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1, The structures of xylans isolated from barley husks from
two different harvests, from the roots and stems of perennial
rye grass, and from a Norway spruce wood were investigated
using methylation techniques. The various methyl glycoside
methyl ethers of xylose and arabinose obtained from the
different xylans were identified by gas-liquid chromatography.
The xylans were found to correspond to the pattiern of the
typical xylan with regard to their main structural features,
but to differ in some cases with regard to their fine structure.

2% A partial acid hydrolysis carried out on a perennial rye
grass root xylan yielded the characteristic xylo-oligosaccharides,
together with two arabinose containing oligosaccharides., These
were shown to be 2—9— -E—xylopyranosyl-g-arabinose and E—
galactopyranosyl(1--4) -2-xylopyranosyl(1—-2)-£—arabinose and
it appears probable that these units are attached as side-chains
to the xylan backbone through the arabinose residues.

D The Smith degradation was applied to a barley husk xylan
and a rye flour xylan. That the xylopyranosylarabinose units
in the husk xylan are attached through position 3 of D-xylose
residues in the basal chain follows from the isolation and
characterisation of the degradation product g—arabinofuranosyl

(1--3) -D-xylopyranosyl-glycerol, In both xylans a random

Use other side if necessary.



distribution of branch points along the xylan backbone is
indicated from the isolation and characterisation of the xylo-~
glycerol oligosaccharides formed.

The work on the alkaline degradation of arabinoxylans
started by Aspinall et al, was continued by the synthesis and
alkaline degradation of the following model compounds
3,4-d1—9—methyl—£—arabinose, 3,4—d1—9-methyl-£-xylose, and
5-9-methyl(4-9— -E-xyIOpyranosyl)-g-xylose. The disaccharide,
4-0- -E-xlepyranosyl-g—xylose(xylobiose) was also synthesis,

In the alkaline degradation of 3-9—methyl-(4—0- -D-
xylopyranosyl)-g-xylose, a double elimination from-C ;nd C was

shown to have taken place, thus providing clear evidgnce fo% the
by-passing of a branch point during the alkaline degradation of
arabinoxylans.

In similar degradations of the other model compounds,
complex mixtures of compounds were obtained,suggesting that the
degradation mechanism is not simple, and that various competing

reactions are probably taking place simultaneously.
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1.

INTRUDUCTLION,

The Graminewe, which include the commonly known grains
and grasses, are flowering plants consisting of approximately
4,500 species found in many parts of the world. In the
temperate zone they are characterised in wheat, barley, rye,
oats, and in the many grasses used for grazing, The
economically more important species in the troples are maize,
rice, and millet.

The carbohydrates of the Graminese can be classified

as follows:

E

Carbolhy

cell wall reserve
|
cellulose hemicelluloses fructans starch

Glucose and fructose are the most commonly found
monosaccharides (1) in the Gramineae, and sucrose the most
abundant disaccharide (2).

The bulk of the plant however, as in all plants, consists
of polysaccharides, existing either as reserve or cell wall

polysaccharides.
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Reserve Polysaccharides.

Fructans

These polymers of fructose residues are water soluble
and exist in three distinct forms:
a) Polymers consisting

of 2',l—link9673-2~

fructofuranose HoH,C
residues. Inulin H

is a typical example " f”t
of this class, HOK, 7

b) Polymers consisting of 2',673-D-fructofuranose residues,

of the levan znd phlein type.

CH, Bt i eH, B — _4dh,
. . . l ’
' CH,OH H,OH HOH
Ho Ho :

Ho

(1)
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Fructans isolated from the grasses are almost
invariable of this type, and in most cases are unbranched,
¢) Polymers containing both 2',1 and 2',673—g~ fructofuranose
residues.
Since the order of occurrence of the different types
of linkage in many cases 1s not known, assignation of a

specific formula is not yet possible.

Fructans from the cereals are usually branched, and
can possess either the inulin or levan type of structure,
or both.

It 1s now generally accepted that fructans from all
three classes have sucrose residues in terminal positions(3).
It appears possible that fructans are built up in plants by
the additions of fructose residues to a sucrose residue, and
indeed, oligosaccharides containing up to ten fructose

residues have been isolated from barley (4),.

Starch.

Starch is the main reserve polysaccharide in cereals
and occurs in the form of discrete granules, It is
commonly believed to consist of two polymers of glucose,
differing markedly in properties and structure, called
amylose and amylopectin, In both polymers, thecx-g—

glucopyranose residues are linked through positions 1 and 4,



4,

The principle differences in properties are

summerised in Table 1.

Table 1.

Amylose Amylopectin
molecular essentially linear branched
configuration
molecular weight ca 106 ca 108

x-ray diffraction

complex formation

stability in
agueous solutions

ﬁ}—amylolysis

crystalline patterns

readily forms
complexes with
iodine and polar
substances

unstable, Tends to
"retrograde” in
concentrated
solutions

ca 70-80%
conversion into
maltose

amorphous or
weakly crystalline
patterns

very limited
complex with
iodine and polar
substances

stable at any
concentration

ca 55% conversion
Into maltose

Despite the considerable progress in the field of

starch during the last twenty years, as yet few starches

have been completely characterised.




S

Cell Wall Polysaccharides

Cellulose

Of all naturally occurring organic compounds cellulose
is the most abundant, and makes up about one-third of all
vegetable matter. It is the basic constituent of the cell
wall of land plants.,

Most celluloses studied have been obtalned from wood
or cotton due to their economic importance, but it appears
probable that all celluloses have essentially the same
chemical structure, consisting of unbranched chains of

1,413~Q-g1ucopyranose residues.

CH,OH CH,OH CH,OH
i) —O
N s [ 5
Cl\\ OH YD\\\\<?H , \\\Il\\\ OH oL
OH = H
(i)

Within the cell wall, the cellulose is believed to
acquire an organised structure by the long thread-like
macromolecules being aligned in bundles.

Hemicelluloses
Celliulose almost invariably occurs in association with

other polysaccharides. This is particularly true in



lignified tissues where the cellulose bundles are embedded
in an amorphous mass of lignin, and other polysaccharides
called the hemicelluloses.,

The exact nature of the association between cellulose,
lignin, and the other non-cellulosic polysaccharides 1s not
yet known, although some evidence in favour of a chemlcal
link between lignin and a part of the hemicellulose 1is
produced by Lindgrens electrophoretic studies (6). This
is contrary to the views of Nelson and Scheurch (7) who
believe the association to be purely physical

The term "hemicellulose"™ 1is usually taken to cover
only cell wall polysaccharides extracted by alkali, but
this 1s unsatisfactory since it excludes polysaccharides
similar in chemical structure and biological function. It
is less confusing simply to classify these polymers (non-
cellulosic cell wall) by their main constituent sugar; thus
a polymer of mainly xylose residues 1s called a xylan, that
of mainly galactose residues a galactan etc... When any one
of the three sugars, xylose, galactose, or mannose is
present in the polymer it is usually present as the main
constituent, but other sugars, namely g—arabinose, D-glucose,
&-rhammose, E—glucuronic acid and its 4-9-methyl ether, can
compose part of the molecule.

The biological function of these polysaccharides 1s
still not clear. ¥histler and Young (8) have recently shown



that in cats, they do not act as reserve polysaccharides

but exist purely in the cell wall,

Xylans

Xylans are by far the most common group of the non-
cellulosic cell wall polysaccharides found in the Gramineae,
and it is with their fine structure and behaviour in alkali

tﬁat this work is mainly concerned.

Extraction and Purification

Before isolation of xylans, grasses and cereals are
given a preliminary extraction with an organic solvent, often
followed by some delignification procedure,

Of the methods devised for removal of lignin, in essence
only two have been adopted, In one the plant tissue is
treated with chlorine and the chlorolignin extracted with
some alkaline solvent (9); in the other the lignin is direectly
transformed into a water soluble compound by treatment with
either chlorine dioxide or sodium chlorite (10). By neither
of these methods can the lignin be completely removed
without appreciable loss of carbohydrate. Timell and John
(11) have studied methods of delignification and concluded
that the chlorination method is superior, producing a
holocellulose containing about 1% lignin without appreciable

loss of carbohydrate,
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Treatment of the holocellulose with alkali, usually
about 4%, extracts the xylans, which can be recovered from
solution by neutralisation and precipitation with acetone.
Oxygen free conditlons must be used to minimize the
degradative effect of the alkall, a topic discussed on page 28 .

Direct extraction of cereal grains with warm water
yields a mixture of polysaccharides, often called the cereal
gums, These normally contain xylans with a high proportion
of arabinose, which, although similar in chemical structure
to the water insoluble xylans, appear to differ in biological
function.

On extraction xylans are invariably contaminated by other
polysaccharides and some form of purification is always
necessary. Purification in this sense simply means the
isolation of polymers containing the same constituent sugars.
These polymers have a molecular weight range, and although
possessing the same constituent sugars they can differ from
each other in the proportions of these sugars present.

A suitable method of purification for any particular
case can only be found by trial and error, but generally
belongs to one of the four following classes:

a) Fractional precipitation by the addition of a non-solvent,
or fractional dissolution in mixtures of solvent and

non-solvent,
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b) Precipitation as specific complexes.

Both complexing with copper ions (12), and with cetavlon
(cetyltrimethyl ammonium bromide) (13), has been used
successfully for certain xylans.,

¢) Salting out,

Ammonium sulphate has been used for graded precipitation

of xylans from aqueous solutions (14),
d) Chromatography.

The recent introduction of diethylaminoethyl (DEAE)
cellulose columns (15) has produced good results with
certain polysaccharides,

Electrophoresis (16) and ultracentrifugation (17) have
been used in small scale separations of polysaccharide species
and are valuable as analytical tools,

Despite the use of these various methods, efficient
purification is still a major problem in polysaccharide

chemistry.

Methods of Structural Investigation

Initial examination of any polysaccharide involves the
determination of optical rotation, percentage ash, methoxyl,
acetyl and uronic acid content, and most important, the
constituent sugars. These sugars are easily determined by
acid hydrolysis of the polysaccharide, followed by separation
identification and estimation (18) of the products.
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Methylation

Methylation followed by hydrolysis has for long been the
most important and valuable technique in structural polysac-
charide chemistry., It is the main method of determining
the modes of linkage between monsaccharides,

The method involves the exhaustive methylation and
subsequent hydrolysis of the polysaccharide to give partially
methylated sugars, the free hydroxyl groups of which indicate
the positions of linkage in the molecule,

The most widely used method of methylation involves
treatment with sodium hydroxide and dimethyl sulphate (19),
the procedure being repeated several times, The use of
concentrated sodium hydroxide can lead to some degradation
and depolymerisation, particularly in the presence of oxygen.
For this reason oxygen free conditions are favoured.

Since this method of Haworth's is seldom completely
successful, it is usually followed by treatment with silver
oxide and methyl iodide, according to Purdie and Irvine (20).
Silver oxide causes degradation by oxidation but this effect
is minimised when most of the hydroxyl groups are already
methylated. The procedure is repeated until constant
methoxyl determination is achleved.

The Purdie technique has recently been improved by
Kuhn et al (21), by using dimethyl formamide as a solvent.
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In this way oligosaccharides can be methylated directly
without any preliminary treatment with dimethyl sulphate
and sodium hydroxide., A further modification has been the
introduction of barium oxide for silver oxide (22).

Some success in the methylation of polysaccharides has
been achieved by workers using a method developed by Fear and
Menzles (23) which involves reaction of thallous complexes of
polysaccharides with methyl iodide, Another method favoured
by many makes use of lilquid ammonia, by dissolving the
potassium derivative of the polysaccharide in it, then adding
methyl iodide (24).

Complete methylation, though sometimes difficult, is
very important, since undermethylation can give rise to,
on hydrolysis, methyl ethers which might incorrectly be
assumed to have structural significance, The same danger
follows from any partial demethylation during hydrolysis.

Hydrolysis of the methylated polysaccharide can be
carried out by any of the following methods; methanolysis
followed by hydrolysis of the methyl glycosides; formolysis
followed by hydrolysis of the formate esters; or
prehydrolysis in fairly concentrated sulphuric acid followed
by dilution and warming.

The methylated sugars resulting from hydrolvsis are
usually separated on cellulose columns (25), but charcoal

columns (26) have also been used.
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In 1958 Bishop and Cooper (27), and more recently
Aspinall et al, (28) successfully separated the methyl
glycosides of methylated sugars by gas-liquid chromatography.
Using argon as the vapour phase, and various liquid phases,
the resolution of many mixtures of methylated sugar glycosides
has been achieved.

RPartisl Hydrolysis

Acid hydrolysis under various conditions is used to
isolate fragments of the molecule whose structures may be
completely determined, thus providing information, both about
the main structural features and about minor detalls of the
parent polysaccharilde.

The various types of linkage present in polysaccharides
are hydrolysed at different rates, Furanoside linkages are
the first to break, beilng destroyed by .0lN-sulphuric acid
at 100° for a few hours, Pyranoside linkages tend to split
using 0.1§-acid, while uronic acid glycosidic linkages are
very resistant, and in the harsh conditions reguired for
their hydrolysis the sugars may decompose, By utilising
these facts it is possible to a limited extent to preferen-
tially hydrolyse the different linkages present.

Acid hydrolysis is a reversible reaction (29) and if
concentrated solutions are used there may be formed

oligosaccharides which are not characteristic of the
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polysaccharide hydrolysed. However in solutions of less
than 1% this is unimportant. It has also been observed thag
on more prolonged heating true fragwents hydrolyse to
monosaccharlides whereas reversion products do not,

Products of partial acid hydrolysis are generally
separated on charcoal columns using either step-wise or
gradient elution, but Wolfrom et al (25) have developed
the use of calcium acid silicate, while Jones and Wall (32,31)
have shown how lon-exchange resin columns can be used to
separate some sugars.

Aldobiourconic acids are easily isolated from the
hydrolysates of acidic polysaccharides by ilon-exchange
chromatography, and their structure can then be determined
by reducing the methyl ester methyl glycoside and applying
standard techniques.

When pure enzyme preparations are available, hydrolysis
with thenm sometimes yields information that acid hydrolysis
cannot, Enzymic methods have mainly been confined to the
field of starch, but are becoming increasingly important in
other polysaccharide fields, |

Periodate Oxidation (33)

¥hen hydroxyl groupings are present on adjacent carbon

atoms, the carbon-carbon bond is attacked by periodic acld
or its salts,
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The most readily oxidised compounds are open chain
glycols, followed by cyclic cis-glycols, then cyclic trans-
glycols, although when trans-glycols are fixed in unfavourable
conformations they are unattacked, The reactivity may also
be affected by steric effects of neighbouring groups.

In structural investigations on polysaccharides
measurement of periodate consumed, together with the deter-
mination of the reaction products and possibly isolation of
unattacked residues, can go far towards eluclidation of some
of the structural features present in the molecule,

Reference to the following hypothetical trisaccharide
illustrates the general principles:

—Q OR

O
@)
OH OH
HS\__£>{HH HO ™
| OH H OH
/
L

210 (v) lfou’

/{‘D ——) O (I)R

D BN

* &g HO 4 OH Ho
(v)

HCO, H

The residue containing three adjacent hydroxyl groupings
reacts with two moles of perlodate, liberating one mole of

formic acid, whereas the residue containing two adjacent
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hydroxyl groupings reacts with only one mole of periodate,
The central residue, containing no adjacent hydroxyl group-
ings, remains unattacked,

Residues containing carbon linked hydrogen atoms activ-
ated by two adjacent carbonyl groupings (V1) are sometimes

formed as intermediates and can undergo further oxidation thus ;

¢CHO THO
. | o 210, :
RO—C—H > RO—C.—OH > ROH + Z H(O,H + Co,
' i
© CHo "HO
(v1) (vit)

In order to study the arrangement of sugar residues in
a polysaccharide the degradation devised by Barry (34) has
often beén used, It involves oxidation by periodate,
followed by treatment with phenylhydrazine in dilute acetic
aclid, to give a compound containing one phenylhydrazine
residue for each pair of aldehydic groupings formed. When
this is treated with acetic acid and excess phenylhydrazine,
the oxlidised residues split off as phenylosazones. Identi-
fication of these, together with an investigation of the
unoxidised residues remaining, yields information about the

original structure,

Smith Degradation (35)

This 1s in wany ways an lmprovement on the Barry
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degradation, and may ultimately replace it as a means of
degrading & polysaccharide to one of simpler structure, which
can then be more easily investigated.

Residues in the polysaccharide (V1ll) containing
glycols are attacked by periodate producing a polyaldehyde
(1X), which 1s fairly resistant to acid hydrolysis. However,
reduction of the aldehydic groups with borohydride gives a
polyalcohol (X), the acetal linkages of which are very
readily split by cold dilute acid, leaving the glycosidic
linkages intact (X1).

. A / N =
®) IO,+ o @)
@ N = ‘VI\ 8
0o OH

OH
k:/o
HOHy (v i) HOHSGK)CHO (X1x)
OH
\\ [@]
0\\ $ O N\ OH O
> b
> N
- H
, (x1)
HOF 4 /Cl[ + H.‘LO
HOHE ko CHOH
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When the degradation 1s applied to a polysaccharide
containing both periodate resistant and periodate labile
residues in the main chain, the polymer is brocken up with
production of relatively low molecular welght units,

A newer reagent for glycel cleavage ls lead tetra-

acetate (36) but this has not been extensively used as yet.

Molecular Structure of Xylans. (37)

All xylens from land plants belong to the same general
type (X11) but differ from one another mainly in the propor-

tions and types of side chalns they possess:

(l-4)76-Q-Xylp-(l-4)-P-2—XYlp—(l—-4)-(P-E-Xylp)g

f(or 3) ?
(4-Me-)-x-D-GpA-1 L-Araf-1

B
(x11)

Xylans from the Gramineae generally possess Q-arablno—
furanose residues linked to the backbone as single unit side
chains, usually to position } of D-xylose, as their main
characteristic, but in many cases & smaller proportion of D-
glucuronic acid or its 4-O-methyl ether is also present,
usually linked to position 2 of B-xylose.

That the backbone in xylans consists of 1,4 linked -D-
xylopyranose residues has been shown by the isolation of

2,3-di-0-mathyl-2—xylose &8 & major product of hydrolysis of
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methylated xylans from many sources, This sugar could also
arise from 1,5 linked residues, but Haworth and Percival (38)
as long ago as 1951 proved that in esparto grass xylan at
least, the xylose residues were in the pyranoid form, From
a comparison of optical rotation and rate of hydrolysis of
other xylans with this xylan, it appears prcobable that they
all possess xylopyranose residues (X111);

\'O\\ OH O Ho \O\}{ O\\
5 ” by (xn

Confirmation of the structure of this backbone chain was
obtained from the partial hydrolysis work of Whistler and Tu
(39) who isolated from & maize cob xylan a series of oligosac-
charides containing 1,4-11nke%ﬁ-£-xylopyranose residues
ranging from xylobiose up to xyloheptaose. The lower members
of this range have since been isolated from various other xyla ns.
In 1934 Haworth, Hirst, and Oliver (40) isolated from the
hydrolysate of methylated esparto grass xylan 2,3,5—tr1-9-
methyl-L-arabinose and concluded that the arabinose was in the
furanos: form and terminated side chains (X1V), or was directly

attached to the xylan backbone (XV):

~Xylp—Xylp—Xylp—ZXylp- ~Xylp—Xylp—Xylp—Xylp~

|

Araf- (Xylp)n Araf

(x1V) (XV)
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Using periocdate oxidation techniques on a xylan from
wheat flour, Perlin (41) was able to show that structure (XV)
was probably correct, and Aspinall et al (42,43,44) were able
to agree with this view as a result of their investigations
on xylane from barley and rye.

It was long suspected from methylation and hydrolysis
studies that the non-reducing arablinose side chains were
attached through position 3_of the xylose residues, since
2-0~methyl-D-xylose was generally, although not always, the
only monomethyl ether of xylose found. Direct proof of this
has recently been obtained in certain cases by enzymic
hydrolysis (45) and by catalytic oxidation (46) results,

Partial acid hydrolysis splits the arabinofuranose
linkages, but enzyme preparations have been found which attack
xylens giving arabinose containing oligosaccharides, Bishop
and Whitaker (45) have isolated from wheat straw xylan & series
of oligosaccharides contalning arabinose and xylese residues
as partial hydrolysis products, using an enzyme preparation
from the mould Myrothecium verrucaris, and one of the
components was shown to be the trisaccharide g—g-arablno-

furanosylu(1——3)~§7@w2-xylopyranasyl-(l—~4)-E-xylose (xv1).
This trisaccharide has since been isolated in a similar way

by Aspinall and coworkers (47) from rye flour and cocksfoot

grass xylans,
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HoH

i (xvi)

Aspinall and Cairncross (46), using rye flour xylan,
have shown that catalytic oxldation results in selective
oxidation of some of the primary alcoholic groupings, with
the formation of carboxylic acid groupings. Craded hydrol-
ysis of the oxidised polysaccharide afforded the aldobiouronic
acid, (l~arabinofuranosylurenic acid)-(l--3)-D-xylose,

The isola tion of this acid, taken together with the
evidence of enzymic degradation, shows that at least some
of the terminal g—arabinorurancse residues in xylans are
attached through position 3 of E-xylose.

