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WD 2004/ 094369 PCT/ | L2004/ 000343 STABI LI ZED
" DERI VATI VES OF ASCORBI C ACID FIELD OF TILE | NVENTI ON
The present invention relates to novel stabilized

' weeosdnisgseaci d derivatives and to comnpositions

conprising them 5 BACKGROUND OF THE | NVENTI ONPGT{TEFfi#000343
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

origin, such as.10 connective tissue, ost eoi d tissue, .
and SEMBEIZEDWWAW’ES%A?C@ e acid is

to act as a cofactor for the r oxy atlon of pr-ol i ne

and | ysine residues in collagen a major protein
component of the body, that is inportant in

mai ntai ning healthy skin elasticity and texture.
Fmbnemmmnmer essential for wound healing

and cilitates recovery fromburns. Being a strong

redu ﬁ@fmwveme&t@ tb5cvel stabdizedusvosbiblagid derivatives and to
C%&ed and reduced in the body, functioning as a

YHLOHRISME Y. cel | and bei ng useful in the
- treatment of cancer. It is involved in the netabolism
of phenyl al ani ne and tyrosine. Vitamn Cfacilitates

| BAM:H{@R@[MDC@FOI*HﬂM'fI tects folic acid

reduct ase, which converts ic acid to folinic acid,

and VitamiieC p(asebrbirs acid des tovitdl aghibnt rRm lidrﬁans and has many
.conaﬁ%gsmfood 20 Vitanin Cis a powerf
Fonspiothechadyy idemims € isxésdemftialefod amﬂggeﬁ @ynthesis and

a ] an r.ot ei ns. As menti oned above,
heﬂ)\lA E‘E 3@% ]Inﬁ ﬁg gn Yhstanges opf rfgRgnsiymal Orlgm, such ag
coﬁh@éﬁ@é‘ﬁ@ﬁxeﬁ lrégfegﬁﬁtzgﬁiel adg r&enagd{\?zlaso Ot ncs o1 Of @scorbic acid

~anabolic sté or nohes,

is rter weluas sy Ko€ator ey ;3 Qﬂﬂr(ﬂ{ﬂﬁﬁeﬁ‘%f gf(} el tlgmgxg residues in

requi red for- proper immne function |ts us

coflagen, & aajpe puetdin compenantofothet B, thay WSimpdtant i mn maintaining
ot been denonstrated by '

Aiﬁ% lf(ﬁ% tlhl s.has
rSR Rlagticay, amd dextinye. sééfttﬁbtfh acidvis: fimitier essenual for wound

healing and facilitates recovery from burns. Bemg a strong reducmg agent, ascorbic

acid i 18 revers1bly oxidized and reduced in the body, functtonmg as a redox system‘

| lm the cell ‘and being useful in the treatment of cancer. It is mvolved in the |

_metabolism of phenylalanine and tyrosme Vitamin C faeﬂltates the absorphon of

- ron a.nd protects folic acid reductase which converts folic ac1d to foluuc acid, and

 may help release free folic acid from its eonjugates in food :
.20

Vitamin C is a powerful antioxidant, protecting against ox:tdatxve damage to

'DNA, membrane lipids and proteins. As mentmned above, it is involved in the synthesis

of numerous substances such as collagen, and also of certain anabehc steroid hormones,

and transmztters of the nervous system, lipids and proteins. It seems to be required for
proper immune finction and ifs use has been recommended to prevent or treat colds,

Although this has not been demonstrated by expemnental studies 1t seems ﬂlat Vitamm

C does shorten or reduce the seventy of a cold
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C does shorten or reduce the severity of a cold WD
2004/ 094369 PCT/1L2004/ 000343 Vitamn Cis also a
wat er - sol ubl e cel lul ar anti oxi dant that reacts with
icals in the water conpartmsnt of cells and
WB ﬁ%nﬂtgiéggel lular fluids and can "recycle" vi CGhl;20@+/000343
by chemcally regenerating it after it has been spent
in termnating a free radical reaction. 5 Vitamn C

has \ARAnUSEH Al LLRAM:. RAIE RAAR AR Eurk HECAIER with free

of cosnetics. %u ) I'ts antioxidant properties, It

radisalg oins ithike rvestet Q:ooqurenerttooﬂ cellt i and danfnt@dellular fluids and can
photoprotecti on to skin against free radical attack

"regwdlel\vvitamin Frale . clenrically rusgenarating ait safiere itc dvasi beamedipent in
ta be responsible for. skin danage and premature

eIy ERTRS 2 §ﬁé¥°|a ®aclfaining Vitamn C or derivatives

o BB SIS Ll 9B of cosmetis

Ddan@ its2 R &Ad 4t NS éﬂﬁe&‘ 1teisa§br!1§i&ér¥d %dcénfefnb%% antioxidant and
hr ough .production of col | agen, the body's

photujpeote@idm ke skime apainst frem dadlt:dieattankpami {UVigay damage. Since free
tructures. Vitamn C deficjency causes scurvy that is :
radippls e epansisterasl; te i respeysibleatin slon. damags endgotemature ageing,

005{}%@%:{? andgt rr hetgl n&ﬁll nf | aﬁéamfﬁggqécgﬁy%aﬁeted as anfic

ag&ﬁgngfhﬁe{o:‘g%egﬁn{ﬁg%gﬁgﬁj?%&ggﬁf tdan} gr | ncr eas a!otﬁni% renew skin

eldsticiopaind firmheys, thxaugh Eroﬁﬁétrcﬁﬁ@@é(ﬂldg@h,l the bod: tsﬁﬁ&?deﬂular cement,
oral” contraceptives, barbiturates, tetracyclines,

andgﬂlarlsuppmhugﬁmctmegar ette smokers. Many fruits and
veg abl s Of tain vitamn C. However to ensure an
adeq cPseshieug fhpt oy ebarapteriped by capillary ﬁagﬂlty

feeﬁ"‘”%?ﬁﬁﬁﬁgré BB SR Syl S 5 B, B ot e

tedMOVWRAlia AR SERGLBISHNiOMS: S CLEW LbaR. Hle&e&e eoﬂ%ubﬁs it may be

easily oxidized. Upon-storage or. exposure to

{‘

‘reanygendedmiaditinten inbrerscivithmieGreidingy, dor ebrai@te for@eople tak]ng ?

under goes rapi-d degradation. It is unstabl e in

. estaRarIsu STaloPentrasAptivese rbadne:éatenewrraayclpﬁs,aaapm rapgdnfor cigarette

rrlperature It

Many fruis and vegetables contam vitamin C. However to ensure an adequate _
amount in the daﬂy diet, it 1s reoomrnended that supplemental Vrtamm C be provided.

" The formulation of pure Vrtanun C into an end product, however presents
serious difficulties because it rs easrly oxidized. Upon storage or exposure to light,
oxygen, mcusture and/or hrgh ternperature vitamin C undergoes raprd degradatlon

Itis unstable in aqueous solunon even under neutral pH and at room temperature, It

| also reacts with certain nunerals such as iron and copper salts, Whrch contubute to

© amore raprd degradatron

30

In order to overcome e the problern of the lack of stablhty of ascorblc acrd rnf

its pure form, derrvatrves thereof have been pr0posed that are rnore stable. _- o
"Accordmg to one’ approach stabﬂrzatron of ascorb1c a01d and 1ts hydrophobrc I

_-denvatwes is achieved after entrapment 1nto cyclodextnns zeohtes or Irposornes
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25 also reacts with certain mnerals, such as iron and
copper salts, which contribute to a nore rapid
degradation. In order to overcone the problemof the

- wWoagby@fis@t abi ity of ascorbic acid in its purp%xfn%fi@:uaoosm

derivatives thereof have been proposed that are
stable. According to one approach, stablllzatlon of
ascorbic acid and its hydrophobic 30 derivatives is

- achi enaticnippoach tongne of stabilbziayasoodid aéiddby aadWdtd-A8on of its
or,. |.i posgnmes. 2 WD 2004/ 094369 PCT/1L2004/0 0343
enadisd Cﬁ%r daeorbew meids ity itsf lastertsi Forn ﬁ@sa&morhydrcmy:ll groups at

Gag'iﬂ?f%eirﬁvﬁ 7 b B hﬁwﬁ?@%&@ﬁg t ghomisal gtivities: the
R ey dfot enBudl Soleen GiRg B, O%Yézb&éfﬁ §8§ﬂ$f$*éegowbons 2 and

