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WD 2004/ 094369 PCT/ |1 L2004/ 000343 STABI LI ZED
DERI VATI VES OF ASCORBI C ACID FIELD OF THE | NVENTI ON
wab@4poesent i nvention relates to novel stabilP@EtL2004/000343
ascorbic acid derivatives and to conpositions
conprising them 5 BACKGROUND OF THE | NVENTI ON Vitam n
C (ascorbic acid) is a vital nutrient for humans and
has many inportant functions in the body. Vitamn C
is essential for collagen synthesis and hel ps
maintain the integrity of substances of nesenchynal
or i STABEAZED:PERINVATHINGES ORASCGORBICACEDI d ti ssue,
and dentin. An essential function of ascorbic acid is
to act as a cofactor for the hydroxylation of proline
and |lysine residues in collagen, a major protein
conponent of the body, that is inportant in
FIREDHOY THEJINVEN skin elasticity and texture.

ona Theeraspitim il oriyel Mt sl deid fghdes and to
comﬁggéﬁé,ﬂggmﬁggmn @sgorbic 15 acid is reversibly
o Zed Ard red

uced in the body, functioning as a
redox system in the cell and being useful in the
treatnment of cancer. It is involved in the netabolism
BAGCKGROUNDOFEHEWINVENEION Vitanin C facilitates
the_absarption of . iron and protects folic acid
r eqVaeRgR, Cufaserthiomed) & RoMltal ReHEEn olor o giRiRs A@fghas many

. an ) e foee fold e i dofr ' )

o3 TPelShf BLESSe GREmiR & PSR ddfecn synthess and

hel@8t hidrhtdantthe PLALSSH W 30BItASdes OV datsMfc A IOrioth, such
egI\IA, msnbrang Iip?gﬂgl and proteiegs. As ment i oned gove,Suc @

conifective itisynd, westedid tishee, sandt dedins Amessentiel furction of ascorbic acid
subst ances such as coll agen, and al so of certajn,

is #haisblascaseadpepy thorthe deglroxyationr eh groline aadolysigeresidues in
col Gt HSmERLS T B SEnRC o 5 B0 i FALBib Hpsiaining

c ent Lr : :
e PR B 3 30 S o o
hefliipeindEitilitatestroch ey fidm beenss Bdiag a\dtioagi redudngd @gent, ascorbic

shorten or reduce the severity of a cold. WO
acigOs4coasibbp ordized 20d2¢dordan te thadyn fimatoning as a redox system

: ter-sol ybl e cel | ul ar tioxidant that reacts wt .
in f FéepellS and {)emg usetul in ‘the tréatment of cancer. It 1s mvc?lved in the

metabolism of phenylalanine and tyrosine. Vitamin C facilitates the absorption of

iron and protects folic acid reductase, which converts folic acid to folinic acid, and
may help release free folic acid from its conjugates in food.

Vitamin C is a powerful antioxidant, protecting against oxidative damage to
DNA, membrane lipids and proteins. As mentioned above, it is involved in the synthesis
of numerous substances such as collagen, and also of certain anabolic steroid hormones,
and transmitters of the nervous system, lipids and proteins. It seems to be required for
proper immune function and its use has been recommended to prevent or treat colds.
Although this has not been demonstrated by experimental studies, it seems that Vitamin

C does shorten or reduce the severity of a cold.



10

15

20

25

30

radicals in the water conpartnent of cells and in

intercellular fluids and can "recycle" vitamn E by
web@wiogshd y regenerating it after it has been BEEN2004100343

termnating a free radical reaction. 5 Vitam n C has

been used in recent years as an active ingredient of

cosnetics. Due to its anfioxidant praqperties, it is

ConSHEEDAC i Awnfcvatseenl i PR AURRIGAN tat reacts with free

B3 5 B oot 9, s 0 LB Pl o
e GRAIALY 1 SR SATRBRAT AERTULE by pent i

terin@ftRRf a fee raditilerhttyorrar ket ed as anti | o ageing
agents toC{)revent skin free-radical damage by UVA .
r ay ¥itamind G bas beenusdd in resenisysass ay anfgtive ingredient of cosmetics.

t hr ough producti on of. coll.agen, .} he body' ..
Dug nt0e 1€ et} HEPRIICS, o S o‘f%’él‘feg‘?ﬁipg r‘tyol“ied both antioxidant and

[ oS ' . ficd S .
ohGRRSRHER o, i Mlelhsh &, (R bR RER UMY Mshfie. Shce fiee
radidald Sk Gofbidere@MRy beagtspéhsitlBf fod gked | dAmagk AMP plétiBiure ageing,
| oosening of the 15 teeth, anem a and general _
costedtick i doptaimiag Vitamihe@ drtderivetivds. thereof ane cowerdlyt manksted as anti-
it may be recommended to adn gi ster _increased vitanin .
againg Reents O Prevert xekir |ﬁéeefradlcg?e pnage By B8y 8pdie renew skin

elaﬁi‘%&fﬁzf? raC%F,ttih}/(%s é?rga&ciéfolﬁ;%ﬁ%@?élf k}g%@g lr’lﬁ Ptﬁgl‘cg]%lar cement,
and 686t aﬁjé,% : :&ﬁﬁhﬁeé{! tamin C. However to ensure an
qua

ade anount in the daily diet, it is

r ec Vitgeiigl € deficiensy padsessoiual that Brehardstdrezedrioy calgitlary fragility

The fornul ation of pure vitamin Cinto an end product,
reshifimgviar bryisieg end sheseorthnging itnflammative ofbe sgwes, ilposeging of the

tee a;i&%%l’jaOXi Igé}%g@ A;Eﬂ-}qxié o{%ﬂﬁ?&@ﬁﬁﬁﬁégoﬁfét@ to’és, it may be

rec§h :E&ﬁféﬂ% %ﬁl@%lg%t’gleﬂl%%géd Bimnin! ¢ tairngflﬂféifog% Etgpﬁrfg{) people taking

gqueous so even under neut _ !
esttc@RE" éfagz'r&mtﬂa&%;ﬁfi'e@,' BabitaAREss teirhdycliféd, addpirn, NeidIfBr cigarette
such "as iron and copper salts, which contribute to a
smokers. rapi d degradation. In order to overcone the
probl em of , the | ack of stabjlity of corbic acid in

i t s Manvefnisy and yegqtables verfamwaein Gallewsyento,susyes ay adequate

gy S GG ek it 3 aekspBEaEd hitubieR B SRARAL oo pygvided
der iIYlgthYﬁﬁldtﬁmaSﬁ Pﬁi’ee%tﬁifrﬁf?!@ Bib APERA (profi@, however, presents

cyclodextrins, zeofites or [iposones.
serious difficulties because it is easily oxidized. Upon storage or exposure to light,

oxygen, moisture and/or high temperature, vitamin C undergoes rapid degradation.
It is unstable in aqueous solution, even under neutral pH and at room temperature. It
also reacts with certain minerals, such as iron and copper salts, which contribute to
a more rapid degradation.

In order to overcome the problem of the lack of stability of ascorbic acid in
its pure form, derivatives thereof have been proposed that are more stable.
According to one approach, stabilization of ascorbic acid and its hydrophobic

derivatives is achieved after entrapment into cyclodextrins, zeolites or liposomes.
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2 WD 2004/ 094369 PCT/1L2004/ 000343 Anot her approach
consists of stabilizing ascorbic acid by

walesuwesszati on of its enediol function. AscorP@I/TL2061/@0343
inits lactone formhas four hydroxyl groups at
carbons 2, 3, 5 and 6. These hydroxyl groups have
di fferent chem cal activj tie.:.the r oxy

-, _and
gr odpether sppTersh samskits ofestabiliging asathie SRILBY Bﬁ@vatlzatmn of its

enGB AR aggsocir%& 18 s TRSPLE SoRE AR g oups at

cafa&aéi,a_t ﬁy g oxyI i oupgdﬁf%é%’i@ﬁﬁﬁ Hawlﬁfermcﬁh%ﬁﬁcamu%ues the

a rather stable diol
2- aiyé Belydrogyhproups, iogathier atittotheodowtde dobdcoaakcting carbons 2 and
converts the hydroxyl groups to al kyl-, acyl -
3, fnmr an engdiob isystenohat ig UﬂWamsrthegﬁoOwgdatlm |and is apsponsible for

thegpyigatipg Zimra%éﬁb' fcsrtiS 26heyRoRes S Br R G-peeandd eroups
forHPhg:aﬂféﬁ’ Lé@efbl? %l%ysfﬁ%ﬁ Uébim&‘é}f’ dgfljvsff‘zgllt ?l (r?f Qs%%?é]lg'a%ld converts

erivatives fWo group int
thengtcﬁskylagroupg% aﬁity@-b Iabylz ahiledn, of pﬁ§§iﬂfdi>ylcc@ﬁhﬂ|mbg’groups which
derivatization of its enediol function at the
als@ -aftest the aolmhslltpetlfmsabﬂnmcﬁhubwamre(pramaoﬂs; rKoéwn ascorbic acid
aci d 2-phosphate or

