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Hydrol, the residual mother liquor in the commercial production of crystalline
D-glucose by acid hydrolysis of starch, is known to have undergone considerable
“reversion”. In recent years, application of chromatographic techniques to the
separation of carbohydrate constituents of hydrol has resulted in the identification
of principal glucose-disaccharides. Of the eleven possible disaccharides that can
be formed by substitution of an a- or 3-glucopyranosyl residue on the five available
hydroxyl groups of the second D-glucopyranose, nine have been identified pre-
viously in hydrol (1—7). The two disaccharides, «,3-trehalose and laminaribiose,
have not been established yet although their existence in hydrol is most likely.
Anno et al. (8) reported on the isolation of laminaribiose from reversion products
obtained by the action of cation exchange resin and mineral acid on D-glucose.
The present report describes the isolation of laminaribiose in crystalline form
from hydrol.

Hydrol was chromatographed on carbon-Celite column (9) using water and
5, 10 and 30 per cent aqueous ethanol as successive elution solvents. Lami-
naribiose was eluted together with a small amount of cellobiose and a considerable
amount of higher oligosaccharides in the latter half of the 10 per cent ethanol
efluent (Table 1). This sugar mixture was rechromatographed on carbon-Celite
column in a similar manner, but no better separation was produced. The mixture
was then fractionated on carbon-Celite column in the presence of borate buffer
(10) and laminaribiose-borate complex was eluted as a single sugar component
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from the column (Fig. 1).  After removal of borate from the complex, crystalline
a-laminaribiose was obtained from aqueous ethanol. Acetylation with sodium
acetate and acetic anhydride yielded crystalline $-laminaribiose octaacetate.

Experimental

General Methods.

These are detailed in Part III of this series.

Carbon-Celite Column Chromatography. -

A 250 g aliquot of the sample ‘of hydrol described previously was diluted to
2500 ml with water and the solution was introduced onto a column (500 x 120 mm
diam.) of carbon-Celite (1:1 by wt.). The column was washed with water
(3217) and 59 (221), 109 (141) and 309 (6!) aqueous ethanol at a flow rate
of ca. 1//hr. The effluent was collected in 2/ fractions and tested qualitatively
for sugar content with the Molisch reagent. The Molisch-positive fractions were
evaporated and analyzed by paper chromatography. After the first 67 of 10%%
ethanol was passed down the column, the next 8/ contained substances corres-
ponding to laminaribiose, cellobiose, and higher oligosaccharides (Table 1).

Table 1. Chromatography of Sugar Constituents of Hydrol on. Carbon Column

Fraﬁgi.on Developer Sugar Composition
1 Water 2 1 No sugar

2— 5 Water 8 1 Glucose

6—16 Water 22 1 Isomaltose

17—18 5% EtOH 4 1 Iéomaltose, kojibiose

19—21 59 EtOH 6 1 Isomaltose, kojibiose maltose, nigerose:

22—24 5% EtOH 4 1 Gentiobiose, maltose, nigerose.’

25—28 5% EtOH 8 1 Gentiobiose, nigerose, sophorose

29—30 1096 EtOH 4 1 Gentiobiose, nigerose, sophorose

- 31 . 109% EtOH 2 1 Gentiobiose,. cellobiose

32 109 EtOH 2 1. vCellobiqse,laminaribiose . , _
3335 109% EtOH 6 1 Laminaribiose, higher oligosaccharides
3638 309 EtOH 6 1 “Higher oligosaccharides

Another unit of hydrol of the same quantity as above was chromatographed
on a carbon-Celite column in the same way. The fractions containing laminari-
biose from two columns were combined and evaporated to asyrup; yield, 10.0 g.
The syrup was subjected to carbon-Celite rechromatography using aqueous
ethanol of Va'rious' concentrations but separation of laminaribiose from other
sugar components was not achieved.
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Carbon-Celite Column Chromatograhy in the Presence of Borate Buffer.

The above sugar mixture was then fractionated on a carbon-Celite column
(450 x 60 mm diam.) with borate buffer (boric acid, 7.45 g/l and sodium hydroxide,
4.00 g/l ; pH obtained 10.0) containing ethanol at various concentrations in place
of the water ; ethanol concentration in the buffer was increased stepwise (with
an interval of 0.59¢) from zero to 5.5 per cent, and 500 2! of the buffer of each
concentration of ethanol was passed down the column. Each 500l of the
effluent was treated with Amberlite IR-120 (H* form), the solution and washings
were combined, and evaporated to dryness under reduced pressure. The residue
was dissolved in methanol and the solution was distilled under reduced pressure to
remove boric acid as its volatile methyl ester ; the procedure being repeated three
times. Elution behavior of each component from the column is shown in Fig. 1.
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Fig. 1. Fractionation of Laminaribiose-fraction on Carbon
Column in the Presence of Borate Buffer: Sugar
sample, 10.0g.; Column size, 450 x60 mm. diam. .

Fractions No. 2—4 containing a single component with the Rf value equi-
valent to that of laminaribiose were combined and evaporated to a syrup which
was crystallized from aqueous ethanol ; yield, 1.1 g, m.p. 196—198°C. Purification
was effected by recrystallization from the same solvent : m.p. 205—206'C, [aJp'®
+24.1°->18.2° (c 3.6 in water). These values are in good agreement with those
(11) published for a-laminaribiose. Mixed melting point with a known specimen
showed no depression.

A portion (0.5g) of the free sugar was acetylated with anhydrous sodium
acetate and acetic anhydride. The syrupy acetylated product was crystallized
from ethanol; yield, 0.5g, m.p. 156—158°C. Upon further recrystallization, the
constants were: m.p. 161.5—162°C, [aJp'®—28.6° (¢ 34 in chloroform) (Found:
C, 49.81; 5.63. Calcd. for C,,H.,0,; (CH;CO)s: C, 49.55; H, 5.64). These data
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are in close agreement with the published values (11) for p-laminaribiose
octaacetate. No change of melting point occurred on admixture with a known

specimen.

Summary

A combined use of the usual carbon column chromatography and carbon
column chromatography in the presence of borate buffer resulted in the isolation
of laminaribiose as its crystalline free sugar and §-octaacetate from commercial
hydrol.
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