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Ph.D. Chemistry 

ALAN RODNEY MII..LS 

A STUDY OF THE HEHICELLUIDSES PRESENT m THE \\OOD OF ENGELMANN 
SPRUCE [Picea engelmarmii (Parry) Engelm.] 

ABSTRACT 

Three hemicelluloses have been isolated tram the wood ot 

Engelmann spruce, an important western pulpwood species. Alter removal ot 

the lignin, tractional extractions and precipitations with aqueous alkali gave 

an arabinoglucurono:xylan (S% ot the wood), a galactoglucomannan (2%) and a 

glucomannan (S%). 'mleir structure was detennined by the classical methylation 

method, by oxidation with periodate and by identification ot the oligo-

The saccharides obtained on partial acid hydrolysis ot the polYsaccharides. 

:xylan consisted ot ~-(1~4)-linked D-:xylose residues carr,ying u-(1-72)

linked 4~ethylglucuronic acid and u-(1-+3)-linked L-arabinoturanose side 

chains. The two hexosans contained a tramework ot P-(1 ~4)-linked D-glucose 

and ~ose residues to which were attached u-(1~6)-linked D-galacto-

pyranose residues. Both hemicelluloses contained glucose and mannose in a 

ratio ot 1:3 but the galactoglucoman:nan possessed ten tjJnes more galactose 

side chains than the glucomannan. An oligosa.ccharide girtng equimolar 

amounts ot galactose, glucose, and mannose on hydrolysis was obtained trcm 

the galactoglucamannan. This constituted the tirst unequivoca.l evidence 

tor the triheteropolymer nature of this type ot wood polYsaccharide. 

--



ENGEI!ANN SPRUCE 

The c011111e~ial wood producing trees can be divided into two 

classes, the angiosperms and the gymnospermso In the angiospe:rm class, 

usual.ly reterred. to as the hardvoods, most of the important deciduous 

trees are dicotyledcmso In the gymnospe:rm class the sub-order, Coniterales, 

usually reterred to as the coniters or sottwoods, contains the onlJr genera 

of illporta.nceo The aost illportant of these genera areg Pinus, the pinea; 

Abies, the tirs; and Picea. the spruceso 

EDgehlann spruce (ficea engelm:mpii (Parry) Engel.Jao), typicall,y 

a mountain species, is tound in the lWcky H:mntains ot the Western United 

States and Canadao It is a tolerant species, which oceurs in large pure 

stands or associatèd. vi:th other coniters frc:a an elevation of 1500 fto 

up to the tilllberline (about (12,000 fto) o 'lbe species bas good seed 

production and germination (up to 97%), but its grovth is uso.ally 

lilli ted b7 a short groving season; und.er sui table conditions the 

species can attain dilllensions of 165 tt .. b7 6 fto The tree bas a light, 

_ sq.ft, non-porous wood vhich is a source of sottwood. and pulpwood 

lwaber in British Colmlbia and the United Stateso 



1. 

nlTH>DUCTION 

The mechanical strength or any wood is due to three components; 

cellulose, hemicellulose and lignine The cellulose and the hemicelluloses 

are deposited in the secondar,y wall or the cella, cellulose in the ror.m 

of long part-cr,ystalline microfibrUs surrounded by the amorphous hemi

cellulose; and the whole being embedded in a matrix or lignin. Lignin, 

a three-dimensional polymer based on phenyl-propane units li.rlked 

directl;r or by o.zygen atams, bas a complex structure, a11 details ot 

which are still not known. Cellulose, the chief constituent or the cell 

wall of a11 land plants is a linear polymer composed ot D-glucose units linked 

by ~-glycosidic bonds and in its native state bas a weight-average degree 

ot polymerisation in the region ot 10,000. In most cases, unlike cel-

lulose, the hemicelluloses are hetero-polymers containing D-.zylose, D-

glucose, D-mannose, D-galactose, L-arabinose, 4-<>-methy'l-D-glucuronic 

acid and occasiol18l.ly a rew other sugars. The more abundant hemi-

celluloses usually contajn ~lose or mannose anet glucose as the main 

components and cloaely resem.ble cellulose in the manner or linlc&ge, 

altbough they have a much lower degree ot po1ymerisation (about 50-400). 

In hardwooda the main hamicellulose present ~· usual.ly a 

f3(1~4)-~ed .z;rlan, conta1n.ing aide chains ot 4-C>-metbyl-D-glucuronic 

aoid, whereas in softwoods the predominant hemicellulose is usually a 

glucamannan, a linear po1ymer of (1-74)-13-link:ed glucose aJld mannose. 

In this thesis the investigation of the chaaical constitution of three 

hemicelluloses tram the wood of Engelmann spruce is discusaedo 



2. 

HISTORICAL INtRODUCTION 

1) 
The nam.e hemicellulose was first introduced in 1891 by 

Schulze1 who suggested the te:rm to define the class of plant 

polysaccharides, which were soluble in aqueous alkali, and ldlic:b. wel'\IJ 

more easily hydrol3sed by mineral acids than cellulose. The nam.e is still · 

accepted in polysaccharide chemistr;y, although some compoums classed as 

hem:tcellul.oses, do not exactq conform to the original definition. The 

iD:liTidual hem:tcelluloses are named according t.o the system proposed by 
2) . 

Karrer in 1925. In this system a polysaccharide is 118JDed alter lts 

constituent sugars, such as JC;rlan, glucom.annan and arabinogalaotan. 

The methode of investigation into hemicellulose chemistr;y ba.w 
3) ~ 

bee.n reviewed by E.L. Hirst and very recently by Bouveng ard Li..ndberg, 

The more important methode are; complete bJd,rolysis and identification of 

the component sugars, partial hydrolysis and identitication of the oligo

saccharides obtained, methylation and oxida.tion etudies, inclllding oxidation 

vith sodium meta-periodate. The successtul application of these lDethods is 

wr;y largeq depement on the techniques of chromatography, including the 
5) . 

more recent use o.t gas-liquid partition chromatogra.phy. 

Among the physical methode frequent.ly applied in the study of 

hemicellul.oses for the determination of the average .molecu.l.a.r weigtlts, are 

isotherma.l distillation, osmometr;y, viscometr;y, and ultra-centrifuge and 

ligbt-scattering measurem.ents. 



The application of these techniques usual.ly leads to a reasona.ble 

interpl"etation of the structure of a polysaccharideo However, the application 

ia use.f'ul only if the polymer is in a pure state, tbu.s purification is still 

one of the main problems in polysaccharide ehemistry., Polysaccharides often 

occur in Nature as eomplex mixtures, consequently insu:Cficient purification 

eould well explain some of the con:Clicting resulta reported in the literature .. 

The methods for the isolation of a wide group of polysaccharides have been 
6) 

discussed in detail by Whistler and Smart, and briefly by Bouveng and 
4) 

Linibergo 

In fawurable cases fairly pure polysaccharides can be obtained 
6,7) 

directly from the raw ma.terials by suitable extraction methodso Dimethyl 

sulphoxide, has been used for the isolation of polysaccharides containing 
8,9) 

0-aceo;)l groups, which appear to be attached to the main hemicellulose 

only.. Polysaccharides usually possess high moleeular weights, therefore 

precipitation procedures are sonetimes the only method availa.ble for 

purification, and these procedures are of only limited application becanse 

of the tendency towards coprecipitation and because of possible fractionation 

by molecular weight due to polymolecularity of the poJ.ymers., 

Various methods of precipitation have been used; such as changing 

solvent co~sition, the use of quaternary ammonium salts, reviewed reeently 
WJ u,~) 

by Scott, and the formation of heavy metal compleJœs., Even these 

methods can be dependent on the nature of the material the polysaccharide is 

associated with; it has often been observed that hemicelluloses containing 

lignin could not be separated into the pure components witbout further 
4} 

delignificationo 

23) 



4. 

Chemical anal.ysis of the component sugars9 determinatiOn of the 

optical rotation and electrophoretic tests are used to give information 

about the homogeneity of the polysaccharides o Unfortunately 9 however, the se 

are not unambiguous criteria of the purity of a polysaccharide and each 

biological material sets its own specifie problem of purification. 

The work of O•Dwyer from 192.3 onwards made~ important 

contril:utions to the field 0f hemicellulose chanistry o Her analysis 

of wood heLlice:U..uloses, indicated the presence of a high proportion of 

D-::x;ylose resid.ues associated with those of a œthyl hexuronic acido However, 

mre than 25 years were to elapse before the introduction of chromatographie 
14) 

techniques for the separation of sugars led to the first complete 
15) 

determination of the structure of a hemicellulose by Hirst and co ... worlœrs, 

who obtained a linear xylan from esparto grass, which oonsisted entirely of 

p-(l-J4)-linked ~)>se residues.. Further evidence for the chemical structure 

of such xylans caœ from the isolation of xylobiose ani. .xylotriose by Jones 
16) 

and Wise and the isolation of the complete series of oligosaccharides 

from .xylobiose to .xyloheptose by Whistler and his co-worlœrs provided prpof 

for the presence of the ~-(J.-+4)- linkage in a xylan molecule. 

Early analysis of the hemicelluloses of wood bad indicated the 
1.3) 

presence of a œthyl ether of a hexuronic acido Tlüs observation was later 

confirmed by the work of Jones and Wise, who proved that some hexuronic acid 

residues were associated with a xylan bv the isolation of an aldobiuronic 
" 1.8) . 

acid from the partial hydrolysate of' aspen wood. Wood xylans are 

characterised by the presence of' 4-0-methyl glucuronic acid linlœd to the 

2-position of a D-.:x:ylose residue in the main chain, consequently the 



18) 
aldobiuronic acid first characterised by Jones and Wise, as 0-(4-0-methy1-

( 

a-D-glucosy1uronic acid) -(1~2)-D-:xylose, is often iso1ated from the partial 
19) 

hydrolysates of auch :x:ylans., The partial hydrolysis of Monterey pine 

also gave a minor yield of the (1-+3 )-linked aldobiuronic acid1 but the ro1e 

of this acid in the polysaccharide is not known., In addition to the uronic 

acid side groups$ some wood .xylans, especially those from the soft-wood 

hemicellu1oses, contain varying proportions of L-arabinose residues, which 
20) 

are probably attached to the main chain by (1-+3)-linkageso 

Because of the labile nature of the arabinofura:nose ring structure, 
' 21) 

Bishop and Whitaker had to use enzymic bydrolysis in order to isolate 

oligosaccharides containing both arabinose and .xylose, thù.s demonstrating 

the presence of arabinose linked to a xylan.. Recently Aspinall and co-
22) 

'Wèrlœrs proved that the arabinose aide chains in an arabino.xylan were 

present in the furanose form; they subjected the xylan to catalytio oxid

ation which oxidized the prima.ry hydro.xyl groups to a carbo.xyl group., The 

presence of the latter group stabilised the previously labile .xylopyranose

arabofuranose linkage, enabling them to obtain a low yield of an aldobiuronic 

acid consisting of an oxidized arabofuranose, and a :x:ylose residue., 

the principal hemicellulosic component of the grasses, 

cereal straws and hardwoods, am the minor hemicellulosic components of the 
23) 

softwoods for:m a family of :xylans, the members of which possess a main 

chain of ~-(1~)-linked :x:ylose residues, a true xylan, to ~ich are attached 

various proportions of L-arabinofuranose, D-gluouronic aoid or 4-0-metbyl-D

glucuronic acid unitso The main chain of ~-(1~4)-linked xylose residues 

which is characteristic of the xylans from all the land plants so far 
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23 
eDJ11ined contrasta with the xylan from the red alga lplod.vmenia l?§;lmata, 

which contains chai.ns of' (1....,.3)- and (~)-linked xylose,. ani the :xylanr' 

from the green alga Caulerna f'ilitorm:is, in which t:œ chain is composed 
24) 

entirely of' (1-+.3 )-linlœd xylose. 

Tbe f'ractionation of' the mannose containing po~accbarides can 
25,26) 

be very troubleso.mett The report in 1956 by Hamilton and co~worlœrs, 

represented the f'irst isolation and characterisation of' a wood glucomannan. 

It was f'ormerl;;~ !x..lieved that the mannose residues f'ow:d iri the ana.lysis 

ot plant; products were mainl;y derived from mannan polysaccharides. For 

e:xample, the po],ysaccharide from Amorpballus, the so-called Iles niannan 

was thought to be a mannan unti1 1956, when Smith and co-workers established 

the structure as a glucomannan. Tbe only true mannans (i.e. coiitaini.ng more 

than 95% of' D-mannose residues) so far isolated from lan:i plants are those 
2.3) 

from vegetable ivory, and it is probable that glucomannans are, present, 

to account for most of' the ma.nnos e content of plant hemicellulose. 

In 1923 one of the earliest attempts to isolate a mannose con-
27) 

ta:jnjng polysaccharide was reported by Sherrard ani Bianco. Other early' 
.2a.~,29) 

reports · were not substantiated by the data recorded, but in 19.37 . 
30,31) 

Brauns and co-workers appear to have isolated a glucomannan from wod pulp. 

Nishida and Hashima used methflation ani acetolysis to investigate the 
32) 

structure of' a glucomannan1 but because cbromatograpey vas not then ava:U-

able the structure could not be completely' establisl:ed. Many- years later 
33) .34) 

Ieech and Anthis provided the f'irst unequivocal evidence tor the 

presence of' a glucomannan in wood by the isolation of a disaccharide contain-
35) 

ing both glucose and mannose which vas later confirmed by Jones and co-workers. 



.36) 
In 1951 Jones and Painter reported and cbaracterised seyeral 

oligosaccbarides corrl:.a.ining mannose and gluCGse; glucosyl mannose from a 

crude e.x.tract of loblolly pine sawdust and mannosyl glucose, g1ucosy1 mannose, 

mannobiose and mannotriose from a hemicellulose fraction of loblolly 

pine4 The data from methylation and periodate o~dation studies, and 

from the above partial hydrolyses 9 led the authors to postulate that 

the glucoma:nnan from loblolly pine is composed of linear chains of 

~-(1-+4)-linked D-mannose and D-glucose residues., 

Similar work led Hamilton and co-workers to formulate the 

structure of a gl.ucomannan isolated from the woodpulp of western hemlock 

(Tsuga heterophyllia.) to be a linear polymer of 13-(1~4)-linked D-mannose 

and D-glucose residues, having an average chain length of J.37 hexose 

unit s., 

Since the above formulation b,y Hamilton, the isolation and 

structural determination of many otber wood glucomannans have been reported., 

Since gl.ucomanna.ns are more abunda.nt in the coniferous woods the earlier 

studies were ca.rried out on conifers, thus glucomannans have been isolated 
.37) .38) .39) 

from the wood of Sitka. spruce, Norwegia.n spruce, and white spruce, 

( see Table IV) Recently, bowever, several glucomannans have be en isolated 
40,41.) 

in small yield from deciduous woods., 

In 1960 Hamilton and co-workers reported the isolation of a 

polysaccharide from a mi:x:ture of slash pine (Pinus elliottii) and long 
42) 

leaf pine (P., palustris)., which they identified as a ga.lactoglucomannan. 

