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c-stem, 2 aid 9 (Pi l-3). 
_ _ 

BecauseoftheneedforamorestabIeformofvitaminC, 
recenthtaahuehasbeeninundataIwithvariuus 
methodsfortheproductioaofsuIfateandphosph&acid 
l?sters.Manyoftheseestershavebeenshowntobe 
bio@&Iyactiveoran&scorb&‘Inmanycases,itis 
diekldttomakestnKtwaIasaiRM&oftheseesterson 
thebasisofspectraIandchemkaIdataaIone.Therepor- 
ted ascorbic acid 3GsuIfate 1, for .exampk. was 
recentIyreassi@icdthe%OlmIfatestruchue2basedon 
an x-ray sin& crysEal anaIysiL2 

Since Cutolo and La&a’s that report on the synthesis 
ofan~ascorbicecidphosph&(chamt&&asitstris- 
cycIohexylamnmnium saIt).’ many papers and patents 
have da& with the pmpamtive metMoIogy of this 
phosphate esteL” Yet, despite the m&ated interest in 
thisarea,theexactsbuctureofthiscompoundisstiUin 
diSpUtC.TbCOigid~tbon~WCIl~HiIlkk~and 

Chitose%portedthisesterasthethepho&ate3(orits 
saIt4)whikothers,inchulinRSeii~contendeditwasthe 
2-o-phorphate 5. we sol&t to ck&mine the exact 
SbVCtUlCOfthirCSter. 

Sincea3-O-am&acidesterof&linitivesbucttue 
wasunknownforuseasrmodeIforcomparisoonstudks. 
we prepamd such an ester. Thus aIkyIation of the thaI- 
Iium 3-a&&m@ 10 with his-morpMinophosphinyl 
chbride (11)‘O a&ded tbs 3u+sc&& 9. The struc- 
turaI ar&tunent of the product was cm5rmed by X-ray 
rmalysis. The same product could also be prepared from 
lland %O-iipyiide~~-~gscorbic acid (12)in the 
presence of pyridine, though this reaction was much 
slower. Identity was made 00 the basis of a comparison 
of the X-ray powder diflraction patterns of these two 
products. 

UnIike most ascorbic acid derivatives, compound 9 is 
thennaRy stable; it melts at 1700 without decomposition. 
It is acidic, beii soluble in dilute sodium bicarbonate 
sohuion, and, upon acidiB&on, can be recovered un- 
chanped. 

WhenanattemptwasmadetoobtaintheM%phos- 
phatede+ative3viatheack%cataIyxedhydroIysisof9, 
twoproductswereobservaIbytlcanaIysis.OnIyoneof 
theseproductscouIdpeisohttedasthetris-cycbhexyI- 
ammonium saIt of mrcm-9~ needks (m.p. 173+ It 

eluted as a sin& component on various paper chroma- 
torpsphic systems, on a DE23 LC cohimn (ttkthyIaru 
monium carbonate gradient), and on a HPLC PWAX- 
SO,‘- coIumn (ammonium suIfate Rradient). This saIt is 
identicaI (m.p., ‘H and “C NMR, W, amI HPIX am- 
parisons)withthatprepamdbythedirectp&spharyl- 
ationof 12withphos&msoxychIorkkrccordinptothe 
procedUnotCutdoradIJJ&fL’ 

we demonstrate now that the phosphate saItin ques- 
tionisinfactthe2 6, pmumably formed 

--oftbcinitiany thlW&atlacidcltalyzediso 
formed3+hosphate3dur&thehydroIysisof9.’Ihis 
iflens is based 00 ccmparisons of the sa& pK, 
vahleandofthepHpro5kofitswspectrawiththose . 
oftheknown2-O-suIfate2andIopbosphmate 9. 

Theanionfmma2~7bcarsaIinearconju@ed 
chromaphore,whiIethatof3-O-esterEbcarsacross- 
conjugated chromaphore. A distinction between these 
isomersmi&tbcobservedintheiipILvaIuesandW 
spectrawhereasweexpectbothisomerstoshowi!4lth- 
ochKunic shifts (A, shifts toward Ioqter waveleagtb) 
accompanyipgtheionixatkmduetoapHincrease,we 
WOuId expect deIInite diffetences intheirabsorptioniu 
tensity. The 2Gderivative shotrId exhibit a hyperch- 
romic shift and the 3&krivative shuuki display a 
hypochromic shift. 

Ascorbii acid (13) displays two acidic protons of PK. 
values 4.25 and 11.79 for the 3- and 2-hydroxyls, respec- 
tivdy.” SuIfation of the 2-OH as in 2t edmces the 
acidityofthe3-OHby1unittopX.of3.1l.Ontheother 
haod, a phosphinyi substitution at the 3-Gposition as in 
9resuItsinasignificantdropinthep~vaIueofthe 
2-OH group to 6.22.” A pII. vahre of 3.49 for the 
ascotbicacidpbosphoteinquestionisobviousIycom- 
pat&k with a 2-O-phosphate ester structure; i.e. 6 (TabIe 
1)” 

In addition to the evidence drawn from the pK, value 
comparison, the pH p&Be of the UV spectra of tbc 
2-O-suIfate2invaryinRridkml!dia(Pii1)cIoseIy 

soIvent.H6anver,thepHpro9koftheUVspectraof 
tlx~ester9isdilfenM(Pii3).AIt@@ 
itaIsoshowsabathochromicshiftwithincr&nRbasi- 
city,itisoccomprniedbyahypo&omk&xt.Itis 
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&uorbic acid 33 11.79 4.2s 

2-o-h&.* 3 3.11 

2-O-Pknphato $ 3.40 

3-0-9hoophiMte 3 6.22 
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