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ABSTRACT 

The 5,6-lsopropyhdene acetal (3) of L-ascorbate 2-phosphate (4) was produced 
m almost quantitative bleld bl the action of phosphoryl chloride at O-5” on 5,6-0- 
Isopropyhdene-L-ascorbate (2) m alkah (pH 12-13) contammg a hgh concentration 

of pyndme After hydrolyrlc cleavage of the 5,6-acetal group and removal of morgamc 

phosphate and chloride, compound 4 was Isolated, M lthout chromatographlc 
purification In 70% yield as Its crystalline tr~cyclohexylarnmonlum salt When no 

pyndme was present during the reaction of 2 \\,th phosphoryl chloride man alkaline 

solution, It nas converted Into a nuxture of 3 and bls(5,6-O-lsopropyhdene-r- 
ascorbate) 2,2’-phosphate (5) Followmg removal of the 5,6-protectmg groups of 5, 
the phosphoric &ester 6 \ias isolated In pure form m 32”/0 yield by fractional recrystal- 
lization of Its barmm salt from cold water Reaction of 2 with phosphoryl chlorrde m 

acetone-pyndme gave, after removal of the protectmg group, a mixture of four 
phosphorrc esters that nas resolved by column ch.romatography on an ion-exchange 

resm Two of the products \\ere identical to 4 and 5, and the third \\as tentatively 

identified as the 3-phosphate of L-ascorbic acid, the fourth nas not identified The 
structures of the phosphoric esters were established by elemental analysis, u v and 
n m r spectroscopy ( 3 ‘P and ’ H), and romzation constants 

INTRODLCTION 

Several phosphorylated derwatlves of r-ascorbic acid are hsted m the 

chronology presented m Table I We now report an nnproved method for chemically 

preparing, and readily lsolatm,, u the analytically pure tr~cyclohexylammoruum salt of 
2-0-phosphono-L-ascorbic acid (4) In our hands, the older methods of synthesis of 4 
gave unreacted starting-matenal and a mixture of several phosphoric esters, from 
which compound 4 could be obtamed in moderate to poor yield by column chromato- 
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TABLE I 

CHRONOLOGICAL SUUhlARY OF PHOSPHORYLATED DERIVATIVES OF L-ASCORBIC ACI? (1) OR 

4 6-O-ISOPROPYLIDENE-L-ASCORBIC ACID (2) 

Dttre Refet ewes Sumnrarr 

1961 1 

1966 2 

1969 3-I 

Reacted 2 \\lth phosphoryl chloride m acetone-plrldme Isolated crystal- 
nne tnc~clohe~~lammomum salt of r-ascorbate 2-phosphate” (m p 169- 
170”) demonstrated 2-phosphqte has wtamm C potency equ!\alent to th?t 
of r-ascorbic acld 

Reacted 2 11 Ith phenl Iphosphorlc tcld and A’ h -dx>cIoheuylc wbodilmrde 
m pbndrne. purtfied 2- and 3-(phen>Iphosphorx) esters of 1 

Reacted 2 M tth phosphor: I chloride n-t acetone-p\ rIdme, Ion-exchange 
purlficatlon gale magnesmm r-ascorbate 2-phosph ite” and magnesntm 
brs(wxscorbntel 2,3 -phosph.&’ t\\o addmonA phosphorylated dcrw- 
atILes of 1 Isolated 

1969 56 Rexted an aqueous solwon 01 I or 2 111th phosphor!1 chloride htgh 
) Ields of magnesmm r-nscorbatc I-phosphate” rrported 

1971 7 Reacted saits of I \xnh phosphor\1 chloride In acttone structure of 
products not m\estIsattd 

197; S Reacted 2 u Ith morpholmophosphor} 1 dIchlorIdc rn I I-dIoxlnr--p\ rldlnr 
product hkdrollzed In 0 5u h\drochlorir. md reoorted cr\staihne trt- 
c~cloheu~lammonnm~ salt of r-ascorbate Z-phosphate” (m p IiS-IS0 ) 

“Compound w 1s or~gmnllv asslgned the 3-phosph Ite structure’ ’ 8 hCompound L\ ~5 orlgln III\ 
assIgned the structure of i-ascorbate I-phosphate4 

graphy on an Ion-exchange ream We also present data that strongly suggest that the 