3, Ctbﬁtlm ehel6T bestentd thit isheerfaeRbieivean %}&W atd‘@s resgonmble for

carbons 2 and 5 3, form an” enedi ol syst

the @rxstia:tlwedetgradmfﬂabf ascabit acidr edpoes tleesS aid 6-hedroxyl groups
oxi datjve degradati on of ascorbic acid, whereas the 5-

foyp g g %Ff@hﬁq dl@l Shipism. @ﬂmmnr @Qméngtl@b loé ageoitbic acid ‘converts

thé)ﬂﬁ&go%rg ' V;‘%& 3?3'{} - @:} L vgggliammg groups, which

S e e

denivhSvesfudvinta stear hleﬁn agbépsl OWQI:%EJSBRRﬂé’ %ﬁdf(ﬁl-h ol'u'BLé) abM¥ibic acid
mai n. groups, wat er-sol ubl'e and oil-sol ubl e ascor

de@l&'ﬁ@VGSdJﬁlﬁsfatWnguthhﬁer invihegr potpatialidseer in their
uses.. Stabiliz t|o of ascorbic acid b

ot ent,l
o SHinifization ot aroatbic st o uomtion of it seediol function at the

el R
ascbrbitl heide2-shifRiA S Ricorie! £bid- 2 b t?él?a‘t% Vhﬁ% NG show somme

di d show.sonme 15 biol ogical acti

budegmab activty, dbit-the labedrbionad dsuffatengad ﬁobﬁ)uﬁﬁl to be an effective
cﬁffepil ve biological agent. In recent years, _
bi g8t st eps have been made to introduce VI tam ns

. and ot her actlve ents intp dermatol ogi cal
cosMAAPEENt ¥ SraEs i ant fteps fiave-baer made to mtroduce vitamins and

ether active agents into demlato_loglcal or cosmetic compositions. Vitamin C has
been particulatly contemplated. for dermatological and cosmetic purposes. By
Sﬁmulaﬁng and regulating the synthesis of collagen, vitamin C increases the elasticity -

~ and structural integrity of human skin and inhibits the formation of wrinkles. Another

25

- important benefit of ascorbic acid is its protective effect agaitlst oxidative damage to the
skin. A major cause of cutaneous damage is the generauon of reactive oxygen species by |

chemical pollutants smokmg, and parucularly ultraviolet (UV) radiation. Reactive . .

oxygen species can damage lipids, proteins, and nucleic acids i . skin cells, which in.
tumn can lead to the development of cutancous cancer and photoaging. Numerous
investigators have reported that high levels of ascorbic aczd in the skin, produced by

, __t_eplcal application of the vitamin, provides some degree of protection against UV

30.

. radiati'o@ palﬁculariy_UVA (Darm, D, S Dunston, H. Faust,_’ and S. Pinnell. 1996, Acte'
Derm. Venereol. (Stockh). 76: 264-268; Black, H. S., and J. T. Chan. 1975. I Tnvest .

wi
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been particularly contenplated for dermatol ogi cal and
cosneti c purposes. By 20 stinulating and regul ating
the synthesis of collagen, vitamn Cincreases the
%3. ‘I"’?lg?ﬁ? and structural integrity of human skin and
he formation of wrinldes. Another i Rpbik24fi/000343
beneflt of ascorbic acid is its protective effect
agai nst oxidative damage to the skin. A major cause

Detmetel 262 R -4RIR TS Sroldt@ve %‘ﬂ%@is‘ %bafgnﬂg@fet o/ fhe sgavengnlg of

oxygen species by chem cal poll
opygeni fred mdiopls generatddanehe (:Molrlgxmm;@ys React | ve 25
oxygiﬂgspe0|es can damage |ipids, proteins, and
nucl enEs.atamcal; wmnq@mpnﬁewrgpnmgcwtamm Cumay dznusehfbr specific

d nent. of cu neou ancer and phot oagi
trkf%%é}%%sgf Yt 5 gfgtnor%t t48d SEHY: Sﬁ,e\ﬂ@as acne or

e RS ey —

hleclyith
PSRy oalie s oy o

Friamgp Coarenestablished and ni:Sotaided) in B6: nsgﬁékr qued, T, and L. T.
| nvest. WD 2004/ 694369

CE‘étsﬁile‘%aztﬁ%o%@n mggfﬂseﬁ 591 Incaenspd ingestion of vitamin C has

n&rr%lﬁferd' HSnEhheqt g]df'lggﬁg gentl gqg;fq %@ﬁ%e@%%ée gcp,t;cgentranon of

oxygen fTree

th\?l\étk{aﬂmﬁyn@gmrray t?g usege’df spgglt#ah%regﬁé%ﬁ%@@?msex S. C and

M deivines 1928 pNuth [Bioshesuch 145- £30) NAlthék BireBIARRF of a high

or. 5 pignentation disorders. Thé benefl ci aI effects
concenaimhpE ageorbictastd thepugin theagtptinmacornenm fdrrti¢rcimko ﬂte;lslqn may

resul ti from.ts anti ox|dant actjvit are -
oA 0ERELY TRt T ool Ot ot gBicmntism At exbate collagen synthesis,

fh@lj%f ! I'té&ﬁ’f %%z?tﬁ&%ag fg@ﬁsﬁ? Taggdl\%ré So 1 uﬁﬁihlg%?{%f li?cgsexample as a

W%E@Ol&ﬁliﬁinolédt% eﬁe@ﬂm O9RShbe @to%d P Q&b@ées Bt is rapidty

resulted in i ncreased skin levels of . ascorbi ¢ aci

repwyad deom i theubbdy, Gvith adeb-lifet dfoabonk 200ddyb 6n $hé ﬁuin%n (Rttchey, S. I

5{6%91%&; %ém %?Uﬁlf Ielrﬁnd g$1%l14fé\lﬁa§3té;e\é§mg31afqap1%;d§1mpn§ﬁg ratgtlu?enswtam]n c
is A RBRocS ol Sy SE0ES rospeSialy 4 mkbug “StLéat%?any repels
watef ahd WA k%ﬁB# i ol BE e \ﬁt?gdﬁ{it@ JJ%ggcﬁ‘][ee'usf ﬁ’d(t) Sbut 8% of '-

i ncrease the pool te
topnhﬂmgph@d beogelic ayidtih ﬁ@tluﬁlly absorbed info the skin (Dar, D, S. Combs S.

- Dunston, T. Manning, and S. Pmnell 1991. J. Invest Dennatol 96:590). Naturally,

vitamin C incorporated into various compositions- has to be strongly protected .

against oxidation. Vitamin C derivatives are avaﬂable in forms suitable for any skin

type, but it is critically important to use a stabilized form that can actually penetrate
the skin to have its protective anti-oxidant effect, | o

Among the stabilized derivatives for use in topical formulatlons one can ﬁnd'

the 6-ascorby1 palmitate, a highly bloavadable fat-sohuble derivative of aSCOI'bIC

- amd that possesses all the beneﬁts of wtamm C, but, unlike the water—soluble fonn,

30

_can be stored in the llpld cell membrane until its use by the body. Another well- _
known vitamin C denvatwe 1s the magnesmm L—ascorbm acld—2~phosphate (MAP) a'-' S
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there are many obstacles that nust be overcone to
reach this goal. For exanple, as a 15 water-sol uble
nol ecule, vitamin Cis not stored well in the tissues
and is rapidly renoved fromthe body, with a

hal f-1ife of about 20 days in the human (Rit chey,

' S.
: g b
wagegcsgélgtgéofsﬂﬁlg r?yglr oph INHC nat ur ei:i ‘{/#&n% é\%ﬁ{?atwe utSed as an

additiserihebe wRidern futidpar whienidgsosdsetices et sty rtehve spots by
Skl n, which naturally repels ‘water and wat er - sol ubl e

gosimesserntiviiy, 6m remeove ehiinkles byedimuwatignaifoliiee oxygen
a ggggfﬁg@q SRR AL A AR LA
per nap ot S oHoiE A iSO it cand wldifm gscorby

phosphatey & beHs staRIRASIJINEGEs Bﬁé toSicReferAAns %@Hﬁ&ésﬁgated by
agai nst oxidation. Vitamn C derivatives are avail

direet R&’FHﬁ’IﬂJlamabflsm hfier anmpdkidilutiopperithbat suitables aqueous organic
cr|t| cally gportant to use a stabilized formthat can
so ae%aalwr‘beﬁ fets srpwad, éhE!ik whoreashipeiwa gitamin C derivatives

wellb At e Blenn s Gt Eatne RO I SrEs v E pignificant
dlfférEchest E@teﬁﬁéﬁﬁ@ﬁ b Vgﬂhﬁh&%:ﬁi rﬁg&ﬁiﬁ gcﬁﬂ ARY Brdvaht Rydrolysis

fat-sol ubl e derivati ascor

of fus sede@mde atithdrhia dodmgdn tog iafenmulsivn; rbrﬂ%r tliwt;peaiﬁll pleparation of
the water-soluble form can be stored in the lipid

qd@ms withihigh yisenelastie PEOR%%C&JWEIG ﬂblebt@crydum&eﬁyplqné behavior of

t C t
tnif oA ChaFkRa T B i Fionryt B8 PHRYRERHS Tomin gosition 2
prové@el ebhenﬁfb‘l éof?Qﬁ‘lS 2551?] BNaf rtﬁétéféd & té%atdo\fﬁinning that

used as an | tive i nmodem f unc

magnesiet moﬂ@nqﬂ@@p@hté @s BerRY StfhidoUeribdtivd ahvhmhmn: ﬂfat may be
tyrosinase activity, to renove winkles by elimnation

easgly fiyask loxNagENS fypds cszI cesmetic rhedudts ddpstion By, Stasenzato, A,

Befis. 2 SHRvify ObF A Lorer i in selobopanddpceh famlations. /.
Phﬂﬁﬁnﬁiﬁn%% rlk@gbbg]@@sz@%tg% n both standard

utions an ‘topi brmul at ‘ons was investigated by
di resst 5B8Ps fS@BCﬂs%BﬂbéSSﬂﬁ: EbiptingSaNplyRefdl ledfck A dthértoAl -ascorbic
sui tabl e aqueous-organi ¢ solvent ‘mxture. The results
acid viane ghosphoriodeed essduch @ hewesuliing nompouuids ¢xhabis\gesd antioxidant
activity as well as lipid peroxide inhibiting activity. However, the enediol system is not

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.

