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A xylan fraction from Norway spruce (Ficea excelsa) was isolated

from solvent-extracted, delignified spruce sawdust with 10" sodium

hydroxide after exhaustive extraction with hot water and normal sodium

hydroxide. The xylan fraction, containing uronic anhydride (18-9 )
was found upon hydrolysis to yield xylose (62.7 ), mannose (12.7') and

glucose plus galactose (6.8%). The xylan fraction was hydrolysed

and the acidic fraction wa3 separated by thick paper chromatography.

The reduction and hydrolysis of this acidic fraction yielded 4-0-

methyl-D-glucose, xylose and a trace of glucose. The hydrolysate of

the methylated xylan was separated on a cellulose column and the

following products were obtained: 2:3:4-tri-0-methyl-D-xylose (1.03%)

2:3-di-O-methyl-D-xylose (69.21%), 3-0-methyl-D-xylose (8.42 -) and an

acidic fraction [calc. as tetramethyl aldohiouronic acid](21.32%).
The main component of the acidic fraction was found to he 3-0-methyl-

2-0-(2:3:4-tri-0~methyl-D-glucopyrurono syl)-D-xylese. Prom these

results and a molecular weight determination, it is proposed that a

probable structure for the spruce xylan is a molecule of approximately

one hundred sugar residues with a backbone of D-xylose residues

linked 0,1-4 and with single 4-0-methyl-D-glucuronic acid residues

attached to the main xylose chain through carbon two; there being

approximately one acid residue per five D-xylose residues.

A xylan was extracted from oak heartwood with normal sodium

hydroxide by Dr. R.A. Laidlaw, Forest Products Laboratory. Previous

work on the xylan was carried out by Dr. J. Bandstrom in this Chemietr;

Department and he obtained the following products from the hydrolysat<

of the methylated xylan: 2:3:4-tri-D-methyl-D-xylose (0.2%), 2:3-di-

0-methyl-D-xylose (86.5%), 3-*>-®ethyl-D-xylose (3.8%), and a tetra-

Use other side if necessary.



methyl aldobiouronic acid (9.5',")» A sample of this methylated xylan

was reduced and remethylated, and separation of the hydrolysate on a

cellulose column gave the following products: 2:3i4:6-tetra-D-methyl-

B-glucose (2»72^), 2:3:4-tri-jO-methyl-D-glucose (4.90$), 2:3!4-tri-0-

methyl-D-xylose (0.25/'), 2:3-di-0-methyl-D-xylose (85• 09/ ) » and

3-0-methyl-B-xylose (6.96?') • On the basis of these results it appears

that the oak heartwood xylan consists of approximately 100-110 D-xylose

residues, linked 0,1-4, with a glucuronic acid residue attached to the

main xylan chain through carbon two; there being approximately one

acid residue per ten B-xylose residues. Due to the small quantity

of 2:3s4—tri-0-methyl-D xylose, and the slight excess of methylated

glucoses, it is suggested that some of the xylan molecules may be

terminated by uronic acid residues instead of D-xylose residues.

A study of the alkaline degradation of xylobiose (p,1-4) and

xylotriose (0,1-4) in an oxygen-free atmosphere was found to produce

2:4-dihydroxy-2-hydroxymethyl butanoic acid among the degradation

products. however, the quantity of lectonizable aciu produced in

the degradation of xylobiose and xyiotriose indicates that the

degradation of 0,1-4 linked compounds may include mechanisms other

than that previously suggested. An alkaline degradation of a
*

xylan was found to produce 2:^-dihydroxy-2-hydroxyrne thyl butanoic
(

acid and a second unidentified acid which appeared to be a reversion

product.
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INTRODUCT ION

The cell walls of plants consist principally of cellulose,

a glucosan containing 1:U linked 3-glueopyranose residues.

These cellulose macromolecules are arranged in bundles, each

molecule aligning itself toy hydrogen bonding. Most plant

cells, however, contain material other than cellulose.

Usually, the cellulose is embedded in a mixture of lignin and

polysaccharide material with varying amounts of pectic

substances and lipids. These polysaccharides, found in plant

material, are most often called hemicelluloses and are usually

extractable toy dilute alkali. In general, these alkali-

soluble polysaccharide fractions contain a number of different

polysaccharides whose molecular structures may consist of

D-xylose, D-mannose, L-arabinose, D-galactose, L-rhamnose,

D-glucuronic acid, U-O-methyl-D-glucuronic acid and possibly

D-galacturonic acid residues.

It was Poumarede and Figuier (1) who first observed that

alkali would extract a substance from wood. However, F. Kock

(2) first described xylose from such an extraction and shortly

thereafter Wheeler and Tollens (3) obtained xylose by acid

hydrolysis of a beech wood extract. They proposed a formula

for the parent xylan of (C5H8°^)n and for xylose 0^*1^0^.
This has been proved correct (U)(5).



Before removal of the polysaccharide material from the

plant tissue , certain factors must "be considered. The

condition, particle size, and moisture content of the plant

tissue can influence the alkaline extraction of the poly¬

saccharides (6). If green or freshly cut tissue cannot "be

used, rapid drying of the sample at low temperature or de-

watering in alcohol or acetone is preferable. Lipids and

resins must "be removed. The aseotrope of ethanol and

"benzene is usually chosen for this since it will penetrate

the tissue well "but does not remove the carbohydrate material.

The removal of pectin or pectic substances involves treatment

of the material with aqueous ammonium oxalate, although this

may result in small losses of hemicellulosic material.

Lignin, particularly in woods, may constitute a considerable

portion of the rton-celluloslc material in a plant, and, being

partially soluble in alkali, it is desirable to remove it

prior to alkaline extraction of the polysaccharides.

Unfortunately it seems to act as a glue holding the tissue in

a rigid structure and one suspects that a chemical bond

exists with the carbohydrate material. Some workers have

offered evidence for this. They have shown that when the

lignin content of the wood was reduced below 3%t employing

sodium chlorite (7)(8), an appreciable portion of the
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hemicelluloses were removed in the wash waters. Again, the

removal of lignin produces increased solubility of the

polysaccharides upon alkali extraction (9)(10). Ploetz (11)
found that isolated lindenwood hemicelluloses were readily

digested "by the juices of the snail Helix pomatia. "but in the

cell wall they were extremely resistant to such enzymatic

hydrolysis. These facts seem to offer no real proof of a

chemical bond between lignin and polysaccharide but rather

seem to indicate their very close association in the

structure of the plant.

The removal of lignin was formerly carried out by a

chlorination process. The subsequent removal of the

oxidised or chlorinated lignin was accomplished by dilute

aqueous solutions of sodium or calcium hydroxide, or cold

ammonium hydroxide (12)(13). Although the chlorine

oxidizes the lignin, it may also cause degradation, and the

aqueous alkali treatment may remove small amounts of

polysaccharide.

One early method for selective removal of lignin was used

by E. Schmidt and his co-workers (1h). This involved a

prolonged chlorine dioxide treatment of the plant material in

pyridine and water. Another selective removal technique (15)

employs treatment of the ground plant material at 75° with
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water, chlorine, ethanol, and a 3;o solution of ethanolamine

in ethanol until the residue remains uncoloured on addition

of the ethanolamine solution. (This residue is most often

referred to as holocellulose (15)). A third selective

technique was developed "by Jayme (8) and Involves an immersion

of the microtcmed plant tissue in a solution of sodium

chlorite and acetic acid. The temperature employed is 60°

and the chlorite treatment may "be repeated several times.

Wise (7)(16) has improved and shortened this process to a

four hour cook with hourly additions of sodium chlorite (30;

on weight of wood) and sodium chlorite (1 ml./10g. wood).

This method leaves 2-k% of the lignin in the wood and it is

claimed that carbohydrates are quantitatively retained.

This method appears to "be most often used for wood delignification.

However, Harwood (17) has studied the delignification of wheat

straw with sodium chlorite and acetic acid and reports that the

chlorite liquors contained polysaccharide material. This is

not unexpected since his reaction times were from three to nine

hours, which for delignification of a straw is too long. The

use of sodium chlorite solutions for delignification may cause

some oxidation of the reducing groups of the polysaccharides in

the plant tissue, "but there is no evidence as yet that any

sission of the polymer chain occurs. However, this sodium
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chlorite oxidation has "been successfully applied to the

quantitative measurement of glucose.(18-20).

Xylan extraction most often employs the use of sodium or

potassium hydroxide, in concentrations normally up to 10% "but

in some instances higher. An extraction in k% sodium

hydroxide at room temperature for 12-48 hours is most often

used. This is usually carried out in a nitrogen atmosphere

to avoid any alkaline oxidation. Water, cupriethylenediamine

and aqueous sodium and potassium carbonate solutions have also

"been used as extractants. Another approach used "by Bjorkqvist

and Jorgensen (21) is to swell the cellulosic plant material

with liquid ammonia and extract the polysaccharide material

with cold or warm water.

The use of these extractants does not guarantee a

homogeneous product, i.e. a xylan, and the isolation of a

homogeneous polysaccharide has become a major problem to all

workers. Not only is isolation of a homogeneous polysaccharide

difficult due to the presence of polymers similar chemically

and physically (mannans, arabogalactans) but each homogeneous

polymer appears to exist in plants in varying degrees of

polymerisation.

Schulze (22), Preece (23), and O'Dwyer (2U) in particular,

have carried out extensive studies on alkali extraction with

neutralisation to pH h-5 of the extraction liquor. Fractional
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precipitation of the hemicellulosic material is accomplished

"by the addition of ethanol or acetone; and every worker

appears to carry out a variable fractional precipitation scheme most

suitable to his plant material#

Another polysaccharide purification technique, often used

with some success, depends on their ability to form insoluble

complexes with copper ions (25)# Fehlings solution, cuprammon-

lum, and copper sulphate with glycerine (26) have been found

to produce insoluble xylan complexes which can be easily

Isolated and decomposed to give a free xylan. This complexing

procedure usually has to be repeated several times to free

xylan from its contaminants, i.e. arabans. Another

purification method is to fractionally precipitate the

polysaccharide material by additions of ammonium sulphate.

A careful fractionating study on hemicelluloses from lima bean

pod and maize cob has been carried out on the hemicellulosic

acetate, propionate and butyrate (27). Fractional solvation

was accomplished using a chloroforai-acetone mixture (1:1),

Hope for such a technique is based on the fact that hexosan

triesters, if not too high in molecular weight, are usually

more soluble in organic solvents than xylan esters. Thus,

organic solvent extraction and regeneration of the polysaccharide

from the insoluble ester fraction should increase the xylan

content.
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XYLAN STRUCTURAL WORK

Although the early workers proposed the correct empirical

formulae for xylose and xylan, they did not offer a correct

structure for the molecule (L)(28). Hampton, Haworth and

Hirst (29) in 1929 produced some enlightening facts in their

study on a xylan isolated from esparto grass. By methylating

the xylan, hydrolyzing it to its various methyl glycosides, a

90% yield of methyl 2:3-di-O-methyl-D-xylopyranoside was

obtained by high vacuum distillation thus suggesting that the

major portion of the xylose residues in the polymer chain were

linked either 1,1+ or 1 ,5. The high levo rotation of the xylan

indicated that the linkage was probably by (3-glycosidic bonds.

These workers favoured a pyranoid structure for the xylan in

view of its comparative stability. Two years later, Haworth

and Percival (30), employing an acetolysis and deacetylation

procedure on methylated esparto xylan obtained a partly methylated

xylobiose. The deacetylated product was oxidized with bromine

water, methylated and then hydrolyzed to the methyl ester of

hexamethyldixylobionic acid. Aqueous acid hydrolysis of this

gave 2:3:U-tri-0-methyl-D-xylopyranose, and 2:3s5-tri-O-methyl-

D-xylono (1 ji4-)lact0ne. These products show that carbon 5 took

part in the ring formation and that carbon k was linked

glycosidically to another xylose residue, giving a structure



thus,

1ST"
H OH

In 1934, further examination of the hydrolysate of a

methylated esparto xylan (31) revealed the presence of a small

quantity of 2:3: 5-tri-O-methyl-L-arebinose and a mono-0-me thy1-

D-xylose in the approximate ratio of 1:1, with a total arahinose

content of 6%, These two methylated products would suggest a

xylan which has single arahinose residues attached to the main

chain. Then Bywater, Haworth, Hirst, and Peat (32) found that

mild acid hydrolysis would remove the arahofuranose residues

from the esparto araboxylan without disturbing the main chain.

Methylation of the arabinose-free xylan yielded 2:3:4~tri-0-

methyl-D-xylose equivalent to one non-reducing group per 18-19

D-xylopyranose residues. The quantity of 2-raono-O-methyl-D-

xylose isolated was equal to the trlmethyl xylose. This was

accounted for by assuming a laminated structure.

X1 -i+X1 — * * -^x1 -l+x1 ~^1 ~2+X1 ~^X1 ~ * * * Ux
I

Xf • • -4xi -u.xr •
f

.jsttSL.
H OH H
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With this classical structural work on esparto xylan

leading the way, and y/ith the advent of cellulose chromato¬

graphy, and later ionophoresis, interest and work on the

structural features of various xylans greatly increased.

Today, we find in the literature xylans consisting of

1) D-xylose, 2) D-xylose and L-arahinose, 3) D-xylose and

uronlc acid, k) D-xylose, L-arahinose, and uronic acid; yet

it is not thought feasible to classify xylans at the

present time.

A xylan (33) from esparto grass was the first to receive

a careful structural examination employing partition chroma¬

tography on cellulose for separation of the methylated xyloses.

Alkali extraction followed by repeated copper complex

fractionation produced a material which gave only xylose upon

acid hydrolysis. Methylation of this xylan, followed by

hydrolysis and separation of 2:3:4-tri-0-methyl-D-xylose,

2:3-di-0-methyl-D-xylose, and 2-0-methyl-D-xylose on a

cellulose column enabled the workers to propose the following

structure.

-. • -x1 -J+x1 -i)X1 • •
3
l

The position of the above single branching point is not known.
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Molecular weight determinations indicate that the degree of

polymerization is approximately 80. The fractionation of the

above xylan has "been repeated by Ehrenthal, Montgomery and

Smith with similar results (34)*

The arabinose-rich fraction of esparto grass has also

been investigated. Aspinall and Moody (35) found that the

L-arabofuranose residues were present as side chains attached

to a main chain of 1D-xylopyranose residues at on the

xylose residue but it would appear that this xylan has a

highly complex structure.

Whistler and Tu (36) using the method of partial hydrolysis

were able to prepare a series of oligosaccharides from the

xylan of maize cobs. Crystalline xylobiose upwards to the

heptasaccharide were obtained. Separation was accomplished

chromatographically on charcoal-celite columns and the individual

sugars have been studied in detail. Prom their results, it is

clear that these oligosaccharides form a homologous series,

in which each sugar contains one additional xylose residue,

the linkages throughout being of the 1,k-fi type.

A study of the water-soluble material in wheat flour by

Perlin (37) revealed a polysaccharide complex. This could be

divided into a pentosan-rich and a hexosan-rich fraction by

acetylation and precipitation. Examination of the pentosan-

rich fraction showed a series of highly branched pentosans
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containing D-xylose and L-arahinose residues. Graded hydrolysis

resulted in a residue of D-xylose units principally. Prom

perlodate oxidation studies on the graded hydrolysis sample in

conjunction with a methylation study on the original araboxylan,

Perlin concluded that the straight chain D-xylose residues were

linked 3-1 ,1+ and that single L-arahofuranose residues were

attached to D-xylose residues in the main chain. Isolation of

D-xylose as well as 2-0-methyl-D-xylose in his methylation study

suggested that some of the D-xylose residues had two L-arahinose

residues, attached at Cg and and other D-xylose residues had
only one L-arabinose residue, attached at Cy A degree of
polymerization of approximately 300 was found.

More recently, P. Smith and R. Montgomery have investigated

the water-soluble portion of wheat endosperm (Gramineae)(38)

and also the "squeegee" fraction of wheat starch (39). The

arahoxylans here were found to he similar to Perlin* s.

Methylation and hydrolysis of "both these materials gave rise

to 2:3:5-tri-O-methyl-L-arahinose, 2:3-di-Q-methyl-D-xylose,

2-0-methyl-D-xylose, and D-xylose. The wheat endosperm

arahoxylan yielded these products in the molar ratio 13s 19:6:J+,

and wheat starch arahoxylan gave these products in the molar

ratio 1k:2k:7:k»

Xylans which contain a uronic acid have most often "been

found in the conifers and Dicotyledons. The uronic acids
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associated with xylans have "been to date D-glucuronic and

h-O-methyl-D-glucuronic acid. The hemicelluloses of

hardwoods appear to contain a larger proportion of xylan than

those of softwoods. Some of the woods whose xylan

constitution has "been investigated, with varying thoroughness,

are Scots pine (Pinus sylvestris), "black spruce (Picea nigra),

"beech wood (Fagus sylvatica), aspen wood (Populus tremuloides),

Eucalyptus regnans, "birch wood (Betula verrucosa), elm (Ulmus

davldiona ver. .japonica).

