Carbohydrate Research, 67 (1978) 127-138
© Elsevier Scientific Pubhishing Company, Amsterdam — Printed 1n Belgium

CHEMICAL SYNTHESIS OF SEVERAL PHOSPHORIC ESTERS OF
L-ASCORBIC ACID*

Cuaen H Leet, Paur A Ses®, Yur T Liang Russerr C Hoseney, AND CHArRLES W DEeYOE
Department of Grain Science, Kansas State Unwersitv, Manhattan, Kansas 66506 (U S A4)
(Recerved December 3rd, 1977, accepted for publication, January 30th, 1978)

ABSTRACT

The 5,6-1sopropylidene acetal (3) of L-ascorbate 2-phosphate (4) was produced
i almost quantitative yield by the action of phosphoryl chloride at 0-5° on 5,6-0O-
1sopropylidene-L-ascorbate (2) 1n alkali (pH 12-13) containing a ligh concentration
of pyridine After hydrolytic cleavage of the 5,6-acetal group and removal of inorganic
phosphate and chloride, compound 4 was isolated, without chromatographic
purtfication 1 70% yield as its crystaliine tricyclohexylammonium salt When no
pyridine was present during the reaction of 2 w.th phosphoryl chlonide in an alkaline
solution, 1t was converted mto a muxture of 3 and bis(5,6-O-1sopropylidene-L-
ascorbate) 2,2'-phosphate (5) Following removal of the 3,6-protecting groups of 5,
the phosphoric diester 6 was 1solated 1 pure form 1n 32% yield by fractional recrystal-
lization of 1ts barium salt from cold water Reaction of 2 with phosphoryl chloride in
acetone-pyridine gave, after removal of the protecting group, a mixture of four
phosphoric esters that was resolved by column chromatography on an 1on-exchange
resin Two of the products were 1dentical to 4 and 5, and the third was tentatively
identified as the 3-phosphate of L-ascorbic acid, the fourth was not identified The
structures of the phosphoric esters were established by elemental analysis, u v and
nmr spectroscopy (*'P and 'H), and icnization constants

INTRODUCTION

Several phosphorylated derivatives of L-ascorbic acid are Listed 1 the
chronology presented in Table I We now report an improved method for chemically
preparing, and readily 1solating, the analytically pure tricyclohexylammonium salt of
2-0O-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 obtained in moderate to poor yield by column chromato-
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TABLE 1

CHRONOLOGICAL SUMMARY OF PHOSPHORYLATED DERIVATIVES OF L-ASCORBIC ACI" (1) OR
5 6-O-ISOPROPYLIDENE-L-ASCORBIC ACID (2)

Deite References Summar

1961 1 Reacted 2 with phosphoryl chloride in acetone-pyridine isolated crystal-
nne tricyclohexylammonium salt of L-ascorbate 2-phosphate (mp 169-
170°) demonstrated 2-phosph~te has vitamin C potency equmnalent to that
of L-ascorbic acid

1966 2 Reacted Z with phenylphosphoric wid and N A -dicyclohexylc irbodumide
in pyndine, purified 2- and 3-(phenylphosphoric) esters of 1

1969 34 Reacted 2 with phosphory! chloride in acetone-pyvridine, 1on-exchange
purification gave magnesium L-ascorbate 2-phosph ite® and magnesium
bis(L-ascorbate} 2,2 -phosphate? two additional phosphorylated deriv-
atives of 1 1solated

1969 56 Reacted an aqueous solution of I or 2 with phosphoryl chloride high
vields of magnesium L-ascorbdate 2-phosphate” reported

1972 7 Reacted salts of 1 with phosphorvl chlornide in acetone structure of
products not investigated

1973 8 Reacted 2 with morpholhinophosphory! dichlornide in 1 4-dioxane-py ridine

product hyvdrolyzed in 0 5v hvdrochloric wid reported crystaliine tri-
cyclohexviammonium salt of L-ascorbate 2-phosphate® (m p 178-180 )

