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EP 0229154 Bl.where Z is selected fromthe group consi str ng of hydrogen
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ShOU d b%olyphosphorylatlon reaction. Water is the most preferred.reaction medium. Sufficient base -is added,
_preferably in an intermittent fashion during the reaction, to maintain the reaction mixture at a pH of at least ]
.about 9 during the entire reaction between the components. if the’pH is too low, the rate of formation of *
“ASPP is slow, while if the pH is too hrgh {greater than about 13}, then highly concentrated hydroxide ions

55 react with the metaphosphate reagent in preférence to reaction with ascorbate. Thus, véry high basicity =
- destroys the phosphorylating reagent. Furthermore, at pH greater thar about 12, a by-product begins to -
accumulate in the reaction mixture as indicated by an extra absorption band at 313 nm in the ultraviolet
{uv) spectrum .of the final reaction-mixture. Below pH 12, the uv spectrum of the fina! reaction product:is -
essentially a single absorption band with an absorption maximum at 258 nm. For these reasons then, the

60 _more preferred reaction pH levels are from about 10 to 12.5, and most preferably from about 10.5 to 12 in
"the case of triphosphorylation. :

: The base ‘added to the reaction mtxture should be substantrally miscible therem, of surtable base
strength to achieve the desired reaction pH, and should not cause preclpltatron of the metaphosphate )
‘reagent. Basas consisting of the alkali metal hydroxides are preferred.-

65 -To enhance the production of ASPP the concentration of reagents should be controlled to a-certain

4




0.,.-,5 to 1.4 Mwith a nolar ratio of 1.5 to 3. The upper terrperature I|mt
- the‘reaction is chosen to mninize l'oss of ascorbic acid during the -

r acilon to mnimzethe by-product:- with uv absorbance at 313 nm and to
ixi mi ze the uv absorbance of the ER<Q 229 ¥BHht 258 nm The | ower

t er;(p,er at ur e dxtent. Whes pldlis@britioféh ﬂ?}éodlﬁ}ﬁ of gotegidim ﬂ%r&&ﬁQﬁd iiGal B&fchrﬁﬂtn&lﬁﬁqﬁ:qrbfccécld
achi eve hi gwr@aﬁvmme(b\hsfmﬁldas fromaboue 05 © 4 Mewlile sisiadreatiof detaphdisprach ty aschibate
pr.oduce L-as ‘l"ﬁ p?”'T??'F 'att@ m%pr@femeaeeﬁte D'reaﬁgéST%thPeerrpr}ges ghouid be

h
[err], vmtg1 tnd {, w 3. o5 B odlu Q at.e
ascor bI Cc -ack lda&lbﬂlfﬁ Min (ﬁ@t ithh U\al Hﬁw c: Qﬁ@-ﬂgﬁm iy gffésunﬁmsé:gla’:\gc;q:; .'
t ri met aphosphedesired ASPP ampmawro@er teHAgehtura irhitis dictated wma\hagth fréddtidntpRriod needed
nmol ecul ar: S|t2é’°b19"et 'nah conuersi 9f5 erbae ttFme m @stewﬂrdadhewaMl&P h@ mateez

the reactio rfL fe gés:%rﬁeg 18120° ty hP(?FPqu 5 t
wththeexwmmﬁ. "Gl il ﬁ' “ﬁ%’éo y %ﬂ"gﬁ"gﬂg
ascor bi ¢ -aciwith h-Ehﬁné’tﬂﬁSiph&athB%a ﬂ\é&eé%h&lﬁ‘s NJ) rri u&

depends on' texs rat!furr@q avoid oamduerdestd:&uoo@ﬂmeahmac eseorbisfacideact ants. Hi gh pH

hi gh t enperat u rmwn 2% dc@ﬁ@ﬂérf? raghiqve higbfvieldsnf ASAR-derfepdsogn tsmmr@tureemttanqme

periods. Poriged éﬁﬂ » :““ Eﬂ"\a'}ﬁ&é Bpag[ature, aadihio ""f"%‘g}'ﬁ‘gﬂ i ¢pvpy short
sodiumtri maitan ﬂﬁ;é' sﬁetast vi 1@&@& ic ré’@i‘: 'sr.f, hour! U Z\Af::é'k ':5?:3?:22:&
L-ascorbic aatditdtmgszhertempéradreltm , B AidI was elguiné tb e ct&lmiescsm I WheRN M, asedsi€dtld was

adj usting t HeﬂGEQS érmumreet@nM{pbm]a; 3% dnd pH akaut ﬂerqu:bmadlot after @ctus., 99%4 and 33%,

L- ascor bat®. '° [ eac cte h 2Mtrimeta osphate at
Fert] and pihad me,:ﬂcv ‘:g f:'mm e i ﬁiﬁﬂ“ Lciabod
respect i vel i Lirt inke B st e T i By SR P Bl
t i on . hasstesariL-a cetnedntamine: acmhs ml plvbrvsmaxamhtesdas‘oabphh-&s raméuzeame
pr ef erabl s t‘bﬁ H"'Te P'\M’fc‘he £pdction infiktere Whichr gies @ ipleasagtatocarcs light yelew sejereBus, it is
reaction m %J ﬁ‘;?“fﬂg%?'ﬁﬂ'&? 8% P adted t,food prifgeds with opyithqut eofoxg| of the
asda p ior rification

contains m “er me ik BestrbdPrrda s f‘o%mpﬂlo‘éﬂﬂ&%?&a&e‘aarﬁﬁén pQJircat.on -
L-ascor bi ¢ aahde rédﬂttyaialué\re uﬁﬁd joN-bkc)iarys colrhn chrématEyriph§. FRF ExamiiRLA tth se of ASTP,
ascorbic ac |tt!|e !esc’tlea mmre e be sdjusfed td pHes. abkai'ringewtpld subnghteeidic@atihiegchangextsin ip,

whi ch givest J fB'EfbrT -1 mae’rch i) ip mmqm wck'mmtratlpo ang theom|xtugeis

e e encry A R e e

Wi FHOUL T oMot et GloEAA I
2- pol yp hogg Ivettea-and altittie lamednrhmeﬁcambnam salgam AST meahawraﬂa kéusn cﬁﬂﬁ&f B4 rhéde by
and puri fi ccrepsage efthe residuat guimogiumehit efAST Puwp 3 @fioreexcimage®sio @ thegation form of

chf omat ogr apﬁ; oo ﬁbfg;@ P%TP °PH b;% ;us-pg; %go ec'r O A oty e
0, J
may be adj us ea f gte% gﬁa bé ssaryto adustthe
cati on- exem&ag@nﬁaish Bféltihnb bé2G:8Hitidre do &rrmto Gsali kv IAS ange resin

i s{renmoved qui The 2/pdiyphbsphate astersnt asegtbic hdican betusedato pa:danidl&dz tnOndphesphﬂp efiér. @

colum of "st3Fig® P /Oty hy S "‘aff N?F%%EFM qnesqorbater? R?Weh%PM'HDMQ'Feﬂ preferentially
El W’t ton wi t ey;u + s ‘¢ Wé%ﬂtﬁ i@'ﬁoéﬂat Bme angsome -
el ution W Qs&, il um Bi ¢ car. ona & QIRgeS ure ascor

>§4 i phosphat eas Eu-aqnar siieipaicigal uthifydorany doRPowikis bumhvehwmyas& sfﬂb&'fso@'f:e étRRandih C

watjer and aIWh'themmoumﬁﬂn@mmmmzvmwndrdfsm&?l?rqmmﬁwommdmbdae-on
cafi on can t )Ze %% "UFS in fpad Pﬁéﬁé gpplicatipns oqqicts
thijough a, aﬁhbg,ﬁ L o 35 ;ﬁg @ﬂeﬁov congsgileck reants st
of |ASTP coul'd el.rsﬂs. aa&ybe dasusmg.s mhmﬁmsm L-storbate
des cr [ bed bys émideewagﬁnarautokuuatloavaw in dqmaouslﬁmldiam aTﬂkkmbBlﬂhm;e td fRe BRIlit3 6f ASTBO

