl Hydroxyethylcellulose, Xanthan Gum, Magnesium Aluminum

Silicate, Disodium EDTA, and Phenoxyethanol.

Alternative composition {(e.g.. cream) of the present invention containing: Aqua, Sodium Lactate.

Glycenin, Sucrose Cocoate, Lactic Acid, Isohexadecane, Isopropyl Lauroy! Sarcosinate, Glyceryl
Stearate, PEG-100 Stearate, Sorbitan Stearate, Steareth-2, CT 77891, Magnesium Aluminum
Sthicate, PEG-60 Hydrogenated Castor Oil, Butylene Glycol, Methyl Dihydroxybenzoate, CA-
Sub Idebenone Derivative, Retinol, Tocopherol, Glycyrrhiza Glabra Root Extract, Morus Alba
Leaf Extract. Camcllia Oleifera Leaf Extract, Vitis Vinifera Extract, Magnesium Ascorbyl
Phosphate, BHT, Bisabolol, Allantoin Glycyrrhetinic Acid, Dimethicone, Polysorbate 20, PEG-

30 Dipolyhydroxystearate, Xanthan Gum, Cetyl Hydroxyethylcellulose. Disodium EDTA,

30



14 - 20,25 4 FStrong 11 --15/25 5 FExtreme IS A total of 27 healthy, adult volunteers of both sexes
who satisfied the inclusion criteria were enrolled into this study. There were 21 females and 6 males.
Their ages ranged from 21 to 65 years. All 27 subjects completed the study. No adverse or
unexpected reactions were seen in any of the panelists during the induction phase. 20Results: No
instances of contact allergy were recorded in any of the 27 subjects at either 48 or 72 hours after the
application of the challenge patches. A successful compound is considered to be a compound that

elicits ”09'%%3,9?&%@ 0@[&&99@@%9@ Q%P(J&Qt Copolymer, Hydrolyzed Com Starch, Ammonium

Hydroxide, and Phenoxyethanol,

Sun_Protector_of the present invention containing: Zinc Oxide, Octinoxate, Oxybenzone,

5  Octisalate, Aqua, Dicaprylyl Carbonate, PEG-20 Stearate, CA-Sub Idebenone Derivative,
Pentylene Glycol, Glyceryl Stearate, Laureth-23, Silica, Bis-Hydroxyethoxypropy! Dimethicone,
Cetearyl ~ Alcohol,  Coco-Glucoside, Butyrospermum  Parkii  Extract, Phospholipids,
Cyclopentasiloxane, Cyclohexasiloxane, Butylene Glycol, Caprylic/Capric  Triglyceride,
Ascorbyl Tetraisopalmitate, Tocopherol, Carbomer, Sodium DNA, Cetyl Hydroxyethylcellulose,

10 Potassium Cetyl Phosphate, Hydrogenated Palm Glycerides,

Dimethoxydiphenylsilane/Triethoxycaprylylsilane  Crosspolymer, Xanthan Gum, Disodium

EDTA, Diazolidinyl Urea, and lodopropyny! Butylcarbamate.

Environmental Protector of the present invention containing: Aqua, Glycerin, Dipropylene

15 Glycol, Glycery! Stearate, PEG-100 Stearate, Stearyl Alcohol, Ceteareth-20, CA-Sub Idebenone
Derivative, Superoxide Dismutase, Cetyl Hydroxyethyleellulose, Xanthan Gum, Disodium

EDTA, and Phenoxyethanol.

Prophetic Composition (¢.u.. body cream) of the present invention containine at least: CA-Sub

20 Idebenone Dertvative, Resveratrol, Xanthin (e.g., Caffeine), AHA (Lactic Acid), and Stimulators

of Collagen Svnthesis (as, ¢.g., Vitamin C and derivatives thereof).