L-ascorbic 3-phosphate reported by other worbers IS actually the Z-phosphate 
Furthermore, \\e gwe a procedure for readily preparing the pure barmm salt of 
bIs(r-ascorbic acid) 2 “-phosphate (6) Fmally, lie have apparently Isolated the 
3-phosphate of r-ascorbic acid In low yield by ion-ewhange, column chromato- 

graphy 
Compound 4, like the naturally occurrmg 2-sulfunc ester’ Ii) IS owdlzed b) a1r 

In bollmg water at approllmately one-tenth the rate for L-ascorbate’ ’ The two 
esters are equally stable at pH 13. but the Z-sulfate IS hydrolyzed ten times as fast’ ’ as 

the Z-phosphate (4) m bollm g acid (pH 1 0) Unhhe the 3-sulfunc ester”, the 
2-phosphate retams Its full antlscorbutlc potency m the gumea pig’ ’ 3 crnd, most 
probably, m man The occurrence of 4 m Nature has not been demonstrated, possIbI> 

because of the wde-spread occurrence of phosphatases I1 Compound 4 hns been 

shown to be a po~\erful lnhlbltor of L-ascorbate Z-sulfate sulfohydrolaseiA 
L-Ascorbate Z-phosphate (4) has been used to prolong the storage hfe of whole 

blood’s, m a related area, It might be used m organ culture I ’ In foods and feeds, 

dehydro-r-ascorbic acid, the first oxldatlon product of r_-ascorbic acid, apparently 
reacts w Ith ammo acids and protems to produce off-colors’ 7 and off-flavors Is Use 
of a more drfficultly oxldlzable form of wtamm C could alleviate these problems 
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RESULTS AND DISCUSSION 

Phosphoryl chloride, an mexpenswe and fast-actmg phosphorylatmg agent, IS 
rarely used for synthesizmg monophosphorlc esters of carbohydrates, because of Its 
multlfunctlonal reactwty The reported SS-94% converslon of 2 mto Its 3-phosphate 
m an aqueous medmm appeared to be an exceptIons 6 We therefore repeated the 
reactIons that reportedly gave these hl,oh yields (Examples 1 and 3 m ref 5, and 

Reaction No 13 m Table II of ref 6), but found that, Instead, the reactlon mIxlures 
contained 20-36’/0 of unreacted starting-material, 16-54% of 4, and 16-35% of 6 

ReactIon No 13 m Table II of ref 6 gave, after mild deacetonatlon, the highest yield 
(54%) of 4 but the mixture also contaIned 20% of r_-ascorbate and 16% of 6 

We re-mkestlgated the use of phosphoryl chloride for phosphorylatmg L- 

Li~corbIc acid, and found that compound 2 IS converted almost quantItatwely mto Its 

Lphosphate (3) under the following condltlons (I) throughout the phosphorylatlon, 
the pH of the reactIon mlkture must be mamtamed at 12-13 by means of cesmm 

potaswm or rubldmm hydrourde, (2) before the phosphoryl chloride IS added, the 

mlkture (pH 13 0) lnltlally contammg 0 4u 5,6-O-lsopropyhdene-L-ascorbate, must 
be made 2 2-3 O\I n-t pyrldme and (3) the rnI\ture must be kept at O-5” durmg slow 
,tddltlon of I 4 equivalents of phosphoryl chloride Under those condltlons, the 

phosphorylatmg rnlrtule remcuns homogeneous despite the tendency for tertiary 

rlmmes to separate Into C~ second phase from an aqueous solution that IS highly 
Jhalme highly Iomc, and at loi\ temperature In fact, pyrldlne \\as the only tertiary 
amIne found suItable amons LL number tested mcludmg trlethylamme, 2,3’-bl- 

pyrldlne, 2-plcolme, and 1,4-diazdblc>clo[Z 2 Zloctane Phase separation of the 
tei tlary amIne also depended on the morgaruc base used rn the phosphorylatlon 
sodmm h> drollde could not be used, because phase separation began after - 75% of 

the phosphor>1 chlorlde had been added to the mIvture 
InorganIc bases of ION solublhty m water (barmm, calcnm~, hthlum, and 

m+nesIum hydrowdes for example) could not be used m the phosphorylatlon, 

because they Increase the volume too much durm g mamtenance of the pH of the 

mI\ture The e\trd water competes with compound 2 for phosphoryl chlonde 
resulting m unreacted starting-matenal In the reactlon mllture It IS essential that A 

constant high pH be mamtamed durm g the phosphorylatlon At pH values >S, only 
t\\o products 3 and5 \\ere detected but If the phosphorylatlon was conductedunder 
LtcIdic condltlons, more than two products Deere detected by chromatography 

