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 Abstract

A convenient isolation method of cello-oligosaccharides was presented. The ecello-oligo-
saccharide mixture was preparved by partial hydrolysis of Whatman CF-11 cellulose powder
with 72% sulfurie acid for 1 hr at 5°C followed by extraction with 1:1 (v/v) mixture
of acetonitrile and water. It was found that the high performance liquid chromatography
on a new silica gel column, chemically modified with polyamine resin, was very effective
not only for analytical point of view but also for isolation of eello-oligosaccharides up to
degree of polymerization of 8.
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1. Introduction
Cello-oligosaccharides have heen proved to be the useful model compounds for struetur-

al investigations of cellulose™®. In our course of the systematic survey work on the
conformation-funetion relationships of cellulose derivatives, there is a strong and growing
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demand for preparation of cello-oligosaccharides.

Several methods have been deseribed for the preparation of free cello-oligosaccharides :
acetolysis followed by deacetylation®, hydrolysis with fuming hydrochlovie acid®, 85%
phosphoric aeid®, trifluoroacetic acid®, 70% sulfurie aeid”, cone. sulfuric acid - cone.
hydrochloric acid®, or enzyme®. Among these methods, the partial hydrolysis with cone.
sulfuric acid seems to be most adequate as a convenient preparation method of cello-
oligosaccharides because cellulose is soluble in cone. sulfuric acid, and 72% sulfuric acid
is the well known reagent for the first stage hydrolysis of cellulose!®.

Previously, separation of the cello-oligosaccharides has been accomplished by chromato-
graphy on columns of charcoal-celite®, polyaerylamide gels® 'V, ion-exchange resin'®, and
silica gels!®'®, These methods are satisfactory for separation of cello-oligosaccharides but
has an inevitable drawback of time-consuming tedious procedures. The recent high
performance liquid chromatography (HPLC) technique was applied for rapid separation
of ecello-oligosaecharides by using amino-bonded columns®, but the use was limited to
analytical use because amine was gradually leaked from the column, and thus deteriorated
the column and eventually shortened life-time of the columni®*®. The recent progress in
preparation of immobile phase of the HPLC column enabled as to produce a new stable
column for separation of oligosaccharides in which the chemical bonding was formed
between polyamine resin and silica gels, The columns of this type are now commercially
available as YMC PA series columns.

In this paper, we present a convenient preparation method of cello-oligosaccharides by
partially hydrolyzing Whatmann CF-11 with 72% sulfuric acid followed by HPLC on a
newly packed YMC PA-43 column.

2. Experimental

2.1 General

Melting points were measured with a Yanaco Miecro Melting Point Apparatus (Yana-
gimoto, Kyoto) and reported as measured. Optical rotations were determined with a
JASCO DIP-181 digital polarimeter at 25°C.
2.2 Partial hydrolysis of celluloge

Five grams of dried cellulose powder (Whatman CF-11) was solubilized in 40 ml of
72% sulfurie acid solution by stirring with glass rod at 5°C and kept at this tempera-
ture for various period of time. The partial hydrolysate was diluted to 500 ml with
ice-cold water, neutralized with barium hydroxide-barium carbonate, filtered and evaporat-
ed to dryness below 40°C. Deionization with Dowex 50X8 (H* form) and Dowex 1X8
(acetate form) columns conneeted in tandem was sometimes neccessary to remove trace
amount of barium sulfate. The white powder obtained was extracted with a 1:1 (v/v)
mixture of acetonitrile and water to remove high-molecular weight materials and to
prevent the formation of precipitate during subsequent HPLC analysis. The cello-
oligosaccharide mixture soluble in the aqueous acetonitrile solution was recovered by
centrifugation and evaporation.
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2.8 High performance liquid chromatography

