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INTRODUCTICN AND LITERATURE REVILW

Although the biosynthesis of organic sulfates has been shown to
involve 5‘-phasphoadenouine-5'-phosphosulﬁhate as a sulfating agent (1),
other unknown cofactors have been implicated as sulfate carriers (2).
because of a numbsr of indirect relationships between gmaacorbic acid
deficiency and sulfate incorporation into biologically important com=
pounds (3), it has been postulated that g-nsccrbic acid may be invelved
in blological sulfation. Ford and Ruoff (4) obmerved the chemical
behaviour of 5,S_insopropylidene-é—ascorbic acid 2-sulfate! and sugges=
ted that énascorbata 2-sulfate (1) may be biologically important es a
sulfating or nydroxylating agent. Mumms (é) prepared I frem the 5,6-C
isopropylidens derivative and demonstrated that in the presence of =
number of cxidizing agents, including air, the compound is sn exce!lent
sulfeting agent. Compound I has been alse shown to be a good sulfating
agent in vitro eand in vivo (5,6). Rats injected with 55g-ascorbic meid
2esuifate were shown to accelerats th? sxeretion of 555-9holest.erol
sulfate by a factor of 50 zomvared te rete injecied with 55804#(6,7).

The discovery of IL-ascorbate 2-sulfate (I) in brine shrimp (3,9),
which contained no é-ascorbate, and the isolation of the sulfsted com-

pound from the urine of the guinea pig, trout, rat, and men (10}

1This eccmmound has oreviously hoen reported as the Se-sulfate
derivetive, However, ragent Xe-rny studies have proven ing structure
4o ba 4he Z-sulfate ester (11,12). ¥For more information on ihe
gtructure, see Apvendix {.



dozonsireted that J iz & vomepund of widespread biclogicael dietribution.
It 1s not juat a laboratory curiosity but is bioclogically iwmpertant,
Compound I is perhaps e blelogical sulfating agent, or it serves some
other undefinad metnbolic funciion,

In the literature prior to 1972, L-ascorbate 2-sulfate (1) was
incorrectly sssigned the structure of g-asporbate S=zulfate., Hecent
X-ray crystallographic determination of structure has proven the come

pournd which occurs naturslly and which has been synthesized chemicealily in

several leboratories is l~ascorbate Z2-sulfate (11,12).

H
HCOH

SO

I

Thus, the suifated derivative of é-ascorbic acid most people have isolsted
end worked with is probably L-ascorbate 2-sulfats (I). To the author's
kriowledze, no one hes ever isclated and characterized gfascorbate =
sulfats,

Leascorbate 2;sulfate (1) has recently been reperted (13) to have
antiszcorbuiic activity in cuince piga equal to é-aacorbate (II}). The
sulfuts derivative (1) has also been reported to nrevent scurvy in rain-
bew 4¢rout end ceho salmon (1#).:Jif these reporis sare confirmed, the
sulfate dorivative (g) would indeed be a veluable source of vitg@in C
in processed foods szince 1t is mors stable than II (5,15,16) and since

it eppeers to be & normal mctabolite in enimals (10). The lability of



II to oxygen, especiaily in alikaline msdis, is well known (17-20),
Furthermore, compound 11 is destreyed even more rapidly when a food,
such as wheat flour (21), contains the enzyma-é—ascorbic scid oxidase.
The enzyme canveftz II to dehydra-gwascorbic acid, & labile (22) com=
pound whose irreversible destiruction corresponds dirsctly to the loss
of antiscorbutic activity in a food. Thus, & major pertion of II ia
destroyed in cereal products manufectured at elevated temperature (23).
Quadri (24) reported the salts of 1 have excellent stability in such
yeaast-loavened baked goods as bremd {15% loss) and in chemically leavened
products such as pancakes (4% loss). Simulated pasteurization and storage
of milk elso crused no destruction eof I,

‘The first chemizal synthesis of I wea accomplished in 1965 bty Ferd
and Ruoff (4,%5) who sulfated 5,éogeiaopropylidanejé-ascorbate with an
. smine=sulfur trinxide cowplex in N,Nedimethylformamide and reported the
isolation nf‘tarium 5,émgrisopropylidene—é—ascqrbate_253u1fate. However,
it iz mest likely the coupound isolated was instead bariuw é—ascorbate
2=gulfete since the sulfated 5,6~ketal derivative was purified on an
Amberlite IR-120 {(#+) resin followed by neutralization with barium
hydroxide. In the author's experience, this resin treatment has been
found to resove the 5,6«grisopr6pylidene group very rapiély. Chu gnd
Slaurwitte (28) prepared I using aclfstion of 5,6-0-benzylidene~l-
wagorblc scid with pyridine-sulfur trioxide in N,N-dimethylformamide
followsd by hydrolytic removal of the lsopropylidene group. They reported
jsulation ¢f the potsssium salt of I in 41% yield a8 an emorohous monow
hydrete not having a sharp melting point, Mumma and coworkers (15)
enployed the same synthesis scﬁeme to sulfate 5,6-gw190propylidane-§-

gacorbic acid, howsver thase workers isclated only 15% yield of potassium



Lraacﬂrbaio Ensﬁlfate which contained one mole of water of crystalliza-
tion, Both these groups used a tedious isolation technique. Tolbert

et al. (16) have annéunced the preparation of the barium salt by way of
sulfation ¢f 5,6=g-benzylidene-é—ascorbic acid with a mixture of aulfuric
acid and dicyelohexyldicarbediimide in N,N-dimethylformemide (27). The
barium salt of ] was purified by ion~exchange chromatography, but detﬁils
of the procedure have not been published. Bond et al. (11) reported an
approximately 50% conversion of 5,G-Q-cyc1ohexylidene-£fascorbic acid to
compound (I). Others (28) have stated that column chromatography with
diethylaminoethyl cellulose was the only method of purificaticn.

Thus, there is a need for improved methods of preparation and iso-
lation of I, if this compound is to become of commercial importance as a
stable spurce of vitamin C. In addition, more informastion is nseded on
the physical and chemical properties of I, 'so that its behaviour in
food systems can be predicted. For these reasons several salts of y
were preparad, and the solubility of the votassium and barium salts of
I &t various temperatures wes determined. The atebility of I to acid

and slrali wos mlso examined,



RESULTS AND DISCUSSION

t. The Role of Pyridine in Improved Synthesis of LeAscorbate 2-Sulfats

in N,N-Dimethvliformamide

Recently Quadri (24) impro;ed the éunventionﬂl proéedure of preparing
éraécarbate 2-sulfate (g). The conventional procedure involved remction
of a 5,6~acetal derivetive of k—ascorbic scid with an amine-sulfur trioxide
complex in N, Nedimethylformemide, He simplified the iscletion procedure
and was thereby abie to increage preparetive yields from 15% (15) to
epproximately 50%.

It was found thet, by adding a tertiery smine together with the
5,6=ac8tal of gaascorbic ecid prier to aﬂ&itinn of the amine~szulfur
trioxide complex, the isolated yields.of compound I could be further
iwproved from 50% to fﬁ%. The reaction sequ;nce is shown in Fig. 1 (p.6).