“Compound w1s ongmally assigned the 3-phosphite structure! * & *Compound w1s ornigin tliv
assigned the structure of L-ascorbate 2-phosphate™

graphy on an 1on-exchange resin We also present data that strongly suggest that the
L-ascorbic 3-phosphate reported by other workers is actually the 2-phosphate
Furthermore, we give a procedure for readily preparing the pure barmum salt of
bis(L-ascorbic acid) 2 2'-phosphate (6) Finally, we have apparently isolated the
3-phosphate of L-ascorbic acid m low yield by ion-exchange, column chromato-
sraphy

Compound 4, like the naturally occurring 2-sulfuric ester® '° 1s oxidized by air
in boiling water at approuimately one-tenth the rate for L-ascorbate!'! The two
esters are equally stable at pH 13. but the 2-sulfate 1s hydrolyzed ten times as fast'! as
the 2-phosphate (4) in boiling acid (pH 1 0) Unlike the 2-sulfuric ester'?, the
2-phosphate retamns 1ts full antiscorbutic potency in the gumnea pig! '* and, most
probably, in man The occurrence of 4 in Nature has not been demonstrated, possibly
because of the wide-spread occurrence of phosphatases'* Compound 4 has been
shown to be a powerful inhibitor of L-ascorbate 2-sulfate sulfohydrolase®*

L-Ascorbate 2-phosphate (4) has been used to prolong the storage life of whole
blood!®, m a related area, it might be used 1n organ culture'® In foods and feeds,
dehydro-L-ascorbic acid, the first oxidation product of rL-ascorbic acid, apparently
reacts with amino acids and proteins to produce off-colors!” and off-flavors'® Use
of a more difficultly oxidizable form of vitamin C could alleviate these problems
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RESULTS AND DISCUSSION

Phosphory! chloride, an inexpensive and fast-acting phosphorylating agent, 1s
rarely used for synthesizing monophosphoric esters of carbohydrates, because of 1ts
multifunctional reactivity The reported 88-94% conversion of 2 nto 1ts 3-phosphate
m an aqueous medium appeared to be an exception® ¢ We therefore repeated the
reactions that reportedly gave these high yields (Examples 1 and 3 in ref 5, and
Reaction No 13 in Table II of ref 6), but found that, instead, the reaction mixtures
contamned 20-36% of unreacted starting-material, 16-54% of 4, and 16-38% of 6
Reaction No 13 1n Table I of ref 6 gave, after mild deacetonation, the highest yield
(54%) of 4 but the miature also contained 20% of L-ascorbate and 16% of 6

We re-investigated the use of phosphoryl chloride for phosphorylating L-
ascorbic acid, and found that compound 2 1s converted almost quantitatively into 1ts
2-phosphate (3) under the following conditions (/) throughout the phosphorylation,
the pH of the reaction mixture must be maintained at 12-13 by means of cesium
potassium or rubidium hydroxide, (2) before the phosphoryl chloride 1s added, the
minture (pH 13 0) mtally contamming 0 4v 5,6-0O-1sopropylidene-L-ascorbate, must
be made 2 2-3 Oy 1n pynidine and (3) the minture must be kept at 0-5° during slow
addition of | 4 equivalents of phosphoryl chloride Under those conditions, the
phosphorylating mixtuie remains homogeneous despite the tendency for tertiary
amines to separate mmto a second phase from an aqueous solution that 1s highly
alkahine highly 1onic, and at low temperature In fact, pyridine was the only tertiary
amine found suitable among a number tested including triethylamine, 2,2'-bi-
pyrnidine, 2-picoline, and 1,4-diazabicyclo[2 2 2]Joctane Phase separation of the
tettiary amune also depended on the inorganic base used in the phosphorylation
sodium hydroxide could not be used, because phase separation began after ~75% of
the phosphory! chloride had been added to the mixture

Inorganic bases of low solubility in water (barium, calcium, lLithium, and
magnesium hydroxides tfor exarple) could not be used in the phosphorylation,
because they increase the volume too much during maintenance of the pH of the
musture The extra water competes with compound 2 for phosphoryl chloride
resulting 1n unreacted starting-maternial in the reacuton mixture It 1s essential that a
constant high pH be mamtained during the phosphorylation At pH values > 8§, only
two products 3 and5 were detected but if the phosphorylation was conducted under
actdic conditions, more than two products were detected by chromatography