European Patent Application No. 0619313 A1 discloses a lithium salt of 2-O-

alkyl-ascorbic acid useful for preventing or treating circulatory function disorders. The



were nore stable than ascorbic acid, the ascor byl

esters showed significant io differences.

Esterification with palmtic acid in position 6 did

not prevent hydrolysis of the nolecule, either in

solution or in emulsion; only the special preparation

of products with high viscoelastic properties was

able to reduce the typical behavior of this conpound.

corBbEd e r O1; D& n{l Pactivati

Iiﬁg pos iss?lbglaesgéé% Bi;dg{l e%tgggé% %gldmi)lpied; megl@ﬁom bg geak- ug %?‘twauon'

Theteforensuilotompsetmiy areombiticdllygudehat db compagsidemnatological and
ascor byl phosphate is a very stable derivative of

othgr epphGations.hat may be easily used in various types of

| ng E?Q'ﬁ%ﬁ? %Fmﬁ&%,si# b@}@%@@ﬁé%&l@ﬁsq%e applications
o ko) SR ) B R s

pretveat coupl i ng of glycerol ester or ether to L-ascorbic
20 acid via a phosphoric acid residue. The resulting
compounds exhi bi s good antioxidant activity as well
as |lipid peroxide inhibiting activity. However, the
enedi ol systemis not adequately protected and thus
cannot be used as a source of vitamn Cin topica
formul ati ons. JP 63104971 and DE 3613590 di scl ose
synthesis of 2,3-di-Oacyl L-ascorbic 25 acids, which
are nore photostable than the above-nenti oned
phosphoryl ated L- ascorbic acids. However,
2,3-di-Oacylation leads to | oss of biologica
activity and bioavailability due to the | ow
solubility of the products in water. European Patent
Application No. 0619313 Al discloses a lithiumsalt of
2-0- al kyl -ascorbic acid useful for preventing or:
treating circulatory function disorders. The 5
conpound suppresses brain damage and |ipid per
oxi di zi ng enzyne activation. Therefore, such
compounds are practically useless for cosnetic,
der mat ol ogi cal and other applications. s JP 7017989,
JP 8034791, JP 98363316 and JP 98201242 di scl ose
appl i cat.i ons ' -

5a
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of L-ascorbyl -2-phosphate in chem cal peeling and
ski n-whi teni ng conpositions to prevent 5a WO
2004/ 094369 PCT/ 1L2004/ 000343 penetration of the
v@gents to skin in depth and reduce skin irritation.
TENYEHA% e  containing derivatives of L-ascorBiHI2004000343
show appropriate stability and preserve own activity.
US 3,671,549 and DE 1805958 di scl ose synt hesi s of

e R -
oSSR PO 8301 B B A s o

‘agiivixguct i on. JP 10324627 -di scl oses synthesis of

Irascorbic acid derivatives having phosphate,
pyr opRcsphiad4 and Dih b8QFRIBaisqhodeymyniimstsadfd, -ascdrbylt B phosphate by

.io posjtion 2, and

gt gﬁﬁgﬁﬁﬁﬂg&é’ ﬁ%b&&% ?01§Lﬂvﬁbta¢phc§pb_@w§>l{]a,yﬁ%r940§%cla@bhpﬁc acid or
BB v B oA ep BB A 8% e B Siagh orlree-

sdal@holiidionas not an aimof this patent but the new ..
phar macol ogi cal activity only. Therefore; position 2

- was Jivt 10324603t diselosds wigrhhesiy el duas@fibieCtacie dRAHOEs baving

for the oxidative protection of the enedi ol double

Phusphate,1 pyrophesphae, diphespbatei pelyphosphatep dulfate, ohelycosyl groups in

PGB HrPld hudid BBpiabiat cpabpbewnbar) adles, dcosst akoyl

B e L R N N

Tié tplotder itostshilies kel musih 8 tasty ‘ :
fofpl owed by tregfi r?g t he acls,orgggllﬁagﬁtgﬁg ag@@“phaimacologc;al

acityiizoordly.s Ghenteifore, gositionn? ngae ngt G-substithtedatvithof ragidue effective
or %i c. 20 acid or substituted or non-substituted . N
eI AP R §z1dative protegiiannithe caagkoldoubln bkt © of hi gh

al j &y <if i siel.d by sinple and, eas rations., . o
06U s P A et BlRod Y cEoBIaRBRoRop P Retat suts or
ot AR éﬂlﬂt_iﬁﬁ&'ﬁ QAfnihbfRik ¥lts of ascorbic acid derivatives by treating an

acidic aqueous solution containing ascorbic acid 2-phosphate or ascorbic acid 2-

sulfate with a porous adsorbent such as activated carbon, followed by treating the

-adsorbent_with a basic aqueous solution containing €.g. a metal 'salt of an organic

acid or substituted or non-substituted ammonium salt ion, toll obtain the end product

of high quality in high yield by simple and easy operations. _ |
US 6,110,477 discloses a topical compositicin”for ﬁreirenﬁng and/or treating

photo-aged skin, sunburn, wrinkles and related skin disorders éomprisirlg ascorbic

acid or a derivative thereof in a substantially anhydrous single phase carrier |

pharmaceutically acceptable base. The ascorbic acid detivatives disclosed are

- ascorbic palmitate, sodiwm ascorbate, potassium ascorbate, amimonium ascorbate,

triethanolamine ascorbate, ascorbyl phosphate or magnesium ascorby! phosphate. _
US 6,602,906 di'sclo_s'es"-ﬂwxer'use of '5,6-O-isopropy]idené-L?aScorbic acid for =

topical treatment of the skin for increasing the conceritration of ascorbic acid in the



phot o- aged skin, sunburn, winkles and related skin
di sorders conprising ascorbic acid or a derivative
thereof in a substantially anhydrous single phase
carrier 25 pharmaceutically acceptabl e base. The
ascorbic acid derivatives disclosed are ascorbic
pahni tate, sodi um ascorbate, potassium ascorbate,
ammoni um ascor bate, triethanol am ne ascorbate,
ascor byl phosphate or magnesi um ascor byl phosphate. US
6, 602, 906 di scl oses the use of
debm@l Qe aifrthpykitlefoe-dnbaacnigile sgitbediorof skapicodlagen, and for
. treatnment of the skin for increasing the concentration
ingeasing hepntioxdagt patepHal othgskital | ayer of the skin,
for enhancing the synthesis of skin collagen, and for
i ncreasing the anti oxi dant potential of the skin.

STEMNIARY OF THE INVBIWTIOND scl osed herein are

stabilized ascorbic acid derivatives which are

sub tiakl e_st r ded.:perq ; i

St on el  HelfBl gt AR RIS hig VR, which are
sub!itﬁﬁt‘i‘allgﬁmﬁfé)éth@l@%v%r eQeRAsBeribdsidTatarage thadn dseorbit acid itself.