Most of the arabinose residues found in xylans are in
the form of terminal groupings, but some have been shown to
occupy non~terminal positions in certein cases, by the
presence of partially methylated arabinose residues in the
hydrolysates of the methylated xylans, znd by the isolation
of the disaccharide 2-0-p-D-xylopyranosyl-L-arabinose (XV1l)
on partial hydrolysis (48,43,49).
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HoH
HOH(

H (xvii)

Many xylans from the Graminéae contain residues of 2—
glucuronic acid, or 4—9—methyl—2—glucuronic acid, as well
as I—-arsbinose residues, although these are almost invar-
isbly present in smaller proportion,

Methylation studies usually yield 2-0-(2, 354-tri-0-
methyl-x-D-glucosyluronic acid)-3-0-methyl-D-xylose (XV1ll)
(50), the structure of which is indicated by conversion to
the methyl ester methyl glycoside followed by reduction
and hydrolysis to 3-9-methyl-£-xylose and 2,3,4—tr1-9~

methyl-D-glucose,
: —_‘Q\
K}m% HoH HOH

" Ho
(@
CHy
CHO (xviti)
CHa

Similarly partial acid hydrolysis of acidic xylans
generally yield aldobiouronic acids (X1X) which on reduction,
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methylation, and hydrolysis of the methyl ester methyl
glycoside give rise to 3,4-di-O-methyl-D-xylose and 7,3,456~
tetra-gﬁmethyl—g—glucose.

From these results it is seen that glucuronic acid or
its 4—9-methyl ether is most commonly found linked through
position 2 of B-xylose. In all xylans so far examined,
hexauronic acid residues have been found to be linked directly

to the basal chain (XX):

-(1-4)-;@-2-)(3;1 p-(1—4)p-D-Xyl p-
4d-Ye-=D-C p A-1
i (XX)

It 1s not yet known whether the backbone chain in xylans
is strictly linear or whether there is some degree of branch-
ing, but the fallure of anyone to 1lsolate by partial hydrol-
ysis a purely xylose containing di-or trisaccharide with
(1--2) or (1-—3) linkages points to a widespread lack of
branching.

Grass and Straw type Xylans.

Chanda et al (12) have obtained an arabinose free xylan
from esparto grass by repeated fractionation by means of the
insoluble copper complex, Since an arabinose rich fraction

has been isolated from the same source (51), it appears
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that there exists in the plant a range of closely related
polysaccharides., The presence of some non-terminal
arabinose in the arabinose rich xylan 1s indicated by the
isolation from it of the disaccharide (XV1l) on partial
hydrolysis (48).

In studies on perennial rye grass roots xylan using
methylation techniques, the isolation of tetramethyl-g-
galactose (52) suggests the presence of some galactose in
terminal positions.

Xylans from wheat straw are among the most studied and
some interesting variations in fime structure have been
observed. By repeated fractionation, one xylan has been
obtained free of arabinose but still containing a small amount
of uronic acid (53). Another has (1—3) linked uronic acid
(54), while another has yielded a small proportion of 2,6-
di-O0-methyl-D-glucose on methylation and hydrolysis {55«
Theﬁtrisaccharide (XV1) has been obtained by enzymic

degradation of a wheat straw xylan (45).

Xylans from cocksfoot grass (50), wheat leaf (56), and

oat straw (57) have been found to conform to the general

pattern of the typical xylan.

Husk type xylans

Xylans extracted from husks show a somewhatl greater

complexity than those from the endosperm, barley husks
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probably being the simplest (43) although even here 1,2-
linked arabinose 1ls found.

Partial hydrolysis of the complex impure xylan from
maize hulls (or fibre) has produced somwe surprising
oligosaccharides, Whistler and Corbett (58) have isolated
and characterised 3-0-o¢-D-xylopyranosyl-L-arabinose (xx1)
and Oné*galactOpyran;sylz(l—-4)—D-quylo;yranosylt(1-—2)-2-
arabznose (XX11), while Smith etﬂaz (59,60) have characterised
5-0-(3-D-galactopyranosyl-L-arabinose (XX111) and 4*913-2—
galactopyranosyl-D-xylose (XX1V).

K =D=Xylp~(l==3)~L-Ara L-Galp-(l-—=4)~-D-Xylp-(1—2)-L-Ara
Vi (xx1) ¥ T(xx 1) -
;S—Q-Galp-(l-ﬁ)-g-ﬁra /3=D-Galp-(1—4)-D-Xyl
(xx (11) (xx )

The three oligosaccharides containing reducing arabinose
residues are probably attached as side chains to the xylan
backbone through arabinofuranosyl linkages.

Corn cob hemicellulose can be separated into two
fractions, A and B, differing in their water solubility (61).
On partial hydrolysis of the more complex B fraction an
aldoblouronic acid (XXV)(62) and an aldotriouronic acid
(xxXV1) (63) were isolated in addition to the normal type of
aldobiouronic acid (X1X):
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ot-D-GpA~(1--4) -D-Xyl
(Xx¥)
oX~D-GpA~(1—~4)-3-D-Xylp (1~~4)-D-Xyl
(xxvi)

This suggests the termination of some xylan chains by
uronic acid groupings. Non-terminal arabinose is also
present in this xylan (49).

From wheat bran Adams (64) isolated a unique polysac-
charide in that it contained a higher propeortion of E—
arabinose than E—xylose. The L-arabinose was present as
non-reducing end~-groupings and in non-terminal positions
linked through positions 1 and 3, positions 1,2 and 3, and
positions 1,2, and 5(or 4).

Flour type xylans.

Xylans containing a high proportion of arablnose can be
extracted by water from the flour of cereals, particularly
wheat (41,65,66) and rye (44,46,47). Although their
biological function is not clear, they do not appear to be
structural polysaccharide s and, together with -glucans
with which they are associated, are often called cereal gums,
They can usually be separated from -glucans by ammonium
sulphate fractionation (14).

In all the examples studied, no uronic acid has been

found, and the L-arabinose, which 1s all present as single



unit side-chains, can sometimes be attached through positions

2 and 3 of the same D-xylose residue in the basal chain.

=

Biosynthesis of Xylans

Tracer studies on the biosynthesis of xylans (67,68,69)
using labelled sugars have shown that the xylecse units
involved in xylan synthesis are probably derived from
glucose by oxldation at C followed by decarboxylation, The
conversion is assumed to take place at the monogaccharide
level (70), in view of the differences in xylan fine structure
and the absence of naturally occurring poly-E-glucosiduronic
acids.,

Neish and Altermatt (63) have proposed a hypothetical
scheme for polysaccharide synthesis, suggesting that the
polysaccharides are bullt up by transglycosylation reactions
involving uridine disphosphate (U,D.P.) glycoside intermed-
iates, which are interconvertible.

Since, however, arabinoxylans contain D—xylose and L-
arabinose residues in pyranose and furanose forms respect-
ively, simple conversion of a derivative of the one pentose
to a derivative of the other seems doubtful.

It is possible that all xylans are not buillt up by the
same process, and as yet their biosynthesis is not well

understood.
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Molecular size of xylans,

Few measurements of molecular welghts have been
carried out in the xylan field, partly duve to the experim-
ental difficulty encountered. Most determinations have
been made by the 1isothermal distillation method on
methylated or acetylated derivatives in benzene. The
degree of polymerisation of various xylans has been found
to be between 50 and 100 by this method.

Methods of determining the size and shape of polysac-
charides has been reviewed by Greenwood (71) and by

Glandemans and Timell (72).



Alkaline Degradatioa of Carbohvdrates.

The effect of alkali on carbohydrates has been subjected
to study by chemists for well over a hundred years. It is
only recently however, that the degradative effect of alkali
on polysaccharides has been vigorously investigated. In
the particular case of xylens, the importance of this lies in
the fact that most xylans are extracted by alkali, thus
ralsing the possibility of structural modification before
investigation of their structure beging,.

With regard to polysaccharides in general it has been
suggested that their reaction with alkali may find some use
as a tool in structural investigations by identification of
the acids produced. Indeed the structure of many carbo-
hydrates ultimately established by methylation analysis
could have been determined much earlier by the use of alkalil
had its effect been understood.

Oxygen free conditions are generally observed in all
studies of alkaline solutions on carbohydrates as the presence
of oxygén introduces many more degradative pathways (73), some
indication of which is obtained from the Lobry de Bruyn van

Exenstein interconversion and sugar degradations (74):
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D-glucose D-fructose D-mannose
= = =

S |

enolate ions

autoxidation rearrangement fragmentation
D-arabonic acid saccharinic acids lactlic acld
:‘ A g

formic acld

In the absence of oxygen, rearrangement of the sugars
to saccharinic aclds 1s the predominant reaction, but even so,
formation of these acids 1ls normally accompanied by some
production of carboxylic acids with fewer carbon atoms, by
some process involving fragmentation of the sugar molecule,

Thus when glucose is degraded under oxygen free condi-
tions, meinly ordinary saccharinic acid (1) is formed with
dilute alkali, end & mixture of the iso (11) and metasaccha-

rinie (111) acids with strong alkall (75):

CHy CH,OH To,_H
ClEH)COH CleHcoH (’I_'HOH
CHOH €——— GLUCOSE LTHL + CH,
“HOH CHOH cl_'HOH
CH,OH CIinH CHOH
CH,0H
ORD, ISO. :
() () META
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The three pairs of stercoisomeric acids are also
isomeric with the parent monosaccharide, and readily lactonise
to form saccharins.,

The mechanism of alkaline degredation of polysaccharides
has become much clearer now that the effect of alkali on
certain monosaccharides and substituted monosaccharides has
been studied,

Kenner and co-workers have examined the action of lime-
water on a whole range of reducing dlsaccherides and substit-

uted monosaccharides, They found that D-glucometasaccharinic

ecid was formed as the principle product from the action of
lime~-water on the following S-substituted hexoses: B-Q-methyl
glucose, 5-9~methy1 fructose (76), laminaridiose, turanose
(77), end 3,6—anhydro-£-glucose (78). The corresponding D-
glucq£32§acchar1nic acid was obtained on the degradation of
lactose (79), cellobiose, cellotetrsose, cellobiulose (80),
lactulose, maltose, maltulose (81), 4-0-methyl glucose, and
4-0-methyl fructose (82),

Thus in the degradation of substituted monosaccharides,
the formation of one type of saccharinic acid predominates,
the nature of which is dependent upon the point of attachment
of the substituent grouping. Kenner explained the mechanism
of degradation on the basis of the elimination of an alkoxide
ion from afs—alkoxykatone (83), a type of mechanism first



suggested by Isbell (84), and which has now received general
acceptance, The mechanisms in the pentose series can be

represented &s follows:

Degradation of 3-substituted pentoses. FIGURE 2

O O~ O O
H—c” H—c” H—c” H—C”  COH
H—C—OH ¢ C—OH c—OH =0 ¥ CHOH

RO—C—H ;.RO——-C*-H pERE—— U o R S CH;_, —_—— HL

SE o H—tOH H—C—OH H—C—OH H-—j—oH
C H,0H CH,OH H,OH CH,OH HOH
(Iv) (V) + YD) (V1) (vini)

OR ——> ROH

eg. >-0O-methyl xylose -—+«xrandf3-xylomatasaccharinic acid

+ methanol.
3-substituted monosaccharides (1lV) are particularly
labile to alkall. The eliminated alkoxide ion picks up a
proton to give the alcohol ROH, After elimination the
AK-diketone (V1l) is assumed to undergo a benzilic acid type
rearrangement with the formation of a pair of stereoisomeric

acids (V1l1l).
In the case of 4-substituted sugars, two modes of
degradation resulting in the formation of saccharinic acids
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-
are possible, with one being preffered to the other:

Degradation of 4-substituted pentoses. F|GURE 3

ROUTE A -
@) O
Hj/) H—TIZ/ H—C//O - H—(iZ/ COH
H—C—OH ?—ol—i C—OH c|:=o CHOH
HESE H e HB ol e el e Bl ssm oy
L | | |
H—C—OR H—(I:_OR H—C—OR H-—|C—OR H—C—OR
CH,0H CH,0H CH,0H CH,OH CH,0H
(x) (X) o (xn) (x11) X
ROUTE B OH -———HO vy
N
CH,OH THpH CH,OH CHOH
(|:: lcl—o' C=0 cl:=o CH,OH
HO_(I:__H ‘ HO_Cl; . Ho—C e =0 COHCQH
——
H—{]:—OR H —-(|:—OR H _(J: (!ZHa <|:H2
! :
CH,OH CH,OH CH,OH CHOH clsHpH
(Xiv) (xv) + (xv) (XV1) (xviin)
OR > ROH

eg. 4-0-methyl xylose —>ok-and @-isosaccharinic acids

4+ methancl



33

Kenner et al believe that pathway B is preffered to
pathway A because of the greater receptivity of the agueous
alkali for an alkoxide ion than for a hydroxyl ion, They
found that when methanol was used instead of water for the
reaction medium, the rate of reaction was greatly retarded
(85). That pathway A can be followed however, has been
demonstrated by Richards et al (86) by their degradation of
& l,4-1linked glucose polymer to an alkali stable polysacch-
aride.

Acetal linkages of l-substituted monosaccharides have
been found to be steble to dilute alkall under oxygen free
cenditions. Similarly 2-substituted sugars are also stable,
since they are unable to form the necessary carbonyl group in
the position to the substituted hydroxyl grouping.
Whistler and Corbett (87) demonstrated this with Q‘E-Frgﬁ
xylopyrannsyl-L-arabinose, which they found to be stable in
cold dilute alkalil.

In the cace of unsubstituted sugars, saccharinic acid
formation involves the expulsion of a hydroxyl group.
Accordingly the formation of different aclids under different
conditions 1s due to the expulsion of different hydroxyl
groups from the several charged ionic species, General ly
ocrdinary saccherinic acid 1s formed in dilute alkali, and a

mixture of the ico-and meta-acids in more concentrated alkali,
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That the degrudative pathways can be more complicated
than indicated by theis-alkoxyketone elimination mechanism
has been shown by radioactive tracer studies on some sugars.

Sowden and Keinne (88) found thet on degrading D-mannose-

=

ci4, the D-glucosaccharinic acid (X1X) produced contained its
=

radioactivity both in C &nd in the carbon of the methyi

£
group attached to C , This is contrary to the elimination
<
mechanism described, which predicts the appearance of the

radioactivity entirely at the methyl carbon atom,
a4

CO,H CO,H
| Hy,
H—C—OH I
Ho—C—H
HF L ?
C =C
C H,OH CH,OH
(XIx) (xx)

On degrading E-galactose-ci4 however, the metasac-
eharinic acid (XX) produced contained 5% of the radioactivity
originally present, in the carboxyl group which 1s consistant
with the mechanism outlined, To explain the unexpected
result using g-m&nnose—ci4 Soyden and Keunne ralsed the
possibility o} intermolecular recombination of flssion fragm-
ents,

The first evidence that different bases may produce
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different mechanisms cawme from further tracer studies by
Sowden and co-workers (89). The isomerisation of D-
glycerose—ci4 by dilute soduim hydroxide led to lac;ic acid
labelled almost equally and only in C and C . In contrast,
saturated lime water converted Q-glycirose-0£4 to lactic acid
with significant amounts of label in all three carbon atoms.
The authors believe the mechanism can be interpreted in terms
of an «~dicarbonyl intermediate followed by two different
types of rearrangement tc saccharinic acids.

A much fuller investigation of the effect of different
bases in the degradation of sugars was carried out by Machell
and Richards (90). They found that in the degradation of the

4-substituted glucose derivatives, 4-0O-methyl-D-glucose,

maltose, amylose, and cellulose, calcium hydroxide favoured
the formation of D-glucosaccharinic acid whereas in sodium
hydroxide solution fragmentation predominated. They believe

the reactions can be represented by the following scheme:

CHO fle,pH CH,OH CO,H
H_clL_OH =0 =0 é (OH)CH,OH
HO—C—H HO—-C—H =0 18
— e é >
H-C—OR H-C—OR H, H—C—OH
Hf—f?“ H fOH HHCLOH “H,0H
CH,OH CH,OH (Jj H,OH (xx1v)

(xx1) (xx10) (xxid + OR”™

R=methyl group, glucosyl residue, or 1,4 linked glucan.

I ng) 7 )
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The dicarbonyl compound (XX11ll) was isolated in small

yield from the degradation products of maltose and shown to

be 4-deoxy-’-oxo-D-fructose.

Upon treatment with lime-

water this dicarbonyl intermediate rearranged to D-

glucosaccharinic acid in 90% yield, but on treatment with

sodium hydroxide conslierable fragmentation te glycollic,

pi-dihydroxybutyric, and formic acids occurred,

Acids (yields as percentage of total acid) formed in

elkaline degradation of maltose and cellulosge are shown in

Table 11 below:

Conditions

«04N-1lime
water atz5°

at 259

Substrate

maltose
cellulose

maltose
cellulose

Formic

(%)

D-glucoiso-
saccharinic

()
5

15
20

Glycollic
(%)

23
22

B-hydroxy-
¥-butyro-
lactone ¥

33
25

¥ Corresponding free acid not determined.

Polysaccharides,
Studies on the alkaline degradation of polysaccharides

has been mainly carried out using glucose polymers due to the

economic importance of cellulose and starch.

The general

method of investigation has been to study the action of

alkali on suitably chosen model compounds.,

As already
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pointed out 4-substituted sugars give rise to largely the
isosaccharinic acid while j-substituted sugares give rise to
largely the metasaccharinic acid.

Kenner and his co-workers have degraded 1l,4-linked
compounds such as cellobuilose, celloblose, and cellotetracse
using lime-water (80). Complete degradation to the isosae-
charinic acid was found tc take place, and the following

scheme represents the step-wise degradation of cellotetraose;

G—GCG—G—CG — G—CG— G—Fru > (—G—CG + S ——>

G—CG—Fa +S ——> G—G +28S >G—Fra +28 —> G +3S5 —>A+3S

G=glucose; Frusfructose; §8=isosaccharinic acid;
A=acids from the degradation of glucose,

Glucose, fructose, cellobiose and cellobmilose were
detected in the degradation products; thus starting from
the reducing end of the molecule, degradation is seen to
proceed along the chain by a "peeling" mechanism which
splits each glycosidic link i&n turn exposing a new reducing
end-group to attack, This lends Support to the original
suggestion by Davidson (91) that attack by alkali occurs
only at the reducing end of the cellulose molecule.

It has gince been shown that when the reducing groups

of cellulose are blocked (92), or modified by reduction (93)
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or oxidation (94), no degradation tekes place in dilute
alkaline solutions., [Lindberg (9%5) however has shown that
under drastic conditions, glycosides can degrade,

The degradation of cotton hydrocellulose by hot dilute
sodium hydroxide has been studled in some detall by Machell,
Richarde and Sephton (96,97). They found that D-glucoiso-~
gsaccharinic acid was & major degradation product, as would be
expected from the work of Kenner et al, but that a complex
mixture of other aclds was also formed. These workers were
also able to show that degradation of the polymer chain by no
means goes to completion, and that ultimately an alkali stable
polysaccharide is formed. Isolation of the alkali stable
polysaccharide, followed by partial hydrolysis, ylelded D-
glucometasaccharinic acids, and 1t was concluded that th;se
acids originated by alkaline rearrangement of the reducing
end-group of the cellulose molecule, thus imparting stability,
When alkali stable hydrocellulose, from which most of the
alkali-stable groups had been removed by hydrolysis, was
again treated with alkali at 100°, it suffered the same
extent of degradation as the original hydrocellulose,

It 1s now clear that in l,4-linked polysaccharide
degradation there are two types of competing reaction occurring,

which may be referred to as "peeling" and "stopping" reactions.
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The "stopping® reaction (compare pathway A figure 3.) occurs
at a much slower overall rate than the "peeling" reaction,
(compare pathway B figure 3.) and so there is considerable
degradsetion of any given molecule before the "gtopping"

reaction renders it stable,

Xylans

It would be expected from the work of Kenner et al that
1l,4-linked xylo-oligosaccharides would be degraded by alkali
with the formation of xyloisosaccharinic zcid. That this is
in fact the case has been shown by Aspinall et al (98) and
Whistler and Corbett (92) by their isolation of xyloiso-
saccharinelactone ag the main product from the degradation
of xylobiose and xylotriose, The structure of this lactone
was proved by synthesis, Small amounts of three other
lactones were also detected and probably arose from the
degradation of the liberated xylose. Sodium hydroxide was
used to simulate the conditions used in xylan extraction.

XlyXly—Xly ——= Xh—Xly +§ ——> Xlq +25 —>A+25

Xly=xylopyranosyl residues.
S =xyloisgsaccharinic acids

A =acids from degradation of xylose,
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These results indicate & "peeling" type reaction as
already demonstrated in the hexose series by Kenner et al
(80). Each successive reducing sugar residue gives rise to
acidic products with the simultaneous exposure of a new
reducing group. Since appreciable amounts of non-lactonisable
acids were also formed it was clear that other reactions were
also taking place (98).

The sodium hydroxide degradation of 4-0O-methyl-D-xylose
has since been investigated (100), and again D-xyloisosac~
charinolactone was produced as the main product, with formic
acid as the only non-lactonisable acid found. It would
therefore appear that in the degradation of these model
compounds with sodium hydroxide the fraémentation reaction
is not so prominant as Machell and Richerds found in the
hexose series using maltose (see Table 11)(90).