(Che plate ‘1%91“ mmeigbm sucli s pq Pff d UP'héF sgch pyheampiounds of the envsntmh
asgor b at e b €§ e erral W Eg E%g &grb prehﬁ§Ph 'ﬁtﬂgmﬁ\?ﬂ n |on ls
of iel uti n SR i—tnﬁﬁé Eﬁﬁﬁa &s@ﬂ%&.ﬁ&ﬁ. ﬁﬁ £q€ &se gﬁ; cells IFis the
2- ol yphosph‘.&élﬂlcﬂ&hﬂigi foim af 6vidy, endLit i pdrticiéte: rdbfe BI6EhEMRS redtfions in living
2- onophosp maelsms tids posible dledrefora,tthgy ST riightifing niedncaéaaes.ph@iphaagemmmqfumwaof

et e RS R

2- hOSphOrWanfn%Tsl htﬁthat 86 resfaly Bh Akt LY
L- gscor bat e aReopiiosfiiisteasnirhe Gﬂii\mkererﬁ al GiPEEEH tcreﬁauedfrod-\sdé haabmlphamam
ilmci pal utw'!hlt'u%/felﬁaﬁe of mnqsos\;hpwwsarmf phos$pbate hy phosphatase kas genalempositriated g oumbes
it ani 8 CTHRPHR: 4 M- Yerhaydes.ehil. f AmSheamatacdR. WARI P A7 NG Lt Henps\staly - Biol. Chem.
rol ysis. The products hereof obtained by reaction of L-ascorbic acid may
lised as additives in food or feeds, orsin pharnacol ogi cal applications.
iuct s obtai ned by reaction of D-i soascorbi c acid may be used in
s xture with controlled anmounts of 50 phosphatase enzynme to provide a
ki ned supply of reducing power. Surprisingly, it has been found ASTP is
nore stable to oxidation than ASMP. Furthernore, L-ascorbate is stabilized
aga| nst aut oxi dati on by ASTP in aqueous nediumat pH 7, probably due to the
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to chel ate dival ent nineral ions, such as copper and iron. As such, the.new F
conpounds’ of the invention exhibit enhanced stability properties as .
conpared with the prior m)nophoEBEate der| vative. 55 The | owest nenber f
of the 2-polyphosphate esters o 84t Blprepared by the present.
i n\(e,nt i 0N23751962) 0 82H.Thuspin B aptivipeted Mt ASTP wuhm lises R IADArRITeeds) B6H0 $or Rtritional and

tri phosph % qg;"alﬂmoﬁeﬁ T@d@MSMhmdhtal@eﬂehsdtq stabilige wirpde bided iG. & dMoore et
storage f art ci.pa nnu ra bi o¢ hem ca
eyt e gt R R S
find nmedi stability SFSTP bi. coﬁﬁ]ﬂd h B&éxplaingd #ﬁiﬁa&@ﬂ e'th béa Akiveal -

t'r ansf or nﬂch'lmngf ASEB vs ASMPTis surgtising, as siasyplraTabledic ASMP chorhpletsw désorbyeddg hyﬂmgen an

active fo ‘Bﬂﬁ 'Pgh'ls ynder dhei same ég)d:g'gn 5§% ééTFPIegvams_)!ndarmderallmgehewrtmu nl y
. n al | ?t ﬁ 1h _dr:@ hﬁg%“;fﬁeﬂm '€| o"f SP a IVI rﬁ\ot;"ners stems
(fact Of eamig Ty, .?ayema rHiGUR& m\s ABP SR brovilie 5 Siobomd | T OM
ASTP in ssuaqamed;sleﬁssht-ssaomn‘amd ovlera paﬁmfbinmoag‘drduanawqa aaﬁadounmasmmﬁm se’

rel ease o d would .. .
oo S B U S T '.':.:gﬂi“%%ﬁ?‘wm
Soc. 87, 1965’heﬂn ureiaaﬁlo{-o rtak nfifeR Ehe Vit mCatﬁPtvof .
0229154 Biprefeited @@rﬁaaunqon Sdbﬁl)ianoi' Iwns thellﬁventlbnmhieQILfi&foﬂﬂtetﬂitﬁbhoéﬁ'EB will find

uses in, fIS)ods and Ie ‘both for nutritional and probably functlonal
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steps ar eheremutreeshdumhﬁltﬂ@s&sé. ascorbate from ASTP VS o y one step
steh reI ease from ascor bat e. rmnophosphate ASMP. It is therefore theorl zed

that t Q‘ db droI ab'_ll | G‘P'eASTP as c ar ed to ASMP can L
! af nec il SR e m@;&& g g;;ﬁgc;}%gz it AsTP
VS ASMP iiSastbtbilatia (1005, 52 aksiu oxide t&arm Sagamidsyed - ‘
by hydr ogmas gmowndepmpw (95ﬂ-9mvmubee ahmdemtdnaolaams adiadli the creac&'i{’/ e

remai n§° a'; QF g@m" with “'Veﬂeb-eﬂ"#émem* mnva@mmswoanm & b eeriodisRRditiert ofr 19 Man

provi de drtallns eé’ R T L

vitamn Gndiﬁtdd\ﬂ.ﬁ‘}g/unréaﬁtewt rbSty. A sBédnd Glﬁiilbﬂz Glinﬂef thé diihfe& agtioh Wikusre Gﬁs diluted -
phosph&t afyéhef £625¢-fridLin 0.00M spiPcairiatd BEFr atpHI10] The divied eivaure &ty 1awek allswettai ned -
rel ease O‘Fa“ﬂ I"Eﬂgcw'!i  imeylyaseorhate sias - destrpyed by Q- °¥'6?¥ Bas shown byvaagsay\imp ent

t of ° pefiment, ont {
i B i %% ST

phos phad cabeorbancy 258 om wiaki0.637] indicating 92.3%2-phdsplasyidtio atk{adsuming &5, Yeut |

15 di nini® it pH 10 fqq 2phosgherdpted estersyseedeeet@l Carbdhudrate ﬁeSF 6213%7@(#312(?) Fhy rétio ﬁme '
oxi dat i vel; 3}""6? ? paie #P8EM ‘?‘Pslﬂc%ﬂé“d%fﬁd‘gi"é'é’é@"‘é'b?ﬂ‘%ﬂ“h?fﬁg’pmw"\/ﬁbﬁf"d"‘%&l"so
be expecte Pﬁ&plhﬁlc SHPWY h?&ﬂ@@d’n@ ghid WaslnB §6ded R théYetiiomialdio FI:W' 16,-afidi the fxedib QUT €

i.s a pkotwasfevapogitdd1ea lightyelicvesblit\ Al intlily INSECErbaK 2-6HphSspRadd (ASTPR wadGsolatddani n .C
acHd vity rofe %!r bef:q!tlmredw aoatymaphyl. The paottba dmctive mixtors (ftnlaefolumtmmtnomml)msrel

L- ascorb H'S'Z" ’%‘!é‘?“?' ange fgsi
ol ou T S A R G RIS e L
of t he s nﬁtﬂmda@ﬁbag We& tﬁe W ‘MlaMRidniu ‘Bmﬁ{ate

ner el y i | dsersbate 2-tripbosphate, hiztectay & uiv ahsopbbcesit @88 dm oks 'elhted e»imross Meamreadum n a

I'imting hy@fpgeate zﬁger comblnmg fractlons the solutions were evaporated to dryness, arﬂm pwas addad 250

i beaker F1 i ﬂ F'F‘Pf er, pgssed
m ¢ r oggp- dn th hac: ic atlo tl\a 3:e ofrEg" "HEE?\aIV}'E oumne Hg;:iora ed to =

wat er batuv padperids {:dh&l&tkntm%o €dscotbate 2afiphosphete. Wat er L- ascorbl c
acid (10 g, AsslysisnGalicslated fd):i:.l-l,’p,,admd. 2QOM §08.383 s HL2dhy ldnmi dad Na)1'po4 about
11.0. Sodi uFAuge: pot assi um tri met aphorrpk&t‘%“t%fgeﬁ% POF-E: anhle 7314 ol e)
was added the reaction mxture 30 cqbhorgusly purged with nit rogen, and -
t-he pH rai nt‘\ﬁétﬁ@dnﬁ'fosﬁhgryﬁtlérﬂ-re&ubﬂ waé Edrid &1 é%h&lbémm@;(arﬂﬁe Mefa@bEARS stdfiin
hydr oxi demnatdriat wase a Gibiacdtal rdeiivatives 5 8@6isdprapyiidenk-IGasadrbit UT2L35d) ylodinel tittatiop preiitatad t er
8 hr..r eaﬂ??ﬂtdh%whme%w@a@id-mm%Pmen at2pfl fmh'nﬁeaﬂedé‘i%@ttwhompmomﬂ' °

bout 1045 e Sebepurs Horkpo sy i sl e 150 e s
anout A0 e R oxats & %?%4 =iy wpdﬁ ﬁﬂfes'r'o“asr{sm%éwr HiBhe
.tl_ter (2.82 m)
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di cated 6.2% unreacted L-ascorbate. A second aliquot (2.0 m) of the.
digl uted reaction mixture was diluted 35 further (6250-fold) in 0.01 M
s¢dium carbonate buffer at pH 10. TFhe dil uted xture at pH 10 was al | oned
 stand 2 hr., during which ti rreEE' &mﬂﬂeqri]as destroyed by 02-oxi dation
ag. shown byﬂtwnoas 28Y thé Flogv@R sl RIAGH | SFEthe. 5,6-Beetal) AbasS MBATOAIME uSiNg Qi NEREH |
t He react anthsoramegraphyX\Whenvthé heatid hyirbiystd) wistcompibte/ th mblurg svae adjisstesi to pbicR.Q usiig,
t He mi xt ur esedjumAreatagsiumpipydiogide. daetatiortrf thelneaction araducts waggormpletet, g desrrigerin Brampty -
wes 0. 004, atter' 2 hr. standi ng. After the .diluted triphosphorylation -
reaction mixture at pH 10 stood. 2 hrs.  gidwe@i-absorbance at 258 nmwas ... -
0. 537, i ndi catiihe gipBaspBofyiatidaltescadiownas! cohducted eéddscra:sa:mremhﬂe (,aﬁ:sptnmang-lioesdb}b.cm
at pH at I—PcldJN?smseQm lnosofh@sorhit sill. Bwtcenversiop@EDisesscarbic agid ©:its Bdinhdsnhte efers.
67, 1978,,,p"a%7 pboutAYh vigld; anddpiation efishepreigicrssperfamed prffepgsibetin BXIRIBY 0. 014,
i ndi cati ng a very snal'l anount. of by-prgdu WGk v 1 the reacti-on mxture. .. .
Phosphori ¢ aciigithiexpasitheR b B biGhéRibithsyIRByIdiBN Eeaaﬂﬁl gébcrivRd i ERarh @ Olds arigdt Whe# €
ta pH 7.0, - bastotbleeaciti (30 girweas4birredasitiescainor witnedpliosphatd B&6b, 2/ eduivalentsipthiebH of the
Alit er nat i vefe ct'onna’sere Migs pleoup3. Wtﬁ'pﬁds (Thastien 4t AT hna@ow%wam@rrqdrps 5&#@094*%