(W]
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Conclusion: Cream A containing idebenone dipalmitoyl glycerate does not possess a detectable
contact-sensitizing potential and hence is not likely to cause contact sensitivity reactions under normal
usc conditions. Further, idebenone dipahnitoyl glycerate is representative of the full genus of
carboxylic acid-substituted idebenone derivatives encompassed by general Formula I, any one of
which (and particularly those containing d tri-, or poly-fatty acid chains) would be expected to exhibit
analogous efficacy and skin tolerance due, e.g., to their high molecular weight. For istance. idebenone
d myristg%!lgl l%e§a£[ : L{jﬁ;ﬁ 'I(t:I ( erateinqne dIianI cherate, idebenone

dieicosape AR SNEHA % imyristoyl 10

trihydroxypropanoate, id_ebe_’n ne trioleyl trinydroxy ropgr{oat_e, idebcnone trilinoleyl. g
tnhydroxyprop‘gn%g@, identnone rcllegl?:o“sf’éig)uéir}ll efgﬁy‘{?}?ﬁ%“/fiFSWﬁ?é%ﬁSﬁgf r?cp feRisBhEaridtucyl
trihydroxypropanoate.would all be expected tg be highl 2ctive in treating skin changes and
providin6gj¥t'[%1§1 a%jgd%%’ en e*??%%??ggl u)é%’égg%‘?ﬁ}ﬁrig%: r%drted%%e%g C|\{nc'flaim ﬁétib#b m]@fé%s%éél ‘gﬁlﬁoyi

g RIS I e S R S S A

= N {est w the fes
to all carboxylic'acid-substituted idebenone IS the présence of tw &’more

carboxylig.agids, (Rarticularly. diz qr. poly-fatty acids) that yender the compound more soluble across the
stratum cotmélum Iipiéﬁli-layégs{: rof%k%g %STIL(II%E%I’I %55%5 Eigeﬁ’\;/%e}ip %?rtﬁgtgc |r\?"e’ i‘ﬁ%?lr‘ie{ ient %Tf/ 8ﬁ§‘éﬁcing

permeatyiiydlicelb RBANG®. IRIOVS A, s RIRASEIBEIARYBS 09 SATRRYNG ydolyzes in

the skin. 20 Example 4 - Clinical Evaluation of Idebenone Dipaimi Glvcerate SIX

double-fliot ekaisal eveluatian wes Reormad camprriop.eapUpkyeliels I debenanc dipaimitoy

glycerate for the treatment of red and brown pigmented skin Approximately 36 women, ages 40-70

with moderate hyRerpigmentation.and eddening.of.the;skin.yers selested Eﬁaeé&i&tﬁ’s‘t?ogmﬁ study.

Subjects were randomly assigned to one of three groups. Group | received a product with no
idebenang-achyeingrediant (vehiglekiGirrp Il received the same vehicle with 0.5% Idebenone
(Hydroxydecyl Ubiquinone) added, and Group Il received the same vehicle with 0.5% of Idcbcnone

Dmal .toyl GlyraeateaddedSubjects werainstiucteddaappl thenpradust wice.a day(mornipg and
evening) to the facial area for 6 weeks. Canfield VIS1A-CR RBX images were made at baseline and

after 6 wegksssel andsanalyzedeigial and W¥ephatagiahs wetenalsodakemstandaidizipg distance
and positioning of the subjects,pre and post product application. 10Based on the expert grading and

review pfdhe-CanfieldMISIAERRBRimages: 27%ex5B%eand:R8 % 0 ihe subjesipsasagadad with
less redness in Group I, Group Il, and Group lll, respectively. Similarly, 18%, 67%, 75% of the subjects

responded pithoactetieadermabrawnhpigmentatinngn Groupts@satpdl @nds@enp, Hbiraspedively.
Thus idebenone dipalmitoyl glyceratc achieved an overall improved effect as compared to
undcrivetiizedddobeiane:bprbBuridehivatized idehenodersubstiitat dithsasmanosarboxyliciasie.
Idebenonc dipalmitoyl glyccra e tested in Examples 3 and 4, is representative of the full scope of
carboxyliecaid rsabstitared idethenonbaderivatives: éndompassedibicgenetahftdemilach Analogous
results, particularly with respect to efficacy and skin tolerance (e.g., not causi contact sensitivity in
skin), woukl bendxpectba foothen(ebmpowhdelof Formidldd werngetdstatiwith the study; history of

recurrent urticaria or hives; subjects who were receiving systemic or topical drugs or medications
which could interfere with delayed immunologic responses e.g., corticosteroids; history of
allergies to the test product or components in the test product; other conditions considered by the

20 nvestigator as sound reasons for disqualification from enroliment into the study.