A series of phosphorvlations was conducted at pH values between 8 and 13 1n
the absence of pyridine In each reaction, phosphoryl chloride (1 4equiv) was
treated at 0° with an alkaline solution of 2 (0 44, after 1nutial adjustment of the pH),
and the pH of the mixture was maintained by periodically adaing 10v aqueous
potassium hydroxide As the pH was raised from 8 to 13, 1t was found that (¢) the
proportion of unreacted 2 (1iodometric titration) decrcased from 38 to 1% (u) the
proportion of 2-phosphate, as determined by high-performance, liquid chromato-
graphy (HPLC), changed very little (from 43 to 51%), and (x17) the proportion of 5



130 C H LEE, P A SEIB, Y. T. LIANG, R. C. HOSENEY, C W. DEYOE
| )

increased from 3 to 32% The barmum salt of 6 was readily obtammed 1n pure form, as

1t could be separated from the monoester 4 by fractional recrystallization from cold

water
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The structure of the tricyclohexylammonwum salt of 4 was established as
follows Elemental analysis and enzymic hydrolysis (calf intestinal-mucosa alkaline
phosphatase) showed the compound to be a monophosphoric ester!® The 3'P-nmr
spectrum of the compound gave only one signal, which, at pH ~ 10, was a narrow
doublet 3.6 p pm downfield from the reference signal of external, 50% aqueous
phosphoric acid The small spliting indicated long-range coupling of the phosphorus
to H-4 (OJp.y ~08 Hz)

The pmr spectrum of 4 was consisient with the structure assigned The
chemucal shifts and the major splittings of the signals of H-4, H-5, and H-6 of 4 were
similar (see Table II) to those of 2-O-sulfo-L-ascorbic acid, a compound whose
structure has been unequivocally determined?® by X-ray crystallography The
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simularity of the chemucal shifts of H-5 and H-6 to those of these protons 1n free
L-ascorbic acid (1) shows that the phosphate group 1s situated on either C-2 or C-3
The 10omization of the 3-hydroxyl group of 1 or its 2-sulfate shifts the signal of H-4
upfield by 0 5p pm (4 H-4, see Table IT) Tonization of OH-3 of compound 4 shifts
the signal for H-4 by +04ppm, and this strongly favors assigning of the 2-
phosphate structure

TABLE 1I

PROTON MAGNETIC RESONANCES OF L-ASCORBIC ACID AND SEVERAL OF ITS ESTERS

Derwative of L-ascorbic acid pH Chemucal shift® (0)
H-4 A4 H-4 H-5 H-6, H6'

Free acid 2 497 —_ 409 376
7 4 50 +047 402 374
2-Sulfate 1 502 —_ 4 26 376
7 457 +0 45 405 373
2-Phosphate 1 500 —_ 416 374
7 4 60 +040 405 370
2 2 -Phosphoric diester 1 500 — 415 378
12 4 50 +0 50 402 368
3-Phosphate® 8 492 — 422 377

“Determuned in deuterrum oxide, chemucal shifts n ppm from 4 4.dimethyl-4-silapentane-1-
sulfonate (DSS) ° 4 H-4 s the upfield shift of H-4 on changing the pH of the medium <Tentative,
structural assignment

TABLE Ii1

ULTRA\V IOLET-SPECTRAL PROPERTIES OF L-ASCORBIC ACID AN\D SEVERAL OF ITS DERIVATIVES®

Compound Actd (pH 2 0) Yeutral (pH 7 0) Base (pH 10 0)

;mnx Emvt )max Emnt )max Fmnt
1-Ascorbic acid 243 10 265 165 — —_
3-O-Methyl-L-ascorbic acid 244 9 244 9 276 9
2-0-(Phenylphosphono)-

