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SUMMARY 

Hot-water extraction of Anatheca dentata, a red seaweed belonging 

to the family Solieriaceae, yielded a mixture of polysaccharides. 

Fractionation of this mixture with Cetav10n gave a glucomannan as minor 

component and a highly sulphated major component, which gave D- and 

L-ga1actose, D-xy1ose and small amounts of 3-Q-methylga1actose, 

pyruvic acid and uronic acid on hydrolysis. All subsequent investigations 

were carried out on the sulphated major component. The sulphate was 

not labile to alkali, but was removed with methanolic hydrogen chloride. 

Periodate oxidation of the polysaccharide before and after desu1phation 

indicated that new a-glycol groups were formed during desu1phation. 

All the xylose units in the polymer were cleaved by periodate and this, 

together with the fact that the major xylo se product from methylation 

analysis of the de sulphated polymer WaS the 2,3, 4-tri-0-me thyl deriva tive, 

indicated that the xylose occurs as a non-reducing end-group. Methylation 

of the de sulphated polysa ccharide revealed the presence of 1,4- and 

1,3- linked D- galactose and 1,4- linked L-galactose units in the polymer. 

D-G1ucuronic acid occurred as non-reducing end-gro ups. Partial acid 

hydrolysis and separation of the neutral components led to the isolation 

and characterisation of 4-0- (3 -D-galactopyranosy1-L-gala ctose 0), 

3-0- a - L-galactopyranosyl-D-ga1actose (2), 4-0- (3 -D-galactopyranosyl­

D-galactose (3), 0 - (3 -D-galactopyranosyl 0-;>4)-0- a -L-galacto­

pyranosyl 0---73)-D-ga1actose (4), and 0- 13 -D-galactopyranosy1 {l-74)-0-

a - L- galactopyrano syl (l---73 )-0- D- galactopyrano sy1 (l~4)- L- galacto se (5). 

This ideal series 0,2,4,5) of oligo saccharides indicates that much of the 

macromolecule is composed of an alternating sequence of a-I, 3-D- and 
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13 -I. 4-L-galactose residues. Separation of the acidic fragments 

of the partial acid hydrolysis l ed to the separation and characterisation 

of L-galactose 3-sulphate. L-galactose 6-sulphate. 4 -.Q- o -D- glucuro-

nosyl-L-galactose and glucuronic acid. Three pyruvic acid containing 

saccharides were also isolated: two o f these were shown to be 

4.6-0 (1 '-cuboxyethylidene)-D-galactose and 4-0- 13 - [4.6-0 

(1 ~carboxyethylidene)-D- galactopyrano syl] -L- galacto se. The remaining 

one has so far not been characterised. 

A xylan. isolated from the red seaweed. Chaetangium erinaceum. 

was shown by periodate and methylation studies to be essentially 

linear and to be compo sed of 13 - I. 3 - and 13 -1,4 - linke d units in the 

ratio 2:9. Partial. acid hydrolysis led to the isolation and 

characte ri sation of xylo bio se. rhodymenabio se. xylotrio se. 0- 13 - D­

xylopyranosyl (J-l>3)-0- 13 -D-xylopyranosyl (1....,,4)-D-xylose . 0- 13 -D­

xylopyranosyl (1..-.,.4)-0- 13 -D-xylopyranosyl (1-:l>3)-D-xylose. 

xylotetraose. and xylopentaose. 
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1. INTRODUCTION 

1. 1 Carbohydrate Sulphate s 

The wide spread occurrence of carbohydrate sulphate s in Nature 

is not always fully appreciated. In the plant kingdom , sugar sulphates 

are found combined in many polysaccharides of the algae , (1) although 

they are rarely found in land plants. In the a nimal kingdom, the se 

e ste r s occur in such mucopolysaccharides(2) as heparin, the 

chondroitins, and mucoitin sulphate; they are also found in the cerebron 

sulphate of the brain!3) 

From ache mical point of vie w, structure dete rmination, e spe cially 

of high-molecula r-wei ght carbohydrate sulphates, presents a number of 

intere s tin g problem sand oppo rtunitie s although at the same time, t he 

sulphate group seriously h andicaps structural investigations. Sulphate 

groups Can normally be retained during methylation of the hydroxyl 

groups, and information about their location Call therefore be obtained 

by subsequent hydro lysi s. The information obtained is, however, 

ambiguous, and additional evidence is r equi r ed to distinguish between 

the site of the sulphate and of glycosidic substitution. Unfortunately, it 

is extremely difficult, even under forcin g condition s , to achieve complete 

methylation of a highly sulphated polysaccharide, presumably due to 

steric hindrance. EvidC!nce for the lo cation of sulphate ester g r oups and 

the modes of linkage between monosaccharide units may be obtained by 

various means , for example, by methylation of the de sulphated polymer, 

pe rio date oxidation befo re and a ft e r d e sulph ation, alkaline elimination, 

infra re d s pe ctro scopy, isolation of sugar sulphate s afte r partial 

fra gmentation, and measurement of the rate of hydrolysis of the Sulphate 

e ste r. 
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The following review covers the more important aspects of the 

chemical and physical properties of sugar sulphates which are of value 

in the structural elucidation of sulphated polysaccharides. Part of this 

the sis, namely that conce rned with the sulphated galactan from Anatheca 

dentata, illustrates the application of some of these methods. 

1. 1. 1 Infrared Spectra 

The infrared spectra of chondroitin sulphate isomers were 

examined by Orr , (4) who noted that, in addition to a band at l240cm- l 

attributable to the S-O bond-stretching vibration, another band at ca820 

cm -1 could be attributed to a C -O-S vibrational mode . The exact position 

of the latte r band waS dependent on the spatial distribution of sulphate 

groups in the hexosamine moeities, being in an axial position on the 

sugar ring in one isome.r (absorption at 855 cm -1) and in an equatorial 

-1 ) position in the other (absorption a t 825 cm . This frequency-

structure correlation was confirmed by later work, (5) in which it was 

shown :that sulphation of the equatorial primary hydroxyl group in 

D-galactose, D-glucose, and 2-acetamido-2-deoxy-D-glucose causes an 

-1 
absorption band.at 820 cm ,and that the equatorial sulphate g roup in 

D-glucose 3-sulphate absorbs at 832 cm 
-1 

After an examination of the spectra of a number of polysaccharide 

(5) -1 
sulphates, it was suggested that the appearance of a peak at 850 cm 

was due to a sulphate group occupying an axial, secondary position, as, 

for example, on the hydroxyl group at C -4 of D-galactose when this 

. . h 1 Cl f . (6) sugar IS In t e usua con ormatlon. This conclusion was 

subsequently verified when the spectrum of D - galactose 4 - SUlphate was 

obtained;(7) it has since been used as evidence for assigning a sulphate 
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group to the {axial} position at C-2 of L -rhamnose in a sulphated 

polysaccharide. (8) 

Ho wever, it has been pointed out by Spedding(9) th at othe r effects 

may also influence the po·si tion of the absorption maximum, particularly 

intermolecular forces in the solid state. For example, the difference 

(12 cm- l ) in the C-O-S frequencies of the 3-and6-sulphate groups in 

(5) 
the corresponding D-glucose monosulphates, where both groups are 

equatorial may be due to inte rmolecular effects peculiar to the solid 

state in which the samples were examined, as was found t o be the case for 

the axial and equ"torial E-toluenesulphonate group in D-mannose 

derivatives . (10) Spedding suggested(9) that there is, possibly, also a 

change in the frequency of a rocking mode of the ring methylene group 

according t o whether the group is adjacent to the ring oxygen atom, or not. 

During studies of a number of synthetic s ugar sulphates, Turvey 

et al (II) r ecorded the infrared spectra and the absorption maxima in the 

-1 800-860 cm region of some galac to se sulphates and their derivatives. 

The physical state of the specimen was found to often produce significant 

variatio)ls in the position of the absorption peak. This was particularly 

noticeable in the ca se of methyl 0- D- galactopyrano side 2, 3 -di sulphate, 

-1 -1 where the major peak was at 833 em in a mull but was at 855 em in 

film. Conside rable variations in the absorption maxima of D-galactose 

4-sulphate and its derivntives were also apparent. Thus the free sugar 

-1 
barium sulpha te had a major peak at 850 em ,as expected for a pyranose 

ring with sulphate in an axial , secondary position, but also a shoulder 

at 835 cm -1 indicating the presence of other conformations or ring-forms 

in equilibrium. The methyl 0 - glycoside sulphate had a maximum at 

ca 815 cm- l , suggesting e ither that the conformation of the pyranose ring 
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is not the expected Cl chair, or that some othe r factor is operative in 

determining the position of the peak. In the methyl tri-Q - benzoyl-a -

g lycoside sulphate, the peak was again at 850 cm -1, perhaps indicating 

a return to the expected conformation. 

Harris and Turvey(l2) observed tha t the principal absorption peaks 

in the region 800- 870 cm -1, for a range of sugar sulphates and glyco side 

sulphates, were independent of the cation present but dependent both on 

the physical state of the sample and on the presence of different aglycone 

groups and substituents. Extreme examples of the effect of the aglycone 

on the posithn of the C-0-5 group vibration are methyl a -D- galacto­

-1 
pyranoside 4 - sulphate with a peak at 817 cm compared with benzyl 

. - 1 
13 -D-galactopyranoside 4 - sulphate with a peak at 853 cm ,and 

methyl a-D - glucopyranoside 4, 6-disulphate (828 cm - l ) compared with 

- 1) D-glucose 4, 6 -di sulphate (855 cm . The absorption band centred about 

1250cm -1, due to the 5-0 group vibration, shows some variability, but 

is too broad to be o f diagnostic importance. 

The 2 -sulphates of D-glucose and D - ga lactose(13) both show 

absorption at higher frequencies than expected, particularly when in the 

form of syrups and this effect is more pronounced with the galactose isomer 

It i~, of course, possible that the 2 -sulphate may exist in 

some form other than the pyranose ring with the C I conformation . 

Alternatively, factors other than the conformation may be of prime 

importanc e in determining the absorption maximum. That this is not due 

to a change in ring conformation from C I (D) to IC (D) is apparent (12) from 

methyl 4, 6 - Q - benzylidene - a - D- glucopyrano side 2, 3 -di sulphate and the 

corresponding galactose compound, both of which are locked in the CI (D) 

- 1 conformation by the benzylidene ring but still give a band near 850cm . 

I 

I 
i 
I 
i , 

, 

I 
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Measurement of 0Ftical rotations and n. m. r. spectroscopy may 

both be used to study conformations in solution. (14) Except in the case 

of glycoside 4, 6-disulphates and 4, 6-Q -benzylideneglycoside sulphates, 

the molecular rotations of aqueous solutions of a number of D-glucoside 

and D- galacto side sulphate s have been shown (12) to diffe r ve ry little 

from tho se of the parent glyco side s. As the introduction of a sulphate 

group does not affect the molecular rotation of a glycoside, it is suggested 

that these sulphates all have the expected Cl (D) conformation in aqueous 

solution. The chemical shifts and coupling constants for the protons 

in a number of ci -D-glucopyranoside and a- and i3 -D-galactopyranoside 

1 h h b d . 1· (15) Th 1 su pates ave een measure m aqueous so utlOn. eva ues 

recorded are in agreement with a C 1 (D) conformation for both series of 

glycoside sulphates. 

It is possible that, in the crystal lattice, some of the sugar sulphates 

aSsume conformations other than the expected Cl (D) form known to exist 

in solution for D-galactose and D-glucose. Only a crystallographic 

examination of these sulphates could finally settle this question. 

Thus, the use of infrared spectra alone to assign positions to 

sulphate groups in carbohydrate sulphates requires some caution. 

1. 1. 2 Acid Hydrolysis 

Sugar sulphates, like most esters, are labile to both acids and 

alkalis. In view of the reported racemisation of optically active ~ - butyl 

hydrogen sulphate when treated with acid, (16) D-glucose 3-sulphate and 

D- galactose 4- sulphate were completely ·hydrolysed and the products 

examined. (17) The acid-catalysed hydrolysis of the sulphate-ester 

linkage proceeded with retention of · configuration, the only sugar product 
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detected in each Case being glucose and galactose, respectively. This 

behaviour is in keeping with the mechanism postulated for the acid­

catalysed hydrolysi s of ste roid hydrogen sulphate s, (18 ) which pro ceed 

by way of S - O bond scission and, hence, l ead to retention of configurat ion 

on the carbon atom bearing the hemi-ester group. 

Although certain sugar phosphates undergo phosphate-ester migration 

under ac i d conditions, sugar sulphates, when dissolved in dilute aqueous 

acid, do not appea r to undergo s u lphate - ester migration. For instance, 

when D-galactose 4-, D-galactose 6 - , D - glucose 3- and D - glucose 6-

( sodium sulphate) were separately heated at 100 0 in O. 33N sulph uric 

acid, the only observable reaction was slow!-J.ydrolysis; no products of 

sul phate migration could be detected by paper chromatography. (1 9 ) 

However, it has been reported (20) that a migration of sulphate groups 

occurs in chondroitin sulphate s when they are heated in the free acid 

form. When the free acid form of chondroitin 4- sulphate WaS heated, 

the a b sorption bands at 850cm -1 and 928cm - 1 corre sponding to the axial 

sulphate group, (21 ) disappeared, and a strong absorption band in the 

820 -1. d' 'al 1 h (21) cm reglOn, corre spon lng to an equator! su p ate group, 

appea r ed. The spectrum, thus, became apparently identical with that of 

chon droitin 6- sulphate. On the other hand, the spectra of the chondroitin 

6-sul phate, which had been treated in a similar manner, were the same 

before and after heat was applied. Similar phenomena were observed 

for t h e oligosaccharides (free acid form ) obtained from chondroitin 4-

and 6- sulphate by te sticular hyaluronidase dige s t ion. This is in keeping 

with the generalisation that acyl migration occurs away from the anomeric 

centre. 

During acid hydrolysis of glycoside sulphates, two concurrent 
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reactions take place, namely glycoside hydrolysis and sulphate-ester 

hydrolysis. A study of the hydrolysis of methyl (3 -D-galactopyranoside 

6-sulphate(17) at various temperatures showed that with increase in 

temperature between 65 0 and 100
0

, the increase in the rate of glycoside 

hydrolysis Was approximately the same as that of ester hydrolysis. This 

indicates that changes in reaction temperature do no t appreciably alter 

the relative rates of hydrolysis of the two linkages. A more interesting 

effect is shown by a comparison of the glycoside hydrolysis in a glycoside 

sulphate with that in the parent glycoside. Thus the rate of hydrolysis 

of methyl j3 -D- galactopy rano side is several times faster than that for 

methyl (3-D-galactopyranoside 6-sulphate , for methyl a - and j3 - D-

glucopyranosides the rates are appreciably faster than for their 3-sulphates, 

but the effect is less pronounced than that shown by the galactoside 

6-sulphate. It is apparent, therefore, that a sulphate group stabilises the 

glycosidic linkage and that a 6-sulphate shows a greater stabilising 

effect than a 3- sulphate . This effect seems to be general for any bulky 

substituent occupying an equatorial po sition on a pyranoid ring, and Can 

be rationalised on conformational grounds. (17) 

A further point of interest in this study(17) was the effect of a 

glycoside linkage on the rate of hydrolysis of the sulphate group. For 

methyl a-D-glucopyranoside 3-sulphate compared with glucose 3-sulphate, 

and for the galactoside 6 - sulphate compared with galactose 6- sulphate, 

the effect was very small. Only in the Case of methyl (3 -D-glucopyranoside 

3-sulphate did the presence of a glycosidic linkage decrease appreciably 

the rate of hydrolysis of the sulphate group. The reason for this is 

not clear. 
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The ' rate at which sulphate groups are hydrolysed under acid 

conditions and, stemming from this, whether differences in the rate of 

hydrolysis Can be used for assigning positions to the sulphate groups, is 

of particular interest in the fi eld of polysac charide sulphates. Acid 

hydrolysis studies on D-glucose monosulphates were carried out by 

. (22) 
Soda and NagaI. They determined that the rate of hydrolysis of 

the sulphate group was in the orde r 3- >4-> 6 - sulphate. This result 

may be rationalized in terms of a generalization analogous to one well 

established in the cyclohexane series, (23) namely that esters of 

equatorial secondary hydroxyl groups are more rapidly hydrolysed than 

those of axial alcohols. For D-galactose sulphates and D-glucose 

sulphates, in the stable chair conformation of the pyranoid ring, such 

considerations apply, but, in addition, the primary hydroxyl group would 

be expected to form esters that would be relatively more stable than esters 

(24 25) 
of the secondary hydroxyl groups. Other workers ' have found 

that the differences in the velocity of acid hydrolysis for hexose and hexoside 

• monosulphates, were insufficient to be useful for diagnostic purposes. 

Rees(26) has, however, developed hydrolysi s cO':lditions under which the 

position of attachment of the sulphate group Can be determined in sugar 

sulphate s and even in selected polysaccharide sulphates. He distinguished 

three groups of sulphates : (a) those with half-lives greater than 1. 5 hours 

(when treated with 0 .2 5 N hydrochloric acid at 100
0

), in which the sulphate 

group was on the primary hydroxyl group; (b) those with half-lives in 

the region of 1 to 1. 5 hours (under the above conditions), in which the 

sulphate group was on a secondary, axial group; and (e) tho se with 

half-lives in the range of 0.1 to 0.4 hour, in which the sulphate group 

was on an equatorial , secondary hydroxyl group. Rees examined a numbe r 

of polysaccharides containing more than one type of ester, and in each 
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case the relative amounts indicated by the hydrolysis curve were in 

accord with previous evidence, although the approximations necessary 

in the analysi s of the kinetic s did not allo w any precise . estimation of 

proportions. Thus fucoidin and the polysaccharide of Enteromorpha 

compres sa each appeared from its hydrolysis curve to contain axial 

sulphate as the major c omponent , with a smaller proportion of equatorial 

ester also present. 

A direct comparison ha s been made of the hydroly sis of D-gluco se 

6- (potassium s ulpha te) and of potassium p.thyl sulphate in O. 5 N 

hydrochloric acid. (27) Pseudo - first order rate con s t ant s we re 

determined at three temperatures, and the energy of activation calculated 

for each compound from an Arrhenius plot. The activation ene rgies we r e 

calculated to be 29 kcal.per mole for the sugar sulphate, and 30 kcal.per 

mole for the ethyl sulphate a nion. The p r e sence of the sugar ring 

appears to have little effect on the hydrolysis of the -CH2 -0503- system, 

again sugges ting 5-0 bond scission (r ather than alkyl - O bond scission ) 

as the rate-determining ste p. 

1. 1. 3 De sulph a tion by Alkali s 

The eliminations of carbohydrate sulphates in alkaline solution 

were elucidated by E . G. V. Percival(28) who found a dose parallel b etwee n 

the behaviour of sugar sulphates and the a nalo gous sulphonic esters. (29) 

Di-O -isopropylidene -D- galacto se 6-sulphate i s not a ttacked by 2N 
(24 ) 

sodium h y droxide solution during 6 hour s at 100
0

• This is not 

surprising since sodium alkyl sulphates are known to be relatively 

stable to hot aqueo us alkali. However, many sugar sulphates yield all 



12 

their sulphate in an ionisable form within 5 mins at 1000 in O. IN sodium 

hydroxide, but since di sruption of the mono saccharide re sidue s occur s 

this observation is of no diagnostic value. ' An investigation by Duff and 

Percival(30) established tha t the 6-sulphates of methyl a -and 

j3 - D-glucopyranosides and D-galactopyranosides (where C - 1 is protected 

from alkaline degradation) gave the corresponding methyl 3, 6-anhydro-

hexosides on heating with alkali. Thus methyl a -D- glucopyranoside 

6- sulphate (I) on treatment with alkali produce s the 3, 6- anhydrohexo side, 

provided that C- 3 has a free hydroxy l group available. It WaS concluded, 

that sulphate 

) 

OH OH OH 
( I ) 

libe ration with alkali proceeds only slowly, unless the removal of the 

sulphate group Can lead to the production of an anhydro ring. The 

r emoval o f sulphate is, therefore, a base-catalyzed e limination and not 

a hydrolytic process. Further evidence in support of this view was 

d · h 1 f . (31) collecte ln t e ~ uco uranose senes. 

Reaction of 1, 2-Q. -isopropylidene-3-Q -methyl- a -D-glucofuranose 

6- sulphate (II) with sodium methoxide at 40
0 

readily give s the 5,6 anhydro 

derivative (III). (32) 

HO 

( II) ( III ) 

o 
\ /CH3 .--C 

o -""""CH 
3 
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This type of anhydro ring may subsequently rearrange to a 3,6-

anhydrofuranoside if there is a free hydroxyl group on C-3. If neither 

C-3 nor C-5 bears a free hydroxyl group, hexoside 6-su1phates are 

relatively stable to alkali. 

A sulphate group situated on a secondary hydroxyl group is alkali 

labile only if there is an adjacent trans free hydroxyl group present, the 

1,2 epoxide being formed. For example, 1, 6-anhydro- 13 -D-

ga1actopyranose 2-su1phate (IV) forms 1, 6:2, 3-dianhydro - 13 -D­

ta1opyranose (V), (33) when treated with sodium methoxide. Attack by the 

methoxide ion on either side and trans to the epoxidc oxygen can then 

050-
3 

( IV) 

CH 0-
3 ) ) 

050-
3 

(V) 

occur with the formation of monomethy1 sugars. No anhydride formation 

takes place when the sulphate ester group is cis to the neighbouring 

free hydroxyl group. 

The above principles may be of value in assigning a position to a 

sulphate group on a glycoside and also in a sulphated polysaccharide. 

D · 1 (34, 35) t 1 h .. 1 . h 1 h' d urlng ear y attempts 0 app y t ese pnnClp es In t e po ysacc an e 

field, precautions were not usually taken to avoid the release of sulphate 

by general destruction of the polysaccharide under the strong alkaline 

R (36) 
conditions, and the results gave at most a qualitative answer. ees 

subsequently devised a method whereby degradation can be eliminated 

and thus alkaline elimination can be exploited more fully for the structural 

analysis of some seaweed polysaccharides. 
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Porphyran, the galactan sulphate of the marine red alga Porphyra 

umbilicalis was used as a model because it contains L-galactose 6-sulphate 

units which are so linked that according to Percival's rules the ester 

should be labile to alkali, giving 3, 6- anhydro - L- galacto se. In 

preliminary experiments, Rees found that desulphation proceeded at a 

o 
convenient rate in N sodium hydroxide at 80 , but was attended by rapid 

destruction of the polysaccharide. De struction of the polysaccharide 

was, however, substantially less when porphyran waS reduced with 

potassium borohydride before the reaction, suggesting that the 

principal cause of degradation was "peeling" from the reducing end. 

The fact that slight destruction occurred even after reduction indicateQ 

a certain amount of depolymerization, probably exposing new reducing 

groups at which "peeling" could occur. This secondary degradation was 

avoided by including potassium borohydride in the actual reaction mixture, 

the new reducing groups presumably being protected under these conditions 

by immediate reduction. 