20using the same form (i.e., a cream) or a different form (e.g., a lotion or ointment) as that described in
Examples 3 and 4. Example 5 - Comparative Clinical Sensitization Testina 36 Clinical
sensitization testing was performed on two idebenone esters having relatively low molecular weights
(as compared to the compounds of the presentinvention) - idebenone | inolcate ester and idebenone
phosphate ester, the structures of which are shown below: 0 (idebenone linoleate ester)

The patch was applied to the upper outer arm, volar forearm or the back of cach subjcct.

The entire test was composed of two distinet phases: an Induction phase and a Challenge phase.
Induction Phase: Approximately 0.05ml of aqueous SLS (0.23%) was applied to a
designated site under a 15mm disc of Webril cotton cloth and the patch was fastened to the skin
5 with occlusive tape for a period of 24 hours. After 24 hours, the SLS patch was removed and
0.05ml of the test material was applied to the same site before the site was again covered with
occlusive tape (induction patch). The induction patch was left in place for 48 hours (or for 72
hours when placed over a weekend) after which it was removed and the site again examined for
irritation. If no irritation was present, a 0.25% aqueous SLS patch was again reapplied to the
10 same site for 24 hours, followed by reapplication of a fresh induction patch with the test material
to the same site. This sequence viz. 24 hour SLS pre-treatment followed by 48 hours of test
material application was continued for a total of 3 induction exposures.If irritation developed at
any time-point during the induction phase as previously outlined, the 24-hour SLS pre-treatment
patch was chiminatcd and only the test material was reapplied to the same site after a 24-hour rest
15 pertod during which no patch was applied. The aim during this phase of the study was to maintain
at least a minimal degree of irritation in order to enhance penctration through the corneum

barrier,

Challenge Phase: After a ten day rest period which follows the last induction patch
application, the subjects were challenged with a single application of the test material to a new
20 skin site on the opposite arm, forearm or side of back in order to determine if sensitization had
developed. Pre-treatment with SLS was performed prior to challenge. Approximately 0.05ml of a
5.0% aqueous solution was applied to a fresh skin site under a 15mm disc of Webril cotton and

covered with occlusive tape. The SLS patch was left in place for one hour. It was then removed

Lad
Lt



(idebenone phosphate ester) The same testing protocol described in Example 3 was used in the
comparative clinical sensitization tests in this example, but on different panels of subjects. In the
idebenone linoleate ester test (Vehicle 1% idebenone linoleate ester), 25 healthy, 10 adult volunteers
of both sexes who satisfied the inclusion criteria were enrolled in the study. All of the subjects
completed this study. Result One subject exhibited a positive reaction - i.e., a recordable level of skin
sensitization. Sensitization in even one subject constitutes a failure. Hence, compositions containing
|debcnon% ﬂol§a1icr§ast(§{d(lio got B% (ﬁSt{ e added ber; flts of reduced skin irriation and reduced
inflammation, as Tolnd in the caf dREIG- 8BS ilitec {ERSHEUENVEE B BIMEBIE Sant
|nvent|o§1C lr&\t]qu% deben eﬁpho apﬁg&er %s rtest Vfttek}lt %L% Id% ﬁnone hosphate ester), 29 healthy,
dthe mclﬁsn Ricitand Wsradrfoisurime St Fhere

adult volunteers o otrﬁ SExes o sati

were 238ft% Iggdqr_})d malet in age, fr years. AII of the subjects completed this
study. Rés?]%ts Four S%E)?é%lfs% %E%egtel% %b&éﬂlvlégg%%ﬁ%s |°é 4y (&€6148ble level of skin sensitization.