L-ascorbic acid? 233 96 257 145 258 15
3-0-(Phenylphosphono)-

L-ascorbic acid? 237 8 238 8 263 8
L-Ascorbate 2-sulfate 232 it 255 163 255 16 3
L-Ascorbate 2-phosphate 238 9 258 115 264 160
L-Ascorbate 2,2 -phosphate 236 173 258 216 259 302
L-Ascorbate 3-phosphate© 238 0 32¢ 250 ¢ 370 265¢ 0 3009 ¢

aAll data in Table III except for those for the last four compounds, taken from Bond et al 27 *5,6-
Isopropylidene acetal <Tentative, structural assignment ?Values of 2., for the same solution at

different pH values “AtpH 11 0
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U v -spectral data also supported the 2-phosphate structure assigned (see
Table HI) The absorption maxima and extinction coefficients of the 2-phosphate and
2-sulfate of L-ascorbic acid at pH 7 are practically identical to those of 5,6-O-1s0-
propylidene-2-O-(phenylphosphono)-L-ascorbic acid, but differ from those of the
corresponding 3-(phenylphosphonic) ester

The 1omization constants of compound 4 are more in accord with the 2- than
with the 3-phosphate structure By use of u v data?! and *'P-n m r data’? 23, it was
found that, at 25°, 4 has pK,; <I. pK, 33 and pK; 6 §, from u v data and potentio-
metric utrations, Nomura and co-workers®* found pK,; 00l, pK, 327, and
pK; 6 70 at 28° The first ionization-constant (pK; 0 01) can undoubtedly be assigned
to the 1onization of the phosphate group even though it 1s 1-2 pK umts lower than
that found for simple monoalkyl phosphates®® The pK, and pK; constants of 3 3
and 6 8 were assigned, respectively, to the 3-hydronyl group and to the second
hydroxyl group of the phosphate group The 2- and 3-hydroyyl groups of free L-
ascorbic acid have pK, values of 11 79 and 4 25 1espectively®® It 1s unlihely that the
1onization constant of the 2-hydrovyl group would be lowered by 3 orders of
magnitude (from pK, 118 to 6 8) upon esterification of the 3-hydrowyl group
Assignment of pK, 3 3 to the 3-hydro\yl group 1n compound 4 agrees closely with
1omization data for the hnown 2-sulfate of L-ascorbic acid In the latter, 2-sulfution
decreases®? 2% the 1omization constant of the 3-hydrowyl group from pK, 4 25to 2 75

The structure of barium bis(L-ascorbic acid) 2 2’-phosphate (6) was deduced
from the following evidence Elemental analysis indicated that the compound 1s a
phosphoric diester as expected'®, 1t 1s stable in the presence of alkaline phosphatase
The *'P-nmr spectrum of compound 6 showed only one resonance signal a
narrow triplet due to long-range coupling of the phosphorus to H-4 and H-V’
(SJ; H ZSJP n = ~08 Hz)

The p m r spectrum of 6 gave three signals similar to those of 4 (see Table II)
The H-4 (H-4') signal of compound 6 shified 0 5 p p m upficld when OH-3 (OH-3")
of the phosphoric diester 1omized The appearance of only one *!P signal and only
three proton signals mdicated that the phosphorus atom 1n the phosphoric diester 6 1
symmetrically substituted The 2 2’-linkage 1s strongly suggested by the p mr data
The u v -spectral data (see Table III) and the 1onization constants (pK, 2 3, pK, 58
and pK; 8 0) of the compound support the structure assigned

In their onginal work, Nomura and his colleagues® * treated compound 2 with
phosphoryl chloride m pyridine-acetone, and reported the isolation of four phos-
phates of rL-ascorbic acid by use of column chromatography on a strongly basic,
anion-exchange resin We repeated those experiments, and found that ion-exchange
chromatography does, indeed, separate four components from the phosphotylation
reaction-mimture Unlike their results, however, we found that our reaction muxture
also contamed unreacted L-ascorbic acid, which was eluted much more rapidly than
the four other components In addition, we consider that mcorrect structures were
origmally assigned to three of tne more slowly eluting compounds In the original
papers® ¥, fraction I (designated compound II), fraction IlI (compound 1V), and
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fraction IV (compound V) were assigned, respectively, to the structures L-ascorbate
3-phosphate, bis(L-ascorbate) 3,3’-phosphate, and L-ascorbate 2-phosphate We
found, instead, that fractions I and IV are L-ascorbate 2-phosphate (4) and bis(L-~
ascorbate) 2,2'-phosphate (6), respectively, and that fraction III 1s probably L-
ascorbate 3-phosphate We did not mvestigate fraction II, which was origmally
assigned the structure L-ascorbate 3-diphosphate

We have evidence that fraction I (designation of Nomura and co-woikers?)
from the column is rL-ascorbate 3-phosphate We separated fraction III only once,
and have not completed 1ts characterization In paper chromatography, fraction III
gave a single spot that co-mugrated with r-ascorbate 2-phosphate But fraction III
cave a deep-purple color with ferric chloride spray, istead of the brick-red color
produced by the 2-phosphate and the 2,2’-phosphoric diester The different colors of
the ferric 1on compleves indicate that the two compounds have different enolic
hydroxyl groups??