.- ascor bj.c. - orbj
derpvaityies atgb %éwﬁs@@%g@u@& Waﬁerp%% ﬁa%rlé{ adr 05/@11? \Ascorbic acid

oL T At e, oo

bi 0§ RGi1EA1i RIS AscolBlc TREEBY dpR/afizathdDBF fits CRHic BRSHON at the

have been made to I ntroduce vitamns and other active
2-pagitivinshasnbeerdettempieiddg pedpacatiorosfrtascornomonl 2iphosphate or L-

Vitamin C has been particul arl y conten‘pl ated for
aSCQﬂ?lﬁaEtC@ql @gs@@teaﬁae d@gqﬁw ackl2ghnsph atgydqg/auVe did show some

biofogiGhl ey, BRE sl 88tophic dtid 2roilt OGR  Foukd e BR R effective

A r of hurran skln andinhlbltstheforrratlon of
blol@g%dgeﬁt Anot her inportant benefit of ascorbic acid

I s i fedenpyesds vignéfidane stepg diavetbeenl Madé Y@ ifleodaR Vitamins and
the skin. A major cause oOf cutaneous damage is the

othge netiue iagantsf inte aletnetolagigaleor spsmetes coypositmmisc Mitamin C has
pol | uta snoki n p rtlcu arly ulfraviolet (UV)
beqnadaaa@@lﬂﬁﬁy reaRiempLited @1 98! G9smee purposes. By

stin mﬂ%ﬂi and'r ?@?ﬁ%ﬁ)ﬂgfﬁ%ﬁ e(i cg'l‘fég&é xéié@ I a’itfc%zlsgs the elasticity

and® Sh@R@QAY ntESiNG It P §1eh Gad! ifBibitNRE FQHfation of wrinkles. Another
I nvestigators”have reported that high | evels of

impatant bewefa@f dscorbicraeidisiits, protectiviceffiedd pgainst oxidative damage to the

skin. A major cause of cutaneous damage is the generation of reactive oxygen species by
chemical pollutants, smoking, and particularly ultraviolet (UV) radiation. Reactive
oxygen species can damage lipids, proteins, and nucleic acids in skin cells, which in
turn can lead to the development of cutaneous cancer and photoaging. Numerous
mvestigators have reported that high levels of ascorbic acid in the skin, produced by
topical application of the vitamin, provides some degree Aof protection against UV
radiation, particularly UVA (Darr, D., S Dunston, H. Faust, and S. Pinnell. 1996. Acta
Derm. Venereol. (Stockh). 76: 264-268; Black, H. S., and J. T. Chan. 1975. J. Invest.

u
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topi cal application of the vitam n, provides sone

degree of protection against UV radiation,
w@arotiogusbarly UVA (Darr, D., S Dunston, H FauBCT/IIz20@t/000343

S. Pinnell. 1996. Acta 30 Derm Venereol. (Stockh).

76: 264-268; Black, H S., and J. T. Chan. 1975. J.

| t 2 1094369, PCT/ | L2004/ 00034 . .
DegHiS] 65: A2y i Bl pROiegEs GEour APPaICCty Bl G ey oavraging of
' f: pcal ted
oo % AR AR in ANUABR W VATIIET Sompost 11 ons

CoNPhis;i ffhiodl toxmMpbsiidiRYcdifptisig VidimiAPEChbY be used for specific
treatments of various skin problenms such as” aging,
treabhqu;tsgf ['mrﬁ}?lsn;skmr fprﬁbbngmsmx;ht !agn ?gmg?rdqmlss,ﬂand acne or
. benef i ci effec corhjc acj r topical . L
PigapAitation 3t§ﬁ,rdegar The EP%%SCV? (e%@gfé s s 1%9015 demtopicgl application,
i Qxi t_achivity, . are. optimzed only if .high., .. .
parafit B v iing ot isPRtioRRlanl hie Htbriapft ity igh levels
SLES . B . ;
of itfini CE ool e i PpilpaingB ] the ey SOAGIER, S5 P gma L. T

Chylacki 39911 AnC Jh@lin. Natr, $&3825e3559). Indegased igestionof vitamin C has
| evel s of ascorbic acid because vitamn C '
notggsittetinansreased skindevele o rgcarbie agidchecamseavitaain C concentration of

the iR i ptfled, i <683 e RERILEHTD (imsey S. C. and
N j. 11§ &L | A - - -
M 48 o AN B . 0 AN O By s o i
cone@htiion B asdodbic i idthrbgpls HieNstilym ®rh@fh ibaffiet into the skin may
i ncrease the pool of protective antioxidants and
effestivelyciacxsasd thgepodd piiphatestive antiosidants andnenhanob solkagen synthesis,

t hat nust be qvercone to reach this goal . For_ exanple,
thetgoats many, qbeiacles Hiab masibe areome, 1o ke thisigoah dior cxample, as a

L the f.issues ISy Lapi dl renoved . . .
watdh S6fBIelFlhryte. i "G REpdt Pordt RAL e 6704 js rapicly
rerigfed TR DORF o paeiit ent s SRl (Riches; 5. .
19651, Aami b Clin. INutnd7: ABHd o4 edsopbletavisotod its pgdidphilid haatee vitamin C

especi ally the skin, which naturally repels water and

is g rabsodhsruweld isfobsneaiiselssues meperislly die skin, wéche paturally repels
walfE 3 pleplsediF otliobion ddenite pe fagcFeiplBaised. iy about 8% of

o 003 BSE T  AAs, 28comi 5.

Duhsier DovRhaihgl ahd SV Pimdlls 1990PRInvéstNBelagtol. 096@%90). Naturally,

_str o&gl.y protected against oxidation. Vitamn
vitageini {atneaporated dutn vahibes iconfpmsitionsuhasilib ebé stroagly protected
ut it is critically jnmportant to use a

agai@s sridafion: f\gFWr@tdeEXﬁ“‘éFét Wgl9vinlpleledn dgrmas spigallp dor any skin
typé,kﬂ)ﬁ it % E‘ﬁﬁ&ﬂ}y ﬁnﬂ%r?e{n‘% G W¥E 1 APIiR 22 £ th%% fca%% tac‘:’cually penetrate
the skin to have its protective anti-oxidant effect.

Among the stabilized derivatives for use in topical formulations, one can find
the 6-ascorbyl palmitate, a highly bioavailable, fat-soluble derivative of ascorbic
acid that possesses all the benefits of vitamin C, but, unlike the water-soluble form,
can be stored mn the lipid cell membrane until its use by the body. Another well-
known vitamin C derivative is the magnesium L-ascorbic acid-2-phosphate (MAP), a
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Anong the stabilized derivatives for use in topical

formul ati ons, one can find the 6-ascorbyl palmtate,
w@2009M399 bi oavai | abl e, fat-sol ubl e derivati vePGFf/1L2004/000343

ascorbic acid that possesses all the benefits of

vitamn C but, unlike the water-soluble form can be

T T
oA VO B oo

tyr6difAdNe eactifitf - fROkeBve Usriaklds BOElintihAficH b Gred Vxly¥@i ratBcal after the

used as an additive in the nodem functional "Whitening
absootivet bycthe shing asditahave a symergic effedtsvitlyvitavmindE.t i on of

tyrosi nase .activity, .to renove winkles by elimnation

of &B@é’f@&y%ﬁf 25601030 26¥d ascorby! palimHatst angh magnesigm ascorbyl

[ n 0 _haye a nergic.effect . with vitamn.E,
phdiitte B Bl s MBS ISR ke BAEE, et hditvestigated by
. g ; | -1 m hot. s a _ .