by col umi®c 'Q)zﬁ;;j WG'V?P "d?ye't '?aé‘é?é‘tg"brf‘ w ?{ o1
ahout 100 1 Quﬂ y Yodéﬁd"t&ﬁon Pt ;%%vftsgﬁz ua o Fblt: actl)(;
c tlon eXChﬁﬁ&aMﬂﬁdwﬁm(n[di‘&ﬁd nrh @id tadﬁ :msm.phwwa jon ertine pmoxtmrracﬁ&aen
difl ut ed to @b@urervas Maintaihecps 62.8-C180, indip ematao aaem% wmeagted bhssnnbic aEidnndmao sis
2(0- 400 rfEstnowes 52 Fﬁgghw ficn. Bthermots wh een was ?Prmq#eumt pro :::
rm | nor gj e the 4“&"1 iéicg%“ a?‘ i?;'ﬁ%%’,?
0

otk f
efuted fi rsiwﬁ Ll emsda.ta%c& mddvmn 3s?s_

Then, ascorm&e-tra:hbsphahta ate, detected by uv absor bence at 258 nm Wwas-:
el ut ed Wi?h 0.5 M anmoni um bi car bonate After conbining. f.ract.i.ons,. the

sol utions - vere eva ogat ed to dry T% Yvals ce. an |

h Gt L scorblc
ure 7o g BPERE q'm *f:: Bl L Erely é?é"g’mieé”"" AR
wat er, passssdorbhte GHT UvANAYHisBAGNeY 68% (2 il&oﬁp’hbiyﬁﬂorem G&n&éﬁ&hﬁbnloﬂ.-isbﬁbate was
sodi um f @p-nkeptiptd! Mabutctbé mmr edtﬁ\talsetatof einagtaphaspbate | t/vas aﬁmge&!rfrm tp B.abes vield| of @-

Specira, gap " de'f%?%%ﬁ” %?%irn?qr& f?l % al | -'ﬁ,&l’ gtempeLatureJ above
spectra, -ang, d%l H’E:i i, 2 g
211 phosphiiers :6?@5 s it %%eip combthdd 255 unvdated S ok 75% 2.

17]22; arsd h:bhdsihﬁéestﬁoun ' C, 13 19; H,
1.83; P, 16. 7 3t -hag plso éen dopfi enhd tl&t)behavnor of the 2-monophosphate ester of L-ascorbate, ASMP, towards

Exanple Il scgr 2YEe phgsp andhe beb ({5' ,:5?(:?
B R L R R T

5, 6- O i Sapr RRAtlohsATRbIE 1)24R a;eorsats 1 wm ¢oipa featne oﬁbfﬂ%
1096 unr eact ebatedsy®SMPi c aci d, and uv absorption at 258 nm i ndi cat ed 86%

2-ri phosphoryl ation. To renove the isopropylidene. bl ocki ng group, t he

di lfuted reaction mxture (150 M) was treated with a 65, strongly acidic
cati on- exghange resin [ hydrogen, forn] to pH 3.0. The resijn was renoved
qh*@kly by. 6. EP 0 229 154 B1 filtration, and the progress of .the renoval
of {t he 5, 6-. acetal .was noni-tored. usi-ng .t hin-1ayer chronatography When the
acdtal hydrol ysis was. conplete, the.m xture was adjusted to pH 8.0 - using. .
sodi um or, potassi um hydroxi-de. Isolation of the reaction product.s was
corpleteg as-described in Exanpl'e 5 Exanple LIl The tri-phosphoryl-ation
regcti on was conduct ed as ‘descri-bed in Exanple |; -except-that D-isoascorbic
acijd was -used in place of -L-ascorbic.acid. The conversion of. D-i-soascorbic
aciid to its 2-triphosphate ester. was in about 90%)y|eld and -isolati-on:of
the prod&ﬁt was performed as-described in Exanple |,-10-Exanple-1V In this
experiment; the pH of the-triphosphoryl ati-on reaction described in- Exanple
| was varied. Wen L-ascorbic acid (10 g) was stirred with sodium

triimet aphosphate (36.6 g, 2 equivalents), the pH of the reaction mxture
was} aboutf® 3. After 12 hr reaction at [err], rio phosphoerylation occurred as
evijdenced by ' ' R S
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15 iddine titration, uv analysis and thin-layer chromatography. After 10 .
days stirring, uv assay at 258 nm showed 5% 2-tri phosphorylation. Wien the ¥
pH of the reaction mxture was rai sed and naintained at 10 for 8 hr. using E
sodi um or pot assi um hydr.oxi.de, EBd0|239t154aﬁ1 on gave about 65% unreacted ¥ °
L-@scorbic ‘aci d whil'e uv absorption. nmindi cated about 33% :
2-triphosphoryl ation :i:b,@ e (AsMb1dn@ Was nmai nt ai ned at
12.8-13. 1, ioedine. t'”éﬁb&ét@%’:’yl%%’& tumé‘ﬁﬁﬁg‘;‘*’ dagzﬁﬁﬁse acid-and uv. . |
anal ysis .20 .showed- 52 Yfoidr-Fotatqp hasgolbete\Helabsed i) during Enaymalysis;' when. t he .reaction -
was cartied .out at.pH.12.8--.13.1, .the-ratio of uv absorbence at 313 nmto
258 nmwas -0. 12, -whiTh Tndrcated Tor mal iggf, f -a byproduct in the reaction

m xture. -Wien the. pH of the reaction mixtiire was maintained in the nost
preferred pH range-of 10:5- 12 usv\sugpsodl um hydr oxAs¥e, i odi ne t| tratl on
showed 8% unr-eact -ed . Bextigror-bi-e—aet+d—anme—av—amatyst - -
2-triphosphoryl at i:on.Time hEx Bk e \Phaspbataas o s pBlanky | a§'1°5‘ﬂ‘af°§°act| on’ was

conduct ed as ‘i n ' Exanprl gng exXept ‘The ggncentrgtion ofgL-ascorbic acid was
reduced fromi Mto: 0. After "8 hr. reaction time, iodine titration gave
32% unr'@act ed L= ascorbed & wu [ e uv asal ysis Qhowed 6%%

2-tri phosphoryl atl on. \Wen the concentration Qf L:ascprbate was “30- ‘Kept- at

1 M but the nolar equi“9al ent& of - trlaﬁét aphosphat e - 6; changed from 2 to 3,
the yield of 2- tri phogghate £ d. not gogcr edse gabove 98% ‘The tenper ature of
the reaetion in Exarrple ] “was .al so. varied from 20 to 80. At tenperatures
above about [err], ‘thesygiel d 46 2- trlmhosphat@ declin®4 whi.le the ratio of
[err] |ncreased At [err] reactio tenpergture, the reaction mxture
after 8 hr.. contained 28% unrt%cted. Pdrting Material and 75% 2- 35

tri phos:phate ester. -1t glgas algp beenigonfirneqthat bebavior of the -

2- nonophosphat.e ester of L-ascorbate, ASMP, towards the enzyne phosphatase
is different than the 208havi 845 of .t h802-tri phdsphate 88ter, ASTP. ASMP:

rel eases .L- - ascor bi c—acrd—moch taster than ASTP when Treated wWith a .
purified phosphatase. | e | o 266 ivdidréthblesASSTP I S nor e
resistant to-acid-ca E zge%g'%ﬁwéﬁfg o) St l%ﬁ'lilfm Lt-fsaorbatg2-ASMP  (‘see

"bl ank" 40. reactions tmmuoéﬁhhbm1|09mld:fmopMdiet&ebuﬁerHMWamgeased no - -

L- ascor bat e af.ter .20 ahout 499 r°éd’a'E ' %‘”Paéf‘ |ASI\/P 45 50 55

60 65 7,5 - EP 0229154’"3&" E“'g‘jﬂ\%?? e aligaoAiCcor bate

2- Phosphat e (ASVP) - alfilyoms gé)ﬂﬁ,ad $23£1ﬁihlﬂor()db8t'ﬂ%):ldﬂ4%l ng Acid
Phosphat ase f rom Pot’ aﬁdﬂaphhspﬁ&iméub,ahethaahmaﬂub dyAn alighétimEnflzynol ysis. [err]