Several experiments were done to explein the role of the added
tertiary amine, but, before discussing these experiments, it 1s necessery
to present a short diecussion of the chromatographic'and ultraviolet
spegtrophovometrice metho&s used to enmlyze the products of the sulfntion-
resction,

Spray reagénts used to detect gfascorbia acid and several of iis
derivatives are summerized in Table 1 (p.7). Silyer nitrate is sensitive
tor reducing compounds, Neutrsl silver nitrate spray detecis érasccrhic
scid, wherems 5,ng-isﬁpropylidene»éeahcorbic ecid cantot be datected in
trace amounts. The ferric chloride spray was used to detsct enolie hydroxyl

groupa, fravicus reporis conssining Leascorbate sulfaute heve clearly
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TABLE 1. Resction of Various Compounds with Sprays on Chromatography

Sprays

Silver nitrate BSilver nitrate Coler with

Compounds (neutral) (KOH) FeCls
L=Ascorbic acid + + ' purple
5,6=0=IsopropylidenesL= + + purple
agcorbic acid
é—Ascorbate 2=zulfate - . + red
5,6=0=Isopropylidene~Le= = + red
ascorbate 2e-sulfate
- + red

l=Ascorbate 2,6-disulfate

LA Detected,

¥ - B Not det@ctédq
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demonstrated that the sulfate muat reaﬁde either at the 2« or 3~ positien.
Based ¢n indirect evidence, the sulfate was aesigned to the 3« position by
Ford and Ruoff (4,25), and avery subseguent report repeated this assignment.
However, the ability to form a ferric chloride complex is not restricted
t0 the 3-isomer as supposed (29,30). The mobilities of é-ascorbic acid
and several of‘its derivatives in two paper chromatographic developing
syatems are given in Table 2 (p.9).

Ultraviclet spectrophotometry can be used to differentiate between
the 2= and 3~ sulfate esters of é—ascorhic acid., In analogy with the
phenylphosphate esters, the 3=sulfate should have Amax. st 238 mm at
neutral pHd (Table 3, p.10), whereas the 2~sulfate should have Amax. of
257 ﬁm. Substitution at the C=6 or C-5 position would result in the
compound having Amax. of 265 nm. |

To dete;mine the improving role of added pyridine in the sulfation
reaction, 4wo sulfation reactions were run and the products formeﬁ during
sulfation wore analysed by paper chromatograsphy and ultraviolel spectro-
photometry (Table 4, p.11). In reaction A, one molar equivalent of
pyridine, based on 5,6~grisopropylidene-épascorbic acid, was added prior
to sulfation, whereas in reaction B, no free pyridine was asdded prior
to suifation. The developing sélvent system for preparative paper
chrometography was n-propancl-wateretrichloroacetic acid (15:4:1, V/V/¥).

Aliquots were removed from reection A with time, ewnd paper chroma~
tography showed two principal components were formed with R30;71 and 0.10
during partial and after complete disappesrance of the starting material
(5,6=0=isopropylidens~L-ascorbic acid ). After complete disappearance of
5,6ug-iaopropylidene-éwascorbic scid in reaction A, the component with

Re 0,71 was hydrolyzed by smgzid, then neutralized with sodium bicarbonate.



TABLE 2. Paper Chromatographic Mobilities of Derivatives of gmAscorbic

Acid.
Ra v#luesa in solvent system® given
Compound - A ' B
5,6-9—180prcpylidene-é-ascorbic 1.56 1.60
acid
5,6-9-130propylideneig-ascorbic 0.71 .73

acid 2-zulfate

leAscorbic acid 2-(hydrogen 0.50 0.52
sulfate ) ‘
Barium L~ascorbic 2esulfate 0.48 0.50

{sn) Ra value = distance mierated by derivative

distance migrated by L-sscorbic acid

(b) Solvent systems; A. nepropanolewater~trichloromcetic acid (15:4:1,
V/V/@); B. nebutanolewater~scetic acid (5:3:2,V/V).
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TABLE 3. Ultraviolet Spectral Characteristics of Substituted L-Ascorbic
Acids (11), -
Acid Neutral Base
Compound Amex. £x107  Jmex. £x103  Jmax. Ex10°
L=Ascorbic acid 245 12.2 265 16.5 - -
3=Methyl-L-ascorbic acid 244 9 244 9 276 9
2,3=Divethyl=Leascorbic mcid 235 9 - - . e
3=Phenylphovaphoryl-Le=ascorbic 237 8 238 8 263 8
acid
2-Phenylphcsphoryl=l~ascorbic 233 9.6 257 14,5 258 15
acid
L-Ascorbete 2=-sulfate 232 14,1 255 21.7 255 21.7
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TABLE 4, Paper Chromatographic and Ultraviolet Spectrophotometric Analysis
of the Sulfation Froducts of 5,b-O-Isopronylldere-L-Ascorbxc
Acid with Free Pyridine (Reaction A) and Without }Tee Fyridine
(Reaction B).

Sodium Salt of

Sulfation Products® Sulfation Prcductsb

Reaction A Reaction B Reaction A Reaction B
Ra® Amount BRa® Amount Ra® Ra®

Component (%) (%)

. 2=8ulfate ester 0.71 g2 o.M 35 0.37 0.57

' ; d d d
2, 2,6=Disuifate ester X X 0.2t 57 X 0.21
3, Unknown .10 8 0.10 8 0,11 0.1

(a)} Sulfation products of 5,6-0-1sonropylideneuL-asccrbic acid in N,N~
" dimethylformemide prior to hydrolysis.

{(b) The extracted sulfation products were hydrolyzed by acid, then
neutrelized with sodium bicarbonate.

(¢) Re valus » Siztance misreved by derivetive
distance migrated by L-ascorbic acid

(d) Not detected,
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The neutralized component showed the same Ra (0.37) a; analytically pure
sodium é—ascorbate 2-gulfate, It indicated the component with Ra 0,71 urs
5,6~gfiaopropylidenewg-ascorbate 2-sulfate, The materiels with Ha Q.71 and
Ra 0.10 were eluted from the paper and, from the absorbance values of ihe
components, it was estimated the mixture contained 92% 2-sulfate ester and
8% unknown.

When no extra pyridine was added prior to sulfation (Reﬁction B),
fapar chromatography showed the sulfation products contained three prin-
cipal components with Ra values of 0.71, 0.21 and 0.10. The extra come
ponent at 0,21 was amssigned the 2,6«disulfate structure based on the
following facts.

(1) It gave a red color with ferric chloride spray indicating the
2 or 3 position was esterified. The ultraviclet spectrum of the compound
showed the 2=-hydroxyl group was substituted. At pH 7.0, the derivative
gave Amax 255 mm and at pH 2.0, 232 nm. These ultraviclet spectrophoto=
metric data ere consistent only with e 2-substitution (Teble 3, p.10).

(2) The slower mobility of the compound on paper chromatography
indicated e more polar molecule than a mono-sulfate ester of &-ascorbate
(e 0.37). Thus, the compound is most likely a disulfate ester of L-
ascorbate, | |

(3) Aliquots were removed from reaction B at various times, and
peper chromatography showed that the intensity of the extra spot (Ra 0.21)
inecreased with time, The intensity of the spot with Ra 0.71, namely
5,6~gfisoprepylidcne-guascorbia acid 2=-sulfate, éecrease¢ at the same
time. That indicated the 5,6=0~iscpropylidene group wes removed and

then the free &=-hydroxyl group sulfated,
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(4) Tis S-hydroxyl group of underivatized g—ascorhic scid is known
to be more reactive than the 2«, 3«, or S~hydroxyl groups towards pyrie-
dine=sulfur trioxide (28), Therefore, the most likely disubstituted
derivative is the 2,6-disulfate ester.