I. McDonald (40) extracted a beechwood xylan whose

structure has "been investigated "by Aspinall, Hirst, and Mahomed

(M). The xylan consisted of a linear chain of ca. 70, l,h-

linked D-xylopyranose residues with approximately every tenth

xylose unit carrying a i|~0-methyl-D-glucuronic acid residue,

linked as a single side chain through position 2, thus

| U.A. = Uronic Acid
U.A.

This was indicated from methylation studies which gave rise

to 2:3: i+-tri-0-methyl-, 2:3-di-0~methyl-, and 3-0-methyl-D-

xylose, and a tetra-O-methyl aldobiouronic acid in the molar

ratio 1:60:7*7. 2:3:h-tri~Q-rnethyl-D~glucose and 3-0-methyl-

D-xylose was obtained by reduction with LiAlH^ and hydrolysis
of the tetra-0-methyl aldobiouronic acid. Further methylation
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of the original tetra-Q-methyl aldobiouronic acid with subsequent

reduction and hydrolysis produced 2:3:U-tri-0-methyl-D-glucose,

and 3: Lt-di-O-methyl-D-xylose. All the uronic acid residues in

the unmethylated xylan were found to be 4-0-methyl-D-glucuronlc.

The xylan from New Zealand flax (Phormlum tenax) (U2) closely

resembles the beechwood xylan in that an acid residue is linked

to every tenth D-xylose residue in the xylan. The uronic acid

residue is believed to be ©-glucuronic. Further study of the

acid fraction, obtained by hydrolysis of the methylated xylan

has enabled the isolation of an aldotriouronic acid. Nitric

acid oxidation of the methylated aldotriouronic ester gave a

mixture which on esterification and distillation proved to be

dimethyl meso-xylodihydroxymethoxyglutarate, the methyl ester

of 2,3»tri-O-methyl saccharo-6-lactone, dimethyl dimethoxy-

succinate, and a syrup believed to be mainly dimethyl xylo-

hydroxydiraethoxy-a-glutarate. On the basis of these products,

and having obtained 2:3-di-0-methyl-D-xylose upon further

hydrolysis of the methylated aldotriouronic acid, the workers

concluded that the acid residue consisted of one D-glucuronic

acid residue and two D-xylose residues. They then proposed

that one of the D-xylose residues was linked through positions 1>

2, and k and the other through positions 1 and bt as follows:

-X1-i|X1LJlX^,,X-kp "V
'l

uJA.!

Aldotriouronic Acid
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It would appear, however, that if the aldotriouronic acid

was linked

i
U.A.

the same products would have been

obtained upon nitric acid oxidation, and upon further

hydrolysis of the methylated acid residue.

Geerdes and Smith ('+3) have extracted from flax straw

(Linum Usitatissimum) a branched chain, U-O-methyl-a-

glucurono-L-rhamnoxylan. When this xylan was methylated

and hydrolyzed it yielded 2:3:i}.-tri-£-raethyl-D-xylo8e,

2:3-dl-O-methyl-D-xylose, 2-0-methyl-D-xylose, 3-0-methyl-D-

xylose, 2:2+-di-0-methyl-rhamno8e, 2s3sU-tri-0-methyl-D-

glucuronic acid in the molar ratio 1:105:2:15:2:15* They

suggest that a single residue of 4-0-methyl-D-glucuronic acid

is attached as a side chain through carbon 2 of a xylose

residue in the main chain and that L-rharanopyranose residues

are an Integral part of the main chain.

It is interesting to note that Japanese workers have

reported a xylan obtained from elm (iji*) which has side chains

attached to xylose residues in the main chain consisting of a

D-xylose residue and an uronic acid residue linked similarly

to that of New Zealand flax.

The pear cell wall xylan examined by Chanda, Hirst, and

Percival (U5), employing the usual methylation procedures, was
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found to have a structure of 115 (* 5) D-xylopyranose residues,

linked 0-1,4 with a single "branching point (ref. esparto xylan).

The D-glucuronic acid found was less than 1%.

Much of the work done today on xylans employs partial

hydrolysis techniques, and the separation and identification

of the various fragments. Gerrod and Jones (46) by partial

hydrolysis of the extractive free wood of Scots pine and black

spruce have Isolated with the use of ion exchange resins

2-0-(4-<)-methyl-D-glucuronosyl) -D-xylose, 4-0-methyl-D-glucuronic

acid, and D-galacturonic acid. Scandinavian workers (47) have

isolated the same aldobiouronic acid by partial hydrolysis of

an alkaline extract of delignified birch wood. Eoudier and

Eberhard (48) have isolated the uronic and aldobiouronic acids

from sea pine wood (Pinus pinaster Soland). These appear to

be methyl glucuronic, glucuronic and galacturonic acids.

Among the xylans containing uronic acid is a xylan

extracted from wheat straw (49). The alkali extraction of the

delignified straw gave a material which, upon copper complexing,

contained D-xylose and L-arabinose. However, hot 70$ ethanol

extraction of this removed all but a trace of arabinose

suggesting that an araban was a contaminant in the xylan.

Methylation studies on this xylan Indicated a straight chain of

40-45 D-xylopyranose residues, 0-1,4# with a single D-gluco-

pyranuronic acid residue linked as a side chain through C^.
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Jones' aspen wood studies (50) also indicate

hemicelluloses containing D-galacturonic acid and 4-p-methyl-

D-glucuronic acid as side chains. His investigation of

loblolly pine (51) approached via the partial hydrolysis

technique produced an aldobiouronic acid composed of D-xylose

and h-O^methyl-D-glucuronic acid.

Polysaccharides containing D-xylose, L-arahinose and a

uronic acid(s) are often found in cereal plants and other

Monocotyledons. Among these, wheat straw, wheat leaf,

wheat bran, wheat flour, maize cobs, maize fiber, and oat

straw have been investigated by carbohydrate workers.

Adams, in Canada, was the first to indicate the structural

features of the xylans found in the lignified tissues of wheat.

His methylation studies on a wheat straw xylan (52) produced

2:3:5-tri-0-methyl-L-arabinose, 2:3-di-0-methy1-D-xylose,

and 2-0-methyl-D-xylose in the molar ratio of 1:5:1•

addition, an aldobiouronic acid was obtained which proved to be

2-0-methyl-3-0-(2:3:U-tri-0-methyl-a-D-glucurono syl)-D-xylose.

He thus proposed a structure, supported by periodate oxidation

and reducing power, of 32 D-xylose residues, linked f3-1 ,U» in

a chain to which 5 L-arabinose and 3 D-glucuronic acid residues

were attached as single side groups by 1,3 glycosidic bonds.

Bishop (53) has confirmed the C, attachment of the uronic acid
5

to the main xylan chain.
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Roudier*s investigation of a wheat straw xylan (54) gave a

chain of 41 D-xylose residues with one L-arahinose and one

uronic acid residue as side chains. Meek*s wheat straw xylan

(55) gave 35 D-xylose residues hy end group analysis and 70 by

isothermal distillation, suggesting one branching point as in

esparto xylan. Both Roudier and Meek found evidence of a

mono-methyl-D-glucuronic acid and a D-glucuronic acid.

Shrenthalm, Montgomery, and Smith (56) extracted a wheat straw

xylan which yielded upon methylation and hydrolysis 2:3:5-tri-

O-methyl-L-arabinose, 2:3s4-tri-0-methyl-D-xylose, 2:3-di-0-

methyl-D-xylose, 2-0-methyl-D-xylose, and 2:6-di-0-methyl-D-

glucose but no uronic acid residues.

A wheat leaf xylan (57) isolated by Adams with alkali

extraction of the holoeellulose, has been found to contain a

main xylan chain of 30 D-xylose residues to which three

L-arabinose residues and one D-glucuronic acid residue are

attached. The wheat bran xylan (58), again obtained by alkali

extraction of the holocellulose, appears to be a highly branched

araboxylan containing 9% uronic acid. Prom methylation data,

mild acid hydrolysis results, and enzymic results, the arabinose

residue linkages appear to be more complex than in the wheat

straw xylans. The acid fraction (59) was found to consist of

the aldobiouronic acids, 2-0-(a-D-glucopyranosyluronic acid)-
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D-xylose, and 2-0-(i+-0-raethyl-a-D-glucopyranosyluronic acid)-

D-xylose.

The oat straw xylan of Aspinall and Wilkie (60) has a

structure of 1+0 D-xylopyranoside residues linked 0-1,1+. The

side groups attached to this main chain consist of an arabo-

furanose residue linked 1 ,3 end a i+-0-methyl-D-glucuronic acid

residue linked 1,2.

The work on maize cohs (61) and fiber is being carried out

"by Whistler and co-workers. The approach has "been principally

"by way of partial hydrolysis of a hemicellulose B fraction

which appears to "be exceedingly complex. They first isolated

two aldohiouronic acids, 2-Q-(a-D-glueopyrano3yluronic acid)-

D-xylose and l+-0-(a~D-glucopyranosyluronic acid)-D-xylose, and

a short time later reported 2-0-(i+-0-methyl-a-D-glucopyranosyl-

uronic acid)-D-xylose. A di3aecharide, 2-0-a-D-xylopyranoeyl-

L-arabinose, and an aldotrisaccharide, possibly O-a-D-gluco-

pyranosyluronic acid-(1 -> l+)-0-p-D-xylopyranosyl-(1 -* l+)-D-xylose

have also "been reported.

Whistler and Corbett*s work (62) on maize fiber xylan

suggest again an L-arabinose side chain, but, by the isolation

of 3-0-a-D-xylopyranosyl-L-arabinose, a different linkage.

Here, galactose appears to take an integral part in chain

formation by the isolation of a trisaecharide, O-L-galacto-

pyranosyl-(1 -» d)-0-B~x.ylopyranosyl-(1 ->if)-L-arabinose.
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It appears that the hemicellulosesin hardwoods contain

a larger proportion of xylan than those of softwoods and the

structural study of wood xylans has "been through partial

hydrolysis of the whole wood with the subsequent investigation

of the uronic and aldobiouronic acids. Although woods do

contain a complexity of heraicellulosic material, such material

is extractable with alkali; and it seemed therefore desirable

to undertake the isolation and structural investigation of a

xylan from Norway spruce, Pic®a excelso. and, in conjunction,

to investigate the alkaline degradation of a xylan and certain

xylo-o11go saccharides.

Alkaline Degradation.

For more than a hundred years chemists have been observing

the effect of basic compounds on carbohydrates under a variety

of conditions. The earliest studies were probably carried out

in an attempt to ascertain the molecular structures of the

monosaccharides. Although Peligot (63) published possibly

the earliest paper on the behaviour of sugars in basic

solutions in 1839, it was in 1880 that an intensive study began

on the compounds produced when sugars were placed in alkaline
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solutions, although it was not realised at this time that the

oxidative and degradative products were determined "by the

presence or absence of oxygen. These early workers used both

saturated lime water and aqueous sodium hydroxide. The work

was carried forward by Peligot (61+), Scheibler (65) »

Dubrunfaut (66), Cuisinier (67), and particularly by Kiliani (68).

Kiliani contributed to the study of alkali on carbohydrates for

more than twenty years and from these researches, employing

glucose and disaccharides whose reducing residue was glucose,

three new acids were isolated and characterised which he believed

were formed by a benzilic acid rearrangement of a-diketones.

H n-nr>H

COOH COOH
H |

HOC-COH

HCOH

ch2oh ch2oh

2i3iki5-tetrahydroxy-2-
methyl pentanoic acid

(Glucosaccharinic acid)

2: i+: 5-1rihydroxy-2-hydroxy-
methyl pentanoic acid

(Glucoisosaccharinic acid)

COOH
I

HCOH
I

HCOH
I
CHgOH

2:1+: 5:6-tetrahydroxy hexanoic acid
(Glucometasaccharinic acid)
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These acids form lactones easily and their lactones ¥/ere

commonly called saccharins. The acids were usually obtained

from the reaction solution as the salts of barium, calcium,

zinc, or lead. Reaction conditions often varied. Usually the

monosaccharide or disaccharide in an aqueous alkaline solution

was allowed to stand from several weeks to several months at

room temperature. Since no attempt was made to keep oxygen

from the reaction mixture, the yields of the hexosaccharinic

acids were low, and lactic acid was usually the main product.

The mechanism for the fomation of these acids was not

clear, and perhaps the first clue may be considered to arise

from the work of Lobry de Bruyn and Van Ekenstein (69). They

observed that aqueous alkaline solutions of glucose, mannose,

and fructose undergo reciprocal conversions into each other

and explained this by postulating the formation of an enediol

common to all three compounds. However, an equilibrium between

glucose, mannose and fructose is never established, possibly

because of the simultaneous production of degradation inter¬

mediates and saccharinic acids. These workers also observed

that results with lead hydroxide were not the same as with

sodium, potassium or calcium hydroxides.

Wohl and Neuberg (70) in 1900 applied this idea of the

existence of a commonly formed enediol to account for the

conversion of glyceraldehyde and dihydroxyacetone into lactic

acid in alkaline solution.
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Pittig and co-workers (71) in 1894 published a series of

articles concerning the intramolecular changes in unsaturated

acids. They found that (3-hydroxy acids form a-jB-unsaturated

acids by loss of water when refluxed with aqueous soda

solutions.

OH H H H
II II

H-0 - C - COOH <—» H-C = C - COOH + HgO
H H

Wohl (72) in 1907 applied Fittig's intramolecular change

involving a £-hydroxy carbonyl system to glucose by suggesting

that the formation of 3-deoxyglucosone was an intermediate

before fission in the alcoholic fermentation process.

Also in 1907 was published the first of Nef's studies on

the "dissociation processes in the sugar group" (73)* He

began with the behaviour of carbohydrates in Pehling's solution

and in the presence of silver oxide. This first publication

also included the action of 8N sodium hydroxide on several

monosaccharides. The production of saccharinic acids, lactic

acid, and 3-ketohexoses was observed. He recognized the

fact that the lactic acid produced was the saccharinic acid of

glyceraldehyde and claimed that the amount produced was

dependent on the concentration of alkali used.



Further Investigation allowed. Nef (7b) in 1910 to suggest

mechanisms for saccharinic and lactic acid formation. He

postulated progressive migration of the carbonyl group along

the carbon chain forming 1-2, 2-3, 3-b enediols which split at

the double bonds producing fragments, each containing' a

divalent carbon atom.

Some of the sugars which Nef studied were arabinose,

xylose, galactose and glucose (7h)(75). His reaction conditions

were 8N sodium hydroxide and later calcium hydroxide at 70° and

at room temperature. Xylose in 8N sodium hydroxide heated on

a water bath for 7-8 hours produced 2sip-dihydroxy butanoic acid,

lactic acid, and two 2:h:5-trihydroxy pentanoic acids.

COOH COOH
I I

HQCH HCOH

HCH HCH
I I

HCOH HCOH
I I

CH20H CHgCH

(D~" three") (3D~Merythro")

Ideas about alkaline degradation mechanism remained more

or less at this stage for twenty years or more. During this

time W.L. Evans and co-workers (76) began an investigation on

carbohydrate oxidations employing neutral and alkaline



potassium permanganate, Tsut this work shortly reverted to a

study of the alkaline degradation of various sugars "by

determining the quantities of pyruvic aldehyde, lactic, acetic,

and formic acid produced under varying concentrations of

potassium hydroxide and varying temperature. A large number

of compounds were studied, including such derivatives as

3-0-(D-glucopyranosyl)-D-a rabino se and h-0-(D-glucopyranosyl)-

D-gluco syldihydroxyacetone.

In the beginning, lactic acid formation from a hexose was

believed due to fission of a 3-k enediol; later, with the

concept of Schmidtte (77)(78) double bond rule, that is fission

of the single C-C bond in the a,(3-position to the double bond,

making necessary only the formation of a 1-2 enediol for

lactic acid formation, was accepted by Evans (79)* Their

results do show that alkali concentration and temperature

influence the quantities of lactic,acetic and formic acid

produced with several different optima being observed under

their experimental conditions.

While Evans was carrying out his researches, other workers

were producing evidence for the formation of enediols.

Fischer, Taube and Baer (80) showed that glyceraldehyde by

boiling in pyridine could be converted into dihydroxyacetone.

Wolfrom and Lewis (81) showed that the behaviour of tetramethyl

glucose and tetramethyl mannose in lime water followed the



- 25 -

Lobry de Bruyn and Van Ekenstein enediol mechanism and no

keto sugars were produced. Shaffer and Friedman (82)

observed that increasing alkali concentration increased lactic

acid production, hut increased temperature and increased sugar

concentration resulted in a lower lactic acid yield.