The *'P-nmr spectrum of fraction IIT showed the presence of only one
phosphorus atom at é —1 75 (pH 9 3) with a major sphtting of ~2 Hz The 3!P
signal becarie a very sharp doublet (6 —1 20) at pH 12, with *Jp 4y ~2 7 Hz

The 'H-n mr spectrum of the tricyclohexylammonium salt of fraction 111 was
also 1n accord (Table II) with the 3-phosphate structure The chemical shifts of H-3
and H-6 indicated that the phosphate group was on C-2 or C-3 as, otherwise the
signal of H-3 or H-6 would have been shifted downfield from those observed for
L-ascorbate The chemical shuft of H-4 at pH 8 indicates that OH-3 n fraction Il did
not undergo 1onization at pH 8 0 When we 1solated fracuon [II several years ago,
we were unawnare of the significant shift of H-4 when the 3-hydroxyl group of L-
ascorbic acid 1omzes Unfortunately, we did not record the spectrum of fraction If
at pH 1 0 We should point out that our p m r data agiee well with those origmally
reported™ for fraction 1II (compound 1V)

The u v data i Tuble Il also support the 3-phosphate structure for fraction I1I
The absorbance of the compound, like that of 5 6-O-1sopropyhdene-3-O-{phenyl-
phosphono)-L-ascorbic acid did not change much 1 magmtude on passing from
pH2 to pH 10 At pH 70, L-ascorbate 3-phosphate however had -/, 250 nm,
whereas the 3-(pheny Iphosphate) dernvative has »,,,, 238 nm Apparently, the second
iomzation of the monosubstituted phosphate group in L-ascorbate 3-phosphate 1s
responsible for that difference

We deternuned the 1omization constants for fraction IIT by using two different
methods (°'P-chemical shifts and uv dawa) We found pK,; 32, pK, 70, and
pK; 10 5 The last constant, which we have assigned to the ronization of OH-2, 1s
much higher than any of the 1onization constants found for L-ascorbate 2-phosphate
The 2-hydrovy! group of L-ascorbic acid has pK 11 79 and the lowering of that
1onuzation constant to pK 10 5 1s consistent with 3-O-phosphorylation

Finally, Nomuia and his colleagues® reported that fraction III (their compound
[V, to which they assigned the phosphoric diester structure, and to which we assign
the 3-phosphate structure) 1s readily hydrolyzed in hot alkali At the same time, they
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reported that fraction IV (compound V, to which they assigned the 2-phosphate
structure, and to which we assign the 2,2 -phosphoric diester structure) is stable to hot
alkali They also reported that passage of fraction III together with M hydrochioric
acid through a strongly basic, anion-exchange resin (chloride form) at 25° produced a
mixture of L-ascorbic acid and L-ascorbate 3-phosphate Finally, they reported that
fraction IIl was unstable and that 1t disappeared if the phosphorylation reaction-
mnture was not separated rapidly by ion-exchange chromatography using 0 7M
sodium hydrogencarbonate

Those properties of fractions Il and I'V are more readily explamned if fraction III
(compound IV) 1s assigned the structure L-ascorbate 3-phosphate, and fraction IV
(compound V), the structure bis(i-ascorbate) 2,2’-phosphate L-Ascorbate 3-phos-
phate 1s a mixed anhydride of an morganic and an organic acid, it would be expected
to be hydrolyzed much faster in hot alkali than the 2,2’-phosphoric diester of L-
ascorbic acid Converting fraction III (our asssigned L-ascorbate 3-phosphate) by M
hydrochloric acid at 25° into a nuxture of L-ascorbic acid and L-ascorbate 2-phosphate
(our assignment to fraction I) may be explained by acid-catalyzed hydrolysis of the
3-phosphate and concurrent migration? of the phosphate group to afford the more
stable 2-phosphate (4) We have found that L-ascorbate 2-phosphate is very stable at
pH 0 5-1 0 at 25° The variable proportions of L-ascorbate 3-phosphate reported™® 1in
the products of phosphorylation of L-ascorbic acid in acetone are understandable,
because of base- and acid-catalyzed hydrolysis, and phosphate migration of the
3-phosphate