These results cleesrly show why improved ylelds of compound I were
obtained by adding pyridine prior to sulfation. With added pyridine
more I is formed and crystallizetion of I from the reaction mixture is
also sided because of the fewer components in the crystallization medium.

The formation of l-ascorbate 2,6~disulfate means that tﬁé 5y 6=Qe
isopropylidene group is being cleaved somehow during sulfation reaction B.
Even in the early stages of sulfation, the 2,6-disulfate {Ra 0.21) was
observed along with the desired product with Ra 0.71, The 5,6=-0-isopro=
pylidens group is easily removed from 5,6-g§isapropylideneﬁg-ascorbic
~scid if the latter molecule comes into contact with water (31). The acidic
A=hydroxyl group of 5,6¢g~isopropylidene-gfascorbic acid is capable of
catalyzing the hydrolysis of its owa 5,6=acetal group. Thus, water must
be rigorcusly excluded during sulfation of 5,G-Qrisopropylidene-&-ascorhic
acid, otherwise k—ascnrbic ecid of g»uacorbic acid 2esulfate will be formed
by hydrolysis. The Leascorbic acid or L-ascorbic acid 2-sulfate will then
be sulfnted to give the 2,6-disulfste. Apparently veryllittle_é-ascorbic
neid Smgulfete is formed.

The role of the pyridine sdded prior to sulfation (Reaction A) is to
neutralize any acid which may be present in the original mixture prior
to sulfetion and which may be formsd during the sulfation reaction, In
this way if any water ig intreduced into the sulfntion reaction, the
B,6=acetal will rot be hydrolyzed becmuse the reaction medium is basic

gnd pot acidie,
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One molar equivalent of pyridine edded prior te sulfation increazed
the ylelds of k—ascorbate.?-sulfata to 75%. However, the addsd pyridine
gloved down the suaction time which now required 12 hours for complete
gulfation, For complete sulfation, reaction B required only half the

time that resction A required.

2, The Synthesis of L-Ascorbate 2-Sulfate in an Aqueous Medjum

Swith end his colleapgues (32) sulfated wheat flour in 80 to ¢0% yield
¥ith trimethylamine-sgulfur trioxide in an aqueous sodium hydroxide system.
They reported the extent of sulfation, yield, and properties of the flour
sulfutas were influenced by reaction time, temperature, cetalyst concen-
tration, end the amount of trimethylamine—sulfur trioxide,

The C-) and C=2 hydroxyl groups of émascorbic acld (E;) are much
more ionized in saqueous solvents, especirlly under slkeline conditions,
than that iq aprotic solvents (for exsmple, N,N-dimethylformamide). The
C~3 hydroxyl group is the more acidic {pK,q 4.17) ard would be expected
to be sulfsted before the C-2 hydroxyl group (pKgp 11.5). However,
resonance of one peir of slectrons with the enone structure results in
the following two resonance forms (Fig. 2, p.15). Hencs, sulfsetion of
the 3=hydroxyl group would not yleld e stable sulfate ester, Thgmjfsul--
fate ester is = mixed anhydride and, if formed in the reaction mixture,
{his mixed snhydride would react further by sulfating other hjdréxyls on
5,6-g-isoprnpy1idene—é-ascorhic aclid or &nascorhic s#cid to produce more
stable sulfute eaters,

éraacarbate (11) reacted repidly at ?O? with trimethylemine-sulfur
trioxide in mikali at pH 9.5~10.5 tn produce ér&scorbatg_Efgqlfgte (1)

nearly quantitatively. Trimethylsmine was removed by icn-exchange
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Fig. 2. Resonance forma of L-ascorbate (neutral pH).
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chromstography,‘and the crystalline, analytically-pure barium salt of I
was easily isolated in high yisld (80%).. The reaction sequence used to
prepare I is shown in Fig. 3 (p.17).

After sulfation of é—aacorbic aeid in an aqueous medium, ultravioclet
absorption spectroscopy at 255 nm indiceted 99.2% sulfation of the
2-hydroxyl hed occurred at pH 9.5-10.5 (Table 5, p.18). Preparative
paper chromatogrsphic separation and ultraviclet apactrcphotémetric
senalysis indicated the reaction products consisted of a 40:1 mixture of
the 2-sulfate (I} end the 2,6-disulfate ester of l-escorbate. The time
required for disappearance of starting material (ll) also depended on
pH (Table 5, p.18). The data indicate the formation of L-ascorbate
2-su1fate (£) sccelerates ryg alkalinity increases, probably because
fonization of the 2-hydroxyl is increased. Conditions that form I faster
give higher yields because ] is more stable in alkali then is gpascorbate
(I1). Conversions are lower and réaction periods longer when the pH
exceeds 10.5 because the higher hydroxyl ion concentraticn destroys the
emine=sulfur trioxide (33), end L-ascorbate (II) is slowly degraded by
alkali. It is likely the pH range st which II is nearly quantitatively
converted to I could be extended by using larger amounts of trimethylemine-
sulfur trioxide. The synthesis of compound ] by the abové procedure repu-
rasents a vast improvement over other methods of preparation. The ad-
vantsges include the following: a. The .starting materiml is é«ascorbate
(II); b. the solvent is water; c. conversion of II %to I is neerly quanti-
tative and the reactianrpariod is only 30 minutes; d. the isolation scheme
is simple; and, e. isolaled yields of 80% of mnalytically-pure salts of I

are obtained.
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Fig. 3. Synthesis of L~Ascorbate 2-Sulfete in an Aqueous Medium.



TABLE 5. Sulfation of the 2=Hydroxyl Group of g—nscorbatea.

e e
e = =

o e
it

pH Reaction Peried, Minutes Conversion, %
8.5 | 630 77
9.0 360 83
9.5 15 ” 99
10.0 30 99
10.5' 35 99
11.0 60 76
- 11.5 _ 180 35

(a) See Materials and Methods,
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) Comuariawg of Sulfated Perivative of L-Ascorbic Acid with Authentic

l=Ascorhate Z-Sulfate

Bond et _al. (11,12) revorted thet X-ray crystallographic studies
have demonstrate& the sulfated derivative of k-ascorbic acid which occurs
naturally and which has been synthesized chemically is é—ascorbate
2-gulfate, Comparison of our synthetic compound with that fourd in brine
shrimp (11) showed both to have identical physical and spectral properties,
The m.p. and specific rotation of the barium salts isolated from brine
shrimp by Bond et al., (11) and synthesized in our laboratory by both
methods (in N,N-dimethylformemide end in agueous media) gave identical
properties., The infrared spectra of the bariﬁm salts from both sources
were identical. Ultraviolet spectra of é—ascorbate 2=sulfate (l) from
both sources had the same mweximum at 255 rm in neutral solution, which
. shifted to 232 nm at pH 2.0. The Ra values of the ammonium and berium
saits from b;th sources in developing solvent A, n-propsnol-water-trij-
chloreacetic acid (15/4/1, V/V/¥), are shown in Table 6§ {p.20). Various
sprays on chrometography papers gave identical results., It was concluded

that synthesized compound was g-ascorbate 2-sulfate (I).