Since this time 3 work ha.s proceeded in the authors laboratories on the 

isolation and characterisation of several polysaccharides, tentatively 
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4.3) 
identified as galactoglucomannans. A review of the general charact-

eristics o:r the glucomannans so far isolated shows tbat, vith two except
'43) 

ions, all contain a small percentage of galactose, which was usua.J.q 

explained as an impurity, altbough careful purification raUed to remove it. 

In view or the recent isolation of galactosyl mannobiose and galactosyl 
52) 

mannose from the partial hydrolysates or a glucomannan, and the 

isolation.'i af'ter Iœthylation, or halt or the galactose residues as tetra-
5.3) 

0-metnyl galactose, it seems probable that the softwoods contain two 

types or galactoglucomannans, one previously known as a uglucoma.nnantt 

and containing less than 5% galactose, and the other, the very recently 

isolated galactoglucomannan3 containing more than 16% galactose.. These 

two types will be discussed later, in conjunction with tœ "glucomannan°1 

and galactoglucomannan isolated by the au thor .. 

The number or plant hemicelluloses now characterised indicate 

a possible relationship between molecular structure and botanical origin .. 

Thus closely related plants usually have similar hemicellulosic constituants, 

'Whereas the properties or hemicelluloses from 'Widely differing origine show 
2.3,24) 

that marked differences can occur., 

The only other types of hemi.cellulose whicb occur to any, extent 
23) 

in wood, are the arabinogalactans present in many sortwoods, the largest 
44,45) 

proportion occurring in the larches.. A f3-(l.~)-l.inked. gala~tan ha.s 
46) 

been isolated .from spruce compression wood by Bouveng and ~ier.. Pectic 

polysaccharides (ma.inly composed or D-galacturonic acid and L-arabinose) 

a1so occur widel.y in Nature, but in wood the se are evenlJ" · distributed a:ad 

are not usuall;r isolated in the hemicellulose .fraction. 



•. 

9. 

The structure of a polysaccharide cannot be establlsped. until 

it is obtained in a pure state, whieh usua.lly entails the del.igni.fication 

(completely or in par@ or t:œ wood. The methods available, the use ot 
47) 48) 

ohlorine, acidiried sodium chlorite or the industrial methode, are 
2.3,49) 

known to eftect soœ degradation of the material. It is therefore 

often impossible to isolate the hemicellulosic material in an unchanged 

(chemical) form, especi.a.lly as the possibility of physical or chemical 
50) 

boniing to the lignin is still unresolved. However, since the extent 
49) 

of the degradation is usual.ly small, the determination ot the structures 

of the hemicelluloses is still of considerable significance. 

The biosynthesis of the hemicelluloses, is presently or great 
51) 

interest, mst of the work reported being on :x;v-lans, where radio-active 

tracer studies have shown that the precursor of x;.ylose in a x;.ylan chain 

is glucose., 

The structures of the :œmicelluloses from many deciduous and 

coniferous trees have been reported. From these studies, certain general-

isations have emerged, one ot the IOOSt notable being that hemicelluloses 

trom coniferous trees have a high mannose content, whereas those from 

the deciduous trees are J.ow in this sugar am possess a higher xyJ.ose 

oonte.nt.. Part I of this thesis will describe the arabino -4~metbyl

glucuronox;.ylan, and Partii will describe the glucoma.nnan and galactogln-

comannan hemicelluloses present in the wood ot Engelmann spru.ce 

(Picea ewlmannii (Parry) Engelm..). 



RESUI!l'S AND DISCUSSION 

PARTI 

WOOD XYLANS 
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l«llD XILANS. 

Po~accharides composed majnly of :xylose residues are w:i.dely 

distributed in Nature. The :.x;rlans occur in the cell wall of .IJL8Il7 land 
10,11,12) 

plants and also in soœ wa:terplants and as they often predominate, 

the;y can be isolated in a f'airly pure state by simple extraction procedure• 
6,7) 

Tlm.s H§.gglund and oo-workers isolated a :.x;rlan containing acetyl 
8) 

groups using di.methyl sulphoxide as the solvent. 

Several methode have been used ~o elucidate the structures of 

the :.x;rlans. These are (i) partial acid or enzymic hydrolysis of' the 

pentosan ani isolation of oligosaccharides cont;aining ~-(1-+4)-linked 
16,17) 21) 

D-.:x:ylopyranose, D-:.x;rlose and L-arabinose and D-.:x:ylose and 4...0-
18,57) •'• 

xœthyl-D-glucuronic acid. (ii) methylation of the pentosan, 

hydrolysis of the xœthylated product, and identification of the xœthylated 
20,54,68,70) 

sugars obtained and (iii) quantitative oxi.dation of the 

polysaccharides by periodate and identification of' the products o btained 

by reduction and hydrolysis of the periodate-oxi.dized polysaccharide .• The 

resulta from the application of the above methode show that. the nain 

f'eature of all xylans is a main chain composed of 13-(1~4)-llnked 

D-.:x:ylopyranose unite possessing in general, aide groups ot hexuronic acid 

and/or L-araboturanose residues. In the case ot the Gramineae the :.x;rlan 
. i ' 23) 54, 71) 

backbone ëan be branched, but with two exceptions, the main chains 

ot the t«>od xylans have been reparted to be linear. Further evidence 

in support of the P-(1;4)-type linkage of the D-:.x;rlose residues is 



derived from the action of specifie enzymes_, the negative specifie 
0 

rotations o! tœ various :x;ylans [lib ( usua.ll.y about -.30 to -100 ) 

and t.heir resistance to acid b;ydrolysiso 

Two :x:ylans have been reported which oontain xylose residues 
15) 69) 

ll. 

only, namely those trom esparto grass and tamarind aeed9 bu.t :z;rlans 

are usually heteropolym.ers which contain varying proportions of other 

sugar residues. Cereal straws and grasses usua.ll.y contain hexuronic 

aoid residues ar:~ the softwoods have intermediate compositions contain-

ing both hexuronic acid and L-arabinose residues. 

The xylans from woods differ in average molecula.r aize and in 

the content of the non-xylose residues; generally the proportion of the 

hex:uronic acid units (4-0-metbyl-D-glucuronic acid) is higher in the 
2.3) . 

softwood x.vlans (15-20%) than in the hardwoods (8-15%). The stru.cture 

of many hardw:>od hemicelluloses have been investigated and sôme pertinent 

data is recorded in Table I. More recently tœ softwood xylans have 

been studied in some detail. E.x:amples of t.hese arabino-4...0-metbyL--
72) 7.3) 

glucu.rono;x;;rlans are those from western hemlock, Norwëzy" spruce, 
74) 54) 20) 68) 

European larch, loblolly pine1 eastern white pine, amabills fir, 
60) 

and Engelmann spruce which are oollected in Table II. Although there 

is no unique structural division- between the Jrylans from th~ different 

groups of land plants, the sugar residu es in ail the groups show the same 

preferred nxxies of linkage to Jrylan backbone; that is the hexu.ronic 
. . W,%) 

acids are linked by ac-(l-+2) bonds and the L-arabofuranose is 

probably linlœd by cx.-(1...,...3) bonds since the rotation of the :x:ylan does 

not change appreciably with the arabinose content. 
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TABIE I 

The Composition of Hardwood ]{ylans 

Speoies Uronic acid/ DPn Ret. 
]{ylose 

European beech 
(Fagus sylvatica) 9 80 90 

American beech 
(Fagu.s gr:a.ndi.folia) 8 54 71 

Finnish birch 
(Betula verrucosa) 15 22 91 

White birch 
(Betul.é. J2S.El!if'era.) 10 200 92 

White birch (Bark) 10 230 77 

White elm 
( trimus am.ericana.) 7 •• 94 

Trembling a.spen 
( Populus tremuloides) 9 212 70 

Apple wood 
(Malus }?Wllila) 6 120 78 

Cherry wood 
(Prunus a.viwn) 7 110 79 

Suga.r maple 
(Acer saccharum} 10 93 



1.3. 

'r.b.BIE II 

Xy1ose/ 
_....,. 

xyi0se7 
Species Arabinose Uronic acid ~ Ref. 

European lB..rch 
(Larix decidua) 

" " 6 100 74 

'ramarack 
(Larix laric~na) 17 6 20 102 

Amabilis fir 
(Abies ''li ) amao:1. s 7 6 95 68 

Amabilis fir (Bark) 10 6 0 0 67 

lTorwegian spruce 
(~). 6 5 85 73,85 

Sitka spruce 
(Picea sitcheüsis) High 5 89 

Engelman.."'l spruce 
(Picea engelma.nnii) 

7 6 130 .... 

Whi.te pine 
(Pinus strobus) 
"--=- -------

7 7 101 20 

Honterey pine 
(Pinus radiata) ,.., / 

19 0 0 

Maritime pine 
(!3J.m~LEa11l[iris) 10 7 0" 20 

I.oblolly pine 
(finus . ..!~s!.ê) • 0 6 0. 54 

Scots pine 
(Pinus silvestris) 7 6 121 75 

Western hem.lock 
(Js_yg~_het~roEh;E]J9;) 12 4 0 0 72 



The uronic acid content of the wood x;ylans (see Tables I and 

II) is due to the presence of 4-Q-metbyl-D-gl.ucuronic acid, however, in 

ether x;ylans D-glucuronic acid can also be present.. L-arabinose is 

usually present in the furanose form, which is very susceptible to 

J:zydrolysis, consequently the arabinose content of any xylan may depend 

on the method of extraction and purification of the material.. The 

labillty of this linkage could also e.xplain seme of the wide variations 

reported for the content of this sugar in softwood xylans, which is u.suaJ.q 

about 12% .. 

It is interesting to note that x;ylans have been recently isolated 
67,77) 

from the bark of two species of wood bark and that these x;ylans a:œ 

remarquably similar to the Jcy"lan present in the parent wood inspite of 

the considerable differences in morphology between the wood and t~ bark., 

Hemicelluloses are composed of polymer molecules, which var,r 

in molecular weight (M) or degree of polymerisation (DP) .. i .. e. they are 

pol.ymolecular.. Several methode are commonly in use for t:œ determination 

of degrees of poly.merisation; isothermal distillation and osmometr,y, which 

give a number-average molecular weight (Mn) and light scattering, which 

gives a weight-average molecular weight (Mw) .. 

The values reported for the DPn of Jcylans (where DPn • Mn/weight 

of poly.mer unit) have usually been determined on the acetylated or the 

methylated hem:i.cellulose and are in the region of 70 to ]30 (see Tables I 

a.rd n).. A recent stud;y indicates that about 30% degradation occurs 
87) 

during the preparation of these derivatives., This corresponds to 

initial DPn values of lOO to 175.. However, most xylan polysaccharides are 



isolated atter delignitication of the wood by acid chlori te~ which 
88) 

has already caused depolymerisation. Glaudemans and. Timell using 
49) -

sjmilar acid chlorite conditions reported that the DPn of a 4-Q... 

metbylglucurono-xylan dropped from a value of 215 to 120.. This i.rid.1cates -that the DPn of native wood xylans is probably in the range 200 to 220 - ~) . 
with the DPw being about twice this Talne ani the correspond.ing 

'rl) 
values for bark x;ylans being even higber. When the ratio ot the 

• 
weight- to the nn'!l.\:,er-a.verage molecu.lar weight lies in the region of 2 

s.20.,77) 
the polymers possess a Flory distribution of molecular weights .. 
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ENGELMANN SPRUCE ARABIN0-4-o-METHYI.GLUCUROW-llLAN 

RESULTS AND DISCUSSION 

Finely ground spruce wood was extracted with hot alcohol-

benzene solution and then with hot water to give an "extractive free" wood. 

Acid hydrol.ysis of the wood was followed by de-ionisation and separation 

into neutral and acidic fractions.. Qlalitative anal.ysis by paper 

chramatography indicated the presence of xylose, glucose, mannose, 

arabinose and galactose in the neutral fraction and 4-û-methyl glucuronic 

acid, an aldobiuronic acid and higher homologues in the acid fraction. 

The acid sugars were resolved on a eharcoal-Celite eolumn by 
80,95) 

gradient elution. (See Table IX)~ The 4-û-methyl-D-glucopyranoayl 

uranie ac id was identified as i ts crystalline me thyl ester me thyl 

glycoside and as 4-0~ethyl-D-glucopyranose obtained by the reduction 

of the above ester. The aldobiuronic acid was identitied as methyl 2-Q

[methy1(2,3-di-0-acetyl-4-o-methyl-a-D-glucopyranosyl)uronate]-3,4-di-
76) 

0-acetyl-a$-D-xylopyranoside, which was obtained by acet.ylation or 

the methyl ester methyl glycoside. 

Delignitication of the extractive-free wood meal using acetic 

acid and sodium chlorite gave a holocellulose in 72% yield~ Extraction 

ot the holocellulose with 24% potassium hydroxide solution and addition 

of the filtrate to four volumes of aciditied ethanol gave a precipitate, 

which after washing and drying gave crude Remicellulose A. {Yield: 14o5% 

of the dcy'IIGiild). The portion insoluble in potassium hydroxide solution 
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was retainedror further extraction. Analysis or the crude Hemicellulose 

A (see Table X) iniicated tha.t it contained predom.i.nantly ::x;ylose and 

4-0-methyl glucuronic acid together with smaller amounts of the sugars 

present in the w.>od. Ttro treatn:ents or the crude polysaccharide with 

·barium hydroxide solution gave the purified Hemicellulose A and the 

insoluble barium complex of the he:xosan impurities, which was rem.oved 

by centrifugation and which contained Hemicellulose C {see Part II or 

this discu~sion). Analysis of the purified Hemièellulose A (see Table X) 

iniicated the presence of x.ylose, arabinose and 4-0-mtlzyl glucuronic 

acid in the ratio of 6.,3:1:0.9 and a trace of glucose. 

Hemicellulose A, an arabino-4...0-methylglucuronoxylan · was 

n:ethylated and cleaved by mtha.nolysis. Alter saponification of the 

esters of the acidic components by barium bydroxide solution, the 

glycosides were separated into neutral and acidic components by the use 

of an ion-e.xchange resin. ~lysis of the acidic fraction by paper 

chromatography indicated that it contained .one aldobiuronic acid onl.y, 

althou.gh other aldobiuronic acids have been reported to occur in sma.ll 
19,78) 

amounts. The acidic fraction was esterified, reduced by lithium 

aluminium hydride .and then identiried as the crystalline methyl 
20 

2-0-(2,.3,4-tri-0-methyl-a-D-glucopyranosyl)-.3-0-methyl-a~-D-xylopyranoside, 

ani by chromatographie identification or its h)>droJ.ysis products, namely 

2-0-methyl-D-x.ylose and 2,.3,4-tri-0-a:œtl:\fl-D-glucose. 

