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RAPID COMMUNICATION

A rapid method for separation of anomeric
saccharides using a cyclodextrin bonded phase
and for investigation of mutarotation
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HPLC separation of anomeric sugars using a G-cyclodextrin bonded phase and
an eluent ethyl acetate/methanol/water has been achieved. HPLC is a useful
method for analytically separating the anomers of sugars in a mutarotated system
and is a good supplement to the nuclear magnetic resonance. By means of this
technique investigations of the mutarotation of D-glucose gave 36% a-form and
64% B-form. The pH dependence of mutarotation in an organic solvent was
examined and discussed. Further mono- and disaccharides were separated in
anomers. Furanoid forms of the sugar can also be determined by HPLC.

INTRODUCTION

Classical methods for the determination of sugar
anomers are based on the measurement of the specific
rotation and nuclear magnetic resonance (NMR)
(Angyal, 1968; Angyal & Dawes, 1968; Angyal, 1984,
Angyal, 1991), but the NMR is expensive and difficult
to work with. Moreover polarimetry is a non-specific
method and the proportion of the furanose forms can-
not be determined in this way. Anomers may be also
analysed by gas chromatography (e.g. Sweeley ef al.,
1963; Paez et al., 1987). However this method requires a
derivatisation step. The determination of some anomers
is possible using stereospecific enzymes, e.g. glucose
oxidase (Vogel et al., 1988). Occasionally liquid chro-
matography has been used (Honda ef al., 1984; Kahle &
Tesarik, 1980; Armstrong & Jin, 1989; Oshima et al.,
1980). Honda et al. (1984) separated anomers on a
highly cross-linked cation-exchange resin with a poly-
styrene base, but the procedure was comparatively
lengthy (20-60 min). Kahle & Tesarik (1980) achieved
good separation at 0°C, using a column of amino-pro-
pylated silica gel in the sulphate form, but the durability
of this column is not satisfactory.

Armstrong & Jin (1989) separated anomeric forms of
saccharides with cyclodextrin bonded phases, but they
separated mostly sugar derivatives. We describe here an
improved method of anomer analysis on a cyclodextrin
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bonded phase and the application of this method for
investigation of the mutarotation of D-glucose in an
organic solvent.

EXPERIMENTAL
Materials

D-arabinose (Fluka), D-fructose (Belger), D-galactose
(Leidbholdt), a-D-glucose (Serva), 8-D-glucose (Sigma),
a-D-lactose (Serva), 5-D-maltose (Merck), a-D-melibiose
(Sigma), L-rhamnose (L. Light & Co. GmbH), D-ribose
(Arcochemie), D-xylose (Berlin Chemie).

The solvents were research grade or better and were
obtained from a variety of sources.

High performance liquid chromatography

The chromatographic system consisted of Shimadzu
LC9A pump, rheodyne injector with a 20 ul loop, a
Shimadzu RID-6A differential refractometric detector
and a Shimadzu C-R4AX integrator. The analytical
column (200 x 4.0 mm I.D.) used throughout was
packed with 5 um particle diameter S-cyclodextrin
bonded silica gel (Nucleodex 5-OH, Macherey Nagel).
The mobile phases tested were methanol/water (40/60,
60/40, 90/10), acetonitrile/water (50/50, 80/20, 90/10)
and ethyl acetate/methanol/water (40/30/30, 60/25/15,
70/20/10, 75/15/10, 80/14/6, 80/16/4). The mobile phase
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was isocratic and pumped at 0.4-1.7 ml/min. Different
temperatures were used: 10, 23, 35°C.

Adjustment of mutarotation equilibrium:

Sugars were dissolved in ethyl acetate/methanol/water
(70/20/10, v/v/v) and allowed to stand overnight at room
temperature, or were dissolved in dimethyl sulfoxide,
heated at 90°C for 5 min and allowed to stand overnight
at room temperature. pH values were adjusted with
acetic acid and triethylamine.