It is of interest to note, that elimination of sulphate from the 

hydroxyl group at C-6 of suitable hexose derivatives leads to production 

of the 3, 6-anhydro derivative, together with a smaller amount of the 

h d · t' (30, 31) parent exose erlVa lve, Thus, methyl i3 - D- galactopyrano side 

6-sulphate on complete desulphation with alkali yielded the 3, 6-anhydro-D-

galactopyrano side in a yield of about 78 per cent, the remainder being 

. (37) 
methyl 13 - D- galacto pyrano slde. 

(36 ) 
In contrast, Rees showed that, 

in a polysaccharide sulphate, alkaline de sUlphation gave a quantitative 

conversion of suitably linked D-or L- galactose 6-sulphate residues into 

3, 6-anhydro-D- or L- galactose residues. 

Confirmation of the presence of ester sulphate groups on C-3 of the 

arabinose units of cladophoran(38) was obtained by treatment of the 
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polysaccharide with sodium methoxide followed by hydrolysi s of the 

product and isolation of 2-0 -methyl- L -xylose . The 2-0 -methyl-L-

xylose (VII) could only have arisen fr om 3-sulphate d arabinos e (vI) as 

shown in the reaction sequence below. 

H,OH 

( VII) 

........ 0 OH 

+ 

( VI! H,OH 

OH 

1. 1. 4 Other Methods of Desulphation 

1. 1. 4. 1 Acetolysis 

The sulphated polysaccharide is dissolved in absolute sulphuric 

acid and treated with a large eXCess of acetic anhydride at low t emperatures, 

yielding the acetylated, de sulphated pro duct. (39) The reaction occurs 

without Walden inve r s ion, s inc e the de sulphation of both D- gluco se 

3-sulphate and D-glucose 6-sulphate l ed to the isolation of 

a -D- glucopyranose pentaacetate , and thus probably involves electrophilic 

attack by the acetylium ion, CH 3 C+ = 0, leading to scission of the 
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s-o bond. The reaction is, however, accompanied by significant 

glycosidic hydrolysis, the extent of which is dependent upon the nature 

of the glycosidic linkage ,being ne gligible in the Case of cellobiose and 

natural tr e halose, but predominant in gentiobiose and melezitose 

yielding a-D-glucopyranose pentaacetate. Thus, this method of 

desulphation is of only limited use in the polysaccharide field. 

1. 1. 4. 2 Methanolysis 

Desulphation with methanolic hydrogen chloride has the advantage 

that scission of glycosidic linkages is virtually absent. Thus dry 

potassium chondroitin sulphate (40) when treat'ed with 0.06 M methanolic 

hydrogen chloride at room temperature yielded a non-dialysable, 

sulphate-free product with methylated carboxyl groups, with very little 

de g radation. The method is not generally applicable since some 

sulphates, particularly h exose 6-sulphates in polysaccharide s, are 

resistant to the reagent, leading to incompl ete desulphation. (41) Also, 

in the presence of very acid-labile linkages, extensive depolymerization 

occurs. 

Percival(4.2) found that whereas sulphate groups Can be removed 

from carragheenin by the action of 1 % methanolic hydro gen chloride 

leading to the isolation of 15 % of degraded polysaccharide with a low 

sulphate content (1. 5 0/0 ), similar t reatment of fucoidin caused 

concomitant desulphation and de gradation, and the recovered p olysa.ccharide, 

isolated in low yield, had a slightly higher sulphate content than the starting 

material. However, when the water soluble polysaccharide of 

( ) 2-
Enteromorpha compressa 8 (16 % S04 ) was kept for 48 hours with O. 09M 
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methanolic hydrogen chloride, 71 % of de sulphated polysaccharide was 

recovered in which the sulphate content had been reduced to 0.75%. 

Comparison of the [a]D and the percentage monosaccharide composition 

before and after desulphation, revealed that little if any change in the 

fundamental structure of the polysaccharide had occurred during the 

de sulphation. 

1. 1. 4. 3 Reductive Desulphation 

Sulphate groups are not readily removed from sugar sulphates 

by catalytic hydrogenation and in fact tend to confer stability to catalytic 

hydrogenation on other 

aluminium hydride has 

groups present in a sugar derivative.Lithium 

been used(43} for the reductive fission of 

carbohydrate <'ster sulphate groups with the regeneration, in most cases, 

of the parent alcohol group; no deoxy sugars are formed. In this 

respect sugar sulphates differ from sugar .p - toluenesulphonates since the 

parent alcohol group is regenerated by the action of lithium aluminium 

hydride ,on a secondary toluene-'p -sulphonate, but a deoxy group is 

produced by reduction of a primary toluene- .p -sulphonate. (44) Barium 

1, 2:5, 6-di-O -isopropylidene-D-glucose 3-sulphate waS reduced with 

lithium aluminium hydride in refluxing dioxan(43} to yield 1,2:5, 6-di-O-

isopropylidene - D- gluco se. Reductive desulphation has to be carried out 

in very inert solvents such as ethers and dioxan, in which sugar sulphates 

are gene r ally not ve ry soluble. Alkali -metal borohydride s do not 

reductively cleave the sulphate group in di-O -isopropylidene- a -D-

glucofuranose 3-sulphate, the only detectable reaction being a slow 

removal of the 5, 6-0-isopropylidene residue, even at temperatures 
(45) -

up to 100
0

, 
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1. 1. 4. 4 Formation of Mixed Esters 

Sugar sulphates and polysaccharide sulphat es are insoluble in all 

but highly pola r solvents, primarily as a result of the i onic , hemi-ester 

group, which cOlT!plicate s proce s se s such as methylation and acetylation. 

For these reasons, attelT!pts have been made to convert the herr;i-ester 

into a diester with varied success. In all Case s the re sultant product 

waS extremely unstable, decomposing even at rOO lT! t emperature. 

For example, Clancy{37} treated methyl a -D-glucopyranoside 3-

{silver sulphate } with an excess of methyl iodide in dry methanol. After 

16 hours, the s ilver iodide obtained corresponded to a 92% y ield, but 

no di este r could be i solated. A more successful preparation utili ses 

ethereal diazomethane; an 80% yield of th e methyl ester was obtained 

on treatin g a solution of di-O -i sopropylidene - a -D- glucofuranose 

3-{hydrogen sUlphate ) in methanol with dia zome thane!46) A similar 

procedure waS used to convert Q -methylated oligo saccharide and 

polysaccharide sulphates into the mixed es ters. Mixed esters from 

methylated o li go saccharide sulphate s we r e s moothly de sulphated with 

lithium aluminium hydride, wh e r eas the parent h emi - este rs were 

unaffected by this re agent . This is, thus, a method of desulphation 

applicabl e at the oligosaccharide level a n d, possibly, also at the 

polysaccha ride level. 

1. 1. 4. 5 Reaction with Hydrazine 

Hydra z ine and semicarbazide have been used to effec t desulphation 

of glucose and galactose sul phates . As yet , no gene ral re sults Can 

be postulated; the reaction is to a certain exte nt pH d epe ndent, there 

is no decrease in the amount of hydrazine in solution during reaction, 
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and a free reducing e~d is required. (47) Other bases such as serine, 

L-glutamine, and imidazole do not catalyse the hydrolysis. (27) 

Disulphates are rapidly hydrolysed with the release of only one 

sulphate group, while glucose 6 - and 3- sulphates and galactose 6- sulphate 

(48 ) 
are hydrolysed only slowly. It is possible that two sulph ate groups 

on the same sugar residue are necessary for the occurrence of rapid 

hydrolysis although this has not been fully investigated. Aqueous 

hydrazine has no effect on chondroitin sulphates A and C but when 

b arium chond r oitin sulphate A is treated with anhydrous hydrazine~49) 

a reagent which cleave s the amide linkage in, for example, proteins, 

a partially de sulphated and highly (59- 680/0 ) N -deacetylated polymer 

is obtained . 

1. 1. 4. 6 Enzymi c De sulphation 

Several sulphatases have been is o lated from various sources. The 

sulphatase activities of preparations from marine molluses collected on 

the North Wales shore have been studied(50 ) with r espect to various 

sulphated carbohydrates of both high and l ow molecular weight. 

Preparations fr.om Calliostoma zizyphinum and Patella vulgata showed 

the wide s t range of activity, each liberating sulphate from D-glucose-

and D - galactose-6- sulphate, chondroitin sulphate A and fucoidin. 

Other polysaccharides, keratosulphate, carrageenin and mucilages from 

Dil sea eduli8 and Porphyra umbilicalis were not de sulphated . Littorina 

littorea and Mytilus edulis preparations contained glycosulphatase, but 

were inactive against cho,ndroitin sulph ate A and the a l gal polysaccharide 

sulphate s. A chondrosulphatase has been obtained from Proteus 

. ( 5 1 ) 
vulgans. 
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Rees has isolated(52) an enzyme from Porphyra umbilicalis, which 

liberates sulphate from the ester linkages of porphyran with the 

simultaneous synthesis of 3, 6-anhydrogalactose units within the 

polysaccharide. The enzymic reaction is thus seen to be analogous 

to the well-known alkaline elimination of sulphate from hexose 6-sulphate 

derivatives. It is sugge sted that L - galacto se 6 - sulphate uni ts in 

porphyran are converted, with fission of the C -0 bond of the sulphate 

ester, into 3, 6 - anhydro-L-gal actose residues and that the enzyme 

is therefore not a true sulphatase . The enzyme shows diminished 

activity towards the products of partial acidic and enzymic hydrolysis 

of porphyran, and its action is not reversible. 

1. 1. 5 Periodate Oxidation 

The use of periodate oxidation in the structural inve stigation o f 

carbohydrates is well established . Barry, Dillon, and their coworke~~5, 53) 

u sed this reagent in the structural investigations of a number of sulphated 

polysaccharides from algae and assumed that the sulphate groups are 

stable to periodate and behave as a simple blocking group akin, for 

example, to a methyl ether group. Support for this assumption comes 

fr om studies on the analogous sugar phosphates, in which the phosphate 

group appears to behave as a normal blocking group in neutral or 

slightly acid solution. 
(4 5) 

Grant and Holt have, however, reported that 

sulphate groups on some sugar sulphate s are liberated on periodate 

oxidation but are stable in other cases. For exaITlple, when D-glucose 

3-{sodium sulphate ) was treated with O. 35 M periodate for 7 days in 

the dark, no sulphate could be detected in the solution, but the reaction 

of D-galactose 6-{sodium SUlphate) with O. 35 M peri o date under the 
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same conditions led to the liberation of all the sulphate as sulphate ions. 

In contrast, Turvey et al(54) have reported that no inorganic sulphate 

could be detected in the products of oxidation of either D-galactose 

6 - sulphate or D- glucose 6-sulphate, even after 216 hours at pH 8.2, 

with excess sodium metaperiodate. 

Reducing sugar pho s phate s are usually considered as being 

'd' d' h . f . h d . f' d' f 1 (55) OXl lse In t e nng orm WIt pro uctlon 0 mterme late ormy esters 

but the consumption of periodate and end products of the reaction depend 

on the conditions of reaction and on the position of the phosphate group. 

It has been concluded from a study of the oxidation patterns of D- glucose 

(7 13 54 ) 
3- and 6-sulphates and D- galac t ose 3 -, 4 - and 6- sulphates ' , that 

the sugar sulphates are oxidi sed in the pyrarlOid ring forms . Thus, 

(54) 
when D-glucose 6 - s ulphate was oxidised by periodate in a n unbuffer ed 

solution, there was an initial rapid (1 h our) consumption of over 3 moles 

of p e riod ate with the liberation of 2 m o les of formic acid, the latter 

ri sing to 3 moles after a few hours, and finally b oth t'1e periodatc 

consumptio n and the formic aci d libe ration became constant at about 

3.5 moles. However, Suzuki and Strominger(56 ) reported that the 

oxidation patterns for the 4 - and 6- sulphates of 2- acetamido -2-deoxy-

D-galactose sugges ted that these compounds were oxidised in the open­

chain form s . It has also been suggested(l3) that the oxidation of 

D-gal a ctose 2-sulphatc and D-glucose 2-s'~lphate proceeds via the 

acyclic form of the sugar sulphate. The faster initial rate of o xidation 

for the galactose isomer compared with that of the glucose isomer may 

reflect a g reater equilibrium concentration of open - chain form in the 

galactose se ries than in. the glucose s eries. 

Not enough ITlOnome r i c glycoside sulphates have been examined 

to permit more than a few preliminary observations to be made. 
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Methyl 
. (54) · 

i3-D-gah.ctopyranoslde 6-sulphate coneumed 2 moles of 

periodate per mole within 30 minutes and thereafter underwent little 

further oxidation, in agreement with predicted values. Methyl 

a -D-glucopyranoside 6-sulphate has a similar oxidation pattern. (57) 

Since polysaccharide sulphates resemble glycoside sulphates , rather 

· than free sugar sulphate s, the use of periodate oxidation in structural 

studie s would appear to be justified, although examination of more 

glycoside sulphates is desirable before an unequivocal answer Can be 

given. 

Periodate oxidation of sulphated p o lys accharides, before and 

after desulphation, has been used to assign the position of ester sulphate 

. (58) 
groups, for example In the case of VIva lactuca. It is known that in 

buffe red solution at low tempe rature, vicinal ci s -hydroxyl group s in 

sug'lrs are selectively oxidised by periodate. Since in buffered so lution 

at 2 0 the partially de sulphated polysaccharide from VIva lactuca reduced 

twi ce as much periodate as the sulphated polys'lccharide, it was concluded 

that desulphation furnishes cis- rather th an trans - glycol g roupings. 

L-Rha~nose is the only sugar present in the p o lysaccharide which has 

cis - glyco l groupings. These occur at positions-2 and -3 and it . Was 

assumed therefo re that sulphate groups are linked either to C-2 o r C-3 

in rhamnose. On infrared spectro scopic evidence, the sulphate groups 

were tentatively assigned to position-2 of the rhamnose residues. 
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1. 2 Xylans from Red Algae 

From a study of the chief structural feature s of some xylans from 

red algae, Turvey and Williams(59) have recently suggested that xylose 

occurs in the3e algae in at least two distinct types of structure; first ·in 

the fo rm of either a separate xylan or combined in a heteropoly saccharide, 

neither "f which is a skeletal material , and in which both 1,3- and 1,4-

linkages occu r; secondly as a linear polysaccharide in the cell wall, in 

which it is either completely 1, 3-linked, or completely 1,4-linked. In 

(60 ) 
contrast, x y lans from most land p lants, for example esparto xylan, 

consist of linear chains of 13 -1, 4-linked D-xylopyranose units, to which 

may be attached side chains of arabinose units or other sugars, and xylans 

in the cell walls of certain siphonaceous green algae have been shown to 

consiet o f linear chains of 13 -1, 3-linked D-xylopyranose units. (61, 62) 

was 

The wate r soluble xylan from the red 

fir s t iso lated by Barry and Dillon. (63) 

seaweed, Rhodymenia palmata, 

P . d 'd' d' (64) e rIO ate OXl ahon stu l e s 

showed that 80 % of the xylo se re sidue s po s se s 3 a - glycol groupings and 

these are linked, therefore, throu gh Cl and either C2 or C4, if the 

po s si bili ty of the pre sence of furano se re sidue sis di s counted. The 

re si stance to attack of the remaining 20 % can be explained only by the 

presence o f 1, 3-linkage s. Complete methylation and hydrolysis gave 

2-Q..-methyl-, 2, 3-di-Q -methyl-, 2, 4-di-O -methyl- and 2,3,4- tri-O-

methyl- D-xylo se. Thi s evidence suggests that the xylan is branched 

and contains both 1,3- and 1, 4- linkages. The molecular size of the 

1 t · t d 39 40 1 . t (6 5 ) . th xy an was es Ima e at - xy ase unl S WI , on average, one 

branch point in each molecule. 

Evidence obtained from the Barry(66 ) degradation indicated that the 

polysaccharide is homo geneous and not a mixture of 1,3- and 1, 4-linked 
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xylans. These findings were supported by Howard(67) who isolated, in 

substantial yield, a pure crystalline trisaccharide containing both a 

1,3- and a l,4-linkage, from partial hydrolysis of the xylan by ruminal 

micro-organisms. The trisaccharide was identified as Q- fl -D­

xylopyranosyl (1-73)-0 - fl -D-xylopyranosyl (1---3>4)-D-xylose (1) and 

control experiments showed that the bacterial suspension did not produce 

oligosaccharides containing fl-l, 3 - xylosidic linkages by trans- fl 

xylo sylation. 

Application of the Smith degradation(68) to the xylan from 

Rhodymenia palmata indicated that a small proportion of adjacent 

1, 3-linked xylose residues are located in the xylan chain, although the 

major portion of 1, 3-linked xylose residues are flanked by 1. 4-linked 

residues. These results were confirmed by degradation of the xylan 

with an enzyme preparation from Myr.othecium ve rrucari'l.. The 

O~O~CD 
I 

O~O~O~CD 
IV' 

O~01£.CD 
VII 

OJl.!t.o ~l,~CD 
1II 

O~Ol£CD 
VI 

where -0- is a xylopyranosyl unit 

-CD is a reducing end unit 

products included oligosaccharides 1-7 V, and trace amounts of two 

trisaccharide s tentatively identified as having structures VI and VII. 
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Jensen and coworkers(69) observed that stepwise extraction ~f 

dried Rhodymenia palmata, first with water and then with 0.2 N hydrochloric 

acid, yielded two fractions, of which the former gave considerably more 

viscous solutions than the latter. They suggested that the two fractions 

are chemically similar but differ in molecular weight. Two fractions of 

the xylan, one obtained by extraction with water (xylan AI) and the other 

by subsequent extraction of the residue with O. 2N sulphuric acid 

(xylan B), have been investigated by methylation analysis. (70) Small 

portions of the methylated polysaccharides were subjected to methanolysis 

and the relative proportions of 2,3, 4-tri-, 2, 3-di- and 2, 4-di-0-methyl­

D-xylose were determined by gas-liquid chromatography and found to be 

2:72:26 for xylan Aland 3:57:40 for xylan B. These ratios agreed fairly 

well with the values estimated by periodate oxidation. The amount of 

mono- 0- methyl- D-xylo se s was low and was considered t o have re sulted 

from under methylation and demethylation during the hydrolysis. It was 

concluded , therefore, that both xylans are unbranched hut have slightly 

different proportions of 13 -1, 4- and 13 -1, 3-linkages. 

A third xylan fraction (xylan A 2 ), obtained by extraction with water, 

was hydrolys e d using a specific enzyme. The oligosaccharides VIII~XII, 

all of which contain one 13 -1, 3-linkage, were isolated and characterised. 

O~OB:.Ol£O~O~CD 
VIII 

O~O~O~O~CD O~O~O~O~CD 
IX X 

O~O~O~CD 
XI XII 
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Since it appears that the enzyme used for the partial hydrolysis 

prefe rentially attacks 13-l,4-linkages, when these are flanked by other 

13 -1,4-linkages, Bjorndal et al deduced that the 13 -1,4- and -1,3-

linkage s in the polysaccharide are not regularly arranged and that a 

purely random arrangement of the residues seems more probable. The 

formation of the tetrasaccharide XII is not in agreement with the assumed 

requirements of the enzyme. One possibility is that it is formed from 

the non-reducing end of some polymers of appropriate structures. On 

the other hand, it is possible that the restrictions assumed for the action 

of the enzyme are not 1 ;go rous. 

The method of sequential extraction of dried Rhodymenia palmata 

(59) 
was recently used to give a series of xylan fractions which were 

subjected to methylation analysis (Table A). These results indicate that 

at least two di stinct xylans are pre sent in the alga. Sequential extraction 

of this alga with cold dilute acid, with hot water, and with cold dilute 

alkali gave three xylan fractions which differ very little in composition. 

Each is essentially linear and contains 1, 3- and 1, 4-linkages in a ratio 

varying from 1:4 to 1: 5. In contrast, extraction of the residual weed with 

hot 3N alkali (under N
Z

) gave a linear xylan with almost exclusively 

1,4-linkages .. It is probable that this xylan is derived from the skeletal 

material of the cell wall, although not necessarily from the microfibrils. 

In the investigations of Cronshaw et al(71} the microfibrils of the 

Rhodymenia palmata cell wall were found, by hydrolysis and paper 

chromatographic analysis of the resulting sugars, to contain approximately 

equal quantitie s of gluco se and xylo se re sidue s. The xylose units 

were assumed, on the evidence of X-ray diffraction analysis and 

electron microscopy, to be 1, 3-linked in either a xylan or in a 

xylo glue an. 
(72 ) 
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TABL E A: Molar % Q - methylxyloses fr om Rhodymenia palmata 

E xtracti ng 2 -Q - methyl- 2 , 3 -di-Q- 2,4-di-O- 2,3,4-tri-
Solvent xylo se methyl - methyl- O-meth yl -

xylose xylo se x ylose 

o. 5N He l 1.2 80 . 3 16 . 4 2 . 1 

H
2

O 2 . 5 75. 1 18.6 3. 8 

N NaOH 1. 65 77. (, 17. 5 3.25 

3N NaOH 2. 2 94.4 2. 1 1. 3 

The red alga, Porphyra umbilicalis, has bee n shown to contain a 

xylose-rich fr ac t ion, extrac t ed from the cell wall by alkali. The residue, 

after ex t ensive hot-water ext raction of the alga, yielded two po lysaccharide 

fr ac tions when e xtracted with cold N sodium hydroxide followed by hot 20 % 

d · h d · d (73) B th f t· 1 d 1 so 1um y rOX1 e. 0 - rac lOns gave mannose, xy ose , a n g ucose 

on hydrolysis but they -differed in that mannose was the main constituent 

o f the dilute alkaline extract while xylose was more abundant in the extract 

with concentrated alkali. Separate X-ray diffraction analysis of the 

cuticle and the cell wall of Porphyra(7 4 ) has sh0 wn these to be markedly 

different. The cutic le, covering the whol e membranous thallus of t h e 

plant, is not microfibrillar and consists mainly of mannan. T h e cell wail 

proper, on the contrary, contain s abundant microfi b rils constructed of 

i3 -1, 3-linked xylan. In agreement with these conclusions, Turvey and 

W·ll· ( 59 ) bt· d 1 lams, 0 alne a pure xylan from Porphyra umbilicalis by 

extraction with a lkali. Methyla ti o n analysis of this xylan, whic h is 

considered to be microfibrillar in origin, showed it to b e completely 

1, 3 -linked . 

Th hI . f P h b ·l· 1· ( 59 ) f 1 f e c ante extract a orp yra um 1 lea 18 , a ter remova a 
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the water soluble polysaccharides, h as also been shown to contain a xylan. 

