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The presence of 5-0-8-p-glucopyranosyl-p-glucose in the disaccharide fraction of a representative sainple of hydrol has
been established through carbon column chromatography. The sugar was characterized as the known, crystalline p-

toluenesulfonylhydrazone.
sion of D-glucose.

Hydrol, the residual mother liquor in the pro-
duction of Dp-glucose by acid hydrolysis of corn
starch, is recognized as a complex mixture contain-
ing p-glucose and its related oligosaccharides, The
latter arise partly from incomplete hydrolysis of the
starch and partly from the acid-catalyzed ‘‘rever-
sion’’ of p-glucose. In recent years, the applica-
tion of chromatographic techniques has resulted in
the identification of the principal disaccharides
both of hydrol and of simple acid reversion mix-
tures from p-glucose, Of the eleven possible di-
saccharides that can be formed by substitution of
an a- or 3-n-glucopyranosyl residue on the free hy-
droxyl groups of p-glucopyranose, eight have been
identified previously in these mixtures, The pres-
ent report describes the identification in hydrol and
acid-treated solutions of D-glucose of 5-O-B8-p-glu-
copyranosyl-p-glucose, one of the two possible di-
saccharides resulting from substitution of a bD-
glucopyranosyl residue on the hydroxyl group at
carbon-5 of p-glucofuranose,

Hydrol was chromatographed on carbon-Celite?
using water and 3, 5 and 159, ethanol as successive
elution solvents. The following sugars, in the or-
der of their appearance off the chromatogram, were
identified: »p-glucose, isomaltose (6-0-a-p-gluco-
pyranosyl-np-glucose), 5-O-3-p-glucopyranosyl-p-glu-
cose, gentiobiose and cellobiose, The D-glucose,
gentiobiose and cellobiose were crystallized directly
from the appropriate fractions after concentration.
Isomaltose was characterized as its crystalline
octaacetate and 5-O-8-p-glucopyranosyl-p-glucose
as the crystalline p-tosylhydrazone through compari-
son with a known synthetic sample,?

In a parallel experiment, an acid reversion mix-
ture from p-glucose also was examined, A prelimi-
nary fractionation of this mixture was made on car-
bon—Celite with water and 5, 15 and 259, ethanol as
successive developers.* Rechromatography of the
fractions using aqueous ethanol of various concen-
trations then yielded, in the order of their appear-
ance off the chromatograms, maltose, a,a-trehalose,
isomaltose, gentiobiose and cellobiose. The mal-
tose, a,a-trehalose and gentiobiose were isolated by
direct crystallization, whereas the isomaltose and
cellobiose were identified as their crystalline octa-
acetates. Acetylation of a portion of the “isomal-
tose fraction,” followed by chromatography on
Magnesol-Celite,® established the presence in this
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Evidence is presented that the disaccharide arises in the mixture from the acid-catalyzed rever-

fraction of a minor amount of 5-O-3-p-glucopyrano-
syl-D-glucose,

The occurrence of 5-O-3-p-glucopyranosyl-b-glu-
cose in a starch hydrolysate is of interest because of
the suggestion by Blom and Schwarz% that a 1 — 5-
linkage may be preformed in starch, However,
isolation of the sugar from hydrol is in no way con-
firmatory of its pre-existence in the starch struc-
ture, since it occurs also in simple acid reversion
mixtures from p-glucose.

The disaccharides that now have been identified
in hydrol and acid reversion mixtures from bD-
glucose are listed in Table I, It seems likely that
the remaining p-glucose disaccharides of pyranosi-
dic structure also are present in these complex mix-
tures, although the concentration of certain mem-
bers may be extremely small due to a combination
of factors unfavorable to their formation. It has
been pointed out! that steric considerations prob-
ably explain the preponderance of isomaltose and

gentiobiose in the disaccharide fraction. In addi-
TABLE I
DisAccHARIDES FROM HYDROL AND ACID REVERSION OF
D-GLUCOSE
Reference
-
Glucose
Disaccharide Hydrol reversion
a-D-Glucopyranosyl-a-p-glucopyranoside 7 8
(a,a-trehalose)
B-p-Glucopyranosyl-8-p-glucopyranoside .. 4
(B,8-trehalose)
2-0-8-p-Glucopyranosyl-n-glucose . 4
(sophorose)
3-0-a-p-Glucopyranosyl-p-glucose . 4,9
(nigerose)
4-0-a-p-Glucopyranosyl-p-glucose 7 10
(maltose)
4-0-3-p-Glucopyranosyl-p-glucose 8,11 4
(cellobiose)
5-0-8-p-Glucopyranosyl-np-glucose 8 8
6-0-a-p-Glucopyranosyl-np-glucose 7 12
(isomaltose)
6-0-B8-p-Glucopyranosyl-p-glucose 13 10