5 Substrate ASMP -  the-filtrate was titrated i3l [2.6mlichlorq 'i'rqﬁ‘e:;ts apiank
Phospha}oase Bl ank P'“" ﬁﬁﬁhaﬁ'%e“’b‘"% °°"”t5‘° all reagents: exqgpty 0o
0 0.50 0. 010 . 0 - 35.5
0 o

9 b d a model food
The much greater stablllty of ASTP.vs ASMP towards phosphatase also was° observed in
system (Table li). When stirred .with a dilute suspension of wheat flour at 25°C, ASMP was completely )
v 45 hydrolyzed in 1 hr. whereas ASTP reqmred approxlmately 10—20 hr. for 95% hydrolysns . . ,

o
55
s0
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0" 2

2 .9 . 60. 5 0. 020 3.0 4.6 - 77.3
Of- . ''0.44.0 4.6 884 ; 0.8 25

8§0 « . 8.1 100 20.0 14.5 100

of - . 8.530 - . g?e?nzjzgéﬁ%fym s was ‘done at [err] by

S I\l’/l’l ng 200 micronoles of magnesi um L:-mgcpnbat e 2- phosphat e or anmmoni um
L{ascorbate 2- tri phosplﬁaiymnuuvdmusnfL-eécoﬁa@B-PMmbm@tsMPbm‘df er (pH 5.0)
cpnt ai ni ng about 400 ny. of-Asearkates2-Triph @??ﬁg”’g@ e | uni t's of :
phosphat ase (1 unit act N‘ﬁ‘f‘%?br’ﬁ?"g’)‘? 23 breLdusne "zﬁm??'%sbhenyl phosphat e
at pH 4. g and - [err]y. At a given reaction time an aliguot {5 n1) was

removed, nixed-with 5.0 ni‘of 12%tr| chl orsmmmtel C aci d/ 4% rret aphosphori c
aci d, and the mxture f||tle’rcu Arr—at-uot—t5—TH T fre—fitTrate-was.
titrated with 2, 6-di chlorophenol i n@3¥henol to a pi rfﬁs'%nd point. Blank ...
| uti ond’cont ai ned al It e Mz, ©X Prblonsttke  Blank PhosphataS"hOSphat ase. The
ch greater: stability ' - -S0. wWas - '
served i n-a nodel foodozq/stem (Tabl e41.1). Whe@ stirre® with a dilute -
spensi on of wheat flour _at [err],. ASNP. was conpl et er 5 hydrolyzed in 1
. wher &s ASTP requii re&soappr i matel] 40- 20 hgp for ohydrol ysis. 50 55
65 8 EP 0229154 Bl,TABLE |1 Enzygi ¢ Hydrel ysis of35L Ascor bat e _
Phosphat e (ASMP) and L Ascorbate 2-Tr.i phosphate (ASTP)- in the Presence of
eat Flour. .L-Ascorbat eZReI easzd (% Wari ng Enfynol ysﬂ:@s[ err] 5 Substrate_

MP 20 : ASTP 10 " Reactl o Time,” h - Blank

hosphat ase. Bl ank ﬂosphaﬁease 0. ?g -0 ‘? 1 .0

15 L . a0 O. 5046 : {ho © 0 76.2 869 0 ' o
1P291.0. . o_,- . 100 ¢ . '3.52.0 . 2.9 100
0 25 29.6 20 3.0 50 4.658 1Q90 _°— 0 %1 65840
4.6 100 - - - - 86. 9,25 S : 5.0 - . 5.8.
1Q0 B Y o Y A %00 B 5
9%.0 30 - [err] Enzynolysis"and titration of L- ascorbate rel eased were . -

dane as descr i bed i n t-PEnzinebysisane titrdiolf mb L-escprbate yeJeased were dg']'ﬂﬁphat ase was -

B described.in the footnote-to Table {, except the phosphatase was' =~ _
that present in wheat flour. Two grams of wheat ﬂour was used in ' B
~the 100 mi enzymolysls reaction mixture. C

35" L-Ascorbate 2-tr|phosphate is approxlmately tw:ce as diffi cult to : oxldlze -as L-ascorbate 2-.
‘monophosphate. When ASTP and ASMP were treated under identical..conditions {pH 7, 25°C) with
hydrogen peroxide for 8 days, 77% ASTP remained unreacted while 44% ASMP remamed After 14 days
oxidation, 0% ASMP remained compared to 55% ASTP. The parent compound, ‘L-ascorbic acid, was .
destroyed in less than one hour {Table ). Obviously, ASTP will be much more stable in foods and feeds

40 - that contain phosphatase enzyme or oxidants, such as oxygen

50
55 -
60
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that present "in wheat flour. Two grans of wheat flour was used in the 100
m .enzynolysis reaction mxture. 35 "~ - L-Ascorbate 2-triphosphate is '
approeximately twice as difficult_to.oxidjze. L- ascorbate 2-
nmonephosphate. Wien ASTP and AS V\g?"égt"éétéﬁ under identical. conditions
(pM7, [err]) with hydrogen_peroxide f®ABLBIbays, 77% ASTP remained N
unreacted while 44:%'_ASI\/P.___re§i§t'J“$1g{°Eg%ml FQ)RILL- datgnndies i on, 0% ASMP™
renai ned .conpar ed -t,0 55% ASTP. e Hﬁro Pe?gmgdlhdgtﬁfy%mscor bic acid, was
destroyéd in | ess than one.hour (Table TIT1). viously, ASTP will. be nuch
nore stable-.in foaods and . fe :
oxi dants, such as -oxygen.
Stability (% Remaining) of I
React ed?an t h Aqueous Hydr.ogen

s—40—tnat ' sphatase enzyne.or .
é:é 55 60 l¢Apcgbate DgERatRR9 154 Bl TABLE |11,

p?i?gl%[cﬁc"% grlr %;Euﬁggzrrgafzt eDre?i vateinve

Reaction-Tinme ° Parent Conpd2sherr]-seo[err] o989 0.28gd 56.9 - 98.7
98.6 1.0h - =+ -~ Q.. . 97.1. . 98.3 15 .. CRRE . R |
day 0" - - - 93.9 - g 7 3 Qay 9710 . 983 - 77.7 87.6 6
day 15 0 : 64.1 - 4 .3 20,8 day O,..- - --44.1 - 77:0
14 day : 0 e 0 dg@ 55.2 25 [erraf'sRea-c??Jon.--m xt ur e contai ned

- 0.05 mL of 30% aqueous. hydr o§eay per oxbde and 7280 m gzrenol es -of -L- ascorbat e
or its 2-phosphorylated deri \é'ti veé in 100 m of 0.05 TRI'S buffer (pH 7.0).
At a giaen reaction 30 tine, %ﬁ"‘ aliqudt (1 m®1of a%%action mxture =~
contai ning' the 2-phosphoryl agagy estergwas dilytjed 10 fold with TRI'S buffer
at pH 7, and the uv absorbence of the m xture read af 258 nm To follow

I ({?/s of L-ascorbic acid, an'Mdmquot (@ nl) ofothe 3reaction nixture was
dituteds Ww'th 2% metaphoSphoric actd, amd—the—tv—abser bence read at :

..' Reaction mixture contained 0.06 mL: of 30%
.. aqueous hydrogen peroxide and 200 micromoles of
_Lfg_scqrbate'Ot its 2-phosphorylated derivative in 100
.‘ml of 0.05 TRIS buffer (pH 7.0). At a given reaction
- time, an aliquot (1 mi) of a reaction mixture
++ containing the 2-phosphorylated ester was diluted
- 10 fold with TRIS buffer at pH 7, and the uv
absorbence of the. mixture read at 258 nm. To follow
s o o loss of L-ascpr_bic_ acid, an aliquot (1. ml) of the -
o Lo _ reaction mixture. was diluted . with- - 2%
.metaphosphoric acid, and the uv absorbence read at |
245 nm. ' ' -
*ASMP = L-Ascorbate 2-phosphate; ASTP = L-
* ascorbate 2-triphosphate. o .