O ol Dot APFRROR, ANBORONMH RS, aqucoys organic
soldentemtixtiRfe. HPheC resvidsystiosveaf tieat, sdepd thicl two @itamdit C derivatives

sui t abl e aqueogus-organic solvent mxture. The results
wethdnee tstable thaar aseorbise acide thet aseorbyl destérgashomesd significant

oS L sRAm s W GRS ALt AT5S! Blhent ey
of Y AL o RS A P4 Bt ration of

prodlattstwith high vizceelubtid ﬁfb‘ppﬁiésh&& 8bIeRB Gt dhcethBRPpiRh] Béhavior of
of products with high viscoelastic properties” was

thinbompound.edaseersely, thepintraidubtibmifdhe phosplvric grovpoimnpbsition 2
Drofersgbahe | Gilesal e DERPrite atofis SmBMIOl o éataa opping that
mal iR BibaT YRS Mard 50 Ve, Hapler i pRog VB C that may be
ol 1 5 VS S R0 R R, .
Betiaros Ar StabilitySvEbitdminyCaferivatines in $olddon wad itasisali formulations. J.

solution and topical fornulations. J. Pharm Bioned.
Phaiinn Biomgdy Anak 1897, 15$).80X5-80Us 5, 098, 898 descri bes

S 5 Lol Bl e RS i i
ia RIS R0 Bl 5 Ly i

acti@itg @k Welbyshgihpesoxidé intabieiAs atwvisy. BIlova et ale anetisldStem is not
cannot be used as a source of vitamin Cin topical
adequately protected and thus cannot be used as a source of vitamin C in topical

formulations.

JP 63104971 and DE 3613590 disclose synthesis of 2,3-di-O-acyl L-ascorbic
acids, which are more photostable than the above-mentioned phosphorylated L-ascorbic
acids. However, 2,3-di-O-acylation leads to loss of biological activity and bioavailability
due to the low solubility of the products in water. Therefore, such compounds are
practically useless for cosmetic, dermatological and other applications.

JP 7017989, JP 8034791, JP 98363316 and JP 98201242 disclose applications of
L-ascorbyl-2-phosphate in chemical peeling and skin-whitening compositions to prevent
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formul ati ons. JP 63104971 and DE 3613590 di scl ose

synthesis of 2,3-di-0Oacyl L-ascorbic 25 acids, which
wa@e@4091369 phot ost abl e t han t he above- nment i onedPCT/IL2004/000343

phosphoryl ated L-ascorbic acids. However,

2,3-di-Oacylation |l eads to | oss of biol ogical

activity and bioavailability due to the

. low , .
pengtiation | oft theopgente 9 da db sdspth vimdereduep eskint drrifationy c2rPhosphate

conpounds are actigally. usel ess for. co i C
coriti Srioge ob faspiit: aligimons RGeS toig prggsrve own
4791, JP 98363316 and JP 98201242 di scl ose
appl i cations of 30 L-ascorbyl-2-phosphate in cheni cal
peelisSny 62848 kihd DI i18e59380discl oo inthesizsoft [>-agsoebr3-phésphate b
WO 2(?8341/ 094369 PCT/1L2004/ 000343 penetration o?ﬁt hg .p ) 4
diregsephtospharykation dfrasgerbic agiddwrth cupkosphprusi alide aphaesphoric acid or

halSHoASPRBRS A BeiE PSP GIE MBS adker VHE BiRRcosds PHipblg or larec-

S 3, 549 and DE 1805958 di scl ose synthesis of
SC&%B@Q@?@%‘-S-phosphate by 5 direct phosphoryl ation of

ascop bijg3 29 Widdloses PEAKABGN USH MBlak@bicP hRRP N@drivatives having
acid or hal ophosphoric acid or their corresponding

phesphyids perphodplmterirpbesphate, palyphosphateysulfateger ghwabyd groups in
production. JP 10324627 .di scl oses synt hesi s of
positios cdr sind  dwyrlepxydr iphasphats palyphesphgitosptte, glycosyl, alkoxyl,

B RICRE RS RIS RN SRR S o s
Thg Bﬁ@lﬂ ' &f Ft,%ic])irff B}ﬁ%mteﬁx ait loF 3hi8 ;Pagélﬁ%‘f%e g@%v?@?‘&ﬂnacological

enyl oxy noxyl groups In position 3,

activi§i onigd heeefbie) padiicANRi Wagaiot dD«@bstitufEewitho | resided effective
stability was not an aimof this Eatent but the new

enqughrionthel axgdatiate prefeetion ofthe ngdior bongd. position 2
For Uhe. S16 BT | desciibn b tmeshod o ibe Reeiftistiofont iRl Salts or
516 ' f . .
onfl PP SR80 s PrE 8 B o rsting

acidBTRGhdtAsSRhBoR fcodfiRingi £5cBflif Hied iz\lﬁlﬁds;pﬁﬁtebﬁr ascorbic acid 2-
treating an acidic aqueous sol ution containing

sulfste owith @ pariods 2dstwbephatceh as astivatethicartzm, dolowsd| Hyatreating the
W th a porous ,adsorbent such as activated carbon, .
adsasbepvwithiy besie aguaguy pelutigncONBERINGP 8hadusiaksalt of an organic

aci ?%:ﬁ% 3‘[131%&1 br A0nSABEE R Infichind <7 ti%h, 3 bbtal f2%end product

of high quality in high yield by simple and easy operations.

US 6,110,477 discloses a topical composition for preventing and/or treating
photo-aged skin, sunburn, wrinkles and related skin disorders comprising ascorbic
acid or a derivative thereof in a substantially anhydrous single phase carrier
pharmaceutically acceptable base. The ascorbic acid derivatives disclosed are
ascorbic palmitate, sodium ascorbate, potassium ascorbate, ammonium ascorbate,
triethanolamine ascorbate, ascorbyl phosphate or magnesium ascorbyl phosphate.

US 6,602,906 discloses the use of 5,6-O-isopropylidene-L-ascorbic acid for

topical treatment of the skin for increasing the concentration of ascorbic acid in the
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WO poohiogtseyi el d by sinple and easy operations. BRSI/IL2004/000343
6, 110,477 discl oses a topical conposition for
preventing and/or treating photo-aged skin, sunburn,
wr i nkl es n& rel.ated skin disorders co
a

ri.sin
demaglolFE ofaiedSio, d0kERNAING dhe PGS Af Skt collagen, and for
substaptially.anh ousqsknal &.phase carrier 25
m%m%@’&@%%&’%@‘g}%éf&%&@ The ascorbic acid
derivatives disclosed are ascorbic palmtate, sodium
ascor bat e, potassium ascorbate, ammoni um ascor bat e,
SUMMARY QR THE IRVBNFION ascor byl phosphate or

magnesi um ascor byl phosphate. US 6,602, 906 di scl oses )
t heltuise anf olgjed- of ithe mregent ienansion- s pervide: stabilizetloascorbic acid

e RREREVIIER BiF SOsiBMARSTS PIF Ve EHERIGHenols of storage than

1,0 PCT/ 1 L2004/ 000343 dernal |ayer of the
as%%ﬁ,a&?igi?s%ghhanci ng the synthesis of skin collagen,

andThe gresbﬁs:ima@dmela!f@ t@@bn%%uﬂ@mfm@geﬁemla{ronﬁﬁlat e
skin. SUMMARY OF THE | NVENTI 51t is an object o
the present invention to provide stabilized ascorbic
acid derivatives which are substantially nore stable
over extendegpper! ods of storage than ascorbic acid
itself. The présent invention relates to conpounds of
the generalggquiula (1): 6 4 HOR H-ORO 4 1 (1)
3 2 RO OR 5\10 wik einé?l is a C-C22 acyl group, an
se.za” Cl1- C177 al kyI(I)group; R2 is

am no acid resyd

wherein R' is a C»-Cy, acyl group, an amino acid residue, or a C;-Cy alkyl group; R? is
ammonium or a metal cation; and each of R® or R?, independently, is hydrogen, a C-Cx;
acyl group, an amino acid residue, or a C;-Cy7 alkyl group.

The invention further provides a method for the preparation of the compounds of
the formula (I).

The invention still further provides compositions comprising a compound of the
formula (T).

DETAILED DESCRIPTION OF THE INVENTION

The compounds of formula (I) of the present invention are ascorbic acid
derivatives that are more stable as compared to ascorbic acid. The stability of these
derivatives stems from the fact that simultaneous derivatization of the 2- and 3-

hydroxyl groups protects the 2,3-enediol system.
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amoni um or a netal cation; and each of R3 or R4,

i ndependently, is hydrogen, a C2-C22 acyl group, an
w@eiono946d d resi due, or a Cl-Cl7 al kyl group. HBEEIL2004/000343

invention further provides a nmethod for the

preparation of the conpounds of 15 the fornula (1).