Since sensﬂmgggn]m gyen one subject constitutes a failure compositions containing idebenone
phosphate ester do ot possess the added benefits of reduced skin irriation and reduced inflammation,
as fpund in the caghoxylic. aeid-substituted idebenone derivatives of Sthe present invention.

I = mild scnsitization (viz. erythema and a little edema)
2 = moderate sensitization (erythema with infiltration, raised, spreading beyond the
borders of the patch, with or without vesiculation)
3 = strong sensitization (large vesiculo-bulious reaction).
10 Based on these findings, the number of subjects with positive responses were tabulated

for the test material. The test system shown in Table | was used to classify the allergenic

potential of the test substance.

Table 1
~‘Sensitization Rate | ' Grade.. . | Classification =]
0-2/25 1 Weak
3-7/25 2 Mild
8- 13/25 3 Moderate
14 — 20725 4 Strong
21 -25/25 5 Extreme
15
A total of 27 healthy, adult volunteers of both sexes who satisfied the inclusion criteria
were enrolled into this study. There were 21 females and 6 males. Their ages ranged from 21 to
65 years. All 27 subjects completed the study. No adverse or unexpected reactions were seen in
any of the panelists during the induction phase.
26 Results: No instances of contact allergy were recorded in any of the 27 subjects at either

48 or 72 hours after the application of the challenge patches. A successful compound is

considered to be a compound that elicits no reaction or response from a subject.
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Conclusion: The foregoing Pexamples show that the carboxylic acid-substituted idebenone derivatives
of the present invention are surprisingly effective compounds for treating skin changes with increased
skin tolerance. In particular, these examples and data show that 10these carboxylicacid-substituted
idebenone derivatives have beneficial antioxidant properties and exhibit the particularly advantageous
property of increased skin tolerance. All publications,patents, articles, and other references cited
and/or discussed in this specification are incorporated herein by reference in their entirety and to the

same extent asf agtygfersnge wasdividualiuingoreoraiac nielsience: LAMS Weglaim: 24

compound of general Formula |I: MeC 20 Formula | wherein R1 is -22 straight or branched sugar

acid, andyWRKEIn Ao ALsYEL o SRS AN DR Sugak Acidl are rach jndeRgndently substituted

with a C1_22 carboxylic acid. The compound of claim I, wherein orie or more carboxylic aci a fatty

acid.  eactions under normal use conditions.

Further, idebenone dipalmitoyl glycerate is representative of the full genus of carboxylic

LA

acid-substituted idebenone derivatives encompassed by general Formula 1, any one of which
(and particularly those containing di-, tri-, or poly-fatty acid chains) would be expected to exhibit
analogous efficacy and skin tolerance due, e.g., to their high molecular weight. For instance,
idebenone dimyristoy! glycerate, idebenone dioleyl glycerate, idebenone dilinoleyl glycerate,
idebenone dicicosapentaenyl glycerate, idebenone dierucyl glycerate, idebenone trimyristoyl
10 trihydroxypropanoate, idebenone trioleyl trihydroxypropanoate, idebenone  trilinoleyl

trihydroxypropanoate, idebenone trieicosapentacnyl trihydroxypropanoate, and idcbenone

trierucyl trihydroxypropanoate would all be expected to be highly effective in treating skin

changes and providing the added benefits of reduced skin irriation, reduced inflammation,

mcreased skin permeability, increased ccli permeability, and slow release therapy. A key
15 structural feature common to all carboxylic acid-substituted idebenone derivatives of Formula |
is the presence of two or more carboxylic acids (particularly di-, tri-, or poly-fatty acids) that
render the compound more soluble across the stratum cormeum lipid bi-layers of the skin,
enhance delivery of the active ingredient by enhancing permeability of cell membranes, and

provide a siow release therapy as the compound hydrolyzes in the skin.