4, Properties of L-Ascorbate 2-Sulfate

The sodium, potmssium, ammonium, pyridinium, alanine, calcium,
magnesium, =zinec, and cotalious salts of &fascprbate 2-gulfate (1) were
prepared by either ion-exchange chromatography (Methed B) or treetment
of barium gfascorbate 2~sulfate with & sulfate salt carrying the desired
cation (Method A) (see page &i). Coméarison of the twec methods ashows that

Method A iz easier, and gives higher yields.



TABLE 6. Paper Chromatographic Mobilities of Derivatives of L-Ascorbic

Acid.
Source Salt Ra values* in Solvent A
Brine shriup Ammonium 0.60
Barium 0,48
Synthesis Axmonium " 0.60
Barium 0.48

¢istance mipgrated by derivative

*Re value =
distoance migrated by gfascorbic acid



The barium, potsssium, end zinc srlts of énasccrbate 2«sulfste (I}
are found to recrystailize readily. The barium salt is the preferred
selt for purification. Its solubility et different temperatures is
shown in Fig. 4 (p.22). All the salts are hygroscopic solids; however,
they can be stored in the open under normal temperature and humidity
conditions without Locoming m eyrup.

Elemental snalysis revealed that the barium and zinc salts of I
contain {wo moles of water of crystallization, the other salts contain
no solvent of erystallizmtien., The pyridinium and alanine salts of I
were shown to be monovalent selts by the integrated intensities of
appropriate proton signals in their nuclear msgretic resonance spectra
and by their eleﬁéntal analyses. In the oihe; salts the é—ascorbate
moicty 1s divelent., Most salts of I give identical specific rotations,
name Ly fdlf+50° (c 1.0 in water). Only the pyridinium and alanine
seits are different with & rotation of (dlg+400 (¢ 1.0 in water).

The salis of I with univaleni cations have similer chromatographic
mobilitisa, The monovalent cation éalts, such as sodium, potassium, and
samonium, possess different chromatographic mobilities than the divalent
cation snlts, such as barium, magnesium, calcium, zinc, and cobaltous.

Tﬁe pKke of the $uhydroxyi group of érascorbate 2-gulfate (L) is
reported to be 2.79, which waa determination by ultraviolet spectropho-
tometry (8) and by titration (11). The €=3 hydroxyl group of édigM
therefore wors acidic than the C=3 hydroxyl group of g-ascorbic acid

(pKay 4.17).

A. Spectrevhetonstric Froperties

Ultraviolst svsetrs of L-ascorbate 2-sulfate (I) showsd s maximum

sbsorption { Amax) of 232 mm in acidic (pE 2.0) soluticn. The maximum

21
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ghif'ted to 255 np in neutral or wixeline gpiutions with & concomitani
incronge (S54%) in extinction coefficient froam & = 21,900 to & = 29,%50
(Fig. 5, p.24).

The infrared spectirum of potmssium g-aacorhate 2-gulfate was
measured end compared with that of potassium k—ascorbate (Fig: 64 P25 )
It shows a typical pattern for n sulfate ester (34=36). Two very strong
absorptions at 1265 en~! and 1230 em™? are esymmetric stretching vibra=-
tions of sulfate, Absorption at 1230 ew~! is accompanied by & shoulder;
this is a typical of organic sulfate esters., Also, § very strong and
sharp absorption at 1050 en™! ig due to the symmetric stretching vibra=-
tion of sulfate, The_C-O-S- vibration (medium) occurs at 830 cm*1 and

775 ew™1,

B. Nueclear Magnetic Resonance (N.M.R.) Spectrosconic¢ Properties

ke nusiear magnetic reschance spectrum of potsssium éfascurbate
2-sulfote was examined (Fig. 7, p.26). The doublet at lowest field

{T 5.45) was assigned to H=d4; the splitting (JJ+ = 2,0 Hz) is due to

>
vieinal coupling with H=5, The remaining signals in the spectrum result
from an ABX system comprised of the C=6 methylene protons and H-5, and can
bs enalyzed to & good apgroximation by first-order rules, since the
chewical shifts of H-6 and H-6' are almoat identical. The outer signals
ef the AB {(§=5 eand He6') pattern were so wesk that they could not be
resolved sbove background noise; therefore, geminal couplings could not

be meesured. The three linss at highest field, which resulted fron
overlap of ihe four woet intense lines of the AR pattern, were assigned

to H=6 and F~A' (T = 6.25). The sepﬁet at'1“5.94 was 83signed to H~-5;

the major splittings are sttributable to coupling of H-5 with He6 and

H-6' (V5,6 = 5.5 Bz and J5 g1 = 7.5 Hz) and the minor eblittings to
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coupling with Hed,

/0. Non=Oxidative Sulfats Transfer from L-Ascorbic Acid 2-(Hydrogen
Sulfate) by Alconolysis

Several investigators have proposed é—aacorbate 2-gulfate (1)
may transfer sulfate to hiological‘compounds under oxidative conditions.
The mechanism first proposed by Ford and Ruoff (4) is shown in Fig, 8
(p.28). Mumma (5) found that 1-octanol and 5p=cholestanol were sulfated
by 5,6-9-1sopropylidena—é-ascorbate 2-sulfate in N,Nedimethylformamide
in the presence of bromine, oxygen,7u-ch10roperbenznic acid, and 2,3~
dichloro=5,6=dicysnobenzoguinone. Chu end Slaunwhite {26) found that
I served as a ﬂulfnting ugent for both equatorial and axial hydroxyls of
stercids in the presence of a condensing agent and an oxidizing esgent.
Most recently Bond (11) also demonsirated oxidative transfer of sulfute
in vitro from I to & veriety of acceptors in enhydrous dimethylsulfoxide.

lowever, it hes been found in this work that oxidation of compound
I may not be necessary for transfer of the siirate group. If compourd I
ig e¢onverted to its free scid form and then placed in & solvent of low=
ionizing power, such as ethanol or mesthancl, ﬁhe sulfate group is fapidly
lost. _

The rate of loss of sulfete from é—ascorbic acid 2-(hydrogen sulfa@e)
in various mixtures of methanol-water was atudied., In all mixtures the
sulfate was lost by 8 zerco-order reacticn which greatly acﬁeiera£ed as
. the water content of the solvent decremsed (Table 7, p.29). Apvarently,
decreased ionization of the sulfete group in a sclvent like methanol, of
lower dielectric strensth than water, {ecilitated the mcid-catalyzed

repoval of the sulfate ester group.
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H H
HCIOH H(IIOH
HCOH HCOH
l ; 0O : B} ' : O : |
L =0 +~ROH£-E-> Y =0 +ROSO3+ H*
B o % 7N |
-0 070 0 0
b |

Fig. 8. Mechanism of Oxidative Sulfate Trensfer from L-Ascorbate
2=Sulfate, ‘
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TABLE 7. Stability of LeAscorbic Aoid 2-(Hydrogen Sulfate) in Methanol=-

Water
Methanol Velocity ‘ Relative
Volume % u=-woles/liter-nmin. Velocity
0 N 0.0254 _ 1,00
50 0.0488 1.92
75 0. 0804 - 3,52
95 1.63 ' 64.1

99 ' 19.5 ' 770.
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Infbrmatin? concerning the methanolysis of aulféte esters ol caroc=
hydretes in general is meager (37). Several polysaccharide sulfntes have
been desulfated at room temperature with hydrogen chloride (< 0.1 anle)
in methanol. However, the reactions were run several days because the
polysaccharides were insoluble in the reaction media (37). It can be
concluded that in vive transfer of sulfate from I could be effected by an
enzyme which protonates I in proximity to the hydroxyl accepior.

