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SUMMARY 

Polysaccharide exudates from various South African plants have 

been investigated in order to obtain, if possible, correlation between 

the taxonomic origin of the plant and the chemical composition of the 

polysaccharide. The composition of the exudate has been shown to be 

genus specific though in some orders of plants the similarity does, 

to a lesser extent, extend to the family. 

Of the polysaccharides studied, that from~tsonia pYramidata 

was selected for study of the fine structure. Using the techniques 

of partial hydrolysis, methylation, and periodate oxidation it was 

shown that this polysaccharide consisted of a basal chain of (31 ~ 4-

linked ~lose residues, each residue being d~bly branched and carrying 

side chains containing galactose and arabinose. The trisaccharide 

.Q-cx -~-galactopyranosyl-(1 -+ .3)-.Q- cx-¥-arabinofuranosyl-(1 -+ 2)­

~-arabinose (contained in the side chains) was isolated for the first 

time, whilst .3-.Q- ex -~-galactopyranosyl-¥-arabinose which had previously 

been obtained only as a syrup was crystallised and some of the physical 

properties of this crystalline naterial were measured. 

A possible structUral repeating unit for Watsonia polysaccharide 

has been proposed in the light of experimental results obtained. 

Part of the work reported here has been P.Ublished as a preliminar,y 

report, viz., "A Complex Polysaccharide from Watsonia Corm .... Se.~s11 by 

DoH./ •••••. 



D.H. Shaw and A.M. Stephen, S.African Ind. Chemist, 19~~ 65. 

A further part has been accepted for publication, viz., "Isolation 

of Crystalline 3-Q-«-~-galactoP,Yranosyl-~-arabinose from a Poly­

saccharide found in Watsonia Corm-sacs." by D.H. Shaw, A.M. Stephen, 

and (in part), A.O. Fuller, J., 1965, in press. 
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. ll1TRODUOTION 

The taxonomic relationships between variouH botanical classes 

have for na.ny years been a source of interest to botanists. Using 

classical methods for deciding to wrdch order, fa.J..:!ilY • genus, and 

species a certain plant belonged, most plants have been satisfac­

torily classified. J)uring recent years chemists have tried to 

classify plants taxonomically by the type of chemical components they 

contain. As more research work is done on the chemical constituents 

of plants and more results obtained,·· the data available for this 

purpose have in some cases become numerous enougr to 9raw some 

conclusions. 

In the field of the polysaccharide gum exudates from higher 

plants this is so. As early as 1854, Neubauer1 -was working on "gum 

arabic", which he found to be the neutral salt of an acidic poly­

saccharide and, following from this beginning, a great deal of lmow­

ledge concerning the chemistry of "gum arabic" has been obtained by 

other workers. Possibly the stimulus for studying this particular 

complicated substance arose from its relative abundance, comnercial 

use, and immunological properties2
• Over the years, with the study 

of other polysaccharide exudates from plants, especially from the 

genera Acacia and Prunus, it has become possible to obtain some 

general idea of the chemical constituents one .would expect to find 

in a certain type of plant. If one considers species of Acacia as 

an example/ ••••• 
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an example one would expect to t'ind that; ( a) the equivalent weights 

are generally in the region of 1,000 to 2,000, (b) all contain 

�-glucuronic acid, linked normally to C( G), but occasionally to 0(4-) of

,I;?-galactose, (c) the ba.ckbone of the molecule consists of �-galactose 

units ., linked 1 * .3 and sometimes L->- 6, ( d) all the exudates 

contain �rha.Imlose and �-arabinose in addition to �-galactose and 

,I;?-glucuronic acid, and ( e) none of the poly�rs contain �- or yx.vlose. 

If however one consider� the nine species of Prunus which have been 

studied, a different pattern is noticed; the main differences are 

( a) the presence of :g".":xylose and ,I;?-nnnnose, and norn:nlly the absence of

�- or lf"rhanmose and (b) the occuzre.n:e of lr'Glm:uronic acid, in -this

· genus, linked in some cases to c
(2) 

of �-n:nnnose, and in others (as

in Acacia species) , to C( 6) of �-galactose.

It appears that this type of' chemical inforn:ntion does have 

taxonomical significance, and Part 1. of this thesis is an attempt to 

obtain more inforn:ntion on plant polysaccharide exudates in the genera 

where exudates from only a few species have been studied. 

In the literature there are few references to what Stephen and 

Schelpe3 have chosen to cal l a type C polysaccharide gum exudate;

where the backbone of the molecule consists of �-:xylopyranose residues 

linked 13 l ->' 4 to each other and having a branch point on .c( 2) with

a side chain of (3-�-ara.binopyranose, er �-:xylopyranose, or a-�sluco­

pyranuronic acid ( or its 4-.Q-methyl ether). The type C polysaccharides 

are/•.••••• 
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are roughly similar to the hemicelluloses which have (31 + 4-li.riked 

R-:xylose chains, and ~-arabinose, :g-glucose, :g-galactose, or either of' 

the two acids nentioned above, in the side chains, but there are many 

differences in detail. 

' 
In view of the small amount of information from genera other than 

Acacia and Prunus, the author has surveyed hitherto unexamined poly-

saccharide exudates from thirteen plants to find, if possible, a type C 

gum (as opposed to a hemicellulose) for detailed study; to see if there 

are najor points of difference within a genus, and. to see if there are 

points of similarity when only the order and family are the same. 

Elucidation of the structure of the gum exudates from plants is 

an extremely complex procedure, and it is doubtful if, even with present 

experinental IOOthods, one can give a better structural fornn..Ua than 

Haworth's classical repeating unit, which is nerely the statistical 

distribution and the position of the sugar residues over a certain 

number of chain units.. Sir Edmund Hirst has aptly expressed the 

position: "The general problems involved in S;ructural determination 

can be stated quite simply. It is necessary to know for each sugar 

residue in the nacromolecule its m:xle of combination with its neighbours, 

whether it is linked glycosidically in the ex- or (3-form, and its exact 

position in the oolecule. But when it is renembered that a typical 

polysaccharide nay comprise some: l.Oo,OOO or r,rore w..go:r :t~e~·s · t>'f 

various kinds, that on occasions both :g- and ~- varieties of the same 

sugar/ •••• 



sugar may be present in the molecule and that pyranose and furanose 

forms may occur in the same structure, the chemist's task rruzy be a 

formidable one. n4 Nevertheless~ a wealth of information has beeh . 

obtained for a wide range of polysaccharides by nurrerous workers; 

notably Aspinall, Hirst, and co-workers for their studies on 

gum Ghatti 5 '
6

' 7, Khaya grandifolia
8

, Khaya senegalensis9, Anogeissus 

h . .10 T thll d A . 112 dat sc ~IJ.lp;:r~ , gum ragacan , an cac~a sene&; , gum cxu es 

from widely differing taxa; Hirst and Jones with their investigations 

. 13 14 15 16 17 on the polysacchar~des exuded from damson ' , cherry ' ' , 

18 19 20 21 
egg-plum ' , p;:ach , and almond from the genus Prunus; Smith 

and his collaborators from their work on Arabic acid22 , 23,24, 25, 26 ; 

and Stephen and colleagues investigating the structures of Acacia 

mollissirna27 , A.cyanoEhylla
28

, A.karroo29 and Virgilia oroboides(
0

, 31 ' 

32,33,34 These results in particular lead to the proposal that, as 

has been known for some time in the field of alkaloid and terp;:ne 

chemistry, the chemical nature of the constituents of plants (in this 

case polysaccharide exudates) bears some relationship to the genus of 

the plant, if not to the order and family as well. 

Before the introduction of chromatographic methods into the field 

of carbohydrate chemistry, the separation of sugars and sugar derivatives 

was an extremely complex and tedious procedure. Despite this, Smith 

and his co-workers were able to separate the very complex mixture of 

methyl ethers from.methylated gum arabic using distillation methods23 • 

With/ ••••• 
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With the advent of chroma.tograpbjr, the separations have become greatly 

'si~lified. It often happens that- very similar substances when 

c.hronatograph.ed on paper have the sane R 
1 

values when run in a -ga. 

variety of chromatographic solvent systems, and it is very likely 

that one peak on a· gas-phase chromatogram d9es not in fact represent 

only one co~onent. For this reason it is desirable to characterise 

all organic substances by classical methods wherever possible. 



PART 1 

;~ GOlviPARLTIVE SURVEY QF ·THIT; CONSTITUENT SUGi.ffiS AND 

PROP.a:RTlliS OF THill POLYSACCHi.RIJJE: EXUD.~:.TES FROM SOME 

SOUTH l~ICJili PIJ~TS 



Pl.HT l 

~SSION 



A com~ra.tive survey of the constituent SlJ.gars and 

~roperties of ~he polysaccharide exudates.from some 

South African plants. 

The polysaccharide exudates studied in this thesis, are from 

plants which normally grow in South Africa, though not all are necessar­

ily indigenous to this country. This investigation is an attempt to 

find a chemical relationship between polysaccharide exudates in genera 

other than Acacia and Prunus, and to compare them with results already 

found for exudates, in some cases in the same genus, and in others 

in the same order or family. The author believes that apart from this, 

the main value of this study will be in the recording for the first time 

of equivalent weights, specific rotations, the monosaccharides which 

make up the polymer, and in the tentative assignment of the structure 

of some biouronic acids and disaccharides released on hydrolysis, of 

thirteen plant polysaccharide exudates which have not previously been 

investigated. The number of oligosaccharides obtained on acid hydro-

lysis gives an indication of the number of different specific linkages 

in the polysaccharides, presumably enzymatically forzred. Thus the more 

components detected on paper chromatograms, the more information one can 

obtain about the complex structure oft he exudate. l',uture wor.kers may 

from these results, obtain a guide to exudates which are worthy of' 

further study. 

It/ •.... 
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It must be strongly emphasized that as the identities of the 

components released on ~drolysis v~re assigned ·solely on the basis 

of their having the sa.Ire Egal values as standards on paper chromato­

graphy in three solvent systems, the identities are tentative. The 

molar proportions of the constituents were only estimated visually 

from paper chromatograms (in the authort s experience, this is within 

+ 20% of the true value), and as such are very approximate. 

Wherever possible, the exudates which have been studied, their 

hydrolysis products, and the moiar proportions oft he sugar residues 

obtained on hydrolysis, have been compared with a random selection 

of published results for exudates from the sane order, family, and genus. 

Whilst this by no means covers all the gum-exudates which have been 

studied, the ones selected are sufficient to gauge whether a~ rela-

tionship exists between the chemistry of the plant gums and their 

taxonomic origin. These results are tabulated for clarity (tables 

1· ..,. 7). The criteria for classifying an hydrolysis component in 

this study as acidic , are for it to be mobile vmen chromatographed 

in an acidic solvent, but immobile in a neutral or basic solvent. 

Components found on paper chromatograms (usually in trace amounts) 

and not identified against standards, are reported only in the 

experimental section of Part 1. 

Key to tables l: ..,. . 7 : 

gal = ~-galactose, gal A : ~- galacturonic acid, glue A =~-glucuronic 

acid, arab = ~-arabinose, tag = ~-tagatose, ~lose = Q-~lose, 

fucose/ •••• 
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fucose = ~-fucose, rham = !!-rhamnose, glue = ~-:glucose, 

nann = ~-mannose, * denotes a polysaccharide exudate whose chemical 

properties are reported for the first time in this study (and whose 

monosaccharide component configurations could be ~- or ~-), subscripts 

p and f denote pyranose~nd furanose forms of the sugar residues 

reE?pectively, tr = trace. 

(A) Order - Sapindales. (Table 1.) 

In this order, coZllpll'ison rre.y be tmde between exudates oft he 

same family only, as all the genera are different. Arabinose and 

galactose are the main components, though there is no correlation 

between the amounts of each; .3-0- (3 -D-galactopyranosyl-D-galactose - = = 
is a constituent of two of the gums, whilst in Spondias cytheria 

the unusual hydrolysis product .3-0- a -D-JCy-lopyranosyl-L-arabinose is - = = 
found. The general pattern which energes tho\jgh, is that at the 

level of the same family and order, but different genera, no comparison 

of the polysaccharide exudates is possible. 

(B) Order - Tiliales. (Table 2.) 

There are very many similarities between the exudates in this 

order; as one might expect, Firmiana simplex being of a different genus 

from the other f.our examples, does show marked differences, especially 

in having arabinose as a component of the exudate. The specific ro-

tations for all the exudates are remarkably close to one another, but 

the equivalent weights show a srre.ll scatter even a.m:mg the Sterculia. 

specie:¥' •••• 



(A) Order - Sapind.ales. 

sugars identified by chromatography F~=~ j ~~~us I ~~~:.~ _ _j_E_~Jn I e~~v. 
I I 

.,_,.._._, __ ,_....""',__, _ __.-,;\-;,~ '""'"'·--' ··-~---.,.---
' 

Anacard.iaceae I .A:nacardium l occidentale 
35 

- , -

Anacardiaceae Lannea grandis36 -44° 1,150 

.Anacardiaceae I Spondias I cytheria 37' 38 -5° 1, 070 

arab, gal, xylose, rha..11. 

arab(2), gal(6), gal. .A(2), 
Gal A '..,)> . 3gal. 
0 p 
arab, gal~ xylose, rha.m(tr), glue A, 
fucose, arab • r3• -+· 3arab, 4Me-gluc J'· .. , 
xylose · 1% -+ :garab, 4M3 -glue Arx -+ 3arab 1 
4Me-glfio A a. -+ ogal, gal r3 -+3gal 
gal r3 -+ 6gal. p 

p 
.Anacardiaceae 

Ana.cardiaceae 

Mangifera 

Rhus 

· a· L * m ~ca - • arab ( ++) , gal ( +). 

viminalis
111 

+11° 

Table 1. 

1,005 !arab(+); .gal(+), rham(tr), glue A, 

gal r3 -~ 3gal, gluc.,.,A. r3 -+ 6gal. p t' 

(!) 

t 



(B) Order ... Tiliales .. 
··----~----

Family Genus Species [ a:]D 
··- ,. 

. . t• 39,40 +60° Sterculiaeeae St<::reuH.a • se J.gera 

Sterculiaeea.e Sterculia urens 41 
+64 

0 

Sterculiaceae Sterculia 42 eaud.ata +69° 

Sterculiaeeae Sterculia aeerifolia* +72° 

Sterculiaeeae Firmiana simplex* +65° 

Table 2. 

equiv •. 

400 

470 

342 

271. 

996 

. sugars identified by chromatography 

ga.:t(5 }, .. tag(l), rham(5), gl1.le A(B-).,. -
gal. A -+ 2rham1 gal A -+ 4gal. 

p p 

gal(6)1 rham(4), gal 1~ -+ 2rham, 
gal A -+ 4 gal. P p .. 

gal(l), rham(l), glue A(2), 
glue A -+ 2rham. 

p . 

gal(+), rham(+), glue A(++), 4We'-gluc A, I 
glue A a -+ 4gal. 

p 

gal(++++), arab(++), rham(+), gal A(+), 
(gall'_JI.a: -+ gal). 

' .... 
0 

' 
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species, though men one compares these deviations w:i.th those found 

in Acacia. species for the sa.rre property, it r.re.y be considered as well 

within normal limits. The unknown biouronic acid from F. simplex could 

well be 4-.Q- a -~-ga.la.ctopyranuronosyl-~-gala.ctose; this acid fragment 

has been found in both S.setigera and S.urens. An interesting differ-

ence is the occurrence of R-glucuronic acid in S.cauda.ta and S.aceri-

folia; the former has recently been transferred to the genus 

Brachychiton, and one wonders whether the latter .should not be 

reviewed as well; chemically, apart from this replacement of 

~-gclacturonic acid with ~-glucuronic acid, these two species are very 

similar to other Sterculia species, In this order, the exudates are 

chemically similar and even when only the family is the same there 

are rmny points of similarity. The high content of acid residues, 

coupled with the presence of galactose and rhamnose as the other 

major components indicate gums of type B. 

(c) Order- Geranialcs. (Table 3.) 

Pelargonium protectum whilst interesting in have xylose as the 

only neutral constituent, bears little relationShip to other exudates 

in this order. Apart from the equivalent weight there are few points 

of similarity; the only neutral sugar present in P.pr<?_!~ is absent 

from the other four examples. On the evidence available the biouronic 

acid found in P.protectum is interesting enough fort he polysaccharide 

exudate to be worth further investigation. This biouronic acid is 

certainly not 2-.Q-(4-.Q-rr.ethyl-~-glucopyranuronosyl)-~-:xylose, which he.s 

beer(. •••• 



• 

+56° 

+122° 

Meliaeeae I Khaya I 
. al . 9 I 0 seneg ens~s +140 

Geraniaceae I Pelargonium j proteetum* I +22° 

I ------

Table 3. 

(D) Ol:'_der - Ebenale s. 

785 

590 

'Z.f~ v • .: 

317 

403 

arab(22), gal(55), glue A(22), 
glue A a -+ 4gal. 

p 

arab(l6), gal(53), glue A(31), 
glue Aa -+ 4gal. 

p 

gal, rham, gal A, 4Me-glue A, 
gal A -+ 2rbk~, 4Me-glue A a -+4gal, 
gal p A -+ 2rham -+ 4gal. p 

p 

gal, rham, gal .A, 41>/:f.l-gluc A, 
gal A -+ 2rharn; 4Me-glue Aa -+4gal. 

p p 

xylose ( ++++++), gal A or glue A(+), 
41vi;-glue L, a biouronie acid R a1 0. 50 

----' ---------- =g -- ' 

Family I Genus I Species _J [a)D equiv., sugar':_ identif_ ~ed by e~matography 
Sapotaceae ta aehras - ! 679 arab, :xylose, glue A, 41.11Ie-glue A. 

IEbenaceae ea natalensis* -27° I '760 arab(+), gal(++), rham( +), glue .A, E 
M , 

L-·---- ___ _L 4Me.-gluc 1-.., a biouronie &aid !1ga1 o. 69~ 

Table 4. 

l 

..... 
.t-:1 
~i· 
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42a 
been reported to have an R 

1 
value of' 0. 79 in solvent _b , and 

-xy ose 

it is probably different from 2- and 4-.Q-~-glucopyranuronosyl-R-

:xylose which have been reported as having the same R 
1 

value of -xy ose 

0,32 in solvent ~42b. Polysaccharide exudates of Kh~a species 

from the order Geraniales, have been shown to be type B gums3 , but 

P,protectum would appear to be much more closely allied to a type C 

polysaccharide, possibly with ~-gnlacturonic or£-glucuronic acid 

replacing a-~-xylose or ~-~-arabinose as terminal unit. 

(D) Order - Ebenales. (Table 4.) 

Here, the order of the two plants from which the exudates were 

obtained is the same, but even with different family and genus one 

finds points of similarity between the gums, notably, the equivalent 

weights, and the presence of both glucuronic and 4-.Q-methylglucuronic 

~cids as components. These two exudates from the order Ebenales 

illustrate the danger of using only the equivalent weight and some 

of the m:mosaccharide residues to draw conclusions of structure; 

Sapota achras has been shown to consist of a :xylose backbone substi-

tuted with side chains; however the absence of :xylose in Euclea 

natalensis precludes this type of structure. Although there are marked 

similarities between these two exudates, they can hardly be at all 

aJ.ilre in structure. 

(E) Order ... Leguminales. (Table 5.) 

The Acacia species and their chemical taxonorrw have been amply 

discussed/ •.•• 



(E) Order - Iegumina.le's. · 

Family 

I.e guminoso.e 

I.eguminosae 

re gumirioS'ae 

I.eguminosae 

wguminosae 

I.eguminosae 

legummosae 

!Ji::gummosae 

I.eguminosae 

1 r:.~uminosae 

Genus r Species i [a]D equiv. I sugars identified by chromatography 

;;tct:foia I cyanophylla28 ~ -20° 740 'ara~ .. (7)1 gal(50), rh:(l8), glue A(25), 
· \ galp a -+ ;3arabf · glucpA~ -+ 6gal. 

AC:ioia. f karrod
29 

It +54° 1,660 arab(36),:_ gal(50), rham(2),_- g-lue .A(l2), 
gal a -+ 3arab, glue A~ -+ 8gal, 
arai5 ~ "'* 3arab, gluR .A a -+ 4gal. 

Adad·ia I mo11iss:il'na27 ! -49° 1 1 800 arab~46), gal(38), r~(a),. glue A(8), 

J~a<lfa 

Acacia 

Acacia 

Acacia 

Acacia 

Acacia 

Acacia 

pycnantha 41Y,:46 

o~ te-cliu4 7 

seyai48 

senegaJ:.22,23i2 

h 
. 49 r emanJ.ana 

b
. 49 ara J.ca 

sundra50 

~eP 

""' 
+440 

•28°. 

+51° 

+43° 

-29° 

Table 5. 

1 3,7oo 

..t 

1,.500 

1,400 

Lt4ZO 

1,310 

980 

I glucpA ~ -+ 6gal.· _ _ 

1 arab(27), ga1(65), rham(2), ~luC' .A(5), 
,galp~ -+ 3gal, arabf -+ 3arab, glucpil. ~-+ 6gal. 

! arab, gal,. rham, glue A~ -+ 6gal.- · .· 
' p l arab(46}, gal(38 ), rhrun(3}, glue A(l2,-5 }. 

ar'a:&(3o),· ga1(37), rham(il)/ glue A(l4}, 
gal .. ...y· 3gaL;,· gal a ..., 3arab, 
ara~ . ~ ,... ~arab,. P glue At3 -+ 6gal .. · :P . p 

arab(6)1 gal(4):; rham(o.s), glue A, 

I
. at'ab .. ~·-+ :3arab,.- gluopA ~.-+ 6gal1 

glucf' A- « ... 4gal-.. 
' p ' 

I arab(.6)igai(4)~· rham(l)t: -~luC: A, 
arab ~ · _,.. 3arab, glue· Af3 · ... 6gal, 
glu# A ct _,. 4gal.- p 

p 

1 :arab, gal,· rhanl, glue A;- glucPA ~ -+ 6ga1. 

..... 
>I'~ 

I 



(E) ~gum:inales cont. 

F~1y. ·-----··r··~~~---·· ····T-8;-;~ie~----·--r[·~-]~---T---~~~i;:·-I-~u~~;-~a.c~~-ir~~~ ~y--~~~~-;~grap~;-----0 
------- I •.. --1---5·----1--------··------ --·------·-···· I ----- ··-------· ----l 
Ieguminosae 1A1bizzia. I zygia 1 

1

1 +21° 723 ara.b(6), gal(4), mann(l.5), rh-:un(tr), 
! 

1
, glue A(4), 4Mc-g1uc 11.(2), 

I i gal -+ 3gal, gal -+ 6gal, gal {3 -+ 3areb, 
I I glul5 11.13 -+ 2mann,P 4M3-glue il.a P..., 4 gal. 
I I I p p 

wguminosae l.iJ..bizzia procera
52 I +15° - arn.b(4), ga1(6), rhrun(l), mann(tr), glue A, 

\ 4Me-gluc A. 

I£lgum:inoqae .llbizzia 
1 
glabcrrima

53 
'1· - - arab, gal, rham, mann, glue A, 41Yie-zluc A, 

1 
1 

glue A -+ mann, glue A -+ gal. 

I 
1 • P p I 

f'latcrovm. *i" \ -14 ° 865 arab ( ++++), gal ( ++++), mann ( +++), xylos3, ~ 

I 
\ I 4M9-gluc A, ( +), glue Al3 -+ 2mann, 1 

I£lgum:inosae JJ.bizzia 

Iegum:inosao i Prosopsis 

I£lguminosae Virgilia 

Ieguminosac Virgilia 

I glue Aa -+ 4gal, galP -+ 3arab. 
. i p p 

I 
julif'1ora D.c~4 +60° \ 1,350 arab, gal, 4:Me.-gluc A, 4Me-glucr/>. -+ 4gal, 

, 4Me-gluc A -+ 6gal, 4Me-g1uc A -+ 3gal. 

d . . t 55 J..VarJ..ca a 

b ·a.e 31 oro oJ.. s 

I p p 

1 
-29° \ 21 600 arab, gal, mann, glue A. 