The neutral fraction was hydrolysed and the resulting sugars 
20,80) 

separated as before on a charcoal·Celite column, and then identified 

by chromatography. Tœ principal component was 2,3-di-0-methyl-D-~lose 



together with sm.aller amounts of 2,3,4-tri-, 2-Q- and .3-0-metbyl-D

%3"loses and 2,.3, 5-tri...()..m.etbyl-L-a.rabinoseo (See Table III) o 

The qlan was treated with bydrochloric acid at pH 2o.3o 'l'his 

mild acid hydrolysis gave a 4-0-meth,ylglucu.rono:z;ylan, virtuall.y free 

from arabinose, Which was also methylated, cleaved and resolved into 

là. 

acidic and neutral portions to give sugars s1milar to those from. the 

metbylated arabinose containing :xylan (See Table III) o If the a.rabinose 

residues termina:to branched ohains of :xylose residues[Structure (i)J 

rather than be attached to the x;rlose residues of the main chains 

f])trueture (ii)l, then metbylation atter removal of the arabinose 

units should result in a ten-fold increase in the amount of tri~ethyl 

:z;ylose (:xylose end-groups) Obta.ined per average molecule of the poly-
. 20) 

saccharide <> Determination of the number-average molecular weights of 

the ful.ly metbylated ~lan hEID.icellulose, the arabinose-free :z;ylan, and 
81) 

the fu.l1.y acetylated original x;ylan by osm.ometr.,y gave respective 

values for iil of 20,600, 19,200 and 26,200 (See Figure 2)o 'l'hese values 

correspond to degrees ot po:cy.erisation of 129, 120, and 130, and to the 

presence of 96, 99 and 97 :z;ylose residues in the main chain of the average 
20,68,8.5) 

molecule., S:imil&r values have been reported for other softwood :xylanso 

The lletbylation data in Table III indicates that one 2;rlose end-

group occurs for every 7.3 qlose residues in the JD.ethylated arabinose-free 

:xylan and one for every 70 in the metbylated., u.n~J.ydro]J'sed Jr;Ylano · These 

values correspond to lo.37 and lo.36 non-reducing end-groups in the average 

molecules, Le.,, there is no increase in the amount of end-groups alter 

the removal of the a.rabinose residueso Therefore the L-ara.,.~anose res-

idues must be linked directJ.y to the main chain of the :x;rlan; Structure (11) 
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TABlE III 

The Composition of the Methllated Allans 

Xylan Arabinose-t.ree ~lan 
Weight Mole Weight Mole 

Com12.2nent {!!!B·l Ratio '!!!S·l .. Ratio 

2,3,5-Tri-0-metqyl-~arabinose 276 (419)b 6 (9)b 6 0.1 

2,3,4-Tri-O-methy1-D-xylose 47 1 55 1 

2,3~Di-0-methyl-D-xylose 2148 49 2790 55 

2-0~Ethyl-D-xylose 315 g 95 2 

3-~ethy1-D-xylose (a) 66 2 192 4 

2-0-(2,3,4-Tri-0-methyl-D-gluco-

pyranosyluronic acid)-3-0-methyl- 830 10 l29S 12 

D-xylose 

(a) Does not include the 3-0-methyl-D-xylose present 

in the aldobiuronic acid. 

(b) Calculated from the composition of the hemicellulose. 



Alte~Il!tive Types of Structure for Engel.ma.nn Spruee 

Arab:ino-4:...0·-metgylglucurono-ar;ylan 

lGA 
't2 

-tm_,m-.m~4Xl-+4Xl~_,. 

1 
X4+-ll4+-J.X4<-o1Ar 

STRUCTIJB.E (Û 

-+4f~4X1-)>4Xl-t4D.~4f--+4D.-) 
... .,. 
lGA lAr 

STRUCTURE ( iil 

Ar = L-arabinofuranose 

X = D-xy lopyranose 

GA = 4-0-methyl-D-glueuronie aeid 
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The volatility of the glycoside of 2.$3:; 5-tri-0-tœthyl arabinose 9 
72982) J • 

IIley' e:x:pla.in that the amount obtained (6 moles) is less than that 

calculated ( 9 moles) from tl:e ori.g:inal x;y1ose arabinose ·ratio of 7 ::1., 

These quantities of tri-0-methyl arabinose correspond appro.xima.tely to the 

quantity of 2-û·=methy1 xylose (8 moles) obtained after methanolysis .. 

This tact indicates that most of the arabinofuranose residues are linked 

to the main chain by (1-+.3 )-bonds, which must also have the a-L-config-

uration since the negative rotation of the x;ylan is not appreciably 

altered by remvcù, of the arabinose, 

The quantity of branch points in the average molecule (mono;..().. 

methyl x;yloses) is greater than the number of aide groups b;y one mole 

(20 less 19 ).. This fact could indicate a small degree of branchillg or 
~# 

be due to demethylation during the methanolysis of the methy'lated pol;i.;. 
71,83~84) . 

saccharide.. A comparison of the methylation data and the 

osmometry data shows that tl:e number of end-groups per average molecu.le 

is approximately 1 .. 4 corresponding to 0.4 branch points per average 
' ~) . 

mlecule., However vecy recent w:>rk in this laboratory bas .indicated 

that the values of Mn determ.ined in chloroform-ethanol .solution (9:1 

:rlléey' be abOut 25 to 30% too high. The number of end groups per average 

molecule then becomea 1.0 to 0 961' which would be proof of the linear 

nature of Enge.lmann spruce x;ylan. 

On oxidation with periodate the hemicellulose consumed 0.775 

moles of oxidant per anhydropentose unit~ Sodium borohydride reduction 

of the oxidized pentosan followed by chromatographie analysis of the 

hydrolysis productsj indicated the presence of some ~xidized x;ylose 



residues., This eTidence is support for a main chain of ( 1 ~ 4)-linked 

Jcy"lose residues ao.m.e of which are su.bstituted in either the 2- or .3-

position.so 

The JCYlose:a.rabinoseg4-0-methyl glucuronic acid ratio of 

6o.3~lo0g0o9 present in the arabino-4...Q..methylglucuro:no-Jcy"lan requires 

a substituent of one out of everr .3o.32 JCYlose residues and. a conswnption 

of Oo7SO moles of periodate per anbydropentose unit in good agreement 

with the ex:per:iment.al.zy' determined 'Value (O., 775). 

7be stability of the main Jcy"lose chain of the hemicelluloae 

to acid hydrolysis and the negatiTe rotation of the x;rlan indicate the 

presence of (3-link:a.ges. 7be arabil::lo-o4-0-methylglucurono-xylan fran the 

wood of Engelmann sprnce accord.ing]Jr contains at least 100 f3-(1~4)= 

linked D-xylowranoae residues forming an essentially linear molecule, 

and to these x;rlose residues are attached in a random aa.nner one side 

unit of (3-(1~2)-linked 4-0-methyl-D-glucuronic acid per 6 • .3 .p:lose 

residues. and one side unit of a-(1~.3)-linked L-araboto.ranose per 7 

x;rlose units. 

Fram. a comparison of the ratios of L-arabinose and 4-0-methyl

D-glucuronic acid present in other softwood :zylans contained in Table II 

it can be seen that the x;rlan from Engelmann aprnce is similar to these 

acidic .x;ylans., 7be evidence presented does not exclude the possibili ty 

th&t the x,ylan hemicellulose frca. Engelmann. spruce could be a mixture of 

a 4-G-metbylglucuronox;rlan and an arabino.xylan. lbwever, since no such 

mixture of softwood .x;ylans has been reported. its presence here is deemed 
20) 

very unlikely. 



RESULTS AND DISCUSSION" 

PA.i.T II 

WOOD GilJCCIWJNANS 
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It was for~œrl;y believed that coni.ferous 'WOOds contained a 
33) .34) 

mannan. However, I.eech and Anthis were able to show the presence 

of a glucomannan b;y the isolation of disaccharides containing both glucose 

and mannose from a partial hy'drolysate enriched in the mannose-containing 

material, even before a glucomannan was isolated in a state of' pùrit;y by 
35,36) 

Jones and co-workerso Since this tiiœ the structures of ma.ny- wood 

glucomanna.ns have 'been elucidated. The material contained in tbree very 
52,54) 43) 

recent reports and the reconsideration of earlier resulta 

(see Table IV), indicate tha.t probabl;y all softwood glucomannans contain 

up to 5% galactose residues. 
. 42) 4.3) 

The very recent studies of Hamilton and co-wo~kers, Timell 

and the author report the isolation of a new ~up of hemicelluloses, 

which co nt ain glucose, mannose and 10% or mre galactose residues, i.e., 

galactoglucomannans. In keeping with convention, the hemicelluloses 

originally cla.ssified as glucomannans coul.d 'be renamed gala.ctoglucomannans, 

however, as the na.me glucomanna:n is still used in the litera.ture and to 

avoid complica.ting the following discussiOn, the original na.me of' glucomannan 

will be reta.ined for those hemicelluloses which contain less than 5% 

galactose, and the na.me galactoglucomannan will be used for the recently 
' 42,4.3) 

reported glucomarmans, which contain more than 10% galactose. 

Glucomannans of the same structural :type occur widely in Nature' 

namel;y in the seeds of various land plants, am in close association with 

cellulose in softwoods and to a lesser extent in the hardwoods. They 

account for more tha:n h~lf' the hemicellulose fraction of the conif'erous 

woods, ani generally are lesa readil.y e*acted with alk:ali tha.n are the 

xylans. 
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TABlE IV 

The General Cbaracteristics o! So!twood Glucom.annans 

Mannose/ Galactose [a]n Species (%) Glucose Pn llef ~ . 

European larch 
(Iarix decidua) 7.5 2 .. 0 -29° 105 58 

Tamarack 
( I.arix laricina) 3.,1 2 .. 8 -30° 88 59 

Norway spruce 
(Picea abies) Present 3.5-4 -39° 68-100 52 

Engelmann sprUce 
(Picea epgelmannii) 3.5 3.2 -40° lll .... 

White spruce 
(E!cea glauca) 3.0 3 .. 1 -34° 107 121 

Sitka spruce 
(Picea sitchensis) Nil 2 .. 5 -33° .... 123 

Sitka sprUce Present 9-15 -280 37 

Jack pine 
{ Pinus banksiana) 2.9 2o9 -26° 0 0 53 

White pine 
(Pinus strobus) 1 .. 8-3.,0 2 .. 7-3o8 -32° 95 86 

Scots pine 
(Pinus sylvestris) 4 .. 0 3 .. 5 -31° 97 26 

lobJ.olly pine 
(Pinus taeda) 3 .. 7 2.,7 -20° . ., 54 

Western hemlock 
(Tsuga heteropPylla) Nil 3o0 -38° 130 122 

Eastern henù.ock 
(Tsuga canadensis) 4 .. 0 3.0 -400 43 

Western red cedar 
(Thuja plicata) 1.5 2.5 -37° ... 56 

Amabilis fir 
( Abies amabilis) 3.0 3.3 -400 130 68 

Amabilis fir (Bark) 2 .. 8 2.5 -34° 70 100 

GH!kgo bilboa 4 .. 2 3 .. 6 -.360 96 62 



Application of fractionation metbods to the glucomannans 

so far isolated indicates that these hexosans are structur~ 
.38.?.39) 

25. 

homogenous.? also different glucomannans from the same source, show 

only minor structu:i-al differances wi th no particula.r variation in degree 
.38) 

of polymsrisationo 

The main structural feature of all glueomannans is the presence 
. 

of a chain of f:S-(1-}4)-linlred D-ma.nnopyranose and D-glucopyranose units, 

which are probably distributed at random.. The ratio mannose to glucose 

varies from species to species~ but generall,y in the softwoods the 

ratio lies between 2o 5 to 4, and in the hardwoods the ratio is about 1 
' 40) 

for the birchwoods and 1.,5 to 2 for the remaining woods·investigated. 

The presence of randomly distributed mannose and glucose residues 

in the main chain of glucomannans and galaetoglucomannans, preclu.des 

that.? providing there is not too great a difference in the stability of 

the glucosa-mannose, and mannose-glucose and the mannose-mannose link.ages, 

oligosaccharides containing both glucose and mannose should be isolated 

after partial hydrolysis., Of these oligosaccharides, mannobiose and 

mannotriose should predominate it the glucomannan contains more mannose 

than glucose o Where the isolation of the mixed disaccharides 4-û-j;l-D 

~mannopyranosyl-D-glucose (mannosyl glucose) and 4...0-f:S-D-glucopyran.osyl

D-mannose (glucosyl mannose) or trisaccharides containing ·both glucose and 

mannose have been reported as produets of partial hydrolysis, it is lmown 

that true glucomannans are present, rather tha.n a mixture of closel;r 

related mannans and glue ans, although sorœ degree of heterogeneity cannot 
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be excluded. The isolation and characterisation of trisaccharides con-

taining both glucose and mannose residues, was very recentJs reported by 
55) 

Perila and Bishop, who isolated 0-mannosyl-0-glucosyl-glucose and 0-

glucosyl-0-mannosyl-mannose from an enzymic cydrolysate of jack pine 

gluc.omannano 

The oligosaccharides, mannosyl glucose, glucosyl mannose, 

mannobiose, mannotriose and cellobiose are usually ·present in the partial 
~) . 

hydrolysate of a glucomannan, however, the absence of cellobiose in 

the mixture of oligosaccharides from lobloily pine, suggeats that this 

glucomannan may contain onJs isolated glucose residues, and therefore 

does not have a statistical distribution of the hexose residues. 

Analysis of the hydrolysis products of methylated glucomannans 

has show.n the presence of 2,3,4,6-tetra-q-methyl-D-glucose and/or D-mannose, 

2,3,6-tri-0-methyl D-glucose and D-mannose and small quantities of ~d 
34,37,38,41,44,54,56,58,59) 

di-0-methyl sugars. The quantities of these 

compounds prove tœ presence of linear chains of ~-(1..-,.4)-linked units. 

The small quantity of di-0-methylated sugars could either be due to branc~ 

of soma chains or be artifacts caused by demethylation or incomplets 

methylation of the hemicel1ulose. However, the majority of the workers 
59) 

believe that glucomannans are essentiaily or a linear nature. 

Recently { more attention has been gi ven to the galactose content 
43J 

of glucomannans, including an inveati~ation or the structure of loblol4 
54) 

pine glucomennan by Jones and Painter. The isolation of tetra-0-methyl 

galactose from the hyd.rolysate of the methylated glucomannan has also been 
' 56) 

reported by Hamilton and Partlow from western red cedar, Dutton and 



37) 58) 
Hunt from Sitka. spruce, Aspinall and co-workers .from European larch, 

53) . 
Bishop a.nd Cooper .from jack pine, and Kooiman and Adams .from 

59) -
tamarack. From the isolation of tetra-0-methyl galactose (in the 

absence of appreciable quantities of tri- or di-0-methyl galactose) it 

follDws that the galactose is attached to the main chain of the glucomannan 

as non-reducing end-groups and is r..ot derived from a contaminating galactan. 

In 1960 Meier reported the isolation of two oligosaccharides 
52) . 

containing galactose and mannose, namely 6-0-a:-D-galactopyranosyl-D-

mannose and 0-a-D-galatopy.ranosyl (1-+6)-0-~-D-mannopyranosyl-(1-?4)-D-

mannose, from the partial hydrolysate of a Norwtzy" spruce glucomannan. 

The isolation of these oligosaccharides ~ovides the first conclusive proof 

that mannose and galactose are chemically combined in wood. AJ,.though these 

oligosaccbarides could easily bave coœ from a galactoglucomannan Meier 

believes them to be deri ved from a mixture of a glucomannan and a 

galactomannan. Conclusive proof will be obtained only when tri- or higber-

saccbarides containing both glucose, galactose and mannose bave been isolated. 

This is probably an exacting task due to the lability of (1~) galactose 

link and could perhaps only be achieved by the use of suitable enzymes. 
55) . 