EXPERIMENTAL

General — High-performance liquid chromatography (h p I ¢ ) was conducted
at 257 1 a Waters Model ALC/G PC 201 instrument (Waters Associates, Inc,
Milford, MA) The stainless-steel column (I 22 mx 3 17 mm) was pached with a
pellicular, strongly basic, anion-exchange resin (Bondapak AX/Corasil, 37-50 um,
Waters Assoc, Inc) Samples (10 #L) were injected through a stop-flow inyector,
the column was developed with O Ism potassium dihydrogenphosphate (pH 4 4),
and the effluent was monitored at 254 nm The relative mobilities (R ) of the
matenals examuned were as follows 1,10, 2, 1 3, dipotassium L-ascorbate 2-sulfate,
1 8, tricyclohexylammomum L-ascorbate 2-phosphate, 2 8, barium bis(L-ascorbate)
2,2 -phosphate, 23, 3, 34, and 5, 60 Paper chromatography was performed on
Whatman No 1 paper using 154 1 (v/v/w) I-propanol-water—trichloroacetic acid as
the developing solvent Components were detected with either 1% ferric chloride in
95% ethanol*? or acid-molybdate spray3?

Tonization constants were determmed from uv 2! or *'P-nmr data22 23
N mr spectra were recorded with a Vanian XL-100 spectrometer Proton chemical
shufts are reported 1n & values from the mternal reference signal of sodium 4,4-di-
methyl-4-silapentane-1-sulfonate For >'P-n mr spectra, a 50% aqueous solution of
phosphoric acid was used as the external reference material to determine & values
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5,6-O-Isopropyhdene-L-ascorbic acid (2) — The procedure 1s a modification of
that of Jackson and Jones3®? To a slurry of L-ascorbic acid (1, 300 g) 1n acetone
(1 350 L) was added acetyl chloride (37 5 mL), and the mixture was stirred vigorously
for 2 h at 25-30°, by then, crystalline 2 had separated The crystals were collected by
filtration, washed with cold, 4 7 (v/v) acetone-hexane, and dried 1 a vacuum
desiccator over potassium hydroxide pellets, needle-shaped crystals, yield 348 g
(97%), m p 217-223° Thin-layer chromatographic analysis of the crystals on plates
coated with silica gel, with 24 1 (v/v) ethyl ether-acetic acid as the developing solvent,
showed only one component (Rz07) Compound 2 reduced the same amount of
1odine as an equivalent weight®* of 1

Synthesis of L-ascorbate 2-phosphate (4) — In a 250-mL beaker fitted with a pH
electrode, a magnetic stirring-bar, and a nmitrogen-nlet tube were placed pyridine
(310 mmol, 25 mL) and distilled water (100 mL) that had oeen prepurged with
nitrogen To this mixture was added 2 (12 3 g, 56 9 mmol), and the pH was adjusted
to 13 by adding 10M aqueous potassium hydroxide (~12 mL) (sodium hydroxide
should not be used) The mixture was cooled to —5° n a salt-ice bath At this point,
the concentrations of pyridine and 2 in the miature were ~2 3M and 0 44»1, respec-
tively Phosphoryl chlonide (7 3 mL, 79 8 mmol) was slowly added (~3 mL/h) to
the mixture by use of a small buret or a syringe-pump (Model No 975, Howard
Apparatus Co, Inc, Melis, MA) fitted with Teflon tubing (025 mm 1d) The
temperature of the mixture was maintamed at —5 to +5°, and the pH at 13 by
periodic addition of 10M aqueous potassium hydroxide The total volume of 10Mm
potasstum hydroxide added during the reaction was ~46 mL When addition of
phosphoryl chloride was complete, the volume of the mixture was made to 250 mL
with water, and an aliquot (10 0 mL) of the mixture was titrated®> with 0 1\ 10dine
The 10dine titer indicated that the mixture contained 2 2% of unreacted 2