'I 

I 

I 

\-38° ~- 2,100 I arab(48), gal(38), mann, glue 11.(9), 
gal_ -+ 6gal1 gal -+ 6ga1 -+ 3gal, 
ara£ a -+ 5arab a P-+ 5ara~ arab a -+ 
gluaPA 13-+ 2mann, glue A {3-+ 6g;J, 
14~-~luc A -+ gal. p 

------'"-----'---__ _.:_l ____ .J2______ ---

3~ah,J 

Table 5. (cont. ) 

t The author ho.s been unable to obtain the correct botanical classification for this species; 
the exudate vvas obta:ined from a tree groYdng near Pietermaritzburg in Natal, which is known 
locally as .Albizzia flatcrown • · 



- 16-

discussed in the literature, but because they are probablY the best 

examples which can 1:e used to illustrc~ te the chemic~J. taxonomic 

correlation of the polysaccharide exudate with the species of origin, 

they will be dealt with in more detail here than species in·other 

orders. 

The order Legurr~nales, family Leguminosae, contains four genera 

from which polysaccharide exudates have been :studied, table 5 shows 

the constants and components found for ten Acacia species, four 

Albizzia species, one exu:la.te from the genu:s Prosopsis, and two 

Virgilia species. 

It was thought at one stage that polysacchari,:es from the Acacias 

normally had negative specific rotations, but with more recent studies 

(shown in the table) this gener~l observation has not been found to hold. 

However, in the constituent monosaccharides and disaccharides released 

on varying degrees of hydrolysis, all Acacia gums show a rema.rkable 

correlation. ~-galactose, ~-arabinose, ~-rhamnose, and ~-glucuronic 

acid are the only monosaccharides found in these polysaccharides, 

although there is a wide variation in the relative amounts of galactose 

and arabinose. Wherever a biouronic acid has been found in the hydro­

lysates, it is always 6-.Q- (3 -~-glucopyranuronosyl-~-gn.lactose, though 

in Acacia karroo, Acacia arabica, and Acacia rhema.niana 4-.Q-a -~­

glucopyranuronosyl-~-galactose occurs as well; the a -link in this 

biouronic acid in these three exudates contributes to the positive 

rotation oft he polysaccharides as a. whole The disaccharides 3-

and/ ..... 
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and 6-.Q- ~ -~-galactopyranosyl~-ga.lactose have been isolated., both 

being fragments of the backbone of the polyrrer. t6gethr=-r with .3-.Q-a -

!?-galactopyra.nosyl-~-arabinose, 3-.Q- ~ -~arabinopyranosyl-~-arabinose., 

and 3-.Q-~ara.binofuranosyl-~-arabinose, all f'ragmepts from the side 

chains. 

Exudates from Albizzia species however show differences from 

those of Acacia species; all have 4-.Q-methyl-~-glucuronic acid as an 

acidic component in addition to the ~-glucuronic acid found in Acacia 

gums and generally have lower equivalent weights. In the new species 

studied, rhamnose is absent Whilst ~lose appears as a constituent 

sugar. This is not common to other Albizzia gums, but the presence 

of nnnnose is; and all four exudates studied have ma.nnose as a major 

component. Unlike Acacia gums, Albizzia gums all have 2-.Q-~ -~­

glucopyranuronosyl-~-ma.nnose as a biouronic acid, as well as 4-.Q- a­

~-glucopyranuronosyl-~-galactose in Albizzia "flatcrown11
, and 4-.Q- a­

(4-.Q-methyl~-glucuronosyl)-~-galactose in Albizzia &gia. It is 

probable that further investigation of Albizzia procera and Albizzia 

glaberrir.£, will show 4-.Q-methyl-~-glucuronic acid to be the acid 

fragment of a biouronic acid. The backbone fragments though, appear to 

be the same as those in Acacia exudates but the galactose -+ .3arabinose 

disaccharide whilst still found as a fragment from the side chains is 

now ~ -linked instead of a • The Prosopsis gum reported in the 

literature is very similar to those from Albizzia though in this case 

xmnnose is again absent from hydrolysa.tes of t."'l.e gum. 

The/ •••• 
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The two reported Virgilia species again show slight changes 

from the Albizzia. pattern; though still uaintaining the basid, 

3- or 6-linked galactose structure cormnon to all exudates from the 

family Leguminosae, Virgilia oroboides has :x;,ylose as a component 

sug~; and 5...Q ""¥-"arabinopyranosyl-~-arabinose appears as a new 

structural feature in the side chain. The biouronic acids isolated 

include the 6-.Q- (3 -~-glucopyranuronosyl~-galactose common to Acacia 

species, and 2-.Q- (3 -~-glucopyranuronosyl-~-mannose comnon to the genus 

Albizzia • 

The various structural units found in the Leguminosae have an 

interesting reflection in the closely related Rosaceae exudates. 

In this :f'a.m:ily, zylose, which appeared as a component sugar in 

Virgilia gums, becones a conmon fragment of the hydrolysis, whilst 

the backbone renains the saJOO as in gums from the Leguminosae. 

~-glucuronic acid reappears as the no~l acid component of the gums, 
r· 

whilst none of the exudates contain 4-.Q-methyl-~-glucuronic acid, the 

~-glucuronic acid is now linked almost. exclusively to f2) of rnannose 

(as in exudates from Albizzia species) where ~-rnannose is a .constituent 
. . 

sugar; ahd to c( 6) of ~-gaia6tose where no ma.nnose is found in th~ g\.lm. 

The appearance of ~ .. rhamnose ih a P.funus gutn
20

; is another link with the 

Acacia exudates• 

Whilst all the gums exuded: by plants :from the farirl.lies Leguminosae 

and Rosaceae contain sim:i.lar backbone structures and are all type A 

gums, the nature of the side chains would appear to be genus specific; 

very/ •••. 
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very close correlation exists between the structures o£ the exudates 

within a genus. Chemically, no distinction can be drawn between 

the two families, e.g. the gum exudates from Albizzia species appear 

more different from those of' Acacia species than from the various 

species of' Prunus. 

(F) Order - Liliales (Table 6.) · 

Phormium tenax produces a typical type C polysaccharide exudate 

with a Jcy"lose backbone, and 4-.Q-methylglucuronic acid as side chains. 

As will be shown later (part 2 of' this thesis), Watsonia pyramidata gum 

(which occurs inside the corms and not as an exudate) also has the saJOO 

type of' main chain, but the rest of' the molecule differs greatly from 

the normal type c polysaccharide. Between the two Watsonia species 
-

there are maey points of similarity; both have the same constituent 

neutral monosaccharides, and similar ~:pecific rotations, but the exudate 

from the seed-boxes of W.versveldii has an uronic acid as part of its 

structure. It is more than likely that this difference is determined 

by the site in the plant where the gum forms rather than the fact that 

the species are different. It would be interesting to compare the 

corm polysaccharides from the two species, and, if they are the same or 

similar, to examine the hemicellulose which makes up the stem of 

W.pyra.midata, and the seed-box exudate from the same species .in an 

endeavour to find a connection between the three polysaccharides. The 

detection of xylobiose and ~lotriose in the hydrolysis products of 

W.pyramidata cor~sac polysaccharide lead the author to classify it as 

at~/ •••• 



(F) Order - Liliales. 

~Family \ _ Genu::_ __ !_s~~~~---fl"ln_ --~q_w.v. j sugai-s identified by chromatography 
Liliaceae Phorrnium t tenax -63° 880 I xylose ( 45) , .. glue A(.42 )...-. 

I.rid.aceae arab ( +++++), gal ( ++ )., . xylose ( ++++) T 

\ 

111 

I i I a biouronic acid ~al o. 45. 

lirid.aceae Watsonia pyramidata -80° s 20,000 1 arab(++), gal(+),. xy~ose(+),- . 
1 1 galp a-+" 3arab,.... xylobl.ose-,. xylotrl.ose .... 

------···--------·-· . --·-··---------- _L ____ --

Watsonia versveldii* -105°1 2050 

Table 6. 

(G) Order - various. 

I Ordtlr Fomily Genus I Species [a]D I equiv. sugars identified by chromatography 
----- r-· 

* -130 I 
1 
Gymnospermale s . Oycadaceae Encephalartos latefrons 577 arab(+), gal(++++), mann(tr), xylose(tr), 

glue A, glue Al3 -+ 6gal,.. 31vie-rha:n,.. 
glua. Al3 -+ ~ p 

.Agavales .Agavaceae llf!,ave (runericana* -35° 1,142 arab(++), gal(++), rham( +), 
vart rrrg- glue A !3 -+ 6gal. ma a 

p 

Palma.les Phoniceo.e Phoenix reclinatn* -33° 646 arab(++), gal(+++), mo.nn(tr), rhml(+) 1 
fucose, glue A, glue A a -+ 4gal •. · 

Pedaliaceae \ S:igmatosiphon 

p 
Bignoniales gurichii* -35° 1,393 gal ( +++); arab ( ++), mann, fucose, 

~, galp -+ 3arab, glucnA 13 -+ 2mann. 

Table 7. 

~ 
I 
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a type C polysaccharide, and to attempt to determine its fine 

structure (see part 2.) 

From results already published, there is evidence that the 

chemish:y of the plant polysaccharide exudates shows a correlation 

with the genus of the plant from which they originated. The work 

reported here, for genera where fewer results were available, confirms 

that there appears to be a very close connection when only the genus is 

considered. However one must be careful in the interpretation of data 

where o~ monosaccharide components and physical data are being con-

sidered. It is important in a study of this nature to choose hydro-

lysis conditions such that the maximum number of di- and trisaccharides 

and biouronic acid fragnents are obtained; o~ then can one begin to 

obtain evidence that two polysaccharides are structurally similar. 

Table 7 lists the four exudates from orders which have not 

previously been studie!; there is evidence from methylation studies 

in this laboratory however to show that Af!flve americana is structurally 

similar to the Acacia specie~7 • The only other points of interest 

in these four exudates, are the presence of fucose (a sugar not often 

found in the polysaccharide exudates from higher plants) as a component 

of Phoenix reclinata and Sigmatosifhon gurichii, and the presence of 

.3-..Q-methylrha.mnose in the exudate ffum Encephalartos latefrons. This 

last component has also been observed in -~nce:p!!aJ.~I,"tos lon_gifoli~?8 , 

another species of the primative Cycads. 



FliRT 1 
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EXPERIMENTAL 

(A) General conditions. The following solvent sy.stems were used for 

paper Chroms.tograJ:hy oh Whatman No. 1 paper (all v/v ). 

(~) butan-1-ol- ethanol- water (4:1:5, upper layer), 

(E) ethyl acetate- acetic acid- formic acid- water (18:3:1:4), 

(c) ethyl acetate - p,yridine -water (10:4:3). The polYsaccharides 

were purified by dissolving in water, filtering, and precipitating in 

four vol~s of ethanol; the precipitates were washed with acetone 

and ether and dried for 2 hr. at 76° and 2 cm.Hg. A recent pape?9 

has stressed the difficulty of completely removing solvents. from 

polysaccharides without concomitant degradation. In view of this, 

drying at 76° will not afford a completelY solvent free product, and 

this will affect the specific rotation and equivalent weight to a 

small extent; the specific rotations are probably slightly higher 

than determined experimentally, and the equivalent weights slightly 

lower • The equivalent weights were measured by percolating a solution 

of the neutral polysaccharide in water through Amberlite m-120 (H•), 

freeze-drying the eluate, and titrating the freeze-dried naterial 

in water with 0.021j-sodium hydroxide using phenolphthalein as indicator. 

Unless otherwise indicated, SJECific rotations were measured in water on 

the neutral ethanol precipitated polysaccharide, and hydrolyses were in 

sulphuric acid at 96°. Where a component has been IlB.IOOd, the identi-

fication has been nade by running chronatograms in the three solvent 

systezruv' ••• 
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systems alongside sugars, available in this laborator~, as standards. 

The approximate molar proportions of sugar residues in the hydrolysates 

were estimated visually from the chromatograms; in all cases the spray 

t d t al th . . d. hydr h1 . d 60 
reagen use o reve e sugars was .E-ams~ ~ne oc or~ e • 

Only the m:ljor components observed on the paper chromatograms and 

trace quantities of components tentatively identified are recorded 

in the main body of the experinental results for each gum. The 

number of plus signs following the name of a component is a visual 

estimate of the approximate molar proportion of that component. 

Components in trace amounts whiCh were not tentatively identified 

are added at the end of each section (as ggal values) under the 

heading of·· other component s1
: 

(B) Specific rotation, eguivalent weight, and major gydrolysis 

Products of some plant guros. 

(a) Mangifera indica L. ( Sapindales; Anacardiaceae). 

Hydrolysis of the purified gum afforded galactose ( ++) and 

arabinose ( +) , the slmll quantity of sample available was insufficient 

to determine the equivalent weight and specific rotation. No uronic 

acid was observed on the chromatogram, but this could have been due 

to the small amount of naterial available for hydrolysis. 

Rhu~ •••• 
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(b) Rhus viminalis (Sapinda.les; Anacarcll.~ceae). 

The purified gum had [ a] D + 11° (_s 1. 6) and e qui v. , 1005 • 

Hydrolysis in O.J.M-acid yielded galactose ( +), arabinose ( +), rhamnose 

(trace) , . 3-.Q- 13 -I?-galactopyranosyl~-galactose (trace) , 6-.Q-13 -I?­

glucopyranuronosyl-~-galactose (trace), and glucuronic acid • 

.Qt,he.r .,SOE,lP..2n~l!!s..i. 0.55 (in solvent ]?) 

(c) Agave_a,.mericana var. marginata (Agavales; Agavaceae) .. 

The purified gum on hydrolysis for 5 hr. in!-acid afforded 

galactose ( ++), arabinose ( ++), rhamnose ( +), and 6-.Q-13 -~-glucopy­

ranuronosyl-~-galactose (+), and had [a b -35° (_s L 95) and equiv., 

1142. 

(d) Sterculia acerifolia (Tiliales; Sterculiaceae). 

TOO ethc.nolpr§}c;i,pi~\1d£$'dmt[a]D +72° (_s 0.59); equiv., 271, was 

hydrolysed for 12 hr. in !-acid, yielding galactose (++++), rhamnose 

( ++++), ~-glucuronic acid ( ++++++++), 4-.Q- a .. ~-glucopyranuronosyl-~­

galactose ( +++) , 4-.Q-methylglucuronic acid ( +), and possibly 3-.Q- 13 -

~-galactopyranosyl-~-galactose, though it is unlikely that this would 

survive the above hydrolysis conditions. 

F irmi.ana/ ••••• 
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(e) Firmiana simplex (Tiliales; Sterculiaceae). 

The purified gum had [ exJ D +65° (.9 0.5) and equiv., 996. Hydro­

lysis for 3 hr. inB-acid afforded galactose(++++), arabinose(++), 

rhamnose ( +), galacturonic acid ( +) , and a biouronic acid Egal 0.49 

(in solvent b) (~+++) immobile i~ solvent~, and different from 

6-.Q:: j3 - and 4-.Q- ex -~-glucopyranuronosyl-_g-galactose in solvent ,E. , 

though with a similar colour to 4-.Q- ex -~-glucopyranuronosyl-~-galactose 

under u1 tra-violet light. A portion of the ethanol precipitate 

(200 mg.) was dissolved in J:I-sulphuric acid (14 ml.) and hydrolysed 

for 1.5 hr. at 96°. The hydrolysate was chrozmtographed on 

Whatn:en 3 mm. paper in solvent b and the component R 1 0.49 was -ga 

located and separated in the usual m'3.nner. On evaporation of the 

solution to dryness (for 2 hr. at 50° and 2 em. Hg), a syrup (3.2 mg.) 

was obtained [ex]D +107° (.9 0.64). Hydrolysis of this syrup (1.2 mg.) 

for 3 hr. in .!f-sulphuric· acid at 96°, neut~alization .~f the hydrolysate 
' 

and paper chronatography, gave galactose, and (probably) galacturonic 

acid (in solvents ~' ,E, and _g). These results indicate that the most 

probable structure of the biouronic acid is galacturonic acid a -+ 

galactose ( ex because of the high positive rotation). 

' 
(f) Phoenix reclinata (Palmales; Phoniceae)~ 

The purified gum [ex] D - 33° (.,9 0.54), equiv., 646, was 

hydrolysed for 3 hr. in ,li-acid, the hydrolysate yielding galactose 

( ++++++) , arabinose ( ++++), mannose (trace) , rhamnose ( ++), fucose ( +) , 

4-/"1 •••. 
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4-Q- a -g-glucopyranuronosyl-R~galactose ( +), and ~-glucuronic acid (trace) • 

.Qt,he! .£:0,!!1P.2n~nj:s_i 0.43 (in solvent ~); 0.14, 0.21, 0.27, 0 • .32, 0.54, 

0.66, 0.79, 1 • .35 (in solvent 2). 

(g) Sigmatosiphon gurichii (Bignoniales; Pedaliaceae). 

The ethanol precipitate[ctJ D -.35° (~ 1.1), equiv., 1.39.3, was 

hydrolysed for 24 hr. in O.lB-acid and gave galactose(++++++), 

arabinose ( ++++), mannose ( +), fucose, .3-.Q-~-galactopyranosyl-~­

arabinose (trace), and 2-0-13 -D-glucopyranuronosyl-D-rnannose ( ++). 
- = = 

(h) Pelargopium protectum (Geraniales; Geraniaceae). 

The purified gum had [a ]D +22° (_2 1.02) and equiv., 40.3. 

Hydrolysis for .32 hr. in O.lB-acid afforded xylose (+++) as the only 

non-acidic component, galacturonic acid or glucuronic acid ( +) , 

4-.Q-met.bylglucuronic acid, and a component staining red on the 

chromatogram, having an R al value of 0.6.3 ;in solvent b, R 1 -g . - -.xy_ose 

0.4.3 in the same solvent and being inmobile in solvents.! and.£:; 

this component was present to the extent of approximately two noln.r 

proportions, and was probably a biouronic acid with xylose as the 

reducing unit. 

( i) Eu~lea natalensis (Ebenales; Ebenaceae). 

The purified gum [a] D -27° (s 1.04), equiv., 760 «as hydrolysed 

for/ •••• 
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for 6 hr. inM-acid giving galactose(++++), arabinose(++), 

rhanmose ( ++), 4-.Q-methylglucuronic acid ( +) , glucuronic acid, a 

neutral component Egal 2.04 (in solvent~), and an acidic component 

staining red on the chronntogram and having R al 0.69 in solvent b. 
-g -

.Qt,he£_£O~P..2n!::n~s.i. 0.46 (in solvent~); 0.15, 0.25, (in solvent,E) 

( j) Albizzia "fla.tcrown" (I£gumin~s; Leguminosn.e) 

The ethanol precipitated polysaccharide had (a) D -14 ° (~ 0.5) 

and equiv., 865. Hydrolysis of the polysaccharide for 6 hr. in 

B-acid yielded galactose ( ++++), arabinose ( ++++), mannose ( +++), 

rhamnose ( +) , :xylose, 4-_Q-methylgluC'I,l.I'onic acid ( +) , 4-.Q- a -~-glu­

copyranuronosyl-:Q-galactose, 2-0- 13 -:Q-glucopyranuronosyl-:Q-mannose, - - - . -
a component Egal 1.83 in solvent ,2- (staining red), and 3-.Q-~-ga.lacto-' 

pyranosyl-~-arabinose (trace) • 

.Qt,he.r ,£O.,!!l.P2~n~s..i. 2. 72 (in solvent ~); 0. 25 (in solvent ,E). 

(k) Encep1lalartos latefrons, (Gynm.ospermales; Cycadaceae) ~ 

The p.u:-ified gum [a ]D -13° Cs: 1.51), equiv., 577, was hydrolysed 

for 20 hr. in 0.5B-acid giving galactose(++++), arabinose (+), mannose 

(trace), :xylose (trace), 6-.Q-13 -~-glucopyranuronosyl-~-galactose ( +), 

2-.Q-13 -~-glucopyranuronosyl-~-mannose (trace), and 3-.Q-methylrhanm.ose. 

(1) Watsonia versveldii (Liliales; Iridaeae). 

The ethanol precipitated gum from the polysaccharide found in 

the/ .... 
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the seed-boxes of the above plant had [a] D -105° (_s 0. 91) and 

equiv., 2050. Hydrolysis of the polysaccharide for 18 hr. in 

!:f-acid gave galactose ( ++) , arabinose ( +++++) , :xylose ( ++++) , and 

a biouronic acid R 
1 

0.45 (in solvent b) ( ++), and different from 
-ga . -

6-.Q- !3 -~-glucopyra.rruronosyl-~-galactose, 4-.Q-tl -:g-glucopyranuronosyl-

~-galactose, and 2-0- !3 -:Q-glucopyranuronosyl-:Q-nannose in solvent B• - - -

(m) Watsonia pyramidata {Liliales; Iridaceae). 

The ethanol precipitated polysacche.ride from the gum found in the 

corm-sacs had [a: JD -80° (,£ 0.4) and equiv., g_~. 20,000. Hydrolysis 

of the precipitate for 6 hr. in o.~-acid afforded galactose(++), 

arabinose(++++), xylose(++) and components chromatographically 

identical (in solvents _Q., J?, and _s) with 3-.Q- a -~;..galactopyranosyl-

~arabinose, xylobiose, and :xylotriose. The chromatograms showed no 

trace of acidic components, either as free acid, or as biouronic acids. 

Apart from the above polysaccharides, exudates from the following 

plants were investigated but found to be non-polysaccharide in 

character: 

(i) Pittosporales Pittosporaceae Pittasporum undulatum 

(ii) Pittosporales Pittosporaceae Pittasporum tobira 

(iii) Asterales Compositae Othonna rnerielpad 

(iv) Asterales Compositae Othonna hovia 

(v) ••••• 



(v) Asterales Compositae Othonna hertia 

(vi) Asterales Compositae Euryops sp;thaceus 

(vii) Liliales Liliaceae Sansevieria zevlanica 

The last mentioned exudate was found to contain a mixture of glucose, 

sucrose, and fructose probably exuded by a.naturaJ. mechanism for 

losing excess sugar. 
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,!ill3CUSSION 

Ma~ different polysaccharides have been evolved by plants; as 

the structural building materials, as reserve food nqterials,and as 

gum exudates from the higher plants. The first. group, the building 

naterials, consists of .JG'IiOclosely related types of polysaccharide, 

the hemicelluloses and cellulose. Both are normally found closely 

. 61 d associated with lignin, possibly covalently bonded • The secon 

group, the reserve food materials, consists mainly of starch, whilst 

the third group, the gum exudates, would appear to be produced in 

order to seal off. wounds on the exterior of the plant to prevent 

inf'ection, and to allow new healthy tissue to be built up under the 

site of the injury, Part 1 of this thesis has dealt with a cross-

section of this last type of polysaccharide. It is.imrnediately 

noticO.J.'bl.e that·:;;:i~a there are rna~ possible hexose and pentose 

sugars onLY a few of these are used in building up the polysaccharides 

associated with land~based plants. In these polysaccharides one 

normally finds two or more of the sugars ~rhamnose, ~-galactose, 

~-arabinose, ~-glucose, ~-xylose, ~-glucuronic acid, :Q-galacturonic 

acid, 4-.Q-:methylglucuroxic acid, and ~-mannose, with more rarely 

~-tagatose (in exudates from Sterculia species), ~-fucose (in gum 

11 
tragacantli ) , and y-galactose (in maize-hull hemicellulose

62 
and 

linseed rrn1cilage 
6.3 ). 