Nicolet (83) in 1931 studied the effect of boiling

alkali on phenyl 2-hydroxy-3-methoxy-3-phenylpropanoate and

it was suggested that the 2:3-di-phenyl-lactic acid obtained

could have arisen from a benzilic acid rearrangement of a

diketone first formed by elimination of the alkoxyl group on

the 0-carbon rather than the elimination of the a-hydroxyl

group.

OH H V /—i H OH_C C C-Q — <_)-C C COOH
OCH3 OH H

In 1953* another study of the degradation of carbohydrates

by alkali was begun by Kenner, Richards, and Corbett (8k) at

the British Rayon Research Association with the view, in

studying simple 0-alkoxy and hydroxy carbohydrate compounds,

to applying such information to the decomposition of carbonyl

oxycelluloses. Their investigations were carried out in

saturated, oxygen-free, lime water at 25° in an atmosphere of
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nitrogen. Among the many carbohydrates they have studied, it

is of particular interest to note three types: 1) 1-substituted

monosaccharides, 2) 3-substituted monosaccharides, and 3)
d-substituted monosaccharides. The 1-substituted monosaccharides

give rise to its corresponding normal saecharinlc acid; the 3-

substituted compounds give rise to the metasaccharinic acid,

and the h-substituted compounds give rise to the isosaccharinic

acid. Glucose, however, degrades to lactic acid with a small

amount of isosaccharinic and metasaccharinic acid being produced.

Galactose degrades to metasaccharinic acid.

Kenner et al. explain the formation of these saccharinic

acids from these substituted carbohydrates containing a p-alkoxy

carbonyl system in the following manner:

h-Substituted Compounds

oho
I

HCOH
I

hcoh
I

hcor
I

hcoh
I
ch2oh

choh
II
coh
I

hcoh
I

hcor
I

hcoh
I
ch2oh

chooh
I
c=o

I
hcoh

I
hcor

I
hcoh

I
ch2oh

ch2oh
c-0"

coh
I

hcor
I

hcoh

ch20h

ch20h
c-0~
II
c-0""

I
hcor

I
hcoh

I
ch2oh

ch2oh
c=o
I
c-0**
II
ch _

I
hcoh

ch2oh

■for""

cooh
h i

hoc-coh
h i

ch2
hcoh

I
ch2oh

R = alkoxy or

glycosidic

group
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One-substituted compounds rearrange by the same mechanism as

outlined above with the formation of the divalent anion involving

carbons 2 and 3* However, elimination of a glycosidic or alkyl

group at carbon one would occur more readily than elimination of

an hydroxyl group at carbon three, and this results in carbon

one becoming a methyl group which then rearranges to the normal

saccharinic acid. The metasaccharinic acids were formed as

follows:

cho
I

hcoh
I

roch

hcoh

hcoh

ch2oh

cho"
II
coh
I

roch
I

hcoh

hcoh

chgoh

cho*

c-0"

roch

I
hcoh

I
hcoh

ch2oh

cho
i
c—0

ch

hcoh

hcoh

chgoh

+ or'

cho cooh
I I
c=0 choh

I I
ch2 ^ ch2

hcoh hcoh
I I

hcoh hcoh

chgoh ch2oh

Most recently, Whistler and Corbett (85) reported the

stability of 2-0-D-xylopyranosyl-L-arabinose in saturated lime



- 28 -

water at 23°. This stability to alkali is explained on the

inability of the disaccharlde to form a divalent anion. Some

research has been carried out by Sowden and Kuene (86) on

mechanism of saccharinic acid formation using merino Be,

1k
and galactose, 1-C . The glucosaccharinic acid produced

from raannose contained its radioactivity in carbons two and the

methyl carbon attached to carbon two. The metasaecharinic acid

produced from galactose contained its radioactivity in carbon

one.

COOH *COOH

H,C*-*CCH HCOH3 I I
HCOH CH„

I I 2
HCOH KOCH

I I
CH«OH HCOH2 I

CHgOH
D-Glucosaccharinic Acid D-galacto-a-metosaccharinic

*Q1U acid

Sowden and Kuenne, therefore, suggest that the intermolecular

recombination of fission fragments should also be considered.
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Wo tea

Unless otherwise stated, the following techniques and materials

were used:

1. Whatman No.1 paper was used for chroma tograms.

2. The chromatographic spray was saturated aqueous aniline

oxalate.

3. The appropriate standard sugars were run on all chromatograms.

!+• The chromatographic solvents used for monosaccharides were

a. n-butanol:benzene:pyridine:water (5i1s3s3)

b» ethyl acetate:pyridine:water (10:h?3)»

5. The chromatographic solvent used for methylated sugars was

n-butanol:ethanol:water (5:1:4).
6. The top layer of chromatographic solvents was always used.

7. a. After hydrolysis with sulphuric acid, "barium carbonate

(Analar) was used for neutralization,

b. After hydrolysis with hydrochloric acid, silver carbonate

was used for neutralization, followed by treatment of the

filtrate with hydrogen sulphide to precipitate soluble

silver ions.

8. Melting points were made on a Kofler micromeltlng point

apparatus and are uncorrected.

9. Optical rotation measurements were made at room temperature

(16-18°).
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EXPERIMENTAL

Preliminary Study of Spruce Polysaccharides

The preliminary study of extractable polysaccharides

from Norway spruce, Picea excelsa. was carried out on two

samples of sawdust (100g.ea.). One sample (Spruce) was

unaltered and a second sample (Solvent-extracted spruce) was

extracted in a Soxhlet with "bensene-methano1 (1:1) for twelve

hours to remove soluble resins and waxes. Extractions were

carried out in two and a half litre bottles, using one and a

half litres of extractant. The samples were shaken for

approximately eighteen hours for each extraction and all

alkaline extractions were carried out in an atmosphere of

nitrogen.

The extraction with hot water was carried out on a water

bath with frequent stirring for a twelve hour period.

The extracts, excluding 10% sodium hydroxide, were

evaporated under reduced pressure after being neutralised

with acetic acid where necessary. It was found desirable to

reduce the volume of the extracts because of the very small

amount of polysaccharide material that they contained. After

evaporation, the extracted material was always precipitated

with ethanol. The 10% sodium hydroxide fraction was

precipitated without concentration to avoid excessive sodium



acetate contamination*

The tahle below lists the monosaccharides observed

chromatographically after acid hydrolysis (N HgSO^, 6 hrs*)
in sealed tubes of the various fractions.

Extractant Spruce Solvent extracted
Spruce

Cold Water galactose, mannose,
xylose (trace)

galactose, mannose
xylose (trace)

Hot Water mannose, galactose mannose, xylose,
galactose, glucose,
arabinose (?)

N/100 NaOH —-

N/10 NaOH glucose, mannose,
galactose (?)
xylose (?)

xylose (trace)

H NaOH xylose, arabinose,
glucose, galactose,
mannose

xylose, arabinose,
glucose, galactose,
mannose

10% NaOH xylose, arabinose,
glucose, galactose,
mannose

xylose, arabinose,
glucose, galactose,
mannose
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EXTRACTION OF A XYLAN FROM NORWAY SPRUCE

Deligniflcation of Spruce Sawdust

The typical delignification procedure employed on all

spruce sawdust used is as follows: Solvent-extracted sawdust

(80g.) was dispersed in water (1£ 1.) at 65°, Sodium

chlorite (6 g.) and glacial acetic acid (2 ml.) were added at

hourly intervals for four hours (total NaClOg, 24 g., and
CgH^Og, 8 ml.)* The delignified sawdust was filtered off and
washed with cold water until apparently free of inorganic ions,

air dried, and stored in tins.

Alkaline Extraction of Delignified Spruce

A typical alkaline extraction was as follows: A sample

of the delignified spruce sawdust (kO g., air dried) was

extracted with normal sodium hydroxide (750 ml.) and a sample

(i+0 g., air dried) was extracted with 10%> sodium hydroxide

(750 ml.). Both extractions were carried out under nitrogen.

After filtering off the sawdust, the extractants were

neutralized (pH 4-5) with acetic acid, and the polysaccharide

material precipitated "by the addition of two volumes of acetone.

The yields were two and three grams respectively. Hydrolysis

(N HgSO^, 6 hrs.) of these fractions showed chromatographically
the presence of xylose, mannose, arabinose and a small amount
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of galactose and glucose.

Isolation of a Xylan

a. Fractionation with Fehling18 Solution

The normal sodium hydroxide extracted material (0.5g») from

solvent-extracted, delignified spruce was precipitated as the

copper complex with Fehling*s solution three times. After

each precipitation, the precipitated material and any material

remaining in solution were recovered, and a portion hydrolyzed

and examined chromatographically. Wo isolation of a xylan

was obtained.

b. Fractional Precipitation

The isolation of a xylan from the N NaOH extracted

material was next attempted "by fractional precipitation

techniques employing acetone. A scheme was finally obtained

which yielded a xylan-rich material.

The polysaccharide material (1 g.) was dissolved in water

(100 ml.). Sufficient acetone was added to make the solution

kO% acetone. Sulphuric acid was added until the solution

was pH The precipitate (A) which appeared was

centrifuged off. The supernatant was decanted and sodium

carbonate was added to the liquid until the pH was 5-6, then

more acetone was added and a second precipitate (B) was obtained.



- 3U -

Hydrolysis of fraction B yielded chromatographically xylose,

an acidic fraction and a Bmall amount of arabinose, glucose,

and galactose. Yields approx. 12%*

Further fractional precipitation failed to give a pure

xylan from B hut it was observed chromatographically that by

repeating the above procedure a small reduction in only glucose

and galactose content could be obtained.

The purification of fraction B was also attempted by the

formation of an insoluble copper complex with Fehling* s

solution, but this was unsuccessful. Also, solvent extraction

of B, employing 77% aqueous ethanol, gave two fractions,

soluble and insoluble, but no enrichment of xylan content was

observed in either fraction.

Fractionation of B, employing ammonium sulphate, was

carried out in the following manner: Ammonium sulphate, in

twenty gram increments, was added to a solution of xylan-rich

B (2 g./200 ml. HgO)• A precipitate was obtained after the
addition of eighty grams (ij.O$) and a hundred grams (50?c).
Each of these precipitates was removed by centrlfuging, and

freed of ammonium sulphate by repreclpitation from aqueous

solution and were washed with aqueous acetone before drying

with acetone and ether. The two precipitates were of

approximately equal weight. Chromatographic observation of

the hydrolyzed material showed no difference between these
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fractions in their monosaccharide ratios.

Upon failure to obtain a pure xylan from fraction B, an

extensive fractional precipitation study was carried out on

fraction A with no success. However, a large quantity of the

xylan-rlch fraction B was prepared in the manner described above.

Further Extraction Studies on Delignlfled Spruce

All the delignified spruce sawdust which had been extracted

with normal sodium hydroxide to furnish hemicellulosic material

for the above fractionation studies had been neutralized with

dilute acetic acid, washed well with cold water and air dried.

This sawdust was extracted for slxteen-twenty hours by

bubbling steam into an aqueous suspension. The extract liquor

was decanted every two hours. This liquor was found upon

hydrolysis to contain xylose, arabinose, galactose, rhamnose,

and possibly fucose. After the exhaustive steam extraction,

the spruce sawdust was exhaustively extracted with successive

treatments of normal sodium hydroxide (1t 1./100 g.) under

nitrogen.

Extraction of the spruce sawdust with 10% sodium hydroxide

was next carried out and upon neutralization of the extractant,

a precipitate was obtained. This material was found to contain

considerable mannose and glucose with some xylose and only a

small amount of galactose. After removing this precipitate



by centrifuglng, another fraction (C) was obtained from the

centrifugate by the addition of half a volume of acetone.

This precipitate upon hydrolysis was found to contain xylose,

mannose, glucose, galactose, and an acidic fraction. The

xylose content of the acetone precipitate (C) appeared

sufficient to make isolation of a xylan reasonable.

A second 10% sodium hydroxide extraction of the spruce

sawdust gave a precipitate upon neutralization that appeared

to consist principally of mannose and glucose.

Isolation of a Xylan from Practlon 0

It was found that the acetone precipitate (C) from the

above 10% sodium hydroxide extraction could be further

fractionated to give a xylan-rich material in the following

manner:

The material (11.77 g«) was softened and partially

dissolved in water (500 ml.) overnight. More complete solution

was obtained by the addition of 2N sodium hydroxide (500 ml.)

followed by normal sodixim hydroxide (ijOO ml.). The alkaline

solution was stirred throughout the precipitation procedure in

which glycerine (3 ml.) was first added, followed by the

addition, slowly, of 0.5 N copper sulphate. As the copper

sulphate was added, a pale blue precipitate formed and the

addition of copper sulphate was stopped when the dark blue,
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gelatinous, insolu"ble copper complex was first observed. The

flocculant pale "blue precipitate was separated by centrifuging.

The polysaccharide material remaining in the liquid was

recovered by neutralization with acetic acid (30%) and

precipitation with acetone. Yield: k.b g.

This precipitate (C-2) was subjected to this treatment four

more times and in the last precipitation with copper sulphate,

no flocculant pale blue precipitate was observed. The final

material upon hydrolysis was found to contain principally xylose,

an acidic fraction with some mannose, glucose and galactose.

Analysis of Xylan-rich Fractions

Xylan B Xylan C-2

Mono saccharides

xylose 57.7% 62.7%

arabinose 16.8

mannose 12.7

glucose+galactose 8.1 6.8

Uronlc Anhydride 15.0% 18.9%

Methoxyl Content 2.7% 1.8%

Optical Rotation - 38° (c, 0.39
in N NaOH)

- (c, 0.32
in N NaOH)
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Determination of Monosaccharides

The method of Flood, Hirst, and Jones (87) was followed

in chromatographing and eluting the hydrolyzed xylans, and the

quantity of each reducing sugar was measured with the Somogyi

reagent.(88)•

Uronic Anhydride

The method of McCready, Swenson and Maclay (89) was used.

Methoxyl Determination

The volumetric Zeisel method was used to determine

methoxyl contents.

Examination of Acidic Fraction from Xylan B

Xylan B (3 g.) was hydrolyzed in normal sulphuric acid

(50 ml.) at 100° for four hours. The neutral hydrolysate

was treated with Amberlite ion exchange resin IK-120 to remove

all "barium ions and the solution was then placed on a charcoal-

celite column (1:1). The neutral sugars were eluted with

water, and the acidic fraction was eluted with aqueous methyl

ethyl ketone The acidic fraction was concentrated,

refluxed with 1% methanollc hydrogen chloride (15ml.) to

convert it to the glycoside, and the recovered material was

reduced with potassium "borohydride (300 mg.) in water (20 ml.)
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for twenty-four hours. The reaction solution was "brought to

pH U with acetic acid and all inorganic ions were removed "by

repeated treatments with Amberlite resins IR-120 and IR-l+B.

The deionized solution was concentrated to a syrup and

hydrolyzed with 0.8 N hydrochloric acid (15 ml.). The neutral

filtrate was recovered and was found chromatographically to

consist of xylose and monomethyl glucose. This was concentrated

and the monomethyl glucose was separated "by thick paper (3 MM)

chromatography. The raonomethyl glucose was eluted from its

section of the paper with cold water and the eluate concentrated

to a syrup (56 mg.). The monomethyl glucose was observed to

have the same (.17) as h-Owaethyl-B-glucos®.

The syrup,monomethyl glucose,was dissolved in water (3 ml.)
and glacial acetic acid (0.5 ml.) freshly distilled phenyl-

hydrazine (10 drops) and a trace of sodium bisulphite were

added. The reaction mixture was heated at 100° for four hours.

The reaction solution was filtered to separate it from a tan

viscous residue. The filtrate crystallized readily upon the

addition of a few drops of water, but these crystals were found

to be principally N-acetylphenylhydrazine (m.p. 130°). In order

to separate such by-products from the osazone, all of the

remaining reaction solution, including the tan residue, were

combined, dried and placed on an alumina column (25 x 1.2 cm.)(90)

in benzene (Analar). The column was then eluted with



"benzene-ether (1:1) to remove the N-acetylphenylhydrazine,

followed "by ether and finally the osasone was eluted with

ethanol-water (9:1)* The ethanol-water eluate was

concentrated and crystallization was attempted. Three

principal fractions were obtained, (1) melting at 195%

(2) melting at 100-150° and (3) melting at 85-95°. X-ray

powder photographs of fraction 2 were inconclusive and

suggested that the material was h-O-methyl-D-glucosazone "but

that it was not pure. Circular chromatograms on fraction 2

in toluene-ethanol-water, (270:30:1)(91) showed that the

fraction contained ii-Q-methyl-D-glueosazone and a faster

travelling material (yellow osazone colour). All three

fractions were combined and again placed on an alumina column

in benzene. Elution was carried out employing the following

solvents, (1) benzene, (2) benzene-ether, (2:1),(1:1),

(3) ether, (4) ethanol, (15:1)»(10:1)• Two fractions (7-8 ml.)
were obtained with the 15:1 ethanol-water solvent, and two with

the 10:1 solvent. The second ethanol-water 15:1 fraction was

found by chromatography to be h-O-methyl-D-glucosazone.