This xylan, h owever, contains both 1,3- and 1, 4 -links in a r ati o of about 

1:5.5 with a small amount o f branching as judge d by the yield of 

2- 0-meth y lxy l ose. A xylan very similar to that of the chlorite extract 

of Po r phyra has been obtained from Laurencia pinnatifida by extr action 

with alkali. (59 ) 

X-ray diffraction analysis of the cell wall and cuticle of Bangia 

(74) . 
fu sco- purpure a, a marIne alga closely related to Porphyra, showe d 

the presence of both crystalline mannan a.nd crystalline xylan. The re is 

no d0ubt tha t the cell wall of Bangia is also constituted of 13 -1, 3-linked 

xyla n. 

T wo ve r y similar xylan fractions , obtained from Rhodochorton 

floridulum by hot- water extr a ction and chlorite treatment , have been 

. d b h hI· h· ( 59 ) (T bl B ) Th 1 examIne y t e met y atlOn t ec nIque. a e . ese resu ts 

T ABLE B: Molar % O - methylxylo se s from Rhodochorton fJoridulum 

Extracting 2 -Q- me thyl- 2 ,3-di- O - 2, 4 - di - O - 2,3,4-tri-O 
Solvent x y lo se methylxylo se methylxylose methylxylo se 

H 2 O 11. 1 53 . 7 14 . 1 21. 1 

Chlorite 11. 1 38. 9 10.9 39. 2 

show a rati o of 1,3- to 1, 4 - links in the r egion of 1:4 but also indicate a 

conside rable degree of branching. Furthermore, the hi gh y i e lds of t ri - O -

m e thylxylose c ompared with 2-0-meth ylxylose strongly suggest that the 

xylose chai ns are short side branches on another polysacchar i de. Since 

it WaS fo u nd to be impo ssible to isolate a xylan completely fr ee fr om other 

su ga r s , it was tentative l y s u gge s t ed by Turvey and Williams that the 
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fraction s from Rhodochorton may be heteropolysaccharides in whiCh the 

xylose occurs as short, branched chains on another polysaccharide 

backbone (probably a glucanl. The recognition of 2,4,6 - tri- O-

methylglucose as another product of methylation of these fractions suggests 

that a I, 3-linked glucan is present. 

The hot-water extract of Chaetangium fastigiatum, a red seawee'd 

which belongs to the same order as Rhodochorton floridulum, namely the 

the Nemalionales, h as recently been examined. (7 5 ) The main water -

soluble polysaccharide i s a xylan which showed a single peak in the 

ultracentrifuge, broad enough to s ugges t pulydispersity. Graded 

precipita tion by the additio n of ethanol to an aqueous solution gave fractions 

which differed in optical rot ation and in b ehaviour towards periodate 

oxidation. The major fraction (80 0/0) h ad [oJ D -112
0 

and periodate 

oxidation studie s indicated that 3 85 % of the xylo se units are linke d 

13 - I, 4- or 13 -1, 2-, if xylofuranose residues are absent. Methyl ation 

of the total xylan , followed by hydrolysis, l ed to the isolation of 2-0-

methyl-, 2,3-di-0-methyl -, 2,4-di-0-methyl - and 2,3 , 4-tri - 0-methyl-D -

xylo se in the approximate mo l ar proportion s 1 :62: 19 : 1. 4. The polysaccharide 

therefore contains chains of 13 - 1,3- and 13 - 1, 4 -linked r esidues, has an 

average chain-length of 50-60, and appears to be branched to a small 

de g ree. 

Xylose is a known constituent of many other polysaccharides f rom 

red algae but it s mode of linkage has seldom been determined. In those 

cases where the mode of linkage has been established, there is often 

uncertainty as to whether the xylose occur s as a separate xylan or as part 

of a heteropolysaccharide. 
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2. EXPERIMENTAL 

Paper chromatography was carried out on What man No.1 filter 

paper using the following solvent systems: (A) ethyl acetate-acetic acid-

formic acid-water (18:3:1:4), (B) ethyl acetate-pyridine-water (8:2:1), 

(C) butyl a1cohol-ethanol-water (40:11:9), and (D) ethyl acetate-pyridine­

water (10: 4 :3). Spray reagents used were (1) .E-anisidine hydrochloride, (76) 

(2) periodate-benzidine, (77) (3) bromocresol green(78) (0. I % solution in 

95 % aqueous ethan"l made just alkaline with sodium hydroxide) and (4) 

20% sulphu ric acid in ethanol. R Gal and R
XYI 

values refer to rates of 

movement relative to those of galactose and xylose, respectively. 

Electrophoresis Was carried out on Whatma:1 No. I paper using O. 4M 

sodium tetraborate buffer (pHIO) at 50mA. MXvalues refer to rates of 

movement relative to that of xylose. The degree of polymerisation (DP) 

of oligosaccharides waS determined by the phenol-sulphuric acid method. (79) 

Infrared spectra were recorded on a Beckman IR-8 spectrophotometer . 

Concentration of solutions was carried out at 40
0 

/20 torr and specific 

r o tation s were measured in water, unless otherwise stated. 

was determined with 4-chloro-4' - arr.inodiphenyl. (80 ) 

Sulphate 

Thin-layer chromatography (t. 1. c. ) was carried out on gla ss plates 

coated with silica gel G containing calcium sulphate as binder, employing 

methyl e thy l ketone-water (85:7) as solvent. R value s of methylated 
TMG 

sugars refer to rates of travel relative to that of 2, 3,4,6- tetra-O-methyl-

D-galactose. Gas-liquid chromatography (g . 1. c. ) was carried out on a 

Beckman GC-4 chromatograph equipped with dual flame -ionisation ' 

detectors and nitrogen as carrier gas using the following columns: 

( a ) 15 % w /wbutan- I,4-diol succinate polyester, on acid -wa shed Celite 

(80-100 mesh) at 17 5
0 

for methyl glycoside s; (b) 20% w/w Apiezon M on 
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Chromosorb W (80 -100 mesh; acid-washed and treated with dimethyl­

chlorosilane) at 2000 for glycitol acetates; and (c) 30/0 w/w ECNSS-M 011 

Chromosorb W (100-120 mesh) at 180
0 

for acetYlated nitriles, unless 

otherwise stated. Retention times T, TE a"d TX are relative to those 

of methyl 2,3,4 , 6-tetra-O-methyl- 13 -D-glucopyranoside, t etra-O­

acetyl erythritol and 3, 5 - di-O-acetyl-2, 4-di--O-methyl-D-xylononitrile, 

respectively. 
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2. 1 Anatheca dentata 

2. 1. 1 Extraction and purification of polvsaccharide 

Wet Anatheca dentata (5 . 6 kg) was mascerated , mixed with hot-w2.ter, 

and the pH adjusted to 3 with glacial acetic acid. Steam waS passed into 

the mixture for 0.5 h with constant stirring, after which the solution was 

strained through muslin and centrifuged hot, yi e lding a. clear, pale-pink 

mucilage. When the extract was set aside for 24 h at 4
0

, a colloidal 

precipita te appeared which was removed by centrifugation. Precipitation 

into ethanol (5 vol. ) afforded a fibrous, white product which was 

washed with ether, and dried (280g; 5% on a wet wt . basis). Purification 

of the polysaccharide was effected by dissolution in water, centrifugation 

of the solution, and precipitation into ethanol (5 vol. l. The recove red 

polysaccharide waS washed with ether and dried in VaCuo at 45 0
• [Found 

(on material dried at 700 /0.5 torr): N , 0.53; SO!-, 30.5 0/0 J . The 

polysaccha ride failed to precipitate from sol" tio n on the addilion of 

potassium chloride solution a.nd in this respect resembles the A-fraction 

(8 1) 
of carrageenan. The po~ymer did not precipitate from solution when 

treated with Fehling's solution. 

Chromatographic examination (solvents A, B, and C) of a neutralised 

acid hydrolysate revealed spots corresponding to galactose (major ), xylose, 

and traces of two other sugars having RGal 2. 1 (yellow ) and 2 .91 (ye llow) 

( solvent B) with spray 1. Spray 3 revealed the prese nce of a small amount 

of uronic acid. 

2. 1. 2 Separation and characterisation of the components of the 
polysaccharide 

Polysaccharide (6. Og) waS hydrolysed with N sulphuric acid (50 mll 
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for 16 h on a boiling- water b a th. After neutralisation with barium 

carbonate, the solution was evaporated, to a partially cryst a ll ine sy rup 

(4 . 45g ) and applied to a cellulose column (50 x 5 . 4 cm) which was e luted 

wi th butyl a l cohol - water (95 : 5 ). Fractions (3 25 mll were collected 

and, on the basis of paper chromatography, combined into thre e fractions 

which were evaporated to dryness . 

Fraction I. The syrup (0. 59 g ) was shown by paper chromatography 

to contain xylose, andtraces o f glucose, mannose , arabinose, and two 

other sugars having R
Gal 

2. 1 and 2 . 91 (solvent B ). The syrup waS 

decolourised with charcoal in wate r, filtered , and evz.porated to dryness. 

Recrystallisation of t h e residue fr om ethanol yielded crystals {12 0 mg }, 

m. p. and m ixed m. p. 143-1440 with authentic D-xylose, 

( 6 min ) -7 + 1 8. 9
0 (.£ O. 5 ). The O-dibenzylidene dimethyl a cetal 

derivative(82} had m. p . and mixed m . p. 21 2-2 130 (Kofler hot stage ) witl: 

an authentic sample. 

Fraction 1I. The syrup (0. 58 g ) was shown by paper chromatography 

( solvents A and B ) to contain gal actose (major s u gar), xylose, glucose 

(tr ace ), mannose (trace ), and a sugar having R
Gal 

2. l . ( solvent B } (trace ). 

Fraction III. A portion of this fraction (3.05 g ) was recrystallised 

from ethano l, giving galactose, m. p. 16 1-1 62
0

, 

The value obtained for the specific rotation indic a ted a D:L-

galactose ratio of 1. 57: 1. Oxidation with nitric acid - water (1:1) yielded 

mucic acid, m . p. and mixed m . p . 2 12-2 130 with authentic mucic acid. 

2. 1. 3 Fractionation of polysaccharide with Cetavlon 

Polysaccharide (1. 0 g ) in water (50 mll to which a so lution of 
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cetyltrimethylammonium bromide (Cetavlon; 15 ml; 10 % w/v solution) 

had been adde d was allowed to stand overnight. The precipitated complex 

was centrifuged and washe d four times with water. The supernatant 

liquid was retained for further investigation ( see later). The complex was 

r e dissolved by stirring overnight in 4M potassium chloride solution 

( 50 m ll. The insoluble re sidue was removed by centrifugation and 

discarded, and the clear solution precipitate d into ethanol (5 vol. ). 

The precipitated polysaccharide waS washed with ethanol and then 

redi s solved in wate r (50 m ll, dialysed against running wate r, conc e ntrated, 

and repr e cipitated into ethanol (5 vol. ). The polysaC'charide waS washed 

with ethanol and finally ether, and dried at 500 in a VaCuum (0.7 3 g). 

Chromatographic examination of an acid h y drolysate (solvents A and B ) 

showed the presence of ga lactose (major ), xylose , traces of two other 

sugars RCal 2. 1 and 2. 91 (solvent B), and a minute trace of glucose . 

To the solution remaining after removal of the precipitated complex, 

was added sufficient potassium iodide to pr e cipitate the excess Cetavlon. 

After r emoval of the Ceta vlon - iodide complex by centrifugation, the 

supe rnatant was dialysed against running tap waV,r, concentrated and 

free ze-dried to an off-white foam (31 mg). Chromato graphic 

examination of a n acid hydroly sate (solvent B) showed the pre sence of 

glucose and mannose. 

All subsequent experiments were performed on the Cetavlon-

precipitated polysaccharide. Further purification of the polysaccharide 

for a nalysis was effected by r e pe a ted (twice ) dissolution in water , 

centrifugation of the solution, and precipita ti on in ethanol ( 5 vol. ). 

After collection in a centrifuge, the polysacch a ride was washed with ether , 

o [ ]25 0 [ and dried in a Vacuum at 45 , a D -40. 5 (.£ o. 99 ) Found (on 

material dried at 60 0 /0.5 torr): 3 , 6-anhydro galactose, (83) 0 .4 1; OMe, 
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0.00; N, 0.0; S04 
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2· 
35.50/0; equiv. wt. (from S04 - detn.), 271 ] The 

infrared spectrum (KBr disc) of this polysaccharide is given in Fig. 2. 

2. 1. 4 Quantitative estimation of sugar residues in the Cetavlon­

precipitated polysaccharide 

The sugar re sidue s in the polysaccharide we re quantitatively estimated 

using a gas chromatographic method devised by Bowker and Turvey (84) 

based on the procedure of Gunner, Jones and Perry. (85) Dry polysaccharide 

(103.13 mg) and erythritol (10.00 mg) in N sulphuric ~cid (3 ml) were 

o 
heated at 100 for 3 h. The mixture was neutralised with barium carbonate , 

centrifuged and the supernatant solution treated with sodium borohydride 

(20 mg) for 18 h. The solution was neutralised with N sulphuric acid , 

evaporated, and dried in vacuo at 30 0 . To the dried mixture was added 

acetylation mixture (2 ml; 50: 1, acetic anhydride: sulphuric acid) and the 

o 
flask waS stopp3red and kept at 80 for 6 h. The mixture Was then cooled, 

diluted with water (2 ml) and cautiously neutralised to pHS with sodium 

bicarbonate . The glycitol acetates were extracted with chloroform 

(2x20 ml), the combined chloroform extracts were dried (ma gne sium 

sulphate) and after suitable concentration 1 ",1 sample s we re inje cted 

into the gas chromatograph. The concentration of a given sugar was 

estimated from the peak area of it s glycitol acetate (mean of three 

injections) compared with that of the internal standard, erythritol acetate. 

Glycitol acetates do not give a molar response in the detector and thus 

standard curves were prepared by treating each sugar plus the internal 

standard (67. 15 mg galactose and 10.42 mg erythritol; 26.70 mg xylose 

and 10.90 mg erythritol) with sodium borohydride and then subjecting 

the mixture to the above procedure. 
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z. 1. 5 Attempted fractionation of Cetavlon - precipitated polys acc haride 

by chromatography on DEAE - Sephadex A- 50 

The anion exchange gel DEAE-Sephadex A-50 was swollen and 

equilibrated with a solution of o. 1M potassium chloride before being 

packed in a column (30 x 4. 5 em ). Polysaccharide (ZOO mg) in water 

(1 4 ml) was applied to the column, which was then sequentially eluted 

with the following solutions : Ii) O. 75M potas sium chloride (Z. 8 1), 

Iii) 1. OM potassium chloride (Z. 81), and (iii) 1. 5M potassium chloride 

(l .0 1). Fractions (ZO ml each) were collected and analysed for 

carbohydrate with the phenol - sulphuric acid rea ge nt. (86) A plot of 

optical density against fraction number is shown in Fig. 1. Three 

distinct fr ac tions were obtained, the solutions of which, on dialysis, 

evaporation and freeze-drying gave fraction 1 (4 6 mg), fraction Z 

(lIZ mg ) and fraction 3 (14. 5 mg ). These fractions were eluted with 

potassium chloride solutions Numbers i, ii, and iii respectively. No 

further material was recovered from the column by increas ing the 

concentration of potassium chloride. The prope rtie s of fraction Z (major 

fracti on ) and those of the Cetavlon-precipitated polysaccharides are 

compared in Table 1. The suga r r e s idue s o f fraction Z we re 

quantitative ly estimated as outlined earlier ( see Z. 1. 4 ). 

Z. 1. 6 I solation of pyruvic acid (as the Z, 4- DNP derivative ) from 

polys ac cha ride 

Polysaccharide (5. 0 g ) was he ~ted on a boiling-wate r bath with 

N sulphuric acid (ZO m1) for 9 h. After neutrali sation (barium carbonate) 

and centrifugation, the s olution waS shaken with Amberlite IR-IZO (H+) resin. 

The resin was filt e red off and the acidic solution extracted with ether 



37 

(400 m1; in portions). The ethe r waS removed by distillation and a 

small portion of th e residue refluxed with 3 % methanolic hydrogen chloride 

for 3 h. The solution waS neutralised (lead carbonate), filtered, and 

on g.1. c. examination showed a peak having a retention time identical with 

that of methano1ysed pyruvic acid (column ( c) at an operating temperature 

of 100 0 and a nitrogen flow rate of 25 m1/min). This peak waS identical 

with that of methano1ysed furfural on columns (a) and (b ) but was separated 

from it on column ( c ) under the abov e conditions (Retention times on 

column (c ): methano1ysed pyruvic acid 2 . 1 min, methano1ysed furfural 

1. 9 min). 

Th e remainder of the ether extract was treated with a methanolic 

solution of 2, 4-dinitropheny1hydrazine and the resultant mixture of 

2,.4-dinitropheny1hydrazones separat ed by preparative t. 1. c. using ethyl 

acetate as solvent. The appropriate portions of the plates were scraped 

off, extracted with methanol , ~reated with Amber1ite IR-120 (H+) resin 

and evaporated to dryness (12 mg). The residue crystallised from ether 

and had· m.p . and mixed m.p. 218-219
0 

with pyruvic acid 2,4-

dinitrophenylhydrazone. The infrared spectrum of this mate rial (K Br disc) 

was identical with that of the authentic pyruvic acid derivative. 

2. 1. 7 Action of alkali on polysaccharide 

P 1 h 'd (1 )" (150 1) ". d' b h d "d (36) o ysacc arl e g In water m contallllng so Ium oro y Xl e 

(0.2 g) Was set aside for 48 h at room temperature. Sodium hydroxide 

(7 g ) and sodium borohydride (1 g ) were then added, and the mixture was 

maintained at 82°.± 2 0
• Afte r 4. 5 h, a furthe r amount of sodium 

borohydride (1 g ) was added, and, after 10. 5 h, the solution was cooled 
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and made slightly acid with hydrochloric acid. The mixture WaS dialysed 

against frequently changed distilled water, concentrated, and freeze-dried, 

yielding a white foam (0.76 g), [a] ~O - 36.4
0 

(E, O. 66) [Found: 

2- (83) 
S04 ' 35.3; 3, 6-anhydrogalactose, 0.70%]. A portion of the prodnct 

(0.40 g) was subjected to a second treatment with alkali as above, giving 
2-

a white solid (0.38 g), [a]~O - 33
0 

(E, O. 61) [Found: S04 ' 34.8; 

3,6-anhydrogalactose, 1. 31 %] Chromatography of a neutralised, acid 

hydrolysate (solvents A and B) revealed the presence of galactose and 

xylo se. 

2. 1. 8 Treatment of polysaccharide with sodium methoxide 

To polysaccharide (0. 5 g) in water (25 mll was added sodium 

borohydride (0. 1 g). The mixture was allowed to stand for 24 h with 

occasional shaking, after which time further sodium borohydride (0 . 1 g) 

was added and the solution left for another 24 h. The polyalcohol waS 

dialysed against frequently changed distilled water, concentrated, and 

isolated by freeze-drying. The polyalcohol (dried at 60
0 

over P205 in 

vaCuo for 24 h) was added to a solution of sodium O. 5 g} in absolute 

methanol (70 mll and the mixture waS refluxed for 24 h in an atmosphere 

of nitrogen. The insoluble material, after centrifugation and washing 

with methanol, waS dissolved in water (50 ml) and dialysed against 

frequently changed distilled water for 3 days. Concentration of the 

solution followed by freeze-drying yielded a white foam (0 .43 g). 

Chromatography of a neutralised, acid hydrolysate (solvents A and B) 

showed the presence of galactose and xylose. No artefacts could be 

detected. 
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2. I. 9 Methylation of polysaccharide 

To polysaccharide (10. a g) dissolved in the minimum quantity of 

water (50 mI) was added sodium hydroxide solution (40% w/w; 200 mI). 

The solution was stirred vigorously in an dmosphere of nitro gen, and 

dimethyl sulphate (loa mI) was added over 0.75 h. Four similar additions 

of sodium hydroxide solution and dimethyl sulphate were made at 2 hourly 

intervals, at the end of which time the mixture was dialysed against 

running tap water (7 days). The solution was concentrated to a small 

volume. Hydrolysis of a portion of this solution (N sulphuric acid at 

100 0 for 16 h), followed by neutralisation with barium carbonate and 

subsequent paper chromatography, revealed the presence of a large 

amount of galactose. Ten further additions of the above reagents were 

made to the partially methylated polysaccharide . The mixture was then 

dialysed, concentrated and the product isolated by freeze-drying (12. 50 g ) 

[Found: OMe, 9.69%] • 

To a portion (2 g ) of the partially methylated polysaccharide dispersed 

in dimethyl sulphoxide (1 50 mll, was added powdered sodium hydroxide 

(20 g) and dimethyl sulphate (10 ml; over 5 min ) with constant stirring. 

Further additions of these reagents were made after 1 h and 24 h. The 

mixture was sti'rred for another 16 h, dialysed against running tap water 

(7 days), cOi1centrated and the product isolated by freeze-drying (1. 78 g ) 

[Found: OMe, 10.15 %]. The infrared spectrum (KBr disc) of this 

product showed a large hydroxyl peak. Further treatment with the above 

reagents failed to increase the methoxyl content. 

2. 1. lODe sulphation of poly saccharide (8) 

Polysaccharide 0.0 g } was shaken with O. 1 M methanolic hydrogen 
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chloride (7 5 mll for 48 h at room tempe rature, afte r which the 

undissolved polysaccharide was removed and washed with dry methanol. 

It was then dissolved in water (50 ml) and dialysed against frequently 

changed distilled water for 3 days. Concentration and freeze-drying 

of the solution gave a partially de sulphated polysaccharide (0 .72 g ; 85%) 

[Found: 50~- , 23.4%J The supernatant methanolic solution, after 

neutrali sation (silve r carbonate ) and concentration, gave a non- reducing 

syrup (282 mg). Paper chromatography of a neutralised, acid 

hydrolysate revealed the presence of galactose and xylo se (solvents A and 

B). 

Increasing the strength of the methanolic hydrogen chloride to O. 15M 

resulted, after a single treatment (48 h), in an 87% yield of polysaccharide. 
2-

[Found: 5°4 ' 19. 9 %J . 

In a third experiment, polysaccharide (1.0 g) WaS shaken with O. llA 

methanolic hydrogen chloride (7 5 m ll at room telnperature for 48 h, after 

which the insoluble polysaccharide was removed and shaken with fr e sh 

O. 1 M ll1ethanolic hydrogen chloride (7 5 mll for a further 48 h. The 
2-

polysaccharide was i solated as above (0.62 g; 81 %) [Found: 504 15.5%J. 

Paper chromatography of an acid hydrolysate of this material revealed the 

presence of galactose and xylose. 

In a fourth experiment, polysaccharide (1. 0 g) waS shaken with O. 15 M 

methanolic hydrogen chloride (7 5 mll for 72 h. The insoluble polysaccharide 

was removed and iBolated as before (0. 69 g; 87% ) [Found: SO~- , l8.8%J. 