A series of phosphorylatlons \\as conducted at pH values between 8 and 13 m 
the absence of pyrldme In each reactIon, phosphoryl chloride (1 4 equlv) was 
treated at 0” \\Ith an alkalme solution of 2 (0 ahI, after mltlal adJustment of the pH), 

,tnd the pH of the nurture NJS mamtamed by perIodIcally adumg 10~ aqueous 

potassmm hydroxide As the pH \\as raised from S to 13, It was Found that (I) the 
proportIon of unreacted 2 (Iodometnc tltratlon) decreased from 38 to 1% (II) the 

proportIon of Z-phosphate, as determined by hrgh-performance, lrquld chromato- 
graphy (HPLC), changed Lery httle (from 43 to 51%), and (nr) the proportlon of 5 
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a 

increased from 3 to 32% The barnun salt of 6 was rea&ly obtamed ln pure form, as 
It could be separated from the monoester 4 by fractional recrystalhzatlon from cold 
water 
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The structure of the tncyclohexylammomum salt of 4 was estabhshed as 
follows Elemental analysis and enzynuc hydrolysis (calf mtestmal-mucosa alkalme 
phosphatase) showed the compound to be a monophosphonc ester” The 31P-n m r 
spectrum of the compound gave only one signal, wluch, at pH - 10, was a narrow 
doublet 3.6 p p m downlield from the reference slgnal of external, 50% aqueous 
phosphoric acid The small sphttmg m&cated long-range couplmg of the phosphorus 
to H-4 (5Jp_H -0 8 Hz) 

The p m r spectrum of 4 was consistent blth the structure asslgned The 
chenucal shifts and the maJor sphttmgs of the signals of H-4, H-5, and H-6 of 4 were 
slmllar (see Table II) to those of 2-O-sulfo+ascorblc acid, a compound whose 
structure has been unequivocally determlned20 by X-ray crystallography The 
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snmlanty of the chenucal shifts of H-5 and H-6 to those of these protons m free 
L-ascorbic acid (1) shows that the phosphate group IS situated on either C-2 or C-3 

The lomzatlon of the 3-hydroxyl group of 1 or Its Zsulfate shfts the sxgnal of H-4 
upfield by 0 5 p p m (A H-4, see Table II) Iomzatlon of OH-3 of compound 4 stifts 
the signal for H-4 by +O 4 p p m , and ths strongly favors asslgnmg of the 2- 
phosphate structure 

TABLE II 

PROTON WAGNETIC RESO’.ANCES OF L-ASCORBIC ACID AND SEVERAL OF ITS ESTERS 

Derantwe of L-ascorbtc ad Pff Chermcal slttft” (is) 

H-4 A H-db H-5 H-6, H-6’ 

Free acid 2 497 - 4 09 3 76 
7 4 50 +047 402 3 74 

XXfate 1 502 - 4 20 3 76 
7 -I 57 to 45 405 3 73 

2-Phosphate 1 500 - 4 16 3 74 
7 4 60 +030 4 05 3 70 

2 2 -Phosphoric dlestcr I 500 - 4 15 3 75 
12 4 50 +o 50 4 02 3 6S 

3-Phosphatec 8 49_! - 4 22 3 77 

“Determmed m deutermm oulde. chemvzal shifts m p p m from 4 4-dImethyl-4-sllapentane-I- 
sulfonate (DSS) b d H-4 IS the upfield shift of H-4 on changmg the pH of the medium Tentawe, 
structural assignment 