Aspinall et al (100) have recently studied the effect
of sodium hydroxide on some xylans, particularly a water
extracted rye flour xylan, by analysis of the acids formed,
and by number average molecular weight determinaticns on the
xylans &and slkeli degraded xylans. They have succeeded in
confirming the following points:

a) Alkaline degradation proceeds only from the reducing
end of the molecule,

When borohydride reduced rye flour xylan was treated
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with sodium hydroxide no free acids were produced. HNumber
average molecular weight determinations on the polysaccharide,
before and after treatment with alkall, were almosti identlcal
showing that no random cleavages of glycosidle linkages had
taken place. (See Table 111).
b) Alkeline degradation of xylans causes about 20% reduction
in molecular weight.

Table 111
Xylan Derivative Molecular Degree of
weight Polymerisation
(4500) (+3)
Rye flour A acetate 13,200 64
Rye flour A methylate 9,100 57
Rye flour B acetate 15,700 72
Rye flour B methylate (1) 10,300 67
Rye flour B methylate (11) 10,400 65
Alkali degraded
rye flour B acetate 12,500 53
Reduced
rye flour B acetate 15,100 70
Alksli degraded
reduced rye
flour B acetate 15,100 70
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It is clear from the earlier work, both on celiulose and
amylose (96,97,101), and on xylo-oligosaccharides (98,99) that
degradation proceeds in a step-wise manner with ellumination
of one xylose residue at a time, and exposure of a new reducing
end group (Fig.3,pathway B, where R=l,4-linked xylan). At
some point however the "stopping" type reaction takes place
with elimination from C instead of C (Fig.3,pathway 4, where
R=1,4-linked xylen). %sing & water ﬁxtracted rye flour xylan,
Aspinall et al found that this appeared to occur after a loss in
molecular weight of about 20%. Repeating Machell and Richards
work, using the alkali-stable xylan instead of the alkali-stable
cellulose, they showed that degradation was probably halted
by rearrangement of a reducing group to a metasaccharinic acid
residue,

The authors point out that degradation takes place so
slowly under the conditions used (1N sodium hydroxide under
oxygen free conditions at room temperature) that it is
probable that relatively little degradation occurs during
the extraction of xylans.

¢) Analysis of low molecular weight acide formed during
alkaling degradation of xylans show the presence of
glycollie, lactic, lactyllactic, and other acids.

(Bee Table 1V).
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xylen degraded isof|metaS |glycollic|lactic|lactyl- other

acld acld |lactic | acids

acid

Rye flour B ++ | tr, + 444 +4 o
Reduced rye
flour B - - - - - -
Barley Husks ++ | tr, 4+ 444 + +4
Qat straw A ++ tr. “++ +4+4 4 ++
Qat straw B ++ | tr. + 44 - 4+

isof.=xyloisosaccharinolactone,
metaS.=xylometasaccharinolactones,

Although the isgsaccharinolactone was present in
significant amounts from all the xylans treated, the presence
of these other acids in fair yield indicated that other
reactions were taking place, possibly involving some form
of fragmentation of an intermediate similar to that described
for maltosze (FPig.4)..

Whistler and BeMiller (102) have put forward the theory
that in the degradation of & l,4-linked polymer, branches on
C? would be liberated from the main chain and the main chain
wéuld be terminated by a stable metasaccharinaBend-unit
derived from that glycose unit in the main chaln to which the

branch is sttached. The mein chain would then be stable
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to alkali but branches would degrade further, depending on
the type of linkages present.

This means that in a typical xylan with its single
unit arabinose side chains attached to C , alkaline erosion
would terminate at the first branch poinz reached. In view
of the results obtained by Aspinall et al (100)(see Tables
111 and 1V) with rye flour xylan, this appsars toc be unlikely,
since this xylan has approximately one arabinose residue to
every two xylose residues, The exception would be 1f all
the arabinose side chains were remote from the reducing end
of the molecule, but this again is unlikely.

Further indication that it may be possible for degradation
to bypass & branch point at C 1is obtained from a comparison of
the amounts of lactic acid prgduced from different sources.
This acid was undetected in the degradation of the model comp-
ounds 4ﬂg~methyl—2—!ylose, xylobiose, and xylotriose, and an
inference is that its production is associated with the liber-
ation of arazbinose side chains, particularly since more of it
was produced from degradation of the highly branched rye flour
xylan then from the xylans containing less arabinose. Nef
(75) as long ago as 1910 found that lactic acid could be
formed from arabinose on treatment with alkall, It is
conceivable that lactic acid could arise both from degradation

of any liberated arabinose, and from fragmentution of some
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intermediate.

Introduction to the Present Work.

Although the main structural features of xylans from the
Gramineae are now well established, some aspects of their
fine structure still reguire investigation, fection 1 of
this work is concerned with an investigation of a variety of
xylans using wethylation techniques, and the fine structure of
a perennial rye grass rootls xylen is further investigated by
partial acid hydrolysis.

Some aspects of branching in the xylan wmolecule have
never been satisfactorily elucidated, partially due to a lack
of sufficiently accurate experimental techniques. In Section
1l the Smith degradation is applied tc barley husk and rye
flour xylans in an attempt to solve some of these problems.

The work on the alkaline degradation of xylans started
by Aspinall et al (100) is continued in Section 111 of this

woerk, by the synthesis and degradation of model compounds,

A part of this work is published in the Journal of the Chenmiesal

fociety, September, 1961,
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General Procedures.

Paper Chromatography

Qualitative and cuantitative chromatograme were run on
Whatman No.l paper. For quantitative sugar estimations two
side strips were drawn on the chromatogram, After irrigation
end drying of the paper, these strips were cut off and dsveloped
with 2 suitable spray to show the positions of the sugar bands
on the main chromatogram. The bands were then cut out, the
sugars eluted with water and estimated by some method of
microdetermination.

Large scale separations were carried out on Whatman No.3MM
fiiter sheets which had previously been extracted with methanol

in a soxhlet apparatus,

Chromatography solvent systems (V/V)

(A) Ethyl acetate : pyridéne : water (10:4:3).

(B) Ethyl acetate : acetic acid : water (5:1:%, upper layer).

(C) Ethyl scetate : acetic acid : forwic acid : water (13:3:1:4).
(D) Butan-l-o0l : ethanol : Water (4:1:5, unper layer),

(E) Buten-l-0l : scetic acid : water (4:1:5, upper layer),

-

(F) Benzene : butanol : pyridine : water (1:5:3:3, upper layer).

The uF value of a suger refers 1o its rate of movement

relative to the solvent front gnd the nylose value refers to
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the rate of movement of the sugar relative to xylose.

Chromatographic spray reagents.

(1) Aniline oxalate (reducing sugars)

Unless otherwice stated chromatograms were sprayed with a
.saturated aqueous solution of aniline oxalate and developed at
120-140° for 2-3 minutes.

(B) Silver nitrate (reducing and non-reducing sugars)

This reagent was used to reveal non-reducing sugars, sugar
glycosides, and sugar alcohols. The dried chromatograms were
dipped in the silver nitrate reagent (saturzted aqueous silver
nitrate solution (1ml.) added to acetone (20ml.)), dried, and
then dipped into ethanolic sodium hydroxide solution (1 pellet
of sodium hydroxide dissolved in water (0.5ml.) and diluted
with ethanol (25ml.)). The chromatograms were finally washed
with agueous sodium thiosulphate solution (10%), then with
water, and dried.

Sugars showed up as grey to black spots, with reducing
sugars appearing immediately.

(C) Hydroxylamine-ferric chloride (103) (esters and lactones)

Chromatograms were sprayed with a methanolic solution of
hydroxylamine, followed after 10 minutes by a ferric chloride

solution (2%) in hydrochloric acid (1%). TLactones and esters

gave mauve spots.
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(D) Bromothymol blue indicator (acids).

Acidic compounds appeared as yellow spots on a blue-green
background on spraying the dried chromatograms with a solution
of bromothymol blue (0.1%) in ethanol (80%) adjusted to pHS.

(E) Potassium iodate-potassium iodide-starch. (acids).

Chromatograms were sprayed with an aqueous solution
containing potassium iodate (1%), potassium iodide (1%) and
starch indicator, Acidic compounds appeared as brown spote.

(F) Potassium permanganate (unsaturated compounds).

Chromatograms were sprayed with an acueous solution of
potassium permanganate (0.5%). Unsaturated compounds showed
up immedistely as green spots on a purple background.

(6¢) 2,4-Dinitrophenylhydrazine (carbonyl compounds).
2

Carbonyl compounds were located as brown spots on a yellow
background by spraying the chromatogram with a saturated alco-
holic solution of Z,4-dinitrophenylhydrazine.

(H) Triphenyltetrazolium salt (lOé)(Q—O—su?stituted reduecing
sugars).

Chromatograms were sprayed with a chloroform solution of
the salt (0.5%), dried, and then sprayed with ethanolic sodium
hydroxide solution and heated for a few seconds at 100°,
Reducing sugars gave red spots but those in which a substituent

was adjacent to the reducing group gave little or no colour.



49.

(J) Periodate-permanganate reagent (111) (sugar zlcohols)

The chromatograms were sprayed with a mixture of 4 narts
29 agueous sodium periodate with 1 vart 1% potassium nermang-
anate in 2% acueous sodium carbonate. On standing at room
temperature for about 15 minutes, sugars gave yellow snots on

a pink background.

Solvents.
Organic solvents were purified and dried as described by

Vogel. (105).

Charcoal Columns.

Fogual weights of acid washed B.D.H. charcoal and acid
washed celite (grade 54%) were mixed into a slurry with water
and poured into a column plugged at one end with cotton wool.
After thoroughly washing with water, the sugar mixture was
applied to the top of the column, and separation of the sugars
effected by water elution followed by elution with aqueous
ethanol containing increzsing proportions of alcohol. If the
eluate was found to be acidic on concentrating to a small
volume, neutralisation was achieved by means of amberlite resin

1R-4B(0H) before finzl removal of solvent.

Alumina Columns.

Activated alumina (Type H,100/200 € mesh, sunvlied by

Peter Spence and Sons Ltd.) was shaken overnight with N-zcetic



acid, washed free of acid by decantation, and dried at 260°

for 6 hours. A slurry was prepared by adding light petroleum
(60-80°) to the alumina with stirring snd this was then noured
into a column containing a glass wocl plug at the bottom. The
sugar mixture was dissolved in the minimum amount of benzene and
applied to the top of the column. Displacement of the sugars
was carried out by irrigating the column with light petroleunm,

benzene, ether, ethanol, and various mixtures of these solvents.

Resin Column.

Dowex 50WX3(200-400 mesh, Ba ++.) was used to sevarate
neutral oligosaccharides.,

The column was sealed at the bottom with a plug of
polyurethane foam held in place by a rubber stopper with a
short piece of glass capillary tubing through it. The capillary
outlet was attached via a 4-foot length of rubber tubing to a
syringe needle, This allowed regulation of the rate of flow by
altering the hydrauylic head. The resin was washed with V-
sulvhuric acid, then with a saturated solution of barium -
chloride, and finally with water until free from chloride ions.

A slurry of the resin in water was poured into the column
and backwashed for several hours at a rate sufficient to exnand
the bed to twice its final dimensions, after which the resin

was allowed to settle by gravity. The sugar mixture was



applied to the top of the colammn and eluted with water.

Paper ionophoresis. (106)

Ionophoretograms were run for 4-5 hours in borate buffer
at oH 10 using a potential of 500 volts, dried, and sprayed with

aniline oxalate containing glacial acetic acid (5%).

Methoxyl determinations were carried out by the Ziesel semi-

miero procedure. (107).

Evaporations were carried out under reduced pressure at 40°.

Optical rotations were observed at 180% 20,

Periodate oxidation of methylated sugars (108)

The methylated sugar (2-3mg.) was treated with sodium
metaperiodate (0.5§ s 0.2ml.) at 0° for 1 hour. Ethylene
glycol (1 drop) was added, and the solution .allowed to come to
room temperature, Sufficient sodium hydroxide solution was
added to make the solution alkaline to phenolphthalein. The

solution was then examined chromatographically using solvent D.

Xuhn methylations. (21)

The oligosaccharide (2-5mg.) was dissolved in dimethyl
formamide (0.2-0.5ml.), then shaken with silver oxide (0.2-

0.5g.) and methyl iodide (0.2-0.5ml.) at room temperature in
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the dark for 18 hours. The mixture was filtered and the
residue washed with chloroform. The combined filtrate and
washings were dried over anhydrous calcium sulphate and

evaporated to dryness.

Methanolyses.

The methylated compound (2-10mg.) was heated in a sealed
tube with methanolic hydrogen chloride (3.5%) for 18 hours,
the solution neutralised with silver carbonate and filtered,

and the solvent removed in vacuo,

Hydrolyses.

Compounds were hydrolysed with N-sulphuric acid,unless
otherwise stated. The sample (5mg.) was heated for 6 hours
with acid (2ml.), the solution cooled, neutralised with
barium carbonate, and filtered. Ions were removed with 1R-
120(H) and 1R-4B(0H) resins and the solution evaporated to

dryness.

Borohydride reduction of sugars.

The compound was dissolved in water and treated with an
excess of potassium borohydride. After standing at room
temperature overnight, the solution was deionised with 1R-
120(H) resin. Evaporations with methyl alcohol removed

borate ions as the volatile methyl borate.
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Periodate consumption by sugars.

The compound was dissolved in a two fold excess of aqueous
sodium metaperiodate (0.15M.). The concentration of periodate
was measured at intervals spectrophotometrically and the values
plotted against time., By extrapolation of the straight line
portion of the graph, it was possible tc measure the number of

moles of periodate consumed per mole of compound.

Determination of sugars by phenol-sulphuric acid (109)

To the sample (10-70ug.) in water (2ml.) was added 5%
aqueous phenol solution (1ml.) and concentrated sulphuric acid
(5ml.). The solution was thoroughly mixed and after 10 min-
utes placed in a water bath at 25-30° for a further 10-20
minutes., The absorbance of the solution was measured spectro-
photometrically and the sugar concentration obtained from a

standard graph.

Determination of formaldehyde by chromotropic acid (110)

To the sample (up to 100ug.) in water (0.5-1.0ml.) was
added chromotropic acid reagent (10% aqueous solution) (0.5ml.)
and concentrated sulphuric acid (5ml.). The solution was
heated on & boiling-water bath for 30 minutes, then cooled and
made up to 50ml. with water. The transmittance was measured
using a spectrometer and the amount of formaldehyde determined

from a standard graph.
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A_Comparison of Some Xylans using Methylation
and Partial Hydrolysis Techniques,

Discussion,

The xylans studied were obtained from the husks of barley
from two different harvests, from the stems and roots of
perennial rye grass, and from & sample of Nerway spruce wood,

The polysaccharides were subjected to methylation followed
by methanolyslis, to gilve methyl glycoside mixtures of partially
methylated sugars which were investigated by gas-liguid chroma-
tography (27,28), using argon as the vapour phase and ligquid
phases of aplezon M, butanediol succinate polyester, and m- .
bis-(m-phenoxy-phenoxy)-benzene supported on celite, The
polyester column was found to give satisfactory resolution of
the tri-and dimethyl derivatives of xylose and arabinose methyl
glycosides, while the coclumn of apiezon ¥ was useful in detect-
ing compounds with higher retention times, such as methyl
glycosides of monomethyl derivatives and methyl ester methyl
glycosides of methylated aldobiouronic acids, Unfortunately
peaks due to these derivatives of aldobiouronic acids were not
characterised due to a lack of the necessary standards, Use
of the polyphenol column helped to resolve tetramethyl galactose
glycosides from the glycosides of other sugars.
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Husks obtalned from a 1959 crop of Carlsberg burley were
given a preliminary extraction with an organic solvent to
remove fats, monosaccharides, colouring matter etc., and then
delignified using the acid chlorite method, The holocellulose
was extracted with N-alkali in zn atmosphere of nitrogen for two
periods of 40 hours, Acidification of the extract with acetic
acid and the addition of acetone yielded & polysaccharide which
was purified by reprecipitation.

The polysaccharide was methylated using standard proced-
ures to give & methylated product having OMe,38.54. Treatment
with methanolic hydrogen chloride yielded a sugar mixture
which was shown to contain, by gas-liquid chromatography, the
methyl glycosides of the following methylated monosaccharides
Z53,4 tri-grmethyl-g-xylose, 2y o=di-0-methyl-D-xylose, 2,3,5-tri-
g-methyl-é-arubinose, 5,b-di-O—methyl-Ewurqbinose and Z2-0-
methyl-D-xylose, The glycosides of Z,S-di-o-methyl-g-xylose
predominated. 3 5

A xylan was isolated from the husks of a 1955 crop of
Carlsberg barley by sspinall and Ferrier (43). This xylan
had been extracted by alkall without any preliminary delign-
1fication of the husks, Methylation of this polysaccharide
and investigation of the methanolysis products of the methyl-
ated polymer by gas-liquid chromatography showed the presence

of the same methyl glycosides as above in apparently the same
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ratio. These results are in agreement with the methylation
results of Aspinall and Ferrier obtained using the same poly-
saccharide (43). These workers found on methylation and
hydrolysis of the xylan, and separation of the products on a
cellulose column, that the same methyl derlvatives of xylose
and arabinose were present in the followlng ratios : 2,3,5-
tri-0-methyl-L-arcbinose (1 part), 255,4-tri-0-methyl-D-xylose
(2), 345-di-0-methyl-L-arabinose (1), 2,3-d1-9—methyl—2—xylose
(14), 2-0-methyl-D-xylose (3), and 5-O-methyl-2-0-(2,3,4-tri-
O-methylglucuronosyl)~-D-xylose (1).

Thus these two xylans 1solated from barley husks grown in
different seasons appear to have essentially the same structure,
both containing non-terminal arabinose residues,

Xylans from the roots and stems of perennial rye grass
were investigated using the same technigues, The xylan
1sclated from the stems corresponded to the pattern of the
typical xylan, methylation studies revealing 2,§7di—9—methyl-
D-xylose as the major derivative with small amounts of 2,3,5-
tri-0O-methyl-L-arabinose and 2,3,4-tri—9-methyl—2—xylose. Since
no 5,5-di—9-methyl-é—arab1nose methyl glycoslde was detected
it must be assumed that sll the arabinose residues were present
a8 non-reducing terminal units in the furanose form,

In contrast, the xylan isolated from the roots of the

plant gave on methylation and methanclysis the glycosides of
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355-d1-0-methyl-L-arabinose, indicating the presence of non-
termiﬁal arabinose as in the husk xylans, In addition, peaks
characteristic of the methyl glycosides of 2,3,4,6-tetra-0-
methyl-g-galactose were obtained, which suggested the termina-
tion of some polysaccharide chains by non-reducing galactose

residues, Further evidence for the presence of this sugsr
was obtained by Aspinall and Cairncross, who isclated crysta-
lline 2,3,4,6-tetra—g—methyl-g—galactose during methylation
studies on the same xylan (52).

The glycosides of 2,3,4—tr1—9—methylﬁ2-xylose, Z2,5-di~
O-methyl-D-xylose, and 2,5,5-tri-g-methyl;é-arabinose were
present in the methanolysis products in amounts similar to
that of the other xylans studied, A trace of 3,4-di-9-methyl—
D-xylose methyl glycoside was also present but 1ts structurzal
significance, if any, is not clear,

A xylan from Norway spruce wood was simllarly examined
(112).

Although not 1solated from the CGraminae family of plants,
it possessed essentially the same features as the other xylans
with regard to the glycosides of the tri-and dimethyl sugars
found, No 5,5-d1-9-methyl-g-arab1nose methyl glycoside was
detected, and unidentified peuaks were obtained which probably
arose from derivatives of the relatively large amounts of

aldobiouronic acids which characterise xyluns from woods,
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The following table gives the approximate relative amounts
of the methyl glycoside methyl ethers of the sugars obtained

from the various methylated xylans,

Eable Ve
methyl barliey husks | barley husks | PeRoG.s | PeR.G, | Norway
glycoside 1959 1953 stems | roots spruce
: wood
2y5,4~
Me Xyl * + + + +
3 1
2,3~ | |
Me Xyl ot + 4+ ++4 EES)
2
2,5,5'
Me Ara ++ ++ | ++ +
3
3,5‘
Me Ara + + +
2
2,3’4’6"
Me Gal +
4

These xylans therefore conform to the general xylan pattern
with regard to their main structural features. They appesar to
contain the usual backbone of 1,4-linked-g-D-xylose residues,

with single unit arabofuranose side-chains (1) :
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-Gr-4)73—Q—Xylp-(l—-4)73—2—§ylp—(l-4)76-g—Xylp-

L-Araf-1
Q)

It is only when their fine structure is considered that
some differences in structure become apparent, That the
350-di-0-methyl-L-arabinose derived from barley husk xylan 1s
not in fact an artifact has been proved by Aspinall and Ferrier,
by their isolation and characterisation of the disaccharide
z-gjﬁpg-xyIOpyranosyl—&-arabinose on partial hydrolysis of their
1953 barley husk xylan (43).