The partially de sulphated products from the third and fourth 
2- 2-

experiments (0.62 g; 504 ' 15.5%; and 0.69 g; 504 ' 18.8%) were 

combined, shaken with O. 15 M methanolic hydrogen chloride (90 mll 

for 48 h at room temperature and isolated as before (0. 64 g) [Found: 
2-

504 ,3.9%J 
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A l arge quantity of polysaccharide (1 3.0 g;' dried in vacuo over 

P 2 0 5 for 48 h) was then subjected to five treatments with O. 15 M 

methanolic hydrogen chloride (4 8 h each) at room temperature. The 

polysaccharide was isolated by dialysis and freeze-drying after each 

tre atment. The fi n al product (5 g ) h ad a sulphate content of 1. 2 %. The 

infra r ed spectru m (KBr disc) of this de sulphated polyme r is given in 

Fig. 2. 

2. 1. 11 Periodate oxidation of polysaccharide s 

Experiment A. 

To polysaccharide (3 68.9 mg; dried at 60
0 

over P 2 0 5 in vacuo 

for 48 h) in water (50 ml) waS added O. 06 M sodium metaperiodate (50 mi l 

and the mixture allowed to stand in the dark at room temperature. 

Aliquots (5 m Il were "";ithdrawn at regular intervals and the reduction 

of perioclate measured by the arsenite method(87) ( Table IIa). 

Afte r 144 h, the solution remaining waS treated with an excess of 

ethylene glycol. Sodium borohydri d e (0.4 g ) was then added and the 

mixture allowed to stand overnight. The polysaccharide alcohol (1 94 mg ) 

was isolated by freeze-drying after dialysis . Paper chromatographic 

examin'l.tion of a neutralised, acid h ydrolysate of the polysaccharide 

alcohol revealed galactose only (solvents A and B; spray I). A portion 

of the polysaccharide alcohol (2 0 mg) was hydrolysed, reduced (sodium 

borohydride ), ace tylated (84 ) and examined by g. 1. c. No peak corresponding 

to xylitol acetate was detected. 

Experiment B. 

Polysaccha.ride (27.63 mg ) and de sulphated polysaccharide 
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2-
(S04 ' 1. 2 0/0 ; 19.37 mg ) were dissolved s eparately in water (5 ml eac h) 

and 0.02937 M sodium metaperiodate (5 mI) was added to each solution. 

The solutions we re se t aside at room temperature in the dark, and a liquots 

(0 .10 ml ) were withdrawn at intervals, diluted 250 times, and the reduction 

o f periodat e measured spectrophotometrically. (88) (Tables IIa and IIb. ) 

2. 1. 12 Methylation of de sulphated polysaccharide 

2 -
P oly sacch aride (4.75 g; S04 ' 1. 20/0 ) waS dissolved in dimethyl 

sulphoxide (1 00 ml ). Po wdered sodium hydroxide (30 g ) and dimethyl 

sulphate (1 5 m I) we re added wi th stirring over a period of 5 h. The 

mixture was s tirred fo r a further 16 h and sufficient concentrated ammonia 

was then added, followed by vigorous shaking, to decompose the dimethyl 

s ulphate. After the additi on of water (200 mI), the mixture was dialysed 

against di stilled water for 5 days. The solution was concentrated to 

a small volume and the polysaccharide isolated by freeze-drying (5.0 g ). 

The above methylation procedure waS repeat ed and after a third 

methylation, the solution containing the p a rtially methylated polymer 

was dialysed, concentrated, and e xtracted with chloroform (5 x 100 m I). 

Evaporation of the combined chloroform solut ions y ielde d a gum (A; 1. 0 g ). 

The aqueous solution containing the chloroform-insolubl e material, on 

concentr a tion and fr eeze -drying , yielded a partially methylated 

polysaccharide (3.62 g ). This frac t ion was remethylated and extracted 

with chloroform as before yielding a gum ( B; 0.20 g ). The chloroform­

insoluble material (2.90 g ) was not further investi gated. 

Fractions A and B we r e combined (1.20 g ) [Found : OMe , 36.00/0] 

and dissolved in methyl iodide (25 mI). Silver oxide (8 g ) was added in 
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small portions and the mixture gently refluxed· for 8 h with stirring. (89 ) 

After filtration, the silver salts were thorou ghly washed with chloroform 

and the combined filtrate and washings concentrated to yield the 

polysaccharide (0. 93 g ). Two further treatments with Purdie' s r eagents ( 89 ) 

afforded a product (0 . 94 g ) [Found: OMe , 40.30/0] (Theoretical for 

galactose: xylose, 6 :1; .OMe, 44.50/0 ). The infrared spectrum of the 

product (in dry CHC1
3

) showed a very small h ydroxyl peak. Further 

tre a tments with Purdie's reagents fail ed to increase the methoxyl content. 

2. 1. 13 Hydrolysis of the methylated , de sulphated polysaccharide and 

separation of the products 

The methylated, d e sulphat ed polysaccharide (OMe, 40.30/0; 0.94 g ) waS 

di s solved in 90 % aqueous form i c acid (90 ) (30mI), and the solution was kept at 

o 100 for 1 h. The solution was cooled and concentrated to a syrup under 

reduced pr e s sure . T h e syrup was then hydrolysed (1 00 0 for 16 h) with 

O. 5 N sulphuric acid (30 m I) . The h ydrolysate waS neutralised (barium 

carbonate ), centrifuged , and concentrated to a s,'rup (0.70 g ), which was 

applied to a charcoal - Celite column (1: 1; 32 x 4 cm). The methylated 

sugars we r e eluted by applying a linear gradi ent of 0-30/0 methyl ethyl 

ketone in water over a volume of 8 l. Fractions (~ 25 m I) were collected , 

analysed by paper chromatography, and combined into the followin g nine 

fraction s . 

Fraction 1. The syrup (149 mg ) was shown by paper chromatography 

(solvents A and B ) to be a mixture of mono-O-methyl- and di-O-methyl-

gal a cto se s. The syrup was separated into two fraction s (Whatman No.1 

paper; so lvent B; 6 h), and the fr actions were examined as follows : 
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Mono-Q-methyl fraction. The syrup (35 mg) was fr actionated by 

paper chromatography (solvent B) into 1 (a ) a syrup (7 mg) chromato­

graphically ( solvents A and B) identical with 4 -0- methy1galactose, 

[a]~O _ 30 (.£ O. 70); 1 (b) a syrup (5 mg) which on reduction (sodium 

borohydride), acetylation, (84 ) and g.1. c. examination of the resultant 

glycitol acetate s revealed peaks with retention time s identical to tho se of 

6-0-methyl-, 2-0-methyl- and 4-0-methylgalactitol a cetates, in the 

approximate molar ratio 2:2:1; and 1 (c) a chromatographically pure 

syrup (21 mg), which crystallised from methanol-ethyl acetate,and had 

m. p. 152 -1530 undepressed on admixture with authentic 2-0-methyl-D -

galactose, [a]~O + 140 (4 min) -;.+ 62 0 (.£ 0.42); lit. (91) m.p. l 48- l4 9~ 

[aJb6+ 84.90 (final) (.£ O. 53 ). 

Di-O-methyl fraction. The syrup (111 mg ) waS shown by pape r 

chromatography (solvent B; spray 1) to contain 2, 6-di-Q - methylgalacto se 

(RGa l 6 .0; red; major component ), 2, 4-di-0- methylgalactose (RG~_l 4. 8; 

yellow, goes red on standing), "nd 2, 3-di-0-methylgalactose (R
Gal 

5.6; 

yellow, goes red on standing). A portion of th e syrup (13 mg ) waS 

reduced with borohydride and ace tylat ed. (84 ) G.1. c. examination of the 

glycitol acetates revealed the presence of peaks with retention times 

corresponding to those of 2, 6 -di-0-methylgalactose ( T E 3.94; major 

component) , 2,4-di-0-methylgalactose (TE 6.26), 4,6-di-0-methylgalactose 

(T
E 

4.27; trace) and 2, 3-di-0-methylgalactose (T
E 

5.12 ). Paper 

chromatographic separation of the syrup (98 mg ) ( solvent B; 12 h) yielded 

chromato graphically pure sample s of 2, 6-di - 0- rnethy1galacto se (10 rng ), 

+ 56
0 

(.£ O. 50) and 2, 4-di-0-methylgalactose (16 mg), 

(92) 
Andre ws et al repo rted 

for 2, 6 - di -0-rnethyl-D-galactose and [a ]D + 8S
o (~O. 3) for 2, 4 -di-0-

methyl- D- galactose. 
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Fraction II. The syrup (63 m g ) was shown (paper chromato g raphy; 

solvent B; spray 1) to contain 2, 3-di-O-methylxylose (R
TMG 

0.93; pink), 

2, 4-di-O-methylxylose (R
TMG 

0.86; pink), 2,3, 4-tri-O-methylgalactose 

(R TMG o. 68; brown) a nd a methylated uronic acid (trace; R
TMG 

0.0, 

0.43 (solve nt A ); pink). Separation of the syrup on Whatman No. 1 parer 

( solvent B; 6 h) followed by extraction of the appropriate portions of the 

paper s with 50% aqueou s methanol yielded the three major components, 

which were characterised by g . 1. c. examination of their methyl glycosides. 

2,3,4-Tri-O-methylgalacto se (11 mg), [a]~O + 11 0 (.£ 0.55), gave a peak 

(T 7.41) identical to that obtained from authentic methyl 2,3, 4-tri-O-

methylgalac to side s; 2, 4-di-O-methyl- D-xylo se (8 mg), _ 

(.£0.57), gave peaks (T 1. 46, 1. 92) identical to those obtained from 

authentic methyl 2, 4-di-O-methylxylosides; and 2 , 3-di-O-methyl-D-

xylose (8 mg), [a ]~O + 20
0 

(.£ O. (0 ) gave peaks (T 1. 47, 1. 74) 

identical to those give n -by authentic 2,3-di-O-methyh.'ylosides, as well 

a s a pea_k (T 1. 30) considered t o have arisen fr om the presence of a 

small a m ount of methyl 3, 4-di-O-methylxylosides. In support of this, 

the 2, 3-di-O-methylxylose was revealed , to a sn'all extent, with 

triphenylte trazolium hydroxide, while demefnylatiolF6) of a p ortion 

yielded xylose as the only monosaccharide (paper chromatography). 

Fraction III. The syrup (49 mg), which was shown by paper 

chroma to graphy ( so lvent B; spray I) -to be 2,4, 6-tri-O-rnethylgalactose 

(R
TMG 

O. 73; red-brown) to ge the r with a trace of the 2,3, 4-isomer, 

crystalli sed from ether-ligroin. The crystals had 

(4 min) --7 + 890 (c 0.63), m. p. and mixed m. p. 102-103
0 

with authentic 

. (93) 0 20 0 
2,4,6-tn-O-methyl -D- galactose, m. p. 104-106, [a] D + 96 (.£ 1. 4). 

The sugar (25 m g ), freshly distilled aniline (6 5 mg), and a tr a ce of glacial 
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acetic acid were heated with e thanol (2 ml) under r eflux for 4 h. The 

"anilide" crystallised on cooling and, after recrystallisation from ethanol, 

had m. p. and mixed m. p. 173-174
0 

with authentic 2,4, 6-tri-O-methyl-

N -phenyl - D- galacto sylamine . 

170.5-171. 50. 

. (94 ) 
Chngman ar.d Nunn r eported m. p. 

Fraction IV. This syrup (145 mg) was shown by paper 

chromatography (so lvent B) to be a mixture of 2, 3, 6- and 2,4, 6-tri-O-

methy1galacto se in the appr oximate ratio of 2: 1. 

Fraction V. The syrup (80 mg), chromatographically identical 

with 2, 3, 6-tri-O-me thy1ga1actose (R TMG O. 83, solve"t B; red-br own, 

spray 1) had [0)b6 - 560 (.£ O. 50). Nunn and Parolis(91) reported 
18 

[oJn + 90
0 

(.£ o. 37) for 2,3, 6-tri-O-methy1-D - ga1actose . The syrup 

(35 mg) was oxidised with bromine water (7 ml; 96 h) and, after removal 

of bromine by aeration, th e solution waS neutralised with silver carbonate 

and filtered, and the silver ions precipitated with hydrogen sulphide . 

The filt"at e from this treatment was evaporated to dryne ss in vacuo, 

and the residue extracted with dry ether. Colourless n eedles were 

obtained on concentration of the extract which, alter recrystallisation 

o 
from ether , had m. p. 97-99. Them. p. was depressed on admixture 

with authentic 2,3, 6-tri -O-methy1 -D- '6 - galactonolactone m. p. 97_99o ;':9l} 

the infrared spectrum (K Br di sc ) was identical to that of the authentic D-

compound. 

Fraction VI. The syrup (64 mg) waS shown (paper chromatography) 

to be a mixture of 2, 3, 6 -tri-O-methy1ga1actose and a methylated uronic 

acid (RT MG O. 53, solvent A; pink, spray I). The sugar mixture WaS 

separated on Wha tman No.1 pap e r (solvent B; 6 h). Ext raction of the 

appropriate portions of the paper with 50% aqueous methanol, followed 

by concentration, afforded a chromatographically pure syrup (23 mg ), 
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R TMG O. 53 (solvent A). The syrup was shaken with Amberlite IR-120 (H+) 

resin to yield the free acid, [a]g + 45
0 (.£ 0.40); lit. (95) [a lD + 580 

for 2,3, 4-tri-O-methyl-D- glucuronic acid. The free acid was converted 

into the methyl ester methyl glycoside by refluxing with 40/0 methanolic 

hydrogen chloride for 7 h. The cooled solution, after neutralisation with 

silver carbonate, was filte red and concentrated to a syrup. G.1. c. exalnina-

tionof themethylestermethyl glycoside showed peaks having retention 

times identical with those of the methyl ester methyl glycoside of authentic 

2,3, 4-tri-O-methylglucuronic acid (T 2. 50, 3.24 ). Reduction of the 

carboxyl group (9 6 ) was achieved by allowing a 2 % solution of the methyl 

ester methyl glyco side to stand with an equal weight of sodium borohydride 

for 16 h. The solution was then shaken with Amberlite IR-120 (H+) resin, 

filtered, and evaporated to dryness. The borate was removed by repeated 

distillation with methanol. G.l. c. examination of the methyl glycosides 

showed peaks having retention time s identical with those of authentic 

methyl 2,3, 4-tri-O-methylglucosides (T2.57, 3.69 ). Acid hydrolysi s 

of the methyl glycosides (N sulphuric acid; 1000
; 3 h) yielded a syrup, 

chromatographicaI'Y identical (solvent B; spray 1) with 2,3, 4-tri-O­

methylglucose, which on demethylation(76) gave rise t~ glucose . Thus 

the methylated uronic acid is 2,3, 4-tri-O-methyl-D-glucuronic acid. 

Fraction VII. The syrup (42 mg), which contained 2,3,4, 6-tetra-O­

methylgalactose (R TMG 1. 0, solvent B; red-brown, spray 1) and the 

methylated uronic acid pre sent in Fraction VI, was separated on Whatman 

No.1 paper (solvent B; 6 h) to yield chromatographically pure 2,3,4, 6-tetra-
17 

O-methylgalactose (30 mg) , [aJ D 0
0 (.£O. 50). The aniline derivative, 

after several recrystallisations from. ethanol, had m. p. 178-180
0

, which 
20 

could not be increased by further recrystallisations, [aJD 0
0 (.£ O. 49 in 

acetone). The mixed m. p. {with authentic 2,3,4, 6-tetra-O-methyl-N-
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. (97) o } 0 phenyl-D-galactosylamme, m.p. 192-194 was 178-190 . The infrared 

spectrum (KBr disc) was identical with that of the "anilide" of 2, 3,4,6-

tetra-O-methyl-D-galactose. Bell and Baldwin(9 8} reported m. p. 

[O]D 0
0 

(5:, 2.5 in acetone) for the "anilide" of 2, 3,4, 6-tetra­

O-methyl- DL - galacto se. 

Fraction VIII. The syrup (3 6 lng) was shown by paper chromatography 

( solvents A and B) to be a mixture of 2,3, 4-tri-O-methylxylose and 

2,3,4,6-tetra-O-lnethylgalactose. 

Fraction IX. The syrup (50 mg ), chrolnatographically identical 

to 2,3, 4-tri-O- lnethylxylose (R
T MG 

1. 11, solvent B; pink, spray I), 

was crystallised froln ether-ligroin, In. p. and mixed In. p. 89-900
, 

[0]19 0 ' •. (60 ) 0 
D + 480 (4 min) ~ + 19 (5:, O. 50). ht. In. p. 89-90 , 

[0]15 + 20.30 (5:, 1. 1l. The sugar (45 lng), dry pyridine (3 lnl) 

and E-nitrobenzoyl chloride (2 00 lng) were heated at 90
0 

for 2 hand 

then left overnight at room temperature. A saturated aqueous solution 

of sodium bicarbonate was added dropwise to the reaction mixture until 

no further effervescence occurred. Water (5 ml) was added and the 

product extracted with chloroform ( 3 x 15 mll. The extract WaS dried 

(lnagne siuln sulphate ) and evaporated to a syrup which crystallised on 

trituration with ethanol. The E-nitrobenzoate, after recrystallisation 

froln ethanol, had In. p. 
o . (59) 0 

133-134 ; ht. In. p. 135 . 

2. 1. 14. Partial hydrolysi s of polysaccharide 

Polysaccharide (1. Og) in N sulphuric acid (20 lnl) was heated by 

ilnlne r sion of the flask in a boiling- wate r bath. Salnple s (1 ml ) we re 

relnoved at regular intervals, neutralised (B"IC0
3

), concentrated and 
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examined on paper chromatograms run in solvent A. The chromatograms 

were characterised by streaking but it appeared that 2 - 2.5 h under 

the above conditions gave the maximum concentration of oligosaccharid'Os. 

A large quantity of polysaccharide (18.0 g ) was then hydrolysed similarly 

for 2 h and the hydrolysate, after neutralisation (BaC03 ) and centrifugation , 

waS deionised (Amberlite IR-120 (H+)andIRA - 400 (acetate ) resin s ). 

The aqueous eluate containing the neutral fragments waS concentrated 

to a syrup (3. 82 g ). The acid components were eluted from the IRA-400 

(acetate) column with N sulphuric acid (4.0 1). The eluate waS neutralised 

with barium carbonate, concentrated to about 200 ml, and passed through 

a column of Amberlite IR-120 (H+) resin. After removal of the acetic 

acid from the latter eluate by freeze-drying, the product waS dissolved 

in water (50 m1) and n eutralised with ammonia . The ammonium salts 

were isolated by freeze-drying (13. 0 g). 

2. 1. 15 Separation and characterisation of the neutral components 

of the partial hydrolysate 

The neutral syrup (3. 82 g) in the minimum quantity of water, was 

applied to a charcoal-Celite column (1:1; 5.4 x 60 cm). Mono sac charide s 

were eluted with water and oligosaccharides with aqueous alcohol of 

increasing strength as indicated below. Fractions (ca 30 m1) were 

subsequently combined on the evidence of paper chromatographic 

examination into the following ten fractions. 

Fraction 1. The syrup (2.69 g ), e luted with water (10 1), contained 

(paper chromatography using solvents A and B) galactose (major), xylose, 

and a minute trace of glucose. 
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Fraction II. The syrup (0 . 025 g) eluted with 2 % aqueous ethanol 

0.5 ll, showed the presence of galactose and a substance with RGal 2. 1 

(solvent B). The syrup was separated on Whatman No .1 paper, using 

solvent A. Extraction of the appropriate portions of the paper with 

50 % aqueous methanol, followed by concentration afforded a 

chromatographically pure product (9 mg), having R Gal 2. 1 ( solvent B), 

[a]2l + 280 (.£ O. 5). The sugar moved with the mobility of authentic 
D 

3-2 -methylgalactose in solvent systems A, B, and C, and gave spots 

of the same colour as given by this sugar with spray 1. Demethylation(76) 

of the sugar (2 mg) with 480/0 hydrobromic acid (0 .2 mll on a boiling-

water bath for 5 min, followed by paper chromatography ( solvents A and B ; 

spray ll,revealed the presence of galactose and uncha nged material. 

G.l. c. examination of the glycitol acetate, (84 ) prepared from the s u gar 

(3 mg), gave a peak having the same retention time as the glycitol acetate 

of authentic 3-0-methylgalactose. The l ow value obtained for the optical 

rotation (C£ 3-0-methyl-D-ga lactose [a ] D + 109
0 

(9 9 ) lis possibly due 

to the sugar being a mixture of 3-0-methyl- D- and 3 -0-methyl-L-

galacto se. 

Fraction III . The syrup (0. 531 g ), eluted with 5 % aqueous ethanol 

(6.5 ll, was shown by paper chromatography to be a mixture of thr ee 

oligosaccharide shaving RGal 0.24 (major), 0.31, and O. 17 (trace) 

(solvent B). An aqueous solution of the syrup was decolourised with 

charcoal, filte red and evaporated to a syrup. Crystallisation from 800/0 

aqueous ethanol gave colourless needles 085 mg), which, after 

recrystallisatio n from the same 
o 

solvent, had m. p. 237-238 (d ), 

[ ] 19 0 
a _ 48 (c D _ 0.5) (final), RGal 0.24 (solvent B ), 0.34 ( solvent A ). 

Paper chromatography (solvent A ) of a partial' acid hydrolysate (2 mg) 

revealed the presence of galactose and the original material. 
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A portion (40 mg) was reduced with sodiumborohydride (40 mg} in water 

(5 mll for 24 h, and then shaken with Amberlite re s in (IR-120 (H+) form). 

After filtering off the r esin, the solution was evaporated t o dryness, and 

the borate remove d by repeated distillation with methanol. Acid 

hydroly s is of th e non-reducing syrup, followed by separation of the 

resultant mixture on Whatman No . I paper, using solvent A, afforded two 

fractions. The first fr action was recrystallised from methanol (charcoal ) 

giving galactitol, m.p. and mixed m.p. 186-1870 . The s econd fractiOl, 

was recrystallised from methanol (charcoal ) giving D-galactose, 

[a] i; + 117
0 

(5 min) -) + 780 (finall (.£ O. 56). 

Another portion of the oligosaccharide (20 mg) was hydrolyse d 

(N sulphuric acid for 3 h at 1000), neutralised (BaC0
3

), c e ntrifu ged and 

evaporated to dryne s s. The re sidue was cry stalli sed from methanol and, 

after recrystalli sation from the same solvent, gave galacto se, m. p . 

A further portion of the oligo saccharide 

(10 mg ) in redistilled N,N -dimethylformamide(1. 0 mll waS cooled to 0
0 

and redistilled methyl iodide (1.0 mll and dry silver oxide (1. 0 g ) added. (100) 

The mixture was stirred in the dark at 0
0 

fo r 3 h and then for 45 h at room 

tempe rature . The product waS filtered and the silver salts thoroughly 

washed with chloroform. The filtrate and washings we re concentrated 

to dryness and traces of N , N-dimethylformarnideremoved under high 

vaCuum (0. I torr; 40
0

; 5 min). The dry re sidue in chlo roform, was 

filtered, and' concentrated to a syrup (9. 2 mg), which was given one 

treatment with Purdie's reage nt s. (89 ) T.l. c. (spray 4 ) of the produc t 

indicated that methylation was complete. A portion of the methylated 

product on hydrolysis (N sulphuric acid) and examination by t. 1. c. 