R A AT R e ws
I I . .
ST B L P TR e s

sztﬁ’efdr eat &t AR, @3 GRIMA&HcaPserve as a source
ascor bi ¢ aci d The s ability of fhese derivatives

of sarbosylic amds los afno atkdst si nul t aneous derivati zati on

of the 2- and 3:-_ hydroxyl, groyps protects the
2, 3héﬁecaqréam§ywhrﬂ\{e MEptiopol/ eoamgwnpey qr pweipl gatiew that may

be PS5BS 881aB1s Tl s M AensaSeat ot
aci ﬂnt&heh BRrid1S BB aunOl o e bRkFiohy ROl Sirfmloim or

situ, for “exanple by enzynmes present in ¥|ssue
moslowvalent mestak aaticre e as Ma§oKif,cer 16f. Inandthyt bmb@dhﬁént of the
or amng acids. 5 In accordance with the i nventjion, R2
mwestlanan it dwalanh@&alm@ gartbrmetaheatiery suQieas:Mgeanar oror Ba',
di-val tr t al

abI ent Nt Qr
or 3THivafent BRetl cATCH T ByAL oSt B darpretRerad Gbhofgents, R is
a val ent mat al cation such as
Sel%te&W @Mgi n a I?(Izer enbodi nent of the
i nv ARt defihedReren, ahéliprad €TL-GY kil BEO§PY tferfBbal carboxylic acyl

cation such as |\/g++ Ca++, or Ba*++, to or a trivalent
growgt deriveat from satrhlgiﬂ; oAbranched, Feureted or pns;e[taratﬁﬂ carboxyhc acid

ment selected from Na+, K+
806%438@11& apt ﬁaaf%épeawﬂ% RECRIERIR, TicbutyLiD, laewtygl@o %lc n-valeric,

R L T T N X —

elﬁﬁﬂ%ﬁid aﬁﬁitﬂ: ;ﬁHﬁl‘i‘ol@ﬁ) sRidticnBleid, 'l{ﬂ(ﬂ&g Ilﬁoleflfcehbﬁadecanmc

proplonlc rrc, 1Sso utyrlc sor bic, n-va

andl ardachodmlie raml Inanreqmefero&rb embbdimerepthec acylrgieﬁp 19iICG3-Cyg acyl,
lauri c, trldecan0|c_ myristic, pentadecanoic,

MOBRRFA fefably papriflaydosicpalatitnsli c, ol eic, |inoleic,
H n,gxlsecrl]clsf‘lzﬂed1 %gﬁeql?ca{]eo ‘tétm “Cy- Ci7 alkyl group” refers to a straight or

branched alkyl group such as, but not limited to, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-

methylbutyl, 2,2-dimethylpropyl, 1-ethylpropyl, n-hexyl, n-heptyl, n-octyl, n-nonyl,
n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl
and n-heptadecyl.

As defined herein, the term “amino acid” refers to a natural or non-natural
amino acid, preferably a natural g-amino acid such as glycine, alanine, serine,
leucine, isoleucine, phenylalanine, tyrosine, glutamic acid, and the like. In one
preferred embodiment, the amino acid is glycine.

In order for the compounds to serve as the biologically accessible source of

ascorbic acid, R', R® and R* are preferably each independently chosen from natural
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and arachidonic acid. In one preferred enbodi nent, the

acyl group is Cs-Cl18 acyl, nore preferably capryl oyl
woroHsIBed mitoyl . As defined herein, the termPCIQLT4/000343

al kyl group” refers to a straight or 20 branched

al kyl group such as, but not Iimted to, nethyl,

and ysin PeftefP) goppRthlen Bifistiod” sHhY #y 1biAHS from saturated and
Tﬂ?ﬁ JE? ; - #ﬁﬂd& 2, 2-di et hyl l,
un%a_e %ﬁ/{ér péy@[l(zlso;’r_ﬁg% , nﬁ%%%yl , n-lo[:ntsyl y ﬁt(r)]g%yl ,

n- dgoey lsome-wsedefiy brde-td abthistte, a Relativelgchibh percentage of liberated
n-tetradecyl, n-pentadecyl, n-hexadecyl ~and .
ascmrhmpmadea:éer. hpdrolgsigiani thedtissaecithe ovbralk sralecdai meight of the

acid" refers tqQ a natural or, non-natural m nqQ acid,
companrdsa ity formige uf o onldrhen kent i Tathescloves ﬁwuycimepne preferred
lapine, serine, p4l.euci i sal [ p |.gkani ne,
crByRha, RETHIERL! 840508 HRBREUF! Dfce, RERKLA" dfioush not
essRhBARY, RIdQATLIBAS nédR AN AR Sahd d-Bydb lsne_ﬁ@)-the:%engroups are
order” for the conpounds to serve as the biofogically
rathercetslletind derivatizatdn niry amwemebsatilpinateade theRBokodlardveight of
are preferably each independently chosen fraom natural
thegasppytio @gidoderzedivecneh 20 dagreassimamaleguls wasightogay sleciease the
conpat i-pl e i eti.es such as resi.dues.from sat urated
amRF 8} et Soriis Rl et fiut SeiphERE cmutit itk however,
: ' : i atively high
e A R SR Lt

hy dThhig/ sins oh® profenteds smbodinkait cofe i) inveatiesuRAr aneiRfhare both
of the, 5 conpounds of formula | should be kept rather
hydregen, Raus aninorgne, pmednavaledt mebad ¢atiem sychR Madoi ,aore divalent

th hyd [ f , o al h t .
Ak e AR CHRPBIe B IVIE 207 b 30k Bt A arviep derived from a
h h t abl d
Coaf PERgbE; -G ° bl P8 Arfoni Ay chud' A" B 6ne proforred
emBodiffeut /' i¥ehiioy? ahB&eﬁPfé‘féﬂPécFetﬁE&ﬁnﬁﬁ%R’% b¥l#nitoyl.
Such an increaSe’in nol ecurar wei ght nay decrease the

10 Enzyungs inftiskudsesnch aesithmse of bkin calls carpeasily ihiytirobgzegduich ascorbic

,&‘gpqonpound. At tines, however, such increase in
aciggerraiives ofdhyHivenign srd pld thg hydralysispraducts areppaural compounds

and S S o BB e MBS s o faft & moderate
polaAfy' 1 théiefore tfPbNolible iPboth abi¥dtls&Ml lipophilic media.

In accordance with yet another aspect of the invention there is provided a

process for the synthesis of a compound of formula (I), comprising;
(a)  protecting the 5’ and 6’ hydroxyl groups by reaction of ascorbic acid with
a ketone of the general formula R7R8CO, wherein R’ and Rg, the same or
different, each is C;-Cyo alkyl, to yield a compound of the general formula

(ID):



al kal i ne earth netal cation such as W or Ca++, and R
is an acyl group derived froma 15 C6-C22, Preferably
w@BodioBe36sat ur at ed or unsaturated fatty aci d. PCT/Or2e04/000343

preferred enbodinent, R is capryloyl. In another
preferred enbodinent, RL is palmtoyl. Enzynes in
ti ssues such as 7hose of skin cells can easily
hydrol yze such cor(gcﬁ_‘am d derivatives of the
i nvention and all ydrol ysi s products are natural
conpounds andgriay t@_ have a physi ol ogi cal
significance. Furthery®pre, @®hey have a noderate 20
polarity and therefore @bl e in both aqueous
and |ipophilic nmedia. In accorflance with yet an her
aspect of the invention s provided a process

5 for the synthesis of a c of formula (1),
conprising: (a) protecting the¢ 5 and 6' hydroxyl
groups by reaction of aHGorbi©QHacid with a ketone of
the general fornula R7R8CO, wherein R7 and R8, the
sane or 25 different, each is d-Co alkyl, to yield
a compound of the general fornmula 30 9 WO 2004/ 094369
PCT/1L2004/000343 R7 6 OCH2 s ROCHOO 4 1 \u)

(b)sregctingithOtesulting ep:otecteg sfcorbie sagid |rmgieqzulotdcf(HmMa (H) with a

R N NI WS
i S o Ve SB Fs govoua o

sl frdueqmpeund of the general forrmula (I111): RR6
genrR g™

15
(IIT)
20 (c) reacting the compound of formula (III) with a concentrated carbonate solution of
the metal R, to yield a compound of the general formula (IV):
7 6
R><O-(IJH2
8
R NocH
5
25 av)

and
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I5 RS OCHO4 1 (Ill) 32 HOOR 20 (c) reacting the
conpound of formula (I1l) with a concentrated

w@a0bomsbe sol ution of the netal R2, to yi el dP@I/IL2004/000343
conmpound of the general fornula (1V): 7 R>< OCH2 Rs O
CHOO 254 (IV) 32 ROOR and 10 W 2004/ 094369