TABLE III 

ULTRA\ IOLET-SPECTKAL PROPERTIES OF L-ASCORBIC ACID \\D SEVERAL OF ITS DERI\ ATIvES= 

Acrd (pFf 2 0) Ve’eutral (pH 7 0) Base (pH IO 0) 

x.-Ascorbic acid 
3-0-Methyl-r-ascorbic acid 
2-O-(Phenylphosphono)- 

r-ascorbic acid* 
3-O-(Phenylphosphono)- 

L-ascorbic acid’ 
r-Ascorbate 2-sulfate 
L-Ascorbate ‘-phosphate 
r-Ascorbate 2,2 -phosphate 
t-Ascorbate 3-phosphate’ 

743 10 
24-I 9 

233 96 

237 S 23s 8 263 S 
232 11 255 16 3 ‘55 16 3 
23s 9 25s 115 263 160 
236 17 3 258 21 6 259 30 I 
23s 0 3Y 250 0 370d 26se 0 3008 p 

265 I65 - - 
243 9 276 9 

“All data U-I Table III evept for those for the last four compounds, tahen from Bond et a1 z7 b5,6- 
Isopropylrdene acetal Tentative, Structural assrgnment ‘Vdhes of Jrnnx for the sdme sohtron dt 

different pH values ‘At pH 11 0 
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U v -spectral data also supported the 2-phosphate structure asslgned (see 

Table III) The absorption mawma and evtmctlon coefficients of the Zphosphate and 
‘I-sulfate of L-ascorbic acid at pH 7 are practically ldentlcal to those of 5,6-O-ISO- 
propyhdene-2-U-(phenylphosphono)-r-ascorbic acid, but drffer from those of the 
corresponding %(phenylphosphomc) ester 

The lonlzatlon constants of compound 4 are more m accord with the 2- than 

wth the 3-phosphate structure By use of u v data’ ’ and 3 ‘P-n m r datTZ2 23, It \\as 

found that, at 25”, 4 has pK, -C I. pK, 3 3 and pK3 6 S, from u v data ind potentlo- 
metnc tltratlons, Nomura and co-workersZ1 found pK, 0 01, pK2 3 27, and 

pK, 6 70 at 2S” The first lomzatlon-constant (pK, 0 01) can undoubtedly be asslgned 
to the ionization of the phosphate group even though it IS l-2 pK units lo\\er than 

that found for snnpIe monoaIky1 phosphates” The pK2 and pK, constants of 3 3 

and 6 S \\eere awgned, respectively, to the 3-hqdro\yl group and to the second 

h>dro\yl group of the phosphate goup The 2- and 3-h) drox>l groups of free L- 

ascorbic actd hake pK, values of 11 79 and 4 25 lespectlveIy’6 It IS unhhely that the 
loruzatlon constant of the 2-hqdro\yl group would be loLLered by 3 orders of 

magmtude (from pK, I1 S to 6 S) upon esterlficatlon of the 3-hydrox} I group 
Assignment of pK2 3 3 to the 3-li~dro\yl group m compound 4 agrees closely wth 
lornzatlon data for the 6noLkr-t Z-sulfate of r-ascorbic acid In the latter, 2-sulfxlnn 
decreases” ‘* the lomzatxon constant of the 3-hydro\yI group from pK, 3 25 to 2 75 

The structure of bxlum bls(L-ascorbic acid) 2 2’-phosphate (6) \vab deduced 
from the follo\\mg elidencr Elemental analqsls lndlcated that the compound IS ‘1 
phosphonc &ester as expected”, it IS stable m the presence of alLline phosphntase 
The 3 * P-n m r spectrum of compound 6 shoaled only one resonance slgal .t 

narro\\ triplet due to Ion?-range couplm ,g of the phosphorus to H--? and H-l’ 

(“Jt Ll=5Jp t, = -OS Hz) 
The p xn r spectrum of 6 gave three sign& wmlar to those of 4 (see Table II) 

The H-4 (H-4’) signal of compound 6 shifted 0 5 p p m upfield 11 hen OH-3 (OH-3’) 

of the phosphoric dlester ronlzed The appearance of onIy one 3’P slgnJ and only 

three proton sqt.lls mdlcated that the phosphorus atom m the phosphoric dwster 6 15 
symmetrically substituted The 2 2’-linkage IS strongIy suggested by the p 111 r dL\ta 