( spray 4) revealed spots having the mobilities of 2,3,4,6- tetra-O-

methylgal a<:tose (blue-grey; R TMG 1. O) and 2, 3, 6-tri-O-methylgalac<J: o 's~ 
- f\",.\) 

'O .... \~, ... ,...,.'\\, 

I \',~."".:,\ ." , ,. 
, 



52 

{brown-grey; R TMG O. 88}. The remainder of the methylated product 

WaS refluxed with 3% methanolic hydrogen chloride for 6 h and the derived 

methylglycosides examined by g.l. c. Peaks corresponding to 

2,3,4, 6-tetra-0-methylgalactose {T 1. 88} and 2,3, 6-tri-0-methylgalactose 

{T 3.29, 4.02, 4.26, and 4. 58}, in the molar ratio 1. 0: 1. 02, were 

observed. The above evidence indicates that this disaccharide is 

4-0 - i3 -D- galactopyranosyl -L- galactose{l}. The i3 -configuration is 

assumed from the spedfic rotation. The a -linked disaccharide would 

be expected to have a po sitive specific rotation. 

The mother liquor from Fraction III, after the crystallisation 

of 4-0 - i3 - D- galactopyranosyl-L- gal acto se , was separated on Whatman 

No.1 paper, using solvent B. This affordedoa chromato graphically pure 

syrup {25 mg} having R
Gal 

0.31 {s olvent B}, 0.34 {solvent A }, 

[a]i{ _20
0 {~ O. 6}. Paper chromatography of a partial, acid hydrolysate 

revealed the presence of galactose and the original material. Complete 

hydrolysis of an aliquot (9 mg) gave galactose having [a ]~ 0
0 (~O. 43 ). 

Reduction of the reduCing moeity of another aliquot (1 2 mg) followed by 

hydrolysis and sepdration of the products on Whatman No. 1 paper , using 

solvent A, gave chromatographically pure galactose , [a ]~l - 73 0 (~O. 48). 

Methylation of q. further aliquot (5 .7 mg) as above gave, on g.l. c. 

examination of a methanoly-sate, peaks with the retention times of methyl 

2,3,4, 6-tetra-0-methylgalactosides (T 1. 80 ) and methyl 2,4, 6-tri-0-

methylgalactosides (T 4.05 and 4 . 50), in the molar ratio 1. 0:1. 05. The 

pre sence of these sugars was confirmed by paper chromatography of an 

acid hydrolysate of a portion of the fully methylated ooligosaccharide. 

These results indicate that thi s disaccharide is 3-0- a -L-galacto-

pyranosyl-D-galac tose (2 ). The a-configuration is assumed from the 
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negative specific rotation. The i3-linked disaccharide would be 

expected to have a positive specific rotation. 

Fraction IV. The syrup (0 .108 g ), eluted with 50/0 aqueous ethanol 

(Ill), waS shown by paper chromatography to be a mixture of 

oligosaccharides, RGal 0.36 (major),O. 34, 0.26, 0.17, and O. 13 (the 

last three in trace quantities) (s olvent A). Separation of this fraction 

on Whatman No.1 paper, using solvent A, yielded a chromatographically 

pure syrup (41 mg) having RGal 0.36 (solvent A), which readily 

cry stallised fr om methanol (charcoal) and had m. p. and mixed m. p. 

o . (97) [ ] 17 0 203-205 wIth 4 -0- i3 -D- gal actopyranosyl-D - galactose; a D + 84 

(3 min) _ + 70 0 (final) (.£ O. 5). The infrared spectrum (KBr disc) was 

identical with that of 4-0- i3 -D-galactopyranosyl-D-galactose (3J. 

A portion of the disaccharide WaS methylated and methanolysed, and 

the derived methyl glycosides examined by g .l. c. Peaks corresponding 

to 2,3,4, 6-tetra-0-methylgalactose (T 1. 78) and 2,3, 6-tri-0-methyl­

galactose (T 3. 14, 3.78, 4.14, and 4.45), in the molar ratio of 

1. 0: 1. 06, were observed. 

Fraction V. The syrup (0.01 8 g ), eluted with 7 . .50/0 aqueous 

ethanol (8 . 5 l), was shown by paper chromatography (solvent A ) to be 

a mixture of three oligosaccharide shaving RGal O. 13, O. 17, and 0.36. 

The fraction was not further examined. 

Fraction VI. The syrup (0.20 6 g) eluted with 10 % aqueous 

ethanol (15 l), contained four oligosaccharides RGal 0.1 (major), 0.32, 

0.17 (trace), and 0.24 (tr ace ) (solvent AJ. Separation on Whatman 

No. 1 paper (solvent A), followed by extraction of the appropriate 

portions of the papers with 500/0 aqueous methanol, afforded a 

chromatographically pure syrup (80 mg), RGal O. 1 ( solvent A), which, 
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after rec r ystallisation from methanol, had m. p: 229-230 0 (d), [a] 19 
D 

- 36
0 

{3 min )--7 _44 0 (fina l) (.£0 .50 ). Paper chromatography of a 

n eutralised partial acid hydrolysate revealed the presence of 4-0- ~ -D-

galactopyranosyl-L-galacto s e, 3-0 - a -L- galac topyranosyl-D-galactose , 

gal acto se, and the original mate rial. C omplete acid hydrolysis gave 

20 0 ( ) gal actose having [a] D + 28 .£ 0.49. The value for the specific 

rotation indicates a D:L-isomer ratio of 2:1. Reduction of the saccharide, 

followed by paper chromatography of a partial acid hydrolysat e of the 

non- reducing syrup, revealed the pre senceof 4-0- ~ -D- galactopyrano syl -

L- gal acto se and gal acto se. A portion of the oligosa'.'charide (5 mg ) was 

m e thylated and hydrolysed , and the products examined by pape r 

chromatography ( solvent B; spray 1). Spots with the mobilities of 

2,3,4, 6 -tetra-0- methylgalactose (R 1. 0 ) 2,4, 6 -tri-0-methylgalactose 
- TMG' -

(R
TMG 

0.73) and 2,3, 6 -tri -0- methylgalactose (R TMG O. 83 ) were observed. 

These results indicate that this trisaccharide i s _Q- 13 -D -gal actopyranosyl 

(1--7 4 ) -0- a .. L-gal actopyranosyl (l->3)-D-galactose (4 ). 

Fraction V II. The syrup (O . 144 g ), eluted with 10-1 5% aqueous 

ethanol (II. 5 1), was shown (paper chromatography ) to be a mixture of 

Fractions V I and VIII . 

Fraction. VIII. The sy rup (O . 053 g ), eluted with 20% aqueous ethanol 

(4 l), contained an oligosaccharide having RGal 0.04, and traces of three 

other oligo saccharides RGal O. 01, 0.1, and O. 14 ( aolvent A ). Separation 

of this fracti o n on Whatman No.1 paper ( solvent A) gave a chromatographi-

cally pure syrup (24 mg ), RGal 0.04, 
18 0 ) [a] D - 66 {.£ O. 58 . Partial 

acid hydrolysis, followed by paper chromatography ( solvent s A and B), 

revealed the presence of galac to se, 4 - 0- ~ -D- galactopyranosyl - L -

galactose, 3-0- a -L- galactopyranosyl-D- galactose , 0- 13 -D- galac to-
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pyranosyl (1~4)-0- a -L- galac topyr anosyl (l~3)-D- galactose, an 

oligosaccharide having RGaJ O. 13 (s olvent A), and the starting material. 

Complete acid hydrolysis gave galactose having 

Reduction of the oligosaccharide as above, followed by paper chromatography 

of the partial z.cid hydrolysate of the non-reducing syrup, revealed the 

presence of 0- (3 -D- galactopyranosyl (1~ 4 )-0- a -L-galactopyranosyl - -
(1~3)-D- galactose, 4-0c (3 -D-galactopyranosyl-L-galacto.e, 3-0- a -L-

galactopyrano syl- D- galacto se, and gal acto se. A portion of the 

oligosaccharide was methylated and hydrolysed and paper chromatographic 

examination ( solvents A and B; spray l)of the products revealed the 

presence of 2,3,4, 6-tetra-0-methylgalactose, 2,3, 6-tri-0-methylgalactose, 

and 2,4, 6-tri-0-methylgalactose. These results indicate that this is a 

tetrasaccharide with a probable composition of 0- (3 -D- galactopyranosyl 

(1-"74)-0- a -L- galac topyranosyl (1-73) -O-D-galactopyranosyl (l~4 )-L­

galacto se (5). 

Fraction IX. The syrup (0.028 g ), eluted with 20-250/0 aqueous 

ethanol (4 . 5 I), waS a mixture of two oligosaccharide s RGal 0.04 and 0.06 

(trace ) (solvent A). 

Fraction K. The syrup (0.022 g), eluted with 25-40 % aqueous ethanol 

(2.51), consisted mainly of an oligosaccharide h aving RGal 0.02, together 

with traces of two other oligosaccharides , RGal 0.04 and 0.06 (solvent A). 

2. I. 16 Separation and characterisation of the acidic components of the 

partial hydrolysate 

An aqueous solution o f the acidic sugars (10 g ) in the ammonium form 
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waS applied to a charcoal-Celite column (1:1; 27 x 4 cm) and e luted with 

water and then aqueous ethanol to give three main fractions. The first 

fraction (6.82 g ), eluted with water (600 ml), consisted of inorganic 

material. The third fraction (1. 65 g ), eluted with aqueous ethanol (0 - 20%; 

9 I), was shown by paper chromatography ( solvents A and D) to contain 

high molecular weight acidic fragments. The se fra ctions were not 

furthe r inve stigated. The second fraction (0. 58 g ), eluted with water 

(2 . II), was separated on What man No.1 paper ' for 16 h, using solvent A. 

The appropriate portions of the papers were extracted with 50% aqueous 

methanol. The fractions,aft er the addition of ammonia to pH8, were 

concentrated to dryness and reseparated on Whatman No. 1 paper ( solvent D; 

16 h). The following chromatographically homo geneous compounds 

( solvents A and D) were obtained as their ammonium salts . 

Acidic sugar 1. The syrup (50 mg) had R
Gal 

0.75 (solvent D; 

yellow, spray 1l, [al ~l- 32
0 (.£ o. 56) calculated as the ammonium salt 

of a hexose mono s ulphate from the sugar concentration found by the 

, . (86 ) 
method of Dubol s et al. A neutralised, acid hydrolysate (N sulphu ric 

acid; 100°; 12 h) g;;.ve a singl e spot with the mobility of galactose (paper 

chromatography; solvents A and B ). The sugar had a DP of 1. 0 and a 

molar ratio of galactose (86 ) to sulphate of 1. 0:1.13. A portion of the 

sugar (8. 5 mg) in redistilled N, N-dimethylformamide 0.0 mIl was cooled 

to 00 and redistilled methyl i o dide (1. 0 ml) and dry silver oxide (1. 0 g) 

added. (100) The mixture Was stirred in the dark at 0 0 for 3 h and then 

for 21 h at room temperature. The mixture was filtered and the silver 

salts thoroughly washed with chloroform. The filtrate and washings 

were concentrated to dryness and traces of N, N-dimethylformamide 

removed under VaCuum (0. 1 torr; 40°; 5 min). The dry re sidue was 

then given one treatment with Purdie's rea gents. (89 ) T.l. c. (spray 4 ) 
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of the product indicated that methylation was complete. The methylated 

product WaS refluxed with 3 % methanolic hydro gen chloride for 6 h 

and g. 1. c. cxamination of the derived methylglycosides revealed peaks 

characteristic of methyl 2,4, 6-tri-O-methylgalactosides (T 4. OS, 4.50). 

Hydrolysi s (N sulphuric acid) of a portion of the methylated sugar and 

examination of the product by pap e r chromatography (solvents A and B) 

revealed a single spot having the mobility of 2,4, 6-tri-O-methyl galactose. 

The above evidence indicates that thi ~ sulphated monosaccharide is 

L-ga lactose 3-sulphate. 
(13 ) 

Peat et al repor t ed [ J18 0 
o D + 45 for 

authentic D- galactose 3- sulphate (barium form). 

Acidic sugar II. The syrup(25 mg) had RCal 0.56 (solvent D; 

orange- brown, spray 1), [oJ~O - 43
0 (.£ 0.56) calculated as the 

ammonium salt of a hexose mono sulphate. Hydrolysis (N sulphuric acid; 

1000
; 12 h) followed by neutralisation (barium carbonate) and paper 

chromato graphy ( solvents A and B) revealed a single spot with the 

mobility of galactose. The sugar had a DP of 1. 0 and a molar r a tio 

(86 ) 
of galactose to sulphate of 1. 0:1. 18. A sample (6 mg) waS methylated 

as above and the product methanolysed for 6 h. T.1. c. of the 

m c thylglycosides (spray 4) revealed two spots with mobilities identical 

to those given by authentic methyl 2,3, 4-tri-O-methylgalactosides, while g. 1. c. . -
examination revealed a single peak (T 7.38) corresponding to methyl 

2,3,4-tri-O-methylgalacto s ides. These results indicate that this 

sulphated monosaccharide is L- galactose 6-sulphate. Turvey and Williams(7) 

reported [olD + 47
0 

for authentic D-galactose 6-sulphate (sodium form). 

Acidic sugar III. The syrup (69 mg) had RCal 0.31 ( solvent A; 

orange-brown, spray ll, [0 ]6 0 + 24
0 

(.£ O. 50; free acid form). The 

sugar gave a positive reaction with triphenyltetrazolium hydroxide and on 
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complete acid hydrolysis yielded galactose and glucuronic acid (paper 

chromatography; solvents A and B). The saccharide ( 36 mg ) was shaken 

with Amberlite IR-120 (H+) resin and then refluxed with 20/0 metha n olic 

hydrogen chloride (10 mll for 6 h. The solution Was neutralised with 

silver carbonate, filtered , and concentrated t o dryne ss yielding the 

methyl ester methyl glycoside (30 mg ) (i). Part of (il (27 m g ) waS 

treated with sodium borohydride (60 mg) in water (5 mll fo r 16 h at room 

temper a ture. The solution waS shaken with Amberlite IR-120 (H+ ) r e sin, 

and boric acid was removed by repeated distillatio n with methanol. 

A portion (1 9 mg) of the product (iil WaS h y drolysed (N sulphu r ic acid; 

1000
; 4 h) to yield galactose and glucose in the ratio 1. 0: 1. 08 (estimated 

by g.l. c . of the derived glycitol acetates (84) ). The galactose / glucose 

mixture was separated on Whatman No.1 paper ( solvent B; 40 h ) giving 

]2 1 
D-glucose (4 mg ), [0 D + 40

0 (.£ 0.40) and L - galactose (4 mg ), 

21 0 ( . ) 
[o]D - 65 .£ 0.40 . The remainder of (ii ) (2 . 5 mg ) was methylated 

and the product m ethanolysed for 6 h. G.l. c. examination of the 

d e rived methyl glyco sides showed peaks corresponding to methyl 

2,3,4, 6-tetra -0- methylglucosides (T 0.98, 1. 45 ) and methyl 2,3, 6-tri- 0 -

methyl'galactosides (T 3. 30, 4.29, 4.68 ). 

The r emaining methyl ester methyl glycoside (il (2 mg ) was 

methylated and subj ected to borohydride reduction. The product WaS 

methanolysed and on g.1. c. examination gave peaks corre sponding to 

m ethyl 2,3 , 4-tri - 0-methylglucosides (T 2. 58, 3.69) and methyl 

2,3, 6 -t ri - 0 - methylgalactosides ( T 3. 17, 4.29, 4.6b). The above 

evidence suggests that this aldo biuronic acid is '4 - 0- 0 -D-glucuronosyl-

L-galactose. The anomeric configuration follows from the specific 

rotation; lit. [o]~l + 110
0 (.£ 2. 1l fo r 4 - 0- 0 - D - glucuronosyl-D-

galactose ( Ba salt )(1 0 1l and [o]D + 150 for 4-0- i3 -D- glucuronosyl-

D- galactose. 
(102) 
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Acidic sugar IV. The syrup (30 mg), RGal 2 . 18 (solvent A), 

0.20 (solvent D; orange, spray 1) was devoid of sulphate, had 

[a ] ~O+ 51 0 (.£ O. 43) (ammonium form), and on total acid hydrolysis 

yielded galactose as the only reducing sugar. The sugar (0.6 mg) WaS 

refluxed with 3% rnethanolic hydrogen chloride for 3 h. After 

neutralisation with lead carbonate, the p r oduc t was examined by g. l. c. 

on column (c) and a p e ak corresponding to that o f methyl pyruvate 

dimethyl acetal was observed. A portion of the sugar (5 mg) was 

methylated, hydrolysed , and paper chromatographic examination of 

the product (solvents A a nd B) revealed the presence of 2, 3-di-0-methyl-

galactose. The hydroly sate of the methylated sugar was reduced (sodium 

borohydride), acetylated, (84) and on g.l. c. examination showed a peak 

with retention time identical with that of the glycitol acetate prepared 

from authentic 2, 3-di-0-methylgalactose (T
E 

4.42, column (c)). These 

results indicate that this sugar is 4,6-0 (l' -carboxye thylidene)-D-

galacto se. 

Acidic sugar V. The syrup (43 mg) was devoid of sulphate and 

had R
Gal 

0.67 (solvent A; yellow, spray 1l, [aJ~O - 37. 4 0 (.£ O. 60) 

(ammonium form). Total acid hydrolysis (N sulphuric acid; 100 0
; 16 h), 

followe d by paper chromatography (solvent s A and B), revealed galactose 

as the only reducing sugar. Partial acid h ydrolysis (N sulphuric acid; 

1000
; 10 min), followed by paper chromatography, revealed the pre sence 

of galactose, acidic sugar IV, 4-0-)3 -D-galactopyranosyl-L- galactose , 

and the original sugar. A portion of the sugar (0.9 mg) was methanolysed 

for 3 hand g.l. c . examination of the neutralised product (column (c)) 

showed a peak corre spo"din g to that of methyl pyruvate dimethyl acetal. 

The s u ga r was methylated: a portion of the product was methanolysed; 

the remainder was hydrolysed and converted into the aldito l acetates. (84) 
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G. 1. c. examination showed peaks corresponding to methyl 2,3, 6-tri-0-

methylgalactosides {T 3.23, 4.02, 4.28, 4.70; column {a}} and 

1,4,5, 6-tetra-0-acetyl-2, 3-di-0-methylgalactitol {T
E 

4.42; column (c}). 

The presence of these sugars waS confirmed by paper chromatography 

{solve nts A and B} of an acid h y drolysate of a sample of the fully 

methylated oligosaccharide. These results indicate that this sugar is 

4- 0- 13 - [4, 6 - O{ l' ~ carboxyethylidene}- D- galactopyrano sylJ - L- galacto se. 

Acidic sugar VI. The s y rup (15 mg), 

{ammonium form}, waS chromatographically different from V havi n g 

R
Gal 

1. 15 (solvent A), 0.12 {solvent D; yellow, spray I}. The sugar 

waS devoid of sulphate and on total hydroly sis gave gal a ctose as the 

only reducing suga r . Partial, acid hydrolysis, followed by paper 

chromatography {solvents A and B} revealed the presence of galactose, 

acidic sugar :V, an unidentified sugar having RGal O. 33 {solvent A}, 

and the original material. Methanolysis of a portion of the saccharide, 

followed by g. 1. c. examination of the products showed a peak corre sponding 

to that of methyl pyruvate dimethyl acet a l {column {c }}. The s u gar was 

methy~ated, hydro lysed and paper chromatographic examination {solvents 

A and B} of the hydrolysate revealed spots with the mobilities of 2, 3-di-0-

methyl- and 2,3, 6-tri-0-methylgalactose. Insufficient material remained 

for further investi gations. 

Acidic sugar VII. The syrup {3. 3 mg} was chromatographically 

identical to glucuronic acid, RGal 0.92 {solvent A}, 0.09 {solvent D; 

yellow, goes red, spray ll. An optically clear solution of the sugar 

could not be obtained. 
-l­

The sugar WaS shaken with Amberlite IR-120 {H} 

resin, methanolysed and the derived methyl ester methyl glycoside 

treated with sodium borohydride. A portion of the product WaS 
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hydrolysed (N sulphuric acid; 100
0

; 4 h) and paper chromatographic 

examination revealed glucose (solvents A and B). The remaining 

product was methylated and peaks corresponding to 2,3,4, 6-tetra-O­

methylglucose (T 1. 02, 1. 46) were observed on g. 1. c. 

Two further acidic sugars were obtained: VIII (2 mg), RGal 1. 80 

(solvent Al. 0.30 (solvent D; yellow, spray 1); and IX (3 mg), RGal 2.20 

(solvent A), O. 32 (solvent D; yellow, spray 1). These sugars were 

devoid of sulphate and were unchanged by total acid hydrolysis (N sulphuric 

acid; 1000
; 16 h). 
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2. 2 Chaetangium erinaceum 

2. 2. I Isolation and purification of the xylan. (Carried out by Dr. H. Parolis) 

Wet Chaetangium e rinac e um (6 kg) waS exhaustively extracted with 

hot water, the pH being maintained at 6 by the addition of acetic acid. 

The extract was centrifuged yielding a clear mucilage which was 

precipitated into ethanol (S voL). The cTude polysaccharide WaS washed 

with ethanol and dried in vaCuo at 60
0 

to give an off-white product (440 g ). 

[Found: N, 1. 80/0]. Paper chromatographic examination of an acid 

hydrolys ate (N sulphuric acid; 16 h; 1000) reveale d the presence of xylos e , 

manno se and gal actose in the approximate r ati o 6:1:1 (solvents A, Band C; 

spray l). Polysaccharide (400 g ), in solution in h o t wate r, was centrifuged, 

and the clear supernatant solution treated with Fehling 's solution. The 

"copper complex" (Fraction A) was collected by decantation, was hed 

thorou ghly with water, and decomposed by masceration in a ble nder for 

1 min at 00 with ethanol containing S%(v/v) hydrochloric acid. The 

residue was washed with e thanol, until the washings were chloride-free, 

and fina:Uy acetone and dried in v~ (192 g ). Paper chromatographic 

examination of an acid hydrolysate revealed the pre sence of xylo se and 

small amounts of galactose and mannose, The xylan was purified by 

a second precipitation as its"coppe r complex"as above. Finally it was 

di ssolved in water, the solution centrifuged, and the clear supernatant 

solution poured into ethanol. The recovered polysaccharide waS washed 

with ether, and dried in vacuo at 4S
o 

(Yi eld 130 g) [Found: [a ] ~O - 112
0 

(.£ O. 91)] . Paper chromatographic examination of a hydrolysate in solvents 

A, Band C revealed the pre sence of xylo se only. 