Attempts to crystallize this material from aqueous ethanol at

room temperature overnight yielded a material, amorphous in

appearance, which melted at 85%

Examination of Acidic Fraction of Xylan C-2

The xylan-rich fraction, 0-2(300 mg.) was hydrolyzed in
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normal sulphuric acid for six hours. A residue remained and

this was filtered off and rehydrolyzed for four hours. The

combined hydrolysates were neutralized and concentrated to a

syrup. The acidic fraction was separated from the neutral

sugars by thick paper (3 MM) chromatography and the acidic

fraction was eluted from the appropriate section of the paper

with cold water. The eluate was concentrated and dried (23 mg.).
This was refiuxed with 1% methanollc hydrogen chloride (10 ml.)
for six hours, neutralized, concentrated, and then reduced

with potassium borohydride (15 mg.) in water (5 ml.) by standing

at room temperature for twenty-four hours. The solution was

brought to pH 4 with acetic acid, made 1 N with hydrochloric acid

and hydrolyzed for six hours. After neutralization, the aqueous

sugar solution was deionized by repeated treatment with Amberlite

ion-exchange resins IR-120 and Concentration of the

liquid yielded a syrup which, by chromatography, was found to

contain U-O-methyl glucose, xylose, and a trace of glucose.

Methylation of Xylan 0-2

The xylan (10 g.) was dissolved in 2N sodium hydroxide

(200 ml.) in a three-necked flask (5 1.) fitted with two dropping

funnels, a stirrer, and an inlet tube for nitrogen. After

dissolving the xylan, sufficient sodium hydroxide (200 ml.) was

added to make the solution l±0% sodium hydroxide by weight.
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Dimethyl sulphate (165 ml.) was added slowly with stirring over

a period of eight hours. Four further methylations were carried

out with the addition each time of sodium hydroxide (200 ml., 50%)

and dimethyl sulphate (180 ml.)# The reaction mixture was then

Drought to pH 8 "by the addition of sulphuric acid (30%) which

was added slowly, keeping the temperature of the solution

between 10-15°» This mixture was then heated on a water bath

for an hour. During the heating the methylated polysaccharide

material came out of solution. This material was filtered on a

Buchner funnel from the hot solution, but when washed with hot

water to free it of sodium sulphate, it began to dissolve.

The wash water was therefore concentrated and the remaining

gelatinous polysaccharide material was added to this concentrate.

The soaiura sulphate filtrate was reduced in volume, dlalyzed

against running tap water, again concentrated and added to the

polysaccharide solution.

A second series of five methylations were carried out on

this solution (1j 1.) which still contained some sodium sulphate.

To recover the polysaccharide after these methylations, the

solution was heated as before but no precipitate could be obtained.

The reaction mixture was then cooled (1+8 hrs.), during which

time sodium sulphate crystallized out and a portion of the

polysaccharide was precipitated. The liquid, with the amorphous

polysaccharide material was decanted, filtered and the filtrate
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reduced in volume. This liquid was again heated on a water

"bath (2 hrs.)* The precipitate which appeared was filtered off;

then the filtrate was cooled (21j- hrs.) again and the process

repeated until no more amorphous polysaccharide material could "be

obtained. This methylated polysaccharide was still insoluble

in chloroform and acetone. The filtrate, containing still a

large amount of sodium sulphate, was set aside.

A third series of five methylations were carried out on the

recovered material, and after neutralization, the polysaccharide

was recovered "by heating on a water "bath. It was evident that

only a few grams of polysaccharide were "being recovered and so

the sodium sulphate filtrate here was combined with that from

the second methylation series and dialyzed for a week. This

dialysate was then concentrated to one litre under reduced

pressure.

The recovered insoluble polysaccharide material and the

dialysate concentrate v/er© kept separate and each fraction given

two additional series of five raethylations each. Both of these

fractions were still insoluble in methanol, chloroform, acetone,

and had become insoluble in water.

The polysaccharide from the dialysate was suspended (and

perhaps partly dissolved) in aqueous acetone (50$) and stirred

in the presence of Araberlite IR-120. The solution after several

hours was found to be pH 2-3, and all of the methylated
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polysaccharide had dissolved. This liquid was dialyzed

forty-eight hours and returned to pH 6-7. Two additional

resin treatments were carried out to assure complete removal

of sodium ions. The solution was then evaporated to dryness;

the methylated polysaccharide was dissolved in chloroform and

precipitated by pouring into petroleum ether (60/80°),
The other partially methylated polysaccharide fraction was

given a similar series of treatments with Amberlite IR-120,

and it too became soluble In chloroform and could be precipitated

with petroleum ether.

The combined fractions weighed 4,7 grams, and appeared to

contain only methyl ethers of xylose and a methylated uronic

acid.

The material was further methylated by heating under reflux

with methyl iodide (8 oz.) (previously boiled with silver oxide),

and dry methanol (5 ml.) with the gradual addition of silver

oxide (67 g.) at half hourly intervals over an eight hour period.

At the end of the reaction, the methyl iodide solution was

filtered and the silver residues extracted with hot chloroform.

The combined filtrates, free of silver residues, were concentrated

and precipitated by pouring into petroleum ether, 60/80° [4«0 g.

(85^)3 [Pound, OMe 40.3$] [a3j) *» •43*7° (c, 0.25 in chloroform) •

Hydrolysis of Methylated Xylan

The methylated xylan (3.0 g.) was dissolved at room
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temperature In 2N hydrochloric acid (230ml.) over a period of

three days. The solution was allowed to stand for a total of

seventeen days. It was then diluted to normal hydrochloric acid

and heated gently on a water "bath four hours on four successive

days. During the first day of heating some insolubility of

the methylated xylan was observed. Optical rotation measure¬

ments were made each day before heating. These were constant

after the third and fourth heating periods and the final

rotation was approximately

A small amount of insoluble material was recovered from

the hydrolysat© and refluxed six hours with methanolic hydrogen

chloride (1%) and neutralised. The recovered methylated

glycosides were then converted to free sugars in aqueous

hydrochloric acid (.8 N) at 100° for four hours. This hydroly-

sate was added to the main hydrolysate, which was then

neutralized, filtered, and the filtrate evaporated to dryness

under reduced pressure. The syrup was dissolved in acetone

and filtered to remove a small trace of silver salts. (Yield 3»1g0
The syrup was dissolved in water (15 ml.) and treated with

barium carbonate (0.3 g») for two hours to form the barium salt

of the uronic acid. The recovered aqueous solution was

concentrated to a clear, tan syrup (2.9 g.).



Separation of Methylated Sugars

A column (7U x 3*8 cm.) of dry cellulose powder was

prepared according to the method of Hough, Jones, and Wadman (92).
The column was washed with water, then n-hutanol, and finally .

with petroleum ether (100-120°)-n-butanol (70:30) saturated with

water.

The methylated hydrolysate (2.9 g.) was placed on the top

of the cellulose column dissolved in a minimum of the hot

saturated petroleum ether-n-hutanol solvent. Last traces of

the hydrolysate were removed "by washing the flask twice with

solvent (5 ml.) and once with n-hutanol (5 ml.). When this

had soaked in thoroughly, a thin layer of cellulose powder was

placed on top of the column and then a cotton-wool plug.

Several small additions of the saturated petroleum ether-

hutanol solvent were made to the top of the cellulose column and each

was allowed to soak in; after which a constant-head reservoir

was placed in position. The saturated petroleum ether-n-

hutanol (70:30) solvent was used to elute the various methylated

sugars, The eluate from the column was collected in tubes

placed in an automatic changer. The time interval for each

tube was sixteen minutes.

Every tenth tube was evaporated and its contents examined

ehromatographically with appropriate standards in so far as
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possible. The following table gives the fractions obtained.

Fraction Tubes Products Weight(g.)

0-330 «...

1 331-370 triinethyl xylose 0.0233

371-710

2 711 -1170 uronic acid 0.0880

3 1171-1720 dimethyl xylose, uronic acid 1.5107

4 1721-2570* uronic acid 0.2122

5 2571-2725 monomethyl xylose, uronic acid 0.1882

6 water wash uronic acid 0.5464

*
Solvent changed at tube 2000 to saturated petroleum

ether-n-butanol (1:1) and at tube 2300 to half-

saturated n-butanol with a thirty-two minute time

interval for each tube.

The tubes containing the above fractions were bulked and

concentrated to a syrup. Each fraction was cleaned by dissolving

in a small amount of water, adding charcoal and filtering. Each

filtrate was again concentrated. The methylated xylose fractions
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were dissolved in acetone, filtered and again evaporated
for final drying and weighing.

Determination of Dimethyl Xylose

A portion (109 rag.) of Fraction 3 was placed on a thick

paper chromatogram (3 MM). The dimethyl xylose was separated

from its contaminant, presumably methylated aldobiouronic acid,

and the proper section of the paper was extracted in a Soxhlet

with methanol. The methylated acid chromatogram section was

eluted with cold water. On the "basis of the recovered

dimethyl xylose and methylated aldobiouronic acid the fraction

was found to contain 5% aldohiouronic acid, giving 1.4352 g.

of dimethyl xylose and 0.0755 g» of aldobiouronic acid.

Determination of uonomethyl Xylose

A portion (31 mg.) of Fraction 5 was separated

chromatographically similarly to the dimethyl xylose fraction.

On the basis of the recovered monomethyl xylose and the

aldobiouronic acid, the fraction was found to contain 14.2%

aldobiouronic aeid, giving 0.1615 g* of monomethyl xylose and

0.0267 g. of aldobiouronic acid.
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Determination of Total Methylated Uronic Acid

Chromatography of fractions 2, 4, and 6 in n-butanol:

formic acids water (500:115:385) gave two spots on the chroma-

tograrn when sprayed with aniline oxalate. The slower spot,

presumably aldohiouronic acid, was present in much larger

quantities than the faster spot whose was the same as a

trimethyl glucuronic acid run as a standard.

These fractions were combined and the barium ions

removed with Araberlite IR-120. Their total weight after

deionisation was 0.81*66 g.

Summary of Methylated Fractions

Weight
(g.)

Molar
percentage

a. Trimethyl xylose 0.0233 1.03

h. Dimethyl xylose 1.4352 69.21

c. Monomethyl xylose 0.1615 8.42

d.

e.

Uronic acid (Calc. from b and c)

Uronic acid

0.1022 )

0.8466 ] 21.32

Identification of Methylated Fractions

a. Trimethyl xylose

The syrup (23 mg.) crystallized readily while drying over

P205. Several crystals were removed, washed with dry acetone and
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placed on a porous tile in a desiccator for a week. The

crystals had m.p. 88° and a mixed melting point with

2:3:4-1ri-0-methyl-D-xylose of 88-91°. (OMe k8%; calc. for

^8^16^5* k&»k?o) •

b. Dimethyl xylose

The dimethyl xylose (25 mg.) (free of uronic acid) was

dissolved in ethanol (h-5 ml.) and freshly distilled aniline

(30 mg.) was added. The mixture was refluxed for three hours

after which the solvent was removed "by vacuum distillation.

The syrup crystallized overnight in a desiccator. It was

recrystallized from ethyl acetate and the crystals had a m.p.

122° and on admixture with 2:3-di-O-methyl-N-phenyl-D-

xylopyranosylamine, m.p. 122°.
A portion of the pure dimethyl xylose syrup (50 mg.) was

oxidized for five days in saturated "bromine water (h ml.) at

room temperature. Bromine was removed by aeration and the

solution was neutralized with silver carbonate; excess silver

ions were removed with hydrogen sulphide. The filtered solution

was evaporated to a syrup which was then heated at 95° for two

hours under reduced pressure to lactonize the acid. During

this heating, the syrup developed a dark brown colour. It was

treated overnight at room temperature with methanolic ammonia

(5 ml.) after which the solvent was removed and the syrup was
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crystallized from ethyl acetate. The crystals had m.p. 132°,
and mixed in.p. 131-132° with 2:3-di-0-methyl-D-xyionamide.

The methoxyl content of the chromatographically pure

dimethyl xylose was 34.6% (calc. for CyH^C^ 34.8%).

c. Monomethyl xylose

The chromatographically pure monomethyl xylose isolated

had a methoxyl content of 17.9% (calc. for 18.9%).
An ionophoretogram was run on this fraction after the

method of Oonsden and Stanier (93). This consisted of dipping

the paper (Whatman No.1) in 0.05 M borax solution and blotting

it firmly, A small drop of each concentrated sugar solution

(the monomethyl xylose, 2-0-methyl-P-xylos8, and 3«<)-methyl-D-

xylose) was placed along the starting line. The paper was

placed on a supporting glass frame in a trough with the ends

of the paper extending into external electrode "boxes containing

0.05 M borax solution. Dry chlorobenaene was added to the

trough until the ehromatogram was completely imnersed. It is

considered important that the level of the borax solution in

the electrode boxes should not be above the level of the

chromatograms in the trough. A potential of 450 volts was

applied between the ends of the paper for 4-5 hours. After

drying the paper, it was sprayed with acidified (acetic acid)

aniline oxalate and heated as usual. The raonomethyl xylose
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fraction was found to consist of 3-^0-raethyl-D-xylose with a

trace of 2-^0-methyl~D-xylose.

A portion (75 mg«) of the monomethyl xylose fraction was

separated from its uronic acid "by thick paper chromatography.

The appropriate section of the paper was extracted in a

Soxhlet with methanol and the recovered extract upon

concentration was refluxed in ethanol (3 ml.) with aniline

(3 drops) for three hours. The solvent was removed by vacuum

distillation and the recovered syrup, very black, could not be

made to crystallize nor could crystals be obtained from an

ethyl acetate solution.

e. Methylated Aldobiouronlc Acid

The combined acidic fractions, as has been mentioned,

were found to consist of an aldoblouronic acid and a uronic

acid (p. h9 )• I't bad an equivalent of 378 (calc. for

382).

The methylated acid fraction (25 nig.) was refluxed six

hours in 1% methanolic hydrogen chloride, neutralized, and

evaporated to a clear syrup. This syrup was dissolved

(partially) in dry ether (10 ml.) and refluxed with lithium

aluminium hydride (40 mg.) for three hours. (94)* The excess

hydride was destroyed with water and the reaction mixture,

after acidification with 20% sulphuric acid, was extracted with
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chloroform (1+ x 10 ml,). The concentrated chloroform extract

was hydrolyzed for six hours with 0.8 N hydrochloric acid (2 ml.),
neutralized and evaporated to a syrup. Chromatography of the

syrup revealed a monometliyl xylose, a trim©thy1 glucose, and a

small quantity of dimethyl xylose. An ionophoretogram showed

that the monomethyl xylose was 3-0-methyl-D-xylose, and the

triiaethyl glucose appeared to have the same value as

2:3:h-tri-Q-methyl-D-glucose•

The methylated acid fraction (200 rag.) was treated with 1$S

methanolic hydrogen chloride (i+0 ml.) tinder reflux for six hours.

After neutralization, and concentration, the syrup was partially

dissolved in dry ether (65 ml.) and refluxed with lithium

aluminium hydride (300 rag.) for six hours. After destroying

the excess hydride with water, the reaction mixture was

acidified with sulphuric acid and the reduced product was

extracted with chloroform (6 x 50 ml.). The chloroform

concentrate was hydrolyzed with 0.8 N hydrochloric acid for six

hours, neutralized, and the methylated sugars separated

chromatographically on thick paper (3 MM). The appropriate

sections of the chrcmatograms were cut out and each methylated

sugar was extracted with methanol in a Soxhlet. Only two

fractions were obtained, a monomethyl xylose fraction (16.1 rag.)

which on ionophoretogreras was observed to be 3-£>-methyl-D-xylo se,

and a trimethyl glucose fraction (61.1 rag.).
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Further chromatography of the trimethyl glucose fraction

revealed that it contained a dimethyl xylose* Separation was

accomplished on thick paper (3 MM) chromatograms. The trimethyl

glucose was found chromatographically and ionophoretically to

he identical to 2:3s4-tri«^0-methyl-I>-glucose* Its methoxyl

content was if.0% (calc. for C^-jgOg, 41 • 9$)*
Demethylation of the trimethyl glucose (5 mg*) in 4Q&

hydrohrcmic acid (1 ml.) hy refluxing for ten minutes, was

observed hy chromatography to give rise to glucose. The dimethyl

xylose fraction when examined chromatographically and iono¬

phoretically appeared to he 2:3-di-O-me thyl-D-xyloas.