30

40. o
- Engl_isﬁ éhéft,-._hair guinea pigs were housef:lxiar:gz:;ix:ally in -a cQée’ an& fed Purina guineaI pi- rafid‘n '
:::::agl sa one_;yegk acclimatisation period. .The. young pigs (190-—250 g) were divided into four grou%s of10.
- Biochemieaf '.Cl he group was fet_i a diet devoid _of vitamin C (Reid-Briggs guinea pig diet, U.S.
L e ca s_,d _ _eveland, Ohlo); tf}g second group received the same diet but supplemented with 5.0 mg of
N ascort U:;: 28?. ger kg of b(_:dy welght per day; the tt_rird group received 15.4 mg of purified tetrasodium L-
bty -triphosphate dihydrate (L-ascqrbate 2-tri-PO, purified) per kg of body weight per day; and the
ouct. group :rece[v_ed_- 1.5_-.4 mg of_ tetra-sodium L-ascorbate 2-triphosphate dibhydrate (L-ascorbate 2-tri-PO,,
o ::: lonl:'mxtu_;e),.ln admixture with the ,b_y_-prgdycts of the reaction mixture as set forth in Example |, except
i 4sma | :mount of unreacted L-ascorbn_c acid in the reaction mixture was destroyed by Q,-oxidation (the -
Th.' mg of tetr_a_sodmm_l_.:ascqrbate 2-triphosphate dihydrate is equivalent to 5.0 mg of L-ascorbic acid). _ -
e vut_amlq (T‘__was‘a'dmllmstered orally with a calibrated syringe. from solutions kept at 5°C, except the L- '
ascorbic acid solution was prepared fresh daily. The weights of the animals were recorded daily, and the
arithmetic means of each group were calculated and compared in the Figure. R
55 This test was desa_gped to confirm the vitamin C activity of L-ascorbate-2-triphosphate in guinea pigs
fod The vnta!nm C a‘ctlwt.y of ASTP is evident from curves seen in Fig. 1. A-Ascorbate 2-triphosphate wa.e;'
o to the am_m_a,ls either in pure form (curve labeled L-ascorbate 2-tri-PO,, purified) or in admixture with all
e products of the trnphc_:sphorylation reaction mixture (curve labeled L-ascorbate 2-tri-PQ,, reaction
muxfur_e). The groups of animals given either form of ASTP grew at a rate equal to that of the -gro'up fed an
60 egu:vglent amount of L-ascorbic_ acid. However, the group of animals given no supplemental source of
."I,'::na“r:: rﬁ ;1'):_: gjefg;:nads gart:v: poorl\;' b_etginping on approximately the 14th day of the feeding experiment. .
urce of vitamin in vi ' ut the experi '
displayed no clinical signs of vitamin C deﬁcienc‘;'v.ere " wgorogs _h.ealth t._t._lrol'ug.hout_ the e?(perlment ond
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E45 nm [err] = L-Ascorbate 2-phosphate; ASTP = L- ascorbate

D-tri phosphate. 40 .Exanple VI English short-hair guinea pigs were housed
"ndi vi dual | y in a cage and fed Purina UI nea_pig ration during a one-week
hecl i mati sation period. The youn§Pp ﬁo g) were divided into four
yroups of. 10 ani mal s each. One gr oup m;,gd"a di et devoid of vitamn C
Rei d- Br i ggsTi#ig-pofhd¥pBorpiatiin,of bicSrbichbid Riad cdnaniieinds Sesclibeniebanmle 1QAxtep) 1.0 Mie
second gr @ rbnmell(m@d cbdmcnmm vais eactid withe2. W) bedipmmbexametaphiossha® GHWC and PH

| - ascor b| ar 93 riggh Qﬁedd- orhatp-liodinp fitsatiop "«? é' .
1574 g Sof %?ﬁ TR e e o
(L- ascor bat wr raw o) &aﬂe ﬂe&.okg\.ﬁ VioNEusiHiy a fbleImy; coated with
fourth gr @elmldse.cmevadotihﬁg theNfgadtibn intiktue- &0 wmdmammphbeﬁlm, thetah

rq:hmmws
di hydr at e d dmees-ngwmm;a %Mv viE0f aten eﬁhamlw% jHigay

by - pr Odm:la Iutnon ?J‘lﬁ nd rg:éigct cﬁxuggé:ﬁ l}:%m % rfts %glﬁag& int

[ he snma Fa b rp.g -nl.d?.o &i-,'aRd @ th&iasﬁﬁaifet détefs YOG

destroyeda t{aﬁﬁr e Kighied! a&dsﬂﬂ: gavé Girit pBRepateN L- ascor bat e
P-tri phosphate di hydrate is eqw vaI ent to 5.0 ng of L-ascorbic acid). The
Vit am n’Cemids adni ni stered orally with a calibrated syringe from solutions
kept at [err], except the L- ascorbic acjd 53 H’ on_was prepared fresh
Hai | y. The vieAggeroste-paiypaosphate sgrapaipds:having e Jellewing PPy 't he arit hnetic
heans of each group were cal cul ated and conpared in the Figure. 55 Thi s
t est wago designed to confg ;.ihe vitamn C activity of L-ascorbate
2-triphosphate in guinea pi‘gs.” The vitanin C activity of ASTP is evident
from curves seen in Fi gX—¢=YA- Ascorbate 2-tri phosphate was fed to the
nimals either in pure folm (gurve | abel ed L-ascorbate 2-tri-[err],
EUI’I fiedg or in adm xturepe f the tri phosphoryl ation
reaction m xture (curve |; -agxorhate. 20tri [err‘i reaction mxture).
The groups of aninals gi v/ eithgr flbrmof AS|J[P rewel rate equal to
‘hat of the group fed an BB-Aqui Oash '%l‘tﬁ acid. However,
he- growp of animals gi ven no suppl e[mant al soérg of \dtaam n C |lost wei ght
t
rce of

nd grew poorly begi nning on approxi ly the h day df t he feeding
xperinment. The animals fed ASTP as a s tamn C were in vigorous
eal th throughout t-he experinment and displayed no clinical signs of vitamn

def i cbeneherei®X add)Y are différddt shidAidréspBdtivily ek feonvi—H ahtl e-OH, p cAngesfoap htordydret Aon
f ascor bife aﬁﬁdam%ﬁmeutwn&e@dwmw and S&famnecqt-on%xcept 1.0 M L-
scor bl ¢ aCI tdpwa p MHEte s of:

n

exanet apf}gﬁﬂh@ﬁ" 1'35, Eﬁjﬁ%’ a4 8&4:%% ﬁ%ﬁ’o?%%f ﬁﬂ@érb@agd Bia deFicaié hewdo, (2)
peri od, 46 295ocilibiesak bbiet ras;maﬁ aicf;taﬁw i, Bisd (B) sufficient@age to/give the unixtumrachHAD 3t 1@ast 5
phosp hor y| aboinch a dwllowh'wl mix)ure Hiveest tofbrousscdrdate holyihosphate; andnguring sajd mastmne

is unaccoun?'E'a'"f'ISr‘h" P ’6'3’3? vel ot on of the, tar't( ng
Ikali dtema
~materi al g'-éhl % f ggi%gc% m‘:s Te. ablé blokking gro:;
. cRy omat gg r,ﬁ ereactlon mxture was ne u5|ngaerX|bIef|Im
coated wth (serrheu hﬁﬂﬁd ohfdisih & peittresteant (1¢ beiag Geleaed fromithe ¢oupsterdpisomers of the
chr omat ogrceepipound ¢fithg fotrimda chr omat ogr am was devel oped "usi ng
30:35:15:20:0.4:5 (v/v/v/iviw -of water, ethanol, isobutanol, isopropanol,
concentrated 10 amoni um hydr oxi de anff trichl oroagetic acid. Upon sprayi ng
the dried chromatogramwith an et hano|e=$oPdti onjof ferric chloride (1%,
the reaction m xture gave six pink-co Oée onpongnts. The nost intense
spots appeared to have nobility equal se of {the 2-nono, 2-di-, and
2-triphosphate esters of L- ascorbate} The_lv gher phosphat e esters of
L- ascor Bat e gave faint pink spots. 15 d'af s d_o Adcor bat e 2-pol yphosphat e
conmpounds having the follow ng fornul : ;,O\c\ [err]
' z

3
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30 35 wherein X and Y are di fferent and are respectively taken from -H

-OH, g ranges from1 to 4, and [err], [err]- and

pectlvel y taken from hydrogen and saIt f.0 % g cat || I]"I "I““HHH”HII‘G
-phosphate. 3. A nethod of s "nr!j or bat e *2- pol yphbspghat'e

unds whi ch conprises the steps of E,Jag @il d reaction m xture
rising resprelpolyphdiptvalidtibh Gasekbic 4ok v)asa&m&&uadaenshdm Bamgen, Ie)(&bIMDM L-

t hpr eof (2)asc¢fbuaclsOhmabbmcmﬂomampm&spmwsod!mamwme smmeeﬂ!?—&w&
suf fi ci ent B f\?éht rﬂectwmew(,ﬂ%@ 36 d Logscart 'u‘l"° h""“é gt rd‘;&vgﬁg
the mxturef Jif"i’?é Jﬁm"ﬁ"" ‘%ﬁ%“ &&‘ﬁ‘&ﬁ% E‘&%an‘éaﬁ."’ %i““"e h

Y (11d) '8P the Fedlet’

reacti on, g* dnCGiixtiteWad dBndisind d faxmle fikn caated wast
9. 4. The rmélhmde fteClspbtﬁﬁg e F&uctibnl MBAkKE0N tiel ¢hrdnedtsygaphie! firat thel chrooatageoo Mes C
acid, the aldkwlqpe@mha@ﬁ.&ﬁﬂ?&am(mwm of watsfr, ethanoly isphutagel; igoprepagol. concentrated

