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329. The Hemicelluloses of Esparto Grass (Stipa tenacissima, L.).
The Arabinose-rich Fraction.

By G. O. AspinaiL, E. L. Hirst, R. W. Mooby, and (the late) E. G. V. PERCIVAL.

An arabinose-rich fraction has been isolated from esparto-grass hemi-
cellulose. This gave on hydrolysis D-xylose (12 parts), L-arabinose (5 parts),
p-glucose (1 part), and p-galactose (1 part). Hydrolysis of the methylated
polysaccharide gave 2:3: 5-trimethyl r-arabinose (1 part), 2: 3-dimethyl
D-xylose (3 parts), and 2-methyl p-xylose (1 part), together with smaller
quantities of 2 : 3-dimethyl r-arabinose, 2: 3 : 4 : 6-tetramethyl p-galactose,
2:4: 6-trimethyl p-galactose, and 2:4-dimethyl bp-galactose. It is
concluded that the majority of the r-arabofuranose residues are present as
side-chains attached to a main chain of 1 : 4-linked p-xylopyranose residues.

THE presence of combined arabinose (ca. 79,) associated with esparto xylan has been
known for some time and early work appeared to indicate that arabinose was present in
the furanose form as an end group in a molecule comprising 18—20 xylopyranose residues
(Haworth, Hirst, and Oliver, J., 1934, 1917). More recently it was found that, by
repeated fractional precipitation as the copper compiex under carefully controlled and
very mild conditions, a xylan devoid of arabinose residues could be obtained from esparto
(Chanda, Hirst, Jones, and Percival, J., 1950, 1289). This polysaccharide was shown to
consist of a singly branched molecule containing 75(+5) D-xylopyranose units. These
residues are linked through C(y and Cg,y except that the single branching point is formed by
a 1:3-union. The mode of occurrence of the arabinose residues in the hemicellulose
fraction remained obscure and the present investigation was undertaken to obtain fuller
information on this point. Possibilities which could be envisaged were that the arabinose
residues might be present in an associated araban of the type found in pectic substances
(Hirst and Jonmes, J., 1939, 452) or in a xyloaraban or araboxylan such as that recently
isolated from wheat flour (Perlin, Cereal Chem., 1951, 28, 352). In the latter instance the
arabofuranose residues were attached as side chains to a main chain of 1:4-linked
D-xylopyranose units.

Crude esparto xylan was extracted from delignified esparto grass by the method of
Chanda et al. (loc. cit.), and the hemicellulose thus obtained was extracted with hot 709,
aqueous alcohol. This gave an arabinose-rich fraction, which on hydrolysis yielded xylose
(12 parts), arabinose (5 parts), glucose (1 part), and galactose (1 part). Although many
methods of extraction and fractionation were investigated the separation of an araban
in a pure state was not achieved and we regard it as doubtful whether such a polysaccharide
composed solely of arabinose residues does in fact occur in esparto hemicellulose.

The material richest in arabinose residues (hereinafter called polysaccharide A) was
methylated, first by Fear and Menzies’s method (., 1926, 937) and then with methyl
iodide and silver oxide. The methylated derivative (OMe, 36-6%) was hydrolysed
successively with methanolic and with aqueous hydrochloric acid, and the products of
hydrolysis were chromatographed on a cellulose column. Although complete separation
of all the fractions was not achieved, the presence of the following sugars was established
by the isolation of crystalline derivatives (quantitative analyses indicated that these were
present in the proportions shown in parentheses): 2:3: 5-trimethyl L-arabinose (29),
2:3:4: 6-tetramethyl D-galactose (4), 2:3-dimethyl D-xylose (100), 2 :3-dimethyl
L-arabinose (6), 2: 4 : 6-trimethyl p-galactose (8), 2-methyl p-xylose (34), and 2 :4-di-
methyl D-galactose (8). The trimethyl pentose fraction was shown chromatographically to
yield on demethylation a small quantity of xylose in addition to arabinose. It is likely
therefore that the fraction contained, as is to be expected, a little 2 : 3 : 4-trimethyl xylose
but attempts to form derivatives were unsuccessful. No methylated derivatives of glucose
were isolated.