The methylated aldohiouronic acid (375 mg») was refluxed

in 1% methanolic hydrogen chloride (61 ml.) for six hours. The

glycoside recovered after neutralization was reduced with lithium

aluminium hydride (200 mg.) hy refluxing for two hours in

methylal (70 ml.),(95). The excess hydride was destroyed with

water and the methylal separated off. Washing the aqueous

fraction with chloroform (3 x 50 ml.) produced emulsions which

were difficult to disperse. Sther extraction (6 x 25 ml.)

gave poor yields. The aqueous fraction was then acidified with

sulphuric acid and further extracted with chloroform (3 x 25 ml.) .

The water layer was then neutralised with harium carbonate

(Analar) and the precipitate removed hy centrifuging. Aluminium

was precipitated as the hydroxide hy harium hydroxide and the
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"barium and lithium were removed as carbonates with carbon

dioxide. All precipitates were washed twice with ethanol

and the clear aqueous solution remaining was further extracted

with chloroform (3 x 50 ml.). The extracts were evaporated to

a syrup.

The reduced aldobiouronic acid (21+1 mg.) was methylated

with methyl iodide (20 ml.) by refluxing over silver oxide

(2.5 g.) added over a period of seven hours. Th© product was

recovered by filtering off the supernatant and extracting the

silver residues with chloroform in a Soxhlet extractor. The

recovered material (259 rag.) was hydrolyzed with 0.8 N hydro¬

chloric acid (20 ml.) for six hours, neutralized, and the

filtrate evaporated to a clear syrup (208 mg.). The reduced

and remethylated acid was found to consist of a tetramethyl

glucose (R? 1*0), a dimethyl xylose (R .74) and a small amount

of a triraethyl glucose(s) (R *84), and triraethyl xylose (R .90)
CP o

and a trace of a monomethyl xylose (R^ .38). The material was
o

separated on thick paper (3 MM) and the dimethyl xylose and

tetramethyl glucose sections of the paper were extracted with

methanol. There were obtained dimethyl xylose (51 • 5 Big.) and

tetramethy! glucose (149*1 rag*).

An ionophoretogram of the dimethyl xylose fraction showed

no 2:3-di-O-methyl-D-xylose. A chromatogram developed in

butanol, ethanol, water (40|11»19) and sprayed with p-anisidine

hydrochloride indicated 314-di-0-methyl-D-xylose. It was
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observed that this fraction also contained a small amount of

a methylated sugar(s) (R .82), presumably trimethyl glucose#
s

This dimethyl xylose fraction was purified by thick paper

chromatography and the resulting syrup was oxidized with bromine

water (3 ml#) for three days at room temperature# The excess

bromine was removed and the solution was neutralized. The

resulting syrup did not crystallize and so the syrup was heated

at 95° under reduced pressure for two hours but a crystallized

lactone could not be obtained either from the syrup or from an

ether solution. Crystallization was finally induced by

seeding the syrup with 3!h-di-0-methyl-D-xy1onolactone. The

crystals, after draining on a porous plate, had a melting point

and mixed melting point 6i+-66° (correct, 67-68*)^96).
The tetramethyl glucose fraction (11+9 mg.) which contained

a small amount of trimethyl glucose and/or xylose was partially

dissolved in warm petroleum ether, 1+0/60°, (10-15 ml.) containing

three drops of dry ether. The solution was decanted from a tan

oily residue. This solution was concentrated (5 ml.) and seeded

with 2:3:h:6-tetra-O-methyl-D-glucose. The crystals (m.p. 75-95°)
obtained were recrystaillzed from the same solvent (5 ml.) and had

m.p. and mixed m.p. 95*5-96.5°.

Molecular Weight Determination

The molecular weight of the methylated xylan was determined

by isothermal distillation in benzene and was found to be 17,000

(* 500)(through the kindness of Mr. W.N. Broatch).
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EXPERIMENTAL

OAK HEARTWOOD XYLAN

The xylan was extracted "by Dr. R.A. Laidlaw, Forest

Products Research Laboratory, from oak heartwood sawdust

"by exhaustively extracting the sawdust with alcohol-benzene

(1s2), followed by five successive extractions with 0.1 N

sodiuin hydroxide? then extraction with 1,0 S sodium

hydroxide gave a hemicellulosic material which was further

purified by precipitating it as the copper complex with

Fehling's solution. Three such precipitations yielded a

material which contained xylose (88$) and uronic anhydride

(12$) •

Dr. J, Sandstrom, formerly of this department, has

investigated this xylan and from a partial hydrolysis study

has isolated and identified xylose, xylobiose, xylotriose

and L-rhamnose. His methylation study gave 2:3:4-tri-0-

methyl-D-xylose (0.2$), 2:3-di-0-methyl-D-xylose (86.5$),

3-0-methyl-D-xylose (3*8$) and methylated aldobiouronic

acid (9*5$) (equiv. wt. 386; calc. for Ci5H2h°11' 3®°)*
A molecular weight of 19,000 (1 1,000) was obtained for the

methylated xylan by the osmotic pressure technique.

A sample of this fully methylated oak heartwood xylan

was obtained from Dr. Sandstrom for further structural

studies.
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Seduction of Methylated Xylan

The methylated xylan (450 nig.) was dissolved in tetra-

hydrofuran (10 ml.) and added slowly to tetrahy&rofuran (10 ml.)

(97) containing lithium aluminium hydride (250 mg.). The

reaction mixture was allowed to stand at room temperature for

two hours and was then refluxed for two hours. The insoluble

complex which formed on standing dissolved during the first

half hour of refluxing. After allowing the reaction mixture

to stand overnight* the excess lithium aluminium hydride

was destroyed with ethyl acetate and the solution acidified

with sulphuric acid (10%). The reduced material was then

extracted with chloroform and the extract washed with aqueous

sodium bicarbonate. The reduced methylated xylan recovered

was 373 mg.

Chromatography of the hydrolyzed material showed no uronic

acid. However, besides the methylated xyloses and trimethyl

glucose, there was observed a small amount of xylose and glucose.

Remethylation of Reduced Xylan

The dry material.(370 mg.) was dissolved in methyl iodide

(15 ml.) and refluxed with silver oxide (5 g«)» The silver

oxide was added hourly over a period of seven hours. The

methylated xylan was recovered by filtering off the silver residues,

washing them with hot chloroform and combining all filtrates.
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This solution was concentrated and the methylated xylan

precipitated "by pouring into petroleum ether 60/80**

(Yield, 350 rag.).

Chromatography of the hydrolyzed material showed methylated

xyloses and a trl- and a tetramethyl glucose, as well as a

small amount of glucose and xylose. (OMe, 39*5^)•

Chromatographic Examination of Original Methylated Xylan

Because of the presence of glucose and xylose observed

both after reduction and remethylation, the methylated xylan

as obtained from Dr. Sandstrom was hydrolyzed and the

hydrolysate examined chromatographically. One chromatogram,

in butanoljacetic acid;water (U:1s5), revealed the presence of

xylose and glucose. A similar chromatogram developed in a

neutral solvent (butanolsethanol!water) did not show these

monosaccharides because they travelled at the same rate as the

methylated uronic acid.

Large Scale Reduction of Methylated Oak Heartwood Xylan

The dry methylated xylan (i+ g.) was dissolved in tetra-

hydrofuran (80 ml.) and added to te trahydrofuran (80 ml.)

containing lithium aluminium hydride (2 g.). The reaction

mixture was allowed to stand two hours and was refluxed two
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hours. After standing overnight, the lithium aluminium

hydride was destroyed with water and the solution acidified

with sulphuric acid (1C$) before extracting the solution with

chloroform# The chloroform extract was then washed with

aqueous sodium bicarbonate, concentrated, and the xylan

recovered by precipitation in petroleum ether, 60/80°.
It was found necessary to repeat this procedure in order

to reduce all the uronic acid. (Yield, 3*8 g.).

Large Scale Methylation of Reduced Xylan

The dry material (3.8 g.) was dissolved in methyl iodide

(106 ml.) and refluxed over silver oxide (45 g.) for nine hours.

The silver oxide was added every half hour and the reaction

mixture was frequently agitated. The material (3*61+ g.) was

recovered by ?/ashing the silver residues with hot chloroform,

combining all extracts, concentrating, and precipitating in

petroleum ether, 60/80°.
This material (3*6 g.) was given a second methylation,

employing methyl iodide (143 ml.) and silver oxide (43 g») under

the same conditions. The recovered material (3*6 g«)

appeared chromatographically to still contain a trace of glucose

and xylose.

Its optical rotation was -61.5°. The molecular weight,
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"by osmotic pressure, was 17»000 (i 1,000). (By courtesy of

Mr. W.N. Broatch).

Hydrolysis of Reduced and Remethylated Xylan

The xylan (3 g.) was refluxed in 1N methanolic hydrogen

chloride (300 ml.) for seven hours. The optical rotation

appeared constant from the sixth to the seventh hour. The

solution was then neutralized with silver carbonate and

filtered. The methanol was distilled off and the glycosides

were hydrolyzed in nomal hydrochloric acid (285 ml.)j the

optical rotation being constant for the eighth and ninth

hours. The hydrolysate was then neutralized and the

methylated sugars recovered. (Yield, 3«1 g»)•

Separation of Methylated Xylan Hydrolysate

The syrupy hydrolysate (3 g.) was placed on the top

of a cellulose column (p. 1+6), in a solution of petroleum

ether, 100/120°. After this had soaked in, several small

additions of petroleum ether, 100/120°- n-butanol (70:30)

saturated v/ith water, were made to reduce the possibility

of backwash by hydrolysate. The methylated sugars were

eluted with the above solvent (70:30) and the following
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fractions were obtained.

Fraction Tubes Products Weight(g.)

0-160

1 161-200

201-290

tetramethyl glucose .087

2 291-320

321-hoo

triraethyl xylose .0061*

3 1*01-51*0 trimsthyl glucose(s) .0108

k 51*1-760

761-810

trimethyl glucose .11*1*9

5 811-880 trimethyl glucoses .0130

6 881-920 trimethyl glucoses,
dimethyl xylose .0282

7 921-960 dimethyl xylose,
trimethyl glucose .11*68

8 961-1180*
1181-1260

dimethyl xylose 1.8962

9 1261-1380 unknown mixture .0308

10 1381-11*80 raonomethyl xylose .1520

water wash xylose (trace)

2.5161

*
Solvent changed to half-saturated n-butanol.*
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Identification of Methylated Fractions

Fraction 1 - Tetramethyl Glucose

This fraction (.087 g.) was crystallised from petroleum

ether, 2*0/60®, containing a drop of ether. Its melting point

was 96-97° and this was not depressed on admixture with

2:3:1*: 6-tetra-0-*nethyl-D-glucose. (Calc. for C10°6H20'
OMe, 52.3^J Found, 53.2%).

Fraction 2 - Trimethyl xylose

The trimethyl xylose was found to have the same value

(.92) as 2:3sl+-tri-(2-methyl-D-xylose,
This fraction (5 mg.) was demethylated with 1*8% hydrobromic

acid (1 ml.) in a sealed tube for seven minutes at 100°. The

solution was then diluted with water and neutralized with silver

carbonate, filtered and the filtrate treated with hydrogen

sulphide. A chromatogram of the recovered material showed

the presence of xylose.

Fraction U - Trimethyl glucose

Fraction 1* had a raethoxyl content of 1*0.8%. (Calc. for

C9H18°6» OMe, 2*1.9%).
A portion of fraction 1* (50 mg.) was refluxed three hours in

ethanol (2-3 ml.) containing freshly distilled aniline (1*0 mg.).
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The solvent was then removed "by vacuum distillation and the

remaining solid material was washed with petroleum ether,

1+0/60°, It was then recrystallized from a mixture of ether-

petroleum ether, 1+0/60°. The crystals had a melting point

of 1l+l+.5-1l+5.5° and & mixed melting point of 11+3-11+1+.5° on

admixture with 2:35l+-tr1-O-methyl-N-phenyl-D-glucopyranosyl-

amine.

Fraction 6 and 7

Fraction 6 and 7 were combined (0.175 g.) and the

methylated sugars separated by thick paper (3 MM) chromatography.

The sugars were eluted from the paper with cold vrater. Pure

dimethyl xylose (0.1215 g«) was obtained in one fraction and a

second fraction (.0287 g.) was obtained which consisted of

dimethyl xylose and trimethy1 glucose.

Fraction 8 - Dimethyl xylose

This fraction had a methoxyl content of 35-2% (Calc. for

C7H1l+°5' OMe 3l+.8%), and an optical rotation of+25° (c, 0.969
in water).

A portion of this fraction (50 mg.) was refluxed three

hours in ethanol (1+ ml.) containing freshly distilled aniline

(1+0 mg.) and the solvent was then removed by vacuum

distillation. The solid was washed with petroleum ether,
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1*0/60°, to remove excess aniline and recrystallized from ethyl

acetate. The crystals melted at 122-122.5°» undepressed with

2 j 3-di -0-me thyl -N-pheriyl-D-xylopyrano sylamine.

A portion of this fraction (100 mg.) was dissolved in

"bromine water (6 ml.) and allowed to react for five days at

room temperature. Bromine was removed "by aeration, the

solution was neutralized and evaporated to a syrup. The syrup

was lactonized "by heating at 95° for two hours under reduced

pressure. The dry lactone was treated with methanolic

ammonia (5 ml.) at room temperature overnight. The recovered

syrup was crystallized from ethyl acetate. The crystals melted

at 132° and the melting point was undepressed on mixing with

2:3-di-^C-me thyl-D-xylonamide •

Fraction 9 - Unknown sugar(s)

This fraction appeared as a streak on chromatograms,

"between dimethyl xylose and monomethyl xylose. Dr. Sandstrom had

isolated L-rhamnose in a partial hydrolysis study of the original

xylan and it was thus suspected that this fraction might contain

monomethyl rhamnose.

The fraction (30.8 mg.) was demethylated by refluxing with

hydriodic acid (1 ml.) for ten minutes at 100°, The solution

was neutralised with silver carbonate and the filtrate treated

with hydrogen sulphide. The concentrated filtrate was

chromatographed and was found to consist of xylose and glucose.
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Fraction 10 - Monomethyl xylose

lonophoretic chromatograms (p. 51 ) were run on this

fraction and it was found to consist principally of

3-0-methyl-D-xylose with a small amount of 2-0-methyl-D-

xylose. (OMe, 17.8%; calc. for 18.9%).
A portion of the monoraethyl xylose crystalline

syrup (50 mg.) was dissolved in ethanol and freshly distilled

aniline (3 drops) was added. The mixture was refluxed for

three hours after which the solvent was removed toy vacuum

distillation. The syrup would not crystallize in a

desiccator. Crystals were finally obtained from a viscous

ethyl acetate solution and were washed well with petroleum

ether, 1+0-60°. They melted at 134-136° (3-0-methyl-N-

phenyl-D-xylopyranosylamine 137° (99)) and a mixed melting

point with 2-0-methyl-N-phenyl-D-xylopyranosylamine (m.p.

126°) was depressed to 105-108°.
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Summary of Methylated Derivatives from Oak Heartwood Xylan

Weight Molar
(gi) Percentage

2:3*4:6-tetra-0-methyl-D-glucose 0.0870 2.72

2:3:4-tri-O-methyl-D-xylo se . 0061+ . 25

2:3:4-tri-0-me thyl-D-gluco se .1 i+i+9 k* 90

2:3-di-O-methyl-D-xylose 2.0177 85*09

3-0-methyl-D-xylose (containing .1520 6.96

a small amount of 2-0-raethyl-D-xylose)

Unidentified Practlons

3 trimethyl glucose(s) .0108

5 trimethyl glucoses .0130

6 (sub-fraction) trimethyl glucoses, .0287

dimethyl xylose

9 mixture of methylated xylose and .0308

glucose derivatives
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DISCUSSION

Norway Spruce Xylan

Preliminary studies on the extractable polysaccharides in

Norway spruce, Picea excelaa, indicated that without extraction

of the sawdust with benzene-ethanol, and then removal of the

lignin with sodium chlorite-acetic acid solutions, very little

polysaccharide material could he removed. In spite of the

small amount of extractable polysaccharides obtainable, it was

evident from this study that they consisted of a complex mixture.

Chromatography of the hydrolysed material obtained from aqueous

extractions and from extractions with varying concentrations

of sodium hydroxide (p. 31)showed the presence of xylose,

mannose, galactose, glucose, and arabinose residues. A later

exhaustive hot water extraction revealed similarly rhamnose

and possibly fucose residues.