R e e

the four St@&%ﬂiafeo‘m%rh'fzghg ﬁ@aaeun as rbathea dintipink spdts _
[efr] 60 65 -~ EP 0O 229 154 Bl Example VIl The 2-pol yphosphoryl ation of

asforbi ¢ acggmsas conduct ed as described in Exanple |, except 1.0 ML-
asgorbic acid (initial concentration) was reacted vmth ? 0 M sodi um

hekanet aphos pHafesobete 2o]yahgsphatargmppyng hayingsherfolloxingfprmulad 1y e5ct i on
pefiod, 42% unreacted L-ascorbate (iodine titration) was found and 49% 2- 5
p _sphorybcatlon (uv anal ysigy oqThus, about 10% of the starting L-ascorbate
i s unaccount ed f or,, "‘whi ch’ idi cates sonme destruction of the starting

- material at the hi gh pH am-eb-t\errperature of ‘the reaction. Thin-|ayer

C mat ogr aphy (tic) of the rea&tlon m xture was done using a flexible film
cohted wi kh cel | ul ose. Af tel ng. the~reacti - m xture .on the

chtomat ographic film the ¢ ragn wgs devel oged ufd ng
30335:15:20:0.4:5 (v/Vv/vIvIN/W) |sod t anol , isopropanol,
copcent r at ed 10 anmoni um hyd~axi deoane—+ P it BQs Upon sprayi ng
t h¢ ‘driedzghr.omat ogram wi th an et hanolllc ol ut ||on of fetnic chloride (1%,
reaction mxture gave_ six pink- coPote nts. Thé nost intense
spqts appeared to.have ‘mobility. equal to -flhe 2-nono, 2-di-, and
2-tiri phosphat e-esters of L-. ascorbat.e. The .hi gher phosphate esters of

Scor bab# vavdin X @hd¥: arb UiMsreMtARd Sre rebPectivelyi tillen from ASTant ba0H q Panped fiopriTom Bt A,

conpounds haas AgAL érel A; @atel respectigely akenLfram hydfbgen and salt-formmg cations [err] 25
35 vvherel n X agc}%ﬁ;&?‘ei’fﬁs&ﬁw*@m and are res ect i ve com nsestFe and .

rang T f tHéredf, (2)
Sen's: o TR T o S ﬁégaet&amampm _
3. ‘A net hod #butdy Bid@ mgm n’iﬁtﬂﬁl’tbﬂ!‘a& tt2foﬂﬂ hgcphesphawmosmomdd@rm smdhreactlon
conpri ses theatstbepstfwfpl-l df therreastio M@Mpmelrﬁﬁtlmsf conprLs &
quant | es o Ny b o SRR e

't of ﬂiﬂg ‘?(?s‘ﬁ’ Gl 39 %F 31 §eordls 549 ase 0 gy
®he

ure a p mBMed ofleRiM 4gsa|(ﬁFU§ctﬂ'|t|(ﬂVBeﬂﬂ Jeh&etm‘r&r'huhe fduo stemaizbmére of ahem
ascorbat e 2- qmipyqn’fmpmt‘bmulaand ‘during said reaction, maintaining the pH of
thej reaction mxture at a level of at |east 9. 4. The met hod of Claim 3,

sai d reactﬂant (1) ‘bei ng. sel ect ed from ascorbic aciq, the alkali and
tertlary T S Hy—G—0H
\
L 55 o o A H—E IC=0 .
: . z-—o" C\OH
: : L n
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am né salts,.of ascorbic acid, and derivatives of orbic acid having a -
[err] base-stable bl ocking group 45 thereon. 5. Themmm'" ummr sai d
reactant (1) being selected fror’rH,he f our stereoiso c und of
the.fornula 50 EP 0229154 B1 . [err] 60 65 * EP 0
229154 Bl wheté BisSelbciedIRhaytiRger he BikdhmbtAI M alkdiiie edith kidtals sHE ind kettian 4Miines, n is -
al kal i ne ethe vélenceofd, sndnahdivhare tiferbitand/takanifoMs--H &hdi—SOH, B dompeuhae ofthe férmutnd Q |
and Mare different and taken from-H and -OH and conpounds of the .fornula
5 [err] 410 15 wherein [err] is se[ected from:ydrogen, the alkali netals,

al kaline earth nmetals and the terfigjc-amppes,|[err] is 20 the valence of
[err] and Y represents cycloal kyl g ha ing'?\,o’m.S_;to 7 carbon atons or a
group of the fornula [err] 25 whe e[‘_{)_ rr] _yepresents hydrogen, phenyl,
furfural, or al kyl groups of from. —c. car bonjatons, and R2 30 represents
hydrogen or al kyl groupsof from{l to|4 carbon|atons. 6. The nethod of -
Clains 3 to 5, said reactant (2) peHr§ S ectefl'from sodi um and potassi um
tri met aphosphate. 7. The method of C @’T:Dtoﬁ, sai d pH bei ng nai nt ai ned
at a level of from9.to 13: 8._Th thod\ of Qaim?7, said pH Ievel being
from 10t o 12.5. 35 9. The #®&TIod of R/} m P, said pH level being from
11 to 12. 10. The nethod of d ai 3to 9, saijrh_reaction bei ng carried out
at a tenperature of from20 to [err]. 11. The~nmethod of Caim 10, said

t enper at umhelsiniZ is splecter fB@n ivdrogen, the alkdiDnetdl) elkatin bl nefalsGna thatertfan} sinidek, n,5ai d
reacti off M8 VA e Gradd Yirepreserse evelgalkviy haying tsern 6t Tfarbion gloms ot 2grgub df therfermuts0

13. The nethod of Caim12, said period being from1l to 12 hours. 14. The
met hod of Clainms.3 to 13, the concentrgﬁi on of said reactant (1) being from
0.%“to 4 nol ar in said reaction mxtugé, with the nolar ratio of said
reactant® (2) to said reactant (1) being from1.5 to 3. 15. The nethod of
Claim 14, the concentration-of said.fir8f reactant being from0.75 to 1.5
nol ar. 16. The method of Clainms 3 to 15, includiing the step of adjusting
the pH of whereR, rereseite ydrogehLipinyfuddralodt ikl Gbupe fof B foEEaRIoR atintsCEndSRY d
reacti ofp fepreseniphysirandn orlslkyi grbups obirdvo d toof catloniatomd5, sai d aci d being an

edi bl e ni ger aftfi daime S cfo. 51 gaid Tepstatel2h bringo gelactedfrom sciiugy aridy potaasiuth

h
acid being a%;h n?gzqul& |m 6 PHi ' e 3 e;feto rom 5 B 13; 19. The
S5 40k A B 6 0,

net hod of Cl &irRémekhéddof iaim 17/ ¥aid 2.8, I'ng ascorbate -
2- pol yp#wos pHhaiiee metbed ofLiaim BcsaidipHsvelBeihg oM. 112012,  20. The nethod of Caim
19, said.r ecﬁv ethod of (é'e' it 9. 58/d reaction beipg capiedputat ip tagnpetatire ot 2010 80°Rt Ur €
t hrough an ighy @'@5#&;@:@@’1‘“ ‘ahiperpture beig fre -i%&\”&ﬁ %) ascor bg} e
2-pol yphogahat e. 21 The method” 51¢ EIAPhEeng aigves o progee fngf RefiodifErrep 4 to 2
treati ng said. Heowmtipatot CRinpTY, yerhwapdoding fr Ntoaindurt.0 form preferential ly
L- ascor bat e ¥-Themethad affliaimes3 to 33 tHG@orEBntration of said reactant (1) being from 0.5 to 4 molar in said

reaction mixture, with the molar ratio of said reactant (2) to said reactant (1) being from 1.5 to 3.

15. The method of Claim 14, the concentration of said first reactant being from 0.75 to 1.5 molar.

'1_6. The method of Claims 3 to 15, including the step of adjusting the pH of said reaction mixture by
45 addition of acid thereto after said reaction is completed. o ’
17. The method of Claim 16, said acid being an edible mineral or organic acid. :
18. The method of Claims 16 or 17, said acid being added to lower the pH of the reaction mixture to 7.
. 19. _The method of Claims 3 to 18, including the step of recovering ascorbate 2-polyphosphate from
said reaction mixture. oo
50 20. The method of Claim 19, said recovery step comprising the steps of passing the reaction mixture
through an ion-exchange column, and recovering. a salt of ascorbate 2-polyphosphate.
] 21. The method of Claims 3 to 20, including the step of treating said ascorbate 2-polyphosphate with
acid to form preferentially L-ascorbate 2-polyphosphate. '
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12 § ° EP. 0 229 154 Bl Patentanspr Cche 1.