The yields of phosphorylated components 1n the reaction mixture were de-
termuned by h p 1 ¢, both before and after hydrolytic removal of the 1sopropylidene
group It was advantageous to examine the reaction mixture by h p 1 ¢ before removal
of the 1sopropylidene group, as the resolution of components 1n the reaction mixture
was improved An ahiquot (1 0 mL) of the total reaction-miture was concentrated to
~0 5 mL under diminished pressure below 50°, to remove pyridine The volume of
the residual, alkaline solution was made to 100 mL, and an aliquot (4 0 mL) of the
solution was combined with 1 0 mL of a solution of analytically pure tricyclohevyl-
ammonium L-ascorbate 2-phosphate (30 mg in 100 mL of water) in a 10-mt volumetric
flask After making to volume (10 0 mL) with water, triphcate 10 0-uL aliquots of the
latter solution were myected into the chromatograph The amounts of 3 (R, 3 4) and
5 (R, 6 0) were determmed from the areas of their peaks relative to that of the
tricyclohexylammonium salt of 4 (R, 2 8) We calculated that 97% of 2 had been
converted into 3, only a trace of 5 was detected

The high conversion of 3 into 4 was confirmed by h p 1 ¢ assay after hydrolytic
removal of the 1sopropylidene group An ahquot (1 0 mL) of the reaction mixture
previously made to 250 mL was placed on a column of strongly acidic, cation-
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exchange resin (15 mL) in the hydrogen form The column was washed with water,
and the effluent made to volume (250 mL) Triplicate ahquots (10 0 uL) of the latter
solution were mjected mto the chromatograph Using response areas and a standard
curve obtained with the tricyclohexylammonium salt of 4, 1t was determined that
96 2% of the starting material had been converted into 4 Again, the chromatogram
showed that the reaction mixture contained only a trace of 6, R .. 2 3, and that the
isopropylidene group had been completely removed by passing the reaction muxture
through the strongly acidic, cation-exchange resin

Isolation and purificarion of the tricclohexilammonum salt of 4 — The rest
(248 mL) of the reaction mmture analyzed by h plc was passed through a column
(600 mL) of strongly acidic, cation-exchange resin (H*) The column was washed
untn 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 theoretical amount of
L-ascorbate 2-phosphate The column effluent, pH | 0, was kept for 2 h at 25°, and
then magnesium oxide (~ 11 g) was added to pH 9 0 The mixture was hept overnight
at 5°, and filtered Recovery of L-ascorbate 2-phosphate 1n the filtrate was 91 7%
according to uv analysis The filtrate was concentrated under diminished pressure to
50 mL, and the concentrate was added to absolute ethanol (300 mL) The magnesium
L-ascorbate 2-phosphate precipitated was collected by centrifugation, and washed
free of magnesium chloride with 95%; ethanol (2 x 100 mL) The magnesium salt ot 6
1s more soluble in ethanol than the magnesium salt of 4 The sedimented maternal was
dried under vacuum, to gne 19 5 g (86% yield by u v) of compound 4 as a white
powder

The supernatant liquor from the centrifugation was combined with the ethanol
washings, and the resulting solution which contained 6% (uv analysis) of 4 was
evaporated to dryvness under vacuum The solid residue was dissolved 1in water
(50 mL), and barium hydrowude (2 g) was added to precipitate the barium salt of 4
which 1s insoluble at neutral or alkaline oH, but dissolves at pH <4 The precipitate
was collected by centrifugation, and the supernatant hquor was discarded (u v loss
0 24%) The precipitated barium salt of 4 was combined with the solid magnesium
salt of 4, and the mixture was placed on top of a column (600 mL) of strongly acidic,
cation-exchange resin (H™) The pH of the effluent (200 mL) which contamned 82%
of the theoretical amount of 4 (as determined by u v spectroscopy), was adjusted to
9 with cyclohexylamine, and the solution was evaporated under vacuum to a thick
syrup Absolute ethanol was added, and the solution was cooled oveinight, to give
18 9 g of tricyclohexylammonium t-ascorbate 2-phosphate as flat prisms, m p 178-
182° (dec), [x]5° +30° (c 10, water) A second crop (3 3 g) of crystals brought the
total yield of matenal to 22 2 g (70%) [The mother liquors retained 12% (uv) of
L-ascorbate 2-phosphate Paper chromatography showed that the crystalline material
contained traces of morganic phosphate (R, . I 2) along with only one other com-
ponent (R,,. 0 6) The mmor traces of inorganic phosphate could not be completely
elimmated from the product by repeated recrystallization from 95% ethanol ] U+
data 5B *°238 nm, g, 9, AR 70 258, gy 115, AP 100964 0m, g\, 16, pmT