Two xylan-rich fractions were finally obtained from solvent-

extracted (benzene-ethanol), delignified spruce sawdust by

extraction with normal sodium hydroxide. The alkaline extract

upon neutralization and the addition of two volumes of acetone

yielded a precipitate which was then fractionated further.

The precipitate was dissolved in water and sufficient acetone was

added to make the solution h©; acetone. Acidification (HgSV
of the acetone solution gave a precipitate (A). After removal

of this, further acetone was added to the solution and a second
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precipitate (Xylan B) was obtained. The spruce sawdust was

then exhaustively extracted with hot water and likewise with

normal sodium hydroxide, followed "by an extraction with 10%

sodium hydroxide. The 10% alkaline extract gave a precipitate

upon neutralization, and after removing this by centrifuging,

a second precipitate (G) was obtained by the addition of half

a volume of acetone. Fraction C was found upon hydrolysis to

contain sufficient xylose to make isolation of a xylan reasonable.

Fractionation of 0 was accomplished with repeated precipitation

employing glycerine and copper sulphate. The material which

precipitated during this procedure was discarded and the

material remaining in the alkaline solution was recovered by

neutralization and precipitation with acetone (Xylan C-2).

The material recovered each time was observed to be of

continually increasing xylose content. It Is doubtful whether

this procedure should be thought of as a fractionation by

formation of an insoluble copper complex. The material which

precipitated was pale blue in colour and the solution was stirred

during the addition of the copper sulphate to prevent any

"premature" formation of the dark blue gelatinous copper complex*

When the dark blue complex was observed and could not be

destroyed by stirring, the addition of copper sulphate was

stopped.
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The analysis of Xylan B and Xylan C-2 is given below:

Monosaccharides

xylose

arabinose

mannose

glucose galactose

Uronic Anhydride

Methoxyl Content

Optical Rotation

Xylan B

57.7%

16.8

8.1

15.0%

2.7%

38° (c, 0.39 in
N NaOH)

Xylan C-2

62.7%

12.7

6.8

18.9%

1.8%

kh° (c, 0.32 in
I NaOH)

These xylan-rich fractions appear similar in their uronic

anhydride contents and optical rotations. Xylan B contains

arabinose but no mannose, while Xylan C-2 contains mannose but

no arabinose. The arabinose content of Xylan B was not observed

to decrease significantly during further fractional precipitations

and since arabinose residues are often associated with xylans it

would not be correct to eliminate this possibility here. Again,

one observed difference was the solubility of Xylan B in water

and Xylan C-2 only in aqueous alkaline solutions, suggesting

|>robably a difference in chain length. The isolation of h-0-

raethyl-D-glucose from the reduced acidic fraction of each

indicates that the uronic acid is h-0-methy1-D-glucuronic and the
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presence of methoxyl groups is also indicated "by the methoxyl

content found in each xylan fraction. In the preparation of

the osazone of h-O-methyl-D-glucose, the reaction mixture was

heated too long and it is believed that this increased the

reaction by-products. Although h-O-methyl-D-glucosazone was

identified chroraatographically, no crystalling osazone could be

obtained.

The Xylan G-2, dissolved in aqueous sodium hydroxide, was

methylated with dimethyl sulphate. Difficulties were

encountered in the recovery of the xylan from the aqueous

solution after each methylation. This was apparently due to

inorganic ions, for dialysation and evaporation of the dialysate

yielded a material which was soluble in chloroform. The xylan

was methylated further with methyl iodide and silver oxide.

(Pound OMe, k0»3%> and [a]p-h3«7°(cf 0.25 in chloroform)).
The hydrolysis of the methylated xylan was begun in 2N

hydrochloric acid at room temperature for seventeen days. The

solution, after diluting with water to bring it to normal with

respect to hydrochloric acid, was heated on a water bath until

its optical rotation was constant. A small insoluble residue

was recovered from the hydrolysate and further hydrolyzed with

methanolic hydrogen chloride, followed by aqueous hydrochloric

acid. The combined hydrolysate upon neutralization yielded a

syrup which was treated with barium carbonate in order to form
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the "barium salt of the uronic acid. This hydrolysate was observed

chromatographically to contain only methyl ethers of xylose and

an acidic fraction. Presumably the manncse, glucose, and

galactose previously observed in this fraction had been lost

during methylation, probably in the recovery of the methylated

product.

The hydrolyzed methylated xylan was placed on a cellulose

column and the methyl ethers were eluted with aqueous saturated

n-butanol-petroleum ether, 100-120°, (30:70)j saturated

n-butanol-petroleum ether, 100-120°, (1:1)J and half-saturated

n-butanol. The barium salt of the acidic fraction was eluted

with water. Unfortunately, a small portion of the acidic

fraction was eluted with the dimethyl xylose and monomethyl

xylose fractions and this acidic material has been assumed to

be free aldobiouronic acid. Thick paper chromatographic

separations on a portion of the dimethyl xylose fraction indicated

3% (by weight) of aldobiouronic acid and similarly, the monomethyl

xylose fraction was found to consist of 11+.2$I aldobiouronic acid.

By applying these corrections to the respective fractions, the

hydrolyzed xylan yielded trimethyl xylose (0.0233 g.), dimethyl

xylose (1.1+352 g.), monomethyl xylose (0.1615 g») and an acidic

fraction (0.91+88 g.).

The trimethyl xylose syrup crystallized and the crystals

melted at 88°, undepressed on admixture with 2:3:U-tri-0-methyl-
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D-xylose. (OMe, calc. for CgH^C^ k&»hfo)»
The dimethyl xylose (OMe, 3U.6$; cale. for CyH^Of., 3h»&%)

was identified "by preparation of the anilide. The dimethyl

xylose (free of uronic acids) was refluxed in ethanol with

aniline for three hours. The recovered syrup, which crystallized,

was recrystallized in ethyl acetate. These crystals melted at

122° and were undepressed on admixture with 2:3-di-O-methyl-N-

phenyl-D-xylopyranosylamine. The amide of the dimethyl

xylonolactone was prepared "by oxidizing the dimethyl xylose with

"bromine water, heating the recovered syrup under reduced pressure,

and then reacting the lactone with methanolic ammonia at room

temperature overnight. The purpose of heating the syrup under

reduced pressure was to upset the equilibrium between free aldonic

acid and lactone, thus completing the conversion to lactone.(106).

The syrupy amide was crystallized from ethyl acetate and the

crystals melted at 132°, undepressed on admixture with 2:3-di-0-

me thy1-D-xy1onamide.

The monomethyl xylose fraction (OMe, 17*9$; calc. for

^6H12°5» was found to be 3-0-methyl-D-xylose with a trace
of 2-O-methyl-D-xylose. This was determined from low voltage

ionophoretogrsms on which the appropriate standards were run.

The attempts to obtain a crystalline anilide were unsuccessful.

The methylated acid fraction had an acid equivalent of 378

(calc. for C^H^Oggt 382) and was observed chromatogrephically
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to consist of at least an aldobiouronie acid and a uronic acid -

the uronic acid having the same R as a trime thy1 glucuronic acid.
O

A preliminary study of this fraction consisted of converting a

small portion to its glycoside with methanolic hydrogen chloride

and reducing the glycoside with lithium aluminium hydride. The

hydrolysis of the reduced material Indicated chromatographically

a monomethyl xylose and a trimethyl glucose with a small amount

of a dimethyl xylose. An ionophoretogram showed that the

monomethyl xylose was 3-0-methyl-D-xylose and that the trimethyl

glucose was 2:3:4-tri-0-methyl-D-glucose.

The same procedure was carried out on a larger portion of the

acidic fraction. The hydrolyzed sugars were separated on thick

paper chromatograms into two fractions, a monoraethyl xylose

fraction and a trimethyl glucose fraction. lonophoretograms

on the monomethyl xylose again indicated only 3-0-methyl-D-xylose.

Further chromatography of the trimethyl glucose fraction revealed

that it also contained some dimethyl xylose. The trimethyl

glucose was purified "by thick paper chromatography. This

trimethyl glucose (OMe, !+0?aj calc. for C^Hl^^, Ul.9%) was found
chromatographically and ionophoretically to he identical to

2:3:4-tri-0-methyl-D-glucose> and demethylation of the triraethyl

glucose was observed chromatographically to give rise to only

glucose. The dimethyl xylose, when examined chromatographically

and ionophoretically, appeared to be 2:3-di-£-methyl-D-xylose.
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The dimethyl xylose obtained here suggests that the acidic

fraction may contain an aldotriouronic acid which may possess

one of the following sturctures.

VS-
i?

?U .A.

"*4X1""4X1~ Vr
2 2

1 1

u .A. u » Ae

4A1

U.A. j= Uronic
Acid

II III

Or there may be present an aldobiouronic acid with this

structure -

1
U.A.

IV

Structure I has been proposed for the aldotriouronic acid

in the xylan of flax straw (Phormlum jfcenax) (42) and elm (44),
and it was suggested (p. 13) that the proof for such a structure

in flax straw xylan was not decisive. Structures II and III

could arise through incomplete hydrolysis and either would be

more in line with other xylan structures (41) (43) (51) which

contain single uronic acid residues as a side chain. Structure

IV, an aldobiouronic acid, has not been observed to date in

xylans but such a structure would explain the liberation of

dimethyl xylose upon hydrolysis.
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In order to investigate the structure of the acidic

fraction further, a portion was again converted to the glycoside

with methanolic hydrogen chloride and the glycoside was reduced

with lithium aluminium hydride. The reduced material was then

remethylated with methyl iodide and silver oxide and hydrolyzed.

It was observed chromatographically that the hydrolysate

consisted of a tetramethyl glucose, a dimethyl xylose (R •7k)
O

and a small amount of trimethylglucose (R .80) and a trace of a
o

monomethyl xylose (R .38). A rough separation was carried out
o

on thick paper (3 MM) and the ma^or fractions, dimethyl xylose

and tetramethyl glucose, were obtained.

The dimethyl xylose fraction by ionophoretogram was found

to contain no 2:3-di~0-methyl-D-xylose and ordinary chromatography

in butanol-ethanol-water (40:11s19) and employing the spray,

p-anisidine hydrochloride, indicated only 3*4-di-<)-methy1-D-

xylose. It was observed that this fraction still contained a

small amount of a methylated sugar (s) (Rg .82) presumably
trimethyl glucose. The dimethyl xylose fraction was thus

purified by thick paper chromatography and the recovered dimethyl

xylose was oxidized with bromine water. The recovered material

after heating tinder reduced pressure crystallized as the lactone

upon seeding. Its melting point was 6h-66° and this was

undepressed on admixture with 3:^-di-0«^ethyl-D-xylonolactone.

It is important that no 2:3-di-0-methyl-D-xylose was found in this



- 77 -

fraction for it shows that the uronic acid was not linked

according to Structure I, III, or IV, and that the previous

observation of 2:3-di-0-methy1-D-xylose could only indicate

that the acidic fraction contained a small amount of an

aldotriouronic acid through incomplete hydrolysis having

Structure II. If the presence of Structure II is correct,

the remethylation of the acidic fraction would convert the

2:3-di-0-methyl-I)~xylose to 2:3:h-tri-0-methyl-D-xylosej

and this was observed to be true although it was not possible

to resolve sufficiently the small quantity of trimethyl

glucoses arising from incomplete methylation, and the small

quantity of trimethyl xylose for a more complete identification.

The tetramethyl glucose fraction which contained a small

amount of a trimethyl ether of a sugar(s) was partially

dissolved in petroleum ether, 1+0-60°, and the solution decanted

from a tan oily residue. The solution was concentrated and

seeded with a crystal of 2:3sij;6-tetra-O-methyl-D-glucose.

The crystals obtained (m.p. 75-95°) were recrystall1zed from

petroleum ether, h0-60°, containing a drop of ether and had a

melting point and mixed melting point of 95-5-96.5° with

2:3:i+i6-tetra-0-aethyl-D-glueose.

Thus the acidic fraction upon reduction and hydrolysis

gives rise to 3-0-raethyl-D-xylose and 2:3:i+-tri-0-methyl-D-

glucose. Again reduction of the acidic fraction, followed
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"by methylation and hydrolysis gives rise to 3:U-di-O-methyl-D-

xylose, and 2:3:U:6-te tra-O-methyl-D-glucose. The 3-0-methyl-

D~xylose and the 3:h-di-0-methyl-D-xylose signifies that the

glucuronic acid was attached to carbon two of a xylose residue

in the xylan chain and that this xylose residue was linked

in the xylan chain, 0,1 as were the other xylose residues.

2:3:h-Tri-O-methyl-D-glucose and 2:3:h:6-tetra-0-methyl-D-

glucose indicates that the glucuronic acid is attached through

carbon one to the xylan chain and that the molecule is in the

pyranose form; and the methylated aldobiouronic acid is

3-0-methyl-2-0- (2:3: h-tri-jQ-me thyl-D-glucopyruronosyl) -D-xylose.

The molar percentages of the methylated sugars from the

xylan hydrolysate are:

The methylated xylan was found by isothemal distillation

to have a molecular weight of 17*000 (£ 500) indicating a degree

of polymerization of approximately one hundred. This is in

agreement with that derived from the molar percentages. It Is

not known at what intervals the attached residues of h-0-methyl-

D-glucuronic acid occur in the xylan chain but there would appear

to be one acid residue per five or six xylose residues.

2:3:h-tri-0-methyl-D-xylose

2:3~di-0-methyl-D-xylose

3-0-methyl-D-xylose

Tetramethyl aldobiouronic acid

1.03%

69.21

8,1+2

21.32
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Oak Heartwood Xylan

The oak heartwood xylan was isolated "by Dr. R.A. Laidlaw,

Forest Products Research Laboratory, by first, five successive

extractions with 0.1 N sodium hydroxide of the solvent-extracted

sawdust, followed by extraction with 1.0 N sodium hydroxide.

The normal sodium hydroxide hemicellulosic material was further

purified by three precipitations as the insoluble copper complex

and was found then to contain xylose (88$) and uronic acid (12$).
Dr. J. Sandstrom, from a partial hydrolysis study on this xylan,

Isolated and identified xylose, xylobiose (0,1-1+), xylotriose

(0,1-1+) and L-rhamnose. His methylatlon study gave

2:3:l+-trl-0-methyl-D-xylose (0.2$), 2:3-di•<>-raethyl-D-xylose

(86,5$), 3thyl-D-xylo se (3.8%), and a methylated acid

fraction (9*5$) (equiv. wt., 386; calc. for tetramethyl aldo-

biouronic acid (C^Hg^O^, 380)), The molecular weight of this
methylated xylan by osmotic pressure measurements was 19»000

(i 1,000).

A sample of the fully methylated oak heartwood xylan was

obtained from Dr. Sandstrom for further structural study in an

attempt to explain, if possible, the very low quantity of end

group, trimethyl xylose, obtained and to explain the structural

significance of the monomethyl xylose (3*8$) which could have

arisen from a branching point in the xylan chain or from the

hydrolysis of the aldobiouronic acid.
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The reduction of a small portion of the methylated xylan in

tetrahydrofuran with lithium aluminium hydride yielded a
* * '

material which upon hydrolysis gave rise to methylated xylose

derivatives, triraethyl glucose and a small amount of xylose and

glucose. By remethylation of the reduced xylan with methyl

iodide and silver oxide, a material (OMe, 39*5%) was obtained

which was found to consist of methylated xyloses, a tri- and a

tetramethyl glucose, and again a trace of glucose and xylose.

Hydrolysis of the original methylated xylan also gave rise to a

small oiaount of xylose and glucose which had not been previously

observed because it was masked by the uronic acids on paper

chromatograms developed in butanol-ethanol-water (hs1:5)* There

is no obvious explanation for this observation other than

incomplete raethylation.

In the large scale reduction of the methylated xylan with

lithium aluminium hydride in tetrahydrofuran, the procedure had

to be repeated in order to reduce all the uronic acid. The

reraethylation of this material with methyl iodide and silver

oxide was also repeated. After the second methylation the

xylan([a]jj =-61.5°) was hydrolysed with normal methanolic
hydrogen chloride to glycosides which were then hydrolyzed to

methylated sugars in normal hydrochloric acid. Each hydrolysis

was followed by optical rotation measurements. The methylated

sugars composing the hydrolysate were concentrated to a syrup
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and placed on a cellulose column for separation. They were

eluted with aqueous saturated n-butano1-petro1 euxii ether, 100-120°,

(30s70) and half-saturated n-butanol. Ten fractions were

obtained from the column and the following were examined and

identified.

Fraction 1 was a tetraraethyl glucose (QMe, 53.2$; calc.

for C^gHgQOg, 52.5SQ which was crystallized from petroleum ether,
40-60°, containing a drop of ether, and was found by its melting

point and undepressed mixed melting point to be 2:3:4:6-tetra-

0-iae thyl -D-glucose.