SR BN e g

1 A2 | 0-A 0-A4 in der Xund Y verschl eden sind"und Je\/\/el S
aus.- H und - @eteptanspeiighhi t sind, q 1 bis 4 ist und Al, A2, As, 20 A4 und A5
] ewgi | s aus Wasser st g S hhitlded folgeriien Bmmglevm h|t sind. 2.
Ascq@rbat-2-tri i ﬁm%pglg&o\ﬁ] %’g‘lﬁlrngﬁﬁgur Synt hese von
Ascqr bat - 2- pol yphosphat Ver bigpdgrgen, wel ches .die Schritte unfast:
Her 4t el | en®ei ner Reakti onsmi 4c ung, enthaltend entsprechende Mengen von:
(1) jAscor bi nsaure oder ei netrdarivat dersel ben, (2) ein |6sliches Sal z der

a{phosphorsaure (3) Wasser unqa(4) ausr ei chend 25 Base, um der M schung
el ne in pH von m ndestens etwa I he Unset zgn der_ M schung zur
Bi | dung voff Ascor bat - 2- pol yp ungl Bgi behaPtung deg pH Wertes der
Realt i onsni schung auf ei nem M yeau Won J{ri ndest en wahr cAer Reaktion. -
4. \ferfahren nach Anspruch 3, obaj deowd TeTel} (1) 2aus

ER |der /gs.mor bi nsaure und

Ascdr bi nsaure, den Alkali- und tertiareh A
Derijvaten d&r Ascorbinsiure nit einer HFsnpest andi en 30 Séhutz-G uppe an
G gusgew hit ist. 5. Verfahren nach Anspru 4, bet%dem das
Realdti onsmttel (1) aus den vier Sterioisoneren der Verbi ndunq e4m éﬂ Au, As
Fornel 35 in der X und Y verschieden sind und jeweils aus —H und —Oﬁgusgeﬂqgﬂ[ | (jSt ung, - Nar Nar
j %1  26-@,und Aaews wwm%r;mﬁvnd safzbilgiapden KatipoeR Guedewat 5P, den
l i metall en, o &Iw@r,ﬂmgémwMemmmmfaﬂt
ist,} ndie Wy ;3;% .Lﬁh A&%ﬁ‘ﬁp&iﬁm {Hegtﬂﬁﬁﬂm Mehaen vond (HuAscorbingiie :d"‘;
- OrFfausgewi hi teirs nvatwsab g mﬂsaiedef Mstapbdspispsagss. (3) Wasser und (4 alerctinl
| HIC O H CGs%HEabe, um der Mischung einen pH von mindestens etwa 9 zu verleihen, Umsetzen de, {r‘ﬂr@ n o van
.1 C ni 65 M@n Ascorbat-2-polyphosphat, u .mee_haﬂryfﬁﬁﬂ' aftfff' Ffealﬁf'f sﬂscll 3 1| |
von ;n |c::afsat:;s:‘9“\;vf: r:s:p‘:z::h eaakt:::ndem das Reaktionsmittel (1) aus Ascorbinséure, den Alkali- und

tertidgren Aminsalzen der Ascorbinséure und Derivaten der Ascorbmsaure mit einer basenbesténdigen
" 30 Schutz-Gruppe an Cg ausgewahlt ist.
' .5. Verfahren nach Anspruch 4, bei- dem d

Verbindung gemaB der Formel .

as Reaktlonsmlttel (1) aus -den vier Stenonsomeren der

Q—(IJ—M
H=C~ -\
40 . ) é ) ,C=0
oS
Z———O/ c\OH
. L n
Nt 45

imetallen, den Erdalkalimetallen und den tertidren

ausgewihit ist, in der Z aus Wasserstoff, den Alkalund A, o rorsehieden und aus e und —OH

. Aminen ausgewdhit ist, n die Wertigkeit von Z ist,
ausgewihit sind, sowie Verbindungen der Formel

— | T
H2—G——O\Y .

: : H—C——O/
H—c’o\

s .
/c ‘°
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EP 0329154 BI . in der Zt aus Wasserstoff, den AI kaI|
Erdal kal i metal I'en und den tertiaren Anminen ausgew h:ﬂlm j’ﬂ !’ ﬂﬂ ll
Vertigkeit von Zt !st ‘und Y QICI yle mit 5 bis 7 odor

sine G uppe der Fornel R gézél%ﬁ 4 Bh der R1 V\asserstoff Phenyl -
Furfur al - inderz, Mdwhdas staﬁe;@ m“nL e EBaSHIL R LG i BB
~und R2 V\&smdtmddkemmrlz,i&hh;dlvgn;uﬁmbrmsa'bué kfhﬁan téﬂ%& ar@ ﬁ:& P%gﬁ FEI!?‘N%{I

bezei chnet. 6. Verfahren nach den AnsprQchen 3 bIS 5, bei dem as
Reaktionsmittel (2) unter Natrium und.Kdliuntrinmetaphosphat ausgewi hit

ist. 7. ¥erfahren nach den. Anspri cheri @ bi's ‘6,- bei dem der pH Wert auf

ei nem Niveau von 9. his 13 gehalten wird\ 15 8. Verfahren nach Anspruch
7, bei demder pH-Wert 10 bis 12,5 betraft. 9. Verfahren nach Anspruch 8,
bei der detiezditindiéintded ik, WassersRiHoRAJE V) A;.}[ M hen 3
bi's 9, Ueibeekicmeli endmyabasseestofuer ﬂkyﬁgﬁ::fréﬁ%ggl%ﬁﬁﬁ .&%ﬂéﬂiﬁsg i
dur chgef 0 svxh’?'@hfell Tach\genf Aniaprachem 30tis Birtep dent kasl BeaktidsmictelMR)Ckinter NEAUAT- At I

30 bis 50 g}; rg:?q:‘:“"s 92”5§g hren nach den Ansprflchen 3 bis 11, bei
dem man dignsRAlkkHon: Lo gﬁq'ﬁﬁd’ef‘oq“f BtH¥fegt; auk.pingmy Bjveaur on 9 bis 13

on.

Ver f ahr en na&rveﬁal&a{mﬁmas’g,mchwbed&m gy,gHmptf-,ag{sqggg&Hg 1 bis 12 Stunden

betragt. 14. S\krfﬁhmrmh Aesphuchl 8,rbei dut Pérpeiivedit 13 dem di e

Konzent ratj o "F?é Rehi dgmAmnsprdcksin 3@IEP hiejderredie Feaktioh beiammmmhemgrﬁnﬁo his 80°d

nmol ar i st un nf\‘g rtuﬁ;,,%ﬁﬁ it | onsm eI s zu dem 25

?:%kfj: Cemlidvmemem Lz \ul:eatlmnn des ersten Re t| onsm tte s '324% r']'d%"ll'a"gbel

betrigt. 16. 13</¥F'fﬂ!!rme‘ncmbrucfen. Wi dgm. die Nenfah&-.nhiaeer]fb;s 'da;iund&rbe‘iis&}r itt

el‘ﬁschl i el%tea 'sc ﬁpwc'ﬂend!éa-s Rehekd dels Reaktiomsnyjttel ¢1) incler

Slure epngg 15"@31,, ﬂ@'@li"‘é ”R@a‘???u'ﬂ?i"%’!f{j%cqﬁf gitignsmigels {2) zu demy 7
pru

Ver f ahren nat!hv 6 darfl g s(;éjfs'
or gani schandiashetfighur e i st. 18. Verfahrgﬁgﬁégﬁtﬁaﬂ%g%reﬁgtﬁq{fg%@rﬁ&i

die Siure &éa n\maeftjdenmmqne B1big¢35,t dasl den FRbeik bingrhitedi, deiismoden ph-Wiet er zu
senken. 51 ”&%‘} gw"sEm gechem dl Seeition Sprlogsen e,

ei nschl i eBt, 1g,—1u§..f %‘E%T dﬂgb?% uBsiureist. -

zur uckzug@mhﬁmmnscﬁﬁng aufzu'z?(gu sér‘ﬂ&;?a ren nach Anspr z WE9§ B de" Rt Wert der

Ruckgewimn u n ¥Q!'hh!°t| nactiiden Susprichenes tisTisadas derbSshrisl einseAlied, &;.ﬁaa#damwamaﬁhw ng
durch ejn ‘f° Qfﬁa{z AEq nerrt’\?# wird, und ein Sal z vo&g%orbrg} 2-
pol YDhOSphénIkuB b? "t‘ﬁg % egeriffi
20, das deayﬁeﬁsﬁat fickgewsrin F.Hvﬁ&?neh T b%;?ﬁ‘ P"y 2 ¥R AsEIPE2zy
behandel n, _&h Vevlatre Bamdeﬂ‘\dsprﬁ&ﬁﬂs baarzo dasfyh s@hes.aéaaﬁesz uasmsbdimz-péﬁphosphat
Revendi gaﬂ"cﬁ?ﬁ'ef" bwnﬂﬁysem @Bvqsyﬁ'p@e brAsrorbetad-molvpheephat phibigipiat e r 6pondant a | a
formul.e”s gidghildtionst 2 C OHGOHOS50 0 | ~~~~~~~~~~ -~
OA 0-A - -Alqg dans laquelle X et Y sont diff6rents et
sont respect1. Campdits GéWpesdstorfdd Fholyphosphats Fdponddntd I RFmYi@bfiiihede 1 a 60 4, et
Al, A2,4A3, A4 et As son& og_?pectlverrent ch0|5|s parm un hydrogene et Ies
cati ons formant . un sel. "b . o