Recently, Perila and Bishop isolated a glucomannan !rom jack 

pine, which oontained glucose, mannose, galactose and :x;ylose in the ratio 

10~25:l:lo The first instance of :x;ylose residues being attached to a 

glucomannan was pt"oved by the isolation of two oligosaccharides containi ng 

xylose from the enzymic hydro~ate; the sugars were 6...0-(a:-D-:x:ylopy.ranosyl)

D-glucopyranose and O-a-D-xylopyranosyl-(1~6)-0-~-D-gluéopjranosyl-(l-t4)

D-gluoopyranose. However, absolute ~oof tluit the xylose residues are 



attached to the gluco:mannan must await the isolation of an oligosaccharide 

containing mannose~ glucose and xyloseo 

The general eb.aracteristics of the softwood glucomannans are 

su:rnmarised in Table IV~ from which it can be seen that Sitka spru.ce is a 

possible exception to the mannose glucose ratio o The molecular weights 

reported range from a number average degree of polymerisation (Pn) of 

68 to 130; however during isolation degradation occura to a varying 

degree and it is propable that the native glnoc)Jnannans have a higher 

molecular weight (~ about 200) o The specifie rotations of the glue-

omannana are consistent with the presence of an essentia~ linear 

structure of j3-(l-)4)~linked residues.? but the existence of a minor 

degree of branching cannot be excluded by the methods available. 

Although the mannose content of the hard:wood angiosperms is 
41.:>64-66) J 

sma.ll3 there is evidence f.cn- the presence of glucomannans of 

the same type as those isolated from the soft "WOods o Recently the 

application of a general œthod of isolation of hardwood glucomannans 
40) 

to seven species$1 has confirmed the above sjmj larity between hardwood 

am soft"WOod glucoma.nnans3 except for the proportion of mannose and glucose 

residttes.. In some cases the glucoiil811Il8ll could not be isolated free from 
40:~41964) 

.xylose residues.? but in view of the recent isolation of a glucomannan 
55) 

from jack pine, which contained xylo~e residuea. It is possible therefore 

that the small proportions of .xylose residues~ where present,~ could be 

chemically combined in the hardwood glucomannans,. Hardwood . glucomannsns 

are entirely devoid of galactose residues .. 



It is worthy of note, that the very recent investigations of 
67,99,100) 

29. 

the bark of several species and a.lso the 'WOod and bark of 
62,67) 

ginkgo wood ( GinJ.sao bilb9a L.), geolog.ica.lly one of the oldest trees1 
63) 

indica.te tha.t the bark and wood from these species contain gluco-
63) 

mannans very similar to those isola.ted from softwoods. 

In addition to the foregoing discussion, evidence has 

a.ccumulated during the la.st tbree years for the existencè in wood of 
~,~,~) . 

water-soluble ga.la.ctoglucomannans. The se sometimes form a. 

considerable portion of the hemicellulose content of gymn.osperm wood. 

Most of the gala.ctoglucomannans reported to date were isolated by 
43,~,68) 

Hamilton and Timell ani thèir co-worlœrs. In one investigation 

wood rœa.l was extracted wi th 24% potassium hydro:xide solution, and the 

resu1ting mixture of xylan and galactoglllcomannan was separa.ted by 

precipitation of the barium or copper oomp1ex of the hexosan from an 

alkaline so1utiono The latter was purified by further precipitation. 

The gala.ctoglucomannans uàually contained galactose, glucose and mannose 

in a ratio of 1:1:,3 and had specifie rotations of -5° to -10°,. (See 

Table V)" The belief tha.t these hexosa.ns are triheteropolymers is supported 
~) 

by their chemical properties and by electrophoresis and sedimentation·· studies,. 

The ga.lactoglucoma.nnans are very ~imi Jar to the glucomannans, being 

composed of linear chains of 13-(l-J4)-linked D-ma.nnose and D-glucose residues; 

differing mainly in galactose content and in degree of polymerisation, 

although the presence of the galactose side groups confera greater so1ubility 

in water or alkalio Beca.use of this simil.Srity between the two groups of 

hexosans, the application of the standard methods of a.nalysis gives very 
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TABlE V 

The Yield and ~omposition of the Galactoglucomannans 

from Softwoods 

Species Yie1d 
'%) 

[cx]if' Galactose Glucose Mannose Ref .. 

Eastern hemlock 
(Tsuga canadensis) 4 .. 2 ..,So2° 1 1 3 43 

Amabilis fir 
(Abies amabilis) 4 .. 0 =5 .. 6° 1 1 3 68 

Engelmann spruce 
(Picea engèlmannii) 2 .. 0 -7 .. 3° 1 1 3 .... 

White pine 
(Pinus strobus) 1 .. 6 -5 .. 5° 1 1 1..8 43 

Southern pine 
(mixture) LO +7 .. 4° 1 1 3 42 

Eastern white cedar 
(Thuja occidentalis) 0 .. 90 -8" 1 2 .. 4 3.3 43 

~ bi1boa 0 .. 75' -70 1 1 1..4 43 

The specifie rotations were determined in a 1% water solution .. 
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simi1ar resulta; thus partial hydro~is of g1ucoma.nnans and galacto

g1ucoiDa.nnans give similar yie1ds of the oligosaccharides glucosy1 mannose, 
4.3,60,61) 

ma.nnC~Wl glucose, mannobiose, mannotriose and cellobiose, most of 

the galactose appearing in the hydrolysate as the free su.gar .. 

Ana1ysis of the c1eavage products of the methylated galacto

glucomannans_ shows the presence of 2,.3,4,6-tetra-0-methy1 galactose, 2,.3, 

6-tri...O-methy1 mannose and glucose, am a small quantity of di-0-metbyl 

sugars4 From the amount of tetra-O-methy1 galactose iso1ated it is 

evident that D-gala~tose is ma.in.ly present as end-groups. These resu1ts 
4.3) 

and the results of other chemical and physical studies, indicate that 

galactog1ucomannans are homogenous triheteropolymers. 



THE GIDCOMANNAN FROM ENGElMANN SPll.UCE 

!Eflf ll'S MID DISCUSSION o 

The crude polysaccharide (Hemicellulose B) was obtained in 

12,5% yi.eld (based on the dry extractive free wood) from Engelmann 
49988) 

spruce holocellulose prepared by the acid chlorite method~ It 

was purif'ied by precipitation ot its barium complex. The purified 

glucomannan [a]D,9 ~40° (8.,8% of the dry wood) contained glucose, mannose, 

and galactose in the ratio of 20:;63:3 and a trace of xylose~ Although 
4l.s55) · 

glucomannans containing :xylose have been recently reported no 

evidence wa.s obtained for the presence of :xylose residues in this 

hemicellulose. 

The 0-methyl ethers of the sugars wbich were obtained b7 

nethanolysis and hydrolysis of the fully metbylated glucomannan were 

separated b.r paper Chro:matography .o Mel ting points and specifie rotations 

were determined for the sugars or suitable derivatives.. Tœ metbylated 

sugare obtained were 2,33 43 6-tetra-0-methyl-D-galactose and D-mannose, 

23 3.'J6-t.ri-Q-methyl....I;-glucose and D-mannose in a ratio of 20:61 and a 

mixture of several di-O=methyl-derivatives of D-glucose and D-mannose 

(see Table VI)~ The amounts of the tri-0-Ill;ethyl gluco~e and mannose 

correspond closely to the amounts present in the original polysaccharideo 

Since these tri-0-metbyl sugars constitute the major portion of the 0-

methylated sugars obtained., the glucomannan must be linked by (1....,.4)~ 

glycosidic bonds, which from the negative rotation of the glucomannan 
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TABlE VI 

Composition of the Metgylated Hexosans 

Component Glucomannan Galactoglucomannan 

Weight Mole Weight Mole 
~!!!Bol ratio ~!!·l ratio 

2,3,4,6-Tetra-0-methyl-D-galactose 29~7 2 67.2 8 

2,3 ,,4, 6-Tetra-O-methy1-D-mannose 16o3 1 8.8 1 

2,3,6-Tri-O-methy1-D-mannose 858.5 56 205.6 25 

2,3,6-Tri-0-methy1-D-glucose 281..5 18 64.0 8 

2,3-Di-0-methy1-D-mannose 17.4 1.,2 

2,3-Di-O-methyl-D-g1ucose 10.5 0.7 29 .. 3 4 

Di-O-methy1 sugars A 29.7 4 



( (a]0 , -47°) and of the methylated glucomannan ([a:] D' -.38°) are 

presumably of the 13-type. The tetra-0-methylated sugars, D-mannose and 

D~galactose must be derived from non-reducing end groupso. The 2,3,4,6-

tetra-O·~·methyl-D-galactose was the only methylated galactose isolated and 

since it accounted for 73% of the galactose residues origin~ present, 

it was probably an integral part of the glucoJT.a.nnan molèçuleo The 

presence of di-0-methyl hexoses in the hydrolysate indicates some degree 

of branching., However, within experimental error the quantity of these 

di-0-methyl hexoses corresponds to the amount of tetra-0-methyl galactose 

present., The polysaccharide was therefore probably linear .. 

The glucomannan was subjected to partial hydro~is and the 

sugars produced were separated on a charcoal-Celite column by gradient 

elution and by paper chromatography.. The mnosaccharides glucose and 

mannose and smaller amounts of galactose ~d xylose were identified b,y 

paper chromatography. 

The oligosaccharides obtained were 4-0-13-D-mannopyranosyl-D

mannose (mannobiose), 4-0-f:I-D-mannopyranosyl-D-glucose (:mannosyl glucose), 

4-0-~-D-glucopyranosyl-D-mannose (glucosyl mannose), 4-0-~-D-glucopyranosyl 

-D-glucose (cellobiose), 0-f:I-D-mannopyranosyl-(1~4)-0-13-D-mannosyl-(1~4)

D-mannose (mannotriose) and O-~D-mannopyranosyl-(l-+4)-0-j3-D-mannosy1-

(1-t4)~0-~-D-mannosyl-·(l-+4)-D-mannose (mannotetrose). These were 

identified by paper chromatography and by comparison of the rotations and 

melting points of the sugars and of their derivatives with those of 

authentic specimens.. In addition onè other triose was tentatively 

identified by hydrolysis, hydrolysis after sodium borohydride reduction and 

by its rotation to be 0-mannosyl-0-glucosyl-mannose., Providing the 



glycosidic bonds tave a similar resistance to hydrolysis the relative 

quantities of these sugars obtained (see Table VII) and in particular 

the preponderance of mannobiose and mannotriose would be expected in 

the partial hydrolysate of a (1-;4)-linked glucomanna.n (mannose 

predominating) which possessed a ra.ndom·âistribution .. The previous 

isolation of these oligosaccharides from the partial hydrolysates of 

many wood gl~coma.nna.ns23,34~36,54,56,58, 86 ) and the isolation of 

similar oligosaccharides by enzymic hydrolysis of glucoma.nnans52,55) 

give excellent support for the ~-(1~4)-linked structure of Engelmann 

35 .. 

spruce glucoma.nnan, a conclusion which is in agreement with the data from 

the methylation etudies. 

On oxidation with periodate, the glucomannan consumed 0.988 moles 

of oxidant per anhydre-hexose. unit, a close agreement with the value of 

LO moles per a.nhydro-hexose unit calculated for a (1-?4)-linked 

glucomanna.n. The presence of the (1...,.4)-linkage and the absence of any 

unoxidized sugars in the hydrolysate of the reduced oxidation productlOl) 

show that the hexose units are not substituted in either the 2- or 3-position~ 

The number-average molecular weight of the fully methylated 

glucomannan was determined b.y osmometry
81

) (see Figure 3.) giving a 

value for Rn of 22,700. This value corresponds to a degree of 

polymerisation of lll which is similar to the values obtained for ether 

softwood glucoma.nnans ( see Table IV). The data from the metha.nolysis of 

the polysaccharide indicates that a ~ of 77 hexose residues are 

present in the average molecule per end group. Therefore there are 

lll/77 end groups which correspond to Oo5 branch points per average 

molecule., 
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TABlE VII 

The Oligosaccharides Obtained gr ~o1ysiS 

of the Hexosans 

Galactog1ucomannan G1ucoma.nnan Rcellobiose 

Oligosaccharide Weight (%) Weight (1;) (System B) 

Mannobiose 6.4 3 .. 8 1 .. 15 

Cellobiose Oq2 0.2 1.00 

G1ucosy1 mannose 1 .. 3 1.3 1.65 

Mannosy1 glucose 1.3 0.,6 0.71 

Mannotriose 2.8 3.0 0.33 

Mannotetrose ... 0.3 -...o.16 •, 

Mannosyl-glucosyl~ose •• 0 1.0 o.JJ:, 

Galactosyl-mannosyl~mannose 0.5 ... 0.45 

Glucosyl-mannosyl-mannose 0.,$ 0.,1 0.,23 

A trisaccharide containing 

glucose, mannose and galactose 0 .. 2 ... 0 .. 63 
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The evidence presented clearly .indicates that the glucomannan 

from Èngelmann spruce contains not less than 107 ~-(1-i4)~1inked residues 

of D~glucose and D-.mannose L11 a ratio of 20~63 form.ing a diheteropol;vmer 

to l'lhich is attached on the average 3 o2% of galactose residues" The 

ga1actose residues are probably attachlll.Q. to the 6~position of both 

D~.glucose and D~mannose residues. Proof of the type and position of 

linkage of the galactose residues would be obtained by the isolation of 

an oligosaccharide containing glucose, mannose and galactose., Recently 

two oligosaccharides containing D-galactose a-(1-.6)-linked to mannose 

and mannobiose were reported by Meier but these were postulated to be 

52) ' derived from a galactomannan" It is also possible that they could 

have arisen from a galactose-contair~ glucomannan or galactoglucomannan.43 ) 