(1): H20R4A T HC-OR3 QO 2 20 OR) wherein Rl is a

C2-C22 acyl group, an am no acid residue, or a d-Cl7

al k¥n a girssappeciihereds provididunc@npaundaifahe getdralnforanth (I):

each of R3 or R4, independently, is hydrogen, a

C2-C22 acyl group, an am no acid residue, or a d-Cl7

al kyl gropgy t excluding the conpounds wherein R2

is 1ithiuf? is an al kyl group, and R3 and R4 are

bot h hyg ! .
5 _

Ly

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

is ammonium or a metal cation; and each of R® or R*, independently, is hydrogen, a

- Cy-Cy, acyl group, an amino acid residue, or a C,-C,7 alkyl group, but exch_lding the

compounds wherein R? is lithium, R' is an alkyl group, and R® and R” are both
hydrogen.
In a second aspect, there is provided a pharmaceutical composition for

treatment of conditions, diseases or disorders associated with vitamin C

deficiency and/or where a supplemental administration of vitamin C may be

beneficial, comprising as an active ingredient a compound of formula (I) as defined
above.
In a third aspect, there is provided a nutraceutical composition comprising

as an active



In a second aspect, there is provided a pharnmaceutica
conposition for treatnent of conditions, diseases or
di sorders associated with vitamn C deficiency and/or
where a suppl enmental admnistration of vitamin C may

- be beneficial, conprising as an active ingredient a
conpound of formula (1) as defined above. In a third
aspect, there is provided a nutraceutical conposition
conprising as an active 7 ingredient a conpound of

~ formula (1) as defined above, optionally conprising

ingeadient a eempewsuof femula (B dsodafined adowe;t optidnelye comprising other

rovi.ded a cosnetic conposition conprising as an

nut ?W@'ingredient a conmpound of forrmula (1) as defined

ab . ' : [ i a j o

oo oRRRaR S iy BRI AR s i Briging as an

actprougtedieat decomtpolndi chiformnipodl)t aorlefinedt atepkei tgetlar with
control I jng skin states or conditions associated with

cosRIUGARPIISahler $ATIERe FXEiRITHST OT dES.-a suppl enent al
adng;ny ﬁhﬁ%tsg&?, @BEre s:;?{i/qg@?én:a ;Wegm%?qlggﬁgg L?%lgﬁ)lr?aitioofn for treating

conprising as ~an ac edl en

or ¢mrtralling (skin satededd ceditddivi@sodiited waith ivitams €Cdefidi®iR¥yeand/or
IS provided the use of a conpound of general fornmula
whereya guppiemenial adwavistratinn eheitgmanGmaey ba hsneficis spmprising as

w FERRTRL AR Rl e RO LA o
st i1 dikihospedt, theRd 1s3a6videy M esd 5f aAlothHinddfOf@kral formula

here is a nmethod for the preparation of the conpounds
(D o8 defiimedfahoval far (thy preparatien ofi & cospetic kempositian dor skin care,

p 1?@8%&%%%%@@@?&@@%”%&@ e@qi;s]: o orI shimulation of
collagen synthesis.

Also disclosed here is a method for the preparation of the compounds of the
formula (T).

Further disclosed herein are compositions comprising a compound of the
formula (I).

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.

Ta



The conpounds of formula (1) of the present invention

are ascorbic acid derivatives that are nore stable as
conpared to ascorbic acid. The stability of these
derivatives stens fromthe fact that sinultaneous :
VR 200¢A%436%At i on of the 2- and 3- hydroxyl gr oupRCT/IL2004/000343
protects the 2, 3-enediol system 7a WO 2004/094369

PCT/ | L2004/ 000343 The ascorbi ¢ aci d derivati ves of

f d i .
sour dLCAs AR BN LG L B e frlif gVeisatite and
eHB8live BYGR! ¥f hs%o!rﬁ‘ic ﬁl&uc ﬁlﬁflalﬁ)%ﬁ'\gﬁese lﬂﬂlo%ﬂﬁé'fﬁéir hydrolysis in

present I n tissue, . g. can serve

.. samufosexaniple biytsm%im@ p@@deﬂﬁ 10tis@y, BY. 3kl $heypcdd)serve as a source

10

15 " 18

accordance with the invention, R2 is amoniumor a
TRosEH euaowlStqiaummymdse chosen from any sui tabI e,

nono alent di val &{ or tr.ivalent metal cation. In one
pr ef Y"HFE e GEvephign; Ry &h eRGONIE: oq matah satiomthat may

T S A sl
-di vakengnealdeaferid @ﬁibbhnﬁﬁitabf Cel %e?l%ﬂt & WD omum or a

Ca++, or Ba++, 10 or a trivalent netal i On suc

mainovalent nFetal-cation ;sueﬁ asr¥a, difbodi ight &, amRhes embod;lment of the
sel ected,from Na+, My++, or Ca++. As define . '
iyeplpR, RY g 2t @Wﬁﬁeﬂtﬁk@;}ﬂe gaxth metal) patioreecisag Mg Ca"", or Ba™,

of ARt ‘f%%?ﬁ%ﬂ%u olwﬁl %ﬁé’ﬁ‘ﬁ?ﬂﬁ o Syl oSbodiments, K is
scﬁé&@d@ﬁ;mw ﬁl id sorb| Caceti c, pr opi oni ¢,

n- butyric, |so n-val eric, 15

i sovAlsaiefmedCH@'em Ghe ¢ Y, GC0, GR) | {g;?o &@W@'&carboxyhc acyl
lauric, tri decanoi c, nyristic, pentadecanoic,

gmpnﬁiitﬂvﬁd Fata sthight or dramtied, saibeited of unedtarated carboxylic acid
I i, nol c, %ﬁéanm ¢ and arachjdonic_acid. In one

i)r“é EEﬁBEﬁ feeti, @r%aymc@, mokigyris, isebuiysicasyibic, n-valeric,

é%. 1 OB R bl PRk, M. ¢ HidEcgnors, myristic

DEithat@biQpalBRid :pﬁﬂxgﬂti!ﬁ@l(}?'s{‘ééhcg g)f/kllf@ ]ﬁftﬂ&caﬁnoﬁﬂk %%hadecanmc

limted td, nethy n-pro I Soprop
and arachidonic acid. In one preferred embodiment, the aoyl group is Cg'-Clg acyl,

L MOre preferably capryloyl or is palmitoyl.

20

‘25

30.

‘As deﬁned herem, the term “C;-Cyy alkyl group” refers to a straight or

branched a]kyl group sich as, but not limited to, methyl, ethyl, n-propyl, isopropyl,

n-butyl, 1sobuty1 sec-butyl, t-butyl, n-pentyl, I-methylbutyl, Z-methylbutyl 3-

‘methylbutyl; 2,2- ~dimethylpropyl, l-eﬂlylpmpyl n—he:qr], 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 herem the term “amino ac1d” refers toa natural or non—natural
amino acuL preferably a natural a-ammo acid such as glycme alanine, serine, |
leucme isoleucine, phenylalanine, tyrosine, glutamic ac1d and the hke In one -
preferred embodJment, the amino acid is glycme ' ,

In order for the compounds to serve as the blologmally acce331ble source of ',

ascorbic a01d R R® and R* are preferably each mdependenﬂy chosen ﬁ.'om natural .
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n- butyl, isobutyl, sec-butyl, t-butyl, n-pentyl,

1- et hyl butyl, 2-nethyl butyl, 3- nethyl butyl,

2, 2-di net hyl propyl, i-ethylpropyl, n-hexyl, n-heptyl,

ed-nonyl ,  n-decyl, n-undecyl, n-dodecy]

@?ﬁ%gﬁ?? n-tetradecyl, n-pentadecyl, n- he‘xaégz%mmmm’“
and n-heptadecyl. 25 As defined herein, the term

"am no acid" refers to a natural or non-natural amno

and i phypelepealp| yompadbler ahoiatiesrisnohass desidabs afom saturated and
gl yci géi al ani.ne, seriue, |eucine, isoleucine,

upsEptated Bitymcids g Gemnaning asidsi ¢ acid, and the |ike.
In o Breferrede odi ment, the am oa.cbdis )
g yc#%??’é:s Ty Gitdel® PUICT R ot ﬁffglyslgg dbegsentpge of liberated
' b Gal ' 3 f bi id, .
"R Al BIEST; I B8l T SrBBRERIFO MG, Sient of the
compoundd wiakfornfu\O 200410 ¥ ARpPGhiNdr2 R34/ %4%513@216 preferred

- “physi ol ogi c?l Iy coypati bl e nmoi eti es such as resi

embodimentur Bt eancinl’  ames &bt ahwdtofed t yineei gseforalilyoralthough not. -
am go aci da. .For sone uses, in order to achieve a
eysepaally.arg A yrIzatpR annegisddor o rad &hy dosylhicthast groups are
| ysis.in.the tissue, the overall nol ecul ar .
b A Bl it S Ccesiably MGte i cmpeebigeweight of
ﬂ:{% fbi i1 kN ! I i . an
B SR e Bhe Pl AR g fecrense the
amsuanbf Hbestedascdeic\wrid pat 1N veighesteshhind et gﬂﬁeeﬁhowever
6- hydroxyl s as these groups are frather stable an ?
susdy ingEaase i meeawar welgbt uwwydrd bandfivtalease t he :
nmol ecyl ar. wei the. ascorbic, acid derivative.

ht of
Such ‘FF=iWcPBg_sIEe “HeforEbafmenierlyfhe Mpntions dasend i’ are both
b OB in g b Forf R e Eln® Bt 88" R or a divaten
alkallirecedrey ' R et ceial _ ' .
preferr edmgﬁlbg%tiionent hgl? 1\? e%|{~ %eﬁt@quwg%péﬁugfignved from 2
Cobbh prefamnblyeCs-Ga, i sataatednotinnsatur@edvakionhci®et Bl one preferred
as or K+ or a divalent alkgline ° -

cat i.on sugh, _ , .
e%ﬁ?@weﬁﬁﬁ%us 63V 1.dn@nother pgderraherabodimedt, B is pabmitoyl.
acyl Eﬂfy%‘f@s AHSE Gl 2MBse of skin cells can easily hydrolyze such ascorbic

acid derivatives of the mvention and all the hYdrbleis products are natural compounds

- and may thus have a physiological significance. Furthermore, they have a moderate
! pola_rity and therefore may be soluble in both aqjleous and. ﬁpo?hﬂic media. -

In accord_az_lcé with 'yet another aspect of the invention there is provided a
process for the synthesis Qf a compound of formula (I), comprising;
| (@)  protecting the 5' and 6 hydroxyl gioﬁpé by réﬁction of ascorbic acid with
a ketone of the general formula R7R8CIO,‘. ﬁ}heréiﬁ R’ and RS, the sarﬁe or
different, each is Cy-Cio alkyl, to yiéld a compouﬁd of the genéral formula
(a: ' |




"PCT/ 1'L20047 000343 7 6 &l@H2

15 C6-C22, preferably C8-Cl8, saturated or unsaturated
fatty acid. In one preferred enbodinment, R is
capryloyl. In another preferred enbodinment, R is
pahnitoyl. Enzynes in tissues such as those of skin .