One of the largest groups of plant polysaccharides are the hemi­

celluloseey", ••• 



- .3] -

celluloses, so called because of their close association with cellulose 

in nature. Often the term has been applied only to polysaccharides 

which are insoluble in water but soluble in alkaline reagents; this 

however, ignores the similarity in chemical structure between water 

soluble and water insoluble hemicelluloses. This is possibly not the 

best way of classifying these polysaccharides. A classification 

similar to that used for gum exudates, where the types and positions 

of the sugar residues and their mode of linkage are taken into 

account would seem preferable. The hemicelluloses are part oft he 

fibrous cell-walls of the plants and as such form one oft he basic 

building units of the stem. Structurally they rray be classified 

into four nain types based on basal chains of .ma.nnose, gnlactosc~ 

glucose, and ~lose. 

Hemicelluloses containing more than 95% mannose are rare, and 

in fact the only substantiated cases are the two mannans from 

Phytelephas ma.crocarpa (vegetable ivor:JJ64• These two polysacchari-

des named mannan A and mannan B appear to be chemically identical, 

but to have different molecular weights. Hence if one considers 

the chains to be linear, ~thyla tion end-group assay studies have 

shown nanna.n A to be of the order of 10 - 13 units long, and 

mannan B 38 - 40 units long65 • A closely related group of 

hemicelluloses are the gl.ucomannans, which form about half of the 

hemicellulose fractions from coniferous woods. The preferred structure 

would appear to be a. linear chain of (3 -+ 4-linlred nannose ·residues 

interrupteq/ •••• 
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interrupted occasional~ by 4-linked ~ ~-glucop,yranose; there is 

evidence to suggest that the. glucc~annans from Nor~vegian ·s-pruce: are 

66 
branched • 

With the galactans and arabinogalactans however, the linear 

chain appears to be the exception. The only linear chain 

polysaccharides known in this group are both composed of ~ ~ 4-

.. liriccd galactose only, which is in itself unusual, as where the back-

bone is composed of galactose residues they are normal~ linked 

f3 -+ 6 or f3 ~ 3. The water soluble arabinogalactan isolated 

from larch wood has been well investigated. As early as 1898 

Trimble 
67 

reported its existence and numerous workers have follovved 

up this report through the difficulties arising from the heterogeneity 

of the po~saccharide and methylation, to the proposal of its structure 

by White in 1942 
68

; since then many reports using results obtained 

by more modern techniques have been published modifying this structure. 

Ev'en now, 67 years after the initial steps were taken, it is doubtful 

vmether the structure of the repeating unit has been finally elucidated. 

This then is a good example of the arabinogalactan, a highly-branched 

polysaccharide with a backbone of ~-+ 6 and f3-+ .3-li~dgalactose .and 

arabinof'uranose residues linked directly to the galactose. In some 

cases these arabinofuranose residues in turn are linked through 0(.3) 

to the glycosidic carbon of an arabinopyranose terminal unit. It is 

worth noting that, apart from the f3 -+4-linked galactans69 , 70, no 

galactans/ •• _. • 
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galactans have been isolated which do not contain arabinose • 

The glucans which occur in the cell-walls of plants are normally 

chains of (3 ·-+ 4-linked glucose units, though in some cases 13 -+ .3-

linkages do occur in the chain. On methylation and hydrolysis barley 

(3 -glucan gives equal proportions of 2,.3,6- and 2,4,6,-tri-::Q.~methyl--

glucose, and it appear5 that in this pqlys~ccharide (3 -+ 4 and (3 ~ .3-

1 ._,_ t . ual t 71 
~1.u=ge s are pre sen ~n eq amoun s • Part of the water soluble 

polysaccharide found in the grain of cereals is usually a glucan, 

but apart from these polysaccharides, glucans are normally found in 

the lower forms of plant life such as lichens and seaweeds. 

The last large class of hemicelluloses is that in which the basal 

chain of the polysaccharide consists of (3 ~ 4-linked xYlose residues. 

In this group a polysaccharide extracted from esparto-grass72 and 

another from Tamarind seeds73 are unique in that they contain no 

sugar residues other than zylose. Most of the zylans, whilst having 

maPY branch-points, do not carr.y side chains more than three sugar 

units long and do not include zylose residues in these side chains, thus 

giving a molecule with an unbranched zylose backbone. An authentic 

branching of' the zylose backbone has been shown to occur in wheat-straw 

hemicellulose, which, when autoclaved in distilled water, gave a 

branched xylose oligosaccharide74. These points illustrate one of 

the main difficulties encountered when dealing with hemicellulose 

polysaccharides;the lack of homogeneity of the polysaccharide extracted 

fron/ ••••• 
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from the parent material. The XYlan and the arabinoXYlan from 

espart~grass were finally separated only be repeated fractionation 

as the copper complex72 under very mild conditions. The general 

picture which has emerged of the xylans from lana.-.. based plants is 

that of a molecule always having a basal chain of~ -+ 4--linked zylose 

residues linked together linearly, though in one case the basal chain 

is branched. Attached to these basal chainsar'e short side·_chains 

containing up to three residues; these side chains have been shown 

to contain Irarabinose, ~- or ~-galactose, ~-glucuronic acid, and 

4--0-:zrethyl-~-glucuronic a.cid as an integral part of the molecule. 

The simplest type of xylan, is that in which the arabinose res?dues 

are present as single unit, terminal arabinofuranose side chains. 

This type of structure is common amongst the xylans isolated from 

cereals and grasses. These same xylans however, do on occasion 

have ~-glucuronic acid or 4--~methyl-~-glucuronic acid attached as 

side chains. Structurally the XYlans with single unit side chains 

may be represented by the partial structure r 75, and this is 

typical of the simpler type of XYlan molecule. 

-( 1 ~ 4-)- !3 -D-Xyl -( 1 _,. 4-) -( i3 -D-Xyl ) -( 1 .,. 4-)- (3 -D-Xyl -( 1 -+ 4-)-= P = pn = P 

I 

2(or .3) 

(4-Me)tt-!l-G A-J 
- p 

Ir/ •.• 
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t 1 r £r Araf 1 Gl'\>A i 

~-D-V"l -(1 -!> 2)-L-.Ara 1 ="'Vp = f 

II 

J:.Ara..,. 1 l.-.Araf 1 - ~1 = ! 
3( or 2) 3 

- (1 ~ 4) -~-D-Xyl - (1 ~ 4) -~-D-Xyl - (1 ~ 4) -~-D-Xyl - (1 ~ 4) -
..... p = p - 2p 

i 
L-Araf 1 
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Ul 
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In those parts of the cereal plants associated with the grain 

(i.e. cobs, husks, and hulls), the xylans tend to be ~re complex. 

One of the least complex of this group is the xylan found in barley 

husks76 where not all the side chains are· single units of arabino-

:fUranose or glucuronic acid but are occasionally 2-0- f3 -~-:x;ylo-
. - -

fpyranosyl-~-arabinofuranose linked to 0(3) of a :xylose residue in 

the basal chain. The partial structure II illustrates this type 

of :xylan. More complex is the hemicellulose from maize-hulls. 

Both ~- and ~~galactose occur as terminal non-reducing end-groups 77, 

the ~-galactose being linked through :xylose and arabinose to the main 

backbone of the molecule in the form of the trisaccharide unit 

Q-~-galactop,yranosyl-(1 ~ 4)-~-xylop,yranosyl-(1 ~ 2)-~-arabinose. 

As in previous examples, the glucuronic acid residues are found as 

single unit side chains. This group is characterised by its multi-

plicity of side chain structures butt here is no evidence to suppose 

that one xylose residue in the basal chain has more than one side 

chain attached to it. 

In the gums extracted from the grain of cereals, ~-arabino-

furanose is found as single unit side chains but, in this instance, 

xylose residues in the basal chainare found With both c( 2) and 0(3) 

of the :xylose substituted with terminal arabinofuranose, though 

substitution on only 0(3) still occurs. Whilst these molecules are 

simpler than the preceding type, they are evidence of a new t,ype of 

xylan structure III75 • 
The/ •••• 
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The xylans from hard and soft woods, whilst having the norma.J.. 

xylose backbone, only occasionally have arabinofuranose in the side 

chain but the main difference is tl'lat all have singie unit side 

chains of 4-,2-methyl~-glucu.ronic acid. 

There are 'two examples amongst the plant exudates which have 

been examined of polysaccharides with a basal chain of f3-+ 4-linked 

xylose residues. They are the gum exudates from Phormium tenax
78 

for Which partial structure IV has been proposed, and from Sapota achras44 

(structure V), both of which have been classified by Stephen and 

Schelpe3 as Type. C gums. 

On considering the different types of xylan from land-based 

plants discussed in the literature, marked similarities emerge 

Which may be stated as: 

(a) in the basal chain the xylose is always linked f3 ~ 4, 

(b) arabinose always occurs as a.rabinofuranose, whether as the 

terminal unit in a side chain or as a non-terminal side chain unit, 

(c) the basal chain of most xylans is unbranched, 

(d) when galactose occurs it occurs as non-reducing end group~ 

(e) neutral xylans are limited to the cereal gums, 

(f) because of the predominance of (3 -~-xylose linkages most xylans 

have high negative specific rotations, 

(g) if arabinofuranose occurs in the side chain linked directly to 

the xylose backbone and as a non-terminal unit, it is often linked 

through C(z) to the glycosidic carbon of the next unit in the side chain. 

Ir/ ••• 
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In the present research the gum :f'rc>m Watoonia pyramidata (A.ndr '!) 

Stapf has been investigated in detailo Corms from the flowering 

plant Watsonia EYramidata (Andr.) Stapf were collected during 

March 196.3, and :M.s.rch 1964. The plants had been growing wild for 

naey years without annual division of the corms although, in South 

Africa, the Watsonia species are also grown as cultivated plants. 

Inside the corms of these Watsonias a po~saccharide was occluded in 

sacs running transversely through the corm. By studying the corm 

through a full year' s cycle it was established that the gum was at 

a maximum in February or March (late sununer) just prior to the 

beginning of ·new stem growth, the amount of gum falling off rapi~ 

as the new stem was built up. By May the corm-sacs had become very 

sru:Ul, and they contained no gum, With the formation of new corms in 

the ensuing months the sacs once more enlarged and filled with the 

po~ saccharide • One of the zw.jor points of interest was the very 
• 

small amount of starch in the corm, and it would appear that th,e pol:y-

saccharide .;is in fact the reserve food material of the plant perform ... 

ing the function normally associated with starcho 

Attempts by Dr. A. Polson to measure the sedimentation constant 

of the polysaccharide79 , shovved that a 0.05% "solution11 ~· in water 

-of the material was not a true solution, and therefore no sedimentation 

data could be measured. This was unfortunate, as it had been hoped 

to use this data in conjunction with the diffusion coefficient to 

·t 
obtair/ ••• 

The author will throughout this discussioh· refer to solutions of 
Watsonia corm polysaccharide, though in actual fact what is zreant 
is a colloidal solution. 
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obtain the molecular weight of the gum, as has been previously 

achieved in the polysaccharide field with Virgilia oroboides gur~(4 • 

Precipitation of the gum with ethanol affords a fibrous precipitate 

which,when redissolved in water, even in concentrations of O.lg. per 

100 ml. gives an extremely viscous solution. This could be indica-

tive of a long basal chain with little, if any, branching of the 

main chain, and certainly indicates that the molecules tend to 

be long rather than spherical. This point is further strengthened 

by the electron micrograph of the corm polysaccharide
80 

which shows 

long molecules interspersed with a number of small spherical particles. 

An estimate of the volu.tll3s occupied by these two types of molecule 

indicate that the spherical type constitues about 10% of the mxture. 

The background of the micrograph is too broken and the resolution is 

insufficient to pick out the finer structure of the molecule, but 

there is a suggestion of helix formation noticeable in the molecules 

on the left of the micrograph. 

Attempts to fractionate the ethanol precipitated gum into two 

or more polysaccharides, either containing the same sugars in different 

proportions, or with different sugar residues, were singularly 

unsuccessful. The most xreaningful result in the fractionation 

experiirent s/ ... 

Facing page: electron micrograph of Watsonia polysaccharide. 



experiments was that obtained by using a molecular sieve of cross-

linked dextran gel (Sephadex). Util~sing Sephadex G~50 as a frac-

tionation medium, two polysaccharide fractions were eluted from 

the column, indicative of polysaccharides of differing molecular 

weight 
81

• The same experiment using Sephadex G. 25 afforded· only 

one component. All three fractions were found to have the same 

sugars as components in the same ratio to eax:ilother. According 

to the specifications for these two grades of Sephadex this would 

indicate that the lower molecular weight fraction oft he poly­

saccharide had a molecular weight between 5,000 and 10,000. 

The ratio of high to low molecular weight na.terial is 9 : 1 in 

the Sephadcx fractionation. 

Other ~thods of fractione.tion proved to be confusiiO.{) .. 

Fractionation vdth DEAE-cellulose did givewvo fractions, one 

eluted at Jjl6.o and the other at I!Il4.0; the second was heavilY 

contaminated with an uninvestigated non-carbohydrate material. 

Duolite A4 chromatography gave two fractions similar to the above • 

As the corm polysaccharide contained no uronic acid one would not 

expect Duolite A4 or DEAE-cellulose to fractionate the material~ 

all under the conditions used. The low equivalent weight of the 

second fraction from both these media indicates that the contaminant 

was acidic, but as no acid was used in the ethanol precipitation it 

nru.st be assumed that this contaminant is due either to an acid or 

salt/ ••• 



DIagrammatic re.~resentation of a possible 

structural repeating unit for Wats.onia corm 

P-Oiysacchar ide. 
" •· ,e•Xylopyranosc 

O· S:;.-Ara,.in,furanosc 

Yl •.. ~-·GaIa c t o p y ran o s c 

p( p( «" 

\ 



- 42 

salt, insoluble in ethanol, and present in the corms. As the 

amount of carbohydrate in the minor fractions was low ( 0.74% 

of the total polysaccharide on the column for Duolite A4), and 

due to the high viscosity of the solution of the gum in water 

and resultant difficulty of percolating the gum solution through 

the chronatographic J:!'rldia, the polysaccharide used for structural 

investigation was the original ethanol precipitated naterial 

(Fraction A). 

For ease of reference, the repeating unit which is tentatively 

proposed for Watsonia corm polysaccharide (VI) is presented on the 

facing·pa.ge. In this discussion the experimental results will be 

followed by the results calculated from this model structure. 

Total hydrolysis of the polysaccharide afforded galactose, 

arabinose, and xylose in the molar ratio 1 : 3.5 : 1.42 (m6del: 

1 : 3.86 : 1.43), an unusual although not unknown constitution 

for a :xy~.an, in that the :xylose content is much lower than that of the 

arabinose. The same type of con.l;ti.tutionis found in the :xylan 

isolated from wheat-bran
82, 83 , where arabinose is f'ound as the major 

sugar residue. 

Partial hydrolysis of a polysaccharide is undertaken in order 

to obtain as wide a range of oligo saccharides as possible. In 

1930, KUhn84 predicted the theoretical yield of an n-meiThered 

fragment fr9m random degradation of a uniform linear macromolecule, 

thif/ ••••• 
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this yield of n-mer being equal to n ex 2 (1- ex )n-l, where n = number 

of sugar residues in the fragment and ex = the degree of scission • 

. He further showed that the naxir:Jum possible yield of n-roer occuttcd. 
2 

when ex = n + I• The main difficulties in attaining this theoretical 

yield are that oligosaccharides once formed are further degraded 

during the hydrolysis and the lack of randomness during the degrada-

tion. As the polysaccharide from Watsonia corms contains more than 

one sugar residue, application of these theoretical methods is not 

possible but Painter, applying the expressions of Kuhn, has obtained. 

high yields of oligomers, and prevented their further degradation 

during hydrolysis by using dialysis to remove the smaller molecules 

from the reaction mixture85 • Although Painter used enzymatic 

degradation to produce the oligosaceharides, there seems to be no 

reason why the principle of his method (the removal .of oligosaccharides 

after their formation) could not be adapted to the Viatsonia poly-

saccharide hydrolysate. At various times the hydrolysis was interr-

upted by r..eutralizing the acid, and the high molecular weight material 

was removed by precipitation with 8<:% methanol. This precipitate 

was further hydrolysed, and the low molecular weight saccharides 

separated as before. Repetition of this process four times a.f'forded 

four syrups contair.ing a wide range of low molecular weight oli-

gosaccharides in yields large enough to allow complete characterisation 

of each and a precipitate presumably of higher molecular weight oli-

gosaccharides. After column Chromatography· of the material soluble 

i:rl .... 
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in 8Wo methanol after 7 hr. hydrolysis, the monosaccharides galactose 

and arabinose were characterised in the normal w~, whilst the first 

disaccharide eluted from the column was chromatographically identical 

with a sample of 3-_9- a -~-galactopyranosyl-~-arabinose prepared 

from carboxyl reduced Acacia cyanoffiylla gum. 3-_9-~-galactopyrano-

syl-~arabinose has been isolated before, as the {3-linked disaccharide 

from gum Ghatti7 and the gums of Al~~~zi_~Zlgia51 and Anogeissus 

schimperi
10

, and as the a-linked disaccharide fromArabic a~id22 (as 

two heptamethy.L derivatives), gum Arabic Turc. variety
8
5a (as a syrup), 

and Acacia cyanophylla gum28 
(as a syrup). Whereas the i3 -linked 

disaccharide had been crystallised (m.p. 202 - 203° 7, 204 - 205° 
10

, 

200 - 201° 5l) and has a specific rotation variously reported ~s being 

between +60 and +67°, the a-linked disaccharide had not been isolated 

as a crystaJ.line compound. 

The ~rup,y disaccharide obtained from Watsonia polysaccharide 

was shown to have galactose and arabinose as the sugar residues, 

whilst the elegant technique developed by Hough and his o~~...L..,..-.86 
\.P'"lr~-~ ' 

whereby the pheeylosazone of the disaccharide is oxidised with perio-

date ion, was used to determine the position of linkage of the 

disaccharide. As hydrolysis of the phenylosazone had yielded galactose 

as the only sugar, arabinose must have been present as reducing end-

group. The preparation of the osazone rules out 0( 2) of the arabinose 

moiety as the position of linkage, whilst the absence of a precipitate 

of mesoxalic dialdehyde 1,2-bisphenylhydrazone on periodate oxidation 

proves/ ••• 
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proves that the arabinose is not linked to the galactose through 

C(s)• Only if the link is to c(
3

) can any formaldehyde be formed 

(theoretically 1 mol.) from the oxidation. As experizrentally 1.01 

mol. was obtained, it would ~ppear that the phenylosazone is in 

fact that of 3-.Q- a -~-galactopyranosyl-~-arabinose (3-.Q- a -~-

galactopyranosyl-&-ribosazone VII). This was confirzred when com-

pared with an authentic specimen of the phenylosazone, as identical 

X-r~ diffractograms and infra-red spectra were obtained. -

HY=N-NHPh 
O=N-NHPh 
I 

'-----0--CH 

.Yll 

I 
HOCH 

I 
~OH 

The high specific rotation of the syrupy disaccharide (+ 182°) 

is characteristic of an a-linkbetween t~e arabinose and galactose 

residues, whilst the downward mutarotation shown by the crystalline 

disaccharide (+ 202 ~ +198°) is indicative of the arabinose group 

being more in the (3- than the a- form. 

Lead tetra-acetate oxidation of the disaccharide followed by 

borohydride reduction afforded crystalline 2-~a -R-galactopyranosyl­

~-erythritol, a compound which, accepting that the disaccharide was 

galactosyl-arabinose, could only have been produced from 3-.Q-a -R-
galactopyranoSyl-/ ••• 
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galactop,yranosyl-~arabinose. 

The concomitant release of 2,3,4,6-tetra~~methylgalactose and 

2,4-di-£-rnethylarabinose on hydrolysis of the methylated disaccharide 

indicated that in the isolated disaccharide the arabinose and 

galactose residues were both present in the pyranose form, though 

later, methylation studies on the polysaccharide will show that, as 

in other zylans, the arabinose occurs in the polyrner as arabinofuranose. 

It would appear that the disaccharide is thus 3-.9- a -~-galactopyranosyl­

~arabinose (VIII). 

OH 

CHO 
I 

HCOH 
I 

'----o---CH 
I 

HO:CH 
I 
CH20H 

The disaccharide was crystallised from methanol solution, 

apparently without any water of crystallisation; specimens dried 

at 100° in vacuo, and at room temperature 1n vacuo, had the same 

percentages of carbon and hydrogen. An unusual point was that, although 

the two specimens had identical melting point, the !-r~ diffractograms 

and infra-red spectra of two ~stalline preparations from aliquots 

of the same syrup were not identical. In the infra-red spectra 

the/ •••• 
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the only difference in the positions of the peaks was that one 

preparation had absorption at 796 cm.-1 ; otherwise all the absorption 

maxima were at the same wavelength. Peak heights relative to the 

general contour of the spectrum did vary somewhat between the two 

batches of crystals, this hov~Jever, is a phenomenon vmich has been 

described before for the infra-red spectra of samples of sucrose 

having differing degrees of crystallinity87• Absorption at 849 c~--l 

in both batches indicated ~-anomer88(of ~arabinop,yranose). The 

differences observed in the !-ray diffractograms were probablY due 

to t'wo different crystalline phases being present • One can accept 

this as:heing a correct interpretation of the facts, it must 

be emphasised that chemically no differences could be found in the 

two preparations, and the melting point of a mixture of the two sets 

of crystals (which each had m.p. 156.5 - 157 .5°) was undepressed. 

Application of Hudson's rules of isorotation89 to the disaccharide 

confirm both the a -link and an arabinopyranose reducing group as 

illustrated below. 

Molecular rotations used were, 

a -methyl-~-arabinopyranoside 

~ -methyl-~arabinopyranoside 

a -methyl-~-arabinofuranoside 

~ ~methyl-~-arabinofuranoside 

~ -methyl~-galactop,yranoside 

~ •methyl-~-galactopyranoside 

+2,800 

+40,300 

-20,500 

+3,300 

+38,000 

+194 

To/ ••• 
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To find the A and B values for arabinose the above values are 

substituted in the equations 2A = [M]a .. (M](3and 2B = [M]a + [M.](3 

thus one calculates the values to be, 

for arabino:..)yrc..-"1-~si~ A = -18,750 

B = +21,550 

B = - 8,600 • 

.SUbstitution of these respective values of A and B for arabino-

pyra.noside and arabinofuranoside in the equation 

gives the molecular rotation of the «-anomer of the disaccharide, 

and substitution in the equation 

- A era 

gives the (3 -anomer of the disaCCharide. The speci.i"io rotatiOn i.s ·• 
. {M]disaoc. 

then caJ.culated from the equation (a] D = mol. wt. • Calculated 

values from the above equations give the following specific rota.tials 

for the four possible disaccharides (assuming that the reth,yl glycoside 

rotation is.very l.ittle different from that of the disaccharide). 

(i) 

a - anoner .[a] D = +l31 ° 
(3 - anolll3r [a] D = +251 ° 

(ii)/ •••• 
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(ii) 3-.Q-(j -:Q-galactopyra.nosyl.,.L-ara.binopyranose - = . 
0 

a -ru1omcr [ a ] D = +10 

{3 -anomer ( a] D = +130° 

( iii) 3-.Q- ct-~-galaotopyranosyl-:ft-arabinofuranose 

a-anomer [a] D = + 56° 

{3-anomer [a] D = +1.32° 

( iv) 3-Q.- (3 -~-galactopyranosyl-~-arabinofuranose 

a-anomer (a] D ;:: .. 
(3-anomer [a] D = + 11° 

From these results it rre.y be seen that 3-.Q-a-~-galactopyranosyl­

It-arabinopyranose is the only form of the disaccharide in which 

the equilibrium specific rotation could be +198° (the specific 

rotation of the crystalline disaccharide). 