ENGE11fml SPRUCE GALAC'IOGLUOOMANNAI 

RF.SULTS AID DISCUSSJDN 

The crude galactoglucaaa.m::latl (Heaicellulose C) was obtained 

as an insoluble barium. complex during the purif'ieat!Pn of the potassium 

hydroxide ex:t.raet of Engelmann spruce holocelluloseo Treatment of the 

latter ex:t.ract d:irectly' with barium. bydro::x:ide solution and one .turther 

purification via the barium. cOllplex. were suUicient to produce a 

suitably purif'ied galactoglucomannan [cr.JD- 7o3° in 1 .. 8% yield (based on 

the dry wood)o 

Methanol.ysis of the tu.lly metbylated hemicelluloee gave a 

mixture of 0-metbyl sagars s1milar to those obtained frca the methylated 

glucamannan. Separation and identification by the methode outlined for 

the glucaœa.rman sugars gave approximately equimolar am.ounts ot 2#3-di-

0-m.ethylated D-glucose and D-mannose# 2,3,6-tri-<>-metbylated D-glucose and 

D-marmose in a ratio ot 1:3.2 am. 2#3#4,6-tetra-0-metbylated D-galactose 

and D-mannose in a ratio ot 7 .6:1. (See Table IV). The tetra-o-methyl 

D-galactose made up about 16% ot the o-methyl hexoses, which is in agree

ment with the galactose content ot the galactoglucamannan and contrasta 

vith the 3% present in the glucomannan. The ~tity of tetra-o-methyl 

mannose corresponds to about one end group per 40 hexQae units, making a 

total of about 8 end groupa per 40 unite. This indicates either a lower 

degree ot po]Jt:m.eriaation than the gluccFannan or one branch point more 

per average molecule. The preponderance ot the 2#3,6-tri-()..methyl sugars 



again indicates a (1"""')>4)~linked polysaccharideo The total quantit;y 

of di=O~methyl sugars corresponds closely to the quantity of tetra-0-

methyl galactose obtained9 thus indicating that the galactose residues 

are ( 1""'6 ),.linked o 

Partial hydrolysis cf the galactoglucomannan followed by a 

separation and identification of the sugars by methods simila.r to those 

outlined for the glucomannan gave the monosaccharides glucose, mannose, 

galactose and a t.race of xylose and the oligosaccha.rides cellobiqse [1 

mannobiose, mannotriose~ glucosyl mannose 3 mannosyl glucose and three 

trioses which were tentatively identified as o~glucosyl=O-mannosyl-

mannose, 0-gal.act.osyl·=O~.mannosyl~ma.nnose and a trisaccharide which 

contained glucose~ galactose and mannosec Many of these oligosaccharides 

hava been. obtained in similar proportions from the hydrolysis of 
23 :;34s36 J/52.9 56J 58 ,86} 

glucomanna.ns" ( See Table VII). Therefore it seems 

r-easonable to assume that the galactoglucanannan also conta.ins 1J~(l..,..4)

linked chaim! of Du-glucose and D=mannose to whieh must be linked the 

D-galact,ose residues; a structure which i.s in agreement with the 

methylation data (see Table VI)o 

On oxidation with periodate the galactoglucomannan consumed 

Ll6 moles of o.xidant per anhydre--hexose unit.? which closely agrees wi.th 

the value of lo20 moles per annydrc=hexose unit calculated for a chain 

of (1->4)=linked residues in the pyranose form;; which has on the average.v 

eveey fourth reeidue substituted in the 6~·position by D~galactose" Sin ce 

no sugars were detected in the hydrolysate of the reduced oxidation 
41) 

product9 substitution cannet ocC'Il.r at either the 2~, or 3~·position of 

the hexose uni.ts, 
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Two types of structure can be derived from the evidence 

available; namely a highly branched network of ~-(1~4)- and (1-+6)

linked D-glucose and D-mannose residues terminated by (1~4)-linked 

D-galactose, Structure (iii) or an unbranched chain of ~-(1-+4)-linked 

D-glucose and D-mannose residues with (1~)-linked aide groups of 

D-galactose, Structure (iv). Since Structure (iii) is very highly 

branched it should have different physical properties and give 

different products upon partial hydrolysis than would a straight chain 

polysaccharide. However the products of partial hydrolysis were similar 
59) 

to those from most glucomannans. The galactoglucomannan must therefore 

possess an essentially straight çhain of p-(1_.4)-linked residues thus 

alternative (iv) is the more probable structure of Engelmann spruce 

galactoglucomannan. 

The specifie rotation of the galactoglucomannan ([a]D, -7.3°) 

is lower than that of glucomannans ([a]n, is usually about -40°). The 

galactose is therefore probably linked by an a-type bond, giving the 

polysaccharide as a whole a more positive rotation. 

The number-average molecular weight of the fully methylated 

glucomannan was determined by osmometry8l) (see Figure 3~) giving a 

value for Mn of 23,800. This value corresponds to a degree of polymer

isation of 117, which is similar to the values obtained for other 

softwood glucomannans. (See Table IV) The data from methanolysis of 

the methylated polysaccharide indicates that a minimum of one mannose 

end group per 40 hexose residues is present per average molecule. 

Therefore there are 117/40 end groups corresponding to 1-5 branch points 

per average molecule. 
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Alternative Structures for Epgelmann Spruce 

Galactoglucomannan 

STRUCTURE (iii) 

~4Gl-+W..,..4Ml-+Lf-~L.Ml..-+4~1-;.4Hl~ .... 

Gal~-+4Gl-+4MÎ Gal~4Ml 

STRUCTURE (iv) 

..... L.Ml-.f-+4Gl-+l!Ml-+-4M1.;_;4Ml.-+4Ml-+4gl~ 

lGa !aa 

M = D-mannopyranose 

G = D-glucopyranose 

Ga = D-galactopyranose 
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The evidence presented indicates that the galactoglucomannan 

from Engelmann spruce contains not less than 100 ~-linked residues of 

D-glucose and D~ose in a ratio of 1:3 with an average of one 

D-galactose residue being attached per four he:x:ose residues o The 

linkage is probably «-(1~6) to equimolar quantities of glucose and 

mannose (see Structure iv)o 

The isolation of a small quantity of a triose Re, 0.63 and 

[a:Jn3 + 30° which contained equimolar quantities of glucose and mannose, 

is the first evidence reported for the linkage of a1l three sugar 

residues present in the galactoglucomannans and in some glucomannans. 

Unfortunately the small quantity available did not allow unequivocal 

determination of the positions and types of linkage present. 



Ail evaporations were carried out under reduced pressure and 

below 45•0, and all drying was carried out in DcuO unless otherwise 

statedo Specifie rotations were determined at 20•0. and were 

equUibrium values and all. melting points were corrected. 

Paper Ohrom& tograph.y 

The chroma.tograms were developed at room. temperature by the 

descending method on Whatman No .. 1 or (for prepa.rative purposes) on 

No., 3 MM paper using the following solvant systems (v/v). 

(A) ethyl acetategacetic acid~water (9:2:2) 

(B) butan-1-ol:pyridine~water (10g3:3) 

(0) ethyl acetate:pyridine~water (8~2ü) 

(D) butanone~water (89:ll) containing 2% ammonia 

(E) butanone:watergformic acid {89:8~5) 

(F) butanonerwatergethanol (89:ll~2) 

(G) etha.nol::benzene~water (47:200:15) 

(H) butan-1-olgpyridine:water (6::4:4) 

Electrophoresis 

Electrophoresis was carried out in a Oo05M borate butter 

(pH 9.,4) at .500 volts using Wha.tman Noo 3MM pa.per. 

The reducing sugars on the ch1"01114tograms were detected by 
103) 

the use of ~aminodiphenyl spray reagent, 

Darco G-60 cha.rcoal was used throughout this work for the 

43~ 



preparation of charcoal-Celite columns using gradient elution with ethanol-

wa.ter mixtures and increasing ethanol gradients ... 

The logs of Engelmann spruce were soaked in boillng ethanol, and 

the bark removedo The logs were then eut into chips and ground in a 

Wiley Mill (40=60 mesh) o The tinely ground. wood was extra.cted with 

a.lcohol=benzene lg2 in a Soxhlet Appa.ratus and then with bot wa.ter and 

driedo This procedure gave an extractive f'ree wood having a mois ture 

content of 10o8%o 

TABlE VIII 

Composition ot the ExtractiTe Free Wood (%) 

C9Jl\P:Onen t 

Lignin 
Pentosan 
Ash 
Uronic anhydride 
Alpha cellulose 
Moi sture 

Per cent 

28o0 
9 .. 2 (uncorro) 
Oo)O 
)o) 

48o7 
lOoS 

The methods used tor the aboYe determinations ot pentosan, 

ash and moisture were standard TAPPI methodso Uronic acid was deter-
104) 

mined by the procedure of' Browning and the methcu;yl contents were 
105) 

determined by the procedure of' Tim.ell and Purveso 

JiYd.ro~vsis ot the Extractive Free Wood Meal (40::60 m.esh) 

Wood meal ( 111 g.,) was gra.dually a.dded to cold 72% sulphuric 

acid {1.50 mlo) and mi:x.ed to a pa.steo Alter staming for 12 hours the 

mixture was diluted to 4 litres and ref'luxed tor 8 hourso Alter 

neutralisation with warm. ba.rium hydroxide (570 go in 4 litres of water) 
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the mixture was fil te red and the filtra te concentra ted to 200 ml. in 

vacuo. The barium ions were removed with Amberlite IR-120 exchange resin. 

The solution was passed down a column of Dowex IX-4 resin (acetate form) 

and water was added until the eluate gave a negative Mblisch test 

(6 litres). The eluate was evaporated to give a syrup which was 

analysed for constituent sugars. Found: glucose, mannose, xylose, and 

smaller amounts of arabinose and galactose. The acidic com.popents which 

were retained by the column, were eluted by 30% acetic acid (2 litres). 

Concentration of the eluate gave a mixture of acidic sugars (5.9 g.), an 

aqueous solution (30 ml.) of which was added .to the top of a charcoal-

Celite column and fractionated by gradient elution using mixtures of 

ethanol and water, (.!!S!, infra). Four main fractions were obtained 

(see Table II) together with smaller quantities of higher uranie acids. 

Fraction 

I 
II 

III 
IV 
v 

TABlE IX 

Separation of the Uronic Acids 

Weight (g, l Component 

0.25 4~ethyl glucuronic acid 
0.95 impure I 
1.4 an aldobiuronic acid 
1.1 impure III 

Smaller quantities of higher homologues 

Identification of the Uronic Acids 

4-0-meth.yl-D-glucuronic acid (Fraction I) 

Found: OMe, 15%, Equiv. 203 [u] 0 + 50• (c, 1.7 water). The 

hexuronic acid ( 0.1 g.) was dissolved in methanolic hydrogen chloride 

( 12 ml.,, 0 o 7N) and refluxed for 8 hours in the presence of a little 



Drierite to remave any vater tormed and to facilitat& boilingo The 

solution wa.s neutralised with silver carbonate, filtered (Celite), 

treated vith hydrogen sulphide, filtered again and evaporated to a 

s;yru.po The metbyl ester=glycoside was dissolved in methanol, filtered 

and allowed to stand., White needles were obtained {3o8 llgo mopo 119•}o 

Evaporation of the methanol gaTe a. syru.p (70 mgo}, which wa.s d.ried and 
112) 

then reduced using lithium aluminium byd.ride ( 0 o 5 go) in tetra-

hydroturan (50 mlo) 0 Af'ter byd.rolysis the product or the reduction 

was indistinguishable chromatographica.lly from 4...()...methyl-D-glucose 

[a]D + 47° (c, 2o0 wa.ter)o Foundg OMS, 16ol; calco tor c7~o6: OMS, 

16oO%o 

2;-0-,lt=()..methzl-a-D-glucop:rranovl uronic acid)-D-tqlose (Fraçtion III) 

The syrup [a]D + 84° (c, loS water) wa.s set a.side under 

methanol for 2 da.ys, and crystals were obtained (lo4 go) having no moPo 

up to 300~ [ct]D + 89e4° (c, Oo85 water)o The acid (8.50 mgo) wa.s re

fluxed vith methanolic hydrogen chloride (100 mlo Oo7N) 11 using the 

procedure outlined above to give a syru.p (Oo90 go) of the aldobiuronic 

acid methyl ester methyl glycosideo The methyl-ester-glycoside (900 mgo) 

wa.s dissolved in dry pyridine (50 mlo) and redistilled acetic a.nb,;yd.ride 

(1.5 ml.o) was addedo Atter 24 hro at 25° the mixture vas poured into 

iced wa.ter (600 mlo) a.nd the whole was e:x:tracted wi.th chlorofol'lll 

(4 x 1.50 mlo)o The chlorofora extract wa.s wa.shed with cold lD% bydro

chloric acid (0°C) (3 x 150 mlo), saturated sodium bicarbonate 

solution (3 x 100 mlo} and va ter (100 mlo), dried over anbydrous 

sodium. sulphate and then evaporated to dryness 1eaving a syrup (Oo95 go) 



The s;rrup wa.s dissolved in dry ether (40 ml.,) and af'ter standing over

night white crysta.ls were obtained (0.,47 g. •oPo 198-200•)., Recrysta.l

lisation from dry methanol gave crysta.ls (250 mg.) having m .. p. 201-202° o 

The product a.lso gave an infrared spectram and a mixed mop. identical 

with those from an a.uthentic specimen of methyl 2-û-(2,3-di-G-acetyl-
76) 

4~ethyl-a-D-glucopyranosyl)uronate-3,4-di-û-acetyl-D-~lopyranosideo 

[a:]D + 96• (c, loO chloroform)., Cale., for C22~2015 ~ OMa, 17.,3; Found: 

OMe, 17o3%o 

Preparation ot the Boloce1lu1ose 

The extractive-tree En.glemann spruce wood (1200 &• moisture 

10.,8%) wa.s a.dded to hot water (14 litres 80-<JO•)., With constant stir

ring and mainta.ining the temperature between 75 and 90• 1 acetic acid 

(120 ml.,) wa.s added., Sodium chlorite (360 &mo) was grad:ua.liJr added dur

ing a period of 40 minuteso The addition of acetic acid and sodium 

chlorite was repeated three times at hourly intervals., After standing 

tor one hour the insoluble holocellulose wa.s washeq thrice by decantation, 

filtered, wa.shed on the fUter vith water (6 litres) and ethanol, and 

then air dried., Yield 7.3% (on dry wood) o 

Isolêtion of the Hemicelluloses 

Holocellulose (890 gm., moisture 6%) wa.s shaken for 12 hro 

with 24% potassium hydrorlde solution {w/w) (8 litres)o The result

ing slurry was filtered and the first 8 litres of filtra.te and washillgs 

was poured into 24 litres of ethanol containing acetic acid, (4 litres) 

adding more acid if necessary to bring the pH to 5 to 6., Atter allow

ing the precipitate fomed to stand overnight, the supernata.nt liquid 



was poured off and the rem.a.ining slurry fil tered., The precipita te 

wa.s washed with 80% ethanol until the .filtra.te wa.s clear (6 litres) and then 

ethanol 6 litres and petroleum. ether (.3o-60•) taking care not to let the 

precipita.te dryo The residual petroleUDl was rEDoved by aspiration, 

giving a mixture of hemicelluloses A and C (157 g", l4a5% of the dry wood)o 

The product, insoluble in the potassium hydro.xide solution, was weil washed 

wi th wa ter, partially d.ried by suction and then sha.ken wi th 17 o 5% sodium. 

hydro.xide solution conta.ining 4% borie ac id ( 6 li tres) .for 12 hours a The 

slurry was filtered and the .first si:z: litres of filtrate and washings 

were coilected, poured into .3 TOlum.es ot ethanol vhich contained acetic 

acid (2 litres) and allowed to stand overnighto The supernatant liquid 

was decanted and the remaining slurry coilected by filtration or centri

fugation., The precipitate was washed with 80% ethanol, ethanol, light 

petroleUDl (Jo-60•) and the product wa.s dried over phosphorous pentoxide 

to give 107 go of crude hemicellulose B (10% ot the dry wood)., The 

residue lfhich was insoluble in the sodium. hydroxide solution was weil 

washed with distilled water and a sma.ll portion was a.œlysed tor suga.rs .. 