Determination of anomer composition:

The sugars were dissolved in water and the change of
optical rotation was measured with polarimeter from
Carl Zeiss Jena using a mercury lamp (578 nm line).

RESULTS AND DISCUSSION

The Nucleodex $-OH column is a chiral stationary
phase containing native -cyclodextrin. It is possible to
use the sterically fixed hydroxyl groups at positions 2
and 3 as a high density diol phase with specificity for
saccharide structures.

Separation of D-glucose anomers

Methanol/water and acetonitrile/water mixtures are not
suitable for the separation of the anomers. However the
use of the relatively non-polar ethyl acetate at a con-
centration of about 70% results in a separation of the
anomeric forms of D-glucose. Retention time and
spreading of the HPLC peaks increase with ethyl acetate
concentration.

In this investigation glucose was dissolved in a solvent
mixture (ethyl acetate/methanol/water 70/20/10/, v/v/v),
since the HPLC of aqueous solutions of glucose
changed the eluent profile and prevented a separation of
anomers. Also, the rate of mutarotation is lower in the
organic solvent (Angyal, 1968). Polarimetric measure-
ments indicate that the position of the mutarotation
equilibrium of glucose in this solvent mixture is not
altered.

Nucleodex 8-OH, supplied by Macherey Nagel, gave
the best resolution with the eluent ethyl acetate/metha-
nol/water (80/14/6, v/v/v) (Fig. 1, chromatogram A).
The resolution R is a parameter to judge the quality of a
separation, where t,; and t,. are the retention times
of peaks 1 and 2, respectively, w; and w, are the peak
widths (at the base of each peak) for components 1 and
2, respectively.

2(tm52 - tmsl)
R=[=m2  me
[ (W1+W2) ]J s2 > Imsl (1)

Values of the resolution parameter are given in Table
1. It is known that, sometimes in HPLC, a lowering of

A B C D
Fig. 1. HPL-chromatographic separation of the anomeric D-
glucose (A) and D-galactose (B-D); (A) 1: a-D-glucopyr-
anose, 2: 3-D-glucopyranose; (B-D) 1 and 2: furanoide forms,
3: a-D-galactopyranose, 4: 3-D-galactopyranose; dissolved in
different solutions (B: ethyl acetate/methanol/water, fresh
solved; C: ethyl acetate/methanol/water, standing overnight;

D: dimethy! sulfoxide, standing overnight).

temperature produces an increase in resolution, but it
was not possible to improve the resolution by reducing
the column temperature to 10°C. In general an increase
in temperature has the effect of decreasing the viscosity,
reducing peak width and particularly improved resolu-
tion. However, in the present case an increase of column
temperature has impaired the separation.

A change in flow rate in the range 0.4 —1.7 ml/min has
no effect on resolution. High speed and resolution are
essential for the separation of saccharides that undergo
mutarotation. All subsequent separations were carried
out at the flow rate of 1.7 ml/min and the temperature
of 23°C. In a pH range between 3.5 and 8.0 the reten-
tion time of anomers (ethyl acetate/methanol/water)
was independent of pH value or the addition of phos-
phate ions to a maximum of 0.01 mol/litre.

Investigations of the mutarotation of D-glucose

As is generally known, D-glucose mutarotates in
aqueous solution to give an equilibrium mixture of
a-D-glucose (36%) and B-D-glucose (64%). The rate
of anomerization depends on the reaction medium.
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Table 1. Chromatographic data of the separation of some saccharides
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Compound Pyranose forms Furanose forms®
t R %“ %® % %®