The small proportion of 2 : 3-dimethyl arabinose present together with the complete
absence of a monomethyl arabinose preclude the existence of a multi-branched araban of
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the type encountered in the pectic arabans. The proportions of the main constituents
of the mixture of methylated sugars indicate that most of the arabofuranose residues must
exist as side chains to a backbone of D-xylopyranose units, such side chains being attached
to approximately every fourth xylose residue through position 3, as in (I). Owing to the
incomplete methylation of the polysaccharide A it is impossible to ascribe definite structural
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significance to the isolation of the small quantity of dimethyl arabinose. It is difficult
also to account unambiguously for the methylated galactoses present. Although these
residues could arise from a mixed polysaccharide, it is equally possible that a branched
galactan exists as a separate entity, for which a possible repeating unit (II) is suggested
above. The numerical results show, however, that many of the arabinose residues must
have been attached to xylose residues and we conclude that there is present in the hemi-
cellulose fraction of esparto an araboxylan of a type closely resembling the material
discussed by Perlin (Joc. cit.) and containing a main chain of 1 : 4-linked xylose residues to
which r-arabofuranose residues are attached as side chains. The composition of this
hemicellulose fraction is therefore extremely complex, much of the xylan being present, as
previously shown by Chanda et al. (loc. cit.), as a true xylan containing no arabinose
residues.

EXPERIMENTAL

Preparation of Polysaccharide A.—Crude esparto xylan was extracted from delignified
esparto grass by the procedure of Chanda et al. (loc. cit). The crude xylan (300 g.) was
successively extracted four times for 24 hr. in batches (30 g.) with boiling aqueous alcohol
(1 1.; 70% v/v), the insoluble material being removed by filtration of the hot extract. The
filtrate was concentrated under diminished pressure, acidified with acetic acid, and poured into
acetone (10 vols.). The collected precipitate (A) was washed successively with alcohol and
ether and dried in a vacuum-desiccator (P,0;), to yield a fawn-coloured powder (35 g.; ash,
3:59%,). Chromatographic examination of the hydrolysate (Hirst and Jones, j., 1949, 1659)
showed the presence of xylose (12 parts), arabinose (5 parts), glucose (1 part), and galactose
(1 part).

Methylation of Polysaccharide A.—The polysaccharide A (30 g.) was converted into its
thallium derivative and methylated twice by Fear and Menzies’s method (loc. ¢it.) and four times
more with silver oxide and methyl iodide, giving a crisp brown glass (9-3 g.; OMe, 36-69,),
purified by dissolution in hot acetone to give methylated polysaccharide A (7-5g.; OMe, 36-6%,;
ash, 0-19}).

Hydvolysis of Methylated Polysaccharide A.—The methylated polysaccharide A (7-5 g.) was
refluxed with methanolic hydrogen chloride (380 c.c.; 19;) for 12 hr. (constant rotation). At
the end of this time the methanolic hydrogen chloride was removed under diminished pressure
and the resultant syrup hydrolysed on the water-bath with hydrochloric acid (500 c.c.; 0-5N)
for 8 hr. (constant rotation). An insoluble residue (0-42 g.; OMe, 18-09,) was removed at the
centrifuge, the clear solution was neutralised with silver carbonate and filtered, and the silver
salts were removed with hydrogen sulphide. The solution was finally deionised with Amberlite
resins IR-100 and IR-4B, and concentrated to a syrup. Paper-chromatographic examination
of the syrup showed the presence of a trimethyl pentose (R 0-95), 2 : 3-dimethylxylose, 2 : 3-
dimethyl arabinose, a monomethyl pentose (Rg 0-38), and traces of free pentose.
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Separation of Methylated Sugars.—The syrupy hydrolysate (5-5 g.) was fractionated on a
cellulose column (90 X 3-4 cm.) (Hough, Jones, and Wadman, J., 1949, 2511), elution being
carried out with (a) light petroleum (b. p. 100—120°)-butanol (7 : 8), saturated with water,
(b) light petroleum-butanol (1: 1), saturated with water, and (¢) butanol, partly saturated
with water. The fractions obtained (see Table) were examined by paper chromatography with
butanol-ethanol-water—-ammonia (40:10:49:1; top layer) as solvent, and in a number of
cases the sugars produced after demethylation were examined (Hough, Jones, and Wadman,
J- 1950, 1702).

Analvsis of hydrolysate of methylated polysaccharide A.