HPLC was carried out on a Waters Assoc. (Milford, Madison, U.S. A.) instrument
with a model M-600 multisclvent delivery system, Model UK sample injector, and Model
R401 differential refractometer. Chromatograms were recorded and integrated with a
Waters M740 Data Module. The columns used were (a) YMC PA-03 (4.6%250 mm,
5 pm) and (b) YMC PA-43 (20x250 mm, 5 am), both being packed by Yamamura
Chem. Lab., Kyoto. Both columns were used under ambient temperature. The column (a)
was used only for analytical HPLC using various mix ratios of acetonitrile and- water,
while the column (b) was used for semi-preparative HPLC using a 1:1 (v/v) mixture
of acetonitrile and water. Samples of less than 20 ul were injected into the column (a)
and eluted at a flow rate of 0.1-2.0 ml/min, while a set of 2 ml and 6.0 ml/min was
used in the case of the column (b). The pressure of the column (bh) was in the range
from 8.6 MPa to 4.1 MPa. The individual cello-oligosaccharides eluted from the column
(b) were pooled, evaporated to dryness. Purity of the isolated cello-oligosaccharides was
checked by analytieal HPLC.
2.4 Determination of degree of polymerization

Degree of polymerization (D.P.) of the isolated oligosaccharides was determined
from the plots of log(retention time, fp) against D.P., and from H-nuclear magnetic
reasonance (NMR) spectroscopic analysis. The NMR spectra were obtained on a Varian
XL-200 NMR spectrometer (200 MHz) in deuterium oxide at 80°C. Chemical shifts in
p.p.m. are given as the values relative to that of internal sodium 2,2, 8, 3-tetradeuterio-3-
(trimethylsilyl) propionate.

3. Results and Discussion

8.1 Preparation of cello-oligosaccharide mixture

Time course of the conversion of eellulose to water-soluble cello-oligosaccharides was
analyzed by partial hydrolysis of cellulose with 72% sulfuric acid. Fig. 1 shows the
data obtained by using liquid to solid cellulose ratio of 8:1 (v/w). Cellulose was
completely solubilized within 8 hr at 5°C. The amount of the water-soluble cello-oligosac-
charides increased with inereasing incubation time to attain 85% after 48 hr incubation.
The amount of cello-oligosaccharides soluble in 1:1 (v/v) acetonitrile and water was
about 50% of that soluble in water within 8 hr incubation, but became higher with
increasing incubation time to attain 77% after 4 hr incubation.
3.2 “Influence of the acetonitrile-water composition on separaton of cello-oligosaccharides

Prior to separation of the individual cello-oligosaccharides, the applieability of a
newly packed chemically bonded amino ceolumn (a) was analyzed by using a cello-
oligosaccharide mixture obtained by partial hydrolysis for 1 hr. Fig.2 shows the change
in the capaecity factor (k*) with variation in the mixing ratio of acetonitrile and water
ranging from 40 : 60 to 75 :25 (v/v). The capacity ratio became higher for oligosaccha-
rides having higher D.P., 7. e., higher hydroxyl groups, confirming the previous results
that the total number of hydroxyl group and their distribution on the molecule is
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50%. Acetonitrile composition higher than

elution time of celloheptaose was 26 min
at flow rate of 1 ml/min. Use of high
proportion of acetonitrile had also a drawback of the low solubility of cello-oligosaccharides.
Another factor important for separation of cello-oligosaccharides is the pressure applied
to the column. Fig. 3 shows the dependence of the pressure on the flow rate. Addition
of water increased the pressure. The pressure lower than 14 MPa was found to be
eritieal for insuring a good separation. Based on these results, an eluting solvent of
1:1 (v/v) acetonitrile-water and a flow rate of 1 ml/min were chosen for determination
of the distribution profile of cello-oligosaccharides. Under these conditions, separation of
cellooetaose through glucose were achieved within an analysis time of 8 min.
3.8 Optimization of hydrolysis time for preparation of cello-oligosaccharides

Fig.4 shows the change in oligosaccharide composition with variation in the duration
of hydrolysis time. A homologous series of cello-oligosaccharides up to D.P.8 ecould be
well separated within a hydrolysis time of 1.5 hr. A hydrolysis time less than 45 min
resulted in high proportion of water-soluble cello-oligosaccharides ; however, their yield
was unfortunately low (<10%). A hydrolysis time more than 2 hr produced predominant
amount of monomeric glueose. Therefore, a hydrolysis time of 1 hr was chosen for
determination of the distribution profile of cello-oligosaccharides.
3.4 Separation of cello-oligosaccharides and their properties
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pressure of the analytical column applied on the semi-preparative scale