Onl.y glucose was found and the residue was thus pure celluloseo 

EIGELMANN SPRUCE XILA.N 

Separation ot H-.1celluloses A tpd C 

A.nalysis of the crude potassium. b;ydroxide ex.tract showed the 

presence of Jcy""lose and glucuronic acid as the major COJBponent and lesser 

amounts of glucose, mannose, galactose and arabinoseo (See Table X)., 

For purification purposes it was tound that potassium. rather than sod.iua 
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TABlE X 

Composition of the xylan Fractions 

Fraction Ga.la.ctose Glucose ~se Arabinose q1ose X7Ar 

Crude xylan Q 0 0 0 ~. • • •• 9 

1 .. Ba(OH)2 Treatment 17 17 9 57 6 . .3 

2. Ba(OH)2 Treatments Trace ... 12 88 7.2 

A repeat purification 
(2 .. treatments) Trace "" 12 88 7.2 

X = D-xylose 

Ar = L-arabinose 



hydroxide solution was a more effective solvant .for the crude product, 

therefore the hemicellulose (lOO g.,) was stirred tor one hour with 

water (1 litre) and then potassium ~de solution (1 litre 20%) was 

added and the mixture stirred tor 2 hours.. Barium eydroxide solution 

50 .. 

( 5%, 4 li tres) was added dropwise w1 th stirring. Atter standing over

night the precipitate was collected (by centrifugation) and the supernatant 

liquid was retained., The clear supernatant solution was poured into 3 

volumes of ethanol and the precipitate collected a.tter standing overnight .. 

The product was washed with 80% ethanol, ethanol, with light petroleum, 

and dried in ucuo" Repetition of the above procedure gave a puritied 

hemicellulose A, (8% yield)" Iiy'drolysis and chromatographie anal.y'sis 

showed the presence of ~lose, arabinose, 4~ethylglucuronic acid and a 

slight trace of glucose., Foundg OMB, 2.,8%., (See Table X) .. 

The precipitate of the barium complex was washed three times 

wi.th water and !ive times each with 80% ethanol, ethanol, and light 

petroleum {3o-60•) whi.lst still in the centrifuge<> The product was col

lected to yield crude hemicellulose C (1.,5%), whose composition is given 

in Table XIII.. An improved method of isolation and purification is 

described under the isolation of thegalactoglucomannan (Hemicellulos~ C)o 

M3th.ylation ot the !rabino-4-{)...metpylglucuronoxrla.n (Hemicellulose A) 

The puritied hemicellulose A (25 go) was dissolved in 40% 

sodium hydroxide solution (500 DÙ.o w/w) by constant stirring in an 

atmosphere of nitrogen., Dim.ethyl sulphate (300 ml.,) was slowl.y' added 

with constant stirring at .30°" The addition of sodium ~de and 

dimetbyl sulphate was repeated four times., The products were neutralised 

t 



with dilute sulphuric acid, made alkaline vith a little sodium bydroxide 

and then acidified to pH 4 with acetic acid. The mixture was heated to 

90° and the precipitated, partially methylated products collected and 

wa.shed with hot water, dried and dissolved in chloroformo The chlorotorm. 

solution was further dried over sodium sulphate, evaporated to dr,yness 

and dried over phosphorons pentoxide.. The dry, partially m.ethyù.ated xylan 

(28 .. 5 g .. ) was dissolved in dey dimethyl formamide (400 ml .. ).. Silver 

oxide (50 go) and methyl iodide (50 mlo) were added and the mixture was 

shaken for 48 hours in the dark. Two sim.ilar additions of silver oxide 

and methy 1 iodide were made. Chloroform ( 500 mlo) was added and the in

soluble silver salta removed by eentrifugationo The salta were washed with 

chloroform· (4 x 250 ml .. ) and the washinsr combined with the chloroform 

solution, which wa.s extracted with 10% potassium cyanide solution {2 x 500 

mlo) and water (2 x 500 mlo) and dried over sodium sulphate.. The dry 

solution was filtered and concentrated to about 200 mlo, which was then 

added dropwise to light petroleum (2 litres)o The precipitated product 

was collected by filtration, washed vith a litUe petroleum, and dried 

by aspiration over phosphorons pentoxide. Yield 8o8 go OMS, 39o2% 

[u]0 + 56" (chloroform). Cale. for the tully metbylated hemicellulose~ 

OMe, 39o6%o The intrared spectrum of the product indicated the absence 

of any bydro2;Yl groups. 

Met~o~ysis of the MethYlated X:{lan 

The methylated :xylan (7o7 go) was refluxed with methanolic 

hydrogen chloride (500 mlo Oo7N) for 8 hourso After neutralisation with 

sU.ver ~nate and evaporation, the product was treated with 5% barima 
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hydroxide solution ( 200 mlo) for 2 hours at (:1)•.., Solid carbon dioxide 

was added and the barium carbonate removed by filtration through Celiteo 

After trea;taent with Am.berlite IR-120 the mixture was added to the top 

of a column of Dowex 1-1'4 resin (acetate form) and the neutral glycosides 

were eluted by water (4 litres), evaporation of which gave a pale yellow 

syrup (5..,6 g.)o The acidic sugars were eluted by 30° acetic acid (2 

litres), which on evaporation gave a pale yellow syrup of an acid 

glYcoside (lo71 g~)o 

Identification of the Acidic Fraction 

A sma.l.l portion of the acidic sugar syrup was hydrolysed for 

7 hours with normal sulphuric acid, neutralised, treated vith A:mberlite 

IR-120, and exa:mined by paper chromâ.tography in aystems (A) and (E), which 

indicated that the syrup contained only one camponent., The remaining 

portion of the syrup was converted to the metbyl ester using methanolic 

hydrogen chloride,. After neutralisation (Ag2co
3

) the methanol was re

moved and the product carefully dried (1.78 g.). The ester ayrup (Oo85 go) 

was dissolved in dry tetrahydrofuran, which was added to lithium aluminium 

hydride {1.,5 g.) in dry tetrahydrofuran (150 ml .. ) and refluxed for 2 hours., 

'l'be excess of lithium aluminium hydride was decomposed with etbyl acetate 

and then with water. The insoluble salts were rem.oved by centrifugation 

and washed twice with 50% ethanolo The cambined centrifugate and wash

ings were de-ionized with Amberlite IR-120 and Dovex 1-.14 (acetate form) 

and evaporated to dry-ness" Two recrystallisations of the product 

(0.,64 g., syrup) from ethyl acetate gave white needles having m .. po 

167-168c and [a] D + 84 • o The mel ting point was undepressed when mixed 



with an authentic sample of methyl 2-0-(2,3,4-tri-0-methyl-a-D-gluco

pyranosyl)-3-0-methyl-a.j3-D-:xylopyranoside, which also had the same 

in:f'rared spectrum.. Cale. for c16H30o10: OMe, 40.6; Found: CMe, 40.7%. 

53. 

A portion of the product was hydrolysed to give a mixture of 3-0-methyl-

D-xylose and 2,3,4-tri-0-methyl-D-glucose. 

Separation of the Neutra! Sugars from the Methano].ysis of tho Meth.ylated qlan 

The mixture of neutral glycosides (5.6g.) was hydrolysed by 

refluxing with N-sulphuric acid (200ml.) for 8 hours. Neutralisation 

with barium carbonate, filtration through Celite, and evaporatiQn of the 

filtrate after de-ionisation with a little Amberlite IR-120 and Dowex-1 X4 

gave a syrup (5.2g.). A portion (4.5g.) was added to the top of a 

charcoal-Celite column,95 ) (4.5 x 60 cm.). Resolution was effected b,y 

gradient elution using the following solvents: 2 and 15% ethanol, and 

15 and 30% ethanol, 3 litres each followed by 1 litre each of 30 and 40% 

ethanol. Twentyfive-ml. fractions were collected and a portion from 

every third was examined by paper chromatography (system F). 

(See Table n). 

Identification of the Metby'lated sugars. 

3-0-metnyl-D-xylose (Fractions 15-17) 

De-ionisation of the fraction gave a product (35mg.) (q]
0
,.+ lS 0 

(c, 1.2 water), which had the same electrophoretic mobility as an 

authentic psecimen of 3-0-methyl-D-xylose. Cale. for c6H15o
5

: OM.e, 18.9; 

Found: CMe, 18.6%., The derived 3-0-methyl-N-phenyl-D-xylosamine107) had 



TABlE XI 

Resolution of the Meth,yl.â.ted Sugars 

Metbvlated Xylan Met~lated Arabinose-
free !l:lan 

Compone nt Weight Fraction Weight Fraction 
1 

(mgo) (3x25ml.) (mg .. ) (3x25ml .. ) 

3-0~ethyl-D-xylose 44 15-17 

3- and 2~ethyl-D-xylose 398 18~25 270 4-S 

2-0~thy1-D-xylose 61 26-29 

2-0- and 2,3-Di-O~ethyl-D-
xylose 70 9-10 

2,3-Di-0-methyl~D-xylose 2078 30-75 2755 U-60 

2,3-Di-0-methyl-D~xylose plus 
impurity 127 76-100 

2,3,5-Tri-0-methyl-~arabinose 
plus impurity 161 101-ll7 

2,3y5-Tri-O-methyl-L-arabinose 
and 213,4-tri-O~ethyl-D-xylose 196 118-133 

213~4-Tri-0-methyl-D-xylose 65 134-156 50(a) 67-83 

(a) Contains a trace of tri-0-methyl arabinose., 



Fraction 18-25 

The syrup was shown by electrophoresis and chroma tography 

(System F) to be a mixture of 2- and 3-0-methyl-D-xylose., An electro

phoretic separation gave 2-methylxylose (270 mgo) and 3-methylxylose 

(31 mgo)o 

2-Q-meth.vl-D-xylose (Fraction 26-?9) 

Purification of the crude material gave a product (45 mgo) 

[a.]D + 30•, (c, lo2 methanol), which was crystallised from ethyl acetate 
20) 

and had mop .. 134•. Cale .. for c6H1205g 083, 18o9%o Found~ OMe, 18 .. .5%o 

2,3-di-0-methzl-D-x:ylose (Fraction 3Q-7.5) 

Paper electrophoresis indicated the absence of any 3,4~-D-methyl-

:xylose in this fractiono Crystallisation of the product .t'rom ethanol gave 
20) 

white crystals (lo5 g .. ) [a.]D + 24° (c, lo7 water), having m.p .. 98-100° .. 

Calco for c7H1405g OKa, 34 .. 8%o Found~ OMe, 34o7%. 

2,3-Dimethyl xylose (208 mg .. ) was dissolved in ethanol (5 mlo) 

and aniline {Oo3 ml.,) was added,. After standing overnight at f:IJ 0 the 

ethanol was removed and the residue kept in vacuo for 3 days to remove 

excess anilineo Recrystallisation from ethyl acetate gave a crystalline 
108) 

solid (71 mgo) [«]D + 1976 (c, 2o3 ethyl acetate), having mopo 140-l42°o 

Cale., for c13H20o5N~ OMe, 23o2%o Foundg 083, 22 .. 5% .. 

2,3.Z;tri~et4yl-1Parabinose (Fraction 101-117) 
1 

Purification of the material from the column gave a syrup 

[a.]n- 27~ (c, Oo7 water) (71 mgo), which gave only arabinose on de-
109) 

methylation with boron trichloride and bad an ~ value slightly higher 

than that of 2,3,4-tri-0-methyl-D-xylose in systems F and G .. Cale,. for 



for C8H16o5 ~ OMe, 48 .. 4%o Found~ O.Me1 48o0o 

The trimethyl arabinose (50 mg.) was disaolved in water and 

barium. carbonate (50 mgo) and tben brœai.ne ( 5 drops) was added. The 

mixture was kept in the dark for 72 bours. The excess bromine ws 

removed by aeration, the solution aciditied witb dilute ~chloric 

acid (pH 2), and tben extracted wi th cbloroform. The dried cbloroform 

extract was placed in a cold !inger distillation appara tus and after 

removal of the chloroform the arabinolactone was distilled (bath temp .. 

120°1 pressure Oo07 mmo Hg .. ). The puritied lactone was dissolved in 

methanol (4 mlo) 1 treated wi th anbyd.rous a:mmonia and kept for 24 hours 

at room temperature. Alter evaporation the dried product was re

crystallised from isopropyl ether. The product (22 mg.) bad m .. p. 
72) 

12.3-7"' o Recrystallisation gave a sma1l quantity of material 

O .. o5 mgo) bartng moP• 129-131• .. 

. 2.3.4-tri-o-metbyl-D-xylose (Fraction 134-156) 

56. 

Extraction of the crude product with benzene and evaporation 

gave a semi-crystallised product (35 mgo) o Recrystallisation from 

benzene gave co1our1ess crysta1s (18 mg.) [a.]D + 17° (c, 0.9 ethanol) 
llO) 

having m.., po 89-90• and a mixed m.p" with an authentic specimen 9Q-91 °. 

Cale .. !or c8H16o5: OM:l, 48o4%o Found: OHe, 48 .. 2. 

Fraction ll8-13J 

This fraction was extracted with hot benzene and the residue 

atter evaporation was separated by paper chromatography (system D) to 

give trimethyl xylose (17 mg") and tr1methy1 arabinose (55 mg.). 



§elective Bemonl ot the L-Arabi.nofuranose Residues frœa the XVlan 

The puritied arabinoglucuronoxylan (Hemicellulose A) (20 go) 

was dissolved in hydrochloric acid (350 ml.,, Oo02N) and the pH adjusted 

to 2o3 (about 60 mlo 1 Ool N HCL)o The solution was then heated to 

90~ tor 4 hours9 poured into ethanol (4 litres) and allowed to stand 

tor 2 hourso The precipitate was collected by filtration, washed by 

solvent e.xcha.nge (75% ethanol, ethanol, and light petrolelDl) and dried 

over CaCl/KOHo Yield l4o2 go Hydrolysis and chromatographie analysis 

(Systems A and C) indicated the presence of Jcylose and uronic acid residues 

onlyo 

lhthvlation of the Arabinose-free I:rlan 

The arabinose-free x;,ylan (14 g .. ) was methylated using the 

same procedure as for heœicellulose A, giving a tully methy"lated 

4-Q=methylglucuronoxylan (7o37 go) (OMe, 39 .. 8.3%), whose intrared spectnœ 

indicated the absence of ~ hydroJcyl grou.pso 

.Ji!thanoJ,ysis of the Ji!th.vlated Arabinose-free y]§ 

The :m.ethylated hemicellulose (7 o3 g.) was refluxed vith 

methanolic hydrogen chloride (350 ml,. Oo?B) and the acidic and neutral 

sugars (4o 73 go) obtained as beforeo 

Resolution of the Mixture of Ji!thylated Su,gars 

A portion of the :m.ethylated neutral sugars (3o73 go) vere 

separated on a charcoal-Celite collDln as preTiously described, using 

gradient elution (2 li tres of each sol vent) o 

Fraction 4-8 

Paper electrophoresis indicated this fraction to be a llixture 



of 2-o- and ,3-o""i'lethyl-D-x;,vlose in a ratio of 1::.3o These were sepa.rated 

b7 chranatographT (System D) giving 65 mgo of the 2-isomer and 195 mgo 

of the .3-isom.ero 

Fraction 9=10 

This fraction was separated into 2-û-m.etbyl (.30 mgo) and 

2,3-d.14metbyl-D=x;,vlose (35 mgo) in system D., 

ldentitication of 2.3-di~etb11-D-xrlose {Fractiop 11-60} 

The material was cr,ystallised frœ. ethy'l acetateo Yield:: 

lo7 go, mop. 98-100° [a]D + 2;• (c, lo6 water).. Calco for c7H14o5 ~ 

OMB, .34o8%o Found OHe, 34o4o This m.aterial did not depress the mop .. 
75} 

of an authentic sample of 2,.3-di-o-..etbyl x;,vloseo The aniline 

deriva tiTe was prepa.red, bad mo po and aixed m. po 1.40-2° 0 

Identification of 2.3.4-tri....Q..aethTl-D-xrlopyra.nose (Fraction 67=83) 

Benzene extraction ot this fraction gave a part-crystal li ne 

residue (46 JD.go) 11 which was recr,ystallised from benzene givi:ng 

colorless needles (26 mgo) [a]D + 17° (c, lo2 ethanol), which bad moPo 

and m.ixed mo po 91=92°. Ca.lco for CaH16o5 g OMe, 48o4%o FOUDd.~ OMe, 48a.3o 

Chromatographie e.xawjna.tion ot the residue (19 JD.go) from the rec~stal

lisation sh011ed the presence of .33% 2,3~5-tri~tbyl-L-a.rabinose .. 
77J 

Acetyl!tion ot EngelJ'pn §prgce !Ylan 

Dry hemicellulose A (2 .. 0 g .. ) was dissolYed. in dry' fol"DDaDlid.e 

(40 mlo) and red.istilled. acetic anhydride (20 mlo) dissolved in 

tresbly distilled dr,y pTridine was addedo The aix.ture vas shaken and 

•· cooled for the tirst 20 mino and occasiona.l.l.y thereattero Atter shaldng "'· 
tor 3 hours acetic anhydride (20 ala) vas again added, the addition 



being repeated alter a further 3 hourso Throughout the shaking process 

the pressure inside the reaction vessel was released periodic~. 