Perennlal rye grass roots xylan was examined by cimilar
techniques to those used by Aspinall and Ferrier, and the same
disaccharide, 2-97@pg-xylopyranosyl-g-arabinose, obtained,
together with xylo-oligosaccharides &nd & galactose contuining
trisaccharlde,

The xylan had been extracted from the roots of the plant
by Asplnzll und Cairncross, using the same procedure as that
described for barley husk xylan. Analysis of the polysac-
charide showed the presence of the following sugars ; xylose
(46,0%), arabinose (13,2%), glucose (8.,0%) and galactose (6,4%),
The polysaccharide also gave uronic anhydride (9.7%) and ash
(11,0%)., It proved to be almost insoluble in hot water, but
a colloidal solution was obtuined by dissolving in sodium
hydroxide solution and dialysing.
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Treatment of the xylan with 0.5§fsulphuric acid for 30
minutes gave & mixture of mono- and oligosaccharides which were
fractionated on a charcoal-celite cbiumn. Elution of the
column with water and 2% ethanol removed all the xylose, arabin-
ose, glucose, and galactose., Elution with 5% ethanol gave a
mixture of two oligosaccharides having Rxylose Values 0,70,
and 0,64 in solvent A, Fractionation on thick filter sheets gave,
using solvent A chromatographically pure samples of each,

The faster moving sugar was obtained crystalline and
hydrolysed to xylose and arabinose oh treatment with acid.

It was chromatographically indistinguishable from an authentic
sample of 2-976-Q«xylopyranosyl-g—urubinose and both samples
gave the same X-ray powder photograph. The melting point of
the crystals was undepressed on admixture with the authentic
sample,

The other sugap obtained from this fraction hydrolysed to
xylose alone, and gave a crystalline phenylosazone on treatment
with phenylhydrazine whose melting point was identical to that
of xylobiose phenylosazone, Its melting point was undepressed
on admixture with an authentic sample and the sugar itself was
chromatographically indistinguishable from xylobiose, 4—973-2-
xylopyranosyl-g-xylose.

Elution of the column with 7% ethanol and fractliona-
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tion of the sugars obtained on thick filter sheets gave an
oligosaccharide, Rxyjose 0.51 in solvent A, which hydrolysed to
xylose alone and appeared to be xylotriose,

From the 104 ethanol eluate a sugar was obtained in trace
amount which hydrolysed to galactose, xylose, and arabinose,

In an attempt to increase the yleld of this trisaccharide the
hydrolysis of the xylan was repeated using 0.02N-acid and
heating for 5 hours, The products were fracti;hated on a
charcoal-celite column as before and a sugar having the same
Rxylose value to the above sugar isolated from the 10% ethanol
eluate, Hydrolysis gave galactose, xylose, and arzbinose, in
approximately ecual amounts.

Reduction with borohydride followed by hydrolysis and
chromatographic examination of the products_showed arabinose
to be the reducing end of the molecule, The absence of
reaction to spray H suggested & substituent in position 2 of
the reducing sugar residue, Methylation by Kuhnts (21) method
and examination of the methanolysis products by gas-liquid
chromatography showed the presence of 2,3,4,6-tetra-0-methyl-
E-galactose, 2,3~di—9-methyl-£-xylose, 3,4—di—g—methyl-£-
arabinose, and a possible trace of 5,5-di-9—methyl-£-arabinose,

indicating the trisaccharide to have the following structure(ll) :
D-Gal- (1—4)-2-){}'1- (1--2)-—£.—Ara .

G0
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Periodate oxidation studies showed an uptake of 4,6 moles
of periodate per mole of sugar, with the formation of 0.8 of
a mole of formaldehyde, On the basis of structure (11) being
correct, the expected periodate consumption would be 5 moles
per mole of sugar, with a corresponding release of one mole of
formaldehyde, No periodate resistant residues could be detect-
ed on chromatographic examination of the hydrolysis products
of the 6x1dised Sugare.

Chromatographic examination of the products of partial
hydrolysis showed the presence of the expected monosaccharides
together with 2-975-g-xylopyrunosyl—é—arabinose. Since no
sﬁot corresponding to a galactose-xylose containing disaccharide
was obtained it seemed likely that the galactose-xylose link

was preferentially attacked,

These results are all in agreement with the trisaccharide
being E-galactopyranosyl-(1-4)-2-xy10pyranosyl-(l—-?)-£~
arabinose, A similar trisaccharide, but containing é—instead
of D-gulactose, has been isolated by Whistler and Corbett (58)
from maize hulls polysaccharide. 4-973-gﬂcalactOpyranosyl-

-Q—xylose and other galactose and arabinose containing disa-
ccharides have also been obtained from the same source (59,60).
It seems probable from previous ﬁork on xylans that the

xylosylarabinose and galactosylxylosylarabinose units are
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attached as side chains, through the arabinose residues in the
furancse form, to position 3 of xylose residues in the xylan
backbone (111). This view is supported by the absence on
partial hydrolysis of higher arabinose or galactose containing

oligosaccharides,

Xylp(1-4)~§r1p(1—-4)-1€vlp(1—-4) -Xylp(l——‘l)-!jtylp(l—d)-xrlp

Galpl—4Xylpl—Z2aArafl Xylpl--22rafl

(i)

It 1s not possible to say whether the xylosylarabincse units
actually exist as such in the polysaccharide, or whether they
are liberated from the galactosylxylosylarabinose units during
hydrolysis.
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Experimental.

Xylan from Barley Husks (1959).

Carlsberg barley (1959 harvest) (7Kg.) was treated in
batches (30g.) for 30 seconds in an automatic polishing machine
to remove the husks, which were then separated from powdered

barley by sieving (360g.).

Preliminary extraction of the husks.

In order to deactivate enzymes, and remove colouring
matter etc., the husks were continuously extracted in & Soxhlet
extractor for 24 hours with benzene-ethanol(2:1), and then air

dried,

Delignification

The husks (100g.) in water (3.51.) were heated to 70°
end maintained at that temperature for 4 hours. At hourly
intervals additions of sodium chlorite (30g.) and glacial
acetic acid (10ml.) were made., The delignified husks were
washed free of inorganic ions with cold water, and then with
water at 70-80° until the washings gave no colouration with
iodine, The husks were finally washed with acetone and air
dried.

The remainder of the husks were treated in the same way.
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Extraction of Xylan,

The holocellulose (200g.batches) was treated for 48 hours
with 4% sodium hydroxide (2.,51.) in an atmosphere of nitrogen
in a ball-mill, the resultant sludge was centrifuged, the
supernatunt stored at 0° and the sediment treated with a further
quantity of sodium hydroxide (2.51.) for 48 hours, The second
extract was centrifuged, and the combined supernatants acidi-
fied to pHS with glacial acetic acid before precipitation of
the polysaccharide by the addition of acetone (1.5 volumes),

Reprecipitation of Xylan,

The xylan (46g.) was shaken with water (21.), then heated
to 609, cooled and centrifuged. The supernatant was acldified
to pH5, the xylan precipitated with acetone (2 volumes), removed
at the centrifuged and dried, 41g.

Analysis of Xylan,

[b{%,-92°(c,0.5§rsodium hyéroxide),
0.5N

Xylan (50mg.) was hydrolysed, cooled, a known welght of
rhamnose added, and the solution neutralised, Quantitative

chromatography in solvent F gave the following results :



67.

Sugar z

Xylose 76.3
Arabinose 11,0
Glucose 9.4
Galactose 2.0

Methylation.

The polysaccharide was methylated initially by the
standard wethod of Haworth using sodlium hydroxide and dimethyl
sulphate, and then by Purdiets ﬁethod using sllver oxide and
methyl 1lodide.

The stylan (0.50g.) in water (15ml.) was shaken overnight -
to effect solution. To the continually stirred xylan solution
was added dropwise 30% sodium hydroxide solution (13.5ml.) and
dimethyl sulphate (4.5ml.) over & period of several hours.
Methylation was carried out in an atmosphere of nitrogen to
minimize degradation due to alkall.

S1x daily additions of the above cuantities were made,
The partially methylated polysaccharide started to come out of
solution after the fourth treatment and acetone was added to
keep it in solution as far as possible, After the sixth
methylation the solution was allowed to stir overnight, and on

removal of the acetone in vacuo the methylated polysaccharide
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appeared as insoluble lumps. The lumps were shaken for 2
hours with chloroform, the solution then centrifuged, delonised
with 1R-120(H) resin, washed with water, and dried over anhyd-
rous sodium sulphate, Removal of the solvent left a syrup,

OMe, 35.8%.

Purdie methylation.

The partially methylated xylan (0,38g.) was refluxed in
the dark with methyl i1odide (1Oml.) for 6 hours, silver oxide
(0.2g.) being added at hourly intervals over the first 4 hours.
The silver residues were filtered off and washed with hot
chloroform, The methyl iodide and chloroform extracts were
combined and the solvents removed in vacuo, Treatment of the
resultant syrup with silver oxide and methyl iodide was repeat-
ed until constant methoxyl determinations on the syrup were
obtained. The methylated xylan wus precipituted from chloro-
form solution by the addition of light petroleum (60-80°),
0.32g. OMe, 38.5% I

Methanolysis.

The methylated xylan (5mg.) was heated at 100° in &
sealed tube with 3% methanolic hydrogen chloride (2ml.) for 12
hours. The mixture of methyl glycosides obtuined was invest-
igated by gas-licuid chromatography (Fige. 1 ).
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Other Xylans.

The other xylans investigated were extracted and methylated
in a similar manner to that described azbove for barley husks
Xxylan. The products of methanolysis of the methylated xylans
were investigated by gas-liguld chromatography (Fig 2-5).

Fig. 1. Gas-liguid partition chromatogram of methanolysis
products of methylated barley husks xylan

(1959 harvest).

Conditions : Butanediol succinate polyester-20% on Celite.
Temperature 150°,
90ml., argon/min.
Methyl glycoside of :

Peak 1 2,j,4-tr1—9-methyl—9—xylose.
Peak 11 2,5,5-tr1-g-methyl-;—arabinose.
Peak 111 2,5,4—tr1-g-methyl—2—xylose.
Peak 1V 2y5490=tri-0-methyl-L-arabinose.
Peak V j,5«di—9-methyl-&—arabinose.
Peak V1 2,5-d1—g-methyl-2~xylose.

Peak Vil 2,5-di—9-methyl-n—xylose.

Peak V111 243=di-0-methyl-D-xylose,
Peak 1X 5,5—d1-9—methyl-L—arabinose.
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Fig. 2. Gas-liquid partition chromatogram of methanolysis

products of methylated barley husks xylan
(1953 nharvest).

Conditions : Butanediol succinate polyester - Z0% on Celite.
Temperature 150°
100 ml. argon/min.
Wethyl giycoside of :

Peak 1 2,3,4-tr1-9-methyl-2—xylose.
Peak 11 2,3,5—tri-9—methyl—£aarabinose.
Peak 111 2,3,4-tri-9-methyl-£-xylose.
Peak 1V 2,5,5-tri—g-methyl-g—urabinose.
Peak V 3,5~di—0—methyl—&—arabinose.
Peak V1 2,3—di-§-methyl-é-xylose.

Peak V1l 2,3-d1-9-methyl-2-xylose.

Peak V111l 2,3-di-0-methy1—9-xylose.

Peak 1X 3,5-d1*6-methyl—i—arabinose.

. =
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Fig. 3. Gas-liculd partition chromatogram of methanolysis

products of methylated perennial rye grass stems xylan.

Conditions : Butanediol succinate polyester - 20% on Celite.
Temperature 150°
90ml. argon/min,
Methyl glycoside of :

Peak 1 2,},4-tr1-g-methyl—2—xylose.

Peak 11 24350-tri-0-methyl-L-arabinose and
2,5,4-tri-0-methyl—§—xylose.

Peak 111 2,5,5—tri-0-methyl-£—arabinose.

Peak 1V 2,B-di-g-m;thyl-g-x;lose.

Peak V 2,3—d1-0-methyl-2-xylose.

Peak V1 2,B—di—a—methyl-g-xylose.
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Fig. 4. Gas-licuid chromatogram of methanolysis products

of m

ethylated perennial rye grass roots xylan.

Conditicons :

Peak
Peak
Peak
Peak
Peak
Peak
Peak

Peak

Peak
Peak

Butanediol succinate polyester - 20% on Celite.

Temperature 150°
90ml. argon/min,
Methyl glycoside of :

11
111
v

Vi
Vil

Vill

1X

2,5,4-tri-9-methyl—2—xylose.
2,5,5-tri-O-methyl—L—arabinose.
Zy3,4~tri- O-methyl D—xylose.
253, 5-tri—O—methyl—L—arabinose.
555-d1~0-methyl-L-arabinose.
5,4—di—9-methyl-é-xylose.
2,3-d1-9-methyl—2—xylose.
2,3-di—9-methyl—£—xylose and
5,4-d1-0—methy1—D~xylose.
,j-di—O—methyl-Dwxylose and
233,45 6-tetra-O—methyl—D—galactose.
‘,5,4,6-tetra-g-methyle-galuctose.
),5-d1-9-methyl—£-arab1:ose.
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Fig. 5. Gas-liquid chromatogram of methanolysis products

of methylated Norway spruce wood xylan,

Conditions : Butanedicl succinate polyester - 20% on Celite,
Temperature 1500.
90ml., argon/min,
Methyl glycoside of :

Peak 1 2,3,4~tri-9—methyl—2-xylose.

Peak 11 2,3,5-tri-g-methyl-g-arabinose and
253y4-tri-0-methyl-D-xylose.

Peak 111 2,5,5-tr1-9~methyl-2:arabinose.

Peak 1V 2,3-d1-0—methyl-9—xylose.

Peak V 2,5-di~§—methyl-é—xylose.

Peak V1 2, 5-di-0-methyl-D-xylose.
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Partial Acid Hydrolysis of Perennial Rye CGrass

Roots Xylan.,

Fxtraction and Purification.

(For full details of extraction and purification procedure,
see L.u. Cairncross, Ph.D. thesis, Edinburgh 1959).

The roots were cut into small pleces, extracted with
boiling 80% ethanol, and then with cold and hot water.
Delignification was carried out by the sodium chloriteacetic
acid method as already described for barley husks.

Treatment of the holocellulose with sodium hydroxide (4%)
for 40 hours in a ball-mill extracted the xylﬁn which wes
precipitated by the addition of acetone (1.5 volumes) to the
solution adjusted to pHS with glacial acetic acid,

Analysis of Xylan.,

Quantitative estimaticn of the constituent sugars gave
xylose (46,0%), arabinose (13.2%), glucose (8.0%),galactose
(6.4%), uronic anhydride (9.7%), ash (11.0%).

Rotation
quo’ -100° (C,1.0 in 0.5N sodium hydroxide).

Solubility.

The xylan proved to be almost insoluble in boiling water
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and cold 72% sulphuric acid. Partial solution was effected
by shaking the polysaccharide (10g.) with N-alkali (21.) over-
night in an atmosphere of nitrogen, neutrazising by addition
of glacial acetic acid, then dlialysing for 5 days to remove
inorganic ions., In this way a colloidal solution of the

xylan was obtained (21.)

Trial hydrolysis using O.ON sulphuric acid.

The polysaccharide collioid (15ml.) was made acid by the
addition of sulphuric acid (5ml.,2N) and heated on a boiling-
water bath, Samples were removed at 15 minute intervals,
neutralised with barium carbonate, filtered, and concentrated
to syrups which were examined chromatographically in solvents
A and B, The first four samples all contained an oligosacch-
aride (0 ) which travelled on chromatograms at the same rate
as xylobfose. The concentration of this sugar appeared to

reach a maximum after about 30 mwinutes and thereafter quickly
decreased, After 1.5 hours the hydrolysate consisted alm?st
entirely of the monosaccharides xylose, arabinose, galactose

and glucose, with traces of oligosaccharides.

Hydrolysis using 0.5N sulphuric acid,

The colloidal solution of the xylan (1,61,), made 0,5N
with respect to sulphuric acid by addition of this scid (200ml.,
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4,5N), was heated on a bolling-water bath for 30 minutes then
gquickly cooled. Polysaccharide which had precipitated out
during hydrolysis was centrifuged off and the sclution then
neutralised with barium carbonate, After removal of inorganic
salts the solution was concentrated to & small volume and
degraded polysaccharide precipitated by the addition of alcohol
(2 volumes). The precipitates of polysaccharide were united
and given a further treatment with sulphuric acid (0.5N) for 30
minutes, In all the hydrolysis was repeated five times, each
time using the degraded polysaccharide recovered from the
previous hydrolysis. The combined hydrolysates were delonised
with resins and concentrated to a syrup, 5.60g.

Chromatographic examination in solvents A and C showed
the presence of xylose, arabinose, glucose, galactose, and

oligosgacharides (0 — O ) whose R values in solvent A
1

5 xXylose

were 0,70, 0.64, 0.40, 0.34, 0.28., ©mall amounts of higher
xylo-oligosaccharides were also present. The fastest moving
oligosaccharide (0 ) gave an orange colour on chromatograms
with spray A and wﬁs readily distinguishable under ultraviolet
light by its bright orange fluorescence. All other oligesacch-
arides gave brown to pink spots. 0 travelled a t the same
rate as xylobiose. -

When the syrup was examined in solvent C without previous
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treatment with 1R- ¥) resin, an additional spot to the

above was obtained, R 0.62, orange in colour and fluor-

xylose
escing under ultraviolet light, This was in all probability
an aldobiouronic acid, I

The syrup was fractionated on a charcoalcelite column
(2.5cmX45cm,), The column was initially eluted with water,

and then with increasing concentrations of aqueous alcohol,

Fraction |(Vol, of eluant eluant - weight | Sugars present
h & 1,500ml. water 2.31g. | Ara,Xyl,Cal,Glu.
2 1,000ml. 2%ethanol 0,230g.| Ara,Xyl,Clu,GCal,
Traces of 0yandOp,
3 500ml., 5%ethanol 0.084g. 01’ some 0, .
4 1,000ml. S#ethanol 0.312g.| 0; and 0,.
5 1,000ml., S5%ethanocl 0.094g. 01,02 and trace 03.
6 1,000ml. 74ethanol 0,056g. 0,, Oz, and O,
7 2,000ml. 10%ethanol 0,062g. 03, 04, and higher
oligosaccharides.
Fraction 3.
0.084g. The sugars were separated on Whatman 3MM sheets

in solvent A and the components eluted with water,

tographically pure sauple of 0O

1

A chroma-

was obtained which crystallised

on standing. Ej{£+28°(c,0.5 in water). Slow recrystallis-
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ation from water yielded prismatic crystals,

Hydrolysis of the sugar with N-sulphuric acid at 100° for
6 hours and examination of the products chromatographically
showed approximately equal amounts of xylose and arabinose.

Reduction of the sugar (5mg.) with potassium borohydride
(20mg.) in water (2ml,) overnight at room temperature,followed
by removal of ions by resin and evaporations with methyl alcohol
gave a syrup which on hydrolysis with N-sulphuric acid at 100°
for 6 hours yielded xylose as the only reducing sugar on
chromatographic examination using spray A. Examination using
spray B showed in addition the presence of arabitol.

Chromatographic examination of the oligosaccharide using
spray H gave no coloured svot, indicating a substituent in
2 in the reducing sugar residue.

The sugar travelled identically with an authentic sample
of 2-973-£-xylopyranosyl-%—arabinose in solvents A,B, and D,

In mone of these solvents was a mixture of Q. and the charact-

1
erised dissacharide resolvable, Both sugars gave a charact-
eristic crange colour and bright orange fluorescence under
ultraviclet light when treated on chromatograms with spray A.

A sharp melting point of the crystals was not obtained, the
crystals melting over the range 64-920, undepressed on admix-

ture with an authentic sample, m.p. 90-94°,
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The x-ray powder photographs of 0,

1 znd an authentic sample

of 2—076»D—xylopyranosyl-L-arablnose were 1ldentical,
- = =

Fraction 4.

0.312g. This fraction contained a mixture of—O1 and 02.
Fractionation of the syrup on Whatman 3MM filter sheets using
solvent A followed by elution of the components with water
yielded & chromatographically pure sample of 02, nylose 0.64 in
solvent A EDJD, -22(C,0.5 in water).

Hydrolysis of & sample with N-sulphuric acid at 100° for
6 hours and chromatographic examination of the product showed
the presence of xylose alone,

The sugar was chromatographically indistinguishable from an
authentic sample of 4-913-g—xylopyranosyl-g-xylose (xylobiose)
in solvents A,B and D. The syrup refused to crystallise in

the desicator or from methanol-water,

Phenylozasone derivative.

To the syrup (30mg.) in water was added phenylhydrazine
(0.1ml,), 20% acetic acid (0.5ml.) and sodium bisulphite
(5mg.). The solution was heated for 2 hours at 100°,
Crystuls of the hemihydrate which separated were washed with
water and recrystallised from 60% ethanol, melting point and

mixed melting point 203-5° (dec.).



80.

Fraction 6

0.0563. This fraction consisted of a mixture of 02, O3
and 04, with 04 predominating. Fractionation of the mixture
on Whatman 3MM filter sheets using solvent B gave a sample
of 0, still contaminated by a trace of 03.

Hydrolysis of a sampie with N-sulphuric acid at 100° for
6 hours gave xylose as the only product on chromatographic
examination,

ESJD - 449(C,0.2 in water)
The sugar hud Hyyjgge OeJ4 in solvent A and in all probab-

ility was xylotriose,

Fraction 7

0.062g. This fraction consisted of 03, 04, and higher
xylo-oligosaccharides, Fractionation of the syrup on Wha tman
5MM filter sheets in solvent C yielded a chromatographically
pure sample of 03.

Hydrolysis with N-sulphuric acld followed by chromato-
graphic examination of the products in solvents A and B showed
the presence of xylose, arabinose, and galactose in approxi-
mately equal amounts.