The supernatant solution (Fraction B), obtained after r emoval of 

the "copper complex", was neutralised with acetic acid and dialy se d against 
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running tap water (5 days). The dialysate WaS concentrated to a small 

volume and pa s sed through Amberlite IR-120 (H+) resin. The acid 

eluate WaS exactly neutralised with sodium hydroxide solution, after 

which the solution was concentrated and precipitated into ethanol 

(5 vol. ). The polysaccharide so obtained WaS collected by centrifugation, 

washed with ethanol and dried in vacuo, affording an off-white fibrous 

product (70 g). Chromatographic examination (solvents A, B and C) 

revealed galactose, mannose and xylose in the approximate ratio 

1:1:2 and traces of glucose, arabinose and a sugar having chromatographic 

mobility RGal 0.24 (solvent B; yellow-bro wn, spray 1). 

All subsequent experiment s were performed on the xylan (Fraction A ). 

The infrared spectrum (KBr disc) of the xylan is given in Fig. 3. 

2. 2. 2 Periodate oxidation of polysaccharide 

Polysaccharide (478.6 mg) dried at 70 0 (0 .1 torr for 24 h) was 

dissolved in O. 100 M sodium metaperiodate (100 mIl and set aside at 

room temperature in the dark. Aliquots (5 mIl were ·withdrawn at 
(87) 

regular intervals and the reduction of periodate estimated titrimetricallY. 

(Table IV) . 

2. 2. 3 Methylation of polysacch a ride 

To polysaccharide (4.8 g) dissolved in dimethyl sulphoxide (500 mIl 

waS added powdered sodium hydroxide (200 g) and dimethyl sulphate 

075mll with s tirring ov~r a period of 8 h under nitrogen. (03) During 
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the first 2 h the reaction waS carried o ut at 20
0

. After stirring for 

anothe r 16 h, the mixture was heated on a boiling-water bath for 1. 5 h 

to decompos e the dimethyl sUlphate. Water {200 mIl was added to dissolve 

the sodium hydroxide and the mixture was cooled t o 50 and neutralised 

with 10 N sulphuric acid. The sodium bulphate which precipitated was 

filtered off and washed with chloroform. The aqueous filtrate was 

extracted with chloroform (2 1; in portions) and the combined chloroform 

extracts were dried (sodium sulphate) and evaporated to a brown syrup 

in VaCuo. The partially methylated xylan was fractionated by applying 

it in chloroform to a silica ge l column (60-l20 mesh; l50g; 48 x 3 cm). 

Elution of the column with chloroform-methanol, the amount of the 

latter solvent being increased in stage s, yielded four fractions. The 

properties o f these fractions are compared in Table V. 

To fr action B (3. 62g; OMe, 34.9%) dissolved in methyl iodide 

{85 mIl and N, N-dimethylformamide {3 mIl, was added dry silver 

oxide (30 g; in portions). The mixture waS gently refluxed for 8 h with 

stirring . Afte!" filtration, the silver salts were extracted with boiling 

chloroform. Concentration of the combined filtrate and extract s yielded 

the methylated polysaccharide (3. 35g) [Found: OMe, 38.3; Theoretical: 

OMe, 38.75%]: The infrared spectrum (in dry CHC1 3 ) of the product 

showed no hydroxyl peak (Fi g. 3). Fu-rther treatment with Purdie's 

reagents(89) failed to increase the methoxyl content. 

2 . 2. 4 Hydrolysis of methylated polysaccharide and se paration of 

th e products 

The methylated polysaccharide [ 0. 5g; 
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(.£ O. 82 in chloroform) 1, externally cooled with iced water, Was 

dissolved in 72% sulphuric aCid(104) (5 mll and the solution was kept at 

room temperature for 1 h. Water (40 mll was then added, and the 

solution kept at 100
0 

for 4 h. The acid hydrolysate was cooled and 

extracted with freshly distilled dichloromethane(105) (4 x 50 ml portions) 

to give fraction (i), and a further 4 x 50 ml portions to give fraction 

(ii). The aqueous phase waS neutralised with barium carbonate. The 

solids we re separated by centrifugation and were carefully washed with 

water. The centrifugate and washings were concentrated to a syrup 

under reduced pressure at a bath temperature of 350 (fraction (iii)). 

Fractions (i) and (ii) were shaken with solid sodium bicarbonate, dried 

(sodium sulphate) and allowed to evaporate to dryness at room temperature 

in a dust-free atmosphere. Fractions (i) (58 mg), (ii) (25 mg) and 

(iii) (411 mg) were applied to Whatman No.1 paper (solvent B) and 

separated into the following components. 

2,3,4-tri-Q-methyl-D-xylose . The syrup (12 mg),R TMG 1. 11 

(solvent B), had [a] ~O + 9.60 (.£ 1. 04); lit. (60) [a]b5 + 20.30 

A portion (0.5 mg) WaS refluxed with 3 % methanolic 

hydrogen chloride for 6 h, and the derived methyl glycosides were 

examined i:>y g.1. c. Peaks corre sponding to 2,3, 4-tri-O-methyl-

xylose (T 0.49, 0.58) were observed. 

2,3-di-Q-methyl-D-xylose. The syrup (269 mg), R TMG O. 93 

(solvent B), [al~O+ 22 0 (.£ O. 50), was not revealed on spraying 

with triphenyltetrazolium hydroxide. Chanda et al (106) reported 

[a1b5+ 230 (.£ 1. 0) for authentic 2, 3-di-O-methyl -D-xylose. 

A dilute alcoholic solution of the sugar (1 part) when treated with 

aniline (7 parts) and a trace of glacial acetic acid, gave a 

crystalline "anilide" which, after recrystallisation from ethyl 
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acetate containing a little light petroleum, .had m. p. and mixed 

m. p. 147-1480 with authentic 2, 3-di-O-methyl-N-phenyl-D-

xylosylamine, [al~O + 1800 (.£ 0.56 in ethyl ace~ate); lit. (107) 

m.p. 1460 , [alb9 + 185
0 

(.£ O. 76in ethyl acetate). 

2,4-di-Q-methyl-D-xylose. The syrup (59 mg), 

(solvent B), had [al~O + 220 (.£ O. 60); lit. (l08) 

R TMG 0.86 

[alg +21.5
0

(.£0.5). 

The sugar was not revealed on spraying with triphenyltet r azolium 

hydroxide and the aniline derivative, after several recrystallisations, 

had m. p. 

et al (109) 

163-164
0

, [al~O - 850 (.£ 0.47 in dioxan). Barker 

reported m. p. 170
0

, [a 1~0 - 820 (in dioxan) for 

authentic 2, 4-di-O-methyl-N -pheny1-D-xy10sylamine . 

Mono-Q-methy1xy10ses. The syrup (20 mg) was shown (paper 

chromatography; solvent B) to contain two components, R Xy1 2.32 

and 2. 57. The mono-O-methy1xy10ses were not further investigated. 

The hydrolysate of the methylated polysaccharide was devoid of 

unme thy1ated xylo se. 

2. 2. 5 Quantitative estimation of the relative molar percent Q-methy1-

xy10ses from the methylated poly saccharide 

The methylated polysaccharide (10 mg) WaS hydrolysed in a sealed 

tube using the sulphuric acid method of Garegg and Lindberg! 104) The 

hydrolysate was diluted with water and shaken with Amberlite IRA-400 

(acetate) re sin. The more volatile components were separated by 

extraction with dichloromethane. The combined dichloromethane extracts 

were shaken with solid sodium bicarbonate, dried (magnesium sulphate), 

filtered and allowed to evaporate to dryness at room temperature in a 
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dust-free atmosphere (fraction a). The aqueous phase was concentrated 

to a syrup under reduced pressure at a bath-temperature of 300 (fraction 

b). Fractions a and b were combined (7.5 mg), dissolved in py ridine 

(12 drops), and treated with hydroxylamine hydrochloride (7.5 mg) at 

90 0 for 1 h. (110) Acetic anhydride (40 drops) WaS then added and 

heating continued for another hour. The cooled solution was 

chromatographed directly using column (c), operated at 180
0 

and a 

nitrogen flow rate of 50 ml/min. The molar percent of a given sugar 

was estitnated from the peak area of its acetylated nitrile (measured 

by triangulation) compared with that of 2, 4-di-O-methylxylose, taking 

into account the relative molar re sponse of the components. [ Found:-

tnolar response 2,3, 4-tri-: 2,4-di- : 2, 3-di-Ocmethylxylose : mono-O-

tnethylxyloses is 1. 742: 1. 0: 1. 065: 0.443 J. 

2. 2. 6 Partial hydroly sis of polys a ccharide 

In order to determine the optimum conditions for the production 

of low molecular weight oligosaccharide s, the polysaccharide (0 . 5 g ) 

WaS heate d ona boiling-water bath with O. 1 N sulphuric acid (20 mll. 

Aliquots (1 tnl) were withdrawn at re gular intervals, neutralised with 

barium carbonate, and analysed by paper chromatography (solvents A 

and B; spray 1). Hydrolysis for 2.75 h under the above conditions WaS 

found to yield the maximum concentration of oligosaccharides. Thus, 

polysaccharide (10 g) in O. 1 N sulphuric acid (40 0 mll was heated on 

a boiling-wate r bath for 2.75 h. The hydrolys a te was n eutralised (ba rium 

carbonate), centrifuged, and evaporated to a syrup. The syrup was 

dissolved in the minimum quantity of water and applied to a charco al-
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Celite column (5.4 x 60 cm). The xylose was eluted with water, and 

the oligo saccharide s with aqueous ethanol of increasing strength. 

Fractions (ca 30 m1) were analysed by paper chromatography and 

combined into nine major fractions. 

Fraction I. The syrup (1. 84 g), eluted with water (2.71), 

crystallised from methanol and after recrystallisation first from 

methanol and then ethanol, had 

m.p. and mixed m.p. 144-145
0 

with authentic D-xylose. The derived 

O-dibenzylidene dimethyl acetal(82) had m.p. and mixed m.p. 210-211 0
, 

[a]b5 
- 90 (.£ 1. 04 in chloroform). 

Fraction II. The syrup (523 mg), eluted with 0-5% aqueous 

ethanol (4.7 1), was shown (paper chromatography) to be a mixture of 

xylose (major) and two oligo saccharides, R Xyl 0.38 and 0.68 (trace) 

(solvent A). Separation of this mixture on Whatman No.1 paper 

(solvent A; 19 h) followed by extraction of the appropriate portions of , 

the papers, yielded a chromatographically pure syrup (l) (l12 mg), 

R
Xyl 

O. 38 (solvent A), 0.33 (solvent B), MX 0.26. The syrup failed 

to cry.stallise until seeded with authentic xylobiose. It crystallised 

from aqueous ethanol-ethyl acetate as needle s, 
(67) 

m.p. and mixed m.p. 190-191
0

• Howard reported 

m. p. 1900 for xylobiose. Complete acid hydrolysis (N sulphuric acid; 

1000
; 2 h) yielded only xylo se, and chromatograms of partial acid 

hydrolysates (0.1 N sulphuric acid; 100
0

; 15 min) showed no sugars 

other than the starting material and xylose. The saccharide (6 mg) in 

N, N-dimethylformamide (0.6 m1) Was cooled to 0
0 

and methyl iodide 

(1.0 m1) and dry silver oxide (0.6 g) added. (l00) The mixture waS 

stirred in the dark at 0 0 for 3 h and then for 21 h at room temperature 
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to give a partially methylated product which, after one treatment with 

. (89) 
Purdle's reagents, Was found to be completely methylated (t.l. c., 

spray 4). A portion of the methylated product Was refluxed with 3% 

methanolic hydrogen chloride for 6 h, and the derived methyl glycosides 

were examined by g.l. c . Peaks corresponding to 2,3, 4-tri-O-

methylxylose (T 0.49, 0.62) and 2, 3-di-O-methylxylose (T 1. 54, 1. 78) 

were observed. The remainder of the methylated product was hydrolysed 

with O. 1 N sulphuric acid in a sealed tube for 5 hat 1000
• The solution 

Was diluted, shaken with Amberlite IRA-400 (acetate) re sin and extracted 

with dichloromethane (3 x 8 mIl. The dichloromethane extract Was 

neutralised with solid sodium bicarbonate, dried (magne sium sulphate), 

filtered and evaporated to dryness at room temperature in a dust-free 

atmosphere. The aqueous phase was concentrated to a syrup under 

o reduced pressure at a bath-temperature of 30 . The dichloromethane 

extract was redissolved in a small quantity of dichloromethane and added 

to the syrup from the aqueous phase and the whole Was allowed to 

evaporate to dryness at room temperature in a dust-free atmosphere. 

The acetylated nitrile derivatives were prepared(llO) and examined 

by g. 1. c . Peaks corresponding to 2, 3, ~-tri-O-methylxylose (TX O. 63) 

and 2, 3-di-O-l'llethylxylose (T X 1. 43), in the molar ratio 1. 0: 0.9, were 

observed. 

Fraction III. The syrup (13.5 mg), eluted with 5-7..5% aqueous 

ethanol (2.2 ll, was a mixture of xylose (trace) and two oligosaccharides, 

R
Xy1 

0.68 and 0.38 (trace) (solvent A). The main component (10 mg), 

after separation of the mixture on Whatman No. 1 paper (solvent A; 16 h), 

had R
Xyl 

0.68 (solvent A), 0.78 (solvent B), M X O.47, [aJ~0_17° 

(c 0 . 75). Complete acid hydrolysis yielded only xylose, and partial 

hydrolysis, no sugars other than xylose and the starting material. The 
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sugar (4 mg) WaS methylated as before and a portion of the methylated -

product was methanolysed, and the derived methyl glyco side s examined 

by g.1. c. Peaks corresponding to 2,3, 4-tri-0-methylxylose (T 0.48, 0.61) 

and 2, 4-di-0-methylxylose (T 1. 53, 1. 97) were observed. G.1. c. 

examination of the acetylated nitrile derivatives prepared(110) from a 

hydrolysed sample of the methylated oligosaccharide, yielded peaks 

Corre sponding to 2, 3, 4-tri-0-methylxylo se (T X O. 64) and 2, 4-di-0-

methylxylose (TX 1. 00), in the molar ratio 1. 0: 1. 1. This disaccharide 

is thus 3-0- (3 -D-xylopyranosyl-D-xylose (rhodymenabiose) (2); lit. (67) 

[a] ~2 _ 18.40 ± 0.60 (.s;. 3. 25). 

Fraction IV. The syrup (450 mg), eluted with 7.5-100/0 aqueous 

ethanol (15 1), WaS shown by paper chromatography (solvents A and B) 

to contain xylose (trace) and two oligosaccharides, R Xyl O. 13 and O. 38 (trace) 

(solvent A). The major component (3), . R Xyl o. 13 (solvent A), 0.09 

(solvent B), MX 0.22, crystallised readily from aqueous ethanol-ethyl 

acetate and, after recrystallisation from 85 % aqueous ethanol, had 

[a]~O_ 51 0 (.s;. 0.45), m. p. 216-2170 alone and on admixture with 

authentic xylotriose; lit. (111) [a]~5 - 47 0
, m.p. 205-2060

• Paper 

chromatography of a partial, acid hydrolysate revealed the presence of 

xylose, xylobiose and the original material, and complete hydrolysis gave 

xylo se. G.1. c. examination of the methanolysed methylated 

oligosaccharide showed peaks corresponding to 2,3, 4-tri-{T 0.48, 0.60) 

and 2, 3-di-0-methylxylose (T 1. 50, 1. 76). A portion of the methylated 

oligosaccharide was hydrolysed and the derived monosaccharides were 

converted into their acetylated nitriles. (110) G.1. c . analysis of the 

acetylated nitriles showed peaks corresponding to 2,3, 4-tri-{T X O. 63) 

and 2, 3-di-0-methylxylose (TX 1. 43) in the molar ratio 0.9: 2. 2. 
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Fraction V. The syrup (37 mg), eluted with 10-15% aqueous ethanol 

(4.5 1), was shown by chromatography in solvent A to contain a sugar 

having R
Xyl 

0.23, and traces of three other sugars, R Xyl 0.38, 0.13 

and 0.05. Separation on Whatman No.1 paper (solvent A; 65 h), 

followed by extraction of the appropriate portions of the paper with 

50 % aqueous methanol, afforded a syrup (30 mg), which although 

chromatographically pure in solvent A, WaS shown to be a mixture by 

electr?phore sis and chromatography in solvent B: MX O. 17 and 0 . 35, 

R
Xyl 

0.20 and 0 . 23. The syrup was thus further··fractionated by paper 

chromatography (solvent B; 5 days) into V (a) a syrup. (8 mg), 

(~O. 42), R
Xyl 

0.20 (solvent B; pink, spray Il, MX O. 17 ; and V (b) a 

syrup (I1 mg), [a ]~O - 370 (~ O. 50), R Xyl 0.23 (solvent B; orange-pink, 

spray 1), MX 0.35 . Paper chromatography of a partial, acid hydrolysate 

of fraction V (a) revealed the presence of xylose, rhodymenabiose, 

xylobiose and the original material. The sugar (I mg) was dissolved 

in water (1 m1), and sodium borohydride (2 mg) added and the mixture 

allowed to stand for 16 h. The solution was then treated with Amberlite 

IR-120 (H+) resin, evaporated, and distilled with methanol to remove 

borate . Hydrolysis of the non-reducing syrup, followed by paper 

chromatography (solvent A), revealed the presence of xylose and 

rhodymenabiose. A portion after methylation and methanolysis gave 

on g.l. c. analysis peaks with the same retention times as those of 

methyl 2,3, 4-tri-O-methylxylosides (T 0.48, 0. 58), methyl 2, 4-di-Q­

methy1xyloside s (T 1. 55, 2.03) and. methyl 2, 3-di-O-methy1xy10sides 

(T 1. 55, 1. 74). A further portion, after methylation and hydrolysis, was 

converted into the acetylated nitriles(llO) which on examination by 

g.1. c. showed peaks corre sponding to 2,3, 4-tri-O-methylxylo se (T X o. 64), 
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2, 4-di-0-methylxylose (T XL 00) and 2, 3-di-0-methylxylose 

(T X 1. 41l, in the molar ratio 1. 1: 1. 0: o. 9. The above evidence 

suggests that fraction V (a) is 0 - 13 -D-xylopyranosyl (I-"7 3)-0- 13 -

D-xylopyrano syl (1-"7 4)-D-xylose (4). 

Partial hydrolysis of a portion of fraction V (b) gave xylo se, 

rhodymenabio se, xylobio se and the original material (paper chromatography). 

Reduction followed by hydrolysis and paper chromatography, showed, 

as the only reducing sugars, xylose and xylobiose. Methylation followed 

by methanolysis and g.l. c. of the methyl glycosides, showed the 

pre sence of components with the same retention time s as methyl 

2,3, 4-tri-0-methyl-(T 0.48, O. 60), 2,4-di-0-methyl-(T 1. 53, 1. 99) - -
and 2, 3-di-0-methylxylosides (T 1. 53, 1. 77). G.l. c. examination of 

the acetylated nitrile derivatives, (110) prepared from a hydrolysed sample 

of the methylated oligosaccharide, yielded peaks corresponding to 

2, 3,4-tri-0-methylxylose (TX O. 62), 2,4-di-O-methylxylose (TX 1. 00) 

and 2, 3-di-0-methylxylose (TX 1. 41l, in the molar ratio 0.9:1. 1:1. O. 

These results indicate that this oligosaccharide is 0- 13 -D-xylopyranosyl 

(1~4)-0- 13 -D-xylopyranosyl (1~3)-D-xylose(5). 

Fr'action VI. The syrup (514 mg), eluted with 15% aqueous ethanol 

(12 1), consisted mainly of two sugars RX 1 0.05 and 0.23, together , y 

with traces of three other sugars, R Xyl 0.38, 0.13 and O. 08 ' (solvent A). 

Separation of a portion of this fraction (193 mg) on Whatman No.1 paper 

in solvent A for 70 h, yielded a chromatographically pure syrup (6) 

, (l05 mg), R
Xyl 

0.05 (solvent A), 0.02 (solvent B), MX O. 19. The syrup 

crystallised from aqueous methanol-ethyl acetate and on recrystallisation 

from the same solvent had m.p. 214-2150 , [a ] ~0_600 (.£ O. 55); lit. (Ill) 

rn. p. 219-2200 , [a ] ~5 _60
0 

for authentic xylotetraose. Partial hydrolysis 
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of a portion to. 1 N sulphuric acid; 1000
; 20 min) gave xylose, xylobiose, 

xylotriose and the original material (paper chromatography; solvent A). 

Methylation followed by methanolysis and g.l. c. examination of the 

methyl glycosides, gave peaks with the same retention times as those 

of methyl 2,3, 4-tri-0-methyl- (T 0.48, 0.61) and 2, 3-di-0-methyl-- -
xylosides (T 1. 51, 1. 76). Analysis of the acetylated nitriles, (llO) 

prepared after methylation and hydrolysis of the saccharide, showed 

peaks corresponding to 2,3, 4-tri-0-methylxylose (T X o. 63) and 

2, 3-di-0-methylxylose (TX 1. 43), in the molar ratio 0.9:3.15. 

Fraction VII. The syrup (335 mg), eluted with 15-16% aqueous 

ethanol (25. 1 1), contained four oligosaccharides, R Xyl 0.08 (major), 

o. OS, 0.13 and 0.23 (trace) (paper chromatography; solvent A). 

Separation of this fraction on Whatman No.1 paper (solvent A; 90 h) 

gave a syrup (64 mg), DP 3.7, which although chromatographically 

pure, R Xyl 0.08 (solvent A) and 0.06 (solvent B), was found to be a 

mixture by electrophoresis, MX 0.33, 0.18. Partial hydrolysis of the 

syrup, followed by paper chromatography (solvents A and B), revealed 

the presence of xylose, rhodymenabiose, xylobiose, 0- 13 -D-

xylopyranosyl (1""-73) -0 - 13 -D-xylopyranosyl {1-74)-D-xylose, 

0- 13 -D-xylopyranosyl (1--;.4)-0-13 -D-xylopyranosyl (1--;'3)-D-xylose, 

xylotriose and the original material. Reduction,followed by hydrolysis 

and paper chromatography (spray 1), revealed all the above sugars with 

the exception of the starting material. This suggests that the syrup 

is a mixture of 0- 13 -D-xylopyranosyl (1-74)-Q - 13 -D-xylopyranosyl 

(i--;'4)-0- 13 -D-xylopyranosyl (1---73)-D-xylose, 0-13 -D-xylopyranosyl 

(I~4)-0- 13 -D-xylopyranosyl (1--;'3)-0- 13 -D-xylopyranosyl {1-74)-D-xylose, 

0- 13 -D-xylopyranosyl (1--;.3)-0- 13 -D-xylopyranosyl (1-74)-0-13 -D-
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xylopyranosyl (1-i>4}~D-xylose, and/or 0- i3 -D-xylopyranosyl (1-i>3)-

0- i3 -D.xylopyranosyl (1-i>4}-0- i3 -D-xylopyranosyl (1-i>3}-D-

xylo se (7). 