o- B- o- B- a- G-
Arabinose 3.2 3.7 0.8 49.0 46.7 62 29 438 NMRGC 43 8854 NMR GC
Galactose 5.2 6.4 2.0 380 542 30.2 638 626 NMRGC 178 6354 NMR GC
Glucose 48 5.3 1.2 360 640 369 63.1 60.2 NMR GC 0 00 NMR GC
Rhamnose 1.8 23 1.1 77.5 225 0
Ribose 22 2.5 0.6 409  59.1 21.5 585 NMR 0 20.0 NMR
Xylose 2.6 32 1.1 445 555 36.5 63.0 552 NMR GC 0 <1.0 34 NMRGC
Lactose 20.9 23.0 0.6 39.1 57.3 —
Maltose 17.5 19.6 0.8 381 619 449 551 GC —
Meliblose 20.0 25.0 0.45 423 57.3 —

t, —net retention time (min); R —resolution; “ —percentage peak area (this work); * —percentage anomer distribution in references
[NMR (Angyal, 1994), GC (Sweeley et al., 1963)]; ‘the percentage distribution of anomer furanose is given by addition.
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Fig. 2. The rate constant of formation of 3-D-glucose from
a-D-glucose as a function of pH.

Figure 2 shows the first order rate constant for the
formation of 8-D-glucose from the a-form as a function
of pH determined by the HPLC procedure developed
here. As expected, the mutarotation rate increased both
in acid and alkaline solution. The same pH-profile was
obtained when the reaction was started from the a- or
B-anomers. A plot of the logarithm of concentration
against the reaction time results in a straight line indi-
cating a first-order reaction. We were unable to confirm
the observation of Armstrong & Jin (1989) showing a
marked decrease of the a-D-glucose concentration in
the first 15 min of the reaction. The mutarotation equi-
librium of - and 3-D-glucose in ethyl acetate/methanol/
water was found to be identical to that in water.

Mutarotation and separation of other saccharides

For the cases where standards were not available the
anomers were determined using polarimetry. The optical
rotation was greater for D-arabinose and L-rhamnose
and lower for D-galactose and D-xylose. As reported by
Rauen (1964), D-arabinose exists in the S-form and

D-galactose, L-rhamnose and D-xylose exist in the a-
form. Table 1 shows data for the equilibrium ratio of
anomers of some selected saccharides in comparison
with values reported in the literature. Apart from
investigated pentoses and hexoses the mutarotated
equilibrium of disaccharides (D-lactose, D-maltose and
D-melibiose) was determined with the HPLC. In gen-
eral, the a-forms eluted before the G-forms, suggesting
smaller interaction of this anomeric form with the sta-
tionary phase. Depending upon the method used, dif-
ferent anomeric distributions were obtained, except for
D-glucose. In comparison with previous work
Armstrong & Jin (1989) we can show the existence of
the furanoide forms of the sugars, which is consistent
with investigations in dimethyl sulfoxide. Perlin (1966)
and Angyal (1994) showed that there is a greater pro-
portion of the furanose forms for some saccharides in
dimethyl sulfoxide. The percentage ratios of a-(a-p) to
B-pyranose (3-p) and furanose (f) in dimethyl sulfoxide
for D-galactose and D-arabinose are 39,1% (a-p):
35,0% (8-p) and 25,9% (f) and 53,5% (a-p): 24,0% (3-
p) 22,5% (f), respectively. For D-glucose, D-ribose and
D-xylose there was no measured difference in the num-
ber and the relation of peak areas. For these saccharides
Angyal (1994) determined with NMR small changes of
composition in dimethy! sulfoxide. Figure 1 (chromato-
gram B, C and D) also shows the chromatograms of
freshly dissolved D-galactose in ethyl acetate/methanol/
water (chromatogram B), after standing overnight at
room temperature in ethyl acetate/methanol/water
(chromatogram C) and in dimethyl sulfoxide (chroma-
togram D). In the fresh dissolved sample (chromato-
gram B) D-galactose dominated the o-form, the
mutarotated equilibrium adjusted after standing over-
night (chromatogram C and D) at which the - and g-
pyranoide forms (peak 3 and 4) are about equal dis-
tributed and one furanoide form (peak 1) is the prefered
form. The increased proportion of the furanose forms of
galactose can be explained by the instable axial hydro-
xyl group located at C-4 (Pigman & Isbell, 1968;
Angyal, 1994).
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For the ketohexose, D-fructose, four peaks were
observed, but they were only moderately well separated.
In the literature, conflicting statements are found for the
isomeric and anomeric distribution of D-fructose
(Pigman & Isbell, 1968; Cockman et al., 1987). The
reason may be the more complex process of fructose
mutarotation and the strong temperature dependent
anomer distribution (Cockman et al., 1987). D-ribose
showed only two peaks in spite of the fact that four
isomers (Perlin, 1966, Cockman et al., 1987, Angyal,
1994) are known. These two peaks are not quantita-
tively changed upon longer standing in our solvent
mixture or in dimethyl! sulfoxide.