Atter the reaction mixture bad stood at, 4°0 for 3 da.ys it was pourted 
~' 

59. 

into a stirred mixture of 4% hydrochloric acid (1 litre) and ice (lo5 kg .. )o 

Af'ter standing for 30 mino the suspension was collected by filtration 

and the prod.uct washed with ice cold water and then with water untll 

the washings were neutra!., Atter wa.shing with ethanol and light 

petroleum the prod.uct was dried over CaCl~KOHo Yieldg lo5 go of greyish 

powdero 
111) 

Periodate Qxidation of the Xylan 

Ash-free .xylan (lo412 g .. ) was placed in a 250 ml .. volumetrie 

flask, and dissolved in the water and periodate solution (100 ml .. Ool781M) 

which were added to the solution to make up the volume. Aliquote of 10 ml. 

were withdrawn from time to time and titrated against sodiUDl arsenite 

solution (Oo06013M) and the titre subtracted from a predetermined blank 

titre of the periodate solution thus giving the moles of oxidant consumedo 

These values are plotted against time (See Figure 1) and extrapolated 

to zero time., The value obtained (3.,15 x 10-4 moles oxidant per 10 ml .. 

aliqaot was eqaiva1ent to a corummption of Oo775 moles per ~lose 

unito Reduction, with sodium. borohydride, hydro].ysis of the oxidized 

polysaccharide and chromatographie analysis (Systems A and C) indicated 

the presence of same .xylose residueso 

Prepamtion_of the Ashz.tree Xvl&n 

The puritied xylan (Oo5 go) was treated with 15% sulplmrio acid 

and burned in a platinura crucible and was tound to contain 12% asho A 



portion of the xylan (lOgo) was dissolved in 10% hydrochloric acid (500mlo) 

and after filtration and standing for 30 minutes the solution was poured 

into 4 volumes of ethanoL The product (8o3g.,) had a low ash content 

(Ool5%)o Found: aMe, 3o2%, [Œ]D, -48° (1% in water)o 

ENGElMANN SPRUCE GWCCJIANNAN 

Isolation of the Glucomannan 

The isolation of the crude glucomannan (Hemicellulose B) is 

described on page 47. 

Purification of the Glucomannan 

After trial purifications on a small scale (5.0go), by 

precipitation of the barium and copper complexes it was found that the 

use of the barium complex gave better · removal of the uranie acid 

containing impurities. 

The crude glucomannan (Hemicellulose B) (75g.) was suspended 

in water (L5 litres) by stirring for 3 hqurso Solution was completed 

by the addition of 20% sodium bydroxide solution (lo5 litres) and 

stirring for .2 hours. The solution was filtered (glass wool) and then 

5% barium hydroxide solution (.3 litres) was added dropwise with stirring., 

After standing overnight the precipitate was collected by centrifugation, 

washed three times with 6% potassium hydroxide solution, once with 2.5% 

sodium hydroxide solution and dissolved in 50% acetic acid, which had 

been cooled to -10~" The acetic acid ~olution was poured into 4 volumes 

of ethanol. After standing overnight, the precipitate was collected, 

washed by solvent exchange (70% ethanol, ethanol and light petroleum 

30-60°) and dried. Yield: 62.9g., [a]D, -40° (~solution in 10% NaOH) 



Hydrolysis and chromatographie analysis (systems A9 B and C) showed the 

presence of glucose, mannose, a little galactose and a trace of xylose~ 

(See Table ni) 

Methy'lation, of the Glucomannan 

The purified glucomannan (2lg .. ) was me~hylated using the same 

procedure outlined for Hemicellulose Ao 'lbis gave a pale yellow powder 

(llo5go) having a methoxyl content of 42.,5%o This product wa.s methylated 

using the method of Purdle and Irvine; U3) The parrtly methylated 

poly'saccharide was di.ssolved in methyl iodide (200ml.,) and freslll1" 

prepared silver oxide (20ga) was added and the m.:ixture shaken for 24 hours. 

'NO similar additions were made" After a final addition of silver oxide 

( 40g .. ) the reaction m.ixl:iure was shaken for a further 4S hours and chloroform. 

Wa.s added, The silver salta were removed by filtration and thoroughly 

washed with chloroforma The ehloroform solution was concentrated (250ml .. ) 

and added dropwise to vigorously stirred light petroleum (3 litres 30-

6o0)., The preeipitate was eollected, washed with light petroleum and 

dried., The yield of an almost white powder was 6.,9g. Cale., for a fuU.y 

methylated hexosan: œ:e, 45,.6; Found.: CHe, 44 .. 8%. 

Methanolysis of the Meth.;r~d Glucomannan and resoluti,on of the gffirol:ysate 

The fully methylated glucomannan (4g.,) was refluxed with 2 .. 3% 

metha..nblic hydrogen chloride (200ml,) for 8 hours. Host of the methanol 

was removedby a stream of air, then normal hydro~hlorie acid (200ml.,) 

was added and the solution refluxed for 8 hours.. The solution was 

neutralised w:i.th silver caroonatejl filtered (Celi;te), treated with a 

little .tqdrogen sulphide and filtered again.. The filtrate gave a light 

brown parti.al17 crystalline material on dryingj' Yield: 4 .. 26g., 
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TABlE XII 

The Composition of the Glucomannan Fractions 

Fractions Galactose Glucose Mannose Xylose Ma/Gl 

Crude glucomannan 00 23 74 3 3 .. 2 

L Ba(OH)2 Treatment 6 26 68 2,.8 

2o Ba(OH)2 Treatments 3 .. 6 22 .. 4 74ol 0" 3 .. 3 

A repeat purification 
(2., treatments) 

J.,5 23 73.5 0. 3.2 

Ma = D-mannose 

Gl = D-glucose 



Chromatographie analysis of the fi.ltrate (system G) ind.icated the presence 

of di= tri- and tetra-O~ethyl hexoses. Part of the product was added 

to the top of a charcoal-Celite column and resolved by gradient elution 

using mixtures of ethanol and water. ( 5 and 15% ethanol 2 litres each, 

15 and .30% ethanol, then .30 and 50% ethanol 4 litres in each case. Two 

hundred and fifty fractions (75m1.) were collected and examined by paper 

chromatography (system G)o However, a correspondance between the frac~ions 

collected and the sugars expected could not be obtained, nor could any 

tetra~O=methyl galactose be detected. Methanolysis was again carried out, 

ueing a further portion of the product (lo6g.) and the methy1ated sugars 

(94% yield) were separated by paper chro~tography using system D. The 

sugars obtained and their respective yields are given in Table VI. 

Jdent;fic,§:llQn of_~he Me~];!ylated Sugars 

2~44 1 6~Tetra-O~ethyl=D-galactose 

The syrup (cx]09 + 95° (c~ 0., 7 water) was chromatographical.ly 

identical {system D) to an authentic sample of 2,.3 3 4,6-tetra-0-methyl

D~galactose and demethy1ation gave galactose only., The sugar (20mg.) 

was d.issolved in ethanol (2ml.,) and after the addition of aniline (20mg.) 

the solution was kept at 60° overnight. Removal of the solvent by a 

current of air and any excess aniline .in vacuo gave a residue, which 

was crystallised from isopropyl ether to yield. white needles (l2mg.) 

having m.p. and mixedm.p. 192~19.3" and [o:)0 ;> ~135° (c, 0.7 pyridine). 

2 *3, ~h 6~Tetra;:Q~methyl-D-mapnQ§§!. 

The syrup [cx]D:> ·+ 25° (c, Oo5 water) was chromatographically 

pure (system D) and demethy1ation of a small portion (2mg.,) with boron 

trichloride indicated the presence of mannose on1y.
109
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2a3,6~Tri-0-methyl-D=mannose 

The syrup [cx)o 3 -10° (c_y 2.,3 water) was chromatographically' 

identical with an authentic sam.ple of 2,3.,6-tri-O~met.hyl-D-mannose 

(systems D and E). The di-g-nitrobenzoate was prepared using the mathod 

of Rebers and Smithll4) and had'mopo anà mixed m.,p, 189~.., [a]
0

., + 3.3° 

(c.~ Oo9 chloro.form) after recrystallisation from ethyl acetate. 115) 

2*3,6-Tri-O~metpyl~D-gluco~ 

The syrup [ a]09 + 69 f; ( è, L3 water) was crystallised from 

isopropyl ether and had mopo and mixed m.p" 116·~ [a]09 + 70• (c, lc7 

water) "116) Demethylation gave glucose only.., 

2&1~Di-O-metpyl-D-magnos! 

This fraétion ·had an Rf value slightly less tban t.hat of the 

other di..:O-mathyl sugar" Demathylation of a portion of the syrup 

showed the presence of mannose only, and electrophoresia indicated that 

the sugar was identical with an authentic sample of 2Jl3,di-O..methyl-

D~se. 

2 23-Di-0-metbYl-D-glucose 

Demeth;yla;tion of a portion of the syrup gave only glucose 

and .. electrophoresis :indicated that the sugar was similar to 2.\).3-=di-0-

met~l-D=glucose. 

Partial .Hydrolt!Jis of the Glucomannan and ResQlsY,on of the .. ~ln*! 

The puritied gl:u.comannan (20go) was dissol.ved in 90% formic 

acid {200ml.,) and wa.ter (200mla) was added" After heating to 100° for 

3 hours the .formic acid was removed by repeated evaporations from water. 

Formate esters were hydrolysed by treatment with sulphuric acid (500ml.,.\) 

0 .. 5 N) at 100° for 5 minutes., Neutralisation of the filtrate with 



barium carbonate followed by deionisation (Amberlite IR 120 and Dowex 

lX-4~ acetate form) and evaporation gave a pale.yellow syrup. Yield: 13o9go 

A portion of the hydrolysate (lOgo) was added to the top of a charcoal

Celite column and.resolved using mixtures of ethanol and waterQ (4 litres 

each of water and 10% ethanol~ 10 and 20% ethanol, followed by 2 litres 

each of 20 and 40% ethanol)o The eluate was collected in 25-m.lQ fractions., 

~g~ntific!tion of the Sygars 

All sugai s were chromatographically identified with authentic 

specimens in systems A,B and H., 

The monosaccharides were separated by paper chromatograpby" 

(system C) and identified as mannose, glucose and smaller amounts of 

galactose and xylose • 

. QligQsacch~â:de s 

The fractions obtained from the column were usu~ not pure 

components and were further purified by paper chromatograpby" (system B)., 

They are given here in order of elutiono 

M = mannopyranose; G = glucopyranose; X = xylopy.ranose. 

Mannob:l:2§!! (Hl~'*4M) 

Hydrolysis of a portion of this fraction (378mg.,) indicated the 

presence of mannose only., Cryst.allisation from methanol gave a product 

{345rngu) [a]
0

, ~9° (c9 2o2 water) having m~p., 210-,211°, which was 

undepressed when admixed with an authentic specimen of 4-0-~-D~·manno-
55Jll7) 

pyranosyl~D~mannose., 

~ 
Mann__Qsyl_gl,!è~se (Ml.,..4G) 

Hydrolysis of a por-t;ion of the syrup (45mgo) gave equal amounts 
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of glucose and mannose and ~olysis after reduction with sodium 

borohydride indicatèd the presence of mannose o Crystallisation from 

methanol containing a little butan-1-ol gave a product (17mg") [a] D' + 22® 

{c~ 2.,1 water) having m"p" 168-170"., which was not depressed by adm.:i.x:t.ure 

with authentic 4-0~~-D-mannop,yranosy1-D-glucopyranoseu34) 
!zlDbiose 

Hydrolysis of the syrup (20mg.,) gave :xyl.ose o~. This 

disaC?haride was not investigated furthero 

Mannotriose (Ml44n44M) 

The syrup (303mg") ~ which on hydrolysis gave mannose and on 

partial hydrolysis gàve mannose and mannobiose was crystallised from 

methanol containing a little propan-1--olo The crystals (235mgo) [ a]D, -21° 

{ c 9 L 7 water) had m., p" 170-171° which was not depressed when admixed 

with an authentic specimen of O-~-D-mannopyranosyl-(1-.4)-0=~-D-mannopyr

anosyl-{1~4)-D-mannopy.ranoseo559118) 
Cellobiose ( G144G) 

Hydrolysis of a portion of the solid (15mg.,) [a]D, + 34• (c, 0.,4 

water) indicated the presence of glu.cose o~., A small quantity of 

crystals were obtained by treatnent of the resid.ue with methanoL These 

had m"p" and mi.xed m.,p" of 231=232° with an authentic specimen of 

589 119) 
4~0=~~D-glucopyranosyl-D-glucose., 

Glucoszl mannose (Gl~4M) 

Hydrolysis of a portion of the syrup (124mg .. ) gave equal 

amounts of glucose and mannose and hydrolysis atter reduction with 

sodium borohydride gave glucose. Crystallisation from methanol contain:ing 

a little bu.tan-1-ol gave crystals (95mg<>) [«]D9 + 8• (c, 3o0 water) having 

m .. p .. 188~190°52) which was not depressed when adm.i:x:ed with an authentic 



, 
specimen of 4-0-~-D-g1ucopyranosyl-D-mannose.55,l20) 

Mannotetrose (Ml~4Ml~4Ml~) 

Hydrolysis indicated the presence of mannose~ Partial 

hydro1ysis gave mannose, mannobiose and mannotriose., A small amount 

of crysta1s was obtained m.p. 230-232° which was not depressed on 

admixture with an authentic specimen of 0-P-D-mannopyranosyl-(1-+4)-

0-~-D-mannopyranosy1-(1-+4)-0-~-D-mannopyranosy1-(1-+4)-D-mannose. The 

specifie rotation of the residue (20mg.) was -30° (c, 1.9 water).
86
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0-mannosyl-0-glucosyl-mannose (Ml~4Gl~4M) 
The syrup (92mg.) [a] 0, -15° (c, Oo9 water), (R0 , Oo46 s.ystem 

B) could not be induced to crystallise" Hydrolysis indicated the presence 

of mannose and glucose in a ratio of 2:1 and partial ~drolysis indicated 

the presence of mannosyl glucose and glucosyl mannose. 