Fraction VIII. The syrup (323 mg), eluted with 16-20% aqueous 

ethanol (17.4 l) , was shown (paper chromatography; solvent A) to 

contain four oligo saccharides, R Xyl 0.015(major}, 0.08, 0.05 (trace) 

and O. 13 (trace). The syrup Was dissolved in 85% aqueous methanol 

and crystallised on the addition of a few drops of ethyl acetate. The 

crystals (64 mg), after recrystalli sation from 85 % aqueous methanol­

ethyl acetate, had R Xyl O. 015 (solvent A), MX O. 16, [al~O _660 (.£ o. 48), 

m. p. 221-2220
• Parti a l hydrolysis of this sugar, follo wed by paper 

chromatography, revealed the presence of xylose, xylobiose, xylotriose, 

xylotetrao se and the original material. Methylation, followed by 

methanolysis and g.l. c. examination of the methyl glycosides showed 

the presence of components with the Same retention times as methyl 

2,3,4-tri-O-methyl- (T 0.48, O. 58) and 2, 3 - di-O-methylxylosides - -
(T 1. 52, 1. 76)~ G.!. c. investigati on of the acetylated nitriles, (1lD) 

prepared from a hfdrolysed sample of the methylated oligosaccharide, 

showed peaks cor responding to 2,3, 4-tri-O-methylxylose (TX O. 63) 

and 2, 3-di-O-JPethylxylose (TX 1. 43). These results indicate that this 

saccharide is . xylopentao se (8). Whistler and Tu (uI) reported 

[a]~5_ 660 and m. p. 231-2320 for authentic xylopentaose . 1/2H20. 

Fraction IX. The syrup (190 mg), eluted with 20- 30 % aqueous 

ethanol (21. 6 l), consi ste d mainly of a saccharide, R Xyl O. 03, to gethe r 

with traces of three other saccharides, R Xyl O. 13, 0 . 08 and 0.015 

(solvent A). This fracti ? n was not furthe r inve stigated. 
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3. DISCUSSION 

3. 1 Anatheca dentata 

Anatheca dentata (Suhr) Papenf., a red seaweed belonging to 

the Solieriaceae, was collected at Kowie Point (.£..a 120 miles east of 

Port Elizabeth) in March, 1967. It is fairly prominent along the 

coast of Southern Mrica, occurring at the lowest level of the intertidal 

range. 

Hot-water extraction of the fresh weed, followed by centrifugation, 

and precipitation of the mucilage into ethanol, afforded a highly 

sulphated polysaccharide mixture. This crude polysaccharide was 

purified by dissolution in water, cen trifugation of the solution, and 

precipitation into ethanol. Complete acid hydrolysi s of the 

polysaccharide mixture, followed by separation of the components 

on a cellulose column using half-saturated butanol, led to the isolation 

of galactose as a mixture of D- and L-isomers (1.57:1), and of D-xylose. 

These sugars were obtained in crystalline form and were characterised 

by their optical rotations, melting points, and mixed melting points 

with authentic sample s. The galactose and D-xylose were further 

characterised by conversion to mucic acid and the O-d ibenzylidene 

dimethyl acetal, respectively. Paper chromatographic evidence was 

obtained for the presence of traces of glucose, mannose, arabinose, 

and a sugar having chromatographic mobility of RGal 2.91 (solvent B). 

In addition, the hydrolysate contained a sugar with the mobility of 

RGal 2. 1 (solvent B), which was subsequently isolated from a partial 

acid hydrolysate of the galactan sulphate and characterised as 

3-0-methylgalacto se. 
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Fractionation of the polysaccharide mixture with Cetavlon yielded 

two fractions. The minor one, which was not precipitated with Cetavlon, 

waS composed of glucose and mannose residues, while the Cetavlon-

precipitated major fraction contained chiefly galacto se, xylo se and 

ester sulphate. The sugar re sidue s of the major fraction were 

quantitatively estimated as their glycitol acetates, using a gas 

chromatographic method devised by Bowker and Turvey(84) (Table I). 

TABLE 1 

COMPARISON BETWEEN CETAVLON-PRECIPITATED POLYSACCHARIDE 

AND FRACTION 2 (EX DEAE-SEPHADEX A-50 COLUMN) 

[a]~l 

SO;- ("!o) 

NaSO; [A] ("!o) 

GALACTOSE [B] ("!o) 

XYLOSE [C ] ( "!o ) 

MOLAR RATIO OF 

CETAVLON­
PRECIPITATED 
POLY­
SACCHARIDE 

-40. 50 (.£ o. 99) 

35.5 

38. 1 

59. 0 

8. 2 

A:B:C 6.78:6.01:1. 00 

3-0-METHYLGALACTOSE trace 

FRAC TION 2 (EX 
DEAE-SEPHADEX 
A-50 COLUMN ) 

_33 0 
(.£ o. 96) 

35.2 

37. 8 

57. 0 

7.7 

6. 96: 6 . 00:0. 97 

trace 

The quantitative analysis of mixtures of monosaccharides by g.l. c. 

requires that a volatile derivative be preparable in quantitative yield 

from each mono saccharide and that the se derivative s be re solved 

completely. Though a number of possible derivatives fulfil these 
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Fig. 1. Fractionation of Cetavlon - precipitated polysaccharide on 

DEAE - Sephadex A-50. 

requirements, the main difficulty in working with monosaccharides is the 

formation of as many as four glyco side s ' per mono saccharide as a re sult 

of anomeric and ring isomerization; each of these glycosides produces 

a peak in the chromatogram. Alditol acetates were chosen· for these 

quantitative estimations as they cannot anomerize and, thus, the 

problems associated with multiple peaks are eliminated. 

Chromatography of the Cetavlon-precipitated polymer on the 

anion exchange gel, DEAE- Sephadex A- 50, gave three fractions (Fig. 1). 

All three fractions yielded galactose and xylose in approximately the 

same proportions on hydrolysis. The properties and molar ratio of 

the component sugars of the major fraction (fraction 2) were found to be 

very similar to those of the Cetavlon-precipitated polyme r (Table I). 

Consequently all subsequent experiments were performed on the Cetavlon-

precipitated polymer. It is most probable that the last fractionation 

effected a chiefly molecular weight separation, rather than a separation 

into structurally different polysaccharide s. Although the Cetavlon-

precipitated polysaccharide was not entirely homogeneous, there was 

no evidence from these experiments of a separate xylan. The infrared 
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spectrum of the polymer {Fig. 2} exhibited the general absorption band 

-1 for ester sulphate at 1240 cm but did not show any well defined 

b d {5,2I)f'1 '1' lh { 6 -l} an s or aXla , equatona, or primary ester su pate 800-8 Ocm . 

Ether extraction of an acid hydrolysate of the polysaccharide 

yielded a residue which on treatment with 2, 4-dinitrophenylhydrazine, 

followed by separation by t. 1. c., gave a derivative which WaS identical 

with the 2, 4-dinitrophenylhydrazone of pyruvic acid {mixed melting point 

and infrared spectrum}. The presence of pyruvic acid in polysaccharides 

from red seaweeds was first demonstrated by Hirase(I12} in 1957 when 

he isolated it as the 2, 4-dinitrophenylhydrazone from an acid hydrolysate 

of commercial agar. Subsequently, the isolation (I 13) and 

characterisation(I14} of4-0- i3 - [4,6-0 {l'-carboxyethylidene}-D-- -
galactopyranosyl ] -3, 6-anhydro--L-galactose dimethyl acetal from a 

methanolysate of commercial 

to the macromolecule. More 

agar demonstrated its mode of attachment 

{1l5 } 
recently Yaphe et al have demonstrated 

that pyruvate is a common component of agarophytes. Pyruvic acid 

has also been isolated from the sulphated polysaccharide of 

Phyllymenia cornea {Grateloupiaceae}. {1l6} In addition, there is 

evidence that it is present in the sulphated polysaccharides of other 

members of the Grateloupiaceae, namelYAeodes ulvoidea and Aeodes 

. {l16} 
orblto sa. The presence of pyruvate in these polymers -suggests 

that pyruvate may well be of more wide spread occurrence in red algal 

polymer s than previously thought. 

The pyruvic acid content of the polysaccharide has so far not 

been estimated. The usual method for determining the pyruvic acid 

content of polysaccharides is the procedure of Sloneker and Orentas{1l7} 

using 2, 4-dinitrophenylhydrazine after releasing the pyruvic acid with 

dilute hydrochloric acid. Value s obtained by thi s method are at be st only 

approximate since acid hydrolysi s degrade s polysaccharide s to carbonyl 
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compounds {for exampie, 3, 6~anhydrogalactose residues yield keto 

acids, and pentoses yield furfural} which give a positive pyruvic acid 

reaction. Absolute values for pyruvic acid have been obtained(1l8) 

using the definitive lactate dehydrogenase method . (119) It is pos sible 

that methanolysi s of the polysaccharide followed by g.1. c. examination 

of the products could be developed as a simple quantitative method for 

the estimation of pyruvic acid. Methanolys e d pyruvic acid gives 

essentially one discrete peak on g . 1. c. under the conditions described and, 

with a suitable internal standard, the pyruvic acid content could be 

determined from a standard calibration curve. 

The elimination of sulphate ester groups from monosaccharide and 

polysaccharide sulphates in alkaline solution is well established. (28, 36) 

A sulphate ester group on position-6 of a galactose unit with a free 

hydroxyl group on position -3, or vice versa, is eliminated on 

treatment with alkali, ' with concomitant 3, 6-anhydride fo rmation. In 

addition, a 'sulphate ester group situated on a secondary hydroxyl group 

. (38 58) 
is alkali-labile if there is an adjacent trans free hydroxyl group presen't. ' 

Treatment of such sulphate groups with sodium methoxide Cause s their 

cleavage and the intermediate formation of epoxide rings. Attack by 

the methoxide ion on either side and trans to the epoxide oxygen Can then 

occur with the formation of monomethyl sugars. Treatment of the 

sulphated polysaccharide from Anatheca dentata with alkali, in the 

pre sence of sodium borohydride (36) to prevent end- group degradation, 

led to the elimination of only O. 85 % of the sulphate, with negligible 

increase in the 3, 6-anhydro conte nt of the polysaccharide. The polymer 

was retreated with alkali. and the sulphate content Was reduced by a 

further 1. 1 % while the 3, 6-anhydro content increased from 0 . 70% to 

1.31% . Thus, only a small amount of the sulphate in the polyme r is 

suitably situated for 3, 6-anhydride formation. In addition, no 
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monomethylpentose or - hexose WaS formed when the polysaccharide 

WaS refluxed with sodium methoxide, which sugge sts the absence of 

additional alkali-labile sUlphate groups. 

Methylation of polysaccharides before and after desulphation has 

been used (I20) to' . f . b gIve In ormation a out the location of sulphate ester 

groups. An attempt was made to methylate the polysaccharide but due 

to it s high sulphate content a maximum methoxyl content of only 10. 15 % 

Was achieved presumably due to steric hindrance. The partially 

methylated polymer showed a large hydroxyl peak in its infrared spectrum, 

and was not further inve stigated. 

In order to determine the most effective conditions for desulphation, 

samples of the polysaccharide were treated with O. 1M and O. 15M 

anhydrous methanolic hydrogen chloride(S) for various lengths of time. 

Treatment of the polysaccharide with O. 15M methanolic hydrogen 

chloride at room temperature for 4S hours, followed by isolation of the 

insoluble material and further treatment with O. 15M methanolic hydrogen 

chloride Was found to be the most effective method. Mter five 

treatments, the polysaccharide (in 59 % yield) had a sulphate content 

of 1. 2%. A certain amount of glycosidic cleavage occurred during this 

process but it did not appear to be specific, since paper chromatography 

of an acid hydrolysate of the methanol- soluble material revealed 

galactose and xylose in approximately the same ratio as that found in 

the original polymer. The infrared spectrum of the de sulphated polymer 

had no absorption bands in the soo-s60 cm- l region or at ca 1240 cm- l 

(Fig. 2). 

Oxidation of the polysaccharide with periodate was followed 

titrimetrically(S7) and ceased after 96 hours at room temperature when 

0.277 mole of periodate had been consumed per C6- anhydro unit 

(Table II a). The re sulting oxopolysaccharide WaS reduced with 
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borohydride. Complete acid hydrolysis of the polyalcohol, followed by 

paper chromatography, revealed the presence of galactose only. G . 1. c. 

examination of the acetylated glycitols prepared from the hydrolysate 

confirmed the absence of xylo se. The xylose residues in the polysaccharide 

must,therefore, be either l,4-linked, 1, 2-linked and/or present as a non-

reducing end- group. 

For comparative purposes, the polysaccharide and the desulphated 

polysaccharide were independently oxidised with periodate, the reaction 

being followed spectrophotometric ally. (88) Oxidation of the sulphated 

polysaccharide ceased after 72 hours when 0.243 (O. 377) mole of periodate 

had been consumed per C
6

-anhydro unit (sulphate-free anhydrohexose 

unit). In the case of the desu1phated polymer no definite end point waS 

reached, even after 96 hours. At thi s stage, the rate of oxidation Wa S 

extremely low and the de sulphated polysaccharide had consumed 0.718 

(O. 726) mole per C
6

-anhydro unit (sulphate-free anhydrohexose unit) 

(Table s II a ".nd II b). The reduction of periodate in terms of a "C
6

- . 

anhydro unit" (calculated on the assumption that the polysaccharide is a 

homohexan) is usually chosen for simplicity but this concept is only of 

value for comparing the periodate uptake by polysaccharides of similar 

compo sition. To compare sulphated and de sulphated polysaccharide 5, 

h . d d d 1 h f h d h . (j21l . h t e perlO ate r e uce per su p ate- ree an y ro exose umt 15 muc 

more meaningful, as allowance is made for the different sulphate content 

of these polysaccharide s. The reduction of periodate (calculated on a 

sulphate-free basis; Table II b) by the de sulphated polysaccharide is 

almost twice that of the sulphated polysaccharide. De sUlphation of the 

polymer thus results in the.production of new a -glycol groups. 
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TABLE II a 

MOLE PERIODATE REDUCED PER C
6 

-ANHYDRO UNIT 

Time(h) 4 12 24 48 72 96 120 144 

Polysaccharide 
a o. 144 0.212 0.223 0.248 0.263 0.276 0.27' 0.277 

Polysaccharide b 0.047 O. 084 o. 168 o. 189 0.243 0.243 

Desulphated 
b 

O. 382 0.549 0.597 o. 690 o. 711 0.718 
Polysaccharide 

2-
(S04 ' 1. 2 %) 

a Titrimetric determination b Spectrophotometric determination 

TABLE II b 

MOLE PERIODATE ~EDUCED PER SULPHATE-FREE ANHYDROHEXOSE 

UNIT 

Time (h) 4 12 24 48 72 96 

Polysaccharide 
b 

O. 073 o. 130 0.260 0.293 0.377 0.377 

De sulphated 
b 

O. 387 0.556 O. 604 o. 698 0. 720 0.726 
polysaccharide 

2-
(S04 ' 1. 2 %) 

b S h . d .. pectrop otometnc etermlnatlon 
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Methylation of the de sulphated polysaccharide Was effected by 

repeated treatment of a solution of the polymer in dimethyl sulphoxide 

with solid sodium hydroxide and dimethyl sulphate. Thi s yielded a 

chloroform- soluble gum having a methoxyl content of 36. 00/0. The 

chloroform-insoluble material gave on hydrolysis the same products as 

did the chloroform-soluble gum, but it could not be rendered chloroform­

soluble on remethylation, and WaS not further inve stigated. The 

chloroform-soluble gum, after three treatments with Purdie's reagents, (89) 

had a methoxyl content of 40.30/0. The infrared spectrum of this product 

showed a very small hydroxyl peak. Further treatment with Purdie's 

reagents (89) failed to increase the methoxyl content. The methylated 

de sulphated polysaccharide was hydrolysed and the products separated 

by elution from a charcoal-Celite column with a linear gradient of 0-30/0 

methyl ethyl ketone in water. The methylated galactoses obtained were 

2,3,4,6-tetra-O-methyi-DL-galactose, 2,3, 6-tri-O-methylgalactose 

(predominantly as the L-isomer) , 2,4, 6-tri-O-methyl-D-galactose, a 

di-O-methyl fraction, a mono-O-methyl fraction and a small quantity 

of 2,3, 4-tri-O-methyl-DL-galactose. The 2,3,6- and 2,4,6- tri-O-

methylgalactoses were obtained in the approximate ratio of 2:1. The 

isolation of 2,3, 6-tri-O-methylgalactose predominantly as the L-isomer 

indicates that most, if not all, of the L-galactose occurs as 1,4-linked 

units in the polymer. However, some of the D-galactose is also 1,4-

linked. On the other hand, the isolation of 2,4, 6-tri-O-methyl-D-

. galactose indicates that the unbranched 1, 3-linked galactose units have 

the D-configuration. The presence of 2, 3,4, 6-tetra-O-methyl-DL-

galactose in the hydrolysate implies that both D- and L-galactose occur 

as non-reducing end- groups in the de sulphated polymer. The di-O-methyl 
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fraction contained 2, 6-di-O-methylgalacto se (major sugar; predominantly 

the D-isomer), 2,3-di-O-methylgalactose, 2, 4-di-O-methylgalactose and 

4, 6-di-O-methylgalacto se (trace). The mono-O- methyl fraction consisted 

of 2-0-methylgalactose (major sugar; predominantly the D- isomer), 

4-0-methylgalactose and 6-0-methylgalactose. It is difficult to determine 

whether these products are the result of undermethylation or 

de methylation during hydrolysis or whether they have structural significance . 

However, their occurrence in fairly large quantities suggests that the 

polysaccharide is branched to some extent and that the branch points are 

mainly on D-galactose units. The 2,3, 4-tri-O-methyl-DL-galactose is 

considered to have arisen from de methylation of some of the 2,3,4,6-

tetra-O-methyl-DL- galacto se during hydrolysis. 

As far as the xylose is concerned, the major methylated product Was 

the 2,3, 4-tri-O-methyl derivative; minor amounts of all three possible 

di-O-methylxyloses were also obtained. The latter are considered to be 

undermethylation products, a result supported by the observation that all 

the xylose units in the polymer were cleaved by periodate. These results, 

together with the fact that xylose was not encountered in any of the 

oligosacc'harides obtained on partial acid hydrolysis (see later), indicate 

that the xylose occurs as a non-reducing end-group. A small amount of 

uronic acid was detected in acid hydrolysates of the polysaccharide and its 

presence was confirmed by the isolation of 2, 3, 4-tri-O-methyl-D­

glucuronic acid from the hydrolysate of the methylated de sulphated polymer. 

In addition, a minute amount of a s e cond methylated uronic acid was detected 

in the hydro lysate. From the quantity of 2,3, 4-tri-O-methyl-D-glucuronic 

acid obtained, it was estimated that the sUlphated polysaccharide contains 

ca 3% by weight of D-glucuronic acid and, since it was isolated as the 
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2,3, 4-tri-0-methyl derivative, it must occur (at least, in the desulphated 

polymer) as a non-reducing end-group. 

Parti,,j acid hydrolysis of the polysaccharide, followed by separation 

of the neutral products on a charcoal-Celite column yielded a mixture of 

D- and L- galactose, D-xylose, a trace of glucose, a small amount of 

3-0-methylgalactose and several oligosaccharides. The 3-0-methyl-

galactose WaS identified by comparison of its chromatographic mobility 

on paper with that of an authentic sample, bydemethylation (76) with 

hydrobromic acid to galactose, and by g.l. c. examination of the derived 

glycitol acetate when a peak having the same retention time as 1,2,4,5,6-

penta-0-acetyl-3-0-methylgalactitol waS observed. The low value 

obtained for the optical rotation suggests that the 3-0-methylgalactose 

is a mixture of the D- and L-isomers. The major oligosaccharide waS 

4-0- 13 -D-galactopyranosyl-L-galactose (I), followed in smaller amounts 

by 3-0- 0 -L-galactopyranosyl-D-galactose (2), 4-0-13 -D-galactopyranosyl­

D-galactose(3), 0- 13 -D-galactopyranosyl {l--l>4)-0 -0 -L-galactopyranosyl 

(l_3)-D-galactose{4) and 0- 13 -D-galactopyranosyl (l--l>4)-0- 0 -L­

galactopyranosyl 0--73)-0-D-galactopyranosyl 0--74)-L-galactose (5). 

Oligosaccharides 0), (3), and (4) were obtained crystalline. Several 

other oligosaccharide fractions were obtained but in insufficient amount and 

purity for analysi s. The structure s of the se compounds, except (3), which 

is known5 97 ) were obtained by the following series of experiments. The 

component sugars were determined by total and partial acid hydrolysis 

and the D- to L-galactose ratio was estimated from the optical rotation of 

each total hydrolysate. The reducing end-group was established by 

reduction of the oligosaccharide with sodium borohydride, followed by 

partial acid hydrolysis of the product and chromatographic examination 

\ 
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of the resulting mixture. The positions of the glycosidic linkages were 

established by methylation of the oligosaccharide followed by either 

methanolysi s and examination of the re sulting mixture by g. 1. c., or 

hydrolY8ie followed by examination of the mixture by t. 1. c. or paper 

chromatography. In those cases (l and 2) where g.1. c. of the methyl­

glycosides was used, quantitative estimation of the latter was effected. 

The results of these analyses, which are set out in Table III, are 

consi stent with the structure s of the oligo saccharide s as fo rmulated 

in the first column. The anomeric configurations of the glycosidic 

linkages assigned to the oligosaccharides we re based on optical 

rotation. However, the author prefers not to speculate on the anomeric 

configuration of the remaining (1~4) glycosidic link in (5) because no 

tri saccharide with the compo sition 0- L- galactopyrano syl (1---i>3 )-0-

D- galactopyrano syl 0-;..4)- L - galacto se has been characte ri sed from 

the partial hydrolysis products. 

It is evident from the analysis of the oligosaccharides that a 

substantial part of the macromolecule must be compo sed of an alternating 

sequence of a-l,3-D- and [3-1, 4-L-galactose residues. Furthermore, 

becau se of the preponderance of D-galactose over the L-isomer in the 

polysaccharide, and because of the presence of 4-0- [3 -D-galacto­

pyranosyl-D-galactose (3) amongst the partial hydrolysis products, 

D-galactose must replace some of the L-galactose units in the repeating 

sequence. The structure is complicated by the pre sence of xylo se which 

has so far not appeared in any of the partial hydrolysis products. 

Periodate and methylation studies have, however, indicated that the 

xylose occurs as non-reducing end-groups, attached most probably to 

D-galactose residue s in the macromolecule. 