The second oligosaccharide eluted from the column was shown to 

consist of two mols. of arabinose and one mol. of galactose. Boro-

hydride reduction of the reducing group, and partial hydrolysis 

afforded arabinose, 3-.Q- a -R-ga.lactopyranosyl-~-arabinose, and 

arabitol, whilst partial hydrolysis of the original trisaccharide 

yielded galactose, arabinose, and 3-.Q- a ... ~-galactopyranosyl-~-arabinose 

only. It is clear from these results that the trisaccharide is made 

up of the disaccharide previously discussed (possibly wi tla the 

arabinose in the furanose form) linked to another arabinose residue 

which is a reducing unit. The fast rate at which arabinose is 

hydrolysed/ ••• 
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hydrozysed off this molecule in o.ol.N;...sulphurio acid would indicate 
. ·-

that the non-reducingaro:binosc urtit is in the furanose form. 

Periodate oxidation studies on the bor~dride reduced tri-

saccharide have shown that 1.06 mol. of formaldehyde was produced 

. c1uring the oxidation. Only if the 0( 
2
), 0(4), or 0(5) hydroxyl groups 

of the arabitol were involved in glycosidic linkage would one mol. 

of forrmldehyde be obtained. If the link was through the 0(3) 

•hydro:xyl gfoupj. two mol. of foriW.ldehyde would be produced. 

The link through 0(
4

) was regarded as unlikely as the fast rate at 

which the trisaccharide is hydrolysed from the parent polysaccharide 

is indicative of the reducing arabinose unit having been in the 

furanose form. A linkage through the hydroxyl on 0(
5

) was considered 

more likely but one would have expected to find ethylene glycol as 

a product of oxidation and reduction. This v.as not found in an 

hydrolysate of the reduced periodate oxidised IW.terial; however, 

under certain circumstances ethylene glycol, due to its volatility, 

has been found difficult to detect in srJall quantities. A link to 

the non-reducing arabinose through the hydroxyl on 0( 2) of the arabitol 

seemed the most likely position, though at this stage experimental 

results did not rule out 0(4) and c(
5

) as the positions to which the 

rest of the molecule could be attached. The appearance of arabinose 

in an hydrolysate of the reduced oxidised reduced trisaccharide is 

what one would expect, as the disaccharide portion of the molecule 

will give only glycerol, from the fragment containing 0(
4
), 0(5), 

ana,/ •• • • 
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and 0( 6) of th~ terminal non-reducing galactose group; oxidative 

cleavage having taken place between the ~-glycol systems on 0(3) 

and 0(4), and 0( 2) and c(3)' with the release of one mol. of formic 

acid. Further formic acid (one mol.) would be produced from cleavage 

of the CX-glycol systems on 0(
5
), 0(4), and o(3) of the arabitol 

group. Experimentally, the amount of formic acid determined was 

1.9 mol. presums.b!y made up of one mol. containing 0(3) 

tose unit and one mol containing 0(
4

) of the arabitol. 

is formula ted in IX. 

of the galac-

The reaction 

CH OH 2 

l 
~ 

HOOOH 

OH 

0 

0 

HO~C 

OH 

- - - - - periodate attack 

r2oH 
HC 

I 
HQCH 

- iio6ii -+ HCOOH 
~ -- - -
CH20H -+ HCHO 

Methylation of the syrup afforded a product with a specific 

rotation of +41°, whilst hydrolysis of this product yielded 2,3,4, 6-

tetra-2-methylgalactose from the terminal non-reducing galactose 

group, 2,5-di-Q~methylarabinose from the non-r~ducing arabinose 

residue, a large amount of 3,4-di-0-methylarabinopyranose and a small 

amount of 3 ;5-di-.Q-methylarabinofuranose. The presence of 2,5-di-

.Q-methylarabinose is confirnation of the suspected furanose character 

of/ ••••• 
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of the non-reducing arabinose unit as c(
5

) carries a metho:xyl group. 

The appearance of both 3,4- and 3,5-di-.Q-metbylarabinose residues 

shows that in the methylated syruPY trisaccharide a mixture of the 

t'uranose and pyranose forms of the reducing group exists. T'his is 

probably the reason Why attempts to crystallise the original tri-

saccharide from a variety of solvents were unsuccessful. The 

fact that these two methylated sugars do appear in the hydrolysate 

of the methylated trisaccharide confirms that 'thclinka.ge position 

to the reducing arabinose is through 0( 2), and it would appear that 

the trisaccharide is .Q- a -~-galactopyranosyl-(1 -+ 3)-.Q-¥-arabino-

furanosyl-(1 -+ 2)-¥-arabinose 

the furanose or pyranose form. 

OH 

(X), with the arabinose in either 

CHO 
,---- O ---::H~b~-=::J--, 

I 
HOCH 

I 
HOOH 

I 
CHzOH 

An a -link from the non1-reducing arabinose to the reducing 

arabinose unit is indicated by the drop in the equilibrium rotation 

from that of' the disaccharide ([a]D +198°) to that of the trisaccharide 

([a] D + 67°). Although Hudson's rules of isorotation take no account 

of the linkage positions, they provide a reasonable method of checking 

the configuration of glycosidic links. Application of these rules 

to/ ••• 



":" 5.3 -

to the trisaccharide · ·tended. to confirln that the link joining the 

twoa-abinose residues was a but certain assumptions had to be ID9.de. 

Tbe main one being that furanose and pyranose .forms of the arabino.se 

reducing group were present inthe original trisaccharide in nruch 

the same ratio as they ~re in the methylated material, and a 

second, that the position of the linkage made a negligable contri-

bution to the molecular rotation. With these provisos in mind, 

the following specific rotations. for the four possible trisaccharides 

were calculated using the equation 

[MJ.a. = [lfJ ( ,+ B + Ae..ro(for the·-aran~r) 
~risaco disaco tt orf3 anoner, ara. - A (for the f3-anomer) . 

ara 

The molecular rotations used were the same as those used for the 

disaccharide with the addition of the two which were calculated for 

.3-0-a -D-galactopyranosyl-L-a.rabinofuranoside ((M]cli in the for-- = = sacc 

mula). Application o£ these figures gave the £ollow,ing rotations: 

( ii) Gal a .., .3 Araf 13 -+ 2 Ara p p 

a-anoner [aJD = + 46° 

f3-anoner [a ]D = +1.30° 

a-anoner [a] D = + ro 0 

f3 ... anom9r [a ]D = +184° 

a-anoner [a ]D = - 7° 

!3-anomer [a Jn = + ~:0 

a-anomer [a ]D = + 47° 

13-a.norrer [a ]D = +1~ 0 

The specific rotation o£ the trisaccharide ( +,67°) lies within the 

limitE/ ••• 0 
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limits of either (1) or (iv) 'but if the pyranose form predominates,· 

as has been n.ssumed, the Cl-3._ink as in (i) is the most likely. The 

presence of small quantities of a-linked arabinofuranose (as in iii) 

would lower the equilibrium rotation slightly from a maximum of 

+130° and a minimum of +46° Imking 67° closer to the centre of the 

range. Whilst this application is not as accurate as when used for 

the disaccharide, the rules of isorotation do still seem to give a 
.:--: , __ . . . 

,l.•. 

reasonable method of caiculating theoretical specific rdtations for 

a trisaccharide. 

Further elution of the colunm produced what appeared to be a 

homoloszous series of zylose oligoirers as the relationship 

[logE l. l-1 1E suspected degree of polymerisation proved to be a 

linear ~~ctiozt.0 The components oft his fraction were not identified 

but added to the zm.terial chroimtographed on the second charcoal/ 

Celite column. Elution of this column afforded the same components 

as before, with the addition of ~lose, which was characterised in 

the normal way, and also a disaccharide and a trisaccharide both 

containing ~lose as the only sugar residue. 

The phenylosazone of the disaccharide had a melting point 12° 

higher than that reported in the literature for the phenylosazone 

of ~lobiose. However, periodate oxidation of this phe~losazone 

yielded 1.06 mol. of formic acid per mol. of the disaccharide 

phenylosazone, no formaldehyde, and no precipitate o£ mesoxalic 

dial dehyde/ •••• 



-55-

dialdehyde 1,2-bisphecylhydrazone. These results are strong evidence 

that the two xylose residu~s were linked 1 ,.,). 4 to each other. 

The specific rotation is close to reported values for the f3~ 4-linked 

:xylopyranosyl-:xylose, and final confirmation of the structure was 

obtained by preparing the acetylated disaccharide and measuring its 

rotation and melting point ('Which ~>was undepressed on admixture with 

an :authentic sample) • 

anosyl-~-:xylose (XI) • 

The disaccharide is thus 4-0-13-i>-:xylopyr-- = 

OH 

CHO 
I 

HCOH 
I 

0~ 
I 
CH20H 

The trisaccharide afforded only compound XI and :xylose on mild 

acid hydrolysis. Crystallisation of this fraction and mixed melting 
' 

point of the crystals proved it to be .2- f3 -R-xylopyranosyl-(1 -+ 4)-

.Q-f3 -~--:xylopyranosyl-(1 ~ 4)-~-xylose (xn). The structure of the 

trisaccharide wa·s also confirr.Jed ·by cor:IpD.rison of its octa-acet&te with 

an authentic sample. 

0 

OH 

CHO 
I 

HCOH 
I 

O~O?H 

HCJ 
I 
CH20H 
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Finally, elution of the column with 80% methanol afforded the 

homologous series of :xylose oligomers from zylotetraose to xylohep-

taose. These were identified by paper chromatography, the spots 

obeying the mathematical relationship previous~ stated; hydrolysis 

yielded lower oligorers of :xylose and :xylose as the only products. In 

all probabil;ity this partial hydrolysate contains the (3 1 -+ 4-linked 

series of :xylose oligomers isolated by Whistler from corn-cob :xylan91 

and Bishop from wheat-straw hemicellulose74• 

A second reason for degrading the original po~saccharide by a 

series of hydrolyses was to remove as n:e.ny of the side chains as 

possible, leaving the basal chain intact. After hydrolysing four 

times, this appears to have ooon achieved, as -e_ •• ~a,CWd: p~ccharide 

insoluble in water but soluble in dilute alkali (a characteristic 

feature of xylans which are not highly substituted) was isolated. 

On hydrolysis this polysaccharide though showing no galactose and 

only traces of arabinose was found to give rise to small amounts of 

glucose as well as the major component, xylose. The glucose probably 

Callli;3 from starch which must have been contaminating the polysaccharide 

throughout the hydrolysis. As only mild conditions of hydrolysis had 

been used it was unlikely that starch molecules which consist of 

glucopyranoSe units would have been seriously degraded. It must 

be emphasised that this glucose containing fraction was about 0.~ 

of ~e total polysaccharide which 1'/.as hydro~sed and no glucose was 

·.isolated from the chromatographic separation. Methylation and then 

hydrolysi~~··• 
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hydrolysis of this mixture of two polysaccha.r:;i.des afforded 2,3 ,4-

tri-,9-rnethylzylose (1 part), 2,3-d.i--:Q-methylJ<Ylose ( 8 parts ) , 

2,3,4,6-tetra~-methylglucose (trace), and 2,3,6-tri-,9-methylglucose 

(trace). The 2,3-di-,9-methylxylose confirms the 1 ~ 4-linked zylose, 

ihilst its ratio to that of 2,3,4-tri-,9-rnethylzylose indicates that the 

average length of the basal chain af'ter degradation is nine xylose 

units, though as gas-liquid chromatogra~ was used to calculate the 

molar ratios these figures must be regarded as only approximate. 

The yield on column chromatography of the partial hydrolysates 

of Watsonia polysaccharide was only about 5Q%, lower than would be 

expected. Calculation of the amounts of arabinose, galactose, and 

zylose eluted from the column and comparison with that originally 

found in the polysaccharide Showed that a large amount of ~lose 

had still to be accounted for. In view oft he srrall weight of zylose 

oligomers recovered, there is a possibility that, under the conditions 

used oligosaccharides of higher degree of polymerisation than seven 

rray be irreversibly absorbed onto the charcoal and not eluted with 

7r:Y/o methanol. 

The partial hydrolysis of the polysaccharide has Shown that the 

basal chain of the Watsonia gum.· consists of (3-+ 4-link.ed zylopyranose 

residues substituted with .Q- «-R-galactopyranosyl-(1 -+ 3)~_g-a: -¥­

ara.binofuranosyl-(1 -+ 2)-!t-arabinose and, although some of the di­

saccharide 3-.Q- a:-I?-galactopyranosyl-~-arabinose undoubtedly arises 

from side chains of the trisaccharide by hydrolysis of the f'uranose 

linl/ ••••• 
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link between the two arabinose residues, some is probably linked 

direct to the xylose chain. The appearance of both these saccharides 

during the ear.ly stages of a rel~tively rrdld acid hydrolysis indicates 
' . . ' ~ ', . . 

that the reducing end group inmch is probably in the furanose form, 

'Whilst the absence of saccharides longer than three sugar residues 

is an indication that three could be the :max:imum nuniber of sugar 

residues in a side chain. It is interesting to note that the a ra-

binose reducing group in the trisaccharide is joined to the next 

sugar residue in the moleeule through C( 
2
), a mode of linkage not 

uncorrmon in the xylans, c.f. ~-Galp-(1 ~ 4)-~-Xylp-(1 -+ 2)-~-

Ara from mnize fi~62 • The high proportion of arabinose released 

on mild acid hydrolysis is indicative of a large proportion of the 

arabinose in the molecule occur.l:'ing in b form of single unit furanose 

side chains, as there was no evidence of an:y arabinose disaccharides 

being released during the hydrolysis. 

Norma.lly Haworth's rrethod of rrethylation requires a high aqueous 

concentration of polysaccharide. As Watsonia polysaccharide was only 

soluble in water to the extent of ~· 0.3%, this :rrethod was not very 

Sl,lCCessful. However, it was found that much higher concentrations 

of polysaccharide could be obtained by homogenizing the material in 

aqueous sodium hydroxide (at 4 ° in an atmosphere of nitrogen) ; the 

nonml Haworth procedure then worked very satisfactorily, as a product 

was obtained from a single methylation step with a methoxyl content 

of 36.8% (higher than that usually obtained 'When the polysaccharide . 

is/ ... 
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is dissolved initially in water) . There are of course. inherent 

dangers in using this method. The main one being that al,kaJ.i degrad.a-

tion can take place from the reducing end of the ba.sal chain. To keep 

this degradation to a IIJ:illimum,dilrethyl sulphate was added to the 

reaction mixture as soon as possible in order to methylate the 

glycosidic hydro::xyl group on the reducing residue, and stop the 

formation of sacdharinic acids. In a later part of the discussion, 

it will be shown that most of the xylose residues, if not all, have 

the c(
2

) position substituted. Thus alkali degradation could not 

have taken place to any significant extent. 

Further methylation by the methods of Kuhn and Purdie proved 

satis~actory and afforded a product with a metho::xyl content of 

37 • .5%. The use of dmethylfornnmide in the Kuhn methylation pre­

sented some difficulties, as higher tel!!P8ratureu ~· 70°) than it 

is advisable to use with polysaccharides had to be. employed to remove 

the last traces of dim::thylfornamide. Although no degradation appeared 

to take place in this case, it is probably better, if the polysaccharide 

is soluble in m::thyl iodide after m::thylating by the Haworth procedure, 

to methylate directly with Purdie's reagents. This would also obviate 

the step of removing the dimethylformamide-silver iodide complex, a 

procedure which rray prove troublesome. The Kuhn procedure was not 

omitted in xrethylating the Watsonia polysaccharide, but the high 

metho::xyl_contentafter the initial methylation, and the fact that 

Kuhn methylation raised the metho::xyl content by only 0.3%, and 

the/.~. 
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the similarity of the infra-red spectra in the 'COH region where 

little absorption occu:rn;;da£tcr Ifubn or Purdie methylation, indicates that 

omission of the Kuhn methylation may have been justified in this case. 

Hydrolysis of the fully methylated polysaccharide afforded 

2,3 ,5-tri -.Q-rethyla.rabinose, 2,3 ,4, 6-tetra-.Q-methylgalactose, 

3,5-di-.Q-methylarabinose, 2,5-di-g-methylarabinose, 2 3 6-tri-, , 
.Q-methylgalactose, 3-.Q-methylxylose, 3-.Q-methylarabinose, and 

xylose. As demethylation can take place during :the hydrolysis of 

methylated polysaccharides, especially when the initial hydrolysis 

is with formic acid92, it is advisable to modify the oothod 

normally used. The methylated polysaccharide was found to be soluble 

in 15.% formic acid in !;!-sulphuric acid, and this was the hydrolysing 

agent employed. In the light of further investigations (see page 67 ) 

it is impossible to account for the 2,3,6-tri-..Q-methylgalactose 

which appears in an hydrolysate of the methylated gum. Whi4.st this 

could arise from the demethylation of 2,3,4,6-tetra-.Q-methylgalactose 

during hydrolysis, it is known that the axial, hydroxyl group at c(4) 

of galactose is difficult to methylate. A certain amount of demethy-

lation undoubtedly does take place as the same Sa.II!Ple of methylated 

polysaccharide gave differing amounts of 2,3,6-tri-.Q-methylgalactose 

relative to the other methylated monosaccharides when hydrolysed with 

different reagents. The most 2,3,6-tri-0-methylgalactose was found 

in the hydrolysate when hydrochloric acid was used as the hydrolysing 

agent, a not surprising result when one considers that hydrobromic 

acia/ •••• 



.,.. 61 -

acid, also a halogen acid~ is used as a demethylating agent 60• 

The absence of any arabinose with the hydro:xyl group on c(
4

) 

~thylated coupled with the absence. of 2,.3-di-.Q-methylarabinose 

(0(4-) or c(
5

) as a link position) is a final probf that all the 
< 

arabinose in the gum is in the furanose form. If one accepts 

that the 2,.3,6-tri~·methylgalactose is produced by undermethylation 

or demethylation, all the galactose residues occurring in the original 

polysaccharide are present as non-reducing end groups. This is as 

would be expected from a study of other galactose containing ~lans. 

The isolation of 2,5- and .3,5...;di-O-metbylarabinose from the ~thylated - . 

gum confirms that in the original polysaccharide the non-termi:na.l 

arabinofuranose residues were linked through 0(.3) or 0( 2) respectively. 

The unusual point which euarges from the methylation investigation of 

the polysaccharide is that at least 92.5% (these figures are .calculated 

from the molar ratios presented in Table ).3~ page 110) of' the xylose 

in the original gum is resistant to methylation. The other 7.5% of' 

the ~los(;} is found in the hydrolysate of the methylated gum as 

3-.Q-rnethyl:xylose., indicating that either arabinofuranose (probably 

as single side chains) has occasionally been removed from its 

point of attachment at 0( 2) of a_xylose residue during the methylation, 

or that in fa~t SO!Iletimes 0( 2) on a :xylose residue carries no 

substituent. The 3~-methylarabinose and 2,4,6-tri-.Q-methylgalactose 

each constituting less than l% of the products of' hydrolysis are quite 

• 
possibly due to under- or demethylation and rray at the present stage 

be/ ••• 
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be ignored in building up a structure for the polysaccharide. 2,.3 ,5-

tri-Q-methylarabinose and ~lose were recovered from the hydrolysate 

in equal molar proportions, indicating that in the original gum each 

~lose residue in the basal chain had an average of one arabinofuranose 

group attached as a single unit side chain. An interesting point 

is the absence of ~lose with the c(
4

) hydroxyl group methylated. 

As this would be produced only at the non-reducing end of the basal 

chain, that is assuming that the chain is not terminated by arabinose 

or galactose, the amount found may be used as a measure of the length 

of the molecule, which, subject to the provision made, is consequently 

high. Though no upper limit can be given, 0.2 residues of 2,4,6-

tri-Q-methylgalactose were detected in 41.2 sugar residues (see 

Table 15) i..e. one residue per 206 residues. Thus one would expect 

tobe able to isolate a similar quantity of a methylated xylose. 

The fact thatnone was detected either by cellulose column chroma-

tography or gas-liquid chromatography presumably means that, if the 

terminal group on the basal chain is xylose, the polysaccharide molecule 

contains at most only one xylose end group per 206 sugar residues. 

The amounts of sugar residues isolated from the hydrolysate of the 

methylated polysaccharide have shown this to correspond to a basal 

chain length of at least 50 xylose residues. The amounts of methyl 

sugars and sugars found experimentally were (with the amount calculated 

from the proposed model in parenthesis); 2,.3,5-tri-.Q-methylarabinose 

10.0 (12), 21.3,4,6-tetra-2-methylgalactose + 2,3,6-tri-~-methylgalactose 

7 • .35/ •••• 
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7.2 , (7), 2,5-di-.Q-methylarnbinose 6.5 (8) ~ 3,5-;-di?methylarabinose 

6.2 (7), 3-.Q-methylxylose 0.75 (1), xylose 10.0 (9). These figures 

represent good agreement between theoretical and practical results, 

though approximately five residues of arabinose are missing for every 

ten xylose residues in the basal chain. This could well be due to 

handling losses, as 2,3,5-tri-.Q-methylarabinose especially is known to 

be volatile to a certain extent and could have been lost during the 

evaporation of the eluting solvent after column chroffi9.tography. This 

loss ofarabinose is reflected in the ratio (calculated from the yields 

of methylated products) galactose: arabinose : xylose which was found 

to be 1: 3.08: 1,46 {1: 3.86 : 1.43). An attempt was In9.de to use 

gas-liquid chromatography to separate and identify (against standards) 

the methylated sugars and it was found, in agreement with other workers, 

that this is an excellent means of identification of the components. 

Quantitative gas•liquid chromatographic analysis was abandoned, 

(a) because the unmethylated xylose could not be eluted from the column 

under the conditions used and (b) because of extensive demethylation 

of the 2,3 ,5-tri-0-methylarabinose during methanolysis. Possibly 

acetylation of the remaining hydroxyl groups in the methanolysis 

products from the methanolysed polysaccharide, and gas-liquid 

chromatography on a mixed polar and non-polar liquid phase, would 

give a better idea of the quantities of the unmethylated :xylose and 

-
monomethylglycosides released on methanolysis. Fully acetylated 

methylglycosides have been satisfactorily separated by this method92a. 

It/ •.• 
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It will be ob83rved that the total urabinose contents found by column 

chromatography and gas-liquid chronntography of the methylated poly-

saccharide are very similar. There appears to be more dimethyl-

arabinose and less trimethylarabinose in the products from gas-

liquid chromatography. This phenomenon has been observed for other 

methano~sed methylated polysaccharides containing arabinose non­

reducing end grou.-?7 and it does not seem possible at the present time 

to put the quantitative analysis of complex methylated polysaccharides 

by gas-liquid chromatography onto a sound basis, when a flame-ionization 

detector is used. 

In any methylated polysaccharide, the number of methylated end 

groups should equal the number of branch points in the molecule. 

Excellent agreement was obtained in this methylation experillent which 

afforded 17 ._.2- end groups for 20.75 branch points, as against 19 to 

19 respectively for the model structure. The number or groups in the 

chain which were neither branch points nor end groups was found to be 

12. 7 (15). 