Example 4 — Clinical Evaluation of Idebenone Dipalmitovl Glvcerate

A six-week doubie-blind clinical evaluation was performed, comparing a contro! vehicle

to idebenone dipalmitoyl giycerate for the treatment of red and brown pigmented skin.
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The compound of claim 2, wherein one or more fatty acid is a conjugate fatty acid. 5The compound of
claim 1 therein the compound of general Formula 1 is idebenonc dipalmitoyl glycerate. A method of
preparing a compound of neral Formula I: wherein R. is a C.22 straight or branched sugar acid, and
wherein two or more hydroxy groups on the sugar acid are each independently substituted with a
Cl_22 carboxylic acid; wherein the method comprises the step of coupling a corresponding di-, tri-, or
poly-carboxylic acid functionalized sugar acid to idcbenone. The method of claim 6. wherein one or

more caébox ll}?n?i.?l |§é’;\‘;att acid. 4§J§”]8€th d Of?%lalm 7 herein one or more fatty acid |s a conjugate
fatty aci MEtRo-Of Prabairg idebanona i PRmrEy i) ey arRCEGHpRiShy 5&%?6‘8 of thg)
subjectir befrlz toa dlhy roxylation re on to form be ngo droxypr anoate, (b)
reactingn% ernzﬁa%% %y%%&c dr%p]é]n%gtén\%{ﬁha%u ity T dH ‘i‘g Yot B Pio'one of three
(benzqu é/‘_)lp% QX! gqai%%cg‘vc 'Xl gé%%!:rtm&%ﬁ no idebenone active ingredient (vehicle), Group 11

reccived the same vehicle with 0.5% ldebenone (Hydroxydecyl Ubiquinone) added, and Group

i

HI received the same vehicle with 0.5% of Idebenone Dipalmitoyl Glycerate added. Subjects

were instructed to apply the product twice a day (morning and evening) to the facial area for 6

weeks. Canfield VISIA-CR RBX images were made at baseline and after 6 weeks use and

analyzed. Digital and UV photographs were also taken, standardizing distance and positioning of
the subjects, pre and post product application.

i Based on the expert grading and review of the Canficld VISIA-CR RBX images, 27%,
58%, and 58% of the subjects responded with less redness in Group 1, Group 11, and Group 111,
respectively. Similarly, 18%, 67%, 75% of the subjects responded with a decrease in brown
pigmentation in Group I, Group I, and Group I, respectively. Thus, idebenone dipalmitoyl
glycerate achieved an overall improved cffect as compared to underivatized idebenonc or

15 undervatized idebenone substituted with a monocarboxylic acid.

Idebenone dipalmitoyi glycerate, tested in Examples 3 and 4, is representative of the full
scope of carboxylic acid-substituted idebenone derivatives encompassed by general Formula I,
Analogous results, particularly with respect to efficacy and skin tolerance (e.g., not causing
contact sensitivity in skin), would be expected if other compounds of Formula | were tested

20 using the same form (ie., a cream) or a different form (c.g., a lotton or ointment) as that

described in Examples 3 and 4.

Example 5 — Comparative Clinical Sensitization Testing
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(,c)reacting the 3-(benzyloxy)-3-oxopropane-1,2diy1l dipalmitaic with ethyl acetate to form
2.3-bis(palmitoyloxy)propanoic acid; and (d)reacting the 2,3-bis(palmitoyloxy)propano c acid with
idebenone to form idebcnone dipalmitoyl glycerate 10.A composition comprising a compound of

general Frnruula 1: Formula | wherein R' is a C?")), straight or branched sugar acid, and wherein two
or more hydroxy groups on the sugar acid are each independently substituted with a Ci-22 carboxylic

acid: and at least one additive. 11.The composition of claim O. wherein the compound of general

Formula | is:

h

10

Clinical sensitization testing was performed on two idebenone esters having relatively
low molecular weights (as compared to the compounds of the present invention) — idebenone

linoleate ester and idebenone phosphate ester, the structures of which are shown below:

O
o PR
Me CHQ)——*‘O Ci7Has
10
Me E Me
G
(idebenone linoleate ester)
O
o i
MeQ CHQ)_._.--O—-——"F;’-"OH
1
Sk’
Me) Me
O {idebenone phosphate ester)

The same testing protocol described in Example 3 was used in the comparative clinical
scnsifization tests in this example, but on different panels of subjects.