PCT/ 1 L2004/ 000343 (d) hydrol th corrp und of
f or ke ﬁYg‘i olyzigg) tg% &Wdt?%%@nﬂ’% Qiget the 5- and 6-

hyedy EBroubS Aafils? 00%25&8@'1% o arRaoas a@' G BpEEYCRS bld R are

bofh gnormpound of formula (1V) is preferably carried
ooutﬂaﬁ%er 5 mld conditions. |If derivatization of

posiThe hiydrdlysin df the @mpomdsofrfeﬁnuht(w)ws Ibmfaablytoamed out under
the hydrox | groups at_positions 2 and are

ertVﬁﬁza;t@@dPibP(zSttéElS Ehadgick wghsueg; #ube fiagt step, the

hY‘ift"XY IgP‘%n“Ji’?ragnd/ ‘;’rt i f Sngaq) t?%ﬁ)&@?&%ﬁg@ hydroxyl
gr(ﬁ‘]ﬁ)g r@%ﬁmﬁe reﬁltd%rt & dare fe‘i:ﬁér%dop¥ ééﬁ{azfﬂdz 3 'tﬂﬂ fita step, the

roxyl groups af positions

hy@ﬂ@)lxyhgioﬁ § appeitionse2 @nd 3adre deyﬂotéﬂté@ Iﬂ)@kﬁwed By dkﬁvaﬁzatlon of the
obtain a conpound of the fornula (1) wherein R3 and/or

hydwxyl gronps atyasitopsrd. antiier Glmfél a ﬁm&b agentfe.g.oamacyd chloride, to
obige empainyl SiBe Sogaif B v & audlor iy artapchydiogen
condErisErcfiedut8 s Iﬁgﬂﬁlaé‘@f t ?'ée fnafe&ﬁ?ri K8 DG Rb Jor all uses

knéWh @ndl $o be discovered for stable ascorbic acid derivatives as a source of ascorbic

for treatment of conditions, diseases and disorders in which ascorbic acid is
therapeutically, nutritionally or cosmetically active. Thus, the novel derivatives of the
invention are suitable as ingredients of compositions including cosmetic,
cosmeticeutical, nutraceutical and pharmaceutical compositions, either as the sole active
ingredient or in combination with other active ingredients.

In one embodiment, the invention provides pharmaceutical compositions
comprising a compound of formula (I) together with a pharmaceutically acceptable
carrier. These pharmaceutical compositions can be used for all conditions, diseases and
disorders in which ascorbic acid is therapeutically active such as in the treatment of
cancer, alone or together with other agents, e,g lipoic acid (as described in US
6,448,287) or a conventional chemotherapeutic agent, or for treatment of vitamin C
deficiency in scurvy or for stimulation of the immune system.

In another embodiment, the invention provides cosmetic compositions
comprising a compound of formula (I) together with a cosmetic applicable carrier,
excipients or diluents. These compositions can be used for topical application for skin
care, e.g. for reducing fine lines, wrinkles, skin roughness, for skin whitening, and
stimulation of collagen synthesis as antiaging agent.

11
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therapeutically, nutritionally or cosnetically active.
Thus, the novel derivatives of the 15 invention are

W@ iotapi3ed as i ngredi ents of conpositions i ncl UBKCTTL2004/000343
cosnmetic, cosneticeutical, nutraceutical and
phar maceuti cal conpositions, either as the sole active

i ngredient or in conbjnation with other active
i ngﬁﬁaiq@m@m oh dsHRatelagacAl FOmPOsiiRES OF ot ivAtR Son desused for

ey o (P atdRes el TRl i, HPRedlpg WA, Partcularty
ultBR et ﬁﬁiaﬁon-%@dlfc%g IskRY daéf%ggr,f g gl? Fﬂ%%?ﬁrgﬁgi d nage resulting from

conpositions can be use seases

chonit ekppemdabsunlightdsckelbas ar thematabbaging process, where free radical-
t herapeutically active such _as in the treatnent of

induged damagd isnevalved aybwheie opllagenseanéent dydimigished.q.
l'i poi id d i.bed in U 8, 287 A .
Db 25 b e oA B § et B8 sl reducing
fing i, AR ond S EOEAGEss el ki ling B £ MUY collagen
synthase in AN nih@Mhld s need TRéreef, cwhieh Sddmpives t6picRlly SidRfiniStering a
conmpound of forrmula (I) together with a cosnetic
comppditiomisompriaing & rcompexoil mfeganerad rfodintlac@) of thteseention to said

corrpositi(gns can be used for topical application for
magupel M@ged e g. for reducing fine |ines, winkles,

of DoiondaaRRpy, wabodibiche e EnAhinALRY Bt MYtid*R a topical
co%@@s‘lﬁ&?l‘fgﬁgkiﬁgﬁcﬂﬂeaﬁ&ﬂ/ A 38 fp]i'ﬁﬁn&déﬁﬂ@éli gndPCosmetic uses. These

r mat ol ogl ca onpositions o the i nvention can be

cosmetit aed detmatatopival cotnpoaitioas imay: bo dised dfos kinnefikauting edelivery of
_or photodamaged skin, particularly ultraviolet L

vitargin &t fothe plgnc dhe sedsmetig rangedermagplogisaln pompositions eemprising a

soTRASSL G5 HAPReT e S BVEBRYE e AR cram,
wf ety RS ayh ol g S colige

produstion, eindithé like, donebhasgetier SHihnothér Rtive aigrediehBIsuyh as vitamin
for reducin fine lines, winkles and skin roughness,

E, vitamigkR, netwtol tretinolesters, hyalusenieratids aratordlgal cixtragten
synthesis in.a m | in need thereqgf, whi .conprises .
t gpﬁgﬁ FPVPQ@FFP‘H %ﬁ%edﬁe%am‘i ghyByus &%W%’é‘ﬁﬁ-%ﬁ!ﬂ: 58"[ ot limited to
of 1.gene f . Loventi [ .
AR SRR Rgl 7 Tl 8. T PREHERE b ybptaion may
Vmﬁfh&e;feﬂﬂﬁfgsbﬁ'tﬁé‘ iRfenHEE vsOVif HckORlahSe AithP BieC Blerall polarity of the

compound of formula (I). For example, a polar compound of formula (I) may be

e
—

formulated in an aqueous formulation such as gel, while a more hydrophobic compound
of formula (I) will be formulated in an emulsion form. The topical compositions will
comprise carriers and excipients such as water, emulsifiers, natural oils, fats,
antioxidants, stabilizers, moisturizers, gel-forming agents, preservatives and any other
excipient suitable for the intended cosmetic or dermatological purpose as well known in
the art.

The cosmetic compositions of the present invention may also include, for

example, vehicles including, but not limited to, water or alcohol; humectants, including,

12
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conposition for skin application, both for

phar maceuti cal and cosnetic uses. These cosnetic and
walesoambogi cal conpositions may be used for amCT/IL2004/000343

effective delivery of vitamin Cto the skin. The

cosneti c and dermatol ogi cal conpositions conprising a

15 stabi]ize ascorb c.acid derlv tive of romyla (1) .
bubi et ey £ iring; Aggnte FRInEbRIO RHEAP e acid and

sofin il PediST RSt dERRing) AP b Y, Jodtlher ecting

agéfﬂté hg{@hhgénmyem@ Ghe AR e bdtivas Mbhﬁiﬂﬁ,{‘ bufE nof limited to,

retinol, retinofl "esters, hyaluronfc acid

meﬂ@dpa?rab@i, gplopglgarabens. anﬂ[hphemﬂvﬂhamlp resnuisificize mcludmg, but not
prepared in various forns including, but not limted

lintisd teOpolysoibitate 80 @adglycgérlsdlst@arnten@nn@momg\@nts including, but

ot g%i by Heurbe amoLiening ot bRt mtied Gedhotesterol
NFDéa n@%ﬁmﬁ tnil a)rbﬂgo &Egtﬁlg‘aﬁﬁ%@ﬁgﬂbﬁlﬁf 0? dalo 1's$pro§§’lrmynstate
1s0f)ﬂfp|%é R m)rtbn 1adbcasr! B&néroﬂﬁﬂfdgeh@t@d)i @%' a]kyl benzoates

e hydrophob| c conmpound of fornu a (1)
mmdmmmduMg; hutamotd moitesi ton afittoxidant ABHT,oocaphieryl acetate and the
osi.tJ. I 25 co i)se carrier exci pi ent
like e N siab atipn phyogbers fyumserieen f§r8iffaagances colorants; or

mﬁg@mﬁ@a&ﬁﬁ q,rértcfatﬁbl%'gozreécan%n% Ziﬁiﬁ{gl:o rgﬁ%nga[cg“fgaﬁ rErnncﬁtraceutlcal
coﬁgbélﬁ&hse ufloaiccbﬁﬁanb@t\%ﬁﬁeﬂte &f Iﬁ daﬂgd%o kqghigatd for oral

rpose as wel known I n e art. cosnetic

admmmcmohl witls a@hattﬂz&:enﬁezﬂ@rvtcuw ¢arbier ﬁn use)in allsases where there is a
i nclude, for 30 exanple, vehicles-including, but not
requiteimestfarsupptenental ra wation pfivemimCs bofhul oasien g)f vitamin C