WOIIII9HA easi |y hydrol yze such ascorbic aci d PCT/AL2004/000343

derivatives of the invention and all the hydrolysis
products are natural conpounds and may thus have a
physi ol ogi cal sighificance. Furthernore, they have a
nmoderate 20 polarity.gpd therefore may be soluble in
both aqueous ang P pophilic media. | n accordance with
yet anot her asge¢t oH.¢fge i nvention there is provided
a process for the sydalhhesi$.of acgonpound of formula
(1), conprising: (a) pr ctin e 5 and 6' hydroxyl
groups by reaction of asgorbic acid with a keto of -
the general fornula R7RB wherein R7 and R8, the
same or 25 different, e I5[2C1-Clo alkyl, to yield
a conmpound of the. general la 30 9 WD 2004/ 094369.
CHOO 453-2Z22 HO
OH (b) reacting the resulting protected ascorbic acid
nol ecul e of formula (11) with a 10 conpound of the

‘general formula Ri'Hal, wherein R is as defined

efore, and.if_jt is an _am ng, acid residue, the am o .
(bg rrsmareeaqsmlgpmt%@?@oﬁsw iG jagh Iﬁ%ﬁwﬁn@r@mﬂa (D) with 2

10 c&?ﬂb%ﬁlofftﬂé Egrlxe?al(folnjn)ﬂ'a ﬁiaﬁ, wherein R’ is as defined before, and if it is an -

15

20

25 .

amino acid residue, the amino group thereof is protectéd, to yield a compound of the
general formula (IIT):

m

(c) reacting the compound of formula () with 2 mncenﬁated carbonate solution of .

"~ the metal R, to yield a compound-of the general formula vy

7o

Rs 1 '

0-C-H-.
5 .

-and

10
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system.

\><O0H2 15 RB OCH5 00O 41Z 3 HO 20 (c) reacting
the conpound of formula (I11l) with a concentrated
carbonate solution of the metal R2, to yield a
conpound of the general formula (1V): 7 R$ 61H2 O
OCHOO 254 R20 ORI and 10 (d) hydrolyzingthe

ry arahrsghatt B Gofntkat pLERRBIRTY] B Brydhd G 5- and 6
5 Dubd oIS LobeRd g RO tE QORI € and K

aren)"ﬁiﬁy@b yncarried out under 5 mld conditions. If
derivati zation of positions 5 and/or 6 is desired, at

t heThe hgdroiyseqaof thee:omgaumdw fogn@larﬁl;Vhts proferatilpaerrizd out under
at . the.second, st

ml@ﬁmégar e %‘%%ﬂsma%m tis. anCOHE 1Y qsgagoatrtﬁe Firt step, the
hy%?)% rgxfohﬁg 'at 21%?1118% 3h¥e§)ﬁ{e§%&% zt(l: g OC%EI?XS%‘%I) the hydroxy}

grodps dﬁ‘:‘ /ﬂo\éﬂidnzﬁltdnﬁfbroé a}é‘ @theIEI0MY bst&Hi e endl ap digd unﬁpﬁtep, the
5 and W th a suitable reagent, e. g., an acyl

hydrhkylr grdeps diopasatiaistaamd 3 awdqnutmttemit follevédbyrdemvatizption of the
wherein R3 and/.qr R4 are not  hydrqQgen. The novel
hydrexyozrqurs at Pesiians a apgdjor & wmea suatable reage a2 @ Asytchloride,

to kig sout g SR ToRR ey D EherlrbRTURVET R, Bleg P afogen.

The novel compounds of formula (I} of the invention can be used for all uses
known and to 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 nmovel-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 for
treatment of conditibns, diseases or disorders associated with vitamin C deficiency
and/or where a supplemental administration of vitamin C may be beneficial,
comprising as an active ingredient a compound of formula (I) together with a
pharmaceutically acceptable carrier. These pharmaceutical compositions can be used
for all conditions, discases 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) ora conventional chemotherapeutic agent,

or for treatment of vitamin C deficiency in scurvy or for stimulation of the immune

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

_'11



for treatnment of conditions, diseases and disorders in
whi ch ascorbic acid is therapeutically, nutritionally
or cosnetically active. Thus, the navel derivatives of
the 15 invention are suitable as ingredients of
conpositions i ncludi ng cosnetic, cosneticeutical,

ot ERgaklGahe 2k BRRL TR SRy SRR e Srar e, and
smﬁmaﬁbn BE bbN&ren! f‘%’hﬁf@sﬁ%%nhh g@geﬁmbodl ment, the |

I nvention provi des pharnmaceutical conp03|t|ons for
treatnment of conditions, diseases or disorders
associated with vitamn C deficiency 20 and/or where
a supplenental administration of vitamn C may be
beneficial, conprising as an active ingredient a
conpound of formula (1) together with a
pharmaceutically acceptable carrier. These

phar maceuti cal conpositions can be used for al

condi tions, 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. 25 lipoic acid (as described in US

6,448, 287) or a conventional chenotherapeutic agent,
or for treatnent of vitamn C deficiency in scurvy or
for stimulation of the immune system In another
enbodi nment, the invention provides cosnetic
conpositions conprising a conpound of formula (I)
together with a cosnetic applicable carrier, 30

exci pients or diluents. These conpositions can be used
for topical application for skin 11 care, e.g. for
reducing fine lines, winkles, skin roughness, for
skin whitening, and stinulation of collagen synthesis
as antiaging agent. 1la WO 2004/ 094369

PCT/ 1 L2004/ 000343 The -cosneti c or dermatol ogi ca
conpositions of the invention can be used for
treatment of radiation-induced skin damage or

phot odamaged skin, particularly ultraviolet
radi-ati on-i nduced skin danmage, e.g., sunburn, for skin
damage resulting from -

1la
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- the Tornufation may vary

chronic exposure to sunlight as well as in the natura
agi ng process, where free radical- 5 induced danmage is

i nvol ved and where col | agen content is dim nished.

Thus, the invention also relates to a nmethod of skin
WORR09HPt i cul arly for reducing fine lines, WRGTARI2@M/000343
and skin roughness, for skin whitening or for

stimulation of collagen synthesis in a mammal in need

f: gﬁ;@gﬁf F‘?S\gﬁ@% cgﬂlg a%ﬁﬁalﬁgl%élégg %ﬁhgﬁgﬁsd gt ﬁl'éef’ &}%@#@%% be used for
bl oFors AT kPed PWOR, fhundet Mo iPBEE. oA pariularty

ulitraviel raliatien-tduogd sléh daeepos k! isenbiray foikkih damage resulting from
application, both for pharnmaceutical and cosnetic
chiewis cxposse to gulight ias veslbiashor thamahugl agihg provpsss mthicon§ee radical-
. be used for an effective delivery of  vitanmin Cto
indfgeddfammage +h mvobeskandovia coligRm ORIt SdindBiheb t i ons
- co | S . - St abi ] bi4C d. derivativ f .
For s P et ARUAAEL SRR TR P iy R reducing
fidihes2 A TR RA RirPfuhMEds el QL R r%ﬁ]Pn R0
for isfj mul ati ng col | agen S’prod%??g%mg%gﬁﬁe ilgﬁe, f collagen
syathess . wr atmgeiidrinwhedd diciest, aviich eonfgisesitepicallys udhinistering a
as vitamn E, vitamn P, retinol,  retinol esters, )
CHRRESIioBNeQMBESAE & Aamppund g4l geasral forsulaT@k of the invention to said
corr%gsi ti ons maybe prepared in various forns
FAAHHFES but not linmted to 20 lotions, creans,
gel ; . i i o ature- of . .
Gﬁélltp?@féh%d e?ﬁi.)&ﬁﬁren{, d%ge%%%a fon tBEZthIQn e é’% is a topical
congsitibnaferosidarngplivatidn, thigh Fve phbtmRRubEdlt ddEodh&ic uses. These
compound of fornula (1). For exanple, a polar conpound
cosfuetiorand) dergridtoiogicabeompositiohainey ba wed dgneausfective delivery of

