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SEPARATION OF MONOSACCHARIDES BY
CHROMATOGRAPHY ON SILICA GEL*

BarBarin Arrpcuin ann Francisco Garcia

Instittuo de Quimica, UNAM, Circuito Exterior,
Cd. Universitaria, México 20, 1. F.

RESUMEN

Se¢ describe un método de cromatografia en columna de gel de silice con el cual
se logra satisfactoriamente la separacién de los monossaciridos: ribosa, glucosa,
galactosa y sedoheptulosa, en cantidad suficiente. Los componentes de la mez-
cla, una vez separados, se pueden identificar por cromatografia en capa fina
en la misma mezcla de disolventes para establecer la pureza de las fracciones
que abarca cada azicar aislado.

Al aplicarse esta téenica a hidrolizados 4cidos de algunos glicésidos esteroidales,
se logré el aislamiento de los azficares puros. Este método puede ser usado
probablemente con éxito en otras mezclas complejas de carbohidratos,

ABSTRACT

The described column chromatographic method using silica gel achieves a very
satisfactory separation of the menosacharides: ribose, glucose, galactose and
sedoheptulose in sufficient quantities as to permit their conversion to derivatives.
The separation can be followed by tle in the same solvent mixture to ascertain
the purity of each isolated monosaccharide.

This method, when applied to acid hydrolysates of some steroidal glycosides,
permitted isolation and further derivatization of the pure sugars obtained. This
method can probably he applied with success to other complex barbohydrate
mixtures,

INTRODUCTION

To determine the composition of complex sugar mixtures is an intricate chemical
problm, particularly in vegetable matter. It is often desirable to isolate sufficient
of the pure compounds for absolute identification by chemical and physical
metheds.

Since the discovery of paper chromatcgraphy {Consden et al., 1944) which
has proved to be an excellent aid for resolution of complex mixturzs (Brimley and
Barret, 1954) in minute quantities. The application of this technique to the
separation of sugars have been so numerous as to mak: it very difficult to record
them. The cnly drawback of this procedure is the limited amount separated and
the time required for a good separation of homologous monosaccharides.

* Contribution No. 484 from the Instituto de Quimica, UNAM.



180 BARBARIN ARRFGUIN AND FRANCISCO GARCIA

L:zent techniques make use of suitable volatile derivatives such as TMS-sugars
(Hedgley and Overend, 1960; Sweeley et al.,, 1963 ; Arreguin and Taboada, 1970),
methl; etiers, butane boronates (Wood and Siddiqui, 1971), etc. which permit
sepalu.ion by gle. Osazones have be:n chrematographed on paper impregnated
with borate {Arreguin, 1939).

Crher procedures used include ion exchange chromatography of the barbohy-
drates as borate (Khym and Zill, 1951; Khym and Zill, 1952; Fujita and Asakura,
1971), or bisulftite (Takasaki, i972) adducts, but these offer the disadvantage
of having to eliminate complexing reagents (Mackie and Perlin, 1963). Still
others employ charcoal chromatography (Barker et al, 1956).

Satisfactory results have also been obtained by tlc for qualitativi: identification,
either with silica plates impregnated with borate (Pastuska, 1961), with cellulose
{Raadsveld and Klomp, 1971; Jeffery et al., 1969; Scherz et al., 1968), or with
Kixselguhr plates impregnated with sodium acetate. Non impregnated silica has
been shown to be particularly useful in resolving sugar mixtures.

During a study of the structure and stereochemistry of some glycosides problems
were encountered in &:parating the sugars in their free form in sufficient quantities
to establish their identity by derivatization. The use of columns of silica gel
offered definite advantages over the known methods.

RESULTS

In some experiments a mixture of ribose, glucose and galactose were eluted
from a silica g»l column of [.6 x 120 em with the following sclvent mixture
ethylacetate-methanol-waater 80/20/5, v/v. The results obtained after tlc of the
fractions are presented in Figure 1. The sugars appeared well s>parate into three
groups: ribose in fractions 56-61, glucose in 74-89 and galactose 92 102, Each
group of fractions was pooled and lyophylized, converting each sugar to the
corresponding osazone. Thz time of osazone formation agreed well with that of
the pure sugar run simultaneously. Excellent agreement was found for the crytalline
forms (Vogel, 1951} and likewise the inelting points without [urther recrystallizat-
ion wore: Ribose F. 158-159, R 160; Glucose F. 203-205, R. 205; Galactose F.
196-198, R. 196-198 (Fisher Johans apparatus).