%2 WO 200ﬁ/094369 PCT/ | L2004/ 000343 gft n%ﬁﬁp
Gengy) O whem, nGIEased AR EOFSATY, s ifiihune system
or WORERL ARG T WFiCASHEANE marth ERGIRt o vi scosi ty

ters, 1ncluding, car boner

gel Theonutt@entical Sfpéiatidnéahtatrdin Faﬂd th@einbédt®in may optionally

preservatives including, but not lNmted to,
compnkwlthmahutracqmmopyslmhr ahebyt aot lphﬁerbﬂpet\hmmns, amino acids,

emul sifiers includjng, Qut not 5 limted to,
homegnes g9 ?’5’@@168031'&11@“@% teryl distearate; conditioning

age it t o | .

noars Jéﬁgagﬁ’i#‘g&a%‘ﬁb th Btp ﬁﬂﬂﬁg‘hv%ﬁa{h%’tayl‘?erﬁ‘}“@&lmd n
ca%sg%eg ?ﬂsﬂqeﬁsiélﬁ%(?hcgis PEE l‘ﬁattlﬂﬁtg {fé&k I@fr(néi?" 516”%1%910?278 g&écr)g()i/léﬂﬁs mixed with a
carnigr i Isvarige, the | sexpssapy | copaprossiat q;roﬂerdés: eine spitdblereproportions and

(hydrogenated), and Cl2-C15 al k(){l benzoat es;
compacted in the shape and size desired. Solid carriers include, for example, calcium

=
OG

phosphate, magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose,
methylcellulose, sodium carboxymethylcellulose and poly(vinyl pyrrolidone). Liquid
formulations may be used by preparing solutions, suspensions, emulsions or syrups. The
active ingredient can be dissolved or suspended in a pharmaceutically acceptable liquid
solvent such as water, an organic solvent, and a mixture of pharmaceutically acceptable

oils or fats. Suitable liquid carriers for oral administration include water, alcohols, and
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anti oxi dants, including, but not limted to,

anti oxi dant BHT, tocopheryl acetate, and the to |ike;
wQroosedssd i zers; UV radi ati on absorbers (sunscPEEIL2004/000343

filters); fragrances; colorants; or any conbinations

of any of the foregoing. In addition, pharmaceuti cal

.,or_nutraceutical conpgsitions. in accor,dance with the )
Ol bR PBROTHIGH BB gt A SBIOFFaDSHIgS OF hanocapsules confining
m%a%gl@@arogt%fﬁv%ﬁ&-a pharmaceutically active carrier

in cases where there is a requirenment for
SUpThe iehbn FETnBWShE Mus@ie® by the RiMoWifg nblithitifle Examples.
cases of vitamn C 15 deficiency or when iIncreased
amounts are necessary toEXAMPIIESN t he i mune system

or any other condition in which vitamn C may be
beneficial. The nutraceutical conpositions according

to the i,nventio opt iona] | onpri se, pt her,
Exy G de 87 tesis o ottt HEA-chpriBRER B R bl 26k ns.
am no acids, hornones, prohornones, and mnerals. 20
For oral adm nistration, the conpounds of the
Sté mﬁ)triﬂaésiﬁaﬁ5misbpmpfwmmﬁl astorbienssid.es, tablets or
iquids. In tablets, Tor exanple, the active '
i ngr 88i (. 125 malx efi anhydrouns ceprie selfateaveneqpddad to a suspension of
nece r onpr essi.on pr.op ies i.n suitable . .
20 g5 BE T o] S Cordin sk 80060 min o Sk deciRg The aeaction mixture
i [ iers | emf.0 ,.calci
ol SR for 206 Yok (b PR THO b BHSTRA pEB Gy TrC

(chdepelbini-méthaddliwat@s! ab!i10:3)c ekl Ofkratidd and evaporation 22.57 g
nmet hyl cel | ul ose, sodi um car boxynet hyl cel | ul ose”and

(9256) of Sj6rgbpmpylidenyoasedrbit hcidi wieref abtainkd! i ons may be
used by preparing sol utions, suspensions, enulsions or
syrups. The active ingredient can be dissolved or

Ste 7 SRS U RE S Briso b e ho e gl
m xt @a?)rﬁt)_ PRRIJRERS tz'.@g' 'om%gg% gsgds.eadd%'d' cfro?gvri]éé‘ﬁtsm Ctoa

Suitable Ifquid carrier§S for o m nistrat
solutich od &, Gvisopropydl deakbhstorbio dicidl 81 A9 g2 0 70A4B6GA idine (80
PCT/ 1 L2004/ 000%3213 o?l s. The conglosi tgi on nmay Ige idrﬁytp%’g (
mlf)orlheofeastionosystem| was stirigdnbarapsuihest OSn€j mindgthet heocess was

moRpLl P L6 [gHeiotorBmehing. B ATRTERRS I é@'ar%gév@?oeo mL) was
ad%ch@%o {/c?acgé@gﬁﬁglﬁléljeagv% !ﬁﬁs\fs?é(f 18 r 3 HRY $Hobplric acid (~10

mL) and extracted with ethyl acetate (2 x 100 mL). Combined extracts were washed

with a saturated solution of sodium chloride up to pH 7. The washed organic layer
was dried with anhydrous MgSO,4 and concentrated by vacuum. The residue was
washed with hexane, and concentrated by vacuum to give 22.9 g (89%) of 2-
capryloyl-5,6-isopropylidenyl ascorbic acid.

Step 3. Synthesis of sodium salt of 2-capryloyl-5,6-isopropylidenyl ascorbic acid,
3.0 g of 2-capryloyl-5,6-isopropylidenyl ascorbic acid were dissolved in
150 mL of ethyl acetate and put into the separated funnel. 50 mL of 3 M solution of

sodium carbonate were added to the prepared solution. After mixing and exposing
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Step 1. Synthesis of 5, 6-isopropylidenyl ascorbic

acid. 20 g (0.125 nol) of anhydrous cupric sulfate
woweoe/ogadded to a suspension of |10 20 g (0. 114P@miL)2004000343

ascorbic acid in 660 nL of dry acetone. The reaction

m xture vvas stirred for 20 h at roomtenperature. The

o D, DBl e s e, e ghose was
sel@&gde lﬁepéda%ié@ Q:o?xgexﬁ%a(tgd Tg@‘@{%mf ?15&% bfogﬁ%f %{1519 %’9&‘70% The

IC acC wer e obtal ne

so&uﬁfiﬁw bPELca?rﬁoiyligm-QBgfd B@S‘c@ﬂhb Qcad lvxq%s obtamed as light-
Capryl oyl ori de 4 nol) was ad

yeltrw polid aneirphos $uibstaancsol uti on of 5, 6-i sopropyl i denyl
ascorbic acid (14.5 g, 0.067 nol) in dry pyridine (80
The reaction systemwas stirred for 1.5 h at 0 C

Stepy ﬂ DRSPSl Wb 4ol e or (300

)
o E‘&@%“ﬁﬁ’rﬁggﬁ‘ﬁs?Eﬁ%‘%‘?“é"%%*‘“@&“’“ O e, SR eroups

of vhd bompbyhd afeStap €3, (2 mﬂd%nﬂitionspbybmamb eRtthi@eéction mixture
were washed w th a saturated solution of sodi um

Mefhlorilg@ : N HCHT 30: 2 HHa/ %k afed” 61 fparRdch foljewed grswashing with
o S BB 2B B B S TR AR e o
renfidve @xgeﬂqé‘ %)‘P%&it"?l&& ?q @%9/)/9 of 2- 25

capry I ' SOpr opy eny ascorbic aC| d. Step 3.
Synt heS| s of sodiumsalt of 2-capryloyl-
6-i sopropylidenyl ascorbic acid. 3.0 g of

Exampde 2y Spnthesistofi sodprmm psylti af @ phlmit oy dsicorbici atidver e
di ssolved in 150 nL of ethyl acetate and put into the
separated funnel. 50 nmL of 3 Msolution of 30 sodi um

Ste aizgﬁ/&?}é?f&y\gigga ﬁ@dol’i’%dﬁ%’eljg%ﬁpﬁr edggol ution. After

PCT/ Qb%i@f’ BRAPof MihyRREH ¢ 1@bﬁlfat§ v&érb Rl 88 Suspension of

system obt ai ned he | nt er nedi at e phase was

20 ge(Cett4dnolj of tascabicacdddans@nimiabedry Ihﬁom: eThk ofactioa mixture
product equals 65-70% The sodiumsalt of
wag- s@mdyf@yaosh @h@@m dpmpeatngl Thecprasess amsdmgaiored by TLC

RS O R R 257 ¢
(92835 Of ?,%%s@ﬁfo‘ﬁyhdenyl ascorbic acid were obtained.