Jormulati on such_as gel, while a nore hydrophobi,c o
Vﬂ@a%oéarta thersletar Rae sopmptigiapd dramgnlagical eempesitieps comprising a
), S4 . The . ical-comositions will 25 . . .-
s 0ol i BEh R EBIROT S e e oisriing ream,
ar@%%% féream, AWkl idkSam | %hﬁ.}oreé{‘tdr 438 Sytimulating - collagen
stabiTizers, noisturizers, gel-formng adgents;

prpdecstieny and veslike) dilamyoroogether withi gthandctiseimgbilientsanch as vitamin
the intended cosnetic or dermatol ogical purpose as -

* Eatapmg Kovgbinph retinpd eaters, hyplaranse acitl] andonadpali exiraefs. of

the present i.nvention may also include, for, ... e s
> Hie composﬁons may Be pré/pare L0 various rorms including, but not limited to

Jotions, creams; gels, ointments, salves, liquids, etc. The nature of the formulation may

k ~ vary depending .on ﬂ_l'e--intended use in accordance ‘with the overall polarity of the

compound- of forrniﬂa (@. For example, ‘a polar compound of formula (I) may be
formulated in an aqueous formﬂatioﬁ such as g‘el',-'wh.jle a more hydrophobic compound
of formula () will be formulated in an emulsion form. The topical ¢omposiﬁ6ns will
comprise carriers and excipients such as water, “emulsifiers, natural oils, fats,
antioxidants, stabilizers, moisturizers, gel-forming: agents; preservaﬁves ‘and any other - |

excipient suitable for the intended cosmetic or dermatological purpose as well known in

. the art;

30

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

exaniple, vehicles including, but not limited to, water o alcohbl; humectants, including,

12
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30 exanple, vehicles including, but not limted to,

~water or alcohol; humectants, including, 12 WO

2004/ 094369 PCT/1L2004/ 000343 but not limted to,
wal YeeheReo buf fering agents including, but not Lémit86h000343
to, citric acid and sodiumcitrate; viscosity
adj usters, including, but not limted to, car bomer
gelling agents, gumderivatives, and the I|ike;
bytrrecst dimvigdd toe glyicendh; dm&eg]ngmgbnm @ﬁoﬂl&r{gt et 1io® limited to, citric acid and
net hyl par aben, propyl paraben, and _phenoxyet hanol ;
th\!ﬂﬂs PRtvas; sviseRaTE dRdigsters tnploding, (hufinasdlimged to, carbomer gelling

el S AR ERES Bt %% Slfqu TGS BEiging, but mot fmited to,
“{%%"3’1@%“?%12 oo, P oy ctlRlls, WRARE bt nor

ligste@res, Gl%okfﬂ)itﬁ& 3 kalhd @chﬂl%&t@&afe@ ’oohéﬁﬁhﬁlgyﬁr%mts Includmg, but
nyrista i sopropyl pal mtate, 1-deeene po

nc@ﬂi;mncxb‘e:r; atel hydwnystCarat; smalliopks inelwdomy, dat not hmlted to, cholesterol
N%‘nti idants, including, but not limted to,

Ak minernl ofls ang ﬁ@tﬁgﬂm@aémg: ut ngkdimited to cisbpiogyl myristate,

nP
I eA B ARG, SR bt

atfox@mnt indihigin gofl@tgx?dtr]ﬂmt &oagﬂﬁ&hﬁéht ng"?r %f@ﬁtate and the =

or nutraceutic ositiohs 1 n accordanc :
like) U EWtstabilizony, T&V&@dﬂaﬁoﬁ absotbét ¢einfsOleeR filers); fragrances; colorants; or
adm ni stration with a pharmaceutically active carrier
amoeomb@aummﬁ an(yacsféhe fmégcang hén adidiioa, phmmaoenumitorfmltraceuuoal
g l.enment al n of vitamn C_ both.in

aops \Wt%ﬁw f15 f i BFETLon WAL ralsh deefe@anlated for oral

GRS AT SR LT B s
rd@afishcsit fr-su Eﬁéﬂ%ﬁ%&ﬁﬁs&ﬁﬁf BFRASL @n%oﬁﬁﬁ{’ﬁgéeg Df vitamin C

to the invention may optiona conpri sé ot

defitieranyeor when snoreasad ,anfurintsnare Iielcessﬁaf},d td @lreﬂgﬂieﬁnﬂleﬁmmune system
am no_acids, . hornpnes, prohonnones, and mnerals. 20 '

OTEEY ofhar condition B which sHamim e rahe berificedl. t he
i nve |on c¥bef0rnul tedln apsul e tablets or

li'qui WAl COmpost Waﬁﬁq% h@ £ {pgention may optionally

'cd &d'o%%r hitrfietts Ykl B 11 Sr!fxﬂﬁg%r\gak}ﬁ%mms ammo acids, |

20

ecessary. conpression, prdp

hm@et hroNSmadiks, SRTMaREAS 1 n the shape and size
desire Solid carriers include, for exanpl e, cal cium

For oral administration, the compounds of the mventnon may be formulated n

- capsules tablets or liquids. In tablets for emple the active ingredient is mixed w1’fh a.

25

carrier havmg the necessary - compressmn properties in smtable proportlons and

-compacted in the. shape and size desired. Solid carriers mclude for example calcmm _

_phosphate, magnesmm—stearate talc, sugars, lactose, dextnn,'starch, gelahn, cellulose,

methylce]lulose sodium carbox;meﬂlylce]lulose and poly(vmyl pyrrohdone) qumd

formulations may be used by prepanng solutions, suspenszons 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 pharmaceuﬁca]ly acceptable -

: ﬂS or fats. Smtable liquid carriers for or_al admnnstration mclude Water alcohols and :
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phosphat e, magnesi um stearate, talc, sugars, |actose,
dextrin, starch, gelatin, cellulose, 25
nEthyIceIIquse, sodi um car boxynet hyl cel | ul ose -and
oI V|n pyrrolidone). Liquid fornulations n%y be
W§ %reparl ng sol utions, suspensions, enmulF&TgR2005{000343
syrups The ,active |ngred|ent can be dissol ved or
suspended in a pharmaceutically acceptable I|qU|d
o e oo e b in (7 IR 8T BRSNS, o ioBnsules confining
mSQDm@bhmbfmunﬂvmbnl ers for oral adm nistration
i ncl ude water, alcohols, and 13 WD 20041094369
PCT/ mm@mt&mﬂhnownhesﬂum&lqnﬂmsfoﬂomm triting Exenples.
formof m crocapsul es or ngnocaEsu es confining the
conpound of the i nvent i oft ntion wll now be
illustrated by the follow ng non-1imting Exanpl es.
EXAMPLES 5 Exanple 1. Synthesis of sodiumsalt of
I [ { Vi S
R Y Sy IS38 D Sdds sfe of 2 Sy Ior BEIGRE AR, |
anhydrous cupric-sulfate were added to a suspenS|on of
g (0,114 nol) of ascorbic acid in 660 nL of dry
Stge elt 6ﬁéﬂzeme0ﬁ%éd@@ﬁﬂpﬁhdazmrl@scmc gridred for 20 h at

ST R S Sl Sepgncr
7
BRG0P Ty o 4 008 SRR G v

wis Gkl fo@yjl() hSat GobSORsApthiee NYihe @ﬁsb'vsﬁasaﬁl!oﬁltored by TLC

Capr%]oyl chloride (12.0 g, 0.074 nol) was ad
irgemgthabobwatera 1@:d0R)i ofkrftmf fﬁﬁaﬂonomcbpadapdmnwn 2257 g
or acid 0,067 in dry pyridine (80
(9%0). %Iwé‘ﬁ‘&%f@?)%ﬁie%ﬁl@ﬁ%?ﬁ%%m Do SRtIBAL 5 h At O C
and the process was nonitored by TLC
(chlorof ormnethanol, 3:1). Afterwards, ice water (300

Sz@}a)z Wﬁﬁ?&@z gﬁgﬂ%ﬁlhﬁgg &g&’%ﬂ%&ﬁt“%&%%&ﬂ ust ed

3 usin
Capryloyl chlonde (12.0 g, 0.074 mol) was added dropwise at 0° C to a
solution of 5 6-1sopropyhdeny1 ascorblc acid (14.5 g, 0.067 mol) in dry pyndme (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 mixtare was adjusted to pH 3 using phosphoric acid (~10 ..
mL) and extracted with ethyl acetate (2 x 100 mlL). COinbiiiéd extracts were washed

Wlﬂl a saturated solution of sodiwm chloride up to pH 7. The washed organic layer

- was dried with anhydrous MgS04 and concentrated by vacuum. The residue was

washed with hexane, and concentrated. by vacuum fo give 22.9 g (89%) of 2-
capryloyl-5, 6-150propyhdeny1 ascorbic acid. '

Step 3. Synth esis of sodium salt of 2—-capryloyl-5 6~ls0propylzdenyl ascorbic acid.