In the 1debenone hnoleate ester test (Vehicle ~ 1% idebenone linoleate ester), 25 healthy,
adult volunteers of both sexes who satisfied the inclusion criteria were enrolled in the study. All
of the subjects completed this study. Resuirs: One subject exhibited a positive reaction — ie., a
recordable level of skin sensitization. Sensitization in cven one subject constitutes a failure.
Hence, compositions containing idebenone linoleate ester do not possess the added benefits of
reduced skin irriation and reduced inflammation, as found in the carboxylic acid-substituted
idebenone derivatives of the present invention,

In the i1debenone phosphate ester test (Vehicle + 1% idebenone phosphate ester), 29
healthy, adult volunteers of both sexes who satisfied the inclusion criteria were enrolled in the

study. There were 23 females and 6 males, ranging in age from 19 to 65 years. All of the subjects



12.The composition of claim 10, wherein the composition is provided in a form selected from creams,
lotions, solutions, sera, anhydrous preparations, emulsions, microemulsions. multiple emulsions, gels,
solid sticks, ointments, and aerosols. 13. The composition of claim 10, wherein the at least one
additive is selected from surfactants, cosmetic auxiliaries, pigments, UVA filters, UVB filters,
propellants, thickening agents, emulsifiers, solvents, water, antioxidants, perfumes, dyestuffs,
deodorants, antimicrobial materials, back-fatting agents, complexing and sequestering agents,
pearles%%-gg agents, p!tant extra ts“,nglitarr‘linsA and combinations thereof. 14. A method of treating a skin
change, ¢o prfsmg“i@ﬁ?%ﬂé‘éﬁ S BB oSO RCTRP AR R therdbesatsaR) e eetive
amountf?gﬁa com 1%{%% og%ene_ral _“Ftorrpula.l: __Wherei R. is a C2.22 §tra}i3ht or branched sugar
acid, and wherein two or more fyaroxy grotips 61 tRB stigar AcTaE R iRdepefrRyssifittituted
with a C1 22 carbaoxylic acid, to a subject in need theregf. 15. The method of claim 14, wherein the
compoucngéﬁ%% 'o’?r]ngﬁ alis (Td’eﬁl%’ﬁoﬁg é’%ﬁl%‘)i%{?l %(Ti‘f’c%*?aaé{% dﬂ%&rﬁ@ FSO d P ERSi M T4 AT Rin the
therapeutically effective ount is 0.0001 wt% to 30 wit%, based an the t Lweig%of.the .
compos%slé?r?&gf%i%eﬁ?n@%g&%fdchlaf)rﬁn A"herdn ?f\%}%k?ﬁ]c"ﬁgni’g{éuftsus?l%f%lgﬂ]%‘? MHESh8thod of
claign 1%3\6}@@1% e.5kin change is hyperpigmentation. 19. The method of claim 14, wherein the skin
change is caused by UV damage.

Conclusion: The foregoing cxamples show that the carboxylic acid-substituted
idebenone derivatives of the present invention are surprisingly effective compounds for reating
skin changes with increased skin tolerance. In particular, these examples and data show that

10 these carboxylic acid-substituted idebenone derivatives have beneficial antioxidant propertics
and exhibit the particularly advantageous property of increased skin tolerance,

All publications, patents, articles, and other references cited and/or discussed in this
specification are incorporated herein by reference in their entirety and to the same extent as if

cach reference was individually incorporated by reference.
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20. The method of claim 4, wherein the skin change comprises erythcmatous symptoms. The method
of claim 4, wherin the skin change is cellulitis.