Step 2. Synthesis of 2-palmitoyl-3,6-isopropylidenyl ascorbic acid.

Palmitoyl chloride (12.0 g, 0.074 mol) was added dropwise at 0° C to a
solution of 5,6-isopropylidenyl ascorbic acid (14.5 g, 0.067 mol) in dry pyridine (80
mL). The reaction system was stirred for 1.5 h at 0° C, and the process was
monitored by TLC (chloroform-methanol, 3:1). Afterwards, ice water (300 mL) was
added and the reaction mixture was adjusted to pH 3 using phosphoric acid (~10
mL) and extracted with ethyl acetate (2 x 100 mL). Combined extracts were washed
with saturated solution of sodium chloride up to pH 7. The washed organic layer
was dried with anhydrous MgSO, and concentrated by vacuum. The residue was
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The end product is obtained by deprotection of the 5-

and 6- hydroxyl groups of the conpound of Step 3, at
wordod/ogondi ti ons, by neans of the reaction ni XPCF/E.2004/000343

MeOH : H20 : 2N HCl1= 30:2:1 (v/v/v) at 4 Cfor 24 h

foll owed by washing with 1o sodiumchloride up to pH

t hor ough vac of .the er .
wafhed PR g o Ertipfedct v 48 My o2 Sbs (o) Alprhatmitoyi-
2 JHYT@% salt of 2-palmtoyl ascorbic
5’65150@ g§a9&fﬁﬁg€ln ‘hesi s of 5,6-isopropylidenyl
ascorbic acid. 20 g (0.125 nol) of anhydrous cupric
sul fate were added to a suspension of 20 g (0.114

Stepod. )Syaith esis of bodiuncsalt oﬁZWnnbybﬁ,tfdlSypqudkdaﬂyl aseerbic acid.
reactlonm ture tirred
t emper@tdy Pg E}m@'éeé‘és%%p raéﬁorg’iﬁ énwere dissolved in

158 3. 8 0 B UEI B5Pha R e A9t hundtth 86 . bt 53 @ibson of

socﬁuﬁl bﬁ%ﬁ&’t@)’xlvél‘%eiﬂ’dedat%%é r@gﬁ%ﬂdsolﬁi(ﬁl o &y ﬁﬁﬁngschﬁpexposmg
. Synthesis of 2pal mtoyl--5, 6-isopropylidenyl

formn Hi0cmarc tho. triﬁda-aphhwéysoéjh wasdebtaih2d0The ittefiddiatd phase was
was added dropwise at OO Cto a_  _solution of

selected; Sigrashgnd sensentepsedr Bie yidd of(the. fina), produetzeqraly 65-70%.

_ s
ok o daﬂgoaamapyé?é-lsgmyﬁg Pl T i Sine 2
: 3:1
hg%‘)?éel; war gllgﬁfnpg&mg?éﬁu‘%%%g nmL;mfNagnoadded 231nd t he

reaction m xture was adjusted to pH 3 using phosphoric
acid (-10 n) and extracted with ethyl acetate (2 x
Stepot) Synthesivnpsodidnesalt of 2-palwitey hasioebic adid.n sat ur at ed

or oAhe &8 BpaRteics hlaterd by deplorcifty of B>y TaHeosy1 groups
of 9805755300 df)é@ftfi‘ S P ASRRR Ry i, 81 8, pepction mixture

MeOHCEROatag Hyl 2apuem (Ry/g) 4428 ﬁ)r@ﬂﬁ?&ﬁoﬂéd ?rwashmg with
2-pal mtoyl- 5,6-isopropylidene ascorbic acid

sodiymi ¢idetide tup teqﬂ{ Upasdthorofgh vacuum drying of the product in order to
2pal mtoyl -5, 6-i sopropyl i den ascorbic acid. 5 3.0 g
rermvezorﬂamsﬁfwéw 5Y1 V/denyl ascorbic acid were
di ssolved in 150 m of ethyl acetate and put into
the separated funnel. 50 nL of 3 Msolution of sodium

car t t
o x?ggéam glg destriredilELgReE 8D %%éildo%oﬁdts Gke obtained
when the metal is K, Ca or Mg, for example, and the esters at position 2 are from
other carboxylic acids, preferably fatty acids, or from amino acids such as glycine

or alanine.

Example 3: Dermatological effect - Stimulation of collagen synthesis in
primary human foreskin fibroblasts by ascorbic acid derivatives

L-Ascorbic acid stimulates collagen synthesis in cultured human skin
fibroblasts. Ascorbate contributes to several metabolic processes including efficient
hydroxylation of hydroxyproline in collagen synthesis.

In order to evaluate the effect of the ascorbic acid derivatives of the invention
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for about 10 mn the triple-phase system was obtai ned.
The i nternedi ate phase was selected, filtered and

waeomgemssat ed. The yield of the final product PCIaEL2804/000343
65-70% 10 The sodium salt of
2-palmtoyl -5, 6-isopropylidenyl ascorbic acid was
obtained as |ight-yellow solid anqﬁp%g S subst

onspcdbggp wﬂ;qg@siwlme%b@pm? ggpq_}klgf | StS gg;ypiia%%g'in 24-well
il o SRR LSSt Pl et i gy contaning
10@) ?.l%{]%l.? w&%ﬁngﬁroﬁgﬁﬁﬁe, 3p OHI' gﬁ%ﬁ&%@%@x JERARe of either

e reac xture
asdofbie/ athid Qf)os‘itife tontrad on fhel dsovehic byidvdesiviatiye wif tHxample 1 or 2 in
sodium chl oride up to pH 7, and thorough vacuum dryi

n
différenh eonuenthations, re.gr frem {mM terdd e dheiculzses, anst mcu‘gated for
Yi el d:_about 90% 20 I.n the sane. as described.jn ..
24 i Bae 10.8- POrHefine sBRtrEion BY BPBNRETCHpR sl Brecipitated
t ' f: ) :
extiiutdy oBaged f o AT o8 0 Bl of Uifcfhoy of the
coR %éneﬁﬁﬁhé/si:f. AR Rt are Aerhpodnfidm foueidedticAlciea@d wells and
gl'ycine or alanine. 25 Exanple 3: Dernmatol ogica
cortétedtfor cBllimumhlsri iorsaniple oThagscorbimatidsdesiviativep areraxgected to
human foreskin fibrobl asts by %scorbig.acLa
shewran affpcieeeness pemppisble f thitafi lngsearBic acid) opglstter, on collagen
yﬁ@@thesis in cultured human skin fibroblasts.
§ dfbate contributes to several netabolic processes
i ncluding efficient hydroxylation of hydroxyproline
in collagen synthesis. 30 In order to evaluate the
effect of the ascorbic acid derivatives of the
invention 16 WO 2004/094369 PCT/|1L2004/ 000343 on
col | agen synthesis, cultured human foreskin
fibroblasts are placed in 24-well mcroculture plates
in DVEM suppl enented with 10% fetal calf serum
containing 100 g/m beta-am nopropionitrile, 10 C
[2,3 BH proline, in the presence of either ascorbic
acid (positive control) or the ascorbic acid
derivative of Exanple 1 or 2 in 5 different
concentrations, e.g. froml1lmMto 50 MM The cul tures
are incubated for 24 hours. The [2,33H -proline
i ncorporation into pepsine-resistant salt precipitated
extracel lular collagen is determ ned and used as an
i ndex of efficiency of the
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col |l agen synthesis. The results are averaged from four

identically treated wells and corrected for cell
woovhes43sn sanpl e. The ascorbic acid derivati VEGT/HI2004/000343

expected to 1o show an effectiveness conparable to

that of L-ascorbic acid or better, on collagen

synthesis. 17 WD 2004/ 094369 PCT/1L2004/ 000343

CLAIMS: 1. A compound of the general fornula |: 6
C]}G—giﬁé'l 3 H-OR4 (1) 32 ROOR 5 werein RLis a

= acyl group, an am no acid group, or a Cl-Cl7
al kyl group; R2 is ammoniumor a netal cation; and
each of R3 or R4, independently, is hydrogen, a C2-C22

1. acylA gsmpbundof &y genesli fdrmaki due, or a C1-Cl7 al kyl

group. 10 2. A conpound according to claim1l1 wherein
R2 is améni um or a nonoval ent netal cation sel ected
fromNa ,CRgORor Li+. 3. A conpound according to claim
1 whereinlR2s s a divalent alkaline earth netal
cation &Re%from My++, Ca +, or Ba + or a

ati selected 15 fromAl ... or
Fe+++ 4. A ¥onpoun@ according to cl@ m1 wherein R2 is
selected fr K+, M++, or Cat++. 20 5. A
conmpound acc to claiml1l wherein RL is a C2-C22
carboxylic agyl roup derived froma straight or
br anched, ratg@! or unsaturated carboxylic acid
sel ected fromacetic, propionic, n-butyric,
I sobutyric, sorbic, n-valeric, isovaleric,

wherein R’ is a C;-Ca acyl group, an amino acid group, or a C;-Cy7 alkyl group; R’ is

ammonium or a metal cation; and each of R or R, mdependently, is hydrogen, a C>-Cz,

acyl group, an amino acid residue, or a C,-Cy7 alkyl group.