The u v -spectral data (see Table 111) and the lonrzatlon constants (pK, 2 3, pK, 5 S 

and pK, S 0) of the compound support the structure asslgned 
In their orlgmal work, Nomura and his colleagues3 A treated compound 2 wth 

phosphorql chloride m pyndme-acetone, and reported the lsolatlon of four pho+ 

phates of L-ascorbic acid by use of coIumn chromatography on a strongly basx, 
anion-ewhange resin We repeated those expenrnents, and found that ion-ewhange 

cllron=tography does, Indeed, separate four components from the phospholq Iatlon 
reactron-mixture Unlike their results, however, we found that our reaction mluture 
also contamed unreacted r-ascorbic acid, which was eluted much more rapldiy th.ul 
the four other components In add&on, \\e consider that incorrect structures \\eere 
orrgrnally assigned to three of tne more slowly elutmg compounds In the orlglnal 
papers3 I, fraction I (designated compound II), fraction I11 (compound IV), and 
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fraction I\’ (compound v> \\eere asslgned, respectrvely, to the structures r_-ascorbate 

3-pl~ospllate, bls(r-ascorbate) 3,3’-phosphate, and L-ascorbate 2-phosphate We 
found, Instead, that fractions I and IV are L-ascorbate ‘-phosphate (4) and blsIL- 
ascorbate) 2,2’-phosphate (6), respectweiy, and that fraction III 1s probably L- 

ascorbate Z-phosphate We did not mvestlgate fraction II, which was ongmally 
Lwlgned the structure r_-ascorbate 3-&phosphate 

We have ewdence that fraction I II (deslgnatlon of Nomura and co-w01 kers+) 
from the column IS L-ascorbate 3-phosphate We separated fraction III or& once, 
and have not completed rts characterwatlon Tn paper chromatography, fraction TII 
gave a smgle spot that co-migrated \\!th r-ascorbate 2-phosphate But fraction III 
gave a deep-purple color with ferrx chlortde spray, mstead of the brick-red color 
produced by the 2-phosphate and the 2,2’-phosphonc dlester The different colors of 
the ferrrc Ion comple\es mdxate that the two compounds have &fFerent enollc 
hydrou) 1 groupsZg 

The 3 ‘P-n m r spectrum of fraction III shocked the presence of only one 

phosphorus atom at 3 - I 75 (pH 9 3) wrth a major sphttmg of -2 Hz The 31P 
signal became a \erl sh,irp doublet (S - 1 20) at pH 12, wth 4Jp H -2 7 Hz 

The ‘H-n m r 5pectrum of the trq~clohe~ylammomum salt of fraction III wds 
also m accord (Table II) 111th the j-phosphate structure The chemxal shifts of H-5 
and H-6 Indxated that the phosphate group 11 as on C-2 or C-3 as, otherwrse the 
signal of H-S or H-6 \\ould hake been shifted downfield from those observed for 

L-ascorbate The chemical shift of H-3 at pH S mdlcates that OH-3 m fraction III dtd 
not undergo lontz&lon at pH S 0 When we Isolated fraction Iii several year> nzo, 
\\e \xere unn\\nre of the slgmficant shift of H-4 when the 3-hydrolyi group of L- 

Lrscorblc ,rcld mmzes LJnfortun&eiy, lie did not record the spectrum of fraction III 

at pH 1 0 We should pomt out that our p m r data agree lie11 \\ith those orqnally 
reported& for fraction III (compound IV) 

The u \ darn m T,ibie III aiso support the 5phosphate structure for frnction 111 
The absorbance of the compound, l!he that of 5 G-O-lsopropyhdene-3-0-lphenyl- 

phosphono)-L-ascorbx acid dtd not change much m magwtude on passmg from 
pH 2 to PI-I 10 At pH 7 0, r-ascorbate ;-phosphate however had /,_ 250 nm, 