In other experiments using a model mixture of ribose, glucosa, galactose and
sedoheptulose, the results obtained were plotted as a curve (Fig. 2).

Glass chromatography columns of siz:s: 125 x 1.6 cins with 100 g silica and
190 x 2.2 cm with 360 g of silica achieved an efficient resolution of 100-200 mg
of sugar mixture. The columns were loaded with silical gel {Grace Davison Chemical
Grade 922) in the form of a slurry in the solvent mixture: AcOEt/MeQOH/H.O
80:20:5, Th free sugars combined in model mixtures were ribose, glucose, galac-
tose and sedoheptulose (10=* moles of each sugar). The mixed sugars were ground
thoroughly in a mortar with about 10 g of silica and 20-30 ml of elution mixture.
Afterwards they were transferred to a round flash and evaporat:d to dryness
under reduced pressure in a rotatory evaporator.
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TanLe 1. GLC CHROMATOGRAPHY OF THE SUGARS MOIETY OF
GLYCOSIDES A AND B OF YUCGCA FILIFERA AS TMS
DERIVATES 150°C

Sugga” Rt Rtribuse
Standards

ribose 285 1.00
xylose 2,65 0.93
galactose 8.50 3.00
glucose 9.50 3.33

SNugars separtied by
cofurmn chromatography
filiferin a

xylose 2,65 0.93
galactose 8.80 3.09
Feliferin b

galactose 8.60 3.02
elucose 9.60 3.37

The drv powder containing the sugars was transferred quantitatively to the
top of the column (which had a layer of solveut above it) and allowed to settle
uniformly, forming a horizontal layer of about 2 cm thick, A further layer of
pure silica was added. followed by a disc of filter paper to prevent disturbance,

The chromatography was initiated inunediately by eluting with the solvent
mixture contained in a separatory funnel attached to the top of the column by
a rubber stopper. Fractions of 10 ml wcre collected in an automatic fraction
collector at the rate of 1.+ ml per minute. The [ractions collected were evaporated
to dryness in a stcam bath and the contents of each tub: dissolved in 2 ml of
distilled water. T'o determine the presence of sugars in cach fraction, aliquots were
applied to thin-layer platss of silica gel (5 x 10 cm, 0.25 mm thickness-Merck,
Kicselgel Iya,). Plates were developed with the same solvent system: {(one or several
times. dryin the thin chromatographic plates after each development wit a draft
ol warmn air), then spraved with ceric sulfate-H.SO, and heated to develop the
colour.

When quantitative experiments were carried out, the sugars were analyzed by
Nelson’s modified Somogy method (Nelson, 1957), employing pure sugars as
standards in the calibration curves, and detect»d spectrophotometrically at 520 nm.

When this technique was applied to acid hydrolysates of two steroidal glycosides
of Yucca filifera, their sugar components were cleanly separated by column chro-
matography and could b quantitatively analyzed, Filiferin a. contained galactose
and xylose and filiferin b, galactose and glucose (Lemieux et al., 1977). The
separated sugars bad mps matching those reported for the pure sugars and their
purity further tested by gas liquid chromatograpby (gle) at 150°C., after converting
them to the corresponding trimethyl silyl derivatives (TMS).



184 BARBARIN ARREGUIN AND FRANCISCO GARGIA

LITERATURE

Arreguin, B, (1959). Paper chromatography of sugar phenylosazones as their borate com-
plexes. Anal. Chem. 3/, 1371-1372.

- —. anNp Tasoapa, J. (1970). Gas chromatography of trimethylsilyl sugars at various
temperatures, J. Chromatogr, Sci. 8, 187-191,

Avustin, P. W, Harpy, F. E,, BucHanan, J. G. anxp Bapbiey, J. (1963). The separation
of isomeric glycosides on basic ion exchange resins. J. Chem. Soc. 5350-5353.