(gentiobiose)
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tion, since the reversion reaction is reversible, the
comparative stability to hydrolysis of the various
disaccharides is a contributing factor in determin-
ing the concentration of each that may accumulate.
This could explain the failure, so far, to isolate any
member of the additional family of p-glucose di-
saccharides in which an a- or $-p-glucofuranosyl
residue is substituted on a hydroxyl group of p-glu-
copyranose or D-glucofuranose, since the furano-
sides are known to be hydrolyzed much more read-
ily by acids than are the pyranosides,

Experimental

Isomaltose.—A 37.2-g. aliquot of the sample of hydrol
described previously!! was diluted to 100 ml. with water and
the solution was introduced onto a 300 X 75 mm. bed of
washed, wet carbon—Celite.? D-Glucose was removed from
the column by the passage of water (6-7 1.) under slight
suction at a rate of 8-900 ml./hr. until the effluent was
negative to Benedict reagent. Agqueous 39, ethanol!* then
was passed through in the same manner and each 100 ml. of
effluent was examined for optical activity and reducing ac-
tion toward Benedict reagent. The initial 1600 ml. of eflu-
ent following introduction of the 39, ethanol at the top of
the column was discarded and the next 1400 ml, yielded, on
concentration,!s 2.35 g. of amorphous residue. Acetyla-
tion!® of 2 g. of this material produced 1.6 g. of B-isomaltose
octaacetate, m.p. 144-145° and [«]%D 98° (¢ 1 in chloro-
form).

Several unsuccessful attempts were made to obtuin crys-
talline isomaltosel!” from the purified octaacetatebydeacetyla-
tionn in methanol solutiott with eitlier barium methoxide
or sodium methoxide. Slow evaporation of ethanol solu-
tions of the free sugar tlius obtained vielded solid material
that showed m.p. 119-122° (after slight slirinkage ut 85—
90°) and [a]®p 121° (¢ 0.6 in water), Examination by
X-rav, however, sliowed tliese preparations to be non-
crystalline.

5-0-8-p-Glucopyranosyl-p-glucose . —Following the iso-
nialtose fractiot, 100 ml. of effluent from the carbon-Cel-
ite column was discarded aud the subsequent 1500 ml. was
concentrated to vield 220 mg. of sirup showing [«]%*D
—22.3° (¢ 1 in water). Tlie reported? specific rotation for
sirupy 5-0-8-p-glucopyranosyl-p-glucose is —23.8° in water.
Treatment? of tlie sirup witlt p-toluenesulfonylhydrazine
provided the corresponding hydrazone of 5-O-8-p-gluco-
pyranosyl-p-glucose, m.p. and m.m.p.’® 180-181° dec.;
[a]®Dp —22° (¢ 1 in pyridine-water (4:1)).

Anal. Culed. for CpHzOpNeS: C, 44.7; H, 5.92;
N, 5.48; S, 6.65. Found: C, 45.3; H, 6.03; N, 5.28; S,
6.39,

N-Ray powder diffraction datu for the hydrazone prepared
from hydrol and for the syuthetic sample? were identical:
11.818-12,2 7.37-75, 6.01-38, 5.00-19, 4.78-9, 4.59-31,
4.31-100, 4.11-50, 3.98-6, 3.85-38, 3.66-12, 3.26-12,
2.96-25, 2.86-9, 2.76-3, 2.48-6, 2.40-9, 2.29-12, 2.24-3.

Acetylation of the sirupy 5-O-8-p-glucopyranosyl-p-glu-
cose from hydrol vielded an amorphous product with {«]%D
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—30.4° (¢ 0.5 in chloroform). A 50-mg. sample of the ace-
tate was chromatographed® on a 200 X 24 mm. bed of Mag-
nesol~Celite using 250 ml. of benzene—ethanol (250:1, v./v.)
as developer. After being extruded and streaked with
alkaline permanganate solution, the column showed the
presence of a single zone of carbohydrate material at 50-
105 mm. from the top. The amorphous acetate was re-
covered from the isolated zone by extraction with acetone
and concentration, vield 46 mg., {«]®p —31° (¢ 0.5 in
chloroform). Deacetvlationr, with sodium methoxide in
methanol, regenerated the sirupy disaccharide, [a]%D ca.
—20° in water.