3.0 g of 2—capry10y1—5 6-1sopropy11deny1 ascorblc 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 thie prepared solution. After mixing and exposing

14
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m.) and extracted with ethyl acetate (2 x 100 ni).

Conbi ned extracts were washed wth a saturated

solution of sodiumchloride up to pH 7. The washed

weJ Saibdasdeayer was dried with anhydrous MISO4 gng 2004000343

concentrated by vacuum The residue was washe WIIfR

hexane, and concentrated by vacuumto give 22.9 ¢

(89% of 2- 25 capryloyl -5, 6-isopropylidenyl ascorbic
foa@bdut $0epir3.a Sypltiphebs spftemovns mbsahed. oThe mtermed1ate phase was

eiqc | oyl -5, 6-isopropylidenjl ascorbic acid. %
tezf c B@gﬂdo@n soaww% pihe Fagidio aﬁ@omckw‘acquamék 0%. The
soffi el %’?m@ﬁw@% CRsoftoB PSR BePC e tras utaned oo light-

é}%ﬁp the prepared solution. After
m X ﬁ%ﬁ%n p03| g a&‘ge\/\o 2004/ 094369

PCT/ 1L.2004/ 000343 for .about 10 min, a triple-phase
system was obtained. The internedi ate phase was

StepHe Syuatliesis d)]f sodédnayadt coheeptilaplatcoiiie a;cudél d of the
pro

ct e ua 65- 70% sodi um sa
2-¢C gg‘?%/ F’é yptilg 6 F%w{] gﬁ éﬁmot@%tm @ftt téwa%w @dnéélydroxyl groups

PR R N .

-M@@)‘H’r bi,© aohdETe= g -p (QHU{(;)‘ %ﬂy‘gor g%{/)?'ﬁelg fQHOWeti} b?r washing with

deprotection of the 5- and groups

sodiurp@hiutidd uSteprB7, atd thordugonaidung ﬂﬁym%)bfffﬁ@ Eﬁroﬂﬁct in order to
the reaction m.xture MOH: HO: 2N HC

- reppig/opganic salvent.oYiedd: sbonsPP%med by washing with io

sodium chloride up to pH 7, and thorough vacuum dryi ng
of the product in order to renobve organic solvent.

bl 2 SRS TR MGty UG Sor BB 2 G

5, 6- |sopropyI|denyI ascorbic acid 20 g (0.125 nol) of
anhydrous cupric sulfate were added to a suspensi on of

Step 19 Spattesls ajbf,ﬁ-mibpnwbdm_ﬂ @vebrbic achiB0 nl of dry

acet o The ture '
i g (0.12 mo ) oio (ﬁous cupnc sulfate were added to a suspension of

20.g (0.114 mol) of ascorbic acid in 660 mL of dry acetone. The reaction mixture

was stirred for 20 h at room temperature. The’ process was mdnitored by TLC

(chloroform-methanol-water, 10:10:3). After filtration and evaporatlon 22, 57 g

_(92%) of 5 6-1sopropy11deny1 ascorblc acid were obtamed

. Step 2. Syntheszs of 2-palmztoyl~5 G-isopropylidenyl ascorbic acid.

25

.30

Palmitoyl chloride (12.0 g 0.074 mol) was added. drolesc at 0° C to a
solution of 5,6-1sopropyhdenyl 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 exiracted with ethyl acetate (2 x 100 ml.). Combined exiracts were washed

with saturated solution of sodium chloride up to pH 7. The washed orga:mc layer

was dried with anhydrous MgSO4 and concentrated by vacuum. The remdue was

15
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was stirred for 20 h at roomtenperature. The process

was nonitored by TLC (chl orof orm net hanol - wat er,

10:10:3). After filtration and evaporation 22.57 g 20

920? of 5, 6-isopropylidenyl ascorbic acid were
WORLTHEY? Step 2. Synthesis of 2 PCT/IL2004/000343

pal m toyl -5, 6 _isopropylidenyl ascorbic acid Pal mtoyl

chloride (12.0 g, 0.074 nol) was added dropwise at 0 C

hiL] N . T DicyozCifn. Lo

R S Py R R PR 208 (7 b2 palmitont

5,6<4sgiropylidotss gyvorss asid.rred for 1.5 h at 0 C, and the
" process:.was nonitored by TLC (chl orof orm net hanol ,
3:1). Afterwards, ice water (300 nL) was added and

SHgR g SHO A o Ypopiacraly 2B 5 B SOPAAPYNAEEHyocorbic acid

ccereys Lo i PR FPIE E3asonsd n
150 Veshhdl aEdar shd prahtodBieWepadtdhnel SRV SF ?9&? 5501uti011‘ of

SO and” concentrated by vacuum The residue was

sOdOA oMY RS GeerPGTiibd 20 Ghe PRERMS] sohstved Afidrhmiveingimd exposing -
concentrated by vacuumto tgi ve 22.9 g (89% of

fop apapi @ syip-ths teplesphasspysicae pas obtunpd c The infermsediptegphase was
seg%?#t 'q?regfzgﬁog@ijﬁ@g%@qtdd glﬁwzylgéq: 8if 6}1% %1 dq;og}l(%t_ qu&ls 65—70%_. |
T SSGRAL T4 90 Byt 00S N SN RLI: TR B o

I SSOl ve put into't

liglepaiiaesblidamelphd sibstahcd M sol ution of  sodium :

carbonate were added to the prepared solution. After
mxi ng and exposing for about 10 min the triple-phase

. _sys s.obtaiped. The_intermediate phase.was
ngér}egﬁ?@aﬁa@fﬁq’ 30 SormPafiviaylatscontie agidl d of the

e R Wl ot o

ofotheatdBgomsd of iSHEy 3y ek el %@h&ﬁioﬁgvbghgeﬁnssteg;zﬁ@e&%ﬁon mixture

Step 4.7 Synthesis of sodiumsalt of alm

' | Ma€idr H.0 adNi HClihe 361 [{whdvicat 4°sCofiok D4rie dolywed by washing with

20

25

deprotection of the 5- and 6-hydroxyl groups - ] o
sodium chloride up to pH 7, and thorough vacuum drying of the product in order to

remove organic solvent. Yield: about 90%.

n the same way as described in E}iainples 1-2, other compounds are obtaii_led
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 - Stimulatioh‘ of -col'lagen synthesis in "
primary human foreskin fibroblasts by _ascorbicj acid derivatives

L-Ascorbic acid stimulates collagen synthesis in cultured human skin

 fibroblasts. Ascorbate contributes to several metabolic processes inclnding efficient -

hydroxylation of hydroxyproline in collagen synthesis.

30

~In order to evaluate the effect of the 'asc':orbib_ acid derivatives of the invention

l6. -
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15 of the conmpound of Step 3, at mld conditions, by

means of the reaction mxture MOH : H20 :.2N HCl=

30:2:1 (v/vliv) at 4 Cfor 24 h followed by washing

W bv4/080ds um chl oride up to pH 7, and thorougthﬁﬁyﬁﬂmm¢“3
drying of the product in order to renobve organic

solvent. Yield: about 90% 20 In the sanme way as

descri bed in Exanples 1-2, other compounds are

onbtallaged sywiibesis, heultrrtd|hunsark for€akumr ﬁb@bmm apx pigled, in 24-well
and the esters at_position 2 are_ fr

nygrasalipre plates is DMEM suppieponiad w&ca% feaﬁl galfggrum containing

1B R st B w675 SRt 0 BreSente of cither

SUEICRE (pOsjeR BRI, SbRRK tid Ao B T tple Lor 2 in
defPrenf 8On SotitidtRk Se.lan fioh taileionSomilVe Kitie &ilbfrebhasiubated for
Ascor bat e cont |butes to several netaboljc processes

24 rindureli The e{ﬂﬁl-{fi{}eptohm;mcmmph:amm mto fpepyuicaxyigtant sale precipitated
in collagen synt hesj s. n order to evalyate th
exfrpgeliular coHagen dsr t@“ﬁ@?éﬂ i sed 1940 gndenof fficiency of the

N g, s 000000 R AL PR bt e an

cBh‘%%%E I\h%ztc%ﬂaﬁ&nﬁ&aﬁﬁsm le24hedscortlb GERF HbiiitfeR o8t @%pected to

uppl emented wth 10% fetal calf serum
showt ai effectivéiids wonipabetiia tathaopf Dpisooiltic iabrl od Befer, on collagen
[2,3 BH proline, inthe presence of either ascorbi ¢
%ﬂﬁh@s@p03|t|ve control) or the ascorbic acid
derivative of Exanple 1 or 2 in 5 different
concentrations, e.g. fromlnMto 50 M The cul tures
are incubated for 24 hours. The [2,33H]-proline
i ncorporation into pepsi ne- resistant salt precipitated
extracel lul ar collagen is determ ned and used as an.