The investigation on the methylated po~saccharide has shown 

that most of the xylose residues in the (3~ 4-linked basal chain . 

are substituted on both 0( 2) and c(
3
), a type of structure which has not 

been observed before in a xylan; occasional double branching af a 

xylose residue in the backbone has been shown to occur in wheat 

endosperm hemicellulose93 where positions C( 
2

) and c(
3

) of the same 

xylose/ ••• 



- 65 -

:xylose residue were each substituted With a single unit side chain of 

~~ar~inofuranose. In view of the successful methylation of the de-

• 
graded polysaccharide from the partial hydrolysis investigation 

~{see page 57) which proved to be a chain of :xylose residues, it is 

thought highly unlikely that Watsonia polysaccharide could in fact 

be a mixture of an arabinogalactan and a pure :xylan resistant to 

methylation, as much the same methylation procedures were used for 

each case. The unnBthylated xylose recovered after methylation 

of the polysaccharide affords proof of the branch points in the 

zp.ol<::PV:J.€); t.hese -£rE;3 essential as no other branch points had been 

found to .p;rovide points of attachment for the arabinose and galactose 

ip the side chains. 

Confirmation has been obt~ined for the earlier assumption that 

in both 3-.Q,..a .-~-galactopyranosyl-Jrarabinosea:nd..Q- a -~-galactopyrano­

syl-(1 ~ 3)-..Q-a -~-arabinofuranosyl-(1 ~ 2)-¥-arabinose isolated 

from the :rartial hydrolysis mixture, all the reducing arabinose was 

originally in the furanose form. 

Indications are that, if the Qa.sal chain is terminated by a 

xylose residue, the minimum length of_ the polysaccharide is a bout 50 

xylose units containing a total of 206 sugar residues. The fact 

that most of the xylose residues carry side chains on 0(2) and 0(3) 

would make the polymer resistant to alkali degradation during the 

initial ::tages of the methylation. 

Analytical periodate oxidation of the polysaccharide over 15 
days/ •••• 
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days indicated that the polysaccharide consumed O.L!-4. mol of periodate 

and released 0.087 mol of f'ormica,ci<l ~:ir l.~ r:t£· gum; the ii1Q('jretiliJa1 

figures from the model are Q.425 mol and 0.110 mol respectively. 

After three months oxidation the periodate consum::ld wa.s 0.515 mol. 

Periodate oxidation of' a large amount of polysaccharide however, 

produced anomolous results, as after 14 days the periodate consUID9d 

was 0.864 mol. per 100 g. of' polysaccharide. As the concentration of 

:periodate was higher in this bulk experiment the two experiments are 

not strictly comparable, though one would e .xpect the consumption of' 

:periodate to be the same for each when all the a -glycol systems had 

been cleaved. This discrepancy in the bulk experiment was presUIIably 

due to non-MaJ.apradian oxidation occurr~; or as the reaction solution 

was unbuffered there was a slight chance that glyceraldehyde was being 

hydrolysed from the molecule qy the formic acid produced, and consuming 

more periodate ion in cleaving the a -glycol system so formed, leading 

to a loss of glycerol when the oxo-polysaccharide was reduced and 

hydrolysed; in fact a loss of glycerol did occur (see page 67 ) • 

Both of these reasons could fit the facts which have been found. A 

second bulk experiment (not reported in the experimental section) showed 

a break in the curve of p:lriodate consumed~ time of oxidation. 

This has bee'n interpreted as being the true consumption of periodate 

to cleave all the a -glyc61 systems in the polysaccharide94• 

This break occurred at a periodate consumption of 0.51 mol./100 g., a 

figure/ •••• 
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figure in much better agreement with that found in the analytical 

experiment. This point, is probnbly the point at ·which M'alapradian 

oxidation ends. 

The normal method of removing borate ion after borohydride 

reduction of the oxo-polysaccha.ride is1 after removal of sodium ions, 

to evaporate successive portions of methanol from the product. This 

rethod has the disadvantage that t empera.tures above ambient temperature 

are used, an inadvisable procedure if it can be avoided. This 

difficulty was circurr.wented vdth Watsonia reduced oxo-polysaccharide 
I 

by passing it in concentrated solution through a column of cross-

linked dextran gel (Se.I;had.ex £...,..25medium grade). This new technique 

was found to work admirably, affording a polysaccharide fraction 

completely free from inorganic ions and a fraction containing borate 

ion, virtually no carbohydrate, and no glycerol or other polyol. 

Hydrolysis of the reduced. oxo-polysaccharide afforded xylose, arabinose, 

and glycerol in the ratio of 10 : 14 : 7 (the nodol ~~s 10 : 15 : 19) • 

At no time during th:l bulk experirents was the presence of threitol in 

the hydrolysate detected, which confirms the asswnption made earlier 

that the 2,3,6-tri-g-methylgalactose in the hydrolysate of the methy­

lated gUm was in fact due to under- or demethylated 2,3,4,6-tetra-
~. 

g-methylgalactose; galactose linked through C(l) and c(
4

) must give 

threitol on periodate oxidation and subsequent reduction. 

Smith degradation95 of the reduced oxo-polysaccharide gave 

glycerol as the only polyol and a small amount of arabinose which was 

shoW!( ••••• 
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shown to be almost entirely in the free form and not bound to a 

glycitol residue. Results from Smith degradation experiments must 

thus be carefully interpreted as it would appear that the glycosidic 

links of arabinofuranose residues may be cleft during hydrolysis in 

cold sulphuric acid. Apart from the glycerol and arabinose, which 

were soluble in 96% ethanol, an insoluble residue was recovered which 

was shown to consist of ~lose and arabinose in the ratio 10 : 14.2 

(model requires 10 : 15) • Methylation of this material and subsequent 

assay of the hydrolysis products separated from paper sheets showed 

the following components in the approximate molar ratios given 

(components identified by gas-liquid and paper chromatography): 

2,3,4-tri-2-methyl~lose 1.0 (1), 2,3,5-tri-0-rnethylarabinose 

9.3 (9'), 2,5-di~-methylarabinose 1.0 (1), 3,5-di-0-methylarabinose 

5.6 ( 5), 2,3-di-..Q-methyl~lose 1.5 (2), 2- and 3-.Q-methyl~lose 

5.1 (5), xylose 3.0 (2). Use of these results gives a ratio of' 

~rlose to arabinose of 10 :15· (model requires 10 : 15). 

If the basal chain is terminated by xylose at the non-reducing 

end, the molar proportion of ~rminal zylose to non- te-

rnrlnal zylose indicates that the approxinate length of the basal chain 

after one Smith d3gradation is 10 zyl,ose units. The nuniber of end 

groups in the reduced oxo-polysaccharide (10.3) compares well with 

the number of branch points (11.1). A further attempt at using 

gas-liquid chromatography for a quantitative study of methylated 

polysaccharides again failed, and it was once more observed that 

whilst/ •••• 
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mil st the amount of 2~.3 ,5-tri-:Q-methyla.ra.binose was too low, the quantity 

of di-.Q-IIBthylarabinoses was too high. 

The recovery of .3 mol. of xylose from the hydrolysate of the 

methylated reduced oxo-polysaccharide (the hydro~sate contained 10.6 

mol. of xylose in various forms per 26.5 mol. of sugar residues) 

indicated that after one oxidation and reduction of the polysaccharide, 

28% of the xylose residues still had side chains on c( 2) and C(.3) 

whilst the recovery of 5 .1· mol. of 2- and .3-.Q-methyl:xylose showed that 

the same ooterial had 48% of the xylose residues with a side chain on 

either c( 2) or C(.3) but not on both. Due to the presence of 1.5 mol. 

of 2,.3-di-.Q-methyl:xylose, one may assume that the reduced oxo­

polysaccharide has about 14% of the basal chain unsubstituted, 

these residues were presumably substituted on c(2) and C(.3) in the 

original polysaccharide by &-arabinofuranose end groups. 

Further periodate oxidation of the ethanol insoluble na terial 

from the Smith degraded gum showed a periodate consumption of 

0 • .37 mol. per 100 g. of degraded polysaccharide, which is in 

excellent agreement with the figure of 0 • .395 calculated from the pro-

posed structure. Borohydride reduction of the oxo-Smith degraded 

polysaccharide and hydrolysis, afforded xylose,arabinose,and glycerol 

in the ratio 6.8: 5.1: 6.0 (model requires 7: o: 1.3). Smith 

degradation of the me.terial yielded glycerol and a glyco~l-glycitol 

from the ethanol soluble material, and xylose and arabinose in the 

ratio 7.1 : 4.9 (model requires 7 : g) from the ethanol insoluble 

material/ ••••• 
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material. As glycerol was the onlY glycito1 f'ound in the total 

hydrolysate, it canoo assumed thA.t P. glyoosyl-glycerol is present, 

probably with xylose as the non-reducing sugar residue. If the 

glyco~l-glycitol is indeed ~losyl-glycerol, this would indicate 

that ~lose did exist in the original po~saccharide with single 

unit side chains on both c( 2) and c(3)' both these residues being 

destroyed during the first oxidation and Smith degradation. This 

would leave c( 2) and c(
3) on the xylose molecule open to periodate 

attack during the sacond oxidation, Smith degradation then affording 

~lo~l-glycerol. The recovery of glycerol from the second Smith 

degradation is indicative of further arabinofuranose end groups in 

the molecule, which could arise only from side chains which were at 

least two units long in the original polysaccharide. 

If the proposed structural model is correct, a further oxidation 

and Smith degradation of the insoluble material mentioned above Shoulu 

break down the polymer to a max:inrum of four xylose units carrying no 

side chains, with concomitant release of glycerol (7 mol.). The small 

quantity of material available after two oxidations and Smith degradations 

in ~..is periodate study precluded this being carried out. If, after a 

fourth periodate oxidation and Smith degradation of the polysaccharide 

(which had contained only ~lose after three degradations), ~lose 

was still present in the hydrolysate, this could only nean that, unless 

some of the side chains were origiaally more than three sugar residues 

long, the ~lose backbone was branched With respect iD :xylose and was not 

linear/._. 
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linear. At no stage in this i:mrestiga.tion has there been any evidence 

to show that some side chains are more than three units long, or that 

the basal chain is branched, though there are no experimental results 

which prove that this is not the case. 

It is possible that at average intervals of ten xylose units in 

the basal chain, a residue of arabinofuranose replaces :xylose. This 

would explain the xylan with average lent,-th ten xylose residues which 

app3ared during partial .acid hydrolysis and during periodate oxidation; 

this explanation in the light of published work on xylans seems1however, 

unlikely. A more reasonable explan£ltion would be that on an average of 

every ten xylose residues in the basal chain, the stereochemistry of 

the molecule becomes such as to create a strain, thus weakening the 

glycosidic link. 

The low recovery of glycerol in both Smith degradations presented 

a major problem in the analysis of the po~saccharide by periodate 
• 

oxidation. There are twowuye in which this compound could have been 

lost, (a) during the perioda.te oxidation as previously discussed 

or (b) dcring evaporation of· solvents from the glycerol. As the 

amount of arabinose and xylose produced is the expected amount, the 

low glycerol recovery is attributed to loss of glycerol rather than 

to an incorrect model structure. 

Structurally Watsonia polysaccharide appears to have nney simi-

larities with xylan hemicelluloses (see page 38 ) • The basal chain 

consistf/ ••• 
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consists of' (3 1 -+ 4-linked :xylose residues, there is no evidence to 

show that arabinose is present in the pyranose form. fl.nd galactose 

would appear to be present only as a terminal end group in the side 

chains. Though the presence of some 4-linked galactose in the side 

chains must not be completely discounted at this stage, periodate 

studies do however indicate that this is not the case. The poly-

saccharide has, in common with other xylans, a high negative specific 

rotation and would appear to have an unbranched basal chain, although 

the latter point has not been finally proved. The arabinofuranose 

residue linked (presu.rrnbly) direct to the xylose chain has been shown 

to be linked through c( 2) to the glycosidic carbon.of the next 

residueCarabrunos.e.) in the side chain, again a common occurrence aa~st 

polysaccharides of the xylan type. 

The absence of any uronic acid in the Watsonia polysaccharide is 

a point of difference from hitherto examined xylans. Apart from 

the cereal gums, all xylans have been found to contain ~-glucuronic 

acid anajor 4-.Q-methyl-~-glucuronic acid. However, the ID3.in point of' 

difference lies in the almost complete substitution of the hydroxyl 

groups on c(2) and c(3) of the xylose in the (3 1 .. 4-ll.nked basal 

chain by side chains; a type of structure which has never been 

reported in the :xylan series of hemicelluloses or in the type C gums. 

Thus whilst Watsonia polysaccharide is closely allied to the 

r.;lan hemicelluloses, its function would not appear to be the same; 

though structurally it is much more similar to this group of poly­

saccharide f;/ ••• 
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saccharides than to the type C gums. 

· The main outstanding structural feature which has not been 

proved is the direct attachment of the arabinofuranose groups to the 

basal chain. Due to the ease of hydrolysis of this furanose link, the 

best zrethod to adopt would be to degrade the molecule with an enzyme 

preparation. This has succeeded in similar circumstances, when a 

hemicellula$e from MYrotheciuroverrucaria96 was used to obtain 

the fragment .Q-( a orl3 )-&-arabinofuranosyl-(1-+ 3);...Q-13 -~-zylopyrano­

syl-(1 >+ 4)-~-:xylopyranose thus proving arabinose to be an integral 

part of the molecule. 
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Biologically, the occurrence of a polysaccharide in the corm­

sacs of Watsonia :gyramide,ta is a point of extreme interest. The 

virtual absence of starch in the corm and the disappearance of the 

polysaccharide during the~owing period of the plant, is strong 

evidence to support an assumption the.t this m·'l.terial is in fact the 

reserve food supply of the plant. If this is the case, then 

Watsonia polysaccharide Should be classed neither as a hemicell~se 

nor a gum exudate but as a mucilage. It has properties in common 

with mucilages, outstanding amongst· these being the tendenqy to 

form colloidal solutions in water. 

Salep mannan was one of the first neutral mucilages to be 

examined in detail, and has been shown to consist of a linear 

polymer of 1--+4-linked mannose residues135, structurally very 

similar to the mannan hemicelluloses. Salep nru.cilage obtained from 

the powdered tubers from Orchid.aceae app:: ars to bear a similar 

relationship to mannan hemicelluloses as does Watsonia polysaccharide 

to the more complex ~lans. It is interesting to note that if 

Watsonia polysaccharide is a mucilage it is unusual in containing 

large quantities of ~-xylose; most neutral mucilages consist of 

~-galactose and ~-arabinose. The polysaccharidefrom Watsonia 

versveldii seed-boxes is almost certainly a mucilage, and like most 

seed-box mucilages contains a uronic acid (probably galacturonic 

acid as in other seed-box mucilages) and has the same sugar components 

as the mucilage from Plantago arenaria136 • A comparison of the 

chemistry/ ••••• 
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chemistry of any seed-box mucilage which rrflY b.e found in Watsonia 

pyramidata with the corm polysaccharide would be an investigation 

of' great interest. 

The insolubility of Watsonia corm polysaccharide in water raises 

an interesting point; for the gum to leave the corm-sacs, as 

presumably it must to be used as a reserve food supply , osmosis 

through the sac-walls will take place. Unless the polysaccharide 

is soluble in water this is not possible. However, possibly the 

polysaccharide undergoes some type of' enzyiD:'\tic degradation to 

solubilize it. The extraction of' this enzyzre system from the corm 
"" 

and its use in degrading the polysaccharide in vitro, whilst probably 

an extremely difficult and tedious task, would be well worth attempt~ 

ing to obtain a better understanding of' how this reserve plant food 

is utilized. Conversely, the polysaccharide must be built up 

inside the corm-sacs from smaller units, presumably through an enzyzre 

catalysed reaction. Starting initially with glucose, through uridine 

5-( ex -R-glucopyranosyl pyrophosphate), and uridine 5-(~-:xylopyranosyl 

pyrophosphate) to the :xylose backbone. It has been shown by isotopic 

labelling that the :xylose in a :xylan originates from the firstf.ive 

carbon atoms of ~-glucose137 • It has also been shown that ¥-arabinose 

can be incorporated into a :xylan by an enzynntic reaction138 , and 

presumably in the same w~ D-galactose would also be incorporated. 
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(A). General conditions. Paper chromatography was carried out on 

Whatman No.1 paper with the f"ollowing solvent systems (all v/v): 

(!!,) butan-1-ol -ethanol -water (4 : 1 : 5, upper layer), (~) ethyl 

acetate - acetic acid - f'ormic acid -water (18 : 3: 1 : 4), (,£) ethyl 

acetate- pyridine -water (10: 4: 3), (,2) butan-1-ol- acetic acid­

water (2: l : 1), (.~) propan-2-ol - acetic acid- wrrtrer C 7• :. 1:~ : .. 2 ) , 

(.!) butan-2-one - acetic acid - saturated aqueous boric acid ( 9 : 1 : 1), 

(i) butan-2-one - water azeotrope, (h) toluene - ethanol - water 

(270 s 30 : 1). Paper ionophoresis was carried out f'or 4 hr. st 

lCN/crn. in 0.2!!-borate buff'e;7at _eH 9.2. !gal' &, and~ ref'er to 

rates of' movement relative to galactose, 2,3,4,6-tetra~~ethylglucopy­

ranoee, and glucose respectively. Inf'ra-red spectra were measured with 

a Unicam S .P. 100 instrument, whilst d-spacings in crystalline materials 

were measured with a Philip's Model lW 1050 X-ray dif'f'ractometer 

( Co-K a and Cu-K a radiation). Gas-liquid chromatography was carried 

out on a BGckman GC-2A instrument, using helium as carrier gas, with a 

4-f'oot column of' ethylene glycol succinate (14% on 80 .. 100 mesh Gas 

Chromosorb W)98 at 166°, and a flame ionization detector. Retention 

times 00 were measured relative to 2,3,4,6-tetra-O-methyl-f3-D-gluco-
- = 

p,yranoside. Unless otherwise stated (a) solutions were concentrated at 

40° and 20 mm. Hg in a rotary evaporator, (b) specif'ic rotations were 

measured on aqueous solutions at £!.20°, (c) melting points are un­

corrected and (d) sugars were revealed on paper chranatograms by 

spraying with the _e-anisidine hydrochloride ~agent60 and assayed by 

the/ ••• 
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f'raction C (3.6 g • .),[a] D -88° (£, 1.14), equiv., 17,000 (Found: sulphated 

ash, 4.62; Ac,0.04; OMe, 0.3; N, 0.5%). 

Portions of' each fraction were hydrolysed, the products being as 

f'ollor,rs: !'rom f'rac1:i.on b arabinose (3), ~ylose (1), galactose (1); 

f'rom !'taction,!!, arabinose (1), galactose (2), glucose (6); and from 

f'raction £, arabinose (3), ~ylose (1), galactose (1). The proportions 

in brackets are visual estimates of' mols. based upon paper chromato-

graphic comparison with standard mixtures of' sugars (solvents _!,~ and ,£). 

(ii) Fractionation of' Watsonia corm polysaccharide. A solution of' the 

gum in water was converted to the" acidr; f'orm by passing it through a 

column of' Arnberlite IR-120 (H+) *; after concentrating to a 1.36% 

solution, this was used f'or all subsequent fractionation experiments. 

(~) Ethanol fractionation. Ethanol was added to a portion of' the 

above solution to obtain gradient precipitation of' the polysaccharide. 

All the polysaccharide was precipitated between ethanol concentrations 

of' 65 and ?afo yielding a f'ibrous precipitate which, after drying (f'or 

4 hr. at 56° and 2 em. Hg) had[a} D -78° (£. 0.25) and equiv., 20,300. 

(!;?) Cetyltrimethylammonium bromide ('zcetavlon1l) f'ractionation101. 

".Jetavlon11 gave no precipitation f'rom the aqueous solution of' the gum 

at E,H ? but when the gum solution (25 ml. containing 340 mg. of' gum) was 

added to ~n equal volume of' borate buf'f'er at E,H 8. 51°~d the mixed 

solution poured into a 5% solution of' "OetavlcP.11 
( 25 ml .. ) a f'ib:rous 

precipitate was f'ormed immediately.. This was kept f'or 1 hr., centri-

-f'uged/ ........ . 

* A product of Robm and Haas Co., Philadelphia, U.s .A. 
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fuged, washed with water, redissolved in 2N-acetic acid1 and poured - ' 

into ethanol to precipitate the polysacchariae. This was washed 

successi~ely with ethanol and ether and dried in vacuo at 18° for 

3 days, when a white powder (320 mg.; 94% of' original),[rx] D -'78° 

(.,2. 0.2?), equiv., 21,000, was obtained. The EH of' the centrifugate 

was then raised by the addition of' !!_-sodium hydroxide; a f'urther 

precipitate was fbnned between ;@'s 11.0 and 12.0.. After being 

centrifuged and dried in vacuo·, the dry precipitate (10 .3 mg.; 3% of' 

original) was recovered as described above [rx Jn -74° (£ 0.51), equiv. 

20,500. The. EH 12.0 supernatant liquid gave a negative response when 

aasa)'ed f'or carbohydrate. Hydrolysis of' the two fractions gave arabinose, 

xylose, and galactose in respectively equal amounts, in the same ratio 

as that in the hydrolys~te of' the original fraction A. 
103 

(c) Diethylaminoethyl-cellulose (DEAE) chromatographY. A portion of' 

the gum solution (containing 180 mg. of' polysaccharide) was made o.oo~ 

with respect to phosphate buf'f'er ,Elf 6. 0 and added to the top of'. a column 

(28 :x 3.3 em.) of'Whatman* DEAE-cellulose powder buf'f'ered with 0.005!:!,­

phosphate buf'f'er J2.H 6 .o. The carbohydrate solution eluted by the same 

buf~f'er was treated with anion and cation exchange resins, precipitated 

with ethanol (4 volumes) and dried (f'or 4 hr. at 56° and 1 mm.Hg) yield 

98 mg. (55%) of' original), [rx] Jl -?8° (s_ 0.28), equiv., 20,900 (Found; 

sulphated ash 0.12%). Stepwise elution up to 0.25!:!,-phosphate buf'f'er 

J2.H 6.0 gave no f\lrther carbohydrate b~t gradient elution with rodium 

hydroxide/ •••• 

A product of'W. & R. Balaton Ltd., Maidstane, England. 
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hydroxide gave a further small f'raetion P.1uted rlth o • .5,!!-Bodium hydroxide. 

This latter f'raction was treated with Amberlite m-120 (H+) to remove 

sodium ion, precipitated by ethanol, and dried, yielding a product 

(38 mg.), [o:JD -7° (£,1.2), equiv., 600 (F-ound: carbohydrate 5%). 

Hydrolysis gave arabinose, xylose, and galactose only f'rom both f'ractions, 

in the s arne proportions as in the original f'raction A. In the secnnd 

fraction, there was no indication of' any uronic acid which would have 

been expected in view of' the low equivalent weight. 

(d) Anion-exchange chromatography. Duolite A4 * , being granular, 

had :;uperior flow characteristics to IE.AE-cellulose. Af'ter small scale 

experit~ents had been performed, the optimum loading f'cr a column of' 

Duolite A4 (OH-) was found to be 0.73 mg.gum / ml. of resin but in order 

to reduce the quantityof' resin used, a loading of' 1.35 mg. / ml. was 

used and f'ound to be satisf'actory. Th.e polysaccharide (2.7 g.) in water 

(800 ml.) was passed through a column (62 x 5 ctl. ) of' fuolite A4( OH-) 

and the f'raction eluted with water was collected, evaporated nearly to 

dryness, and added to f'our volumes of' ethanol. Th.e precipitate f'ormed 

was washed with ethanol and ether and dried (f'or 4 hr. at 56° and lmm. Hg) 

yielding a paNder (2.58 g.) [ex] D -74° (£, 0.15), equiv., 18,900 (Found: 

sulphated ash, 0.0%). Material still remaining on the column was eJnted 

with 0.~-soaium hydroxide, deionized on Amberlite IR-120. (H+), and 

ass~ed for carbohydrate (Found; 19~8 mg.). The neutral solution 

was evaporated to a small bulk and poured into f'our volumes of' ethanol, 

the precipitate f'ormed being dried (f'or 4 hr. at 56° and 1 mm. Hg); 
• 

the product/ ••••• 

* A product of' Chemical Process Co., Redwood City, Calif'or¢~t V ,s.A. 
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the product (104 mg.), (a:]n ..r;0 (.£.1.1), (~ound-; sulphated ash, .32.2%) 

had equiv., 610. It would appear that onlY 19% of' the sodium hydroxide 

eluted fraction is carbohydrate, this constitr.tes only o. 74% of' the 

total carbohydrate in f'raction A. Hydrolysis of' the fractions f'rom 

Duolite A4, again gave only arabinose, :xylose, and galactose in respect:bvely 

equal amounts, the ratios being the same as in the original fraction A. 