In an attempt to obtain a larger guantity of this
oligosaccharide the partial acid hydrolysis was repeated on a
further quantity of the xylan, using milder conditions,
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Trial hydrolysls using 0.02N sulphuric zcid.

To the colloidal solution of the polysaccharide (9ml.)
was added sulphuric acid (iml. 0.2N) and the solution heated
on a bolliing-water bath. Samples were withdrawn at 30 minute
intervals and exawmined as previcusly described. Arabinose
production increased with time and reached a maxigum after
4-5 hours. Similarly production of xylosylarabinose and
oligosaccharide 0 1ncreased with time in the early stages.
From 4 hours onwagds the amount of xylose llberated appreciably
increased, thus the optimum conditions for production of the

sugap 0 were tuaken as being 0.02N acid for 5 hours.,

b
Hydrolysis with 0.02N sulphuric acid.

The xylan solution (5g. 1 .) was converted to a 0,02N
sulphuric acid solution by the addition of this acid (10ml. 2N)
and then heated on a boliling-water bath for 5 hours, The
solution was rapidly cooled and treated as previously described
for the 0,5N acid hydrolysis. The degraded polysaccharide was
isolated and subjected to a further treatment with 0,02N acid
for 5 hours,

After neﬁtralisation and centrifugation, the hydrolyssates
were combined, concentrated, deionised with 1R120(H) and 1R4B

(0OH) resins, and taken to a syrup, 0.60g.
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The syrup waa fractionated on a charcoal-celite column
(1.5e¢mx20cm,.) as before, Water and ethanol (2%) removed
from the column all the arabinose plus the traces of xylose and
glucose 0.490g. Ethanol (5%) removed the xylosylarabinose and
xylobiose, 7% and 10% ethanol gave a syrup containing O
together with 0 and traces of higher oligosaccharides 0.884g.
Fructionation 0: Whatman 34K filter sheets using scolvent C
gave a pure sample of O , chromatographically indistinguishable
from the sample isclateg using 0,05N acid, I?xgisg% in solvent A.

The fractions wére comblined, 25mg.

Characterisation of the Trisaccharide.

&i%, + 20°(C,1.0.2 in water),

Hydrolysis of the sugar with N-sulphuric acid at 100° for

6 hours followed by chromatographic examination of the products
showed the presence of xylose, arabinose, and galactose in
approximately equal amounts,

A sample (4mg.) was reduced with potassium borohydride
(10mg.) in water (2ml.) overnight at room temperature. Deionis-
ation with resin and methyl alcohol, followed by hydrolysis
with N-sulphuric acid and chromatographic examination of the
products with spray A showed galactose and xylese as the only

reducing sugars present. Spray B revealed in addition the
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presence of arabitol.
Chromatographing the sugar in solvents A and C and treating
the chromatograms with spray H gave no coloured spots, indica-

ting the presence of a substituent in position 2 of the sugar

unit constituting the reducing end of the molecule.

Methylation.

The trisaccharide (l0Omg.) was shaken with methyl iodide
(1.0ml.) ,dimethyl formamide (1.0ml.) and silver oxide (2g.) at
room temperature in the dark for 18 hours. The methylated
sugar was isolated, refluxed with methanolic hydrogen chloride
(2%) for 12 hours, and the products investigated by gas-licuid
chromatography using an apiezon ¥ column and a polyester column
as licuid phases , and argon as the gas phase,

The following results were obtained using the polyester

colunn at 1500 (see Fig. 6)
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Fig. 6. Gas-liguid partition chromatogram of methanolysis

products uf wmethylated trisaccharide,

Conditions § Butanediol succinate polyester - 20% on Celite,
Temperature 150°.
90 ml, argon/min,
Kethyl glycoside of :

Peak 1 555-di-0-methyl-L-arabinose (trace).

Peak 11 2,3—di-g-methyl-§-xylose.

Peak 111 2,5-d1-g-metny1-§—xylose and 2,3,4,6-
tetra-g—methyl-E-galactose.

Peak 1V 2,5,4,6-tetra;o-;ethyl-g-galactose.

Peak V —3,4—di-9—meth;l—L—arabInose.

A gas-licuid chromatogram obtained using apliezon i as

liquid phase helped to confirm the presence of the above sugars.
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Periodaete coxidation studies,

The trisaccharide (Omg.) was reduced with potassium
borohydride (15mg.) in water (Zml.) &t room temperature and
after 16 hours the ions were removed with 1lR-120(H) resin and
evaporations with methyl alcohol. The solution was taken to
dryness and the syrup obtained dissolved in water (10ml,). The
amount of sugar present was estimated by the phenol-sulphuric

acid method, 6.5mg.

Periodate uptake.,

The periodate uptake of the sugar (6.5mg.) in aqueous
sodium metaperiodate (1.0ml.:0.15M) was measured spectropho-

tometrically and was found to be 4.6 moles per mole of sugar,

Formaldehyde release.,

The formeldehyde present on completion of the oxidation
was estimated using chromotropic acid. The formaldehyde
present corresponded to 0.3 of a mole per mole of sugar oxid-

ised,

Examination for unattacked residues.

The excess pericdate in the solution containing the oxid-
1sed sugar was destiroyed by addition of ethylene glycol (1 drop)
anc the sodium ions rewcved using LR=120(H) resin. The iodate

was precipitated by addition of an excess of barium carbonate
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and removed by filtration, Hydrolysis of the oxidised sugar
with N-sulphuric acid and examination of the products chroma-
tographically using spray A shoved the absence of any unattacked

sugar reslidues,

Partial Hydrolysdis.

The sugar (Zmg.) was hydrolysed with sulphuric acid
(0.1N32ml,) at 100° for 1% minutes, Chromatographic examina-
tion of the products showed the precence of xylose, arabinose,

galactose and 2-015-D—xylopyranosyl—&-arabinose.
> . =
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Smith Degradation Applied to Xylans,

Discussion

The xylans studied were the xylan isolated from 1959
bariey husks alresdy discussed in Section 1, and & xylan extrac-
ted from rye flour by Aspinall and Sturgeon (44).

Smith degradation (35) involves periodate oxlidation of the
polysaccharide, followed by reduction of the aldehydic groups
formed to primary alcoholic grouns. When the polyalcohol is
hydrolysed with cold acid, the acetal links are destroyed
leaving any glycosidic links intact.

This mesns in the case of xylans, where side-chains are
attached to position 3(or2) of l,é-linxedfa-g-xylose residues
(1), that xylosyl-glycerol(Vl) would be expected as a degrada-
tion product 1f the side-chains are evenly distributed along
the basal xylan chain. If, however, the side-chalns sre
attached to two, three, or four etc., adjacent xylose residues
then xylobiosyl-glycercl, xylotriosyl-glycerol, or xylotetra -
osyl-glycerol etc,, would result,

In addition large amounts of glycerol (1V) and glycollic
aldehyde (V) would be expected to arise from the periodate

attacked residues.
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The synthesis of 2-gjﬁ—g—xyiopyranosyl-glycerol was carried
out (Figure 2.) in order to ;tudy its chromatographic behaviour
before embarking on these degradations, thus facilitating its
isolation from the degradation products. Synthesis also

supplies conclusive proof of structure.

Figure 2. Synthesis of 2-Q0-B-D-xylopyranosyl-glycerol.

CHOH CH—O
HOH  + G H.CHO R g LJ:HOH \CH.CGHS
H,OH SH;
Vi (vuy) (%)
TH\ o 0
; o |
HOH CH.CHe + Ac Aq,C0x — O—CH CH.CH
1 / ~HBr OAc.
“H—O e Br PO CH;
e OAc.
(%) (x) (x1)
CH—Q
P Y
- —0O H H.C H
OCH AR H,
—> \pH | 1N
H CH—O
OH
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Condensation of glycerol (V11l) with benzaldehyde (V111)(113)
at 170° gave the condensation product 1,3%-0-benzylidene-glycerol
(cis isomer) (1X) on vacuum distillation of the reaction mixture,
Treatment with hydrogen chloride caused crystallisation to
occur, A further condensation, this time of the Koenigs-
Knorr type, between the 1,3-0-benzylidene-glycerol and 2,3%,4-
tri-0-acetyl-ot-D-xylopyrancsyl bromide (X) in the presence of
silver carbonat; gave a product in low yield, separated from
the reaction mixture by alumina chromatography, which gave on
analysis C,57.7%; H,6.04%. This was in agreement with the
compound being l,3-g—benzylidene-2-g-(2,3,4-tr1—g-acety113-2-
xylopyranosyl)-glycerol (X1). Treatment of this compound with
sodium methoxide removed the acetyl groupings to give the
crystalline l,3—9-benzylidene-?-gjg-g—xylogyranosyl-glycerol
(X11), which lost the protecting benzylidene grouping on
hydrogenation over a palladium catalyst to yield the syrupy
2-976-£-xylopyranosyl-glycerol (V).

2—975-2-xylopyranosyl-glycerol was found to be absorbed
on charcoal, and to be eluted from it by water containing a

very small quantity of ethanol.

Barley husk xylan.

A Smith degradation was carried out on this xylan with a
view to obtaining further information about branching in the
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molecule, In thelr studies on barley husk xylan Aspinall and
Ferrier have shown this type of xylan molecule to contain
side-chains of terminal L-arabinofurznose residues, single unit
D-glucurenic acid (or its 4-0-methyl ether) residues, and
2-gjs—g—xylopyranosyl-g—arabinose resldues, In the case of
the xylosylarabinose side-chains, two types of structure  are
possible : the residues can be attached directly to the xylan
backbone (X11l) or they can terminate longer side-chains (X1V):

I : I
.__-Q)U—?—ﬁjgt:EJQ<L_F_ __JQ<L_TJQK§;%TQ)(L___
; | = fepid
: TLE X:_‘,
R AT
| 2|
XI
(xnr) (x1v)

X=D-xylopyranosyl residues

A=L-arabinofuranosyl residues,

Residues enclosed by the dotted line are unattacked
by periodate ions,
In structure (X1V), the arabinose residue cannot be linked

through position 3 of xylose, since this would lead to the
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formation on methylation and hydrolysis, of 2,4-di-g-methyl-g-
xylose, a sugar undetected by Aspinall and Ferrier, Thus iso-
lation and characterisation of any arabinose containing oligo-
saccharides from & Emith degradation must differentiate between
the two possible structures.

In & trial degradation of the xylan, inorganic ions were
removed at the various stagesby dialysis. This appeared to
result in serious loss of material and so oxidation was carried
out using periodic acid, since the iodate ions formed could be
precipitated as barium iodate,

The polysaccharide was dissolved in periodic acid at 5°
and the periodate uptake corresponded to 0.94 of a mole per
mole of anhydropentose residue, measured titrimetricelly by

the method of Fleury and Lange (114). Reduction of the
polyaldehyde was achieved using potassium borohydride, inorg-
anic ions being removed with re&ins and methyl alcohol. Cold
sulphuric acid was used in the partial hydrolysis, which was
terminated after 5 hours since acetal linkages are cuickly
destroyed in acid solution. inattempt to follow the hydrolysis
by change in specific rotation proved unsuccessful, only a
very small change in rotation being observed.

Chromatographic examination of the syrup obtained from

the hydrolysate showed it to contain 70-80% glycerol, together
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with small amounts of both reducing and non-reducing sugars,
The syrup was fractionatea on a charcoal-celite column by
employing a gradient elution, ranging from water alone up to
water containing 30% ethanol. A poor fractionation of the
constituent sugars was achieved, and in fact no sugar vas
obtalned chromatecgraphically pure by this means alone. Ten
fractions were collected, some containing up to four constit-
uents, From nylose values and examination of hydrolysis
products the fractions appeared to consist of mixtures of
two or more of the following sugars (listed in order of their

chromatographic mobilities in solvent A) :

ethylene glycol Xylosyl-glycerol
Glycollic aldehyde arabinose
glycerol arabinosylxylosyl-glycerol

(or xylosylarabinosyl-glycerol)
erythritol xylobiosyl-glycerol
xylose xylobiose

Traces of unidentified hnigher xylo-olligosaccharides and a
xylose-arabinose containing oligosaccharide were also detected.
Clycollic aldehyde and glycerol are Lo be expected in the

Smith degradation of a xylen (Figure 1), while the erythritol
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probably arose from a contaminating glucan or galactan. Xylose,
xylobiose, and the trace of arabinose could only have arisen
from the splitting of glycosidic linkages at some stage, pro-
bably during the partial hydrolysis.

The fractions were further investigated by carrying out
separations on thick paper and chromatographically pure samples
of the major sugar components were obtained,

In the following discussion of low molecular weight
compounds cbtained by degradation of this xylan (and of the
rye flour xylan which follows), xylose and arabinose residues
are assumed to have the 2 and % configurations respectively,
while the xylose residues are assumed to be/3-linked, an ass-
umption bourne out by the negative rotations of the compounds,

From fractions 3 and 4 a chromatographically pure sample
was obtained of a non-reducing sugar which hydrolysed to xylose
and glycerol alone in almost equiﬁmolecular amounts, Methy-
lation and periodate oxidation studies showed the compound to
be 2-0- -D-xylopyranosyl-glycerol (V1). It travelled on
chromatograms in solvents A,C and D at the same rate as an
authentic sample of this sugar and in no solvent was a mixture
of the two resolvable,

From fraction 5 a pure sample was obtained of & non-

reducing sugar which hydrolysed to xylose, arabinose, and



96.

glycerol in almost equimolecular amounts. Methylation studies
showed the arabinose residue to be linked through position
1 only, while the xylose residue was shown to be linked through
positions 1 and 3. The sugar had a periodate consumption
corresponding to 0.8 of a mole of periodate per mole of sugar,
with no formic acid or formaldehyde formed as by products,
indicating that the arablnose was in the furanose form and that
the glycerol was linked through position 2, The fact that the
xylose residue remained unattacked by periodate confirmed 1its
position as the central residue,

From these results the structure of the sugar must be

L-arabinofuranosyl (1——3)76—D-xylopyranosyl (1—2)-glycerol(Xv):

CH,OH
R T e
HOX ¢ H,OH
o © H
Hord
2 H (xv)

From fraction O a pure sample of a non-reducing sugar
was obtained which hydrolysed to givel .3 moles of xylose and
0.9 of a mole of gliycerol per mole of sugar hydrolysed, on

quantitative estimation, Methylation studies revealed 1,4-
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linked xylose and l-linked xylose to be present in the ratio of
l to 1, and periodute oxidation studies showed that 1 mole of
sugar consumed 2.0 moles of periodate, liberating 1.0 mole of
acid, no formuldehyde, and leaving no unattucked xylose residues.
The sugar was therefore/S-E-xylopyranosyl (l—-4)—Fy2bxy10py-
runosyl-glycerol(xylobiosyl-glycerol) (XV1) :

CHOH

|

Q Q — 0O —CH
OH O H l
H H,OH

(x Vi)

The total swmount of xylosyl-glycercl, xyloblosyl-glycerol
and arsbinosylxylosyl-glycerol obtained on degradation of the
xylan is &irectly proportional to the degree of branching in
the wmolecule, Xylosyl-glycerol arises from any l,4-linked
xylose residue carrying a branch point through positions 2 or
3, and flanked by xylose residues susceptible to periodate
attack, while xyloblosyl-glycerol results frowm two adjacent
xylose residues carrying branch points in positions 2 or 3

(XV1il)s
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Xylp(1-4)7G~£-Kylp(l-4)-FFE-Xle(l—-4)73-£-Xylp(l-4)

3 or 2 3 or 2
Araf-1 Araf-1
(or Gpa-1) (or Gpa-1)
D)

The isolation of arabinosylxylosyl-glycerol(X®) shows
that the xylosylarabinose slide-chains in the molecule must be
attached directly to the xylan backbone, as in structure (X11l1)
Since the arsbinose was linked to position 3 of xylose in this
oligosaccharide, this establishes the mode of attachment of
these side-chains (XV11l) :

D-Xylp~(1l—4)-@-D-Xylp-(1—4) -/3~D-Xylp- (1—4)
>

D-Xylp-(1—2)-L~Araf-1

&viil)

The complexity of the sugar mixture obtained from the
xylan degradation prevented an accurate guantitative determin-
ation of the above oligosaccharides. However xylosyl-glycerol

was present in much greater amount than xylobiosyl-glycerol,
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and higher xylo- and arabinoxylo--ligosaccharides (other than
the sugar represented by structure (XV) ) were present in
trace amounts only. This indicates a random distribution

of branch points along the xylan backbone,

Rye flour xylan.

A similar type of degradation was carrled out on a xylan
isolated from rye flour, This xylan had been extracted by
Aspinall and Sturgeon (44) using water at 40°, and has been
used by them in alkaline degradation studies (100). In
structural studies on this non-acidic xylan these workers
showed that all the arabinose was in the form of non-reducing
terminal residues, and was present with xylose in the ratio of
1 to 2,(44).

The available date do not define how the branches are
arranged in this, and other, polysaccharides and a variety of
possibilities must be considered (structures (X1V),(XX),(Xx1)).
On applying & Smith degradation, structure (X1X) would afford
xylosyl-glycerol (V1), structure (XX) a polymeric xylan linked
to a glycerol residue, and structure (XX1) a mixture of xylo-
oligosaccharides all terminated by & glycerol residue, Thus
1solation and characterisation of the unoxidised fragments

from & Cmith degradation must indicate the type of structure



100.

exlsting in the molecule,

A A A A
X l X |)< X X |>( X L X
(x1x)
A A A A A
PR S O O S N
(Xx)
A A A A A A
SO N T S W N
(xx1)

A contaminating glucan was partially removed by enzymic
hydrolysis, and the purified xylan then oxidised with sodium
metaperiodate. The perliodate uptake, measured titrimetri-
cally, corresponded to 0,67 of a mole per mole of anhydro-
pentose residue, The reduction of the polyaldehyde and
hydrolysis of the polyalcohol formed were carried out as
described for the husks xylan, with the exception that the
hydrolysis time was cut from 5 to 3 hours to minimize the

danger of destroyling glycosidiec linkages.
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On chromatbgraphic examination of the syrup obtained from
the hydrolysate, the presence of glycerol anc glycollic alde-
hyde was indicated, together with smaller amounts of three non-
reducing compounds having Ryyj,ge VE1ues of 1.00, 0.62, and
0.35 in solvent A. The sugars were separated on a resin
column in the manner described by Jones and Wall (31,32).

Slow elution of the column with water supplied almost pure
samples of the two slower moving oligosaccharides, the sugar
having the lower nylose value being eluted first, Chromato-
graphically pure samples of each sugar was obtained by the
usual procedure of thick paper separation.,

The first compound tc¢ be eluted hydrolysed to xylose and
glycerol alone and quantitative estimation of these showed
that 2.8 moles of xylose and l.l moles of glycerol were libera-
ted from 1 mole of sugar, Methylation studies showed the
molecule to contain l-linked and l,4-linked xylose in the ratio
of 1 to 2, When the sugar was treated with sodium metaper-
iodate, 5.8 moles of periodate were consumed and 1,1 moles of
formic acid liberated per mole of sugar attacked. The absence
of formaldehyde in the reaction mixture indicated the presence
of Z2-linked glycerol.

The results are all in agreement with the sugar being

fs-g-xlepyranosyl—(1-—4)7ﬁ-g-xyiopyranosyl-(l-—&)jﬁ-ﬁ-
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xylopyranosyl-glycerol (xylotriosyl-glycerol) (XX1l1).

CH,OH

- |
S - O—(ISH
OH
CH,OH

H

xx11)

During elution of the column this compound was followed
by another having a higher nylose value and appearing to belong
to the same homologous series., It hydrolysed to xylose and
glycerol alone, 2.1 moles of xylose and l.1 mole of glycerol
being liberated from 1 mole of sugar. Methylation studies
showed the presence of l-linked and l,4-linked xylose in approx-
imately eguimolecular amounts, and the sugar consumed the
equivalent of 2.8 moles of periodate per mole of sugar, liber-
ating 1 wmole of formic acid but no formaldehyde, The sugar
was therefore p—g-xylo pyranosyl(l—4) 76-1___)-xylonyrano syl(l=2)-
glycerol, (xylobiosyl-glycerol) (XX1ll) :

ﬁHﬁ)H
(®) = O—CH
O
H . OH
HO o CH,OH
OH H

GOUID
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Further elution of the column yielded the lowest member
of the series. The fraction was highly contaminated with
erythritol but a thick paper separation yielded a chromatogra-
phically pure sample. The sugar hydrolysed to yield 0.9 of a
mole of xylose and 1.l moles of glycerol per mole of sugar,
and methylation and periodate oxidation studies showed it to
be 2-976-2-xy10pyranosyl-glycerol(Vl). It ran on chromato-
grams at the same rate as an authentic sample of this sugar
and in no solvent was a mixture of the two resolvable,

Aspinall and Sturgeon (44) deduced from their experiments
with this xylan that the degree of branching in the xylan
backbone is very slight, and that most of the arabinose at
least, 1s attached as single-unit terminal residues. This
means that the xylo-oligosaccharides discussed above are derived
from xylose resicdues in the backbone carrying arabinose side-
chains, When arabinose residues are attached to three adja-
cent xylose residues xylotriosyl-glycercl results, when atta-
ched to two adjacent xylose residues xylobiosyl-glycerol res-
ults, and when attached to non-adjacent xylose residues xylo-
syl-glycerol results (see structure (XX1)). Quantitative
estimations carried out on the degradation reaction mixture
showed the amounts of xylosyl-glycerol, xylobiosyl-glycerol,
and xylotriosyl-glycerol to be present in the ratioc of 3,2 :
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1.5 : 1 by weight, which is a molar ratio of 7.5 s 2,2 : 1,
thus indicating a random distribution of arabinose side-chains
along the xylan backbone,

The absence of any arabinose containing oligosaccharide
points to an absence off any non-terminal arabinose in the
polysaccharide, unless it possesses 1l,4-linkages, No such
arabinose has been detected in the previous investigations
on this xylan (44).