Gentiobiose.—An additional 1 1. of 3% ethauol was
passed through the carbon-Celite column, the effluent be~
ing discarded, and the developing solution then was changed
to 59, ethanol. The initial 1600 ml. of this efluent was
discarded and concentration of the next 2 1. yielded 2.21 g.
of amorphous residue. Crystallization of this material
from 3 ml. of warm methyl cellosolve (ethylene glvcol mono-
methyl ether), according to the directions of Thompson and
Wolfrom,?! yielded 1.21 g. of gentiobiose, m.p. 191-192°;
[@]®D 10° (¢ 2, final in water). Acetylation of 100 mg. of
the sugar gave 180 mg. of B-gentiobiose octaacetate, m.p.
193-194°,

Cellobiose.—After elution of the gentiobiose, 159, etli-
anol was passed through the carbon-Celite column. Tlie
initial 600 ml. of this effluent was discarded and coticentra~
tion of the next 800 ml. then yielded 980 mg. of amorphous
residue. Crystallization of this material from aqueous
methanol provided 150 mg. of cellobiose, m.p. after re-
crystallization 229-230°; [«|%Dp 34.3° (¢ 0.35, final in
water). Acetylation of 50 mg. of the sugar yvielded 60 mg.
of B-cellobiose octaacetate, m.p. after recrystallization 199-—
200°; [«]%®Dp —13.8° (¢ 1.1 in chloroform).

Chromatography of D-Glucose Reversion Products

Preliminary Fractionation.—A solution of 100 g. of b-
glucose in 100 ml. of 0.08 N hvdrochloric acid was lieated
in a boiling water-bath for ten hours. After cooling, the
acidity was removed by ion exchange and the solution was
introduced, with slight suction, onto a 340 X 95 mm.
column of washed, wet carbon-Celite. The columi then
was developed with water (13.51.), 5% etlianol (9.3 1.) and
159, ethanol (4.1 1.) until eacli effluent reacted negatively
to Benedict reagent. Upon concentration, the water
effluent vielded 70 g. of D-glucose by direct crystallization.
The 5 and 159, ethanol effluents yielded on coiicentration
8.8 and 7.9 g., respectively, of amorplious residues.

Maltose and «,a-Trehalose.—The sirup (8.8 g.) from tlie
3% ethanol effluent was rechromatogruphed on a 400 X 75
mm. carbon—Celite column with 3 aud 5% etlianol. The
course of the fractionation was followed in the effluent by
observing optical rotations and by testing witll Benedict
and Molisch reagents. The first liter of 3%, ethanol effluent
was discarded and the next 800 ml. was concentrated to a
sirup weighing 500 mg. (“maltose-a,a-trehalose’’ fraction).
The next 2.8 1. of 39, etlianol efflueut vielded 3.8 g. of sirupy
residue (“‘isomaltose fraction’’). Finally, 1.2 1. of 59
ethanol was passed through the column aud the effluent
concentrated to a sirupy residue weigling 3.4 g. (“‘geutiobi-
ose fraction’’).

The ““maltose-a,a-trelialose fractionn’’ (500 mg.) was re-
chromatographed on a 600 X 34 mm. carbon—Celite columi
with 5%, ethanol. The first 800 ml. of effluent was dis-
carded and the next 300 wl. wus coucentrated to a sirup.
Crystallization of this sirup from ethanol yielded 165 mg. of
maltose hydrate, m.p. 99-101°; [«]®p 129° (¢ 2, finul inn
water); octaacetate, m.p. 159-160°.

Tlie next 1.2 1. of effluent from tlie columu yielded, on
concentratioit, a non-reducing sirup. Crystallization frow
ethaiiol provided 105 mg. of a,a-trelialose diliydrate, ni.p.
9(’);97°; Ta]®p 177° (¢ 2 i1 water); octpacetate, m.p. 97—
98°.

Isomaltose and 5-0-8-p-Glucopyranosyl-p-glucose.—Tlie
“isomaltose fraction’’ above (3.8 g.) was rechromatographed
on a 750 X 40 mm. carbon—Celite column with 39, ethanol.
The first 2 1. of effluent was disearded and the next 2.1 1. was
collected in 100-ml. cuts which then were concentrated
separately.  Tlie residues from thie first fifteen of tliese
fractions showed specific rotations i1 water i1 the range 110--

(21 A Thompson aud M. I,
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120°, They were combined and acetylated to yield 3.2 g.
of B-isomaltose octaacetate, m.p. 145-146°.

