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ABSTRACT 

Impregnation of cellulose with tungstate affects the chromatographic migration 
rates of a number of polyhydroxy compounds, offering a means, on small and large 
scales, of resolution of mixtures nol easily achieved by other methods. The effects 
have been correlated with the structure of the polyhydroxy compounds and their 
tungstate complexes. Pseudo-stability constants of the complexes have been de- 
termined. 

INTRODUCTION 

Anionic complexes are formed by reaction between a variety of inorganic oxy- 
acids and polyhydroxy compounds possessing appropriate structural featuresI, 
whereas suck compounds as copper@) acetate afford cationic complexes2. Such 
complexes form the basis of eletrophoresisl and ion-exchange chromatography2.3 of 
neutral carbohydrates and related compounds. On the other hand, it is known that 
the incorporation of such materials into chromatographic solvents affects migration 
rates. For example4s5, incorporation of boric acid and borates increases and decreases, 
respectively, the RF values of a number of carbohydrates. Benzeneboronic acid has 
been used similarly6, and assignment of structure7 to synthetic carbohydrates has 
been made by chromatography with solvents containing this acid. The products of the 
reaction of phenyl isothiocyanate with 2-amino-2-deoxy-D-galactose and 2-amino-2- 
deoxy-D-glucose have been separated by chromatography using paper soaked in 
sodium molybdzte solution’. 

We have investigated the chromatography of polyhydroxy compounds on 
supports that are impregnated with a variety of inorganic complexing agentsg. These 
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methods are simple, economical, and can easily be applied to small and large quantities 
of material_ This report describes chromatography on paper and cellulose powder 
impregnated with tungstate. 

RESULTS AND DISCUSSION 

Table I shows the migration rates of compounds on strips of chromatography 
paper impregnated with tungstate solution adjusted to pH 6 [RoLc( IV,)] or pH 8 
[Rorc( IV,)]; migration rates are expressed relative to the migration rate of n-glucose. 
These pH values were chosen because they are close to the values where (a) many 
complexes exhibit maxima1 stability @H 5-6) and (b> complexes are not readily 
formed (pH -9) lo. The migration rates on ordinary paper (&rc), as well as electro- 
phoretic mob&ties in tungstate solution of pH 5 [Ms( W)]lo.ll, are included for 
comparison_ 

The results show that identification of compounds and resolution of mixtures 
feasible by electrophoresis in tungstate solution can also be achieved by chromato- 
graphy on paper impregnated with lungstate [cJ Ms( IV) and Rorc( W,) of D-glucose 
and D-gulose]. In addition, compounds that are difhcult to separate by electro- 
phoresis or conventional chromatograta_Dhy (e-g., pentitols, hexitols, or l-deoxy- 
hexitols) have sufficiently different RoLc( Ws) values to allow their separation. 

It is impracticable to discuss in detail all possible applications of this method of 
chromatography, as they will vary with the individual problems encountered. 
However, Table I shows exampIes of the usefulness of adjusting to different pH 
values the tungstate used for impregnation. For example, the hexitols are more readily 
separated when the tungstate is adjusted to pH 8, whereas the pairs 1-deoxy-D- 
arabinitol and I-deoxy-D-lyxitol, and D-gulose and D-mannose, are more efficiently 
separated at pH 6. 

It was noted that hmgstate (adjusted to pH 6 or 8) remained immobile during 
the development of the paper chromatograms. Furthermore, when only an area 
around the base line of the chromatography paper strip was impregnated with 
tungstate, tungstate could be detected, after development, only within this area, 
although several compounds had passed into the unimpregnated area. This shows 
that the migrating material is the free polyol of the equilibrium mixture. As, in 
general, 

l/RF = (l/kO+ 1, (I) 

where the partition coefficient 

k = Epolyol in mobile phaseJ/bolyol in stationary phase], (2) 

and the phase ratio, C, accounts for the ratio of the volume of the mobile phase (I’d 
to that of the stationary phase (I?,), i.e., c = VJVl, the stability constant, 

K = [comp1exj/~olyol] [tungstate], (3) 
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of the complex might then be estimated from the ratio K’ of the partition coefficients, 

K’ = k/k( W), 
(4) 

where k and k( FV) are, respectively, the partition coefficients in the absence and 
presence of tungstate. However, this would be realistic only if R, and RF( IV) could 
be determined under conditions where the stationary phases are truly comparable, i.e., 

have identical pH and identical ion concentration (non-complexing ions in the case of 
RF). On the other hand, the ma_&tude of the effect of the addition of tungstate to the 
stationary phase on migration rates of compounds, a pseudo-stability constant, can 
be expressed by the quotient 

0 = RF&( W). (5) 

With the solvent systems used, RoLc values are easier to determine than RF 
values. The Q values were thus obtained from the experimentaNy determined RGLc 
values of compounds and the RF values of D-glucose, i.e., 

Q = (RF of D-ghcose/R,( W) of o-glucose) (&Lc/RGLC( W)>. (6) 

The Qs and Q8 values, determined using tungstate adjusted to pH 6 and 8, respec- 
tively, are shown in Table I. 

In previous reportsl’-’ ‘, we have shown that, at acidic pH values, anionic 
complexes are formed as follows. Acyclic compounds possessing a vicinal tetritol 
system (group A) will form complexes with structures 1, 2, or 3, depending on their 
stereochemistry. Compounds possessing three hydroxyl groups in a spatial disposition 
approximating to that of 4 (group B) will form complexes with structure 5 (partial). 