11 here‘is the 3-(phen! Iphosphate) dew &!ve hcts 1, ,11, 23s run ApparentI), the second 

lonrzatlon of the monosubst!tuted phosphate group m r-ascorbate 3-phosph&e IS 

~esponslble for that difference 
We determmed the Ionlzatlon constants for fraction III by usmg two different 

methods (3 ‘P-chemxal shifts and u v daLa) We found pK1 3 2, pK, 7 0, and 
pi, IO 5 The last constant, ~h~h we hate assrgned to the loruzat!on of OH-Z, IS 
much higher than any of the loruzatlon constants found for L-ascorbate 2-phosphate 
The ‘-hydroyl group of z_-ascorbic acid has pK i I 79 and the lo\~cenn_e of that 

lomzatlon constant to pK 10 5 IS consistent wth 3-O-phosplwylat!on 
Fmally, Nomul a and 111s colleagues4 reported that fraction III (their compound 

IV, to which they asslgned the phosphonc dlester structure, and to wluch \\e asslgn 

the 3-phosphate structure) IS rea&ly hydrolyzed m hot alkah At the same tmie, they 
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reported that fraction IV (compound V, to whch they asslgned the 2-phosphate 
structure, and to wbch we asslgn the 2,2’-phosphoric &ester structure) 1s stable to hot 

alkah They also reported that passage of fraction III together with in hydrochloric 
aced through a strongly basic, amon-exchange resm (chloride form) at 25” produced a 
mrxture of r-ascorbic acid and r_-ascorbate 3-phosphate Fmally, they reported that 
fractron 111 was unstable and that it hsappeared If the phosphorylatlon reaction- 

mixture was not separated rapldly by Ion-exchange chromatography usmg 0 7hI 

sodmm hb drogencarbonate 
Those propertles of fractions III and IV are more rea&ly explamed If fracbon III 

(compound IV) 1s asslgned the structure r-ascorbate 3-phosphate, and fraction IV 

(compound V), the structure bls(L-ascorbate) 2,2’-phosphate L-Ascorbate 3-phos- 
phate 1s a mixed anhqdrlde of an morgamc and an orgamc acid, rt wouId be expected 
to be hydrolyzed much faster m hot alkali than the 2,2’-phosphoric &ester of L- 

ascorbic acid Convertmg fraction III (our assslgned L-ascorbate 3-phosphate) by \I 
hydrochlonz acid at 25” mto a nnxture of r-ascorbic acid and r-ascorbate 2-phosphate 

(our assignment to fraction I) may be elplamed by acid-catalyzed h>drolysls of the 

3-phosphate and concurrent mlgratlon 3o of the phosphate group to afford the more 
stable 2-phosphate (4) We ha\e found that r_-ascorbate 2-phosphate IS very stable at 
pH 0 5-I 0 at 2Y The variable proportions of L-ascorbate 3-phosphate reported& m 

the products of phosphorylatlon of r-ascorbic acid m acetone are understandable, 
because of base- and acid-catalyzed h~drolysls, and phosphate mlgratlon of the 
3-phosphate 

Gerrerul - High-performance llquld chromatography (h p 1 c ) nas conducted 
at 25’ m a Waters Model ALCjG PC 201 Instrument (Waters Associates, Inc , 

Mllford, MA) The stainless-steel column (I 22 m x 3 I7 mm) was packed with a 

pelhcular, strongly basic, amon-exchange resm (Bondapak AXICorasll, 37-50 itin, 

Waters ASSOC , Inc ) Samples (10 ILL) were Injected through a stop-flow InJector, 
the column was dekeloped with 0 1x1 potassium dlhydrogenphosphate (pH 4 4), 
and the effluent \\as monitored at 254 nm The relative mobllltles (R,,,) of the 
materials clammed were as follo\\s 1, 1 0, 2, 1 3, dlpotassmm r-ascorbate 2-sulfate, 

1 S, tr~cyclohe~ylammonmn~ r-ascorbate 2-phosphate, 2 S, barnun bl$L-ascorbate) 
3,2 -phosphate, 2 3, 3, 3 4, and 5, 6 0 Paper chromatography was performed on 
Whatman No I paper usmg 15 4 1 (v/v/w) I-propanol-Ltaater-trlchIoroacetlc acid as 
the devetopmg sotvent Components were detected with either 1% ferric chloride m 