The residues from the last six 100-ml. fractions above,
which showed specific rotations in water in the range 80—
105°, were combined and acetylated. Fractional crystalli-
zation from ethanol then yielded 50 mg, of g-gentiobiose
octaacetate, m.p. and m.m.p. 194-195°, and 240 mg. of
B-isomaltose octaacetate, m.p. 144-145°; [«]?D 98° (¢ 1
in chloroform). The sirupy residue from these crystalliza~
tions, in two 40-mg. portions, then was chromatographed
on 200 X 24 mm. columns of Magnesol-Celite, using 200
ml. of benzene—ethanol (250:1, v./v.) as developer. Streak-
ing of the extruded columns with alkaline permanganate
showed two well-separated zones at 1-55 and 80-105 mm.,
respectively, from the top. Precisely similar zones were
observed when a mixture of known pB-isomaltose octa-
acetate and 5-0-8-p-glucopyranosyl-p-glucose octaacetate
prepared from hydrol were chromatographed in the same
manner. The combined top zones, after elution with ace-
tone and concentration, provided 53 mg. of B-isomaltose
octauacetate, m.p. 145-146°. The combined lower zones
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yielded 21 mg. of sirupy 5-O-8-p-glucopyranosyl-p-glucose
octaacetate, [a]?%D —20 == 1° (¢ 0.8 in chloroform).

Gentiobiose.—The ‘‘gentiobiose fraction’’ above (3.4 g.)
vielded, by direct crystallization from methyl cellosolve, 1,0
g, of gentiobiose, m,p. 192-193°; [a|%Dp 10.2° (¢ 0.5, final
in water); octaacetate, m.p. 194-195°.

Cellobiose.—The residue (7.9 g.) of the 159 etlianol
effluent from the preliminary fractionation was rechromato-
graphed on a 750 X 40 mm, carbon—Celite column with 87,
ethanol. The first 1.8 1. of effluent was concentrated to an
amorphous residue weighing 160 mg. Acetylation yielded
80 mg. of B-cellobiose octaacetate, m.p. and m.m.p, 200-
201°,

An additional 7.5 g, of carbohvdrate material was de-
sorbed from this column with 3 1. of 159, ethanol. Acetyla-
tion of this fraction yielded no crystalline material.

Acknowledgment.—The authors are pleased to
acknowledge the generous support of this work by
the Corn Industries Research Foundation.

SaINT Louts, MISSOURI

[CONTRIBUTION FROM THE DEPARTMENT OF AGRICULTURAL BIOCHEMISTRY, UNIVERSITY OF MINNESOTA]

The Constitution of the Hemicellulose of Western Hemlock (Tsuga heterophylla).
I. Determination of Composition and Identification of
2-0-(4-0-Methyl-D-glucopyranosiduronic acid)-D-xylose!
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The hemicellulose of Western Hemlock (Tsuga heterophylla) gave upon hydrolysis arabinose, xylose, galactose, glucose,

mannose and an aldobiouronic acid (I).
syl)-p-xylose.

Western Hemlock hemicellulose obtained from
delignified sawdust by alkaline extraction gave upon
hydrolysis a mixture of an aldobiouronic acid (I),
arabinose, xylose, galactose, glucose and mannose.
The acidic component I, which forms the subject of
this communication, was separated from the hy-
drolysate by the use of an anion-exchange resin.
The methoxyl content of I and its equivalent weight
indicated that it was composed of a methoxyuronic
acid and a pentose sugar, a deduction further sub-
stantiated by the observation that vigorous hydrol-
ysis furnished bp-xylose and 4-O-methyl-p-glucu-
ronic acid,

Cleavage of the aldobiouronic acid (I) with 89,
methanolic hydrogen chloride at 105° for 10 hr.,
followed by treatment of the cleavage products with
ammonia, yielded the crystalline amide of methyl
4-0-methyl-a-p-glucopyranosiduronic acid.?

After removal of this uronic acid derivative hy-
drolysis of the neutral sugar glycoside gave crystal-
line p-xylose. The point of attachment of the 4-O-
methyl-D-glucuronic acid unit to the p-xylose resi-
due was determined from a study of the fully
methylated disaccharide II obtained by lithium
aluminum hydride reduction®* and methylation of
the aldobiouronic ester. Hydrolysis of II and
chromatographic separation of the components on a
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The aldobiouronic acid (I) has been identified as 2-0-(4-0O-methyl-a-p-glucurono-

cellulose-hydrocellulose column? using methyl ethy!
ketone-water azeotrope as the irrigating solvent®
yielded 3,4-di-O-methyl-p-xylose’ and 2,3,4,6-tetra-
O-methyl-p-glucose.! The former was identified as
the crystalline 3,4-di-O-methyl-p-xylono-é-lactone’
and the latter both as the crystalline sugar® and as
the crystalline anilide.®

COOH
H,OH
I
CH,0Me H
0
HH
H,0Me
MeO OMe
H
0
II

2,3,4,6-Tetra-O-methyl-p-glucose
3,4-Di-O-methyl-D-xylose
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