Wt. of Paper chromato, h
. material p P A graphy N Sugar given after
Fraction eluted (g.) [a]lf Rg* Sugar demethylation *
" L 1-00 (t)  Tetramethyl glucose —
! 0-053 0-95 Trimethyl pentose —
2 . —96.8° 0= . Arabinose, xylose (trace),
0-265 268 0-95 Trimethyl pentose { elucoss (trace)
3 0-307 —18-3 0-95 Trimethyl pentose Arabinose, xylose (trace)
4 0-023 1 93 0-95 Trimethyl pentose —
) 0-88 Tetramethyl galactose —
5 0-056 +79-2 -88 Tetramethyl galactose -—
0-88 (t)  Tetramethyl galactose Galactose (trace)
6 0-116 —18-2 0-82 Unknown Arabinose
0-74 (t)  Dimethyl xylose Xylose (trace)
- . X 0-82 Unknown sugar —
g 0-068 +30-8 0-74 Dimethyl xylose —
8 1-907 +30-0 0-74 Dimethyl xylose -
. 0-74 Dimethyl xylose Xylose, galactose
9 0-063 +46 0-70 Trimethyl galactose °
0-74 (t) Dimethyl xylose —
10 0-065 +54-7 0-70 Trimethyl galactose —
0-64 (t) Dimethyl arabinose —
. . 0-70 Trimethyl galactose —
1 0-209 +85:2 0-64 Dimethyl arabinose —
12 0103 _ {0-64 (t)  Dimethyl arabinose —
0-38 Monomethyl xylose —
13 0-559 434 0-38 Monomethyl xylose —
14 0-043 __ 0-38 Monomethyl xylose —
0-36 Dimethyl galactose —
15 0-119 +71-6 0-36 Dimethyl galactose Galactose
16 0-067 L 0-36 Dimethyl galactose —
0-30 (t) Unknown —_
. 0-15 Xylose —
17 0-104 - 0-13 (t)  Arabinose -
¥ t = trace.

Identification of fractions. 2:3: 5-Trimethyl L-arabinose was identified in fractions 2 and
3 by conversion into 2 : 8 : 5-trimethyl L-arabonamide (m. p. and mixed m. p. 135—136°). An
attempt to prepare the aniline derivative of 2: 3 : 4-trimethyl p-xylose from fraction 3 was
unsuccessful. 2: 3: 4 : 6-Tetramethyl p-galactose was identified in fraction 5 by conversion
into 2:3: 4 : 6-tetramethyl p-galactosylaniline (m. p. and mixed m. p. 194—195°). 2:3-Di-
methyl p-xylose was identified in fraction 8 by conversion into 2 : 3-dimethyl p-xylosylaniline
(m. p. and mixed m. p. 120—122°) and 2 : 3-dimethyl p-xylonamide (m. p. and mixed m. p.
131—132°). 2:4:6-Trimethyl p-galactose and 2: 3-dimethyl r-arabinose were identified in
fraction 11 by conversion into 2 : 4 : 6-trimethyl p-galactosylaniline (m. p. and mixed m. p.
165—166°) and 2 : 3-dimethyl r-arabonamide (m. p. and mixed m. p. 159—160°) respectively.
2-Methyl p-xylose from fraction 13 crystallised completely from acetone (m. p. and mixed
m. p. 134—136°) and was converted into 2-methyl p-xylosylaniline (m. p. and mixed m. p. 124—
125°. 2:4-Dimethyl p-galactose from fraction 15 was recrystallised from acetone containing
19, of water, giving the monohydrate (m. p. and mixed m. p. 93—96°), and was characterised
as 2:4-dimethyl p-galactosylaniline (m. p. and mixed m. p. 209—210°) and 2: 4-dimethyl
D-galactonamide (m. p. and mixed m. p. 163—165°).

Quantitative Estimation of Methylated Sugars.—After identification of the fractions obtained
from the column the relative proportions of the different sugars were calculated, the results
being tabulated below. In the case of fractions containing mixtures of sugars the relative
proportions were estimated approximately from the intensities and colours of the spots given on
paper chromatograms,
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Sugar
Trimethyl pentose ......
Tetramethyl galactose
Dimethyl xylose ......
Dimethyl arabinose ...

Bradley, Mehrotra, and Wardlaw :

Parts per 100
parts of 2: 3-di-
Wt. (g.) methyl xylose Sugar
0-636 32 Trimethyl galactose ...
0-080 4 Monomethyl xylose ...
2-000 100 Dimethyl galactose ...
0-120 6

Parts per 100
parts of 2 : 3-di-
Wt. (g.) methyl xylose
0-160 8
0-680 34
0-180 8

On the assumption that trimethyl xylose was present in the same quantity as in the
hydrolysate of methylated arabinose-free xylan, 32 parts of trimethyl pentose would contain
3 parts of trimethyl xylose and 29 parts of trimethyl arabinose.
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