As in the DEAE-cellulose f'ractionation, no uronic acid was f'ound in the 

sodium hydroxide-eluted material. The only diff'erence which cculd be 

detected between the two fractionation techniques (DEAE-cellulose and 

Duolite A4) was in the overall yield of' polysaccharide, (75 and 100%, 

respectively). 

(e) De:xtran-gsl chranatography. (i) Fraction A (.34 mg.) in water 

was percolated through a col~ (18 :x 2.5 em.) of' Sephade:x G.50 * 
(medium grade) f'ollowed by water. Two fractions were eluted, the f'irst 

containing .30 mg. and the second 4 mg. of' carbohydrate (by assay). On 

hydrolysis each showed the same quantities of' sugars as an hydrolysate 

of' f'raction A. A portion (:Pmg.) of' the water-eluted f'raction f'rom 

Duolite A4 was eluted from Sephade:x G.50 as a single fraction corres­

ponding to the major peak from f'raction A. (ii) Fraction A and the 

water-eluate f'rcm Duolite A4 each gave a single peak on percolation 

through Sephade:x G.25 *(medium grade), indicating that the second 

f'raction of' f'raction A eluted f'rom Sephade:x G.50 had molecular weight 

between 5,000 and 10,000. 

Partial/ ••••• 

Froducts of' Pharmacia, Uppsala, Sweden. 
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(C). Partial acid hydroJysis of' 'VJatsonia corm polysaccharide. 

The polysaccharide f'racti0n A (30 g.) was homogenised in O.OJ..!!-sulphuric 

acid (1 1.) and heated f'or 7 hr. at 96°, during '\:'7hich the specific 
\ ~ 

' ' 0 :. 
rotation changed f'rom -80 (initial) to +53° (f'inal). The insoluble 

material which f'ormed (315 mg.) was f'iltered of'f' an~ gave a negative 

test f'or carbohydrate. The f'iltrate was cooled, neutralized with 

Duolite A4 ( OH-), f'iltered, and concentrated to a small volume (150 ml.) 

which, when added to methanol (450 ml.), af'f'orded a precipitate. After 

being filtered and washed with 80% methanol, the precipitate was dried 

(f'or 5 hr. at 78° and 1 mm. Hg) yielding a white powder (5.251 g.), 

[ ~] D -59° (;:_ 2 .625) (called ppt .1). The f'iltrate was conc~ntrated 

to constant weight yielding a syrup (21.7 g.), [a] D +83° (£ 2.19) 

. (s~p 1; plate l).Ppt.l (5.251 g.) was dissolved in 0.0~- s~~huric 

acid (200 ml.) and hydrolysed f'or 6 hr. at 96°. During hydrolysis a 

change in speciflc.Z?otation fJ:Iom -59° (initial) to -11° (f'inal) was 

noticed. Neutralization, precipitation, and separation as previously, 

gave ppt.2 (2.404 g.), [a] D -53° (,£ 1.09), and syrup 2 (2.323g.) 

[ a] D +32° (,£. 3.32). Hydrolysis of' ppt.2 in similar manner (f'or 7 hr. 

at 96°) af'f'orded ppt.3 (1.036 g.), [a] D -39° (.£ 2.07 ) and syrup 

3 (1.10 g.),[ a]D -8° (£ 2.2). Hydrolysisof' ppt.3 f'or 4 hr. at 96° 

in o.o~-sulphuric acid gave ppt.4 (670 mg.),[a]D -42° (;:_ 0.9, 0.~­

NaOH), and syrup 4 (202 mg.), [a] D -17° (,£. 2.2). Elution of' the 

Duolite A4 resin used f'or neutralization with 0 • .5!-sodium hydroxide, 

yielded no carbohydrate-containing material. The molar ratios of' mono-
. -



PLATE 1 Chromatogram of Syrup 1 in solvent ,g. 

A = Standard mixture of sugars 

B = Syrup 1 

PLATE .3 Chrormtogram of Syrups 2,3 ,4, and Fraction VI 

in sol vent E. 

C = Syrups 2,3 ,4, and Fraction VI 

D = Standard series of ~lose oligomers 

A = Standard mixture of sugars 

Key to plates 1 and 3 

a = origin 

b = ~loheptaose 
c = xylohexa.ose 

d = Jcy"lopentaose 

e = :xylotetraose 

f = ~lotriose 

g = ga.lp a .. s.ara£ a -+ 2ara.: 

h =· gal a .. 3ara· p 
i = galactose 

j = :xylobiose 

k = arabinose 

1 = xylose 

m .- rhamnose 
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and oligosaccharides in syrups 1,2,.3, and 4 are given in table 8 

(-syrups l and 2 assayed after preparative paper chromatography 

in solvent ·~; syrups .3 and 4 visually estimated from paper 

chromatograms in solvents~ and.!? respectively). 

R molar ratio R tiolar ratio 
Compound -gal -·--- -gal --solvent a syrup 1 syrup 2 syrup .3 solvent .E syrup 4 -

1 Origin* trace L 10 •• ::< 2 orJ..gJ..n 

2 - - - 0.04 * 2 

.3 - - - 0.10 .~ 2 

4 o.oi* l \ .3 0.24 * .3 14 ) 

* I 
5 0.18 _) .3 0.49 * 4 

6 0.32 
1 

3 8 3 0.65 trace 

7 0.52 J 8 ]7 ]6 
0.78 trace 

8 o.6o* 0.87 * 4 

9 1.00 2 :? 1 1.00 trace 

10 1.42 I 29 23 1 1.29 ! J 10 11 ! 1.79 1 1 - 1.35 i I 
I ' I j_ 

-I 

TABLE B. 

* Est:l.m:tted as :xylose oligomers (all were xylose containing, as 

shown by spraying the chromatograms with barbituric acid in glacial 

t . ·a )104 ace J..C acJ.. • 

Syrup/ ..... 
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Syrup 1 (21.7 g.) was triturated withmetha.nol~ yielding crystal­

line arabinose (1.83 g.) and a residual syrup (19.8 g.). The sugars in 
105 

this syrup were separated on a charcoal-Gelite column (85 x 4 om.), 

using first water and then step-wise increase in ethanol concentration, 

as eluting solvents, yielding six main fractions over three months. 

Purity of the fractions was determined by paper chromatography (in 

solvents~ and ,E). 

Fraction I. The syrup (4.699 g.; eluted with water), [a] D +104° 

(~ 1.43), Egal 1.42 and 1.29 (solvents 2 and ,E) was chromatographically 

homogeneous, and crystallised spontaneously. After recrystallisation 

from ethanol the crystals had m.p. and mixed m.p. 159.5° (with ~­

arabinose) and[ a]D +174°(6 min.) -+ +106° (60 min., constant; _2 0.72). 

The derived benzoyJbydrazone106 had m.p. and mixed m.p. 199 - 200° (d) 

(with ~·arabinose - benzoylhydrazone). 

Fraction Il. The syrup (396 mg.; eluted with water) gave three spots 

on· chromatography (a) indistinguishable from fraction I, (b) chromato­

graphically identical with xylose, and (c) identical with fraction III. 

Visual estimation of paper chromatograms showed a : b : c to be 7 : 4 : 2. 

Fraction III. The syrup ( 618 mg.; eluted with water) ,[a J D +80° 

(£ 0.84), Bgal 1.00 and 1,00 {solvents!- and ,E): and chromatographically 

homogeneous, was crystallised and recrystallised from aqueous methanol 

giving crystals m.p. 165.5° and mixed m.p. {with ~-galactose) 165°, 

[aJn +124° (15 min.) -+ +18° {equil.) (£ 1.09). The derived 1-methyl-

106 860 l-phecy1-hydrazor.Le had m.p. and mixed m.p. 1 with an authentic 

specimen. 

Fractior:v' ••••• 
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Fraction TN. 'l'he a;rrup (3.694 g..;. eluted wi.tJl L..'t ethanol),(aJn +182° 

(~ 5.?8), ~ o.?5 had ~al 0.52 (in solvent~) '· Bgal 0.?8 (in solvent 

£), !iga1 0.?6 (in solvent;:_), and was chromatographically identical with 
28 

.3-Q- ex -g-galactopyranosyl-!!,-arabinose prepared f'rom A.,cyanophylla gum 

Hydrolysis f'or 5 hr. (in _!!-sulphuric acid at 96°), preparative scale 

paper chromatography, and ass~ of' the separated arabinose and galactose 

(identical with standards in solvents ~ £, and£), showed the molar 

ratio of' galactose to arabinose to be 1.1 : 1.0, (the retations of' these 

aqueous extracts were (a Jn +75° and+ 94• respectively). 

The syrupy disaccharide (1.5 g.) was dissolved in hot methanol 

and after removal of' a small amount of' insoluble material, was kept f'or 

two months at 0°. The crystals f'ormed were separated by filtration, 

washed with methanol, and dried at 100° in vacuo f'or 2 hr., yielding 

the galactose-arabinose disaccharide, m.p. 156.5 - 15?.5°,(a] D +202° 

(?min.) -+ +198° (50 min., constant;'~ 1.08) (Found: C,42 • .3; H,6.1. 

Calc. for C11H2o01o: C,42 • .3; H,6.45%). A crystallographic report 

described the product as "an aggregate of' f'ibrolamellar structure, all 

but extremely thin pieces of' which are opaque to cloudy. Extinction 

is parallel to the long axis of' the f'ibres; ref'ractive index 1..52 

f'or the long direction. Double ref'raction is moderate. The crystals 

are length slow"· A second portion of the syrupy disaccharide (1.5 g.), 

dissolved in hot methanol and.seeded with a crystal of' the f'irst pre­

paration, was stored f'or one week at 0°. Microscopic aggregates of' 

crystals were f'ormed ( 1 g.,· after being dried at room termperature 

in vacuo/ •••• 
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in vacuo for 3 hr •. ) m.p. and mixed m.p. (with the first preparation} 

156.5 ~ 157.5°, [«~ +198° (equil. value, reached within 2 min.) 

(s 0.99) (Found: 0,42.3; H,6.6%). 

l-Ray powder diffractograms of the two preparations gp.ve a large 

ratio of peak height to width, indicating that both samples were well 

crystallised. The first preparation had _2.-spacings (in .R) as follows: 

13.3s, 10.5s, 8.36w, 6.64m, 4.96vw, 4.Bovw, 4.65m, 4.40Vs, 3.95vw, 3.81m, 

3.39w, 3.34w, 3.15w, 3.04-w, 2.82w; vmilst the second pr-eparation had all 

the _2.-sps.cings listed above and, in addition, _2.-spacings as follows: 

8~19w, 6.56s, 6.19m, 4.85m, 4.53m, 4.20m, 3.65w. When the second 

crystalline product was heated in vacuo at 100° for 3 hr., no change · 

in this pattern resulted. 

Infra-red spectra (in Nujol mull and potassium chloride discs) 

of the iwo crystalline preparations, showed v in the 750 - 1200 cm."1 
max. 

region as follows: 773w, 817s, 849w, 865vw, 898m, 923w, 949m, 972Sh, 

995s, l007vw, 1020w, 1037w, 1047Sh, 1058w, 1080s, .1109m, 1144vs, (peak 

intensities are all relative to the general contour of the spectrum); 

the second preparation however, absorbed very weakly at 796 
-1 

em. 
' 

vmilst peak heights varied from one spectrum to the next. 

The syrupy disaccharide (100 mg.) was converted to the phenyl-

osazone, by using the method adopted by Jones and Curtis (for the 

pheeylosazone of 3-0- l3-~-:xylopyranosyl-~-xylosef07• Recrystallisation 

from hot water afforded crystals (12.5 mg.), [a] D +82° ~ 0.32 in 

pyridine-ethanol, 7 : 3 ) having an ultra-violet absorption spectrum 

characteristic/ ••• 
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charactert::ftio o£' d d:lsaccha.t'.i.de phenyJ.osazono108 ,md ohromatogrcphically 
~ ' ~ 

homogeneous in solvent _!!, with m.p. 235° (lit. values f'or the osazone 

8Ea. 28 
of' 3-0- a ..;.D-galactopyranosyl-1-arabinose, 240° and 23 5° ) • In - = ... 
addition it had a mixed m .p. (with the osazone of a disaccharide (pre-

109 pared f'ran reduced A.cyanoph¥lla gum, and having identical !!gal 

values in~ £_, and _s) having m.p. 234°) of 235°. The inf'ra-red 

spectra (potassium chloride disc) of these two Osazones were identical, 

as were their X-ray dif'fractograms each af' which sf.a.red well crystallised . .... . 

compounds, with the following d-spacings (in-~): 21.50vs, 16.30vw, 

11.15w, 8.22s, ?.46m, 6.24m, 5.66w, 5.26m, 4.69· w, 4.49vw, 4 .. 5lm, .4.06vw, 

3.97m, 3.66vw, 3.50vw, 3 .. 28vw, 3.19vw, 2.98vw. 

Hydrolysis of' the phenylosazone (from Watsonia) (2 mg.) yielded 

galactose as tb.e only sugar (in solvents .~ £_, and .£). The phenylosa­

zone (4.8mg.) in aqueous ethanol (10 ml.), was oxidized with periodate 

(for 2 hr.); no precipitate ofmesoxalic .d.±:aldehyde 1,2-bisphenyl• 

h;ydrazone was f'ormed but the reaction mixture yielded 1.01 mol. of' 

formaldehyde (assayed by thechromotropic acid method11°) and 1.00 mol. 

of formic acid per mol. of' phenylosazone.. (Af'ter 24 hr. o"tidation, 

the formaldehyde and f'ormic acid released were 0.97 andl..02 mols. 

respectively). These results are CQnsistent only with a 1 ~ 3-linkage 

in the disaccharide. 

The method of' Charlson, Gorin, and Perlin:tl1 was f'ollowed in con-

verting the disaccharide (100 mg.) into the expected 2-Q-a-g-galactopyr­

an~syl-f:,-erythritol, by lead tetra-acetate oxidation (f'or 15 min. at 

9 • I 18 1~ •••••••••• 
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18° in 98.4-% acetic acid), followed by sodium borahydTide reduction. 

Recr;ystallisation from ethanol yielded crystals (14 mg.), "'m.p. and 

mixed m.p. (with 2-.Q- a -~-galactopyranosyl-¥-erythritol) 153,
0

[et]n+l.lr3° 

(g 1.2.), g~ 0. 71, 0.82 (in solvents~ and E respectively). Hydrolysis 

(in 0.5]i-sulphu.ric acid for 5 hr. at 96°) gave the expected galactose 

and erythritol. Infra-red spectra of this preparation and the authentic 

sample were identical. 

Methylation of' the disaccharide (300 mg.) by the HawortJ-12 and 

Purdietl3 procedures gave a syrup (243 mg.) which crystallised spon-

0 
taneously at 4 ; the crystals, after recrystallisation :three times 

from petroleum ether (b.p. 60 - 80°), appeared as needles, m.p. 88.6-

88.90,[rx1 +164° ~ 0.86) (Found: OMe, 5l.!i Calc. for c18H
34

o
10

: 

OMe, 52.9%), and mixed m.p. (with a sample from A. cyanoph.ylla gum) 

85 - 86°, (lit. values for the hepta-.Q-:~rethyl derivative of 3-Q-a ~-
o 0 22 

galactoJ.Uranosyl-It-arabinopyranose are m.p. 82 ,[a]D +162 and 

m.p. 87 - 88°,!ix~+l68° 28
). Hydrolysis of the crystalline :~rethylated 

disaccharide gave 2,3,4,6~tetra-g-methytgalactose (~ G.89 and 0.81 in 

solvents~ and£) and 2,4-di-.Q-methylarabinopyranose (gG 0.60 and 0.33 

in solvents~ and _g), easily distinguished from its 2,3- and 3,4- isoiOOrs 

by paper chromatography in solvent ~ ~G o.65 and 0.47 respectively ) • 

Methanolysis and gas-liquid. chromatography of the methylated disaccharide 

gave the Irethyl-glycosides of the sa.me two methylated sugars, with 

retention times of 1.88sh and 2.01 for th~ galactose derivatives, 

and 2.95sh and 3.15 for the arabinose derivatives. 

Fraction V. 

<.~ 5. 230/ ••• 
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(2 5.2.30, equilibrium), was ohrC>lllatographioally homogeneous and had 

R 1 0.32 (in solvent a) 1 R 
1 

0.65 (in solvent b) and R al 0.63 (in -ga - ~~ga - -g 

solvent ,E). Hydrolysis o!' fraction V (2 mg.) with 0.01.!!-sulphuric acid 

for 3 hr. at 96°, liberated fraction IV, galactose, and arabinose, all 

identical with standards (in solvents_!., ,E, and ,E); after 24 hr., 

fraction V was completely hydrolysed to the above three components. 

Total hydrolysis of the syrup (_li-sulphuric acid for 5 hr. at 96°), 

subsequent paper chromatography of the neutralized hydrolysate, and 

assay, showed the ratio of galactose to arabinose to be 1 : 2.1 

by mols., indicating a trisaccharide. 

The syrupy trisaccharide (14 mg.) was dissolved in water (1 ml.) 

and sodium borohydride (7 mg.) added, the resulting solution being 

allowed to stand for three days. Afterdeionizing with Amberlite 

:m-120 (H"~-) the solution was evaporated to dryness•(at 25° for 30 min. 

at 2 cm •• Hg) ; rrethanol was then repeatedly evaporated off the solid to 

remove boric acid, leaving a non-reducing solid (10 mg.). Hydrolysis 

of this material (.3.3 mg.) in I.OJ.!-sUlphuric acid for 2 and 8 hr. at 96°, 

gave fraction rv, galactose, arabinose, and .arabitol (the latter having 

,R 1 1.51 in solvent a, and being indistinguishable from an authentic 
-ga -

sample in solvents.! and!); the arabitol was revealed by spraying 

the chromatogram with the periodate / benzidine spray reagentf
14 

to 

distinguish it from the reducing sugars present which were also revealed with 

the _p-anisidine hydrochloride spray. A further portion of the solid 

(6.68 mg.) was oxidized with 0.021M-periodate solution (25 ml,) for 

20 hr. The reaction mixture yielded 1.06 mol. of fornaldehyde and 

1.9 mol. of formic acid per mol. of the reduced trisaccharide; after 

reducing the oxidized material with sodium borohydride, deionizing 

with/ ••••• 



with Amberlite lR-120 (H+) and Duolite A4 (OH-), removing boric 

acid qy methanol evaporaiion, and hydrolysing with Amberlite n~-120 

(H+) (in a sealed tube for 16 hr. at 100°), paper chronatography 

revealed arabinose (men developed with .l?-anisidine hydrocnloridet) 

and arabinose and glycerol (men developed with periodate/benzidine). 

The syrup ( 270 mg.) was methylated by the Haworth and Purdie 

procedures yielding a syrup ( 285 mg.; dried to constant weight at 

40° and 1.6 em. Hg),&~ +41° (£ 5.207, CHC1
3
). Hydrolysis of the 

methylated trisaccharide gave: 2,3,4,6-tetra-g-methylgalactose, 

2 ,5-d.i-.Q-methylarabinose, 3 ,5-di -.Q-methylarabinofuranose, and 

3,4-d.i-g-methylarabinopyranose (all identical with standards in 

solvents~ and~). Gas-liquid chromatography of the methanolysed 

methylated trisaccharide, confirmed the above identifications giving 

retention times (of the methyl glycosides) as follows: 

2,3,4,6-tetra-.Q-methylgalactose 2.02, 2,5,-di~-methylarabinose 

2.33s, 4.63w, 3,5-di-0-methylarabinofuranose 1.28, 3.21, and 3,4-di­

.Q-methylarabinopyranose 2.82. Attempted alkali degradation of the 

trisaccharide by an adaptation of the nethod described by F ainter114a 

was unsuccessful, no degradation having taken place ai'ter heating 

the trisaccharide (4. 7 mg.) in 0.005N-sodium hydroxide (20 ml.) for 

90 min. at 74°. 

The above evidence is consistent only with the trisaccharide being 

.Q- a -~-galactopyranosyl- (1 -. 3)-.Q-It-arabinofuranosy1-(l -. 2)-¥­

arabinose. Hudson• s rules (see discussion pg. 54) indicate that the 

1 .... 2 link between the two arabinose residues is a • 

Fraction/ •••• 
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Fraction YI. The syrup ( 63 2 mg. ; eluted with 7ofo methanol), 

[a]D -40° (~ 0.50) contained components all slower than fraction V, 

and having Egal v:alues of 0.00, 0.02, 0.05, 0.08, 0.13 and 0.40 in 

solvent 2• Hydrolysis of the syrup with ,ll-sulphuric acid for 5 hr. 

0 
at 96 and chromatograpzy showed 2;)"lose to be the only sugar residue 

present in these oligosaccharides (revealed by spraying the chromate-

gram with the barbituric acid spray reagent). Paper chromatography 

against standards showed them to be idehtical with (all Bgal values 

in solvent~): zyloheptaose 0.02, zylohexaose o.o5, zylopentaose 

0.08, zylotetraose 0.13, and zylotriose 0.40. These identities 

we.re further supported by p·~r ~olll8J.tography in solvents 2;, E' and. 

d and by plotting a graph o lao R
1

. i"-1 vs suspected degree of ... o-ga -

polymerlsation (plate 2) (to give a sufficient number of points, 

~lose and zylobiose were chromatographed together with the bych~ol.ysate 
It 

of fraction VI in each of the four solvents), Vlhen straight lines were 
90 

ob'tiained using Bgal values in solvents ! 1 E1 ,2-, and e: these values 

· are given in Table 9. 

In addition to the above six fractions, there were five over-

lapping fractions shown to consist only of mixtures of consecutive 

fractions of the above; except for a small amount of material 

(~ .30 mg.) heavily contaminated with fraction rv ~.200 mg.) and 

having Egal 0.60, 1.09, and 0. 75 in solvents~' 2 and ,2- respectively. 

This was later shown to be chroJI'l'3.tographically identical with 4-..Q-13 -

~-xyloP,yranos.yl-~-xylose. 

The fraction containing the zylose oligomers from the preceding 

col~ ••.•• 
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Suspected degree of 
R a R c R d R . e 

polymerisation -gal- -gal- -gal- -gal-

1 1.67 1.78 1.64 I 1.33 
I 

2 0.60 I 1.09 0.75 0.84 

3 0.18 0.53 0.32 0.40 
I 

4 0.07 0.24 0.12 0.13 

5 - 0.11 0.05 0.08 

6 - 0.03 - 0.05 

7 - - - 0.02 

I I 
I 

I i 

TABIE 9 

column (fraction VI) was combined with syrups 2,3 and 4 (plate 3) 

(total weight 4.2 g.) and evaporated to a snnll bulk. This solution 

was charged to a charcoal/ Celite column (85 x 4 em.) and eluted first. 

with water, and then step-wise with water containing increasing concen-

trations of ethanol, yielding seven major fractions and a number of 

overlapping fractions of these seven. 