D. Compsrison of ths Stability of l~Ascorbate 2-Sulfate and L-Ascorbate
to Oxyeon, Alkeli, and Acid

In boiling water and a straﬁm of air, Quadri (24) reported that
potassium g—ascorbate Z2=sulfate and potassium g-ascorbate had half-lives
of 140 hours and 7.6 hours, respectively. Therefore, the former is
approximately eighteen times more stable than the latter. However, in a
stream of nitrogen, it was found that potassium L=ascorbate 2=sulfate
was only three timea-more stable than potassium é-ascorbate (Fig. 9,
p.31)., Hence, g-asaorbate 2=gulfate (;) is much more stable than kf
ascorbate (II) towards oxygen at neutral pH.

In boiling, deaerated slkali (pH 13.0), L-ascorbate 2-sulfate (I)
and L-ascorbate (II) had half-lives of 21 hours and 15 hours, respectively.
(Fig.10, p.32), Therefore, the sulfate derivﬁtive (1) was only 1.4 times
stabler thun II. This result is surprising in that Quadri (24) found
96% rocovery of gfaﬂcurbate 2-sulfate (I) from pancakes, but 0% for
g-asnorbste (;l). Apparently the abundance of oxygen in the air in
chemically lesavened floﬁr products is mainly resvonsible for the loss of
II in these products.

In strong het acid (pH 1.0, 100°) 1t was found that L-sscorbate

2-sulfate (I) bad a halfwlife of only 4.7 minutes (Fig. 11, .33 ).
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Mupma praviOusl§ revorted (15) that I possessed considerable acid stability
et room temperature; only 20% of the sulfate ester groupr was hydrolyzed to
sulfate in 6.5 hours at pH 1. 1In our laborstory, it was also found that 1
had a half-life of 150 hours in strongly acidic solution (pH 1.5) at 37°
(Fig. 12, p.35). Thus, even though the sulfate group on compound (I) is
labile to aecid unda; physiological conditions that exist in the stomach
of & monogastric enimal, the rate of hydrolysis is too slow to convert
significant amounts of gfascorbate 2-gulfate (l) to vitamin C (11). It
can be concluded that pathways other than hydrolysis of 1 in the stomach

must be present in an animal to convert I to vitamin C (II).
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MATERIALS AND METHODS

All evaporation were under reduced pressure below 50°. M.p.s.
were determined with a Thomas-Hoover apparstus. Optiéal rﬁtations were
obtained on a Swisse-made Kern polarimeter, A Beckman Expandométic S8=-2
pH meter was used for éll pH determination. Elemental analyses were
performed by Huffman Laborateries, Inc. (Wheﬁtridge, Colorado ). The
analytical samples were transferred and weighed in an atmosphere of dry
nitrogen, since most samples are hygroscopic.

Thin leyer chromatography was performed on plates coated with silica
gel G {Brinkwan Instruments, Inc., Westbury, New York); developing scl=-
vents (V/V) are quoted in parenthesés. Tha compounds wers located by
spraying wiih 50% aqueous sulfuric acid followed by charring on a hot
plate. Compounds containing enolic hydroxyl groups were located by
spraying with 1% ferric chloride in 95% ethanol.

'Paper chromatography was performed on Whatman No. 1 paper at 25°
with either of two developing solvents: (A) nepropanol-water~-trichloro=-
ssstic acid (15:4:1, ¥/V/W); (B) n-butanol-water-acetic mecid (5:3:2, V/V).
Two sprsys (15) were used to locate components; Spray (A) Chromatograms
were dipred in & solution of 0.7% silver nitrate in acetone (5 ml saturated

AgNO,, Sml concentrated NH,OH, and 5 ml water in. 11 acetone ), followed by

5’
0.05M sedium hydroxide in methancl. After reduction of silver was
adequate, the paﬁers wore washed consecutively with 5% sodium thiosulfate

and water. Spray (B) A ferric chloride spraey (1% ferric chloride in 95%

methanol) waos ussd to detect cempounds containing enolic hydroxyl group.
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Ultraviolet spectra were ohtained for various salts in aqueous szolue~
tions using & Beckwan model DB-G spectrophotometer, The infrared spectra
of salts of éfascorbate 2esulfate and g-ascorbate were obtained on a
Perkin-Elmer model 457 spectrophotometer. The KBr pellet was prepared by
grinding a mixture of 10 mg dry salts of g-asgorbate 2=aulfate or &'
ascorbate and 1 g dry potassium bromide together until they appeared to
be completely mixed, then pressing the mixture into a disc-shaped pellet,

Nuclear magnetic resonance spectra were recorded with a Varian
ILp?OOVor TS0 spectromeﬁer. Chemical shifts are repbrted in Te-values
from the reference signal of sodiuﬁ 4,4=dimethyl=4=5ilapentane«1=gsulfonate,
Fifty milligrams of potassium or another salt of é—ascorbate 2-sulfate
was dissolved in-b.ﬁ ml 99% deuterium oxide, £he solution heated for 2
minutes, then examined et the normsloperating temperature of the n.m.r.
instrument.

1. Synthesis of LeAscorbate 2=-Sulfate in N,N=-Dimethylformamids.

8 f-O-Igoprenvlidensele=dscorhic Acid: The procedurs used wae identical to

the one published by Jackson anﬁ Jones (38),

A mixture of L-ascorbic acid (300 g) in acetone (1550 ml) containing
~acetyl chloride (37.5 ml) was stirred vigorously at room temperature for
2 hours. Crystalline 5,6h97150pr0pylidene-&«ascorhic acid separated from
the solution was collected by filtration, and washed with cold acetone-’
hexane (4:7, V/V), then dried in vacuo over potassium hydroxidé.' Yield,
348 g (97%) of needle-shaped crystals with m.p. 217=223°, Thin layer
chrnmatcgraphié analysis of the product using ethyl ether=-mcetic acid
(96/4, V/V) showed only one component (R”f = 0.7) as the reaction product.