"index of efficiency of the collagen synthesis. The
~results are averaged fromfour identically treated

wells and corrected for cell nunber in sanple. The

- ascorbic acid derivatives are expected to 1o show an

‘ef fectiveness conparable to that of L-ascorbic aC|d or
better, on coll agen

17
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synthesis. 17 CLAIMS: 1. A conmpound of the general
formulal: 64 HOR HGCOR3 0O 14 32 ROOR 5
wherein R is a C2-C22 acyl group, an am no acid
group, or a Cl-C' alkyl group; R2 is ammoniumor a
metal cation; and each of R3 or R4, independently, is

Clgﬁxﬂgggen, a C2- C22 acyl group, an am no acid residue,

~a~Cl- C17 al kyl group, but excluding the conpounds

wherein R is lithium R is an al kyl group, and R3 and
R4 are both _hydrogen. 10 2. A conpound according to
cl aﬁn@qnp\%&fbﬁ) thezepsrad fomwiladk or a nonoval ent  net al
cation seé ected from Na+, K+, or Li+. 3. A conmpound
accor di ngf laim1l wherein R2 is a divalent alkaline
earth 15[ netfal cation selected from My++, Ca++, or
Ba++ or }?C_&j}fval ent netal cation selected fromAl..
or Fe+++53\4. onpound according to claim1l wherein

1 +, K+, My or(I)Ca++_

wherein R' is a C»-Cx acyl group, an amino acid group, or a C;-C;7 alkyl group; R’ is

~ ammonium or a metal cation; and each of R’ or R4, independently, is hydrogen, a Ca-

Ca acyl group, an amino acid residue, or a C;-Cy7 alkyl group, but excluding the
compounds wherein R’ is lithium, R'is an alkyl group, and R’ and R* are both

hydrogen.

- , . - . 2 . .
2. A compound according o 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

from Al™ or Fe™.

4. A compound according to claim I wherein R’ is selected from Na+, K",
Mg, orCa".
5. A compound according to claim 1 wherein R' is a Cp-Cay 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.

18
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20 5. A conpound according to claim1 wherein R is a
Cr C22 carboxylic acyl group derived froma straight
or branched, saturated or unsaturated carboxylic acid
sel ected fromacetic, propionic, n-butyric,
I sobutyric, sorbic, n-valeric, isovaleric, caproic,
caprylic, capric, undecanoic, lauric, tridecanoic,
nyristic pentadecanoic, or 25 arachidonic acid. 18
n

6. - B B g R R S o Lo By
mhereln R IS capryloyl or palmtoyl. 5 8. A conpound
according to claim1l wherein Rl is the residue of a

7. nat dr eompounghaceordinizdo slaim GvhgrsiniRnds capytoyler palmitoyl.
serine, |eucine, isoleucine, phenylal anine, tyrosine
or glutamc acid. 10 9. A conpound according to claim

5. L WACEShRoRd heHiBe" GRUME 1Ot BtEtags 38 bR Blbual o

accor Wwherein and are hy rogen,

amifo adid s blyBine! alaniie! frirealcibihe, RERubine! ﬁhélyﬁ‘-lalﬁﬁg tyrosine

aryl derive rom a fatty acid. 1s 11. A conpotind

or gluéondiacgl.t o cl.aim 10 wherein R2 i s a nonoval ent net al
cation selected fromNa+, K+, or Li+ or a divalent
rret al cation selected from l\/g++ or Ca++. 12. The

9, C hyd CS)E'SP oalrcg(')r;@qég | a| ngergﬁ{)l?" gﬁr@%&% JE‘%g"i"e e.

compound according to cI aim1l wherein R3 and R4 are
hydrogen, R2 is Nat+ and R is palmtoyl. 25 14. A

10 phaAresepbinehacendimgs td ichiimf drwherent RErindoR* are hydrogen, R? is
condi tions, diseases or , disorders associated with

ampanawm T @ metpl eatione pnd Rd/ine Geton acyl dartyer dramadatty acid.

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’isNa'
and R’ is palmitoyl.

14, A pharmaceutical composition for treatment of conditions, diseases or

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

administration of vitamin C may be beneficial, comprising as an active ingredient a

compound of formula (I) in clalm 1.

19



10

15

20

25

30

adm nistration of vitamn C may be beneficial,
conprising as an active ingredient a conpound of
formula (1) in claiml1. 30 19 15. A pharmaceutica
conposition according to claim14 for treatnent of
cancer. 16. A pharmaceutical conposition according to

clai,m,15 further conmpr.i.sing |i.poic .aci r.a

LSthe #o?h?é’?’&ﬁ%‘%ﬂqﬁi ¢ nﬁﬁlh"% agGP.r gdh &F%ﬂ%ﬁ?@%ﬂaﬁmﬂt of cancer.
conposition according to claim 14 for enhancenent of
t he em 18.. A n

16y o PEFHGCENG Sphiion A eiiind 468 ASJTRER, sormHsing tipoic

j ' , optionally conprising other
aciﬁ%r@dh%rﬂdtﬁex’aﬁ%tgt.l@éﬁg%ﬁ p y conp g

nut raceut | cs. armaceutical or nutraceutical
conposition according to claim 14 or 18 adapted for

- 170r alp ?Hﬁjrﬂ!i‘c%ﬁﬁ@élliééﬁipdéﬁ%dn%@&din'g q? tdiind 94 ToPbohancement of the

m Cr o/ nanocapsules contrining an e fective anount of

imtthmesestpmund of formula (1). 15 20. A pharnaceuti cal

conposition according to claim 14 for topical use. 21.
A cosnetic conposition conprising as an active

1ol di ent . of fornmnul L) . | ai
18; 0o RuFotp s ORI ioPeamiate B oapelily &R comgound of

fordula l%lgln‘riin 'c%iﬁ?lg %ptiaﬁalgﬁ?&gglgﬁhg bite? %ﬁ'g&éﬂ g accordin g :

to c r-topi ation r skin care.
23. A cosnetic conposition according to claim 22 for

19, i PR PR b RE RO T pREHBIRCHS sighl 4 or 18

j:-C Ed:l :ACC ' t [ (e
HISREIhEC CEATHARLNGRIGE OISy By che, IED, JntRmcapales

coafiviag dinreffective haiommSf thercotrppatdef foraiulpkDt odamaged
20. A pharmaceutical composition according to claim 14 for topical use.

21. A cosmetic composition comprising as an active ingredient a compound of
formula (I) in claim 1 together with cosmetic applicable carriers, excipients or

diluents.

.22, A cosmetic composition according to claim 21 for topical application for skin

carc.

23. A cosmetic composition according to claim 22 for reducing fine lines, wrinkles

: _6r skin roughness, skin whitening or stimulation of collagen synthesis.

24. A cosmetic composition according to claim 23 for use as anti-aging agent.

25. A cosmetic composition according to claim 23 for treatment of photodamaged
skin. | |
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skin. 20 26. A cosnetic conposition according to claim
22 in the formof a lotion, cream gel, or in liquid
form 27. The cosnetic conposition according to claim
22 for use as noisturizing cream 5 anti-ageing
cream anti-winkle cream sunscreen cream skin

whi t.eni ng .and for ..stinmulatin al | en t hesj.s.. 28.
26:The A HERICCCUBPERNGR PEoTdRRdP §IHg" 24 1R 1S FRTEbOF 4 et cream,
j: Sk e or nore active ingredients such as
ge@??g{mlﬁhg,%@ﬁt amn P, retinol, retinol esters,

hyal uronic 10 acid, and/or algal extracts. 29. A
der mat ol ogi cal conposition for treating or controlling

27ski whetcasmstio composition aocsdugstoalaitme?? frtuseas taotstnriging cream,

deficiency and/ or where a supplenental admni.nisfrat.ion
aniGREGINE L AT i’iﬁ&f"%@k&e 5§38 SVOSCESRp FIC8thgSkdl Whitening and for

. Lve | ' 15 conpound of fornula (1) in
sh@ﬂ%ﬁﬂoﬂgé&{j@%&.a conmpound of general fornula (1)

of claim.1 for the preparation of a cosnetic

conposition for skin care, particularly for reducing
28f i n&ht i cvemetior domigpasitiandecaslling toouighm e furherf comprising one or

stimyl ation_of collagen synthesis, 20 25 30 21 .
more active ingredients such as vitamin E, vitamin P, retinol, retinol esters, hyaluronic

acid, and/or algal extracts.

29. A dermatological composition 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, comprising as an active ingredient a

compound of formula (I) in claim 1.
30. Use of a compound of general formula (I} of claim 1 for the preparation of a

cosmetic composition for skin care, particularly for reducing fine lines, wrinkles and

skin roughness, or for stimulation of collagen synthesis.
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