95% ethanol’” or acid-molybdate spray31 

Iomzatlon constants were determmed from u v ‘I or 3 ‘P-n m r data22 23 

N m r spectra were recorded with a Varlan XL-100 spectrometer Proton chemical 
slufts are reported in b values from the Internal reference signal of sodmm 4,4-do- 

methyl-4-sllapentane-I-sulfonate For 3 ‘P-n m r spectra, a 50% aqueous solution of 
phosphoric acid was used as the external reference material to determme 6 values 
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exchange resin (15 mL) m the hydrogen form The column was washed wth water, 
and the effluent made to volume (250 mL) Trlphcate ahquots (IO 0 {CL) of the latter 

solution \\ere injected mto the chromatograph Usmg response areas and a standard 
curve obtained wth the tr~cyclohexylamrnomum salt of 4, It was determmed that 
96 2% of the startmg material had been con\erted mto 4 Agam, the chromatograrn 

sho\\ed that the reactlon nnkture contained only a trace of 6, RA,, 2 3, and that the 
Isopropyhdene group had been completely removed by passmg the reactton mrture 

through the strongly acldlc, catlon-ewhange resm 
Isolatrorl ad prrrrj?catioiz of the trm clohex 1 iammomim salt of I - The rest 

(24s mL) of the reactlon mlkture analyzed by h p 1 c was passed through a column 

(600 mL) of strongly acldlc, catlon-exchange resm (Ht) The column was washed 

untu the total volume of the effluent was 2 L The absorbance at 264 nm of the 
column effluent at pH 10 showed a 93 4% recovery of the theoretIca amount of 

r-ascorbate 2-phosphate The column effluent, pH I 0, was kept for 2 h at X5, and 
then magnesmm oxide (- 11 g) \\as added to pH 9 0 The mwure was hept overnlght 
at 5”, and filtered Recovery of r-ascorbate 2-phosphate m the filtrate was 91 70,~) 

according to u \ analysis The filtrate XX ns concentrated under dlnunlshed pressure to 

50 mL, and the concentrate was added to absolute ethanol (300 mL) The magnesium 

r-ascorbate 2-phosphate preclpltated was collected bq centnfugntion, and \~ashed 
free of magnesmm chloride wth 950,: e than01 (2 x 100 mL) The magnesnun salt ot 6 
is more soluble m ethanol than the magnesnnn salt of 4 The sedunented material \\a> 
dried under vacuum, to gl\e 19 5 g (S6% yield by u v ) of compound 4 ‘1s -1 \\hlte 
powder 

The supernatant liquor from the centrlfugatlon was combmed D tth the ethanol 

washmgs, and the resultmg solution \\hrch contamed 6% (u v annlysls) of 4 \\as 
evaporated to dryness under vacuum The sohd residue \ias dissolved m \\ater 
(50 mL), and b armm hydrollde (3 g) \\as added to preclpltate the barlutn salt of 4 

\\ hlch IS msoluble at neutral or alhalme DH, but dissolves at pH d4 The preclpltate 

v.as collected by centnfugatlon, and the supernatant liquor M&S discarded (u \ loss 
0 24%) The preclpltated barnun salt of 4 \\as combmed lath the soild magnesium 

salt of 4, and the nuxture was placed on top of a column (600 mL) of strongly actdlc, 
catlon-exchange resm (H-) The pH of the effltent (100 mL) \\ hlch contamed S2% 

of the theoretlcal amount of 4 (as deterrnmed by u v spectroscopy), was adjusted to 

9 wth cycloheuylamme, and the solution \sds evaporated under vacuum to a thlch 

syrup Absolute ethanol was added, and the solution was cooled ovelmght, to give 

18 9 g of tr~cyclohe~ylammonnm~ r-ascorbate 2-phosphate as flat prisms, m p 17% 
153" (dec ), Eli’ -ijO” (c 1 0, water) A second crop (3 3 g) of crystals brought the 
total yield of matenat to 22 2 g (70%) [The mother hquors retained 12% (u v ) of 
L-ascorbate 2-phosphate Paper chromatography showed that the crystallme material 
contdmed traces of InorganIc phosphate (R,,, I 2) along wth only one other com- 
ponent (RAsc 0 6) The mmor traces of morgamc phosphate could not be completely 
ehmmated from the product by repeated recrystalhzatlon from 95% ethanol ] U \ 
data ;$’ ’ 23s nm, E,,,,, 9, i_~~,’ ’ 255, E,,* 11 5, ,$yX” ’ 264 nm, E,,, 16, p m r 
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