Pyridine=Sulfur Trioxide Complex: The method used to prepare the complex

is essentially the method reported by Guiseley and Ruoff (39).
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Eighty milliliters of stabilized liquid sulfur trioxide (Sulfen B,
Allied Chemical Corp., Morristown, N.Y,) were added dropwise to a mixture
of 2,2 liters of dry, alcohol=free chlorcform and 210 ml of anhydrous
pyridine in a S~liter, 3=necked flask. The temperature inside the flask
was maintained below 50. After the sddition was complete, the product
was collected by filtration, and washed with cold, dry aleohol-free
chloroform and aspirated under a rubber dem, The solid was drjed over
phosphorous pentaoxidé in a vacuum desiccator. Yield of crystalline

cowplex was 304 g with m.p. 150-152°;

Barium L-Ascorbate 2-Sulfate: To anhydrous N,N-dimethylformamide (20 ml)
containing 10 g of 5,6-grisopropylidene-&raacnrbic acid and anhydrous
pyridine (4 m1) at 25° was added dropwise with stirring a mixture of
pyridine-sulfur trioxide (14 g) in N,N-dimethylformamide (40 ml). The

. reaction mixture was stirred 12 hours, at which time thinelayer chromato=
graphic analysis using methanol-ethyl acetate (85/15) showed the starting
meterial (Rf = 0.7) was completely reacted. The solvent was recoversd by
evaporation below 50° and the resction mixture was concentrated to & thick
ayrup. Addition of water (30 ml) dropped down the pH of the agueous
selution to 1.0, The mixtu;a wag kept for 30 minutes at 25°, its pH then
ed justed to 7.0 by the addition of a saturated aqueous solution of barium
hydroxide, and barium sulfate (8.38 g) was removed by filtration through
8 glass fiber filter pad (grade 9843, Arthur H. Thomas Co., Philadelphia,
Fa, ), The filtrate was decolorized with charcoal, and concentrated to a
volume of 5C ml. Methanol (50 ml) was added, the mixture ccoled, and the
crystalline solid collected by filtration. The white solid was dried over
phosphorus pantéoxide to give 14,8 g (75.0% yield) of barium L-ascorbate

2-sulfate dihydrate with m.p. 220-225° (dec.). Recrystallizetion gave
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cenmlytieally pure barium éynsccrbate 2esulfrie diaydrate with m.p.-

. L )
250m2§5° {dec. }, (a}im A (c 1.0 in watar)., Ansl. Calc. for

C.H B0 5 * 2H,0: C, 16.8%; K, 2.36; 8, 7.50. Found: C, 16.50; H, 2.32;

Rois of kdded Pyridine in Sulfation of 5,5«0-Isopropylidenewl~Airoorsia

4pid 3in N NeDimethylformemide: To anhydrous N,N-dimethylfcruemide (20 mi)

sentaining 10 mg of 5,6«g~isoprbpylideua-g-ascorbic aci&land 4wl ot
enhydrous pyridine (Reaciion A), or no free pyridine (Reaction B) was
added 14 ¢ of pyridine~sulfur trioxide. Both reaction mixtures were
stirred, Aliquots were removed from Reaction A and E with time, and
vnaraterized with paper chromstography. Solvent A, nepropenclewaterw
trickioronceiic #éid (15:4:1, V/V/6), wae use& as developing sclvent,
fuoh seserzisd component was extracted with water, hydrolyzed with acid
!9 1.0, 30 winutes), ihen neutralized with sodium bicarbonate., The
uliraviolst absorbance of each neutralized component was measured at
“55 am.  The smount of eech component was calculated from the ratio of
the ebzorbtion intensities of these cémponents. The coumponents isolated
after preparative paper chromatography were reexamined by paper chroma=
toeraniy,

2. Synthesis of leAscorbate 2-Sulfate in an Aqueous Medium.

Trimethyienine-Sulfur Trioxide Complex: The method used to prepare the

comelex is essentially the msthed reported by Guiseley and Rqoff-(ﬁg).
Eishty milliliters of stabilized liguid sulfur trioxide (Sulfen B8,
L11ied Uhemical Corp., Morristown, N.J.) wore added dropwise to a mixture
of 2,2 iiters dry, alcoholefree chloroform and 232 ml ¢f trimethylamine in
g Fwliter, Zenecked flask. The temperature inside the flask wes maintaired

-5

bslow 5 ., After the saddition was complete, the product wns collected by
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filirntion, washed with cold. dry, alcoholefree chloroform and aspirsted
under s rubber dam., The s¢lid was dried over phosphorous penteoxide in a
vacuum desiccator. Yield of crystalline complex was 240 g with m.p.
235-239°. |

Barium Le-Ascorbate 2-Sulfmte: To & solution of Le-ascorbic acid (2 g,

11,5 mwoles ) in water (25.0 ml) was added 10M aqueous sodium hydroxide
until the pH of the medium reached 10.0. The mixture wes heated to 70°
end trimetbriemine~sulfur trioxide (2.4 g, 16.2 mmoles) was added. The -
pH of the reaction medium was meintained at 9.5-10.0 by periocdically
eddirg 10k wiuecue sedium hydroxide, The reaction mixture was stirred
0 pinuiles, &t which time ﬁhin-layer chromatographic analysis using
methenol~yater (6/4) as developing solvent and spraying with 1% ferric
¢hloride in 95% methanol, showed no starting material remained. The

. mixture wes cooled and passed through a strong cation-exchange resin,
Amberlite IF-120 (H+), The effluent and washings from the column were
combined and neutralized with =2 saturated aqueous colution of barium
hydroxide., The mixiure was filtered to remove insoluble barium sulfate
and the filtrate was concentrated under diminished pressure to & small
volume (15 m1). An equel volume of methanol was edded, the mixture was
coolied, end ihe solid was removed by filtration., The solid wes drigd in
vaguum over phosphorous penteoxide, yield 3.9 g (80%) with m.p. 212-216°,
Recrystallization gave analytically pure barium L-ascorbate 2-sulfate
dihydrate with m.p. 250-2357  [«]%+ 5¢° (¢ 1.0 in water). The com~
pound gave infrared, ultraviciet, and nuclear magnetic resonance spectira,
and chromatographic enalysis identical with é—ascorbate Z=gulfate pre=~

pared in N,N-dimethylformamide.
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Convercion of L-Ascorbaie to L-Ascorbate 2-3ulfate at Different pH Levels:

éfnscorbic acid (2.0 g} was reacted in alkaii (25.0 ml) of differing:
molarity (pH 8.5, 9.0, 9.5, 10,0, 10.5, 11.0, 11.5) with trimethylemine-
sulfur trioxide (2.4 g) at 70° until the starting material disappeared as
evidenced by thin-layer chromatography. Aqueous sedium hydroxide (10 M)
wags added periodically to each reaction to maintain its pH during reaction.
Sulfation of the 2=hydroxyl of £~ascorbate (I1) was determined by dilution
of a reasction mixture to 100.0 ml and passage of an aliquot (500 «l)
through s weakly basic anion-exchange resin (200 mg, Type AG3-X44, chloride
form, 200-400 mesh, Biorad Lab., Richmond, California). The resin was
washed with water, end the sulfated derivatives were eluted with 1M
aqueous smmonium sulfate (100,0 ml), After dilution absorbances were
measured at 255 nm and pH 6.5, A control run in which L-ascorbic acid

was degraded in alkali at pH 10.5 for six hours gave an effluent which
showed no absorbance at 255 nm. The results ere given in Table 5 (p.18).
The conversion of L-ascorbate to the 2eculfate {1) end the 2,6~disulfate
cater of é—asccrbate at pH 9.5=10.5 was determined by preparative paper
elrematography and ultraviolet spectrophotometric analysis as described
before (p. 39).

3. Preparation eud Proverties of Salts of L-Ascorbate

The scdium, potassiuw, ammonium, pyridinium, calcium, magnesium,
zine, cobaltous, aluminum, end alanine salts of é—ascorbate 2=sulfate
were prepared by either, or both, of the following two procedures. The
procedures for the preparation of the magnesium salt illustrate the two
methods.