The branching in this xylan therefore is essentially
similar to that in a wheat flour xylan examined by Ewald and
Perlin (115) using the Barry degradation, These workers
found in this xylan that the arabinose sometimes occurred on
isolated xylose residues, sometimes on two adjacent xylose
residues, and sometimes on three, but never on four, five,
etc.. In this xylan, however, the amount of arabinose
linked to two adjacent xylose residues was higher, while the
amount linked to three adjacent xylose residues was present

in trace amounts only.
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Experimental,

Synthesis of 2-0-p-D-xylopyranosyl-glycerol,
-1 =

1,3-0-Benzylidene-glycerol (1X).

Glycerol (1) (92g.) was heated with an excess of freshly
distilled benzyaldehyde (11)(127g.) at 145-150° for 1% hours,
and then at l65—170° for a further 2 hours, A stream of
carbon dioxide was passed through the reaction mixtufe during
heating to remove water, The mixture was distilled in vacuo
and the fraction boiling at 140-150° at 4mm, pressure collected
a8 & clear syrup. Hydrogen chloride was bubbled through the
syrup at 0° for S minutes, and after standing for 2 days in a
stoppered flask at 59, the syrup crystallised to a white solid
mass which was then shaken with aqueous ammonia solution (1%)
for 1 hour. Benzene (900ml.,) was added and solution of the
solid effected by warming. The benzene layer was separated,
washed several times with aqueous amwonia solution (1%), and
concentrated to a small volume (300ml.)., Addition of light
petroleum (60-80°) (450ml.) caused precipitation of the 1,3-
g-benzylidene-glycerol(lX), and recrystallisation from benzene-

light petroleum (60-80°)(3:4) afforded the pure compound, 34.4g.
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m.p.81-82°, undepressed on admixture with an

authentic sample of the cis isomer,

2,3y4-Tri-0-acetyl-o-D-xylopyranosyl bromide (X).

This compound was prepared by the standard reaction of
1,2,5,4-tetra-0-acetyl-A-D-xylose with hydrogen bromide in

glacial acetic zcid.

1,3-0-Benzylidene-2-0-(2,3,4~tri-0-acetyl-g-D-xylopyranosyl)-

glycerol(Xl).

l,E-E-Benzylidene—glycerol(lX)(253.), freshly prepared
silver carbonate (50g.), and anhydrous calcium sulphate (100g.)
were shaken in dry benzene (300ml.) overnight in the dark,
2,3,4-Tri-0-acetyl-c~D-xylopyranosyl bromide (x) (37.4g.) in
dry benzene (300ml,) was added gradually and the mixture
shaken for > days in the dark, with occasional release of
carbon dioxide, The mixture was finally reflumed for 15
minutes then filtered, Evaporation of the filtrate gave a
white solid.,

The solid was dissclved in benzene and chromatographed on
alumina. Elution with light petroleum (60-30°)-benzene
(3:2) furnished l,}-g—benzylidene-z-g-(2,3,4-tri-9~acetyl76-
D-xylopyranosyl)-glycerol(Xl) as a white solid, 1.60g.
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The conmpound was recrystallised from light petroleunm
(40-60°) -ethanol(2:1).
mepe 183-4°  [ex] ,-35.8°

Found : C,57.6% : H,6,04%(C H O recuires C,57.5% ;
21 26 10

Hy5.94%) «

l,5—0-Benzylidene—2-976-D-xy10pyranosyl-glycerol(Xll).

l,B-Q-Benzylidene-ﬁ-g—(2,3,4—tr1-9-aeety173—yﬁ xylopy-
ranosyl)-glycerol(X1l)(1,30g.) was treated with soaium metho-
xide (0.8g.) in methanol (40ml.) for 18 hours at room temper-
ature, The solution was delonised with 1R-120(H) and 1R-4B
(OH) resins, filtered, and the solution evaporated to a syrup
which crystallised on standing. The crystalline 1,3-O-benzy-
lidene-2—97&p£-xylopyr&nosyl—glycerol(Xll) was recrystallised
from methanol-ether (2:1), 0.86g.

B.DPo 132-134°, Ex]D,-4l.4°.(C,l in water).

2—916—2—Xylopyranosyl—glycerol(Xlll).

1,5-0-Benzylidene -2-976Pg-xylopyranosylmglycerol(Xll)
(0.80g.) was dissolved in ethanol (50ml.) and the solution
shaken in hydrogen at atmospheric pressure over 10% palladium

-charcoal(0.80g.) for 40 hours., The product, 2-976-D—
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xylopyranosyl-glycerol(X1ll) was obtained as & syrup by filtr-

ation and evaporation of the solution, 524mg.

[cx]n, -36° (C,2 in water).

Oxidation by periodate, The syrup (10mg.) was found to

consume the equivalent of 1.9 moles of periodate per mole of
sugar attacked when dissolved in aqueous sodium metaperiodate
(1.0ml. : 0.10M,), with the liberation of 1.02 moles of formic

acid. No formaldehyde was detected.

Benzylidene derivative, The compound (20mg.) was shaken with

freshly distilled benzalaehyde (lml.) and powdered fused zine
chloride (0.1g.) for 24 hours., The solution was added to a
mixture of 1light petroleum (40-60°) (5ml.) and water (Sml.)
which was then shaken for 5 minutes, The agueous layer was
separated, filtered, and wasned with light petroleum (40-60°).
Removal of the solvent gave the L,b-g-benzyilidene glycerol
derivative as a syrup which crystallised from methanol-ether
(2:1).

m.p.130-132°, undepressed on admixture with an

authentic sample.

&x]D,-4o.3°. (C 0.5 in water).



109,

Smith Degradation of Barley Husk Xylan.

Extraction.

The extraction and analysis of this xylan from the husks

of 1959 Carlesberg barley is described in Section 1 of thiswork.

Oxidation.

The xylan (l1g.) was dissolved in periodic acid (100ml, ;
0.15M,) and the solution kept in the dark at 5°. The concen-
tration of periodate ilons was measured periodically using the
tltrimetric method of Fleury and Lange. By plotting periodate
consumption agalnst time, it was clear that normal glycol

cleavage was complete within 30 hours.

(MoLES)
104
uptake
per
anhydro-
sugar O%
residue

30 60

TIME (HRS.)

\f
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The xylan (20g.) was treated with periodic acid (21, ;
0. 5M,) a& 5° in the dark for 30 hours, when the periodate
uptake was found to be 0,94 mole per anhydro pentose residue,
The remaining perliodate ions were destroyed by addition of
ethylene glycol and the iodate ions precipitated as bariun
iodate, by addition of barium hydroxide and barium carbonate,
The solutlon was centrifuged and filtered, and finally deioni-

sed with resins,

Borohydride reduction,

The oxypolysaccharide in water (11.) was reduced by
treatment with potassium borohydride (10g.) overnight at room
temperature. Ions were removed by shaking alternatively with
1R-120(H) and 1R-4B(OH) resins, filtering, and finslly evapo-

rating several times with methyl alcohol,

Partial hydrolysis,

The syrup was dissolved in sﬁlphuric acid (500ml. ;1N.)
and the solution allowed to remain at room temperature, Its
specific rotation rose slightly during the first hour,

After 5 hours the solution was neutralised with barium
hydroxide and bariumrcarbonate, then centrifuged, filtered,

and concentrated to a small volume, Treatment with resins

removed ions and removal of the solvent left a syrup, 13.03g.
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Chromatographic exzmination

Chromatographic examination of the syrup in solvents A
and C using sprays A and B and J showed the syrup to contain
& very high proportion of glycerol and glycollic aldehyde with
traces of slower moving compounds, both reducing and non-

reducing.

Practionation on charcoal column.

The syrup was placed on top of a charcoal-celite column
(4cm.x28cm,) and & gradient elution of the column carried out
ranging from water alone up to water containing 30% ethanol.
The eluant (61.) was drawn from ecual res%%oirs of water (31,)
maintained at the same helght. 40 minute fractions were
collected, each containing 40-45ml.. A sample (3ml,) from
every third fraction was evaporated to dryness and examined
chromatographically in solvent A using sprays B and J, in
order to establish the elution pattern.

Batches of tubes were bulked to give 10 fractions which
were evaporated to syrups and exauwined chromatographically
in solvents 4 and C using sprays 4L and B, Each fraction
(4mg.) was hydrolysed with N-sulphuric acid at 100° for 6 hours
and the products examined in solvents & and C using sprays

A and B. 1The results are given in table (V1l).
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Fraction

Je
4.

De

10.

Table (V11).
Tube Hos, | Weight _ nylose vyvalues HYdrOly-SiS
(mg.) | in” solvent A, products.
0-20 17.4g. | 1.703;1.%1;1.10; | Xylose,arabinose
(water (trace
eluant)
1,0;0.84. glycercl,erythritol,etc,
0-39 206 1.,31;1.0;0.84. | xylose,arabinose
: (trace) glycerol,
40-44 Ja 1.3131.0 xylose, glycerol,
45-48 70 1.31;1.0 xvlose, glycerol.
49-56 96 1.0;0.75 xylose,arabinose,
glycerol.
57-62 130 1.,0;0.75;0.34 xylose, arabinose,
glycerol,
62-65 14 0.,62;0.34 xylose, glycerol,
66-75 30 0.62;0.34 xylose, glycerol.
76-88 74 0.,62;0,6430.,55 | xylose,arabinose,
glycerol.
89-105 508 0.5530.19 xylose,arabinose,
| glycerol.
105-144 Nil,
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From the information in table (V1l) and from the approximate

relative amounts of hydrolysis products, the fractions appeared

to have the following probable composition g

Fraction 1.

Fraction B,

Fraction 3.

Fraction 4.

Fraction 5.

Fraction 6,

Fraction 7.

Fraction 8.

Fraction 9.

Ethylene glycol, glycerol, erythritol, xylose,
arabinose (trace).

Glycerol, xylose(trace), xylosyl-glycerol,
arabinose (trace),

Glycerol, xylosyl-glycerol,

Glycerol(trace), xylosyl-glycerol,

Xylosyl-glycerol, arabinosylxylosyl-glycerol,
(or xylosylarabinosyl-glycerol,)

Xylosyl-glycerol(trace), arabinosylxylosyl-
glycerol, unidentified xylo-oligosaccharide,

Xylo-oligosaccharide, xylosylxylosyl-glycerol,

Xylo-oligosaccharide, xylosylxylosyl-glycerol,

Xylosylxylogyli-glycerol, xylosylxylose (xylobiose),

arabinose-xylose containing oligosaccharide,

Fraction 10. A rabinose-xylose containing oligosaccharide,

nigher xyio-ollgosaccharide,

Fractions 3,45 and 8 were further investigated, By fraction-

ation of each syrup on Whatm@n >MM filter sheets using either solv-
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ent A or C a chromatographically pure sample of the major

component of each syrup was obtained,

Fractions 3 and 4.

From each of these fractiocns & non-reducing sugar was

obtained having Ryyjlose 1,00 in solvent A,

[o{[n, -32,1°(C, 2 in water).

Hydrolysis of a sample with sulphuric acid at 100° gave
xylose and glycerol alone,

The sugar ran on chromatograms at the same rate as an
authentlic sample of 2-973-2—xylopyranosyl-glycerol in solvents
AyB, and D anc in no solvent was & mixture of the two

resolvable.

Fraction 5.

From this fraction a chromatographically pure sample of
a non-reducing sugar was obtained having an nylose value of

0.75 in solvent A.

[] ¥ -22,4° (C, 1 in water),

Hydrolysis of a sample with sulphurlic acid at 1009 gave

arabinose, xylose, and glycerol alone and in approximately
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equimolecular amounts.

Fraction 8,

A non-reducing sugar was obtained from this fraction

having an R yy)ose Value of 0.62 in solvent A,

B}ﬂbs -50° (C,O,ﬁ in water)

Hydrolysis of a sample with sulphuric acid at 100°
yielded xylose and glycerol alone,
The structures of the above three sugars were determined

using the following techniques ¢

Quantitative estimation of components.
The sugar (30wg. or less estimeted by the phenol-sulphuric

acid method) was hydrolysed with N-sulphuric acid at 100° for
6 hours and the products separated chromatographically using
solvents F and C for the arabinose containing sugar and sclvent
C alone for the others, Rhamnose was added as a standard
for the xylose and arabinose and the percentage glycerol loss
found by chromatographing a known weight of glycerol on a
separate paper.

The sugars were eluted, made up to a kKnown volume with

water, and samples used to determine the sugar content,
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Xylose, arabinose, and rhamnose were estimated by the phenol-
sulphuric acid method and glycerol estimated by oxidation
with an excess of sodium metaperiodate (0.,1M.) and determin-

ation of the formaldehyde formed by chromotropic acid resgent.

Methylation.

Samples of each sugar (3-4mg.) were dissolved in dimethyl
formamide and methylated by Kuhn's method using silver oxide
and methyl lodide, The methylated sugar was isolated, methan-
olysed with methanclic hydrogen chloride (3%) and the methyl
glycosides formed identified by gas-liquid chromeatography,
using a column of butanedicl succinate polyester on celite
as liquid phase, and argon as vapour phase, The chromatograms
were run at & temperature of 150°. Besides the peaks due
to the glycosides of xylose and arabinose methyl ethers, a
peak was obtained in all cases with an extremely low retention

time which wes probably due to 1,’-di-0-wethyl-glycerol,

Periodate Oxidation.

The sugars (10-20mg.) were each dissolved in acueous
sodium metaperiodate solution (0.1M.) at room temperature
and the periodate uptake measured spectrophotometrically.
Any formic acid formed was determined by titration with stand-
ard sodium hydroxide (0,01N) using wethyl red as indicator,
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Samples of the solutions were used to test for formaldehyde
by chromotropic acld reagent,
The solutions were delonised by shaking with 1R-120(H)
andéd 1R-4B(OH) resins and then evaporated to syrups which were
hydrolysed with N-sulphuric acid at 100° for 6 hours,
Chromatographic examination of the products showed the presence
or absence of unattacked sugar residues (other than glycerol).
The results of these investigations are shown in table

(viiy).

The two different methyl ethers of xylose from the
Fraction 6 sugar occurred in approximately equimolecular
amounts, as aid the xylose and arabinose methyl ethers from

Fraction 5 sugar.
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Table (V111).

Sugar isolated from

Experiment
Fractions 3&4 | Fraction 5 Fraction 8.
Quantitative xylose = 1.0 xylose = 0,9 [xylose = 1,8
estimaetion giycerol = l.l| erabinose=0,9)glycerol =0.9

(mole/sugar wole)

glycerol =1.1

Methylation 2y0y4KesXyl, 2,4M62Xyl. 2;5;4!63Xyl.
studies 1,3keqoGly.(?) 2, 0MezAra 2,5Me Xyl.
(methyl glycoeides) 1,5Ke,Gly(?) |1,5MeyGly(?)
P

E | Uptake

R EOIG/SUS&B 1.9 0.8 2.8

I | mole

0 .

D | acid formed

A | (wole/sugar

T | mole 0.9 Nil. 1.0

E

© | Formaldehyde

3 formed Nil . Nil. Nil .

D | Unattacked

é residues Nil. Xylose Nil.

5

Xyl=D-xylose;Ara=L-arabinose;Gly=glycerol;Me=methyl.
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Suith Degradatlion of & Rye Flour Xylan.

Extraction.

(Por full details of extraction and fractionation,see
R. Sturgeon, Ph.D. Thesis, Edinburgh, 1300).

The raw grain was ground to a fine powder and extracted
with 80% ethanol., Extraction of the residue with water at
40° and centrifugation of the extract gave a clear solution,
to which, after concentrating, was added acetone (Z volumes)
to precipitate polysaccnaride. The dried precipitate repre-

sented 0,05% of the rye flour.

Purification.

The polysaccheride (4.9g.) was dissolved in water (200ml)
and added to a solution of s@Alivary x-amylase (200ml,) in
sodium acetate buffer (pHS). After incubation at 35° for 3
days the polysaccharide was precipitated with acetone (2
volumes) and separated off, Examination of the filtrate
showed the presence of glucose,

The polysaccharide was reprecipitated twice from water
and dried,

Analysis of the Xylan.

E:*]D -97° (c,1 in 0.5N-sodium hydroxide).
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Hydrolysis of the polysaccharide with N-sulphuric acid
at 100° for 6 hours and estimation of the sugars formed by
guantitative paper chromatography using sclvent F gave the

following results :

Sugar £
xylose 57.6
arabinose 25.2
glucose 8.5

Periodate oxildation,

The polysaccharide {0.5g.) wes dissolvec in water (23ml,)
by warming and aqueocus sodium metapericdate solution (23ml. ;
0.3M) added to the cooled solution. The solution was kept
in the dark end the periodate uptake measuread periodically
by the method of Fleury and Lange. The upteke wes plotted
agalnst time to obtain the time required for normal glycol

cleavage to go to completion,

0661
(MoLES)
10, uptake
/mole of
anhydro
pentose
residue

0331

s 100
TIME (HRS) ——————a
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The xylan (4.4g.) wes treated as before with agueous
godium metaperiodate (400ml, ;0.15M.) and the periodate
uptzke after 54 hours found to be 0.67 of a wole per mole of
anhydro pentose residue, measured titrimetrically,

The excess of periodate ions was destroyed by addition
of ethylene glycol and the solution shaken with 1R-120(H)
resin. Iodate lons were preciplitated by addition of barium
hydroxide and barium carbonate, the solution centrifuged,

and finally filtered.,

Borohydride reductlion.

The solution was treated with potasslium borohydride
(3.08.) at room temperaturs for 20 hours. Excess borohydride
was Jestroyed by shaking with 1R-120(H) resin snd several

evaporations with wethyl alcohol removed borate ions.

Partial hydrolysis.

Sulphuric acid (100ml. ; 2N) was added to a solution of
the polyalcohol in water (100ml.). After 3 hours at room
temperature the acid was neutrazlised by addition of barium
hydroxide solution and barium carbonate, The sclution was
centrifuged and filtered, concentrated to a small volume,
and ethanol (5 volumes) added, 4 slight precioitate was

obtained which wae removed and subjected to &z further treat-



ment with N-sulphuric acid for 2 hours, The sclution was
treated as before but on addition of alcohcl to the neutral
concentrated seolution no precipitate was obtained,

The combined ethanolic solutions were evaporated to a

syrup, 4.l1g.

Exemination of syrup.

Chromatographic examination of the syrup in solvents A
and B using spray B showed the presence of compounds with

identical R values to glycerol and xylosyl-glycerol,

Xylose
Two slower zoving cowpounds were éisc detected having nylose
values of 0.62 snd 0.35 in solvent 4, together with faster
moving compounds having Ryyjose Valiues of 1.Z1 and 1.30. No
reducing spots were detected except one corresponding to

glycollic aldehyde.

Separation of oligosaccharides,

The syrup (3.6g.) was fractionated on a column of Dowex
50 WX3 resin of 200-400mesh, in the form of its barium salt
(2.8cm.x 100cm.). The column was eluted with water and 15
minute fractions, each of 1.75wl. volume, collected, Every
second fraction was concentrated and examined chromatogra-
phically in solvent A using sprays B and J.

Table (1X) shows the eilution pattern.
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Table 1X).
Praction| Weight | Tube Nos. Total Rxylose values
eluant x%solvent A)
1 - 1-104 181ml., | no sugar present
2 37mg. 105-114 15.8ml.| 0.618(trace);0.352
3 170mg. | 115-130 26.,2ml.| 0.618;0.352(trace)
4 - 131-133 3.5ml.| no sugar present,
5 764ng. 134-145 19+.2ml.| 1.00(major);1l.21(minor)
6 0.8g. 146-152 10.5ml.| 1.00;3;1.2131.3(major)
7 1.8¢. 153-174 56,8ml.| L,00(trace);l.21

(trace)

1.5(major).

Chromatographically pure samples of the major constituents

of fractions 2,3 and 5 were isolated by separation of the

syrups on Whatman JuMM filter sheets using solvent A for frac-

tions 2 and 5, and solvent C for fraction 5.

Fraction 2.

The sugar isolated from this fraction had nylose 0.35

in solvent A4 and gave only a very faint spot with spray A.

B:KJD, -59°(C, 1 in water).




Hydrolysis with sulphuric acia at 100° gave xylose and

glycerol alone,

Fraction 3.

The sugar isolated from this fraction had R xylose 0.62
in solvent A and gave only a very slight spot with spray A,

&)ﬂna -49.1°(C, 1 in water).

Hydrolysis with sulphuric acid at 100° gave xylose and

glycerol alone,

Fraction 9

The sugar isolated from tnis fraction had Bxylose 1,00

in solvent A.

EDK]D, -34.4°(c, 2 in water).

Hydrolysis with sulphuric acid at 100° gave xylose and
glycerol,

The chromatographic mobility of the sugar in solvents A,
C and D was ldentical to that of an authentic sample of 2-0-
/3-g-xylopyranosyl-glycerol, and in no solvent was a mixture
of the two resolvable,

The structures of the compounds were determined using

the same techniques of guantitative estimation of sugar resid-
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ues, methylation, and pericdate oxidstion described for the
structural work on the oligosaccharides from barley hucsk xylana.