TABLE III 

STRUCTURAL ANALYSIS OF NEUTRAL OLIGOSACCHARIDES 

Total Hydro- Partial 
lysis Pro-. frydro1ysis 

Oligo saccharide ducts Products 

G
D 

13 (l-H)G
L 

(1) DL- ga1acto se -

G
L 

a (1.-,.3)G
D 

(2 ) DL- galactose -

G
D

I3 (l-74 )G
L

a (l.-,.3)G
D 

(4 ) D:L-ga1actose (1), (2) 
ratio 2:1 

G
D

I3 (l-74)G
L

a (1~3)GD(1-74)GL (5) DL- ga1acto se (1), (2), 
(4 ) 

A = 2,3,4, 6-Tetra-O-rnethy1ga1actose 

B = 2,3, 6-Tri-O-rnethy1ga1actose 

C = 2,4, 6- Tri-O-rnethy1ga1actose 

Partial Hydro1y-
sis Products oJ 
Reduced Oligo-

saccharide 

D - ga1acto se 

L- ga1acto se 

(1) 

(4 ) 

Hydrolysis or 
Methano1ysis 
Products of 

, 

Methylated 
Oligo saccharide 

A:B =1. 0:1. 02 

A:C = 1. 0:1. 05 

A,B,C 

-

ex> 
ex> 
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The acidic components of the partial acid hydrolysis of the ' 

polysaccharide were fractionated on a charcoal-Celite column in order 

to remove inorganic and high molecular weight materials. Succe s sive 

separations of the low molecular weight acidic fragments on paper 

yielded nine chromatographically homogeneous compounds, as their 

ammonium salts. The only sulphated sugars isolated were L-galactose 

3- sulphate (I) and L- galacto se 6- sulphate (II). The se two components 

were. characterised as follows: they both had a DP of 1; on hydrolysis 

they each gave galacto se as the only reducing sugar; the molar 

proportion of ester sulphate to galactose was found to be approximately 

1:1 in each case; and a portion of each was methylated separately, 

methanolysed and g.l. c. examination of the derived glycosides revealed 

peaks corresponding to those of methyl 2,4, 6-tri-O-methyl- and 

2,3, 4-tri-O-methylgalactosides from the 3- and the 6-sulphate, 

re spectively. The sulphated sugars both had negative optical rotations 

indicating the galactose was present as the L-isomer. From a study of 

the neutral fragments of the partial hydrolysate, it is apparent that the 

L-galactose units are linked through position-4. Sulphate on position 

-3 or ·-6 of such units would be alkali-labile. It follows that, since the 

sulphate groups in the polymer are all stable to alkali, those L-galactose 

residues carrying sulphate must either be the site of branch points, or 

be present as trisulphated residues. The latter units would not be 

expected to be alkali-labile since base hydrolysis (so far unrecorded in 

carbohydrate sulphates) of one of the sulphate groups would be necessary 

to produce the oxide ion required for the formation of 3, 6-anhydro, 

or 2, 3-epoxy derivatives. If, as it appears, all the xylose is present 

as non-'reducing end- groups, each mole of xylose would consume two 
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moles of periodate. Thus, from periodate oxidation studies on the 

sulphated polysaccharide, 3 10% of the galactose units are cleaved 

by periodate. These galactose units must be I, 4-linked and non­

sulphated since 1, 3-linked galactose units are resistant to attack by 

periodate and a sUlphate group on po sition- 6 of a I, 4-linked galacto se 

residue would be alkali-labile . After desulphation, approximately 

half the galactose units were cleaved by periodate and therefore 

desulphation must have removed sulphate groups from position-2 and/or 

-3 of the remaining 1, 4-linked galactose units. It is of interest to note 

that the molar ratio of L-galactose to sulphate in the polymer is 1:3. 

An aldobiuronic acid, identified as 4-0-0 -D-glucuronosyl-L­

galactose(III) was isolated from among the acidic fragments. On 

hydrolysis III gave gal acto se and glUCUronic acid. Reduction of the 

carboxyl group of the uronic acid moeity and hydrolysis of a portion 

of the re sulting neutral oligo saccharide, yielded L- galactose and 

D-glucose in the ratio 1. 0:1. 08. The remaining neutral oligosaccharide 

was methylated, methanolysed and the derived glyco sides examined by 

g.1. c. Peaks corresponding to metllyl 2,3,4, 6-tetra-0-methyl-

glucosides and methyl 2,3, 6-tri-0-methylgalactosides were obtained. 

A further portion of the aldobiuronic acid was methylated keeping the 

carboxyl group of the uronic acid moeity intact. After reduction of 

the carboxyl group, the product was methanolysed and gave peaks 

corresponding to methyl 2,3, 4-tri-0-methylglucosides and methyl 

2,3, 6-tri-0-methylgalacto side s on g.1. c. The a-configuration of the 

glycosidic linkage of III was assumed from its specific rotation. 

The \3 -linked aldobiuronic acid would be expected to have a negative 

specific rotation. A small amount of free glucuronic acid (VII) was 

also obtained from the partial hydrolysate. 
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Three pyruvate-containing saccharide s were isolated, two 

of which were identified as 4,6-0 (1' -carboxyethylidene)-D-

galactose (IV) and 4-0-13 -[ 4,6-0 (l'-carboxyethylidene)-D­

galactopyrano syl ] - L- gal acto se (V). The structure s were elucidated 

as follows: the component sugars were determined by t otal and partial 

acid hydrolysis; the presence of pyruvic acid confirmed by g. L c. 

examination of a methanolysate of each saccharide; and the positions 

of the glycosidic linkage and of attachment of the pyruvic acid 

determined by methylation of each sugar followed by g.1. c. examination 

of the derived methyl glyco side s and lor glycitol acetate s. The third 

pyruvate-containing sugar (VI) is a 0 - [4,6-0 (1' -carboxyethylidene )­

galactopyrano syl ] -galacto se but insufficient material was available 

for complete structural elucidation. 

Two further acidic sugars (VIII and IX) were isolated in very 

small amounts from 'among the partial acid hydrolysis fragments. 

Both sugars we re devoid of sulphate and were unchanged by acid hydrolysis. 

It is evident from the studie s carrie d out so far that the 

sulphated polysaccharide from Anatheca dentata is a highly complex 

polymer, and more information is required before a unique structure 

can be proposed. The results obtained indicate that the polymer is 

basically a galactan having an alternating' sequence of a -1, 3-D- and 

13-1,4-L-galactose residues as well as several unusual features, 

namely, xylose branches or end-groups or both, a distinct possibility 

of disulphated and / or trisulphated L-galactose units and some pyruvate 

residues. That the xylose is present as a non-reducing end-group 

proves that it is part of the heteropolysaccharide and not present as 

a separate xylan. 
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Thus, the sulphated polysaccharide from Anatheca dentata 

would appear to conform to the agarose-type structure(l, 122) 

(alternating a -1, 3-D- and 13 -1, 4-L-galactose units) as, for example, 

in agar and porphyran. In agar, the l, 4-linked L-galactose units 

occur as the 3, 6-anhydride while in porphyran, only part of the 

I, 4-linked L-galactose units occur as the 3,6-anhydride, the 

remainder being present as the 6- sulphate. In compari son, the 

sulphated polysaccharide from Anatheca dentata contains a n egligible 

amount of 3, 6-anhydrogalactose and although the L-galactose residue s 

are sulphated, the sulphate is alkali- stable. However, the 

polysaccharide has not a homogeneous agarose-type structure as 

there are regions of adjacent D-galactose residues, i. e. in part it 

has a carrageenan-type structure (1,122) (alternating a-I, 3-D- and 

13 -I, 4-D-galactose units). It is interesting to note that polysaccharide s 

from Eucheuma spe~ies, (123) which belong to the same family as 

Anatheca denta.ta (the Solieriaceae), structurally re semble the 

carrageenans. The extract of Eucheuma cottonii i s similar to 

II: -carrageenan in composition and physical properties, while the 

extract of Eucheuma spino sum has a SUlphate content approaching that 

of ,,-carrageenan, but a 3, 6-anhyd:dde content like that of 

II: -carrageenan. 
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3. 2 Chaetangium erinaceum 

Chaetangium erinaceum (Turn. ) Papenf., a red seaweed 

belonging to the Chaetangiaceae, waS collected at Port Alfred (Indian 

Ocean) in October, 1966. It is a striking seaweed with thin flat 

fronds bearing many, branching outgrowths and is often found with 

Gelidium pri8toides on exposed surfaces of rocks and wave-cut 

platfornls in the mid-tidal range. 

Hot-water extraction of the fresh weed, after careful separation 

from contaminating Gelidium pristo ide s, afforded a mucilage which was 

precipitated into ethanol. The crude polysaccharide (7.3% on a wet 

wt. basis) was shown by paper chromatography to contain xylose (major 

sugar), manno se and galacto se. Fractionation of the polysaccharide 

mixture with Fehling's solution yielded two fractions, a xylan (ca 70%) 

and a sulphated polysaccharide fraction. The xylan was purified by 

further tre atment with Fehling's solution and finally by di s solution 

in water, centrifugation of the solution, and precipitation into ethanol. 

All subsequent experiments were carried out on the xylan. 

' The xylan had a specific rotation of -112 0
, indicating a pre'-

dominance of i3 -linkages. Oxidation with periodate in unbuffered 

solution at r 'oom temperature ceased aftei' 96 h (Table IV), when ' O. 812 

mole of periodate had been consumed per C 5 -anhydro unit. 

TABLE IV 

MOLE PERIODATE REDUCED PER C 5-ANHYDRO UNIT 

Time (h) 5 12 24 48 72 96 120 

xylan 0.594 O. 664 0.712 0.760 0.800 0.812 0.813 
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Thus ~ 80% of the xylose residues possess a -glycol g roups and 

the~e ar e linked, therefore, through Cl and C2 or C4, if the 

possibility of the presence of furanose residues is discounted. The 

re si stance to attack of the remaining 20 % Can be explained only by the 

presence of 1, 3-linkages. 

Methylation of the polysaccharide by the method of Srivastava 

et al(l03) afforded a partially methylated product which was 

fractionated on a silica gel column by elution with chloroform-methanol. 

Four fractions were obtained, all of which gave very similar patterns 

of methylated sugars on hydrolysis, the fractions with lo we r methoxyl 

values having lar ger quantities of mono-O-methylxyloses and 

unmethylated xylose (Table V). 

TABLE V 

METHYLATED POLYSACCHARIDE FRACTIONS EX SILICA GEL 
COLUMN 

Fraction A B C D 

Eluting solvent 
CHC1

3 
- Methanol 100:0,6l0ml 80:20,70Qml 75:25,300ml 60:40,300ml 

Weight (g) 

OMe, % 

Hydrolysi s 
products: 
xylose 

Mono-O-methyl­
xylo se s 

2,4-di-O-methyl- ) 
xylose ) 

O. 772 

35.7 

trace 

3. 62 

34.9 

minute 
trace 

trace 

0.463 

23.4 

trace 

trace 

O. 222 

20.2 

+ 

+ 

2,3-di-O-methyl- ) Present in approximately equal proportions 
xylose ) 
2. 3, 4-tri- O-methyl- ) 
xylose ) 
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The large st fraction (71 % of the total recovered polymer) had a 

methoxyl content of 34. 9%, which on treatment with Purdie's reagents(89) 

was increase d to 38.3 %. Infrared examination of this material 

revealed no hydroxyl peak (Fig. 3). Further treatments with Purdie's 

reagents failed to increase the methoxyl content. The methylated 

polysaccharide WaS hydrolysed using the sulphuric acid method of 

. (l 04) 
Gare gg and Lmdberg. Because of the volatility of tri-O-

methylpentoses, the procedure was modified in that the acid hydrolysate 

waS extracted with dichlorome thane before neutralisation of the aqueous 

phase with barium carbonate. (lOS) Dichloromethane Was chosen 

because of it s volatility and the associated ease of r e c ove ry of the 

extracted suga rs. The products of hydrolysis of the methylated 

polysaccharide we re separated by paper chromatography to give 

2,3,4-tri-O-methyl-D-xylose, 2,3-di-O-methyl-D-xylose, 2,4-di-O-

methyl-D-xylose and ' a mono-O-methyl fraction. The 2, 3-di-O-

methyl-and 2, 4-di-O-methyl-D-xyloses were identifi ed as crys t a lline 

derivatives while the 2,3, 4-tri-O-methyl-D-xylose was identified 

on the combined evidence of paper and gas -liquid chromatography. 

The low specific rotation found for the 2,3, 4-tri-O-methyl-D-xylose 

was consid'ered to be due to c o ntamination with de g radation products 

arising during hydrolysis of the methylated polymer. These are 

extracted with dichloromethane and have a high mobility on paper 

(as does 2,3, 4-tri-O-methyl-D-xylose, R TMG 1. 11 in solvent B). 

Both the acetylated nitrile s and alditol acetate s are suitable 

for g.l. c. analysis of the O-methylxyloses derived fr om the 

(105) 
,methylated xylan. The nitriles were selected for this inve s tigation, 

because of the greater simplicity of the experimental procedure and 
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also because of the possibility of loss of 2,3, 4-tri-O -methylxylitol 

during evaporation of the solution after neutralisation of the sodium 

borohydride with sulphuric acid. A sample of the methylated 

polysaccharide waS hydrolysed and the derived monomers converted 

into their acetylated nitrile s and examined by g . 1. c. The relative 

molar ratio of 2, 3, 4-tri-: 2,4-di-: 2,3-di-O-methylxylose: mono-O­

methylxyloses was shown to be 0.08:1 :4.56: O. 27. The amount of mono­

O-methylxyloses was l ow; these ethers probably have no structural 

significance and are believed to be the result of undermethylation, and 

de methylation during }lydrolysis. The methylation analysis, therefore, 

indicates that the xylan is essentially linear. The ratio between 13 -1,4-

and 13 -1, 3- linkages in the polysaccharide, as determined by 

methylation an"lyeis, is in good agreement with the values estimated by 

periodate oxidation. The average chain-length of the xylan, estimated 

from the relative molilr proportion of 2 , 3, 4-tri-O-methyl-D-xylose , is 

.. bout 74 xylose units. This estimate may, however, not be an accurate 

reflection of the length of the xylan chain due to the volatility of the 

2,3,4-tri-O-methyl-D-xylose, although all possible precautions to 

counteract this were taken during the analytical determination. The 

relative molar ratio of the O-methylxyloses isolated by paper chroma­

tographic separation of the hydrolysed methylated polymer, agrees 

fairly well with the ratio obtained by g. 1. c. analysis (see 

Table VI). 

Partial, acid hydrolysis of the polysaccharide, followed by 

separation of the products on a charcoal-Celite column, yielded 

D-xylo se and seve ral oligo saccharide s. The D-xylose was obtained 

in cry stalline form and was characterised by its melting point, mixed 
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TABLE VI 

MOLAR% O-METHYLXYLOSES FROM METHYLATED XYLAN 

2,3,4-Tri- 2,4-Di-0- 2,3-Di-0- Mono-O-
O-methyl- methyl- methyl- methr,l-" r- xy oses xylo se xylose xylose 

G.1. c. analysis 1. 35 16.9 77.9 4. 5 

Ex paper 
16.3 74.6 6. 0 separation 3. 1 

melting point with an authentic sample, and optical rotation. It waS 

further characterised by conversion to the O-dibenzylidene dimethyl 

acetal derivative. The structures of seven of the oligosaccharides 

were elucidated, these being xylobiose (1), rhodymenabiose (2), 

xylotriose (3), 0- i3 -D-xylopyranosy l (1....,.3)-0- i3 -D-xylopyranosyl 

(1....,.4)-D-xylose (4), 0- i3 -D-xylopyrano syl (1....,.4)-0- i3 -D-xylo ­

pyranosyl (1....,.3)-D-xylos e (5), xylotetraose (6), and xylopentaose (8) . 

Oligosaccharides (1), (3), (6) and (8) were obtained crystalline. The 

structure s of oligosaccharides (1), (2), (3), (6) and (8) were elaborated 

by partial, acid hydrolysis to the component sugars and by methylation 

studie s. A portion of each methylated oligosaccharide waS methanolysed 

and the resulting mixture of methylated glycosides examined by g.1. c. 

The remainder was hydrolysed and the derived methylated sugars we re 

converted into their acetylated nitrile s and analysed by g. 1. c. 

Oligosaccharides (4) and (5) were elucidated as above , but, in addition, 

they were reduced with sodium borohydride, partially hydrolysed, and 

the products examined by paper chromatography. This procedure 

established the nature of the reducing e.nd-group. The acetylated nitrile s 

from each methylated oligosaccharide, with the exception of 



TABLE VII 

STRUCTURAL ANALYSIS OF OLIGOSACCHARIDES 

Oligo saccharide Partial Hydrolysis 
Products 

X
D 

i3 (1-3>4)XD 
(1) -

X
D 

i3 (1-?4)XD [3 (1-?4)XD (3 ) (1) 

X
D 

[3 (1-3>4)XD [3 (1-3>4)XD 

i3 (1-3> 4)X
D 

(6) (1), (3) 

X
D 

[3 (1-:;.4)X
D 

[3 (1-?4) X
D 

i3 (1-74)XD [3 (1-74)X D 
(8) (1), (3), (6) 

X
D 

[3 (1-3>3)XD 
(2 ) -

X
D 

[3 (1-74)XD i3 (1-i>3)XD 
(5) (1), (2) 

X
D 

[3 (l-i>3)X
D 

[3 (1-i> 4 )X
D 

(4 ) (1), (2) 
- --- _ . _ . . _ ._-

A = 2,3, 4-Tri-O-methylxylose 
B = 2,3-Di-O-':;-ethylxylose 
C = 2,4-Di-O-methylxylose 

Partial Hydro-
lysis Products 
of Reduced 
Oligosaccharide 

(1) 

(2 ) 

Acetylated Nit rile s of Hydro-
lysed Methylated Oligo saCca-

ride 

A: B = 1: O. 9 

A: B = o. 9 : 2. 2 

A:B=O.9:3.1 

A,B 

A:C = 1: 1. 1 

A: B:C = O. 9 : 1. 0 : 1. 1 

A: B: C = 1. l: O. 9: 1. 0 

.£) 

-0 
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oligosaccharide (8), were quantitatively estimated. The results of 

the se analyse s, which are set out in Table VII, are consistent with 

the structures of the oligo saccharides as formulated in the first column. 

The type of glycosidic linkage assigned to the oligo saccharides was 

based on optical rotation or comparison with the optical rotation of 

authentic compounds. 

"Oligosaccharide" (7), although chromatographically homogeneous 

in all solvents, was shown by electrophoresis to be a mixture of at 

least two components. Partial, acid hydrolysis studies , before and 

after treatment with sodium borohydride, indicated that it was probably 

a mixture of Q - rJ -D-xylopyranosyl (1~4)-0- rJ -D-xylopyranosyl 

(1--74)-0- rJ -D-xylopyranosyl (1_3)-D-xylose, 0- rJ -D-xylopyranosyl 

(1-74)- 0- rJ - D-xylopyrano syl (1-7-3)- 0- rJ - D-xylopyrano syl (1-74)- D­

xylose, 0- rJ -D-xylopyranosyl (1-73)-0-rJ -D-xylopyranosyl (1-74)-0-

rJ - D-xylopyrano syl (1_4 )-D-xylo s e, and/or 0- rJ -D-xylopyrano syl 

(1_3)-0- 13 -D-xylopyranosyl (1-74)-0- rJ -D-xylopyranosyl (1_3)-D-

xylose. 

When log (l/RF-l) of the oligo s a ccharides present in the partial 

hydrolysis, calculated from a chromatogram in solvent A, is plotted 

against DP, the points fall on two nearly parallel straight lines (Fig. 4 ). 

The RF value s were calculated from the R Xyl value s of the oligo saccharide s 

multiplied by the RF of xylo se (0. 21). The upper line repre sents the 

oligo saccharide s containing only 1, 4 -linkage s and the lower line tho se 

containing both 1, 4- and 1, 3-linkages. It is of interest to note that 

the major component of Fraction IX (which Was not structurally 

elucidated), R O. 03'(solvent A), falls onto the lower line if it is assumed 
Xyl 
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to b e a mixture of pentasaccharides containing both 1,4- and 1, 3-

linkage s. 

The isolation in substantial yield of two pure trisaccharides 

containing both a 1; 4- and a 1, 3-linkage affords conclusive proof 

that the polysaccharide molecule doe s indeed contain both type s of 

linkage. No substances were detected in the hydrolysate which could 

be the tri saC charide 0- 13 -D-xylopyrano syl (1-73) - 0-13 - D-xylopyrano syl 

(l-73)-D-xylose or the tetrasaccharides 0- 13 -D-xylopyranosyl (1--3>3)-

0-13 -D-xylopyl'anosyl (1--3>3)-0- 13 -D-xylopyranosyl (l--3>4)-D- xylo se 

or 0-13 -D-xylopyranosyl 0...,.4)-0-13 -D-xylopyranosyl (1--3>3)-0- 13 -D-

xylopyranosyl (l--3>3)-D-xylose. The conclusion may tentatively be 

drawn that the xylan chain does not contain two adjacent 1, 3-linkages. 

However, as acid hydrolysis is known to favour the cleavage of 

1; 3-links, degradation of the xylan with a process which selectively 

cleaves I, 4 -links (for example, an enzyme preparation) is necessary 

before any definite conclusion is drawn. 
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The oligosaccharides containin g a 1, 3-linkage, although paper 

chromatographically more mobile than the corre sponding oligo saccharides 

containing only 1, 4-linkages, were more firmly held on a charcoal­

Celite column. This observation supports that made by Howard(67) 

in his inve stigation of the partial hydrolysis products of the xylan 

from Rhodymenia palmata. 

Thus the xylan molecule is essentially linear and is composed 

of 13 1,3- and 131,4- linked units in the ratio 2:9. There are regions 

of adjacent 1, 4-linkages interspersed with 1, 3-linkages but, as yet, 

no evidence has been obtained for contiguous 1, 3-linkages. It is, 

the refore, similar to the water soluble ·xylan from Rhodvmenia palmata (59) 

which contains Ca 80 % 131, 4- and 20% 13 1,3-linkages . It is inter esting 

to note, howe ver, that whereas the water-soluble fraction of 

Rhodymenia palmata consists entirely of xylan, the xylan from 

Chaetangium erinaceum make s up only part of the water- soluble extract, 

the rest being a sulphated polysaccharide mixture. In this respect, the 

resemblance to the Chaetangium fastigiatum xylan(75) is quite marked. 

Both Chaetangium erinaceum and Chaetangium fastigiatum belong t o the 

order Nemalionale s. The hot-water extract from Chaetangium fastigiatum 

yielded a polysaccharide mixture which on hydrolysis gave xylose (major), 

galactose, mannose and este r sulphate. The acidic polysaccharide was 

removed by precipitation with cetylpyridinium chloride, leaving a neutral 

xylan. Methylation analysis indicated that the xylan contains 1, 3- and 

l,4-linked 13 -D-xylopyranos e residues in the approximate ratio 1:3 . 

Rhodochorton floridulum, (59) another member of the Nemalionales, 

contains a polysaccharide which ha s 1, 3- and 1, 4-linked xylose residues 

in the approximate ratio 1:4, and a conside1"able degree of branching. 

It has been suggested that the xylose chains are short s ide branches on 

"nother polysaccharide backbone, probably a glucan. 
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