(YMC PA-03) at acetonitrile : water column. As shown in Fig. 5, the cello-
mixing ratios of 45:55 (Q), 55:45

@), 65:35 (], and 75 : 25 (B oligosaccharides having D, P. of 2-8 were

well separated. About 70 mg of cellobiose,
30 mg of cellotetraose, 15 mg of cellopentaose, 7 mg of cellohexaose, 1 mg of cellohep-
taose and 0.5 mg of cellooetaose could be isolated by a single run (50 min). Rach
cello-oligosaccharide was purified by rechromatography.

The D.P. values of the isolated cello-oligosaccharides were determined by the follow-
ing two methods. First, log fx was plotted against D.P. which showed a good linear
relationships as shown in Fig. 6. The retention times of cello-oligosaccharides bhecame
longer with an inereasing ratio of acetonitrile to water. Secondly, the values of D.P.
was determined by 'H-NMR measurement. The *H-NMR spectra of the anomeric regions
of the isolated cello-oligosaccharides were shown in Fig. 7. The chemical shifts of the
anomeric protons are easily assigned'” as listed in Table 1. The anomeric protons of
the reducing end glucose appeared as doublets at 5.22 p.p.m. (H-1.) and 4.65 p.p.m.
(H-14), while that of the non-reducing end residue at 4.50-4.51 p.p.m. (H-1.). The
signals at 4.52-4,53 p.p.m. (H-1;, doublet) due to the inter-sugar anomerie-proton
reasonances first appeared in cellotriose and became larger with increasing D.P. Based
on these results, the D.P. values ecould be determined by integrating these differnt sets
of signals.

Table 1 also summarized the properties of the isolated cello-oligosaccharides from
cellobiose through cellohexaose. The solubility of the cello-oligosaccharides in 1:1 (v/v)
mixture of acetonitrile and water was about 1/7-1/20 of those in water. The values of
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Table. 1. Characteristies of cello-oligosaccharides

Telts int s Solubility (g/1) in TN Inte
Melting points (C)  [adp (H:0) PN P ion H-NMR data (p.p.m.)

Oligomers S 4 —
Obs.  Lit.31®  QObs. Lit.®® g&ﬁgi"‘“’m" ot f), Hely  Hel Hels

cellobiose 242-244  225-230 +387.0° --34.6° 32.9 5.22 4,65 4.51
(decomp.) (decomp.) ~36.0° B.770% (7.92) .79

[0.47% T0.6] f1.1]

cellotriose 201-205  201-209 +21.4° +21.6° 23.6 5.22 4.65 4.52 4.50
(decomp.) (decomp.) ~23,6° (8.58) (7.87) (7.76) (7.76)

[0.41 fro.61 [1.11 f{1r.0]

cellotetraose  251-254 - 252-255 -+16.9° +16.5° 12.7 5.22 4,65 4,62 4.51
(decomp.) (decomp.) ~17.3° (8.88) (7.90) (7.84) (7.78)

[0.41 [0.6] [2.0] [1.0]

cellopentaose  266-270  264-268  +13.0° +11° 2.2 5.22 4.65 4.53 4.51
(decomp,) (decomp.) ~13.8° (3.88) (7.90) (7.84) (7.78)

[0.41 fo0.6] [8.41 [1.1]

cellohexaose 0 275-278  4-10.4°  +10° 1.3 5.22 4.65. . 4.52 4,51
(decomp.) : (3.80) (7.89) (7.90) (7.80)

f0.41 [0.6] [4.21 {[0.9]

a) Coupling constant (Jy,», Hz) ; b) Molar ratio; o) Difficult to measure.

melting point and specific rotation of the isolated oligosaccharides were in good accordance

with those of reported in the literatures®'® exeept in the decomposition temperature of

cellobiose.

In conclusion, the present results indieate that the partial hydrolysis with 722 sulfuric

acid followed by HPLC provide a convenient and powerful cello-oligosaccharide preparation

suitable for any routine laboratory use.
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