CLAIMS
We claim:
2. A compound of general Formula [
o
o
Me Cxci"fzo——o)j\i’—{T
Me I We Formula I

wherein R' is a Coons straight or branched sugar acid, and wherein two or more hydroxy

groups on the sugar acid arc cach independently substituted with a C 52 carboxylic acid.

3. The compound of claim 1, wherein one or more carboxylic acid is a fatty acid.
4. The compound of claim 2, wherein one or more fatty acid is a conjugate fatty acid.
5. The compound of claim 1, wherein the compound of general Formula 1 is idebenone

dipalmitoyl glycerate,

6. A method of preparing a compound of general Formula 1
o
o) )1\
Me CigHan—o0 R
Me Me

4 Formula |

wherein R’ is a C..o» straight or branched sugar acid, and wherein two or more hydroxy groups
on the sugar acid are cach independently substituted with a C,.5; carboxylic acid; wherein  the
method comprises the step of coupling a corresponding di-, tri-, or poly-carboxylic acid

functionalized sugar acid to idebenone.

7. The method of claim 6, wherein one or more carboxvlic acid is a fatty acid.



8. "The method of claim 7, wherein one or more fatty acid is a conjugate fatty acid.

9. A method of preparing idebenone dipalmitoy] glycerate comprising steps of:

{a) subjecting benzyl acrylate to a dihydroxylation reaction to form benzyl 2.3-
dihydroxypropanoate;

(b) reacting the benzyl 2.3-dihydroxypropanoate with palmitoyi chloride to form 3-
(benzyloxy)-3-oxopropane-1,2diyl dipalmitate;

(¢} reacting the 3-(benzyloxy)-3-oxopropane-1,2diyl dipaimitate with ethyl acetate to
form 2,3-bis(palmitoyloxy)propanoic acid; and

(d) reacting the 2,3-bis(palmitoyloxy)propanoic acid with idebenone to form

idebenone dipalmitoy!l glycerate.

10. A composition comprising a compound of general Formula [:
o
o )L
Me CipHay—0 Rf
Me he

Formula
4 I ula 1

wherein R' is a Cy.; straight or branched sugar acid, and wherein two or more hydroxy
groups on the sugar acid are cach independently substituted with a C;; carboxylic acid:

and at lcast one additive.

1. The composition of claim 10, wherein the compound of general Formula 1 is:

O

O )j\
8]
O CysHs
e i CEOHQQ ma)l\(\ 153
&) Caghlas
Me Me \ﬂ/

o} O

12, The composition of claim 10, wherein the composition is provided in a form selected
from creams, lotions, solutions, sera, anhydrous preparations, emulsions, microemulsions,

multiple emulsions. gels, solid sticks, ointments, and acrosols.
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13. The composition of claim 10, wherein the at lcast one additive is selected from
surfactants, cosmetic auxiliaries, pigments, UVA filters, UVB filters, propellants. thickening
agents, emulsifiers, solvents, water, antioxidants, perfumes, dvestuffs, deodorants, antimicrobial
materials, back-fatting agents, complexing and sequestering agents, pearlescent agents, plant

extracts, vitamins, and combinations thereof,

14, A method of treating a skin change, comprising topically administering a composition
comprising a therapeutically cffective amount of a compound of general Formula I:

&

o ){\
Me R

Cophag—0

Me Me -
Formula |
0
. - . . .
wherein R™ s a Cy.p» straight or branched sugar acid, and wherein two or more hydroxy
groups on the sugar acid arc cach independently substituted with a Cy2; carboxylic acid, to a

subject in need thereof.

15, The method of claim 14, wherein the compound of Formula [ is idebenone dipalmitoyl
glycerate.
16.  The method of claim 14, wherein the therapeutically cffective amount is 0.0001 wt% to

30 wt%, based on the total weight of the composition.

17. The method of claim 14, wherein the skin change is skin aging.
18, The method of claim 14, wherein the skin change is hyperpigmentation.
19 The method of claim 14, wherein the skin change is caused by UV damage.

20, The method of claim 14, wherein the skin change comprises erythematous symptoms.

21. The method of claim 14, wherin the skin change is cellulitis.
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