\I C-R4 
/ 

R3 
2 
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Compounds lackin, = the above features in their more stable conformer or tautomer 
(group C) do not form ionic complexes in quantities detectable by paper electro- 
phoresis. In Table I, the compounds examined are thus grouped. Although the 
compounds within each group exhibit a range of Q values at both pH values, the 
average Q values seem to indicate that, in general, the stability constants of the 
tungstate complexes are of the following order: group A >group B >group C. 

-4s the Q values of the compounds of group C-b are almost unity, it is likely 
that these compounds do not form complexes at all with tungstate. These Q values 
probably reflect such factors as the difference between the phase ratios c and c( FV). 

The method described can easily be adapted to larger quantities of material_ 
This is illustrated by the resolution of a mixture containing 1 g each of D-glucose, 
D-glucitol, and D-mannitol on a column of cellulose powder impregnated with 
tungstate adjusted to pH 8. The compounds were completely separated and recovered 
in almost quantitative yields. This method has also been appliedI to the separation 
of D-glucose and D-galactose. 

The results shown in Table II indicate that the method can also be applied to 
t.1.c. with tungstate-impregnated cellulose powder. It is anticipated that materials 
other than cehulose can be coated with tungstate, particuiarly those which have found 

application in high-pressure liquid chromatography. 

TABLE II 

T.L.C. ON CELLULOSE MPRJZGNATED WITH TUNGST.4TE 

Compound RFOYS) RF Q.3 

Galactitol 0.13 0.31 2.4 
D-Ghcitol 0.06 0.32 5.3 
D-GIucose 0.28 0.32 1.1 
D-MannitOi 0.15 0.33 2.2 

Soltents. - The chromatography solvents used were: I, l-butanol-ethanoi- 
water (40:11:19); -3, acetone-1-butanol-water (5:3:2); and 3, acetone-l-butanol- 
water (5:3:7). 

Chromatography on paper impregnated Icith tzmgstate. - Strips (12.5 x 57 cm) 
of Whatman No. 1 paper were dipped in aqueous 5% sodium tungstate dihydrate 
adjusted with dilute sulphuric acid to either pH 6 ( We) or 8 ( Ws), blotted in folds of 
filter paper, and dried in air at room temperature. Compounds were spotted on the 
impregnated paper. Migration rates, R,,,( W,) and RGLC( Ws), during descending 
chromatography were expressed relative to the movement of D-gh.ICOSe. The migration 

rates, RG =c, of compounds on untreated paper, using the appropriate solvent, were 
obtained in a similar manner. The RF, Rr( W,), aud Rr( Ws) values of D-glucose, 
using the appropriate solvent, were determined separately on a large strip of paper 
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(12.5x 150 cm)_ C om p ounds were detected with silver nitrate in acetone-ethanolic 
sodium hydroxide. The results are shown in Table I. 

Separation of D-glucose, D-g~rktol, and D-mannitol by chromatography on 
cellulose powder impregnated with tungstate. - Cellulose powder (Whatman, 
Standard Grade, 400 g) was suspended in aqueous 10% sodium tungstate dihydrate 
(2 dm3; adjusted to pH 8 with dilute sulphuric acid) for - 16 h. The cellulose powder 
was then fiItered off, dried in air of room temperature (~2 days), slunied with 
solvent 2, and poured into a column (5 x 70 cm). 

Impregnated cellulose powder (N 10 g; prepared as above) was added to a 
solution of D-glucose (1 g), D-ghcitoI (1 g), and D-mannitol (1 g) in aqueous 10% 
sodium tungstate dihydrate (10 cm3; pH adjusted as above). The whole mixture was 
freeze-dried, and then dried in uacuo over calcium chloride, slunied with solvent 2, and 
placed on the aforementioned column. The column was then eluted with solvent 2. 
Fractions (50 cm3) were examined by chroma’- .“graphy on paper impregnated with 
tungstate (see above). Fractions 66-86 (fraction A) and 105-l 65 (fraction B) contained 
D-glucose and D-maxmitol, respectively. After fraction 268, the eluent was changed to 
solvent 3. Fractions 292-283 (fraction C) contained D-ghtcitol. 

Fraction A was evaporated to dryness and the residue dissolved in a small 
volume of water. D-Glucose was adsorbed on a column of acid-washed Ultrasorb 
SC. 120/140 (activated charcoal; British Garbo Norit Union, Ltd.), and the column 
was washed until free from tungstate. Aqueous ethanol (2.5%) emted D-glucose, 
which was isolated by freeze-drying and further dried in uacuo over P205. The weight 
of the residue was 0.97 g. A portion was converted into penta-O-acetyl-/I-D-ghtco- 
pyranose, m-p. and mixture m.p. 130-132”. 

Fractions B and C were treated similarly, except that the aqueous solutions 
were adjusted to pH 9.3 before being placed on the charcoal. Fraction B gave 
crystalline D-mannitoi (0.94 g, from 95% ethanol). The weight of the 8na.l residue of 
fraction C was 0.91 g. A portion was converted into hexa-O-ace@-D-ghtcitol, m.p. 
and mixture m.p. 101-102”. 

7’J.c. on cellulose impregnated with tangstate. - (a) Avicel (8 g; American 
Viscose Co.) was slurried with water (32 cm3). Layers (0.25 mm) were spread on glass 
plates, which were then dried at 80” for 30 mm and stored in a desiccating box over 
silica gel. 

(b) Avicel (7 g) was slurried with aqueous 5% sodium tungstate dihydrate 
(20 cm”) adjusted to pH 8 with dilute sulphuric acid. Layers were prepared as 
described in (a). 

(c) Chromatograms were developed with solvent 2. Compounds were detected 
with silver nitrate in acetone-ethanolic sodium hydroxide. 
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