Fraction 1. The syrup (442 mg.; eluted with water) showed three 

components when chromatographed in solvents !!;, ..£, and ,g. These 

components were identical with authentic samples of ~lose, arabinose, 

and galactose in the above solvents. Cellulose column chromatography 

(40 x 2.5 em.) of the syrup and elution with solvent E' afforded three 

fractions. Fraction la. A syrup ( 67 mg.) crystallised and recrystallised 

frorr/ ••• 
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from 80:/& methanol was chromatogra:r;:hica.lly homogeneous and had m.p. and 

mixed m.p. (with ~-:xylose) 150°, anCJ,{aJn. +90° (2 min.) -. +21° (50 min., 

constant; c 1 • .35). The derived di-0-ben~lidine dimethyl acetal had - -
m.p. and mixed m.p. (with the di-£-ben~lidine dimethyl acetal of 

~-:xylose) 210°, and [a] D -8° (_s 0. 7, CH01
3
). Fraction lb. .A 

syrup (.3.30 mg.), [a] D +107° (.£ 1.2) was chromatographically homo­

geneous and identical with arabinose in solvents~ and .£• Fraction lc. 

J; syrup (45 mg.) [a] D +80°) (.£ 1.1) was chromatographically identical 

with galactose in solvents~' .£, and E• 

Fraction 2. The syrup (54 mg.; eluted with water), (c<b + 78° (.£ o. 6) 

was chromatographically homogeneous in solvents !hE' and .,S; and 

identical with galactose. Crystallisation and recrystallisation from 

glacial acetic acid yielded a compound which had m.p. and mixed m.p. 

(with ~-galactose) 166°. 

Fraction 3. The syrup (422 mg.; eluted with 5% ethanol) [a] D +184 ° 

(.£ 2.3) was chromatographically homogeneous and identical With 

3-g-a -~-galactopyranosyl-It-arabinose in solvents~' _:e, and _s. 

Fraction 4. The syrup (114 mg.; eluted with 6% ethanol) showed two 

components on paper chromatography in solvents ~,_.E, and_£, one identical 

with fraction 3 and the other identical with an authentic sample of 

4-.Q-13 -~-:xylopyranosyl-~-:xylose. The syrup was separ~ted into two com­

ponents on a cellulose column (40 x 2.5 em.) when eluted with solvent _2, 

Fraction 4a (identical with fraction 3) and fraction 4b both 

chroma to-/ ••• 
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chromtographicalJ:y . homogeneous in solil'ents 1:1. · .and S• -. 
Fraction 4b. The syrup (92 mg.) ,[a.JD -27° {£ 0.67) had 

R al values of o.6o, o. 75, and 0.84i.i;!. solvents a, d, and e respectively. 
~g - - -

A portion of the syrup (5 mg.) was hydrolysed in ]'-sulphuric acid for 

5 hr. at 96° yielding only zylose. The syrup (33 mg.) was mixed 

with phenylhydrazine hydrochloride (100 mg.), sodium acetate 

trihydrate (150 mg.) and distilled water (1.2 m;I..). After heating in 

a boiling water bath for 30 min. and cooling; the&rived phenylosa.zone 

crystallised and had m.p. 208.6° (d) (lit. values; 195 - 196CJ~5 

Periodate oxidation of the osazone ( 1.41 mg.) for 2 hr. yielded no 

formaldehyde and no precipitate of the 1,2-bisphenylhydrazone of 

mesoxaldehyde, Whilst 1.06 mol. of formic acid were liberated per 

mol •. of phenylosazone. These reW.ts are consistent only if the di-

saccharide is 4-.Q-f3i?-xylopyranosyl-~-xylose (xylobiose). 

Acetylation of the syrup (33 mg.) with fused sodium acetate 

(60 mg.) and acetic anhydride (0.9 ml.) for 4 hr. under reflux, gave 

on evaporation of a chloroform extract of the reaction mixture, a 

syrup (29 mg.) which, on crystallisation and recrystallisation from 

equal volumes of ethanol and petroleum ether (b.p. 60-80°) (seeding 

with an authentic crystal of the hexa-acetate), gave a product m.p. 

and mixed m.p. 155-156° (with .4-.Q- f3 -I,?-xylopyranosyl-~-zylose 

hexa-acetate),(a]D -70° (E 0.66, CHC1
3) (lit. value; -74c )~16 

Thin-layer chromatograPQy of the acetate on Silica-gel G117 showed it 

to be identical to an authenti J sample. 

Fraction 5. The syrup (330 mg.; eluted with J.3% ethanol had [a ]D.+ 70° 

(£ 2.8)/ •••••• 
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(E 2.8) and was chrome.tograph~oa.l~y identical wit.h Q- a -~-galactopyranosyl• 

(1 -+ .3)-Q-];;-e.rabinofuranosyl-(1 -+ 2)-I,.-arabinose in solvents~, ,Sand £• 
. - -

Fraction 6~ The syrup (246 mg.; eluted with 18}& ethanol) had[CXJD -.38° 

(~ 2.0), was chroms.tographically homogeneous in three solvents, and, on 

hydrolysis (in 0.01]"-sulphuric acid for 5 hr. at 96°) gave fraction 4b and 

xylose only. Total hydrolysis with ]"-sulphuric acid for 5 hr. at 96° 

gave :xylose as the only component in solvents~~ ,E and~· Crystallisation 

and receystallisation of a portion of the syrup (80 mg.) from 85% ethanol 

afforded a product (28 mg.) ,[a]D -45° ~ 0.5) which softened at 154° and 

had m.p. 20.3° (d); an authentic sample of .Q-(3 -~-xylopyranosy~-(1 -+ 4)­

.Q-(3 -~-zylopyranosyl-(1 -+ 4)-~-:xylose (xylotriose) softened at 156° and 

had mixed m.p. 204 ° (d). The syrup (10 mg.) was converted to the phenyl-

b . th dit d -· nd 
115 

osazone y uskng e same con · ions as suggeste by Whlstler a Tu. • 

The small amount of crystals which formed were drained on a porous tile 

and waShed, yielding a cryst~lline product m.p. 2i8-219°(d) (lit. value for 
c115 :. 

:xylotriosazone; 214-215 ) • A portion of the mother liquors f'.V®n 

the crystallisation of the :xylotriose (46 mg.) was acetylated by the 

116 
method of Whistler and Tu 1giving a crystalline product (crystallised 

from a mixture of equal volumes of ethanol and petroleum ether (b.p. 60-

800) which had m.p. and mixed m.p. (with xylotriose octa-acet·ate) 1:1° 

and [rxJn -90° ~ 0.4, CHC13). Thin-layer chrormtography on Silica-gel 

G showed the acetate to be identical with a standard. 

Fraction 7. The syrup (114 mg.; eluted with 80}b methanol) was chron:ato-

graphically similar to fraction VI from the chron:atographic separation 

of/ ••••• 
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of syrup 1, :na.m:3ly a serios of :ey-~ose o15 . .s;~~·s with degree of poly­

nerization from four to six. The grajh of~og !t::J-1 y::; suspeotea 

degree of polym;:risation (plate 2) for these three components was again 

linear for solvents~ and~. 

Precip~tate 4. Th . de d d 1 oh 'd (670 mg.) ,[al~ -42° ~s gra e po ysac ar~ e -D 

(E 0.9q, 0.5.!J~Na0H) (isolated after consecutive hydrolyses of the 

original polysaccharide; ref. page 82), was only sparingly soluble in 

water but soluble in dilute sodium hydroxide solution. A portion ( 10 mg.) 

was hydrolysed (in .!J-sulphuric acid for 5 hr. at 96°) giving products 

chromatographically identical with ~lose, arabinose, and glucose in 

solvents~' _E,and E• Preparative - scale paper chromatography and 

assay showed the ratio· of ~lose to arabinose to glucose to. be 11 : 

trace : 1. Reaction of a small portion of the polysaccharide in water with 

a dilute solution of iodine produced the characteristic blue colour 

associated with starch. A further portion of the degraded poly­

saccharide (308 mg.) was m;:thylated by the procedures of Haworth and 

0 
Purdie yielding a product which, after drying (for 2 hr. at 60 and 

0.4 mm.Hg), weighed 192 mg. and had[at -38° (E 1.48, CHC1
3

) and OMe, 

38.0%. The methylated degraded polysaccharide (10 mg.) was hydrolysed 

(in ,B-sulphuric acid for 5 hr. at 96°), neutralized with barium carbonate, 

and chrow.tographed in solvent ~ against standards. The components of the 

hydrolysate were shown to be 2,3,4,6-tetr~thylglucose (~ 1.00), 

2,3,4-tri-g-methyl~lose (~ 0.94), 2,3,6-tri~-methylglucose (Be 0.85) 

and 2,3-di-.Q-methyl~lose (~ 0. 78). Gas-liquid ohronatography confirmed 

these identities and gave the following approximate molar proportions of 

each/ ••• 
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each component (table 10). 

l 
Component T molar proportion 

2,3,4-tri~-methylx,ylose 0.467, 0.607 20 
. 

2,3-di;Q-methylx,ylose 1. 78, 1. 99, 2.23 160 

2,3,4,6-tetra~-methylglucose 1.00, 1.54 3 

2,3, 6-tri-.Q-m:;thylglucose 4.22, 6.16 
i 

15 

l 

TABLE 10 

These results indicate a :xylan with an average chain length of 

approximately nine :xylose units, and a "starch type" m9.terial with an 

average chain length of approximately five units. The :xylose to glucose 

ratio from these figures is found to be 10 : 1. 

The 2 ,3-di-.Q-rethyl:xylose in a portion of the m;;thylated degraded 

polysaccharide hydrolysate (150 mg.) vvas separated by preparative paper 

chromatography in solvent ~' extracted from the paper, and evaporated 

I 

to a syrup which crystallised when seeded with an authentic sample, 

yielding crystals m.p. 76 - 78°, and mixed m.p. (with 2,3-di-.Q-methyl:xylose) 

77-79°. The derived anilide, after recrystallisation from a mixture of 

equal velures of ethanol and petroleum ether (b.p. 60 - 80°), had m.p. 

123-12.3.5° (recent lit. values for 2,.3~-methyl-]'-phenyl-~-:xylop,yranosyl-
0 118 0 119 0120 0 121 -

a.llline; 145 - 146 , 122 - 12.3 , 120 - 122 , 121 ) • 

The/ .... 
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The quantities of the va;rtous mon~, d.:i.-, tri-,and. oligo­

saccharides recovered from the col'LllmlS (including the contributions 

from the dverlapping fractions) are presented in tables 11 (fractions 

l: -+ v:t and ! -+ 7) and. l.2 (combined totals from the first and 

second columns); whilst a summary of' the method adopted to obtain 

the partial hydrolysates for separating on the charcoal./ Celite 

columns is given (flow sheet 1.); and histograms of' the elution 

p;~.ttern are given in Plates 4 and 5. 

weight recovered (mg.) 
Sugar 

fractions I -+ VI fractions 1 -+ 7 

-
Xylose 39 68 

I 

arabinose 4699 I .330 

gaJ.actose 618 100 

.3-0- a -D-ga.lactopjrandsy1- 5559 I 422 
~-ara~inose 

I 
"zylobiose11 30 92 

o- a ~-galactopyranosyl-
- ( 1 --+ .3) w.Q- a .. ;r.,-arabino-

furanosyl-(1 -.-2)-~arabinose 261.5 3.32 

ti Jcylotribseii - 246 

xylose oligomers 6.32 114 
I 

.t .. I 

l'ABIE .. 11 



Histogram of the elution of syrup 1 from charcoal/ Celite 
• • 

after portia I hY.droiY-sis of Watsonia polysaccharide 
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r--·-----------------~----------------------~ 
Sugar 

Xylose 

arabinose 

galactose 

.3-0- a. -~-galactopyranosyl-~-
arabinose -

11zylobiose" 

.Q- a -:Q-galactopyranosyl-
(1 ~ .3)-Q- a -Lt-arabinofur­
anosyl-(1 ~ 2)=~-arabinose 

":xylotriose" 

:xylose oligomers 

TABIE 12 

Total weight recovered 
( mg. ) 

107 

5029 

718 

5981 

122 

2947 

246 

114 
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Watsonia polysaccharide 

fractionA (30g.)[a]D-80° 

~ O.OlB-sulph~ic acid for 

I 7 hr. at 96 then neut-.l ralization with Baco
3 

\J 0 
solution[a~ +53 + non-carbohydrate residue (315 mg.) l made BO% with respect to nethanol 

Jgecipitate 1. (5.251 g.) ,[aJn-59° + syrup L (21. 7 g.) ,[a~+83° I O.OlN-sulP,.uric acid for 1 charcoal/ Celite 

I 
6 hr: at 96°, followed by 

1 
column chromatography 

neutralization fractions I ~VI (Table 11) 
\V 

syrup [a ] D -11° , . 1 madB 80% with respeat to methanol 

;precipitate 2. (2.404 g.),[a]D-5.3° + syrup 2. (2.323g.)£ a]D +.32° 

i O.OJ.B-sulphuric acid for 7 hr. 

at 96°, followed by neutraliz­

ation and making 80Pfo with 

respect to methanol 
'-1-' 

pre~ipitate 3. (1.0.36 g.) ,[a Jn -39° 

o.o~-sulphuric acid for 4 hr. 

at 96°, followed by neutraliz-

1 ::~:c~o:::::no{ with 

precipitate 4. (670 mg.),[a 1 -42° 1 methylation and hydrolysis 

methylated sugars (Table 10) 

FWH SHEET I 

+ syrup 3. (1.10 g.), [a J.n -8° 

+ syruf 4. (202 mg.) ,[a]D -17° 
1 + syrup 3 

+ syrup 2 

+ fraction VI 

then charcoal / Celite 

column chromatograpl~ 

fractions 1 ~ 7 (Table 11) 

1-:ethyla tiori •••• 
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(D~ Methylation of the Watsonia corm polysaccharide and identification 

of the methylated monosaccharides released on acid hydrolysis. 

Initial~ three different methods were used for the methylation of 

the polysaccharide. which was sparingly soluble in water:. but all of them 

gave very low yields of the methylated product. 

I 
~) The polYsaccharide fraction A (10 ·g.) v~s suspended in water 

(100 ml.) and ~thylated by the procedure of Haworth, adding during 9 

days, dirnethylsulpha.te (400 ml.) and sodium hydroxide (246 g.). After 

heating to 60° for 1 hr. the solution was dialYsed against running water 

until free from inorganic ion. The dialysate, af~er concentrating in va~uo 
"·'<::· 

yielded a ~p (11.2 g.) which afforded ~lose, arabinose, galactose and 

traces of (prestllll9.blY) methylated monosaccharides when hydrolysed for 

3 hr. in ,!!-sulphuric acid at 96°. The syrup was further methylated for 

9 days using th~ sare conditions as before, dia~sed until salt free, and 

evaporated to a dry powder (12 .• 6 g.) which was refluxed for 3 hr. with a 

mi.xture of methanol- chloroform-~ dry dimathyl fonnami.de, 5:5: 2; 

filtration and evaporation to d!yness gave a soluble fraction (4.6 g.; 

OMe, 24.~) whilst the residue (7.6g.) had OMe, 32.6~b. Neither of the 

two fractions appeared to contain a~ free methylated monosaccharides 

Vlhen subjected to paper chro:ma.tography in solvent a. HydrolYsis of the 

two fraction:s in ,!!-sulphuric acid for 18 hr. at 100° gave the same s.ix 

chroln9.tographic components for each in solvent !1;, with Be values of: 

0.96, 0.89, 0.82, 0.74, 0.50 and 0.26. Further methylation of the 

soluble fraction (950 mg.) by the method of Kuhn122(-wl.th d:ry dime:thyl-

for.mamide, silver oxide, and methyl iodide), finally yielded a clear 

yello;o/ ••• 
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yellow glass (120 mg .. : dtied at 100° i'or 2 hr., at 0.5 rom. Hg), 

[a] D -90° (,£ 1.64, CHC1.3) (Found.: OMe, .38.2%). Hydrolysis of thj,s 

syrup (in .!!-sulphuric acid for 18 hr. at 100°) yielded on paper 

chromatography the same components as before, with the exception of 

that BG 0.74 which was absent. 

In view of the loW overall yields ( ¢1Q%) of methylated poly-

saccharide in the above experiments a modification of the ~n procedure 

was used 123. 

(,E) Partially methylated polysaccharide(1.02 g.; from the "Haworth" 

methylation) was :tirred for 16 hr. with dry dinethylfoi'Ill9Jllide (70 ml.) 

before adding the silver oxide and methyl iodide, the yield from this 

however, was no better than in the preceeding experiment. 

(£) A further method utilizing barium oxide instead of silver 

oxide to neutralize the bydriodic acid formed during n:ethylation, and 

dimethyl sulfoxide as the solvent in place of dimethylformamide 1 24 

was used, again giving a low yield of methylated polysaccharide. The 

dry powder obtained after methylation twice by the Haworth procedure ( 950mg.) 

was suspended in din:etbyl sulfoxide (50 ml.), after addition of barium 

oxide (8 g.) and methyl iodide (25 ml.), the mixture was refluxed for 

24 hr. at 45°, filtered, evaporated to a syrup1 and extracted with chloro­

form; evaporation of this extract in vacuo yielded a syrup ( 80mg.) which, 

on hydrolysis, gave the same six components as those obtaitiad :fi';fd.{;l the poly-

saccharide which had been methylated twice by the method of Haworth. 

By modifying the method of Haworth as follows, high yields of the 

methylated polysaccharide were obtained. Wat~o~a corm polysaccharide 

f'ractiorV •••• 
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fraction A (.30 g.) vva.s homogenised with ]'•sodium hydroxide (200 ml.) at 

4°,methy1ated (for the first 8 hr. at 1° in an atmosphere of nitrogen 

and then over 10 days at room temperature and 4 days at .35°) with di­

mathyl sulfhate ( 700 ml.) and sodium hydroxide (350 g.), d.ialysed against 
.. ,\•\ 

running water until free of inorganic ions, methanol, and d.:imathy"l suJi:_ ,. 

phate, and evaporated to a clear amber-coloured glass (25 g.) ,[ex ]D -80° 

(g 1.4, CH01
3

) (Found: OMe, 36.8; sulphated ash, le4%). Hydrolysis 

of this :rw.terial in .If-sulphuric acid for 5 hr. at 96° yielded the- same 

components as before in essentially the sama amounts. 

... 

This partially methylated material (12.5 g.) was dissolved in equal 

volUires of dry dimethy"lforn:runide and chloroform, in which it was coill:"" 

pletely soluble (complete solution was not achieved when only dry 

diirethylfor.rnamide was used). Slow evaporation of the chloroform afforded 

a solution of the partially mathy"lated polysaccharide in dim;;thyl-

formsmi.de. During a period of 2 weeks, silver oxide (50 g.) and 

mathyl iodide ( 100 ml.) were added to this solution, the reaction taking 

place at ambient temperature and with constant vigorous stirring. The 

reaction mixture was filtered to remove unreacted silver oxide, silver 

iodide, and the silver iodide - dimethylformamide complex which had 

partially crystallised from th6 solution. The straw-coloured filtrate was 

evaporated to a small bulk; the addition of the chloroform afforded a 

precipitate of the silver iodide - dimethylformamide complex which was 

removed by filtration. Concentration of the filtrate and precipitation 

with chloroform was repeated until no more of the Coirq)lex was removed by 

this m;;thod; when evaporated to(}yness (at 80° and 2 em. Hg to constant 

weight/ •••• 
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weight), the final filtrate af'f'orded an amber-coloured glass (12.6 g .. ). 

The glass (12.6 g.) was dissolved in chloroform (50 ml.) Emd the 

solution extracted with a solution of aqueous p:Jtassium cyanide (5%) 

to remove aey rem:tining silver iodide and silver iodide-diirethylformamide 

complex. This procedure was :repeated three times, the chloroform 

laye?=' dried (over anhydrous sodium sulphate), and evaporated in vacuo 

to a clear pale-yellow glass ( 7. 85 g.) , (a ] D -84-
0 

(,2 0., 74-, CHC13 ) 

(Found: OMe, 37 .1; sulphated ash~ O .• Q%). 

This m:tterial (7.85 g.) was dissolved in methyl iodide (100 ml.), 

silver oxide (20 g.) added, and refluxed at 4-8° (bath temperature) for 

ten days. The reaction mixture was then f'il tered to remove silver 

iodide and silver oxide and the filtrate was evaporated to dryness 

(at 60° and 2 em. Hg to constant weight) yielding a clear glass 

(6.3 g.), which had[a]D -86° {.2 4-.15, CHC13 ) (Found: OMe, 37.5; 

sulphated ash< 0.1%). ~methylation by the Purdie procedure left the 

metho~l and sulphated ash contents unchanged. The methylated poly-

saccharide, when dissolved in chloroform, gave no precipitate on the 

addition of petroleum ether (b.p. 60 - so'} to a concentration of 9Q%. 

This, coupled with the constant metho:xyl content on further "Purdie" 

methylati.on , is a reasonable justification for regarding the W~t sonia 

corm polysaccharide as being fully methylated and essentially homo-

geneous at this ~tage. 

Hydrolysis of the methylated polysaccharide ( 20 mg.) in 98/100 

formic acid for 1 hr. at 96° , and then, after evaporation of' the bulk 
.. :.'tt 

of the formic acid, inN-sulphuric acid for 5 hr. at 96° afforded the 

followi.ntf •••• 
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following components (tentatively identified against standro:-ds) when 

chrormtographed in solvents ~ and .z (plate 6) (Ea. values quoted for 

solvent~). 

(i) 2,3,5-tri~-methylarabinose (0.96) 

(ii) 2,3,4,6-tetra-£-methylgalactose (0.87), 

(iii) 2,5-di•O-methylarabinose (0,84), 

( iv) 3 ,5-di -.Q-methylarabinose ( 0. 81), 

(v) 2,3,6-tri-.Q-methylgalactose (0.74), 

(vi) and 

(vii) two minor components staining pink with the .1ranisidine hydro­

chloride spr~ reagent (0.48 and 0.37 respectively), and 

(viii) ~lose (0.26), the latter revealed by its characteristic green 

colour men sprayed with the barbituric acid spray reagent. In view of 

the possibility of demethylation of the sugar residues occurring ·during 

hydrolysis in 98/100 formic acid92, different hydrolysing agents were 

used to obtain (by visual inspection of paper chroiiB.tograms) conditions 

which gave rise to the least amount of demethylation. (2;) Initial 

hydrolysis with 98/100 formic acid, for 1 hr. at 96°, followed by 

. hydrolysis with ,!!-hydrochloric acid (for 4 hr. at 96°) yielded more of 

the component~ 0. 74 than was obtained with formic acid followed by 

!-sulphuric acid, whilst there appeared to be a decrease in the amount 

of component BG 0.87. (.£) Hydrolysis in !-sulphuric acid for 5 hr. 

at 96° yielded an hydrolysate in which the corry;>onent ~ o. 74 appeared to be 

of the order of half that found in hydrolyses where formic acid was used 

initially. However, at the end of 5 hr. the original methylatedt PolY­

saccharide/ •••• 
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PLATE 6 Chromatogram of the hydrolysis products of the methylated 

Watsonia polysaccharide. 