BarkEr, S. A, Bourng, E.J. axp TuEaxpEr, O. (1956). Studies of dspergillus niger. Part
V. The enzymic synthesis of a new trisaccharide. J, Chem. Soc. 2064-2067.

BriMLeEy, R. C. anp Barrer, F. C. (1954). Practical chromatography Chapman and Hall,
London.

Conspen, R., Gorvow, A, H. anp MarTiN, A. J. P. (1944) Qualitative analysis of proteins:
A partition chromatographic method using paper. Biochem. J. 38, 224-232.

DziewiaTrowskl, D. (1962). Separation of hexuronic acids by an ion exchange process.
Biochim. Biophys. Acta 56, 167-169.

Fujita, K. anv Asakura, T. (1971). Separation of neutral sugars and urenic acids in
the D-geneuronic acid D-xylulose ({D-threo-2-pentulose) pathway. Carbohydr. Res. 189,
412-415.

HepcLey, E. J. axpn Overenp, W. G. (1960). Trimethylsilyl derivatives of carbohydrates.
Chem. & Ind. 378-380.

JerFrey, D. C., AroitTy, J. aAND ErnEsT, R. (1969). Determination of dri-tri-, and tetra-
saccharides in mixtures with their component moieties by thin layer chromatography. J.
Chromatogr. 41, 475-480.

Jounson, S. anp SamuteLson, O. (1966). Automated chromatography of uronic acids on
ion exchange resins. Anal. Chim. Acta 36, 1-11.

Kuvm, J. X. anp Zir, L. P. (1951}, The separation of monosaccharides by ion exchange.
J. Am. Chem. Soc. 73, 2399-2400.

——. (1952). The separation of sugars by ion exchange. J. Am, Chem. Scc. 74, 2090-2094.

Lemieux, R, U., RatcLiFrFg, R. M., Arrecuin, B.,, RoMo pE Vivar, A, anp Castiiro, M. J.
(1977). BC-NMR Characterizations of the sarsasapogenin disaccharides, the filiferins
A and B: 2-0-{3-D-Xylopiranosyl)- and 2-0-{3-D-glucopyranosyl}-f-D-aglactopyranosides.
Carbohydr. Res. 55, 113-120.

Mackie, W. anDp PeErLIN, A. S. (1965). 1, 2-0-isopropylidene-g-gluco-furanose-5-d and -5, 6,
6-d, Canad., J. Chem, 43, 2922-2924,

NeLson, N. (1957). Mcthods of enzymology (D). Colowick and N. O. Kaplan, Ed.),
Academic Press, Nueva York. Vol, III, pag. 85-86.

Pastuska, G. (1961). Qualitative and gquantitative determination of sugars by silica-gel
chromatography. Z. Anal. Chem. 179, 427-429.

Raapsverp, C. W. anxp Krosme, H, (1971). Thin layer chromatographic analysis of sugar
mixtures, J. Chromatogr. 57, 99-106,

Scwerz, H., STEHLIK, G., Baxcuer, E, axp Kanor, K, {1968). Dunnschachtchromatogra-
phie der Kohlendhydrate. Chromatogr. Rev. 10, 1-17.



SEPARATION OF MONOSACCHARIDES 185

SweeLey, C. C., BEnTLEY, R., Makira, M. anp WEeLLs, W. W. (1963). Gasliquid chro-
matography of trimethylsilyl derivatives of sugars and related substances. J. Am. Chem.

Soc. 83, 2497-2507.
Takasaxi, Y, (1972), On the separation of sugars. Agri. Biol. Chem. 36, 2573-2377.

Vooer, A. L. (1951). A textbook of practical organic chemisiry.. Longmans, Green and Co.
London.

Woop, P. J. anp Swooigui, I R. (1971). Gas liquid chromatography of butaneboronates
of carbohydrates and their trimethylsilyl ethers, Carbohydr. Res. 19, 283-286.