REFERENCES

Angyal, S. J. (1968). Conformational analysis in carbohydrate
chemistry, 1. Conformational free energie. The composi-
tions and «:3 rations of aldopyranoses in aqueous
solution. Aust. J. Chem., 21, 273746.

Angyal, S. J. (1984). The composition of reducing sugars in
solution. Adv. Carbohydr. Chem. Biochem., 42, 15-68.
Angyal, S. J. (1991). The composition of reducing sugars in
solution: current aspects. Adv. Carbohydr. Chem.

Biochem., 49, 19-35.

Angyal, S. J. (1994). The composition of reducing sugars
in dimethyl sulfoxide solution. Carbohydr. Res., 263,
1-11.

Angyal, S. J. & Dawes, K. (1968). Conformational analysis in
carbohydrate chemistry, II. Equilibria between reducing
sugars and their glycosidic anhydrides. Aust. J. Chem., 21,
2747-60.

Armstrong, D. W. & Jin, H. L. (1989). Liquid chromato-
graphic separation of anomeric forms of saccharides with
cyclodextrin bonded phases. Chirality, 1, 27-37.

Cockman, M., Kubler, D. G, Oswald, A. S. & Wilson, L.
(1987). The mutarotation of fructose and the invertase
hydrolysis of sucrose. J. Carbohydr. Chem., 6, 181-201.

Honda, S., Suzuki, S. & Kakehi, K. (1984). Improved analysis
of aldose anomers by HPLC on -cation-exchange
columns. J. Chromatogr., 291, 315-25.

Kahle, V. & Tesank K. (1980). Separation of saccharides and
their anomers by high-performance liquid
chromatography. J. Chromatogr., 191, 121-8.

Oshima, R., Takai, N. & Kumanotani, J. (1980). Improved
separation of anomers of saccharides by high-perfor-
mance liquid chromatography on macroreticular anion-
exchange resign in the sulphate form. J. Chromatogr.,
192, 452-6.

Paez, M., Martinez-Castro, L., Sanz, J., Olano, A., Garcia-
Raso, A. & Saura-Calixto, F. (1987). Identification of the
components of aldoses in a tautomeric equilibrium mix-
ture as their trimethylsilyl ethers by capillary gas
chromatography. Chromatogr., 23, 43-6.

Perlin, A. S. (1966). Hydroxyl proton magnetic resonance in
relation to ring size, substitutent groups, and mutarota-
tion of carbohydrates. Can. J. Chem., 44, 539-50.

Pigman, W. & Isbell, H. S. (1968). Mutarotation of sugars in
solution. Adv. Carbobydr. Chem. Biochem., 23, 11-57.

Rauen, H. M. (1964). Biochemisches Taschenbuch, 1, Teil, 2.
Springer Verlag, Auflage.

Sweeley, C. C., Bentley, R., Makita, M. & Wells W. W. (1963).
gas-liquid chromatography of trimethylsilyl derivatives of
sugars and related substances. J. Am. Chem. Soc., 85,
2497-507.

Vogel, J., Westphal, G. & Pippig, C. (1988). Mutarotation von
D-Glucose in Abhingigkeit vom Reaktionsmilieu.
Nahrung, 32, 7109-14.