The results are shown in table (X).

Iable (X).
Eeyeriments Sugar isolated from :
Fraction 2 Fraction 3 Fraction 5

Quantitative xylose = 2.8 xylose = 2.1 | xylose = 0.9
estimation glycerol=l,1l glycerol=1l,1 glycerol=1,0
(Moles/sugar mole)

Methylation 2,3,4me3xy1. 2,3,4H83Xy1. 2,5,4He3Xy1.
studies. 2y3Me Xyl. 2y3Me Xyl. 1,5ne2G1y.(?)

(methyl glycosides) l,3nezﬁly(?) 1,3HQQGly(?)

P

L |Uptake

R 5.8 2.3 1.9
é (Mole/sugar mole)

D |acid formed

A 11 1.0 1.0
'2 (mole/sugar mole)

S |Pormeldehyde

T Nil, Nil. Nil.
U |formed

D

I |[Unattacked

B Nil. Nil. Nil.
S |residues e
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Xyl = xylose ; Ara= arzblnose ; Gly = glycerol, ; Me = methyl

The compound from fraction Z gave in methylation studies,
the trimethyl and dlmethyl derivatives of xylose in the gpprox
imate ratio of 1 to 2, whereas the same sugars derived from
the compound from fraction 3> were in the approximate ratio of
1l to 1,

A quantitative estimation carried out on the degradation
mixture showed the foregoing three oligosaccharides to be
present in the molar ratio of 7.5:12.2:1. The sugars were

estimated by the phenol-sulphuric acid method,



127

SeCTIVN 111,



128,

Synthesis and Alksline Degrazdation of Model Compounds.

Discuesion,

The understanding of alkaline degradation of polysaccha-
rides greatly increased after the work of Kenner, Richards,
and Corbett (76-83) on the degradation of model compounds,
From their studies on monosubstituted wonosaccharides, highly
significant results were obtained which led to an interpreta -
tion of the mechanlism of poclysaccharide degradation on the
basis of & B-ellmination from & dicurbonyl lntermediate,
formed frow the reducing molety. In this way degradation
can proceed in & step-wise manner along a linear chain of
sugar residues starting from the reducing end.

When the more compliceted problem of branched polysacch-
arides is considered however, the degradative mechanism in some
cases 1s not clear, and indeed it has been open to doubt
whether, in fact, alkaline degradation is capable of passing
certain types of branch points in the polymer chain or not.
Whistler and BeMiller (10Z) have postulated that in a 1,4-
linked polysaccharide containing branching through position
3 (for example arsbinoxylans), slksline degradation must cease

on reaching & branch point. This appesrs to be contrary to



the recent findings of Aspinall et al, (100), who detected a
decrease 1in molecular weight of about 20% on degr:iding a rye
flour xylan containing & high proportion of arabinose side-
chains, This particular highly brenched xylzn is the one
examined in Section 1l of this work, and the conclusion reached
was that the branch points are randomly distributed along the
basal xylan chain, Thus in order to achieve a molecular
weight decrease of 20% it 1s inevitable that at least one
branch point, and probably many more, has been successfully
by-passed in the step-wise degradation. Further support for
this view comes from the suggestion of 4spinall et al(100)
that the high proportion of lectic acld formed during thelir
degradation experiments originated from liberated arabinose
side-chains,

In an attempt to solve this problem, and to investigate
the degradative mechanism involved, the following model comp-
ounds were syntheslsed and subjected to treatment with slkali:
5,4-d1-9-methyl-&-arabinose, 5,4-01—9—methyl-2-xylose, and
3-9—methy1(4—97ﬁ-2-xylopyranosyl)—E-xylose. In the course of
the synthesis of the last named sugar, the parent disaccharide
was synthesised by & parallel series of reactions. This
disaccharide, 4-975-£—xy10pyranosyl-g-xylose (xylobiose), has

been detected, and in some cases isolated, by partial hydrolysis
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of many xylans (37), and 1its synthesis supplies absolute proof
ef its structure,

3,4—D1-9-methyl-§—arabin05e wes synthesised by the series
of reactions outlined in Figure 1. After introducing blocking
groups into positions 1,2,5, and 4 of L-arabinose, positions
5 and 4 were freed, leaving them susceptible to methylation
(116,122)., Removal of the substituents in positions 2 and
1l left the required dimethyl ether of g—arabinose.

Figure 1. Synthesls of 5,4-di-O-methyl-L-arabinose,
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H H | H
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%
HY ? CHa | Gy Nee/Hey
WS, , 1
R OH A,fzo OCHy 3
o oR OR
OMs OMs OMs
Giv) (v) (V1)
CHP —0Q, CHO Q
OR
OH
(i) (vinn).

Ms = CHgSO,, R = CH,CHs
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L-irabinose (1) was ccnverted to the corresponding
f-benzyl glycoside (11), which on condensution with scetone
guve benzyl 3,4—9-1sopropylldena76-g-arabinopyrunoside (111),
Treatwent of this cowpound with methane sulphonyl chloride in
pyridéne furnished the Z-methanesulphonyl derivative (1V).

The isopropylidene grouping wes removed by hydrolysing with
N-sulphuric acid and the product obtuined (V) was methylated
by Purdliets method to give the crystalline benzyl 3,4-di-0-
methyl-2-0-methanesulphonyl g ~L-arabinopyranoslde, Deme;yla-
tion of this compound was carried out using sodium amalgam,
and removal of the benzyl grouping by hydrogenatlion over a
palladium catalyst yielded 3,4-di—grmethyl-g-arabinose as a
SyTUup,

594~-Di-0-methyl-D-xylose was synthesised by the method
of Hough and Jones (l17) with the exception that the 2-0-
methanesulphonyl derivative of E-arabinose weed instead of the
2-0-toluenesulphonyl derivative wes used, since the 2-0-
mesyl derivatives are crystalline, The wethod invelves the
synthesis of methyl 2,5-anhydrojﬁ-g-ribopyrunosiae, which can
easily be methylated in position 4, On opening the epoxide
ring with sodium methoxide the dimethyl ether of metnylﬁa-g-
xylopyranoside only is obtuined and not the D-arabinose deriva-

tive. The series of reactions is outlined in PFigure 2,



Figure 2, Synthesis of J,4-di-Q-methyl-D-xylose,
/ CHy oy, —Q OCH,
HO Ho Ly o)
OH HO L
(1X) () He (<0
—O O¢H —O oOcH ) Ha
——— : | 3.._.._L-’. / E’_.iH._:._\’.._ CHS]
H Aq,0
o S HO
}) : OH
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&
CH3 = H} " _-O
. _ OCH OcH, H s ocH, HOH
CHO SHE CHO
OH OH
(xv) (xv1) (xV1) .
¥s = methanesulphonyl.

iethyl-g-D-arabinopyranoside (X), prepared from D-arabin-
ose (1X) by treatment with methanolic hydrogen chloride, was
con&ensed with acetone in the presence of phesvhorus nentoxide

to yield methyl 3,4-9—190propylidene73-£-&rabinopyrunoside
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(X1). Treatment of this compound with methaznesulphonyl
chloride in pyridéne afforced the crystelline Z-0Q-methane-
sulphonyl derivative (X1l1). The isopropylidene grouping was
removed by hydrolysing with N-sulphuric scid and treatment of
the compound produced (X11l) with dilute sodium hydroxide at
75° furnished methyl 2, 3-anhydro3-D-ribopyrenoside (xiv).
A Purdie methylation using silver oxide snd methyl iodide
converted this compound (X1V) to its 4-Q-methyl ether (XV),
which gave methyl 3,4-di-O-methyl-g-D-xylopyranoside (XV1)
on refluxing with sodium methoxide, The glycosidic group
was removed by acid hydrolysis and 5,4-di-oumathyl—§-xylose
(XV1l) was obtained &s a syrup.

The disaccharides 3-9-methyl-4-9-ge-g-xyIOpyranosyl)-
D-xylose (XXX1) &nd 4-0-p-D-xylopyranosyl-D-xylose (xx1x)
were synthesised via & Koenigs-Knorr condensation of Z,3,4-tri-
0-scetyl-et-D-xylopyranosyl bromide (XX) with benzyl 2,3-anhydro-
/2 =-D-ribopyranoside (xxvl). The series of reazctions involv-

ed are outlined in Figure 3,
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Figure 37, Synthesis of 4-0-3-D-xylopyranosyl-D-xylose and

5=-0-methyl-4-0-(B-D-xylopyranosyl)-D-xylose,
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(xx¥111) (o0
H,, /Pol . H,, /Pd
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Ms = CHsSo, R = CH,CHs
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Initially benzayl 2~9:mathunesulphonyl75~2-arabinapyrano-
side (XXV) was prepared, using the wmethod of Wood and Fletcher
(116), already described for the gwseries of arabinose deriva-
tives in the synthesis of },4-di-O-methyl-L-arabinose, The
action of dilute sodium hydroxide on this compound afforded
the crystalline epoxide, benzyl 2,5—anhyar073~2—ribopyruaoside
(xxv1i).

A Koenigs-Knorr condensation of this epoxide with 2,3,4-
tri-O-acetyl-o¢-D-xylopyrsnosyl bromide (XX) furnished benzyl
2,3~anhydro-4—9—(2,5,4-tri—9—acetyljs-g-xylo;yranasyl)73-2—
ribopyrenoside (XXV1l) in much better yield than is often
obtained 1in disaccharide synthesis lanvolving condensations of
facetohalogen sugars"™ with secondary hydroxyl groups of sugar
derivatives, The hydroxyl group in the epoxide (XXV1) 1s
much lesg sterically hindered than most secondary hydroxyl
groups in otherwise fully substituted sugar derivatives. It
is noteworthy that Jones and Curtis (118) have made & similar
observation with regard to the condensatlion of Macetohalogen
sugars? with secondary hydroxyl groups in acyclic derivatives
of sugars.

In most applications of the Koenigs-Knorr reaction it
has been found that & Walden inversion awccompanies replacement

of the hzlide group, and the glycosidic linkage formed thus
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possesses a configuration opposite to that of the parent
glycos yl hallde, Nevertheless several reactions have been
reported in which the anomeric configurastion of the product
is the same as in the glycosyl hullde used, In general,
when a glucosyl or xylosyl halide is used, inversion of
configuration takes place if the substituent on C is gis
with respect to the halogen atom, but if this sub;tituent is
in the transposition, inversion of configuration does not
necessarily follow,

Treatment of the condensction product (XXV1l) with
sodium hydroxide resulted in de-acetylatlion and opening of the
epoxide ring to give benzyl 4-915-2-xylopyranosy173ug-
xylopyrenoside (XXV11ll) ancd similar reaction of the dissccha-
ride epoxide with sodium methoxide guave benzyl j—g-methyl—é-g-
SB-D—xylopyrunosyl)76—2—xylopyranosida (¥XXX)« 1In both cases
Opezing of the epoxide ring prcceeéed with formation of the
D-xylose derivative, and no trace of the E-arahinose derivative
:ould be detected. The relationship bet;een the two benzyl
glycosides was confirmed since both afforded the same cry-
stalline pentamethyl ether on methylation with methyl sulph-
ate and sodium hydroxlide,end since hydrolysls of benzyl
3-g-methyl-4-9-Qﬁ-g-xyLOpyrunosyl)7@-Q-xyL09yrunoside (X))
guve D-xylose and J-O-methyl-D-xylose.
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Both benzyl glycosides, on hydrogenation over palladium-
charcoal, furnished the corresponding dissccharides (XX1X,
and XXX1). Although neither disaccharide was obtained cry-
stelline, the identity of 4-975-2—xylopyranosyl-g—xylose with
the xylobiose formed on partial acid hydrolysis of osak heart-
wood xylan (119) and other xylans was established by paper
chromatography of the sugar and by conversion into the cry-

stalline phenylosazone.

Alkaline degradation of model compounds.

When 5-9-methyl—4a9-QG-E-xlepyranosyl)-E—xylose was
treated with cold dilute sodium hydroxide, the disaccharide
was almost completely destroyed after 6 hours with the elimina-
tion of the substituents at C and C , Under the conditions
employed no further degradation of xglose could be detected,
Methanol was identified by conversion into methyl iodide and
by oxidation to formaldehyde, and D-xylose was identlfied as
the di-0-benzylidene dlmethylacetal.

The observation that both substituents are rapidly
eliminated when this 5,4-d1-9-subst1tuted E-xylose is treated
with alkall provides clear support for the existance of some

"by-passing" mechanism to account for the results of alkaline

degradation of branched arabinoxylans.



139.

A possible pathway for this type of degrudation (Figure 6)
involves the initial formation of an intermediate (XXX111).
If this intermediate (XXX1ll) undergoes « benzilic acid type
of rearrangement the product (routei) would be & 4-0-substituted
metasaccharinic acid (XXX1V). The foregoing results suggest
however, that thls intermedlate (XXX11ll), which is also a
/S-alkoxy—carbonyl compound, undergoes p—elinination of alkoxide
ion OR'~(route B) with the formsation of &« compound (XXXV) or

some similar compound.

Figure 6. By-passing mechanism,

CHO CHO CO,H
H—C—OH lﬂ——o CHOH
A
RO—C—H > (l-jHL ROUTE > H,
H—¢—OR! H—C—OR! H—C—OR'
CH,OH CHOH +OR” CH,OH
(xxx11) (xx%1iD) (xxxiv)
ROUTE B
\ .
CHO CO,H COH
C—0 4|HOH CH
ORI & gl . === LH N
CH C|,H CHOH
- l’,HOH CH,0H
CHOH '

(xxxV) (xxxv 1) (xxx V1)
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A compound with no alkyl substituent «t C but otherwise
identical to structure (XXX11l) has been 1sola%ed and charact-
erised by Kato (120), from the reaction mixture of D-xylose
and n-butylamine in zcid medium,

An attempt wés made to characterise the alkali stable
compounds formed by the degradation of the zbove model comp-
ounds., Paper chromatography using solvent B showed that the
degradation mixtures from each sugar consisted of a variety
of compounds,

3,4-Di-9-m9thyl—£—arab1nose gave rise to three acids,
the faster moving, R 0.49, predominating. The reaction with
permanganate of the girst and last suggested the presence of
unsaturation in the molecules, An appreciable amount of &
lactone having R 0.54 was also formed, and was followed by &
small amount of Z slover moving one,

Degradation of 3,4—d1-9-methyl-2-xylose gave the same
lactones as the arabinose derivative but In smaller amounts.
The main acid was the one having R 0.4), while the total amount
of zcid formed appeaured to be lessFthan that from dimethyl-
arabinose,

Both the arabinose and xylose methyl ethers gave a
carbonyl compound, since a precipitate was obtuined with 2,4~

dimitrophenylhydrazine. This compound contuzined no methoxyl
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group, indicating 2 double elimination to have taken
place.

Degrudation of the disaccharide gave the same lactones
and aclds as the other sugurs but in smaller amounts, the
main acid being the one which predominated among the degrada-
tion products of dimethylxylose,

The ultra-violet spectrz of the degradation products
suggested the presence of a compound (or compounds) possessing
a keto-enol system, which was stable in acid medium, Anet
(121) has isolated and characterised unsaturated hexosones
(XXXV1ll) as by-products in the preparation of 3-deoxy-D-

=

erythro-hexosone frowm difructoseglycine.

HC (OH),

N

o

Q]

7

H COH
CH,OH
(xxxVitt)

Both the ¢is and truns isomers were unstuble in aecld
medium, dehydrating to hydroxymethylfurfural. Nevertheless
it is possible that compounds similar to (XXXV1ll) but contain-
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ing five carbon atoms, are formed in the degradation of these
sugars.

In conclusion, it is obvious that the degradation mechan-
ism is not simple and that several competing reactions must
be taking place simultaneously. However, the evidence obtained
clearly shows the existﬁnce of some mechanism whereby alkaline
erosion of arabinoxylans is not necessariiy arrested at branch-

ing points through position 3 of D-xylose residues,
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Experimentel

Synthesis of 3,4-di-0-methyl-L-arabinose.

Benzyl @ -L-arabinopyranoside (11)
-

L-Arabinose (1)(<0g.) in benszyl alcohol (100ml.) was
cooled in an ice-salt bath and saturated with hydrogen chlo-
ride (bubbled for 20 minutes), On shaking overnight at
room temperature, crystallisation occurred, Ether (200ml.)
was added slowly and the flask and contents left at 50 for 4

hours, The glycoside was filtered off, washed with ether,

and recrystallised from alcohol.
Yield, 18.8g. 0 5

Benzyl 5,4—Q-1s0propyliGene7e—§-arabin0pyranoside (111)

Benzyl-p-L-arabinopyrancside (11) (5g.) was suspended in
dry acetone (250ml.) and shaken vigorously with phosphorus
pentoxide (4 g) for 5 minutes, The acetone was decanted,
the residue washed with acetone (3x10ml.), and the combined
extracts shaken with solid potassium carbonate, After

filtration and removal of the solvent a pale yellow syrup
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was obtained which contained acetone condensation products.
The syrup was dissolved in ether and chromatographed on
alumina, [Elution with ether containing ethanol (5%) yielded
the crystalline isopreopylidene derivative (111).
Yield, 3.1g. WeDss 57

Benzyl73-£—arabinopyranoside (5g.) in dry acetone (250ml.)
was shaken wlth anhydrous cupric sulphate (15g.) and concen-
trated sulphuric acid (0.25ml.) for 24 hours. The acetone
solution was separated, the acld neutralised by passing in dry
ammonia, salls removed by filtration, znéd the solution concen-
trated to a syrup. The syrup was purified as before by
chrometographing on alumina.

Yield, 4.2g. M.ps, 57-58%.
Since this method afforded the better yield it was used in

a larger scale preparation of the isopropylidene compound (111).

Benzyl 5,4—di—g—1sopropylidene-2-9-methylsulphonyl76—L~

arabinopyranoside (1V).

Benzyl 3,4-di-g-isopropylidene75-;-arabinopyranoslde
(111) (10,0g.) was added ﬁith stirring to a mixture which had
been made from dry pyridéne (30ml,) and methane sulphonyl
chloride (3.65ml.) precooled to 10°. After 2 hours at room

temperature the excess of wethane sulphonyl chloride was de-
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composed by the addition of a little water. An excess of
aqueous sodium bicarbonate solution (10%) was then added and
the solution evaporated to dryness, several additions of water
being made to remove the final traces of pyridene, The
residue was extracted with chloroforau and removal of the

solvent yielded the mesyl compound (lV) as a syrup.
Yield’ 10‘ 88 .

Benzyl E—Q—methylsulphonyl76-2-arabinopyranoside (V).

The syrupy benzyl 5,4-di-g-130pr0pylidene-E-Q-methane
sulphonyl-g-L-arabinopyranoside (1v) (L0.8g.) was diluted with
acetone (15ml.) and sulphurie acid (150ml.,1N.) and the solu-
tion refluxed for 3 hours, most of the acetone escaping in
the process. The product, benzyl 2-9-methylaulphonyl75-g~
arabinopyranoside (V) crystallised on cooling and was removed
by filtration, Recrystallisation from methanol-water (3:1),

then from water alone, ylelded the pure compound,

Yield, 7.2g. mep., 128-129°
[cx]D, +170(CZ in chloroform-ethanol(5:1)).
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Benzyl 3,4-di-Q-methyl-Z-Q-umethanesulphonyl

-L-arabinopyranosice (V1)

Benzyl 2-9~methanesulphonylje-&—arabinopyranoside (V)
(7.0g.) was dissolved in dry acetone (30ml.) and methyl iodide
added (60ml.). ‘The solution was refluxed for 6 hours, silver
oxide (12g.) being added in four additions over the first 4
hours. On cooling the silver salts were removed by filtra-
tion and washed with chloroform (3 x 30ml.). The filtrated
were combined and removal of the solvent ylelded a yellow
syrup, OMe, 6.2%. The methylation was repeated six times and
the syrup obtained chronatographed on alumina. tlution with
light petroleum (60—800) - benzene (1:4) yielded a syrup
which crystallised in the vacuum desiccator. Recrystall-
isation from water-ethanol(2:1) afforded colourless crystals,
6.8¢g.

BePs 55-57° [Q(JD, +188° (C,2 in methanol,).
Oke, 19.8%. C H O reguires OMe, 19.7%.
15 22 7
Benzyl 3,4-di-O-methyl-g-L-arabinopyranoside (V1l).

Benzyl j,4-ai—O-metnyl-z-o-methanesuiphonyl76-§-
arabinopyranoside (V1),(6.7g.) in methanol-water (4:1) was
stirred for 48 hours with 4% sodium amalgam (100g.). The
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solution was decanted from the mercury und neutralised by
passage of carbon diloxlde gas., Inorganic salts were removed
by filtration, and the solution concentrated, EX traction

of the solution with chloroform and removal of the dried

solvent left a syrup, 5.1g.
o
[CX] » +221(C,0.6 in chloroform),
D

OMe, 23.,1%. C H O requires OMe, 23.1%.
14 20 5

J94~-Di-O-wethyl-L-arabinose (V11l).

Benzyl 3,4-d1-O-methyl-p-L-arabinopyrancside (V11)(5.1g.)
was dissolved in ethanol (100wl.) and shaken in hydrogen at
atmospheric pressure over 10% palladium-charcoal (5g.) for 48
hours. The catalyst was filtered off and concentration of the
filtrate afforded syrupy 3,4-di-O-methyl-L-arabinose (V111),
JelBe .