Fraction 2 was found to have the same B value (.92) as
s

2:354-trithyl-D-xylo se. The very small quantity of this

fraction (6,4 mg.) limited identification studies. It was

demethylated with U&% hydrobromie acid and was observed to give

rise to xylose.

Fraction 4 contained a trimethyl glucose (OMe, 40.8$;

calc. for k1*9?o). The anilide of this trimethyl

glucose was prepared and it was found to have a melting point

of 144.5-'145.50 which was undepressed on admixture with 2:3:4-

tri-^O-ae thyl-B-phenyl-D-glucopyrano sylamine •

Fractions 6 and 7 which appeared to contain a dimethyl

xylose, and trimethyl glucose(s) were combined and the methylated

sugars separated by thick paper chromatography. A pure

dimethyl xylose fraction and a small fraction consisting of
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dimethyl xylose and trimethyl glucose was obtained.

Fraction 8 was the large dimethyl xylose fraction (OMe,

35.2?bj calc. for Cyi^Og, 3^.8^) ([a]D= +25° (c, 0.969 in
water)). The anilide was prepared and was recrystallized from

ethyl acetate. The crystals had a melting point and mixed

melting point of 122-122.5% undepressed with 2:3-di-^0-

methyl-H-phenyl-D-xylopyranosylamine. Also, the dimethyl

xylose was oxidised with "bromine water, and the product

completely converted to the lactone by heating under reduced

pressure. The dry lactone formed the amide when treated over¬

night with methanolic ammonia. The amide crystals, obtained

from an ethyl acetate solution, melted at 132° and their melting

point was undepressed on mixing with 2:3-di^-methyl-D-xylonamlde.
Fraction 9 appeared on chromatograms as a streak between

dimethyl xylose and monomethyl xylose. Since Dr. Sandstrom

had identified L-rhamnose from the unmethylated xylan, it was

suspected that this fraction might contain a monomethyl rhamnose.

However, demethylation in hydriodie acid revealed by chromatography,

xylose and glucose.

Fraction 10, a monomethyl xylose (OMe, 17.8^; calc. for

°6h12C5' 18 • 9tfo) was found by ionophoretogram to consist
principally of 3-0-methyl-D-xylose with a small amount of 2-£-

methyl-D-xylose. The preparation of the anilide yielded

3-O-methyl-N-phenyl-D-xylopyranoaylamine, and its melting point
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was depressed thirty degrees on admixture with 2-0-methyl-N-

phenyl-D-xylopyrano sylamine•

The molecular weight of this reduced and remethylated

xylan was found hy osmotic pressure measurements to "be 17,000

(» 1,000), giving a degree of polymerization of 100-104* Dr.

Sandstrora's methylated xylan had a degree of polymerization of

approximately 115 (Mol. wt. 19,000). There would appear to

he little if any decrease in chain length during reduction and

rernethylation of the xylan when the error in molecular weight

determinations is considered.

The molar percentage of the identified methylated sugars

are as follows:

2:3:4:6-tetra-O-methyl-D-glucose 2.72%

2:3:4-tri-O-methyl-D-glucose 4* 90

2:3:4-tri-O-methyl-D-xylo se .25

2:3-di-O-methyl-D-xyloee 85.09

3-O-methyl-D-xylose 6.96

The very small quantity of trimethyl xylose obtained is

similar to Dr. Sandstrom's results. However, the quantity of

monomethyl xylose found is now rather low to account for all of

the methylated glucose. These facts would seem to indicate

that some of the xylan molecules are terminated hy uronic acid
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residues rather than "by D-xylose residues. Since the molar

quantities involved are so small and in view of the limited

accuracy of the techniques employed, it cannot he definitely

stated that uronic acid residues terminate (1 -> I4.) some of the

xylan molecules although this would seem to he a logical

explanation.

The presence of 3-0-methyl-D-xylose indicates that the

majority of the uronic acid residues are linked through carhon

two of xylose residues in the main xylan chain with

approximately 10-12 uronic acid residues per molecule. The

tetra- and trlmethyl glucoses show that the uronic acid is a

glucuronic acid hut as yet it is not known whether this is

4-0-methyl-glueuronic acid nor is it known at what intervals

the attached uronic acid residues occur in the xylan chain.

Xylan Structures

All xylans investigated to date have heen found to consist

essentially of a "backbone ofD-xylose residues, linked 3,1-U.

Some xylans have side chains attached, and these side chains have

heen arahinose residues, glucuronic acid residues, and 4-0-

methyl-D-glucuronic acid residues. It is important that the

xylan structures investigated in this work he integrated with

those of other xylans.
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The Norway spruce xylan was found to consist of approximately

e »3h+vj-fivje D-xylose residues linked 0,1-4 with single 4-0-

wtothyl-D-glueuronic acid residues attached to the main xylose

chain through carbon two; there "being approximately one acid

residue per five or six E-xylose residues.

X,,- ... ~4X1 ~4X1 "*4X1 ~4X1 ~4X1 ~4X1'

1
•A*

... -UX

U.A. = 4-0-methy1-D-glucuronic acid

n = 14-15

The oak heartwood xylan appears to consist of

approximately 100 D-xylose residues, linked 0,1-4# with a

glucuronic acid residue attached to the main xylose chain

through carbon two; there "being approximately one acid

residue per ten or eleven D-xylose residues. The non-reducing

end of the xylan is terminated "by D-xylose residues in some

molecules and possibly by uronic acid residues in other molecules.

X1~
O.A.r(?)

~4X1 **4X1 ~4X1 ~4X1 ~4X1 ~4X1 "4X1 ~4X1 ~4X1 ~4X1"
2

1
• A.

... ~4X

n

U.A. » a glucuronic acid

n « 10-11
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The Norway spruce xylan appears to be similar in

structure to xylans investigated from other woods in that

they consist of a main chain of 0,1-1+ linked xylose residues

with single side chains of h-O-methyl-D-glucuronie acid

residues. The oak heartwood xylan would also appear to be

similar to other wood xylans although it is not yet known

whether the glucuronic acid is l+-0-®ethyl-D-glucuronic acid.

Beechwood xylan (1+1) which has a D.P. of 70, contained

single 1+-C--methy1-D-glucuronic acid residues (one per ten

D-xylose residues) linked to the main xylan chain through

carbon two of a xylose residue. Single side chains of

h-O-methyl-D-glucuronic acid residues with this same linkage

have been found in the xylan from flax straw (Linurn

Usitatissium) (1+3). It appears that the xylans in Scots

pine (Pinus sylvestrla). black spruce (Plcea nigra)(h6).

and aspen wood (Populus tremuloides)(50) also consist of

0,1-1+ linked D-xylose residues in the main xylan chain with

single i+-0-methy1-D-glucuronic acid residues attached. This

is indicated from partial hydrolysis studies of the woods in

which xylobiose (0,1-1+), U-O-methyl-D-glucuronic acid and an

aldobiouronlc acid, 2-0-(i+-0-methyl-D-glucosidurono)-D-xylose,
were isolated.
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EXPERIMENTAL

ALKALINE DEGRADATION

Determination of Hydrolysis Rate of an Esparto Grass Xylan

The xylan (1 g.) was dissolved "by shaking in water (80 ml.)

overnight. Normal sulphuric acid (20 ml.) was added and the

flask was immersed in a boiling water bath. The hydrolysis was

followed by optical rotation measurements, and by measurement of

reducing power with the Somogyi reagent.

Time (min.)

35 k°

60 18

105 22

150 26

195 26

The hydrolysate was sampled for reducing sugar measurements

at the same times as listed above. The samples (0.1 and 0.3 ml.)
were pipetted into boiling tubes (MP 2L/2) and normal sodium

hydroxide (1 ml.) and water (i+ ml.) were added. The Somogyi

reagent (88) (5 ml.) was added to this solution and the

stoppered tubes were placed in a boiling water bath for twenty

minutes. After cooling the tubes, they were each treated with

2,5% potassium iodide (2 ml.), followed by 2N sulphuric acid (1.5 ml.).
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Tiie liberated iodine after oxidation of any precipitated copper

oxide was titrated with N/100 sodium thiosulphate. The following

graph indicates the Increase of reducing sugar (expressed as

ml. of sodium thiosulphate) versus time.

Prom the graph, it appears that hydrolysis was virtually

complete after 150 minutes. This is in agreement with the

optical rotation. Whistler and Tu (36) report that the

xylobiose concentration is greatest at 2/3 of the time necessary

for complete hydrolysis. Thus, to obtain a good yield of

xylobiose by hydrolysis of this sample of esparto grass xylan,

the hydrolysis time should be 100 minutes.

Preparation of Xylobiose and Xylotriose (36)

The xylan (50 g.) was suspended in water (750 ml.) and

shaken twenty-four hours. This solution was diluted to four

litres with water and normal sulphuric acid (1 1.) was added.

The resulting solution was divided into two portions and each

hydrolyzed for one hundred minutes at 100®.
The solutions were stirred throughout the hydrolysis.

The hydrolysates were then cooled in an ice bath (5°) and

neutralised with sodium bicarbonate. After storing the neutral

solution in a refrigerator (h°) for forty-eight hours, the

insoluble precipitate was removed by decantation and filtration.
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The concentrated hydrolysate was placed on a charcoal-cellte

column (1s1) (55*9 x 7 cm.) and the neutral sugars and inorganic

ions eluted with water. The elution of xylobiose was

accomplished with 5% ethanol (13 !»)§ divided into six fractions,

and the elution of xylotriose was accomplished with 15% ethanol

(6 1.) divided into three fractions.

Of the 5% ethanol fractions, 1,2, and 3 contained large

quantities of xylobiose with a trace of xylotriosej of the 15%

ethanol fractions, 2, and 3 contained large quantities of xylo¬

triose with a trace of xylose and xylohiose.

R values were 0.58 and 0.30 respectively and are "both lower
Ji.

than those reported "by Whistler (private communication) (100)

In ethyl acetate, pyridine, water (10:i+s3)•

Yield - Xylobiose, Crude fractions 1,2,3 h»1 g*

Xylotriose,Crude fractions 2,3 2.5 g.

Pure xylohiose, Isolated "by thick paper chromatography,

crystallized from wet methanol containing its maximum amount of

petroleum ether, 60/80°. Its melting point was 183-187® and

was undepressed on admixture with xylobiose (3—1 ,i+) •

The xylotriose was also purified by thick paper (3 MM)

chromatography and its octaacetate was prepared in the following

manners

Xylotriose syrup (500 mg.) was dissolved in acetic
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anhydride (15 nil*) to which was added fused sodium

acetate (0.6 g.). The mixture was refluxed four and

a half hours at 100® in a flask containing a mercury-

sealed stirrer. The warm solution was poured into
1 • •

• - t ' ' ( i . ' i I \ • v V • . . \

an ice slurry. A tan oil separated out and this vras

taken up in chloroform and evaporated to a viscous

liquid which retained a strong odour of acetic acid.

The liquid was then dissolved in ether and washed

with water (3 x 25 ml.). The ether solution was

evaporated and the material recrystallized from

methanol. M.P. 110® (Yield.32 g.) (Correct,109-110°)
(101).

2:b-Dihydroxy-2-Hydroxymethyl Butanoic Acid

The xylolsosaccharinic acid, 2:h-dlhydroxy-2-hydroxymethyl

"butanoic acid, was prepared in this department by Mr. M. Los,

and Dr. G.O. Aspinall.(102). The crystalline lactone was

found to have a melting point of 95•5-96.5°•
The amide was prepared "by dissolving the xylol so saccharino-

lactone (bOO mg.) in methanolic ammonia (8 ml.) and allowing

this to react at room temperature for forty-eight hours. Upon

distillation of the methanol, the syrup crystallized in a

desiccator after three days. The crystals were washed with a

small quantity of ethyl acetate and dried. Their melting
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point, 100-105° was depressed to 70-75° on mixing with the

lactone. Two recrystallizations from ethanol-ethylacetate

gave a product whose melting point was 90° which was depressed

to 60-70° on admixture of the lactone. (Calc. for C^H^O^N
C UD.2%, H 7*k%, N 9.3$; Pound C U1*5$, H 7*5%, N 8.55$).

In the preparation of the anilide only the starting

material could he recovered.

Degradation of Xylobiose followed Chromatographically

Chromatographically pure xylohiose (50 mg.) was dissolved

at room temperature in oxygen-free saturated lime water (.OJ+ii N.)

(6 ml.) in an atmosphere of nitrogen. Samples (0.5 ml.) were

taken after various intervals of time. The sample was

diluted with water (2 ml.) and passed through a column

(12 x .5 cm.) of Amberllte IR-120. The column was washed with

water (10 ml.), all eluates were combined and evaporated to

a syrup under reduced pressure (i*0°) •

Chromatograms were run on each sample in ethyl acetate,

acetic acid and water (10:1.3*1*0) (5 hrs.). Each

chromatogram was sprayed with aniline oxalate and the colours

developed hy heating; and then each chromatogram was sprayed

with hydroxylamine/ferric chloride spray (103)* The
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following observations were made.

Time (hrs.)

\ xylobiose, xylose, xylulose (?)
J W It ft

8 H ft ft

18 " " "

3k xylobiose, xylose, xyloisosaccharinolactone3*
^2 81 «» »t

100 " M "

170 « n

^Several unknown spots were observed on this and all

following chromatograms.

The reaction was stopped after 170 hours by treatment with

Amberlite IR-120 and the recovered syrup was separated on thick

paper (3 MM) chromatograras. The appropriate area for xyloiso-

saccharinolactone was cut out and eluted with cold water. The

resulting material was again chromatographed with the synthetic

lactone and their rates of travel appeared to be the same.

Identification of Lactone from Alkaline Degradation

Xylobiose (300 mg.) was dissolved in oxygen-free saturated
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lime water (36 ml*) in a nitrogen atmosphere. The degradation

at room temperature was allowed to continue 144 hours. The

xyloisosaccharinolactone was recovered as above. The

concentrated solution of the lactone was cleaned with charcoal

and crystallised in ether acetate. Its melting point was

95*6-96.5° and was undepressed on admixture with the synthetic

xyloisosaccharinolactone, 2:4-dihydroxy-2-hydroxymethyl

butanolac tone.

Studies on Alkaline Degradation Rates

The degradation studies for xylose, xyloblose, and

xylotriose were conducted in the following manner. The

chromatographically pure sample was dissolved in carbonate-free

normal sodium hydroxide (25 ml.) under oxygen-free nitrogen.

The degradation reaction was carried out at room temperature

(16-18°), Samples (2 ml.) of the reaction mixture were

withdrawn periodically and were deionized by passing through a

column (35 x 1.2 cm.) of Amberlite IK-120 (approx. 25 g.).

The column was then washed with water (30 ml.) and the eluate was

titrated potentiometrically with carbonate-free sodium hydroxide

(.0858 N.). After washing the electrodes, the total liquid

was acidified with 0.802 N hydrochloric acid (0.50 ml.) and the

solution was boiled until its volume was approximately 15 ml.

(104). Boiling was continued for ten minutes after which the
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solution was quickly cooled, and allowed to stand at room

temperature for fifteen minutes. The free acids in the solution

were again titrated potentiometrically with sodium hydroxide (.0858 N.).

The first titration was a direct measurement of the total acids

in the sample; from the second titration, the quantity of

unlactonizable acids could he determined. Duplicate samples were

run for each time interval* The sampling, titrations, boiling etc.

were carried out in a nitrogen atmosphere. The following tables

and graphs give the results obtained.

Xylose Degradation 0.079 M in 1.1 N, NaOH

Time
(Days)

Total Moles*
Aciq/lfele Xylose

Moles
Unlactonisable Acl€/

Mole Xylose

Moles
Lac tonizable Acid/

Mole Xylose
Ratio

Unlac.: Lac.

3 O.lkk 0.1+76 0.258 1.9:1

5 1.100 0.800 0.300 2.7:1

7 1.139 0.789 0.350 2.3:1

||
These results were calculated as equivalents of acid,

and as there are no indications that the acids are

dicarboxylic, the equivalents are reported as moles.
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Xylofrloae JSSMSS§&MSB 0,032 M In 0,88 1? NaOH

Time
(Days)

*
Total Moles

Add4i:ile xyldhloa©
Moles Unlac tonisahle
Acid/Mole Aylohlos©

Moles Lactonlsoble
Acid^dLe Xyicblose

Rati©
iftilac.jLac.

1 0.547 0.238 0.309 1:1.3
3 1.303 0.651 0.651 1:1

5 1.802 1.052 0.750 1.5:1

7 2.150 1.478 0.672 2.2:1

13 2.133 1.250 0.880 1.4:1

qg„ ,flfo,rada tion 0.0569 M in 0.88 H IlaOH

Time
(Deyo)

Total Moles*
Aci^/idLe Xyiotrioee

Moles Unlac tonisefcle
Acid&die Xylotriose

Moles Lactonizahle
AeidAiole Xylotriaae

Ratio
Unlac.fi-sc.