P
max max max
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data (pH 7) & 3 70 (H-6), 4 05 (H-5), and 4 60 (H-4) Nomura and his colleagues”
reported the following properties for the compound to which they assigned the
structure of magnesium L-ascorbate 3-phosphate pentahydrate [«]3° +42° (¢ |0,
H,0),u v data »2 '°237nm £, 98, /2% 13261 nm, g,y 16 1, p m 1 data (D,0)

max max

J 383 (H-6), 416 (H-5), and 4 64 (H-4) Cutolo and Larizza® reported that the
tricyclohexylammonium salt of 4 had [«]3° +44° (¢ 1 6, H,O) /E%.' 237, £, 9 77,
#PH 65258 g 118, and #PM "3 265, g, 15§

Anal Calc for C, H gN;O4P C, 5206, H, 874 N, 759, P, 534 Found
C 5195, H,881,N,739 P 534

The 1onization constants of L-ascorbate 2-phosphate were determined from
plots*' of +, ., tersus pH pK, <10, pK,3 25, and pK; 785, It ** pK, 001,
pK, 327, and pK;670

Calcuum L-ascorbate 2-phosphate — A solution of tricyclohexylammonium
L-ascorbate 2-phosphate (m p 180-182%) (1 00 g) 1n water {~10 mL) was passed
through a column (12 mL) of a strongly acidic, cation-exchange resin (H¥) The
column was washed with water (2 vol ) and the effluents were combined, adjusted
to pH 9 0 by addition of calcium hydrovide, and filtered Evaporation of the filtrate
gave 0374 g of calcium t-ascorbate 2-phosphate, m p 220-240" (dec) recovery
(based onu v absorption) 82 9%

Barnun salt of bis(L-ascorbic ucid) 2 2 -phosphate (6) — The phosphoric
diester 6 was prepared by starting with either 2 or 1 the latter providing the easier
procedure To a de-aerated solution of L-ascorbic acid (30 0 g, 170 mmol) in water
(300 mL) w 1s added solid bartum hydroxide at 50°, with mechanical stirring, until the
pH of the solution reached 103 Phosphoryl chlonde (234 mL, 391 g 235 mmol)
was added dropwise, and the pH of the mixture was kept at 9 5-10 3 by periodic
addition of sohid barium hydrowide (total, 190 g) The reaction was complete in
100 mun the precipitated barium phosphate and barium t-ascorbate 2-phosphate
were then removed by rapidly filtering the minture The clear filtrate was kept over-
night at 3° to induce crystalhzation of the salt of phosphoric diester 6 The ciystals
were collected by filtiation and dried over phosphorus pentaowde, yield [52¢g
(28 9%4) Recrystallization from cold water gave analytically pure barium salt of 6
mp 250° (dec ) [«12° +65° (¢ 10 of sodium salt, H,O) uv data B 19235 nm,
Emu 182 4PH 70258 256 P 1T13 258, £, 306, 1omization constants,
pH, 23 pK, 358 and pK;80 pmr dataatpD 110 &3 70 (H-6), 401 (H-5), and
450 (H-4) [Nomura er af * reported the following properties for therr component [V
(compound V) to which they erroneously assigned the structure of magnesium
L-ascorbate 2-phosphate u\ data P8 10 235nm, &, 87, and /0,170 259,
emv 14 pmr data (1ead from Fig 4 mref 4) 5376 (H-6), 4 10 (H-5), and 4 63
(H-4) ]

4nal Cale tor C;,H,2Ba, sO,,P C 2335 H,196,P 5302 Found C 2346

H 20+ P 470
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