X-C—Y

50

o)
o

- 0—— P-O—Ag
55 1

O A"4 o

— . .
dans laquelie X et Y sont différents et sont respectivement choisis parmi —H et —OH, g a une valeurde 1 2
60 4, et Ay, Ay, Ag, A, 6t Ag sont respectivement choisis parmi un hydrogéne et les cations formant un sel.
2. Ascorbate 2-triphosphate.
3. Procédé pour synthétiser les composés de type ascorbate 2-polyphosphate, qui comprend les étapes
consistant a: -
former un mélange réactionnel comprenant des quantités respectives de: (1) I'acide ascorbique ou un
65 dérivé de celui-ci, (2} un sel soluble d’acide métaphosphorique, (3) de I'eau et (4) une base suffisante pour
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icorbate 2-triphosphate. 3. Proced6 pour synt h6t|s
typ ascorbate 2- pol yphosphat e, - qui, conprend | es et ape !l m]mﬂﬁm
for -un n6l ange r6actionnel conp geagntites pec Ivies sdex (1)
" aj |de ascor bi que ou un 65 d6ri VeE&g%%%??,g Hai( 2) un sel soluble d acide

nBtigphos phordoaféer ag tak un' pelatueiioirshviton ©; @dsserdelmblasgvéagir pourrforingr I'ascdrpate)2-
2 2 fg4 Bl polyphosphate, et pendant Iaq,ute réactinn n]_aunemr le pHglu méiangg,ﬁp@peqel %lﬁperyglplgﬁg@ meips -

au i se?d ev n%%cstlsoer'\lr ns cOniposk. féa %Mt {)Q "Wisi parmi racid
scor bat g a%mrssa'?arég iR ot Gamiib %EE ip Mgl %@@5 .a‘éi’ ScoRuaU
nﬁl ange r 6acdyamtiungoug euaaoaaabauc,sehbammumes Qasedt. Pr ocede sel on
ndi cat i on, SJFrocddémelon tayenshditation 4, darsirgosl tedit mg:owéawissa(mwQ;B@O@MT'GFGSpwm
gm de 5 aBUtR-ispmtres dy compesdide frmulgl ins et d' amines tertiaires de |' acide
asdor bi qug,et |es dérivés -d' acide cor b| que ayant un groupo de bl ocage en
C6 st abl e vis-a=vis des bases. 5. rgi Lslrpel onf | a revendi cation -4, dans
| equel ledit conpos6 r6agi ssant--(1) t] choi'si 'parm’ | es quatre
st §r 60-i soneres du conpose de formuf eQ_J@.M—IZ__C- QC—M 15 | cOo,C - .
. (0] : . D L ... n - dans Iaquelle
Z dst choi'8i parmi. I' hydrogene, 1es -mﬁl@mQ\al calins, |es nbtaux
al dalino-terroux et |es amnes tertjair} s,?noes. | a val ence de Z, oet Q et

M dont differents et choisis parni H;e , el |les conposes de fornule 25
L; { .H2-C10 0 30 - .Z OH _ 1HGC-0I C=0
35 20 - ' A 449 dans |aquelle Z1 est

chqi si parm hydro bne

e cal | 85 1o &h&ﬂe}mehg;mueg
et "l os ami ﬂe‘éa"fEF "%1 sé%hm par b' &a au "s"es é? X aleol C4i\ea coiRsosés de
cygkoal kyl es;eﬁ.'ﬁ"es "?:s‘ de? ¢ eea'gar b%%ééo%&u%bg?oupe de for nul e ggﬁoRt 50
"R2 |dans |-&guel | e ‘RI repr6sente un hydrogbne un_phenyl e, un furfural ou des
grdupes al kyles de 1 a 4. atomes de [car bone,” et % represente un hydrogene

_ nmeg-ge—em bone. 6. Procede selon les
revendi cations 3 & 5, dans:|l-egquel - l{edit Jconpose | 6agi ssant (2) est choi si
parim | es 385 trinet ap-hosphat"e-s -de sodjuim et.Mde pbtassium 7. Procede .sol on
| es revendi cations 3 A 6, .dans | equel dit” pH ept maintenu 3 une val eur de
9 3 13. 8. Procel dei sel on:l'a- r evendi cayl Q-P 7 ~dpns lequel ledit pH est de
10.1/A312,5. 9. Proc6d6 selon la-rev nd dans | equel ledit pH est de
11 /A 12. 9. Procede selon les revend| Q. s 3 B 9, dans |equel ladite
rea1ct|on est effect uée a une ten?er t o

i
Jm
40

i - t les amines
“dans laguelle Z, est choisi parmi I hydrogéne, les métaux alcalins, les métaux alcalino terreux e
. tertiaires, n, es1t la valence de Z,, et Y représente des cycloalkyles ayant 5 3 7 atomes de carbone ou un
groupe de formule
45

ou |des groupes atkyles de*l-a 4.at

‘50 _ . R;

dans laquelie R, représente un hydrogéne. un phényle, un furfural ou des groupes alkyles de 1 a 4 atomes
de carbone, et R, représente un hydrogéne ou des groupes alkyles de 1 & 4 atomes de carbone.
6. Procédé selon les revendications 3 & 5, dans iequel ledit composé réaglssant {2) est choisi parmi les
55 trimétaphosphates de sodium et de-potassium.
7. Procédé selon les revendications 3 6, dans lequel ledit pH est maintenu & une valeur de 9 3 13.
8. Procédé selon la revendication 7, dans lequel ledit pH est de 10 & 12,5.
8. Procédé selon la revendication 8, dans lequel ledit pH est de 11 a 12.
10. Procédé selon les revendications 3 2 9, dans lequel ladite réaction est effectuée a.une température
6o de 20 a 80°C. .
11. Procédé selon la revendication 10, dans lequel ladite température est de 30 é 50°C.
12. Procédé selon les revendications 3a 11, dans quuel on Ialsse ladite réaction se poursuivre pendant
une période de 1 3 24 heures.
13. Procédé selon la revendication 12, dans lequel ladlte période est de1a12 heures.
T 65 14. Procédé selon les revendications 3 4 13, dans lequel la concentration dudit composé réagissant {1)
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60 .dé 20 3 80C. 11. Procede solon |la revend| catl on 10, dans Ie uel ladite § .
terfperature est de 30'A 50C. 12..Procede sel on Ies mum u "ﬂm A 11, | {
danssl equel on laisse ladite r6act|on se poursuivr ode de

1 a_ 24 heures. 13. Procede sel oEPI emwsdi Bation 12, dans |equdl Tadite

pervode e Procede solon | es revendi cations 3
A 13, dangf'd?.g%itﬁfs%ﬁ’q%ﬁ‘g“g '“éa'é""e rhecyonel e SHAB TR et cvhees eagesam 2 aud |

~~~~~~~~~ ~15-Procédé-seionta-révehdidation 14] dahd leuel ibkireehtiatibn dudlt rehnier KR 1
eat de 0, 5“%32:7%I‘§m0blrelans | edit nsbl anlée reagttlaolnnneul tHrlee egaﬁo%rgete'%;rf'g%ﬁe

dudit co E “0 2‘3&'&1‘%2 & t geras %ﬁeme;g tassa'musteme)m dt i dudiemdiarigea 3.
15. Proc6 ﬁe ¥a) g gfrfé entration dudlt
preni er Ccooustise. rGaS?lér‘saant est eﬂ; %3@ "% iomt S rften ag € °'ga""l"€ ouppigala 6
selon les r é@é’m@hém;aloolas reSerglicitions TBVUT, QM8 1équbl l&ﬁt@&&éﬁtﬂdmmfssedﬂ pR Ay

dudit Al 94 rﬁ\n"el ar addition A celui-ci d un acide apres.
achevenenp,, 04;% ?&Tfm %ﬁés 3Pr1§-c‘l96\§'°§ﬁlt(bﬁaneaderfé%¢fdi'@adel losponbete Hans |
| equel | edi t2 onest i bl

Procede sedssnge |de$nélaﬁyel‘id¢ti66ﬁel Dﬂ&e%uﬁ qgl%? a%'ét%e'?f?e%b C’Ef&d’ ntp anf ?f&

aj oute’i)oﬁl?sca'seﬁigwe'vpﬂoanhplel du 10 nel ange r6act| onnel a 7. . Procede sol on

| ea reven V§ é""w foat 8141 20| campprnantd’ étaeQ:GEpmlatnemruudm ascobarea> bat e
2- pol yphos e ‘,’Aavﬁ&?"? f‘i’ et Priee Prafeeratislisment fedmseqrbatoppolyphespbate sel on -1 a

revendi cation 19, -dans | equel. | adite etape de recuperation conprend |es

et apes2de passage du nel ange r6act|onnel A -travers une col onne echangeuse.
d'ions et de recuperation d un sel .75 d"ascorbate 2-pol yphosphate. 21.
Procede sol on | es revendications 3 a 20, conprenant 1'etape de traitenent
dugi<t ascorbate 2- pol yphosphate avec un aci de pour former
preferemtlellenent | e k-ascorbate.2-pol.yphosphate. 20 25 30 35 40 45 50 55
60 65 16 e C T
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