Key 

a = 

b = 

c = 

d = 

e = 

f = 

g = 

h = 

i = 

A == Standard mixture of sugars 

B = ~drolysis products 

to plate 6. 

galactose j = 2,5,4,6-tetra-O-metqylgalaotose 

arabinose k ~ 2,3,5-tri-0-n~ti~larabinose 

xylose 

3-Q-methylarabinose 

rhamnose 

3-Q-mcthyl:xylose 

2,3,6-tri-Q~ethylgalactose 

2,4,6-tri-Q-n~thylgalactose 

2,5- and 3,5-di-Q-methylarabinose 
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saccharide was not completely dissolved, with consequent loss of weight 

of the methylated monosaccharides. (£) The method finallY adopted, 

which gave an amount of component gG o. 74 comparable with that in (E), 

was as follows: the methylated polysaccharide (5 g.) was dissolved in 

a mixture of ]i-sulphuric acid (.135 ml.) and 98/100 formic acid (15 ml.), 

hydrolysed for 5 hr. at 96°, neutralized with barium carbonate, filtered, 

and the filtrate treated with Amberlite m-120 (H+) and Duolite A4 

(CH-) to remove barium formate (paper chromatography of the filtrate had 

shown no component which could have been methylated uronic acid; this , 

coupled with the absence of any uronic acid fragment in the complete or 

partial acid hydrolysis of the gum allows the use of ion-exchange resins for; 

doionaza.tion at this stage) • Concentration of the solution of methylated 

monosaccharides (at 60° and 2 Clll. Hg to constant weight) yielded a syrup 

(4 g.), which was charged to a cellulose column (98 x 4.5 em.) and 

eluted with petroleum ether (b.p. 100 - 120°) and butan-1-ol, with step-

wise increase in the butan-1-ol concentration, the final eluant being 

butan-1-ol saturated with water. The following 13 fractions were obtained: 

Fraction i. The syrup ( 635 mg.; eluted with petrol : butanol; 7 : 2) 

had[a] D ... 35° (£ 1.2)1 ~ 0.95(solvGnt,!?)(Found: OMe, 46.9. Calc. for 

Cafi
16

o
5

: OMe, 48.4%), and was chromatographically homogeneous (in 

solvents~ and E). Demethylation with 48% hydrobromic acid 60 gave a 

series of arabinose methyl ethers and arabinose, which were identified by 

paper chromatograPQy against standards. Fraction i (100 mg.), bromine 

(0.25 ml.), and water (2 ml.) were heated together for 15 hr. at 30°. 

Excess bromine was removed with a stream of nitrogen and the solution 

vvae/. • •. 
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was neutralized w-lth silver carbonate and centrifuged. The centri - .. 
:;·~' 

fugate after treatment with a stream of hydrogen sulphide was filtered, 

and evaporated to the derived syrupy ~-arabonolactone [a]D -59° (g 0.75). 

Methanolic ammonia (1 ml.) was added and left for 15 hr. at 5°; crystals 

of' the derived arabonamide formed on evaporating off the solvent,m.p.l27°. 

Recrystallisation from ethyl acetate afforded a product, m.p. 134.6° and 

mixed m.p. (with 2,.3,5-tri-.Q-illethyl-!rarabonamide) 1.35°v 

Fraction ii. The syrup (169 mg.; eluted with petrol ~ b.1tanol; 7 : 3) 

gave two spots on chromatography, one (a) identical with fraction i, and 

the other (b) with fraction iii. Gas-liquid chrormtography showed the 

ratio!\ a : b to be 2 : 1 (by mols.). 
~:· 

Fraction iii. The syrup (397 mg.; eluted with petrol : butanol; 7 : 4) 

had [a]D + 107° (g .3.32), Ba, 0.87 (solvent~) (Found: OMe, 49.4. Calc. 

for C
1

cJI20o6 : OMe, 52.5%) and was chrormtographically homogeneous. 

Demethy}ation and paper chromatography gave a series of' galactose methyl 
; 

ethers and galactose. Fraction iii (100 mg.) was dissolved in dry 

ethanol (1 ml.) and freshly distilled aniline (0.08 ml.), after ref'lux­

ing for 2 hr. at 96° (in anhydrous conditions) and cooling to room 

temperature, crystals of the derived anilide were obtained, m.p. 196 -

197° and mixed m.p. (with 2,3 ,4,6-tetra-.Q-rnethyl-!f-phenyl-~-galactosyla­

mine)l970. 

!,!'action iv. The syrup (312 mg.; eluted with petrol: butanol; 7: 5) 

had[a)D -57° (.,9 1.12), Mg 0.72, ~ 0.81 (solvent~) (Found: OMe, 34.1. 

Calc. for C-JI
14 

o
5

: ClMe, 34.8%) was chrormtographically homogeneous and 

~e/ ... 
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gave 5-.Q-retbylarabinose ~ 3 '"'.2-meth,ylarabinose. and arabinose (identified 

by paper chrol.T'.B.tog.raphy against stan<J..c'\rds) on demethylation. The derived 

lactone after recrystallisation from ethyl acetate had m.p. 73° (lit. 

0 125 0 126 &-27 
75 , 73 , 78 ) • values for 3,5-di-0-methyl-L-arabonolactone; - = 

On paper chromatograpQy the lactone hadEf values of 0~78 and 0.88 in 

0 0 
solvents~ and _g respectively. The derived amide had m~p, 145 ,[a] D +15 

( ) ( 1440 126 ' .£_0.93 lit. values for 3 ,5-di-..Q-methyl-~-arabonamidc;; 
o125,J.27 0 125 

145 ,(aJn +10 ) • 

Fraction v. The syrup (339 mg.; eluted with petrol : butanol; 7 : 5) 

gave two spots on paper chromatography and electro.Fhoresis identical 

(a) with fraction iv and (b) with fraction vi. DeiOOthylation. gave only 

mono-rnethylarabinoses and. arabinose, whilst gas-liquid chromatography showed · 

a : b to be 1 : 2 (by mols.) 

Fraction vi, The syrup (192 mg.; eluted with petrol : butanol; 7 : 5 ) 

had (a] D -43° (s o. 6), Mg 0.05, gG 0.84 (solvent~) (Found: OMe, 32.3 • 

. Calc. for Cf1l4 o5: OMe, 34. 8%) was chromatographically homogeneous and 

gave 5-.Q-rnethylarabinose, 2-£-methylarabinose, and arabinose on demethyla­

tion: The derived amide had m.p.l31.6-l32.3° (lit. values for 2,5-di-.Q­

rnethyl-~-arabonamide, 131° 128 ' 1~ 131-132° 12~. 

Fraction vii. The syrup (14 mg.; eluted with petrol : butanol; 7 : ·7) 

showed two spots on chromatography, in equal quantities and identical 

with fractions vi and viii. 

Fraction viii. The syrup (215 mg. J eluted with petrol : butanol; 7 : 10), 

(a]D +87° (£ 3.59), ~ o. ~ (.solven-t;_~). (F.ouncl: OMe, .3~.~.._-Calp ... for 

CrJI18o6: OMe, 41.Wo) was chromatographically homogeneous and gave a 

serie::y' •••• 
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series of methyl ethers of gciactose and galactose on demethylation. 

The derived lautone had m.p. and mixed m.p. (with 2,.3 ,6-tri-.Q-methyl­

~-{"Jl}.a.ctonolact one) of 98 °. 

Fraction ix. The syrup (24 mg.; eluted with petrol : butanol; 7 : 10), 

[ a] D +97° (g 0.4-55) j showed two components on paper chromatography, 

very close together. Gas-liquid ch!'on'ltography showeci 2,3 ~ 6-tri-.Q­

rnethylgalactose (1 part) and (probably) 2,4-,6-tri-.Q-:;nsti:,yJ.galactose 

(6 parts). 

Fraction x. The syrup (10 mg.; eluted with petrol : ~'l:.:tanol; 7 : 20) 

was shown by gas-liquid chronntography to be probably 2,4,6-tri-.Q-methyl­

galactose (1 part) and fraction xi (1 part). 

Fraction xi. The syrup (40 mg.; eluted with petrol : butanol; 7 : 50), 

[ ct] D +27° (£ 0. 78), .Mg 0.84, ~G 0.52 (solvent~) was chromatograph­

ically homogeneous; demethylation gave only zylose, and paper electro-

phoresis showed that of the m.onomethJ1}. ethers of zylose, only 3-.Q-

m::thylzyiose would have the correct M value. -g 

Fraction xii. The syrup (27 mg.; eluted with butanol half satUl·ated 

with water), [a] D +85° (,g 0.42), BG 0.37 (solvent ~) gave arabinose 

only on demethylation and was chronntographically id0ntical with 

.3-.Q-methylarabinose; it could not have been the 5- or 2-methyl ether 

of arabinose as these were ruled out by paper chromatography (~ 0.59 

and 0.46 respectively). 

Fraction xiii. The syrup (594- mg.; eluted with butanol saturated 

with water), [ a]D +18° (,g 5.94-), Ea. 0.26 (solvent~) was chronntographi­

cally identical with zylose (in solvents~' ,E 1and 2). Crystallisation 

frony' •••• 
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from .85% methanol afforded crystals m .. p. and mixeS. m.p. (with R-xylose) 

148°, [tx] D +18° (g 1.2). The derived diybenzylidene d.inethyl acetal 

had m.p. and mixed ~p. (with :Q-xylose di-.Q-benzylidene di.Irethyl acetal 

of 210°; [ex] D -10° (_s 1.40, CHC1.3). 

Final elution of the column with ethanol : y.,rater; 1 : 1 gave no 

further fractions. The weights and molar proportions of the sugars 

eluted from the column are presented in Table 1.3, and diagrammatically 

represented in a histogram (plate 7). 

Methyl ether weight (mg.) molar proportion 

2,.3,5-tri-~-methylarabinose 747 10.0 

2,.3,4,6-tetra~-methylgalactose 45.3 4.9 

.3,5-di-o-methylarabinose 425 . 6.2 

2,5-di-~-methylarabinose 418. 6.5 

2,.3,6-tri~-methylgalactose 218 2 • .3 

2,4,6-tri~-methylgalactose 26 0.2 
(probably) 

.3-g-rnethylXylose 45 o. 75 

.3-.Q-methy larabino se 27 0.4 

xylose 594 10.0 

TABLE 1.3. 

If we assune that the 2,.3,6-tri-~-methylgalactose is actually from 

Uhdermethylated or partially dernethylated en.J.group galactose (see 

discussioq/ ••• 

., 



c 
c 

. 
0 

., 
0 

.-
~
 

. _ _,. 
0 

0 
"
0

 
~
 

"0
 

,. 
0 

>
( 

0 
1

: 
0 

" 
0 

u
 

>
 

0 
\
)
 

0 
~
 

.0
 

v 
0 

0 
--

-
.,. 

>-
t
j 

0... 
0 

~
.
 

~
 

0 
~
 

• 
X

 
0 0 

0 
It)

 

c 0 .,. ..., 
111 

~ 
0 

... _ :::) 

0 
0 

"fc 
L 

.. 
'
/
 

I: 
0 

0 

c 
0 
'U

 
0 

>
( 

0 
0 

..., 
0 

.,._ 
0 

I") 
0> 

~
 

.. 
)( 

E
 

0 
'i-' 

0 
C

) 
0 

..., 
("'I 

0 
~
 

0 '-" 
0 

0-r 
0 

0 
• 

..: 
0 

0 

(•P
!"

D
"

''o
d

,o
d

 ·&
o

o
i/J

o
w

) 

P
L

A
T

E
 

8
. 



-113 -

(b) Preparative scale oxidation, reduction, and "Smith degradationH. 

Watsonia polysaccharide fraction A (.3 g.) was dissolved in water 

(2 1.). To this solution sodium meta-periodate (18 g.) in water 

(500 ml.) was added, and the oxidation allowed to proceed for 

.3.33 hr. Aliquots of the reaction mixture were assayed fo-r: periodate 

uptake at various times during the oxidation (see table 16 and plate 8). 

Time (hr.) periodate consumed 

2 0.312 

25 0.548 

50 0.564 

168 o. 7.37 

192 0.756 

3.3.3 

I 
0.864 

TABIE 1~ 

Vf.hen the reaction had proceeded for the above time, barium carbonate 

(40 g.) was added and the suspension stirred for 2 days, during which 

time most of the iodate ion in solution was precipitated as barium 

iodate. After filtration through a filt_er-aid (Celite 535 * ) the 

filtrate was concentrated (at 25° in vacuo) to a sms.ll bulk (40 ml.) 

*A product of Joh~'s- Manville, U.s.A. 
and/ ..... 
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and poly-aldehyde in the solution reduced to a poly-alcohol (over .3 days) 

by the addition of soiid sodium borohyd.ride (5 g..). After .3 days excess 

sodium borohyd.ride was converted to sodium borate by lowering the £!I of 

the solution to Jj:I 6 with carbon dioxide. After filtration the solution 

(50 ml.) was passed through a column (.3 .5 x 47 em.) of Sephadex G. 25 

(medium grade) to remove small molecules and ions, the eluate being 

checked at regular intervals for polysaccharide and borate ion content. 

The polysaccharide fractions free from borate ion were eluted in 175 ml., 

and totalled (by assay) 820 mg. of polysacch~ide (i.e. 94.2'fo of the 

polysaccharide eluted from the column) • Further fractions (eluted in 

75 ml. and containing 51 mg. of polysaccharide) containing in addition 

to polysaccharide, borate ion, were de-ionized with Amberlite JR-120 

(H+) and Duolite A4 (<H-) and concentrated (in vacuo at 25°); ps.per 

Chromatography of these concentrates revealed no glycitols. The solution 

containing the borate free polysaccharide ( 175 ml.) was shell frozen and 

freeze-dr±ed, yielding a 'White powder (1.12 g.), [a] D -107° (g 1 ... 0.3), a 

portion of' which on hydrolysis (0.5,E-sulphuric acid for 16 hr. at 96°) 

and prep9.rative paper chro~tography was found to contain :xylose, arabinose, 

and glycerol (identified against standards in solvents~ and .f) in the 

ratic 10 : 14 : 7 by mols .. (the glycerol was assayed by measuring the 

formaldehyde released on periodate oxidation); no spot corresponding to 

threitol was observed, and the above three components were the only 

ones noticed in t:bs Izytlrol.y$a.te. ,. . 
. , 

The reduced oxidized Watsonia polysaccharide (1.0 g.) was dissolved 

ir/ ..... 
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in !-sulphuric aoid a.nd. hydrolysed at 19° ("Smith degradation" condi­

tions 95 ) ; after .3 hr. arabinose started to be hydrolysed off the 

molecule, (determined by neutralizing a portion of the hydrolysate and 

spraying a spot on paper with .:e-anisidine h.{drochloride) and the hydrolysis 

was terminated by adding barium carbonate to neutralize the acid. During 

the Smith degradation the specific rotation oft he solution changed from 

[a]D -100° (20 min.)~ -9.3° (.3 hr., .2 5.01, B-sulphuric acid). The 

neutralized solution, after filtration, was evaporated to dryness (at 25° 

and 2 em. Hg to constant weight) yielding a white solid ( 955 mg.) which 

on reflUrlng with absolute ethanol gave a soluble fraction (X) ( 2.30 mg. at'te:v, 

evaporation in vacuo at 25°) and a residue (Y) (696 mg.),[a] D -98° 

(£ 0.92) (Foun~ ash.,l.8%). 

Paper chromatography of fraction X (jnsolvents ~ and .f) showed 

glycerol to be the only glycitol present and arabinose the only sugar; 

no components corresponding to sugars linked to glycitols were observed 

but the fraction was assayed for total sugar content (by two methods 

a and b) and for reducing sugar content (method (c)}. 

(a) By blowing steam through a solution of fraction X (14.8 mg. in 

water) aqy glycollic aldehyde in the fraction was removed, the re­

sulting solution was as~ayed giving the total amount of sugar (as 

arabinose) present in the fraction (1.9 mg. i.e. 12.9,% of fraction X). 

(b) 
].31 

The second method used was one developed by Bahl and co-workers • 

Fraction X (14.8 mg.) was refluxed for 2 hr • with 2.4% methanolic hydrogen 

chloride; when the Fehling's test was negative. Neutralization of the 

solutiorv' ••••• 
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solution with silver carbonate, centrifugation, and evaporation of the 

supernatant to dryness, afforded a residue from which two portions of 

mathanol (each 20 ml.) were evaporated; after finally heating for 

2 hr. at ~0, the residue was dissolved in water (25 ml.) and assayed 

for total sugar (as arabinose) content (Found: 1.8 ~., i.e. 12.4%). 

(c) A further portion of fraction X (14.78 mg.) •ms assayed for 

reducing sugar using the micro-colorimetric method of Somogyi and 

132 
Nelson , yielding 1.80 mg. (of reducing sugar, calculated as ara-

binose), i.e. 12.2,%. The optical rotation of a solution of fraction X 

(_s: 1.47) was +0.10° which is equivalent to a free arabinose content of 

12. 9%. These results show that at most £!to 6% of the total sugars present 

(i.e.O. 7% of fraction X) can be bound to glycitol residues, which is in 

broad agreement with the absence of glycosyl-glycitols on paper chroma-

tography. 

Chromatography of fraction X (72 mg. in 0.9 ml. of water) on a 

column (1.2 x 30 em.) of Dowex-1 resin* (100 - 200 mesh and 10'/o cross­

li:nked) (of. method of Austin et aJ.133 ), elution with carbon dioxide 

free water, and estimation of the positions of the eluted components by 

measuring the periodate uptake of each fraction afforded glycerol 

(25.03 mg.) as the only component of fraction X eluted from the resin 

(identified initially by paper chromatography in solvents~ and f). The 
. 0 

derived ,J?-nitrobenzoyl chloride 131J.ad m.p. 194-195 , and mixed m.p. 

(with an authentic specimen) 193-194°. 

Hydrolysis of fraction Y (10 mg.) in _li-sulphuric acid for 5 hr. at 

* Product of Dow Chemical Co., Wddland, Michigan, U.S.A. 
0 

96 ; ••••• 
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96° gave :xylose and arabinose only, in the ratio 10 : 14.2 by mols. 

Methylation of the fraction ( 279 mg.) by the procedures of Haworth 

and Purdie afforded a methylated degraded polysaccharide (151 mg.), 

[ a]D -120° (g 1.91, CHC1
3) (Found: OMe, .34.5%). Further methylation 

by the Purdie method did not raise the methozy1 content of this na teria.l. 

The methylated degraded polysaccharide ( 100 mg.) was hydrolysed in 

]!-sulphu-ric acid for 5 hr. at 96°, natralized with barium carbonate , 

:filtered, and evaporated in vacuo to a syrup, a portion of which on 

paper chrorm..tography (in tso1vent ~) was shown to contain the folhving 

components (identified against standards); (i) 2,3,5-tri~-methyl­

a.rabinose, (ii) 2,5~di-O-methylarabinose, (iii) .3,5~di-.Q-methyl­

arabinose, (iv) 2,.3-di-.Q-methylzylose, (v) .3- and/ or 2-.Q-methyl­

Jcy"1ose, (vi) :xylose. Preparative paper chromatography of the syrup, 

and elution of the fractions from the paper with water, afforded solu-

tions which were ass~ed for carbohydrate content, ngainst an authentic 

standard curve for each component. Paper electrophoresis of components 

(ii), (iii), and (v) confirmed the identities and showed that (v) was a 

mixture of .3-0-methylxylose (M 0. 66) and a trace of 2-{)-methyl:xylose - -g ... 

(!g 0.39). Gas-liquid chromatography (against standards) o:f the 

methylated degraded polysaccharide, methanolysed for 18 hr. at 100° 

in 2.4~ methanolic hydrogen chloride, confirmed all the above identities 

and also gave a peak corresponding to 2,.3,4-tri-.Q-methyl:xylose, which 

has the same ~ value as 2,3 ,5-tri-.Q-methylarabinose on paper chronato­

graphy in solvent~· Molar proportions of each fraction, (a) by gas-

liquid/ •••• 
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liquid chromatography (appro:x::innte) $ and (b) by assay after chromato­

graphy on paper sheets, are presented in t·able 17. 

as~ from paper assay by gas-liquid 
Sugar 

sheets chronatography 

2,3 ,4-tri-.Q-methylxylose 1.0 1.0 

2,3,5-tri-0-methylarabinose 
I 
I 9.3 6.55 

2,5-di-Q-methylarabinose 1.0 2,6 

3,5-di-Q-methylarabinose 5.6 10.2 

2,3-di-Q-methylxylose 1.5 1.0 

2- and 3-.Q-methylxylose 5.1 2.6 

xylose 3.0 -
I ! -

TABlE 17. ( 

The molar proportions found by the paper-strip assay method give 

a good agreement between the number of mols. of end group$ and the 

number of mo1s. of branch points viz.; 

(a) end-groups 10.3 mo1s. (35.0%) 

(b) chain-groups 8.1 mo1s. ( 27 .4~~) 

(c) branch-points 11.1 mo1s. (37.6%) 

Periodate oxidation (in the manner previously described) of the 

fraction Y (102 mg.) for 31 days at ambient temperature, revealed that 

0.37 mols./ •••• 
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0.37 mols. of periodate were consumed for 100 g. of fraction~. 

Neutralization and sodium borohydride reduction of the oxidised solution, 

followed by conversion of the borohydride into borate with carbon dioxide, 

ae.-ionisation with mixed anion and cation exchange resins, and evaporation 

in vacuo, afforded a syrup (fraction z) ( 28 mg.) which on hydrolysis (in 

B-sulphuric acid for 5 hr. at 96°), preparative paper chromatography, and 

assay of the separated components, showed xylose, arabinose, and glycerol to 

be the only components present, in the ratio 6.8 : 5.1 : 6 by mds. Fraction 

Z (19.5 mg.) was dissolved in B-sulphuric acid at room temperature 

(
11Smith degradation" conditions) and the change in specific rotation 

from [a]D -69° (3 ~n.) -7 • -60° (3 hr., constant; £ 0.49, B-sulphuric 

acid) was noted. The hydrolysate was neutralized, filtered, and con-

centrated (in vacuo) to a syrup (15 mg.). Paper chromatography in 

solvent a and revelation of the spots with yanisidine hydrochloride a.nd 

periodate / benzidine spray reagents, 

the main component of the mixture, a 

revealed glycerol (ggal 4.4) as 

trace of a component R 1 0.6 -ga. . 

(not stained with ~-a.nisidine hydrochloride and possibly a xylosyl-

glycerol), and a component remaining at the origin; the material available 

was, however, insufficient to estimate the amount of glycerol, or the 

components of the spot R 
1 

0. 6. -ga The remaining syrup ( 1.3 mg.) was 

dissolved as far ·as possible in ethanol, yielding two fractions (a) 

soluble in ethanol and containing the components R 1 4.4 and 0.6 men­-ga 

tioned above, and (b) an insoluble fraction (9 mg.),[ a] D -62° 

(E 0.2) which gave xylose and arabinose in the ratio of 7.1 : 4.9 and 

no/ •••.•• 
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.Watsonia polysaccharide fraction A ( 3. 0 g.)· 

periodate oxidation 
borohydride reduction 

o/ · Jzydrolysis (zylo~e 10 
1.12 g.[a]D -107 i arab~nose 14 

used 1.0 g. 
assay l glycerol 7 

t Smith degrade 
955 mg. 

10 :xylose J hydrolysis 
1.4. 2 arabinose· ~say/......­

_.,,/ 

l reflux with ethanol 

insoluble fraction Y (696 mg.) + soluble frac-

. / 
~sed 279 mg. 

~ methyla~e . 
methylated polysaccharide 

(~51 mg.x a] D •120° OMe, 
.34.5% 

hydrolysis 
'II 

series of sugar methyl ethers 
and xylose (Table 17) 

used 102 mg. [a] D-98° ~ 

periodate 
borohydride 'if 

assay 
paper chro-; 
rnatography •. 

1 cerol + arabinose· 
Dowex chroma­
tography 

glycerol ( 25.0.3~) 
hydrolysis:;:> Jr zylose 6•8 

assay ~arabinose 5.1 
Smith degrade (glycerol 6.0 

15 mg. 

. .~eflux with ethanol 

insolub!.ie fraction 9 mg. [a] D-62° + soluble 
fraction (.3mg.) 

;fro~:; hydrolysis and 

I w 
assay 

zylose : arabinose 

FLOW-sHEET 2. 

7.1 

glycerol + !lga.l 0.60 

4.9 
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