Method A: Barium Leascorbate 2-sulfate dihydrate (2.000 g) was dissolved

in water (100 ml) and ons equivalent of magnesium sulfate heptahydrate
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(1.155 g) was n&ded. The mlxture was stirred one hour snd the insolubie
barium sulfate (1.270 g) removed by filtration., Evaporation of the water
gave 1,269 g (97.5% yleld) of a crystalline solid, m.p. 205-210° (dec. ),
(x]if +50° (¢ 1.0 in water)., Elemental mnalysis: Calc. for Cglghe0gS ;
¢, 25.88; H, 2.17; S, 11.51, Found: €, 26.62; H, 2,24; 5, 10.86.
Method B: Barium L-ascorbate 2-sulfate dihydrate (3.0 g) was dissolved
in water (100 ml) and the mqueous sclution was passed through 12 ml of a
cation-exchange resin, Amberlite IR-120 (Mg++). The column wes washed
with two volumes of water, the effluents combined and concentrated to
dryness. The solid crystalline product eamounted to 1,48 g (76% yield),
and it was identical in all respects to magnesium é~ascorhata 2-sulfate
isclatad by Method A.

Potogsium L=Ascorbate 2Z2=Sulfate

This cempound was crystallized from 50% aqueous methanol as a
crystallire solid which contained ﬁb solvent of crystallization; m.p.
87-89.5°. Q£Jf5+ 50° (¢ 1.0 in water)., Elemental analysis: Cale. for
CgligK 085 C, 21.05; H, 2.14; 8, 9.60. Found: G, 21,05; H, 2.14; 8, 9.60.
Solubility in water (g/ml); 0.795 at 25°,

Pyridinium LeAscorbic Acid 2-Sulfate

Thie compound is & crystalline golid with m.p. 135-15‘*‘4°,. _faCJ;s+ 40‘5
(¢ 1.0 in water ), The nuclear magnetic resonance spectrum of the compound
gave the correct proportion of arcmatic.to escorbic acid protons for a
mono~-pyridinium salt (2#). Flemental enalysis: Calc. for 0637(C5H5N)093;
C, 39.52; H, 3.62; 8, 9.57. Found: C, 39.69; H, 3.72; S, 9.57.

Sodium LeAscorhbate Z-Sulfate

25
This compound is & crystalline solid with m.p. 190-210° (dec.), [ﬂ{]p
+ 50° (¢ 1.0 in wzter}. Ilemental analysis: Cale. for 06H6Na20931

¢, 24.01; H, 2.02. Found: C, 23.35; H, 2.09.
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Calcium bL=Ascorbate Z-S5ulfste

This compound is & crystalline sclid with m.p. 220.240° (dec. ),
(&]%f + 50° (c 1.0 in water). ELlemental analysis: Calc. for CéﬂécaOQS:
¢, 24.49; H, 2.06; S, 10.90. Found: ©, 24.23; H, 2.02; S, 10.86.

Zine LeAscorbate 2=Sulfate

This compound is & crystalline solid with m.p. 185=190% (deec.),
(@]% +50° (¢ 1.0 in water). Elemental snalysis: Cale. for CghcZnOgS -
2H,0: ©C, 20.27; H, 2,84, Found: C, 20.26; H, 3.15.

Magnesium L=Ascorbate 2-Sulfate

This compound is a crystalline solid with m.p. 205-210° (dec.),
(a('_lzg + 50° (¢ 1.0 in water). Elemental analysis: Calc. for CxHMg0gSs
c, 25.88; H, 2.17; S, 11.51. Found: C, 25.62; H, 2.24; S, 10.86.

Cobaltous lL=Ascorbate 2=3Sulfate

This compound is a2 crystelline solid with m.p. 196-1980 (dec. ),
Li]if + 50° (¢ 1.0 in water)., Elemental enalysis: Calc. for C4HCo0S8:
¢, 20.62; H, 2.88. Found: s 20.31; H, 3.18,

Alanine l=Ascorbic Acid 2=Sulfate

This compound was crystallized from cold aqueous acetone as & .
ervateliine solid with m.p. 155-160°, f,af]is-r 40° (¢ 1.0 in water).

Ammonium I~kscerbate 2=5ulfute

This compound is a crystelline solid with m.p. 90-95o (dec. ),
[o[]zns + 50° (2 1.0 in water).

4, Proof of Structuras cf Ledscorbate 2-Su1faté

A sample of ammonium irascorbate 2e=sulfate isolated from brine
shrimp was kindly denated by Dr. A. D. Bond of Oak Ridge National Labora=-
tory, Cak Ridge, Tennessee (11). The donated material was converted to

barium salt by passing through a cationeexchange resin, Amberlite IR-120 (H+).
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The efflusnt wes neutralized with saturated aqueous barium hydrexide,
filtered, and the filtrate concentrated under diminished pressure,
Crystallization from 50% mqueous methanol {V/V) gave a white solid which
was dried over phosphorous pentesoxide. The material had m.p. 225~250°,
(a]if + 50° (¢ 1.0 in water), The barium salt of L-ascorbate 2-sulfate
was chromatogrephed with that prepared by the synthetic methods in our
laboratory. The berium salts from both laboratories gave idéntical
ultraviolet, infrared, and nuclesr magnetic resconance spectra,

5. Stability of L-Ascorbic Acid 2-(Hydrogen Sulfate) in Methanol-Water

An aliguot (200.«1) of a solution of L-ascorbic acid 2=~(hydrogen
sulfate) (600 mg) in water (2.0 ml) was diluted with water and methanol
at 50° to a total volume of 20.0 ml, The disappearance of érascorbic
acid 2-(hydrogen sulfate) was followed using the same analytical scheme
described under Conversion of é-Ascorhate to g~Ascorbate 2=Sulfate at
Different pH Levels (p.41). |

6. Stability of L-fzcorbate 2-Zulfote and LeAscorbate

Thermal Stability of L-Ascorbate 2-Sulfate and L-Ascorbate in Aqueous

Solution at 100°: Potassium é-ascorbate 2-gulfate (500 mg, 1.5 mMoles)
or potassium g-ascorbate (322 mg, 1.5 mMoles) was dissolved in 100 ml

of water, which had been previously boiled. A stream of nitrogen (24
ml/min, at 1 atmosphere and 250) was bubbled through the sclution while
it was heated to reflux. Aliquots of the reaction mixture were withdrawn
with time, and analyses for érascorbate 2=sulfate were performed as
described before (p. 4#1)., Analysis of L-ascorbate wes accomplished by
fluorometry (40).

Destruction of L-Ascorbate 2-Sulfnts and LeAscorbate with Strong Acid and

Stronz Base at 100": Potassiwm L-ascorbate Z-sulfate (200 ng, 0.60 mMoles)




b5
was dissolved in eithér 100 ml of aqueous hydrochlorie acid (pH 1.0) or -
mqueous potassiun hydroxide (pH 13.0), both of which had been previcusly
boiled before adding the sa;is. Aliquotls from the reaction mixture wera
withdrawn with time, and mnalyses for érascorbate 2=sulfate were performed
aa previously described using Biorad AG3-X4A resin., ‘Analyses for grascor-'
bate 2=sulfate were pérformed using ultraviolet spectrophotometry. An
gliquot (1.0 ml) from one_of the g—ascorbate reaction ﬁixtureé was quickly
diluted to 100.0 ml with 5% metaphosphoric acid, and abscrbances were
measured at 245 mm st pH 2.0.