2. A compound according to claim 1 wherein R? is ammonium or a monovalent

metal cation selected from Na', K, or Li".
3. A compound according to claim 1 wherein R” is a divalent alkaline earth
metal cation selected from Mg'*, Ca™, or Ba™" or a trivalent metal cation selected

++t +++
from Al or Fe .

4, A compound according to claim 1 wherein R® is selected from Na', K,

- Mg™, or Ca*.

5. A compound according to claim 1 wherein R’ is a Cy-Cy, carboxylic acyl
group derived from a straight or branched, saturated or unsaturated carboxylic acid
selected from acetic, propionic, n-butyric, isobutyric, sorbic, n-valeric, isovaleric,
caproic, caprylic, capric, undecanoic, lauric, tridecanoic, myristic, pentadecanoic, or

arachidonic acid.
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caproic, caprylic, capric, undecanoic, lauric,

tridecanoic, nyristic, pentadecanoic, or arachidonic
w@eiod/ 094589 WO 2004/ 094369 PCT/ 1 L2004/ 000343 6. PCT/IL2004/000343

compound according to claim5 wherein RL is a C8-C18

acyl group. 7. A conpound according to claim6 wherein

Rl is capryloyl or palmtoyl. 5 8. A conpound

according to claim1 wherein RL is the residue of a

6. cor frempafl WS Ak aS i S RAG I R

or glutamc acid. 10 9. A conpound according to claim
1 wherein R is the residue of glyci ne. 10. A compound

7. accoy ghmpolnal sécdirding tohbaini 6 wRereind®R 'R4 capeylbyloogamitoyl.
R2 is amoniumor a netal cation, and RL is a C8-C18
acyl derived froma fatty aci d 15 11. A conpound

accaordi ng to, cl ai 10 erein is_a.no valet t al
8. cat Pofom @P&@@@rﬁ%ﬁpﬁm k+ grem R, 15, a natural o-

accgélgl%%ﬁgyg@%al mtd%g%l]ér érn’ ang%ﬁi&g}nyﬁy%?}ggl At tyrosine

@%tdlﬁlcu@ld.and Rl is capryloyl. 20 13. The conpound
according to claim1l wherein R3 and R4 are hydrogen,
R2 is Na and Rl is palmtoyl. 14. Aconposition
conprising as an active |n? glgl ent

W

9. accéremaRpUNg agrgrdmmsioghany B 15 116 Tog. uel@f glycine.
phar maceuti cal conposition according to claim 14 for
treatnent of conditions, diseases or disorders

108SS C'caltnﬁ gli‘M RS taiflell! wheRey K}nﬁll(P'R‘lV‘ﬁ%r Ey(ﬁogen R® is

suppl ene adm nistration of vitamn

anﬁ@cﬁﬁﬁmmralmetaDca,tRm,VﬂcERbfkl@@é—%@a@@ﬂéﬁt&bﬂémoﬂﬁﬁyamd
16. A pharmaceutical conposition according to claim 14
for treatnent of cancer.

11. A compound according to claim 10 wherein R’ is a monovalent metal cation

selected from Na*, K*, or Li* or a divalent metal cation selected from Mg™ or Ca”".

12.  The compound according to claim 1 wherein R® and R? are hydrogen, R? is Na*
and R' is capryloyl.

13.  The compound according to claim 1 wherein R? and R* are hydrogen, R® is Na*
and R’ is palmitoyl.

14. A composition comprising as an active ingredient a compound according to any

one of claims 1 to 13.
15. A pharmaceutical composition according to claim 14 for treatment of conditions,

diseases or disorders associated with vitamin C deficiency and/or where a supplemental

administration of vitamin C may be beneficial.
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17. A pharmaceutical conposition according to claim 16
further conprising lipoic acid or a chenotherapeutic
wag@ang43s9 18. A pharmaceuti cal conposition accpPeTIIRgO4/@0343
claim 15 for enhancenment of the inmune system 19. A
nutraceuti cal conposition according to claim 14,

optionally conpyi sing.other O nutrac ics. 20.
16phaAme@mcaL¢ommsawwﬁvg tooshagy ﬁ &W@@@@m@ﬁ@mﬁ-

to claim14 adapted for oral adm nistration,

optionally in the formof m cro/nanocapsul es confi ning
17'15 %ﬁ A Sﬁg?t}r‘%gggt ' 8%&0%?%09 tl %glggféoli di ngetﬁg&cl:‘%)gis?ng lipoic
acilbrfacheimorhctapeutis@gei®2. A cosmetic conposition

according to claim 14 together with cosnetic

applicable carriers, excipients or diluents. 20 23. A

cosnetj c conposition accordi ng.to, clai.m or _jopica
18500 bl Senposiianaicoaning, 1§ ST 13 fob rpbefERGnt of the
. rgl to claim23 for reducing fine |lines,
un%ﬁ@%&%%@%.ZS or skin roughness, skin whitening or
stimulati on of collagen synthesis. 25. A cosnetic
conposition according to claim24 for use as
19ant iA ngfravguticd omp@BitioA avoerding to claim d4gi vpaenalycemafirtsing other
to claim?24 for treatnent of photodanaged 30 Skin. 20
DUgFPPOs/ 094369 PCT/ | L2004/ 000343 27. A cosmetic
conposition according to claim22 in the formof a
lotion, cream gel, or inliquid form 5 28. The

20C 0S DEphArnaOSRRAl &t MitrREHRAY b&;ﬂﬁbﬁﬁ@ﬂl ﬁ&é’ﬂr&iﬁg&@ clain € 42adapted for
moi st'uri zing cream anti-ageihg cream an kl e

i -wrin

oral radanimissatiag optionaltyemnthe $éuinm ofihiitreniangcapsdles @onfining an effective
stimul ating coll agen synt hesi s.

amount of the compound of formula ().

21.  Apharmaceutical composition according to claim 14 for topical use.

22. A cosmetic composition according to claim 14 together with cosmetic applicable

carriers, excipients or diluents.

23. A cosmetic composition according to claim 22 for topical application for skin

care.

24. A cosmetic composition according to claim 23 for reducing fine lines, wrinkles
or skin roughness, skin whitening or stimulation of collagen synthesis.

25. A cosmetic composition according to claim 24 for use as anti-aging agent.

26. A cosmetic composition according to claim 24 for treatment of photodamaged
skin.
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29. The cosnetic conposition according to claim 22

further conprising one or nore 1o active ingredients
weomh/aseyitamn E, vitamn P, retinol, retinoPCHHI2004000343

hyal uronic acid, and/or algal extracts. 30. A

der mat ol ogi cal conposition according to claim 14 for

treating or controlling skin states or conditions

associ ated with vitam n C defici ency and/ or where a

pl ement al mnistration
27 ponCOBmEHe compoRti AruuaE Riefn 22 e Ay 1RBy, oream, gel
ormqiqlﬁ(?m cing fine lines, winkles and skin roughness,
mul ati on of collagen synthesis in a mammal
in need thereof, which conprises topically
admi ni stering a conposition conprising a conpound of
28.genZhalcosiétid oompositi¢r jeavidiop 40 wlaime 22 fori uperasmeisturiging cream,

need. 21
anti-ageing cream, anti-wrinkle cream, sumscreen cream, skin whitening and for

stimulating collagen synthesis.

29.  The cosmetic composition according to claim 22 further comprising one or more
active ingredients such as vitamin E, vitamin P, retinol, retinol esters, hyaluronic acid,

and/or algal extracts.

30. A dermatological composition according to claim 14 for treating or controlling
skin states or conditions associated with vitamin C deficiency and/or where a

supplemental administration of vitamin C may be beneficial.

31. A method of skin care, particularly for reducing fine lines, wrinkles and skin
roughness, or for stimulation of collagen synthesis in a mammal in need thereof, which
comprises topically administering a composition comprising a compound of general

formula (I) of claim 1 to said mammal in need.
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