[ ] o &
cA » +110 (C,L in water)i
D

OMe, 34.7% CH O requires OMe, 34.8%.
7 145

Arabonamide, The sugar (30mg.) was oxidised with bromine

water for 2 days at room temperature. The lactone was recov-

ered in the usual way anc dissolved in methanol (2ml.)
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saturated with anmonia, After standing at 0° overnight the
solvent was removed to give the crystalline grabonamide, which
was recrystallised from acetone,

M.Psy l53° undepressed on admixture with an authentic

sample,
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Synthesis of 5,4-di-0-methyl-D-xylose.

Methyl-g-D-arabinopyranosice (X)

D-Arabinose (30g.) (1X) was refluxed for 7 hours with
methanolic hydrogen chloride (1%). The sethyl glycoside
crystallised out during removal of the solvent, was filtered
off and washed with methanol (3 x 50ml.). The filtrates
were combined and recycled to yield more crystalline glyco-
side. Recrystallisation from ethanol afforded pure methyl-

(> -D-arabinopyranoside (X)), 24.5g.

m.p., 168-170°. [;x]D, -233° (C,0.77 in water).

Methyl J,4-0-isopropylidene-@-D-arabinopyranoside (x1).

Methyljﬁrg-arabinopyranosiae (X)(24.2g.,) was suspended
in acetone (11.) and shaken with phosphorus pentoxide (16g.)
for 10 minutes, The acetone was decanted, the residue
washed with acetone (3 x 100ml.), and the combined extracts
shaken with anhydrous potassium carbonate to remove any acid,
Filtration and removal of the solvent gave a éhle yellow
syrup which was dissclved in ether and chromatographed on
alumina., tlution with ether containing ethsnol (5%) vielded

the isopropylidene derivative as a colourless syrun, 20.5g.
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[ox] » -200° (€,0.66 in chlorofors.)
D

One’ 15'5%! c H 0 re{,uirﬁs OL‘H » 150550
916 5 >

Kethyl 3,4—0—150propylidene—?-o-methanesulphonyljsng-

arabinopyrenoside (X11).

Methyl 5,4-9-1%opropylldene75-£—arab1nopyranoside (x1),
(20g.) in dry pyriuéna (100ml,) was cocled and treated with
methanesulphonyl chloride (10ml.). After standing overnight
at 40°, the solution was cocled, diluted with water, and the
product crystalliised out spontaneously. Recrystallisation
from alcohol gave clear needle-like crystals, 21.5g.

mep. 138-139° = -184° (c,1.1 in ehloroform)

Oke ,10.,8%, C H O & requires Olle, 10.9%.
3 1018 7

!ethyl—i-o-methanesulphonyljﬁrg-arabinouyranoside (x111).

Kethyl j,4-9-1sopropyliuene-z-g-methanesulphonyl76—g-
arabinopyranoside (X1l)(2l.4g.) was dissolved in sulphuric
acid (500ml.,1N.) @nd acetone (l0Oml.) and refluxed for 4
hours. The cooled solution was neutralised with bariuw
hydroxide and barium carbonate, filtered, and concentrated

to & syrup which crystaillised from alcohol-water (53l) at
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5%, 13,1g.

m.p. 67° -160° (C,2 in chloroform-ethanol
’ [tX]D’ ’ (5:1) ).

OCH ,12.,8%., CH 0 8 requires Oue, 12,8%.
> 7 14 7

¥ethyl 2,J-anhydro-g-D-ribopyranoside (xav).

ZN-sodium hydroxide was added with stivring to methyl-
2—g—methylsulphonyltﬁrg-arabinopyranoside (V) (8.5g.) in
ethanol (25ml.) at 75° until the sclution was permanently
alkaline, Sodium methanesulphonate was filtered off and the
filtrate taken to dryness. ixtraction of the residue with
ethyl acetate (Y x 10ml.), &nd removal of the solvent gave
a colourless syrup which was chromatogrsphed on slumina,
Elution with ether-ethanol (l:1) afforded crystaliine methyl
I annydror3-g-rlbopyranoside, 508

m.p. 48-50°. [Cx]D, -50.5° (C,0.66 in CHC13).

HONEYMAN -0
Hough—ond—dones reportByJ +36,8° for the L isomer,
D =

Olie, 21.4% cénﬁo requires Ole, 21.5%.
8 4

Methyl 4-O-methyl 2,3-anhydro-a-D-ribopyranoside (XV).

Methyl 2,i—anhydro-fS-D-ribOpyranoxide (vi)(Z.0g.) was



dissolved in methyl iodide (40ml.) and refluxed for 6 hours,
silver oxlide (5g.) being addec¢ gradually over the first 4
hours, Silver salls were removed from the cooled solution by
filtration and washed with chloroform (3 x 15ml.). The
filtrates were combined and evaporation of the solvent gave

a colourless syrup wnich partially crystallised on standing

in the desiccator, The methylation was repeated and recry-
stallisation of the product from light petroleum (40-60°)
afforded crystalline methyl Q-O»methyl*2,5—anhydro75-y-ribo-
pyranoside (XV), 2.09g. ) g

B. P T2-75%, [] » -7° (C, 2 in water).

Oke, 33.6% CH 0 requires OMe,38.8%.
7 10 4

Kethyl 3,4-di-O-methyl-g-D-xylupyranosice (xv1).

Nethyl 4-O-methyl-2,J-anhydro-s-D-ribopyrancside (xv)
(2.8g.) was heated in methanol (100ml.) containing sodium
(6g.) for Z4 hours. ‘The solution was concentrated, diluted
with water, and contlnuously extracted with hot chleroform
for Z4 hours, The extract was dried over anhydrous sodium
sulphate, filtered, and evaporsztion of the solvent gave
methyl 3,4-d1-0-methyl-@-D-xylopyranoside (XV1) which recry-
stallised fromw ether-light petrolesum (40-60)(1:1), Z.6g.



m.p. 85-87°. BX]D’ ;680 (C, 2 in water).

OMe, 48.5%, CH 0 reguires OMe, 48,.4%,
8 16 5

3,4-Di-0-methyl-D-xylose (XV1l).

Methyl 3,4-di-0-methyl- -D-xylopyrsnoside (XV1)(2.5g.)
was hydrolysed with hydrochloric acid (50ml.,0.5§) on a
boiling-water bath for 6 hours. Neutralisation of the acid
with silver carbonate, followed by filtration, and evapcration
of the solvent gave syrupy 3,4—di-g-methyl~§-xylose (xXvil),
2,0g.

Bx]D, +12° (C, 1. 5 in methanol).

OMe, 34.8%. CH 0O reguires OMe, 354,8%,
7 14 5

Lactone The sugar (20mg.) was oxidised with bromine water
et 30° for 48 hours, The lactone formed was isolated and
recrystellised frow ether.

m.p. 68%, undepressed on admixture with an authentic

sample,
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Synthesis of 4=0~-p=~D-Xylopyranosyl-D-xylose and

3-0-methyl-4—0—QG-Q-xylogyranosyl)-p—xylcse

2y354-Tri-Q-acetyl-ol-D-xylopyranosyl bromice (XX)

This cowmpound was preperec frow l,%,5,4-telra-0-acetyl-
[p-D-xylose (X1X) by the standard reuctlon using hydrobromic

acld in glacisl acetic acid,

Benzyl-p-D-arabopyranosive (XX11)

D-irabinose (XX1)(50g.) in benzyl zlicohol (300ml.) was
cooled in &n ice-=salt bath znd saturated with hydrogen chloride
(bubbled for Z0 minutes). On shaking overnight at room
temperature crystellisation occurred, Ether (500ml.) was
-added slowly and the flask ana conteants left st 5° for four
hours, The glycoside was filtered off, washed with ether,

and recrystallised from absolute alcohel, 54g.,m.p.171°.

Benzyl-3,4-0-isopropylidene-g-D-arabinopyranoside (XX111)

Benzyl-,3-D-srabinopyrasoside (Xx1l)(53.9e.) in dry

acetone (2.51,) was shaken with anhydrous copper sulphate

~ a2

(150g.) and concentrated sulphuric acid (2.5ml.) for twenty

+

four hours, The acetone sgolution was separated, the acid
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neutralised by passing in dry cmmonis gas, the salts removed

by filtration, «nd the solution concentruted to a syrup, The
syrup was purified by chrowmatographing on activated alumina,
Elution with ether containing 5% ethsnol ylelded the crystall -

ine isopropylidene derivative, 41.2g.

WD 570, [cx]D -209° (C2 in ethanol).

Benzyl 3,4—0—1soprOpylLdena-E-O-methunesulphonyl7s—§-

arabinopyranoside (XX1V)
Benzyl 3,4—0-1soaropylidenejﬁ~D-arabin0pyranoside (%Xx111)

(4lg.) was added with stirring to a mixture which hud been
made from pyriééne (125ml,) and wmethanesulphonyl chloride
(11.5m1.) precooled to 10%  After two hours at room temper-
ature the excess of methanesulphonyl chloride was decomposed
by the sddition of a4 littie water, An excess of gqueous
sodium bicarbonate solution (10%) was then adced and the sol-
ution evaporated to dryness, severasl u«duitions of water being
made to remove the last traces of pyridene, The residue was
extracted with chloroform snd removal of the solvent ylelded

the mesyl derivutive as & syrup, 5Zg.

Benzyl Z-O-methanesulphonyl-@-D-arabinopyruncside (Xxv).

The syrupy benzyl 5,4-0-isopropylidene-Z2-0-
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methanesulphonyljﬁ-g-arablnopyranoside (52g.) was diluted with
scetone (60ml,) and sulphuric acic (750ml.,1N.), and the
solution refluxed for three hours, most of the ucetone escep-
ing in the process, The product, benzyl Zs0-methunesulphonyl-
2=-D-arabinopyrunoside, (XXV), crystalllsed on cooling and

was removed by filtration. Recrysteliisation from methanol-
water (3:1), then from water alone, yielded the pure compound,
30.6g.

m.p. 128-1299, [e<] » -186°, (C,3.2 in chlorofori-
D ethanol,5:1).

Benzyl Z,J-anhydro-g-D-ribopyranoside (XXV1)

Z2N-Sodium hydroxide was added with stirring to benzyl
Z-0-methenesulphonyl-A-D-arabinopyranoslde (XxXV) (30.5g.) in
ethanol (80ml.) «t 75° until the solution was permanently
alkaline, Sodium methanesulphonate wus filtered off and the
filtrate was taken to dryness, The residue was extructed
several times with warm ethyl acetate, and after removal of
solvent the resulting solid was recrystallised from light
petroleunm (60-80°) to glve benzyl 2,35- anhydro-@-D-ribopyrano-
side (XXV1) as long coulourless needles, (18.4g.).

mepe 75-76°, qun,-58°(0,0.66 in chloroform).

12 14 4
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Benzyl 2,3-anhydro-4-0-(2,3,4-tri-O-zcetyl-@-D-

xylopyranosyl)-B-D-ribopyranoside (XXV1l)

Benzyl 2,3-anhydro-g-D-ribopyranoside (18.2g.),
freshly prepared silver carbonate (352.5g.) and "drierite"
(L00g.~dried for three hours at 240°) were shaken overnight
in dry benzene (250ml,). After addition of iodine (6g.),
2,3,4-tri-o-ucetquyhgfxylopyranosyl bromide (XX)(27.6g.) in
benzene (250m1.) was ;daed slowly with stirring during one
hour. The mixture was shaken in the dark for three days (with
occasional release of carbon dioxide); the benzene solution
then gave no opalescence with ethanolic silver nitrate. The
filtered solution was concentrated to & syrup which was chroma-
tographed in benzene on alumine, and elution with light
petroleum-benzene (1:1) furnished benzyl 2y 5-anhydro-4-0-
(2,5,4-tri-0-acetyl75-£-xylopyrunosyl)TB—E—ribogyranoside
(Xxvil), (9.1g.) The compound was recrystallised from light
petroleum-ethanol (Z:1).

m.p. 131-132°, B;JD,-43°(C,O.66 in chlorofornm).

FPound ¢ C,56.7%; H,5.7%. C H O reguires C,57.6%; H,5.8%.
23 28 11

Benzyl >-0-methyl-4-0-(@-D-xylepyranosyl)-G-D-

xylopyrenoside (XXX)
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The disaccharide epoxide (XXV1l)(6g.) was refluxed in
methanol (180ml.) conteining sodium methoxide (13.9g.) for 24
hours, and the cocled solution was diluted with water, neutra-
lised with N-sulphuric acid, and evaporated to dryness., The
residue was extracted with hot acetone giving syrupy benzyl
3-9-methyl—4—9-(fs—g-xylppyranosyl)TS-S-xlepyrunoside (xXxx)
(3.8g.)

[C*]n’ -115° (C,2 .0 in water),
Found : OMe,8.1%, C H 0O reguires Ode,8.0%.
18 26 9
Acetylation of the benzyl glycoslide gave benzyl 2-0-

acetyl—}—o—methyl—4—0-(2,5,4—tri-0—acetyl76-P-Xylopyranosyl)
76—p-xylopyranoside,

mep. 154-156°, BXJD’ -101° (¢,0.66 in Chloroform).

Found s C,56.3% ; H,6.0% ; OMe,5.6%.

C H 0 requires C,56.4% ; H,6.1% ; OMe, 5.6%.
26 34 13

Methylation of the benzyl glycoside gave benzyl Z,3-di-
O-methyl-4-0-(2,j,4—tri—O—methyl7@-p-xylopyranosyl)76-9-

xylopyranoside,
MePe 88—900, Eﬂj g -80° (0;0.4 in chloroform),
D
Found 015908% H H,7c5% H 0!9,35:0%-

C H O reguires C,59.7% ; H,7.7% ; OMNe,35.1%.
22 34 9



Hydrolysis of the benzyl glycoside (XxXX)(75mg.) with j§-
sulphuric scid at 100° for 4 hours, followed by neutralisatiom
with barium carbonate gavé two sugar components which were
separuated chromatographically using scolvent A, The sugars
were characterised as

a) J-0-methyl-D-xylose by formation of the phenylosazone,
m.p. &nd mixed m.p. 170°,

b) D-xylose by conversion into the di-QO-benzylidene
dimethylacetal, m.p. and mixed m.p. 211°, [EXJD’ -9°
(C,0.66 in chloroform,)

Chromatography of the periodate oxidation products of the
3-0-methylxylose fraction showed no methoxymalondialdehyde

which would be formed from z-Q-methylarabinose,

B-O-Rethyl—d-o-QS-E-xlepyranosyl)-g-xylose (xxx1).

Benzyl 5~9—methyl—4-9-(ﬁ3-E-xyLOpyranosyl)731}-
xylopyranoside (XXX)(3.1g.) was dissolved in ethanol-water
(120ml.) and shuken in hydrogen at atmospheric pressure over
10% palladium-charcoal (3g.) for 48 hours. The catalyst was
filtered off and concentration of the filtrate afforded chroma-
tographlcally pure syrupy 5-0—mathyl-4-0—(/3—Dwxlepyranosyl)-
D-xylose (XXX1), 1l.98. A 3 §

" E?JD' -18° (C,2.0 in water).
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Found : OMe,10.,4%., C H O requires OMe, 10.5%.
11 20 9

Ryylose’ 0.61 in solvent C.

Benzyl 4-9-(/3-E—xlepyranosyl)73~Q—xylopyranoside (xxv1l) .

The compound (XXV1l), benzyl 2,3-anhydro-4-0-(2,3,4-tri-
g-acatyl75-g-xylopyranosyl)73—£-r1bopyranoside (1g.) was
heated in ZN-sulphuric acid (50ml,) on a boiling-water bath
for 16 hours. The cooled solution was deionised with Amberlite
resins 1R-120(H) and 1R-45(0H) and concentrated to give syrupy
benzyl 4-9-Qﬁ-g-xlepyranosyl)73-g-xy10pyranoside (xxvi11),
0.81g.

[CXJD, -120° (C, 1.6 in water).

The benzyl glycoside was chromatographically homogeneous
(nylose 1.58 in solvent C), and hydrolysis gave xylose alone,
Methylation with methyl sulphate and sodium hydroxide afforded

the pentamethyl ether, m.p. and mixed m.p. 88-90°.

4-0-3-D-xylopyranosyl-D-xylose (Xx1X) .
= = =

Benzyl 4—0—QG-D-xyIOpyrannsyl)76-D~xylopyrunos1de (xxv1ill)
(0.6g.) was dissolved in ethanol-water (25ml.) and shaken in
hydrogen &t atmospheric pressure over 10% palladium-charcoal

(0.6g.) for 48 hours. The catulyst was filtered off and
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concentration of the filtrate gave a syrup (0+4g.) which cont-
ained xylobiose (nylose 0.31 in solvent C) and a trace of
xylose. Chromatographically pure 4-976-E-xylopyranosyl-2-
xylose (0.22g.) was isolated after separation on filter sheets
using solvent C,

EXJD’ -22° (¢, 2,0 in water),

The disaccharide was characterised by coﬁversion into the
phenylosazone, identified by m.p. and mixed m.p. 207° (dec.),
@g]D, -6° (5 min.) - -50°(24 nours, const.) (C,0.7 in
pyridene-ethanol (7:3)), and by x-ray powder photograph.



162,

Alkzline Degradation of Model Compounds,

Degradation of 3-0-methyl xylobiose.

The sugar (1lOmg.) was dissolved in oxygen-free sodium
hydroxide (5ml. ; 1N.) under an atmosphere of nitrogen. S amples
were withdrawn at 2 hour intervals, deionised with 1R-120(H)
resin and concentrated to syrups, which were chromatographed
in solvent B. The chromatograms were sprayed with spray A
and the presence of xylose was detected in every sample.
Xylose production increased with time while the amount of dis-
accharide present decreased., After 6 hours approximately
two-thirds of the disaccaride originally present had been
destroyed and xylose production appeared near its maximum.

The disaccharide had nylose 0.61 in solvent C but ran
at almost the same rate as xylose in solvents A,D and F. A
good resolution of the two was obtained by electrophoresis
using & borate buffer.

The disaccharide (1 00mg.) was treated with oxygen-free
N-sodium hydroxide solution (20ml.) at room temperature for
6 hours and the solution then deionised with 1R-120(H) resin,

The solution was evaporated to a syrup under reduced pressure,

the recelver being cooled with ice to trup volatile products.
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Methanol was characterised in the first few drops of distill-
ate by :

a) oxidation to formaldehyde, identified by formation of the
dimedone derivative, m.p. 1890, undepressed on admixture with
an authentic sample.

b) conversion to methyl iodide, identified by its infrared

spectrum.

The fesidual syrup was chromatographed on Whatman 3MM
filter sheets using solvent B and a pure sample of xylose

obtained.

Di-0-benzylidene dimethylacetal., The sugar (30mg.) was dissol-

ved in methanolic hydrogen chloride containing benzaldehyde
(1ml.) After 7 days the derivative crystallised. m.p. 2100,

undepressed on admixture with an authentic sample.

Acid Production.

3s4-di-0-methyl D-xylose (100mg.) and 354-di-0-methyl
L-arabinose (100mg.) were degraded by N-sodium hydroxide in the
;sual manner, & blank alkali solution being run simultane-
ously. At intervals the alkali remaining was measured by
titration with standard 0,5 N-hydrochloric acid, and the acid

formed during the degradations calculated.
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Me Ara - 1.3 moles of acid formed per mole of sugar
2

ne xyl - 1.1n n n n n L " n 4]
2

Heating of the reaction mixtures to 100° failed to increase

acld production.

Ultra-viclet spetra.

The degradation products of all three model compounds
were examined spectrophotometrically. Dimethyl-xylose and
dimethyl-arabinose gave the samwe spectrum (Figure 4) which
differed slightly from that of wmonomethyl-xylobiose (Figure 5).

FIGURE & e A FIGURE 5
A s \ DAlkali
A ) N\ @Acid
I l OPT. S
ho DENSa \\ /f/
DENS, .
N
\\®
\ ~
244/,. '26';“ . Sy 2 —— 5 ‘ze?u
In all three cases absorption mexims were obtained at 2 @/&

in alkaline solution, On acidifying the solutions these peaks
were immediately replacea by lower peaks at 24%g1n the case of the
two dimethyl sugars, and by a higher peak at 222p in the case of
disaccharide, When the solutions were made alkaline again the
original peuks reappeared. In both media the peuks were stable
over 21 days.
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a
Chromtographic examination of degradation products,

Samples of all three model compounds were degraded with

N-sodium hydroxide in the manner already described, and the

products obtained were investigated by paper chromatography

using solvent B,

Various sprays were used in an attempt to

characterise as far as possible the »roducts formed, The R
F
values of the various products from eazch sugar are shown in
TableXl .
Table X1.
Spray Me Arabinose Me xylose 5Me xylobiose,
Z 2
(lactones) [0.54;0.37 0.5430.37 0,5430,37.
D
0208,
E
(acide) 0.49;0.43;0.28 | 0.4930.43;0.37 0.43;0.&5;0.45;
0.28.
F
(unsaturated] 0.49;0. 20 C.49 0,42 ‘0. 28
compounmds

Addition of an alcoholic sclution of Z,4-dinitrophenyl-
hydrazine to solutions of the degradation products of the

dimethyl sugars gave orange precipitates on standing, which

had zero methoxyl contents.
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