Destruction of LeAscorbate 2-Sulfate with Strong Acid at 21?: Potassiun

Le-ascorbate 2-sulfate (500 mg, 1.5 mMoles) was dissolved in 100 ml of
aqueoﬁs hydrochloric scid (pH 1.5). The reaction mixture was maintained
at §7° in & water bath, Aliquots of the reaction mixture were withdrawn

_at various times and analyzed as described hefore (p.41).
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SUMMARY

i ;

N%revious methods of preparing g-ascorbate 2-sulfate (;) were found
inedequate for the iéolation of large guantities of pure saits-of 1:
vields were generélly disappointing ({22%), the desired product (I) was
frequently contaminated with inorganic sulfate, or comﬁound I had to be
purified by column chromatography. If compound I is tolbecome ettractive
as a stable source of vitamin Cy, there is 8 need for improved methods of
preparation and iﬁolation of I. Two improved syntﬁeaes of I are described
herain.

In‘one improved snythésis, 5,6u9-iscpropylidene-é-ascorbic ecid was
first disgsolved iﬁ N,Nedimethylformemide and neutralized by sddition of a
tertiary amine {for éxample, pyridina). The resulting salt of 5,60
isopropylidene-kmascorbata was then sulfated using pyridine«sulfur trioxide
complex, In this mawmer, yields of I could be increaéed to 75% as compared
to less than 50% for direct sulfation.of 5,6;Q-isopr0ﬁylidene-éaascorbic
acid, The added tertiary smine is believed to prevent the hydrolytic
removel of the isopropylidene group before or during sulfation of 5,6=0=
isopropylidens~i-ascorbate.

In the cihor improved-synthasis of I, L-escorbate (11) was reacted
with trimethyleminsesulfur trioxide complex in alkali (pH 9.5=10,5) to
give nearly quantitative yields of I. The reaction was complete in 30
winutes at ?Go, and barium é—ascorbate 2=sulfate dihydrate was easily
isolated in 80% yisld. COther sslts of I that were found to crystallize
readily included potszsium and zinc. CUmpound 1, prepared by.chemical
synthesis, was shown to be identical to the Lesscorbate 2-sulfate (L)

oceurring naturally in brine shrimp.,



by
ém.ﬂmccrbic gecid 2-(hydrogen sulfate ) breaks down quantitatively to

én-ascorbic ecid in lese thm_'i 2ix winutes in 99% methanol-water st 500. It
can be concluded that in vivs transfer of sulfate from I could be effected
by en enzyme which protonates I in proxigity to the hydroxyl accepter.

“In boiling water, Lenscorbate 2-sulfate Sl) is more stable toward
oxygen than L-ascorbate (1__1_). In boiling, deaerated alkali (pH 13.0),
I and II bhave half=-lives of 21 hours and 15 hours, respectively. In strong
hot ecid (pH 1.0, 100°), I has a half-life of only 4.7 minutes. However,
hydrolysis of the sulfate group on I was very slow at pH 1.5 end 570, under
which condition I has a half-life of 150 hours. It is therefore doubtful
that I could be converted to vitamin C by acid hydrolysis in the stomach of

a monogastric snimal.
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APPENDIX I

5,6-Qf130prcpylidene-é-ascorbic acid possesses two enolic hydroxyl
groups at C-2 and C=3. The C=3 hydroxyl group is the more acidic, and
geveral investigators expéctad the 3=hydroxyl group would be sulfated
before the 2«hydroxyl group. H;wever, ﬁ J=sulfate estef would not be
expected to be stable in am ionizing medium, since ¢elocalizationrof one
pair of electrons between O=3, C=3, 0-2,-0-1 and O-i would tend to keep

095 unsubstituted (see the following figure).

H !
H O“C"CH3 }~1co\_q,cr{3
HCO~NCH ~ HQO NCH,

Ol Ol o
I _?? =0 40
/i | .
0 o (07/ .

Resormnece Foras of 5,6-Q-Isowropyiiﬁens-kfkscorbate.

v



Standard Curve of Potassium lL-Ascorbate 2-Sulfate in Water (pH 6.5)

Abgorbence at 255 nmm
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Concentration, Potassium Le-Ascorbate 2~Sulfate .«g/ml
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APPERDIX III

Standard Curve of LeAscorbic Acid in 5% Metaphosphoric Acid Seolution (pH 2.0).
1,0~ I

B

g

"Absorbance at 245 nm

2

Concentration, L-Ascorbic Acid wg/ml
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é-hacorbate 2-sulfate (I) haz been shown to have antiscorbutic
activity equal to that of L-ascorbate (I11). The sulfate derivative
(1) has also been shown to cccur in nature. Previous methods of pre=
paring 1 gave poor yields (below 50%). Two improved syntheses of I are
described. Comparison of chemicelly~prepared compound (I) with the
naturally occurring, sulfated derivativeée of éraseorbic acid in brine
shrimp show them both to be g-ascorbata 2-suifate (1).

In one improved synthesis, 5,6-in30propylidene-£-ascorbic ecid
dissolved in N,N=dimethylformamide was first neutralized by addition
of a tertiary amine (for example, pyridine). The resulting salt of
5,5-Qf130propylidéne-é-ascorbate was then sulfated using pyridine=sulfur
trioxide cempiex. In this manner, yields of I could be increased to
75% as compared to less than 50% for direct sulfation of 5,6=-0=isopropy=
1idene»§-asqorbic acid, Pyridine is believed to prevent the hydrelytic
removal of the isopropylidene group before or during sulfation of 5,6-9-
isopropylidene-é-ascorbate.

In the other improved synthesis of I, L-ascorbate (I11) was reacted
with trimethylesmine~sulfur trioxide complex in alkali (pH 9.5;10.5) to
give nearly guantitative yields of I. The reaction was complete in 30
ninutes at ?GO, and barium érascorbata 2=sulfate dihydrate was a#aily |
isclated in 80% yield. Other salts of I were found to crystalliée
readily, including votassium and zinec,

In boiling water, L-ascorbate 2-zulfate (I) is more stable toward
oxygen than Leascorbate (II). In boiling, deserated alkali (pB 13.0),

I and II have half-lives of 21 hours and 15 hours, respectively. In

strong hot eeid {pH 1.0, 100°), I has a half-life of only 4.7 minutes,



However, hydrolysis of the sulfate group on I was very slow at pH 1.5
and 5?0; under these conditicwe ¥ had & lelfelife of 150 hours. It is
therefore doubtful that I could be converted to vitamin C by hydrolysis
in the stomsch of a monogastric animal.

%rksccrbic acid 2-(hydrogen sulfate) was found to be converted quane-
titatively to é—ascorbic acid in less than six minutes in 99% me thanol=
water at 50°. This result indicates that in vivo trensfer of sulfate
from I to polysaccharides or gteroids could Be effected by an enzyme

which protonates I in proximity to s hydroxyl acceptor.