1 0.783 0.191 0.592 1:3.1

3 1.504 0.815 0.689 1.2:1

3 2.121 1.161 0,960 1.2:1

7 2*540 1.455 1.085 1.3:1
9 2.837 1.742 1.095 1.6:1

12 3.045 1.930 1.115 1.7:1
16 3.035 1.873 1.162 1.6:1

These results V7ere calculated as equivalents of acid,
and ©a there ©re no Indications that the acids are
dicarhoxylic, the equivalents are r©xx>rte& as moles.

Chromatography of Alkaline Degradation Products

Chroma tographic examination of the xylose degradation products

revealed three lactones. Xylohiose and xylotriooe give apparently
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these same three lactones as well as the known xyloisosaccharino-

lactone.

The following table gives the chromatographic solvents used and

the rate of travel of the lactones produced by alkaline degradation

in sodium hydroxide.

Chromatography of Degradation Products

Riso 2 s 4-dihydroxy-
2-hydroxyme thyl
butanoic acid

B. Butanol:Acetic acid:Water:Benzene .71 .71
(125*25s100:100)(18 hrs.) .84 .84

1.00
1.10 1.10

E. Butanol:Formic acidsWater .67 .67
(500:115*385) .82 .82

Solvent(90ml.) and Benzene(10 ml.) 1.00
—top layer used. (18 hrs.) 1.12 1.12

F. Butanol:Formic acid:Water ,74
(500:115*385) .86

Benzene added to top layer
until saturated (18 hrs.) 1.07

Chromatographic Solvent Xylose Xylo-
biose

Xvlo-
triose

A. Ethyl acetate:Acetic acid:Water
(10:1.3*1) (5 hrs.)

• 62
.81

1.00
1.09

.62

.81
1.00
1.09

B. Butanol*Acetic Acid:Water
(100:25*125) (18 hrs.)

• 84
.92

1.04

.84

.92
1.00
1.04

.84

.92
1.00
1.04

C. Butanol:Acetic acid:Water:Benzene
(125*25*100:20) (18 hre.)

.78

.89
.78
.89

1.00

.51

1.00

It is difficult to obtain good reproducibility of the Riso
values of the above lactones, and the ones quoted were obtained
from typical chromatograms run in each solvent.
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AlkalineDegradation of an Esparto Grass Xylan

Preparation of Xylan

The esparto grass xylan (p.88) was partially hydrolyzed in

the routine preparation of xylobiose. However, instead of

using a 1$ xylan solution in N/5 sulphuric acid, a 2$ xylan

solution was used. After the hydrolysis and neutralization,

the solution was refrigerated overnight. The xylan which had

precipitated was recovered at the centrifuge, washed well with

aqueous acetone, then acetone and ether, and dried in a vacuum

desiccator over PgOy This xylan was found chromatographically
to contain only xylose and a very small trace of arsbinose.

Xylan Degradation Study

The xylan (.801 g.) was softened in water (5 ml.) for four

hours. In a nitrogen atmosphere, 1.1 N sodium hydroxide,

carbonate-free, (70 ml.) was added to the reaction flask and the

xylan was completely dissolved within ten minutes. The sampling

technique and measurement of acids were the same as previously

described (p. 93).

The production of acids appeared slower and only the
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following data were collected.

. (days) Total Acid (mea.)

0 .0103

1 .0146

3 .0189

7 .0249

16 .0395

23 .0436

28 .01+72

The quantity of lactonizable acid was measured only at

7# 23» and 28 days and all the acid was found to "be lactonizahle.

Chromatography of Xylan Degradation Products

On the 23rd day, a sample (10 ml.) of the reaction mixture

was taken, deionized with Araberlite IR-120, and the solution was

then concentrated under reduced pressure. A ehromatogram of

this sample and the xyloisosaceharinolactone and the xylose

degradation products were run in butanol-formic acid-water

saturated with "benzene.

The hydroxylamine-ferric chloride spray revealed only two

lactone components from the xylan degradation; one—comparable

in rate of travel with the xyloisosaccharinolactone and the

second component had a much slower rate of travel •
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This second lactone, which had not "been observed in the

degradation of xylose, xylobiose, and xylotriose, appeared to

he approximately equal in quantity to the known xyloiso-lactone.

Chromatography of this degradation sample in the neutral solvent,

butanol-benzene-pyridine-water (5:1.3s3) revealed only the same

two lactones.

New Degradation Product from Xylan

The alkaline degradation reaction was stopped on the 28th

day by deionizing the solution with Amberlite IR-120. The

concentrated reaction mixture was placed on thick paper (3 MM)
chroma tograms and the new lactone (®^so= • 51) was separated in
butanol-formic acid-water (500:115*385)» and eluted from the

appropriate paper section with cold water. The eluate was

evaporated to a syrup (approx. 30 mg.) and divided into two
portions. One portion was hydrolyzed in .5N sulphuric acid

(2 ml.) for one hour and a small quantity of the neutralized

concentrate was chromatographed in ethyl acetate-pyrldine-

water (10:2+:3). A trace of xylose was observed. Further

hydrolysis((2N HgSO^) h hrs.) of this sample was observed
chromatographically to yield additional xylose. The second

portion (15 mg.) was hydrolyzed 22+ hrs. at 50-55° in 3%

hydrochloric acid (3 ml.). The hydrochloric acid was removed by

distillation under reduced pressure at 2+0® with the repeated
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addition of water until the distillate was pH 6. A

chromatogram of this hydrolysate ("benzene saturated butanol-

formic acid-water) revealed only one spot corresponding to

the xyloisosaccharinolactonej a chromatogram in the ethyl

acetate-pyridine-water solvent revealed only xylose.

A second sample of the xylan (2 g.) was degraded in

normal sodium hydroxide (150 ml.) at 35° for twenty-one days.

The same two lactones were produced and the new lactone

(Riso0.51) was isolated as previously described (98*6 mg.).
However, a chroraatogram of this fraction (98.6 mg.) revealed

lactones of Ki8o^*0» °*74» and 0.51 (Solvent P). A second
thick paper (3 MM) separation was carried out and the lactone

(Rieo0.51) was eluted from its section of the paper with cold
water. The eluate was concentrated tinder reduced pressure

(1+0-1*5°) as usual and a chromatogram of the syrup again revealed

lactones Q»7k, and 0.51 (Solvent P). An acid

equivalent of this mixture gave 317-337* Chromatography of

this material in n-butanol:benzene:pyridine:water (5:1:3:3)
revealed a trace of xylose,

A small concentrated alkaline solution of the synthetic

xylolsosaccharinolactone was deionized with Amberllte resin,

IR-120, and placed on two chromatograms without using heat.

The chromatograms with the appropriate standards were run in

ethyl acetate: pyridine: water (10:i+:3) for four hours. One
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chromato gram was sprayed with an ethanolic solution of brom-

thymol blue (slightly alkaline) and the second chromatogram

was sprayed with hydroxylamine and ferric chloride. Prom the

observed spots, it was evident that the lactone (E£SO°*51) was
not the xyloisosaccharlnolaetone travelling as the free acid or

anion of the acid.

An alkaline solution of xylose and the synthetic xyloiso-

saccherinolactone was deionised with Amberlite resin, IR-120,

and concentrated to a syrup under reduced pressure at 2+0-2+5° •

Chromatography of the syrup in Solvent F revealed components of

Rigo1*0 and 0.51 with the hydroxylamine ferric chloride spray.
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DISCUSSION

In the introduction to alkaline degradation, the many

facets of the degradation reactions were presented and the

experimental work carried out here on xylose, xylohiose,

xylotriose, and a xylan should confirm the complexity of these

reactions. The first xylobiose degradation study employed

saturated lime water at room temperature in an atmosphere of

nitrogen. The degradation was followed chromatographieally

and it was observed that xylose and xyloisosaccharinolactone,

2:U-dihydroxy-2-hydroxymethyl "butanolac tone, were produced.

This xyloisosaccharinolactone was then isolated from a large

scale xylohiose degradation by removal of the calcium ions with

ion exchange resin, Araberlite IR-120, and thick paper

chromatographic separation of the lactone from the remaining

xylobiose, xylose, and unknown degradation products. The

lactone was eluted with water from the appropriate section of the

chromatograms and was obtained crystalline from ethyl acetate.

Its rate of travel on chromatograms in acidic solvents was the

same as 2sh-dihydroxy-2-hydroxymethyl butanol a c tone and its

melting point (95*6-96.5°) was undepressed on admixture with the

synthetic lactone prepared by Aspinall and Los (102).
The production of this xyloisosaccharinolactone by the

alkaline degradation of xylobiose (0,1-L) in ar oxygen-free
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atmosphere is in accord with the predictions made "by Corbett,

Kenner, and Richards (Qk) from their experiments on related

disaccharidea, namely that 0~linked 1 -+k carbohydrates direct

the degradation toward the production of an isosaccharinic acid

possessing the same number of carbon atoms as the sugar unit

from which it was derived*

The study of the alkaline degradation rates for xylose,

xyloblose, and xylotriose were carried out employing normal

sodium hydroxide (carbonate-free) at room temperature in an

atmosphere of nitrogen* It was felt that the use of normal

sodium hydroxide was a more suitable alkali for this investigation

because it would provide further understanding of the changes

which may occur when polysaccharides are isolated by means of

alkaline solution. The technique used for measuring the

degradation acids consisted of deionizing samples of the reaction

with Araberlite IR-120, and titrating directly the total acid

produced* The solution was then acidified and boiled to

lactonize presumably four and five carbon acids, and the

unlactonizable acids were again measured* All titrations were

followed potentiometrically and end points were determined by

graphing the data. It is thought, however, that the

lactonization technique offers too many opportunities of error

and that a better method should be sought for measurement of

saccharinic acids.
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The results obtained from the degradation of xylose

reveal that some laetonlzable acids are produced but that

approximately two-thirds of the acid is unlactonizable, suggesting

one, two, and three carbon fragments. By chromatography, it was

shown that three lactonizable acids were produced (Rj = 0.74,
0.86, 0.107, Solvent P).

The degradation of xylobiose shows that in the initial

stages of the degradation, the fomation of lactonizable acids

dominates, and chromatographic evidence has shown that during

this period the xyloisosaccharinic acid is the major acid being

produced. The degradation of xylobiose produces other than the

isosaccharinic acid, the same three observed from xylose. This

was not unexpected and we would assume that they arose from the

non-reducing xylose residue in the disaccharlde which would be

eliminated in the formation of an a-diketcne, an intermediate in

the saccharlnic acid production. However, from the data it is

obvious that one equivalent of isosaccharinic acid is not

produced from the reducing xylose residue, for if it was, one

would obtain approximately 1.35 equivalents of lactonizable acids.

The data acquired from the degradation of xylotriose reveals

the same facts observed in the degradation of xylobiose. They

show that in the early stages of degradation, lactonizable acid

is the main product but, again, the total production of lactonizable

acid is low. We would expect here 2-2.35 equivalents and not
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1,162 as found if the degradation was proceeding solely as a peeling

process with the production of a molecule of isosaccharinic acid

and the elimination of xylobiose which could produce a second

molecule of isosaccharinic acid and eliminate xylose.

Whistler and Corbett (105) have ;just recently reported the

isolation of xyloisosaccharinic acid* 2:h-dihydroxy-2-hydroxymethyl

"butaneic acid from the degradation of a mixture of xylobiose,

xylotriose and xylotetrose "by lime water. Lactic acid was also

isolated from this reaction but no other acids, or lactones

were found. They have also followed the lime water degradation

of xylotriose "by measuring the total acid produced. The

degradation was stopped after approximately nine days when

2.845 moles of acid per mole of xylotriose had been produced.

This is similar to the total acid produced with normal sodium

hydroxide after ninedays (2.837 moles). The rate of degradation

in lime water has been observed previously to be faster than

degradation in a sodium hydroxide solution of similar normality

(84)(105).

Whistler and Corbett in this same article report that a

xylan isolated from com cob holocellulose (delignlfied with

sodium chlorite-acetic acid) has failed to degrade even upon

heating at 100° and ascribe this to transformation of the aldehyde

group of the natural xylan during its isolation, i.e., the

delignification procedure is capable of oxidizing aldehydes to



- 106 -

carboxylic acids. The xylan which was degraded with sodium

hydroxide in experiments here was obtained from the partial

hydrolysis of an esparto grass xylan and contained only xylose

residues with a small trace of arahinose. Due to fewer

reducing groups per unit weight* the production of acids appeared

slow. There was produced during the degradation* the xylolso-

saccharinolactone and a second lactone (®^so 0*51) which had not
been observed during the degradation of xylose, xylobiose and

xylotriose. This lactone gave rise to xylose upon hydrolysis.

A quantity of this new component (0.51) was obtained from a

second xylan degradation and was found on close examination to

be unstable* continually giving rise to xylolsosaccharinolactone

and xylose. It was shown that this component was not the free

acid and that a product of the same R^so value could be obtained
by deionizing an alkaline solution of xylose and xyloiso-

saccharlnolactone. This would suggest that the "new lactone" was

a reversion product consisting of xyloisosaceharinie acid and

xylose. The origin of the xylose is unknown, but it might have

arisen during the degradation of the xylan with alkali, or by

acid hydrolysis of the xylan during deionization of the reaction

mixture with Amberllte IR-120, or during concentration of the

acidic reaction products.

These alkaline degradation studies indicate that although

0,1-1* linkages do direct the production of xyloisosaccharinic acid
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that other degradative paths are being followed# The

degradatiye paths as well as the rate may be influenced by

temperature* concentration of alkali* and the presence of a

univalent cation* sodium* as opposed to a divalent cation*

calcium*
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SUMMARY

Norway Spruce Xylan

1. The xylan fraction was extracted from solvent-extracted,

delignified spruce sawdust with 10% sodium hydroxide after

exhaustive extraction with hot water and normal sodium

hydroxide•

2. The xylan fraction, containing uronic anhydride (18.9%)»

was found upon hydrolysis to yield xylose (62,7%), mannose

(12.7%)# glucose plus galactose (6.8; ) •

3. The unmethylated xylan was hydrolyzed and the acidic

fraction was separated "by thick paper chromatography.

Reduction and hydrolysis of the acidic fraction yielded

h-O-methyl-D-glucose, xylose and a trace of glucose.

1+. The hydrolysate of the methylated xylan was separated on

a cellulose column. The following products were obtained:

2:3:h-tri-O-methyl-D-xylose (1.03%)• 2:3-di-0-methyl-D-

xylose (69*21%), 3-£)-*aethyl-B-xylose (8.1+2%), and an

acidic fraction (calc. as tetramethyl aldobiouronic acid)

(21.32%).

5. The major component in the acidic fraction was found to "be

3-^-methyl-2-o-(2 • 3: l+-tri -0-rae thyl-D-glucopyruronosyl) -D-

xylose.

6. From the above results and a molecular weight determination,

a probable structure is proposed for the xylan.
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Oak Heartwood Xylan

1 • The xylan was extracted with normal sodium hydroxide "by

R.A. Laidlaw.

2. Dr. Saadstrom obtained upon methylation of the xylan the

following products: 2:3s^-tri-^-methyl-D-xylose (0.2%),
2:3-di-O-methyl-D-xylose (86.5%), 3-0-methyl-D-xylose

(3*8%), and a tetramethyl aldobiouronic acid (9*5%) •

3. The above methylated xylan was reduced and remethylated.

i*. The hydrolyaate of this methylated xylan was separated on

a cellulose column. The following products were obtained:

2:3:h:6-tetra-0-methyl-D~glucose (2.12%), 2:3:4-tri-0-

raethyl-D-glucose (l+,90f ) , 2:3:h-tri-0-methyl-D-xylose (0.25%) »

2:3-di-O-methyl-D~xylose (85.09%), and 3-0-methyl-D-xylose

(6.96%).

5, Due to the small quantity of 2:3:h-tri-O-methyl-D-xylo se,

and the slight excess of methylated glucoses, it is

suggested that some xylan molecules may be terminated by

uronic acid residues instead of D-xylose residues.

6. On the basis of the above results, a probable structure is

proposed for oak heartwood xylan.
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Alkaline Degradation

1. Alkaline degradation of xylohiose (0,1-4), and xylo-

triose (0,1-4) in an oxygen-free atmosphere produces

2: 4-dihydroxy-2-hydroxyaaethyl "butanoie acid among its

degradation products.

2. The quantity of laetonizahle acid produced in the

degradation of xylohiose and xylotriose indicates that

the degradation of 0,1-4 linked compounds may include

mechanisms other than that previously suggested.

3« The degradation of a xylan produces 2;4-dihydroxy-2-

hydroxymethyl "butaneic acid and a second unidentified

acid which appears to he a reversion product.
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