Preparation of the Nitrate Derivative of the Glucomannan 

The glucomannan (2.lg .. ) was treated with a nitric acid:phosphorus 

pentoxide gphosphoric acid mixture (64:10~26 w/w, lOOml.) for one hour at 

17° 98 ) and the reaction mixture was poured into a 20% br.ine solution 

(2 litres) cooled to ~20°. The glucomaman nitrate was collected by 

filtration and washed with water and methanoL Yield~ :L3go 

Periodate Oxidation of the Glucomannan 

Portions of the glucomannan (50mg.) were dissolved in 0~03 M 

sodium metaperiodate solution (20ml.) and kept in the dark at 25 ° for 

various periods of time. The periodate consumed was determined by the 

excess arsenite method (see Figure 1 .. ).. Extrapolation to zero time gave 

a consumption of periodate of 0 .. 988 moles per ~o-hexose unit" 

Reduction with boro~dride and then ~drolysis of the oxidized polysaccharide 
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followed by chromatographie analysis of the products (system C) did 

t ind . t 'd' d :t 59, lOl) no ~ca e any unon ~se sugars were presen • 

ENGELMANN SPRUCE GALACTOGLUCOMANNAN 

Iso}ation of the Hemicellulose 

The crude Hemicellulose C, which contained the galactoglucoma.nna.n 

was obtained during the purification of the x;ylan hemicellulose. Later a 

modified method of extraction was used which b,ypassed the collection of the 

crude x;ylan. Thus, the filtrate from a 10% potassium hydroxide ex:tract (81.) 

of the holocellulose {880g.) was treated directl.y with 5% barium hydroxide 

solution (8 litres). After standing overnight the precipitate was collected 

by centrifugation, washed twice with water, dissolved in cold ( -20°) 50% 

acetic acid and the resulting solution poured into 4 volumes of ethanol. 

The precipitate of crude Hemicellulose C was washed with 70% ethanol, 

ethanol and light petroleum and dried., Yield: J+4,.6g. Analysis indicated 

the presence of galactose, glucose, mannose, arabinose and xylose. (See 

Table XIII) The supernatant solution from the barium hydroxide precipitation 

was poured into acidified ethanol and the product collected as before, 

giving the xylan. (Hemicellulose A ll2g.) 

Purification of the Hemicellulose C 

The method was similar to that used for the purification of 

the glucomannan~ except that the precipitate of the barium complex was 

washed twice onl.y with water before solution in 50% acetic acid. 

Yield: 2L5g. Analysis indicated the presence of glucose, mannose and 

galactose~ [a]D' -7a3° (1% in water) (See Table XIII) 



TABIE XIII 

The Composition of the Galactoglucomannan Fractions 

Fraction Galactose Glucose Mannose Ar-X GljMa 

Crude galactoglucoamnnan 
(first preparation) 20o9 l2o8 .3l.o5 16 .. 8 0.,41 

Crude galactoglucomannan 
(second preparation) 18o6 17 .. 5 47 .. 7 16 .. 5 0.,37 

Purified b,y 2 Ba(OH)2 20o4 20.0 59.8 0 .. 33 treatments o 0. 0 0 

Purified, then treated 
with Fehling solution 14 .. 7 22 .. 5 62.,8 0 •• 0 0.36 

Ar = L-arabinose 

Gl = D-glucose 

Ma = D-mannose 

X = D-~lose 
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Methylation of the Galactoglucomannan 

The galactglucomannan (20g .. ) was methylated by a procedure 

similar to that used for methylation of the glucomannan to give a 

product (4o5g .. ) which had a methoxyl content of 42.2%. A portion ot this 

(L5g.) was subjected to a second methylation according to Purdiel.l3) 

giving a product (1.35g .. ) having a methoxyl content of 44 .. 9%. 

Methanolysis of the Methylated Galactoglucomannan 

The full;y methylated ga.lactoglucoma.nnan {0.61g.) waa trea.ted 

with 2.3% methanolic hydrogen chloride using a procedure similar to that 

used for the methylated glucomannan, except that product was resolved 

into constituent sugars by paper chromatography (system D). (See Table VI) 

Identification of the Methylated -Sugars 

The methylated sugars were identified by procedures similar to 

those used for the hydrol;ysis products of the methylated glucomannan. 

Therefore onl;y yields, melting points and rotations will be recorded. (Sae 

Table VI). 

2,3,4,6-Tetra-0-metpyl-D-galactose 

(67mg.) [a]0 , + 109° (c, 2.3 water1 The aniline derivative 

(6mg.) had m .. p .. and mixed m.p .. 190-19J 0 and [a]0, -135° (c, 0 .. 3 pyridine). 

2,3,4,6-Tetra-0-methyl-D-mannose 

(8 .. 8mg .. ) (a]0, + 17° (c, 0 .. 9 water) Demethylation gave 

mannose only. 

2.3,6-Tri-0-methyl-D-mannose 

(205mg.) [a]0 ~ -7° (c, 1.1 water) The di-p-nitrobenzoate had 

m.p. and mixed m.p. 187-188°. 

2,3,6-Tri-0-methyl-D-glucose 

(64mg.) [a]0, + 72° (c, 1.0 water) m.p .. and rnixed m.p. 119°. 



233-Di-O-méthyl-D-g1ucose 

Demethy1ation of a portion of the syrU:p (29mg.,) indicated the 

presence of mannose only and e1ectrophoresis indicated that the sugar was 
• 1 

identical with an authentic specimen of 2,3-di-O-methy1-D-glucose. 

Di-O-metbY1 sugars (fraction A) 

Demethylation of a portion ot the syrup ind.icated the presence 

of mannose and glucose in the approximate ratio of 2:1 and electrophoresis 

indicated the presence of 2,3,-di-O-metby1-D-g1ucose and D~ose. 

Partial Hj,ydro1ysis of the Galactog1ucoiDaml&Il 

The purifièd gs.lactoglucomannan (20g.,) was subjected to a 

bydrolysis procedure similar to that used for the glucomannan exc~pt 

the tilœ of bydro~sis was reduced from 3 to 2 hours., Yield: 9.35g. of 

which 7o5g was reso1ved on the charcoal-Celite co1umn., 

The oligosaccharides were identified by procedures similar to 

those used for the corresponding sugars obtained by hydro.ly'sis of the 

glucomannan. Therefore only the me1ting points, yields and rotations are 

recorded. 

Mannobiose 

(483mg.,) [«]n~ -9° {c, 3o6 water) mopo and mixed m.,p., 200-202°., 

Mannosy1 glucose 

{ 10Qng., ) On.1y a small amount of crystalline material ( 7., 5~o) 

was obtained having m;p., and mixed mo Po 197-198° and [a Jo, + 24 ° 

( c, 0" 7 water) 

Mannotriose 
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Cel!obiose 

(15mg.) [a]D' + 32° (c, 1~1 water) m.p. 231-233° Cellobiose 

(l3mg.) was reflu.xed with acetic anhydride (2mL) and anhydrous sodium 

acetate (50mg .. ) for 3 hours. The excess anhydride was removed in a current 

of air and the residue neutralised with sodium bicarbonate solution. 

Extraction of the mixture with chloroform and evaporation of the dried 

chloroform solution gave a residue, which was crystallised from methanol. 

Glucosyl mannose 

(91mg.) [a]D' + 12° (c, 2.7 water) m.p. and mixed m.p. 180-182°52) 

A triose 

A small amount of sugar (9mg.) was obtained having R0 , 0.22 

(system B) and the degree of polymerisation of the compound was 2.s96) 

Partial hydrolysis with formic acid gave unchanged triose, but hydrolysis 

indicated the presence of glucose and mannose in a ratio of 1:2. 

0-galactosyl-0-mannosyl-mannose 

The sugar (38mg.) (a]D' + 21° (c, 0.9 water) and Re, 0.45 (system B) 

could not be crystallised. Analysis indioated the presence of galactose 

and mannose and partial hydrolysis gave galactosyl mannose and mannobiose. 

0-glucosyl-0-mannosyl-mannose 

The sugar (61mg.) [a]D, -6° (c, 1.7 water) and R0 , 0.29 (system B) 

could not be induced to crystallise. HYdrolysis indioated the presence of 

glucose and mannose in the ratio of 1:2 and partial hydrolysis gave 

glucosyl mannose and a trace of mannobiose. 

A triose 



(system B' could not be .induced to crystalliae o Hydrolysis indicated 

the presence of galactose, glucose and mannose in equimolar proportions, 

and .partial hydrolysis gave the same sugars and a disaccharide which was 

probably an 0-galactosy.l glucose" Hydrolysis after reduction with 

' sodium borohydride gave galactose and a trace of glucose. 

Preparation of the Nitrate Derivative of the Galactoglucomannan 

The galactoglucomannan (lo.3g .. ) was nitrated using the 

procedure outlined for the glucomannano Yield: Oo98g" 

Periodate Oxidation of the Galactoglucomannan 

The galactoglucpmannan ( 0" 612g.,) was oxi.dized using the 

procedure outlined for the xylan except that lesà periodate was used 

(50mlo, 0.178]}1}" Extrapolation gave a value (0.175} which was 

equivalent to the consumption of lol6 moles of oxi.dant per anhydre

hexose unito (See Figure 1.) 

Determinatiop of the Molecular Weight of the Hemicellulose Derivatives 

The osmotic pressures were determined using Zimm-Myerson 

osmometers97) as modified by Stabin and Innnerguto 9B) Gel cellophane 

membranes vrere used, which had never been allowed to dry. The 

temperature was JO~ Oo01° and the static method was used to measure 
. 

the osmotic heighto The solvent used for the methylated and acetylated 

hemicelluloses was chloroform-ethanol {9:1 v/v) and n,-butyl acetate was 

used for the nitrated hemicelluloseso (See Figure 2o for the xylan, 

Figure 3o for the glucomannan and Figure 4o for the galactoglucomannan) 



PERIODATE OXIDATION DATA FOR THE THaEE IŒHICELIDI.OSES 
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031CMETRY DATA FOR THE HEMICELllJIDSE DERIVATIVES 

h = The height of solution (cm.) 

w = Concentration (g~/Kg.) 

]OCtrapolation to zero concentration gives values for 

h/w from which the number-average molecular weight (Mn) is given by 

the relationship 25, 700 = Mn x (h/w) w=o. 
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SUMH.ARY AND CLAJMS TO ORIGINAL RESEARCH 

1.. The extractive free wood of Engelmann spruce (Picea engelmannii. 

(Parry) Engelm.) was delignified with acid chlorite to give a holocellulose 

in 73% yield. Extraction of the hemicellulose with potassium hydroxide 

solution gave a crude extract (14.5%) which was resolved into two fractions 

by treatment with barium hydroxide solution. The portion remaining in 

solution, was an arabino-glucurono-.xylan (8%), while the insoluble portion 

loJaS a galactoglucomannan. Further extraction àf the holocellulose with ... 

sodium hydroxide solution containing borate gave a crude extract (10%) 

which was purified by precipitation of its barium complex to give the 

glucoma.nnan fraction (8%). 

2. Analysis of the xy1an indicated the presence of xylose 

arabinose and 4-0-methyl glucuronic acid in a ratio of 7:1:1.1. The 

methylated xy1an was hydrolysed and the resulting sugars were reso1ved 

by chromatography. The following sugars were obtained: 2,3,5-tri-O

methy1-~arabinose (6 parts), 2,3,4-tri-0-methy1-D-xylose (1), 2,3-di-0-

methyl-D-xylose (49), 2-0-methyl-D-xylose (8), 3-0-methyl-D-xylose (2), 

and 2-0-(2,3,4-tri-O-methy1-D-g1ucopyranosyluronic acid)-3-0-methyl-D-xy1ose 

(10). 

3. The xylan was subjected to a mild hydrolysis which selectively 

removed the arabinose. The arabinose-free xylan was methylated and 

bydrolysed and the resulting sugars were resolved by chromatography. The 

above methylated sugars were obtained in a molar ratio of 0.1:1:55:2:4:12. 

4. On periodate oxidation the xylan consumed O. 775 moles of oxidant 

per anbydro-pentose unit. Osmotic pressure measurem.ents on the methylated 



and the acetylated xylan gave a number-average degree of polymerisation 

of 130 and sjmi Jar measurements on the methylated arabinose-free .xylan 

gave a value of 120. 

50 It was concluded that the arabino-4-0-meteylglucurono-.xylan 

consisted of an essentially linear chain, composed of a minimum of 95 

~-(1--4)-linked D-.xylose residues to which were direct~ attached an 

average of lol a-(1--2)-linked 4-0-methyl-D-glucuronic acid residues 

and 1 a-(1--3)-linked ~arabinofuranose residue per 7 xylose residues. 

60 Analysis of the glucomannan indicated the presence of galactose, 

glucose and mannose residues in a ratio of 3:20:63. The glucomannan was 

methylated and hydrolysed and the resulting sugars were resolved by 

chrorna.tography. The following sugars were obtained: 2,3,4,6-tetra-0-

methyl-D-galactose (2), 2,3,4,6-tetra-0-methyl-D-mannose (1), 2,3,6-tri-

0-methyl-D-mannose (56), 2,3,6-tri-0-methyl-D-glucose (18), 2,3-di-0-

methyl-D-rna.nnose (1.2) and 213-di-0-methyl-D-glucose (0.7). 

7. The glucomannan was subjected to a partial hydro~sis with 

formic acid and the resulting sugars were resolved by chromatography. 

The monosaccharides glucose, mannose and galactose were obtained 

together with the disaccharides mannobiose (M--M), cellobiose (G--G), 

mannosyl glucose (M--G), glucosyl mannose (G-~1), the trisaccharides 

mannotriose (1-1--M--M), (1-1--G--14) and ( G--M--M), and the tetrasaccharide 

mannotetrose (M--M--M-~l)o 

8., On periodate oxidation the glucomannan consumed Oo988 moles of 

o.xidant per anhydre-hexose unit. Osmometry data indicated that the 

methylated glucomannan had a Pn of lll. 

9o It was concluded that the glucorna.nnan was a slightly branched 

triheteropolymer composed of a minimum of 105 glucose and mannose residues 

in a ratio of 1:3o2, to which are attached about 3.5% galactose residues. 
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10~ Analysis of the galactoglucomannan indicated the presence of 

galactose, glucose and mannose residues in the ratio of 1:1~3. The 

gala.ctoglucomannan was methylated and hydrolysed and the sugars were 

resolved by chromatography q The suga.rs were si.milar to those isolated 

from the hydrolysate of the methylated glucomannan and were in the ratio 

of 8üg25~8~4:4, except that the 2,3-di-O=metcyl-D=mannose fraction 

a.lso contained about 30% of ether di-0-metcyl sugars .. 

lla The galactoglucomanna.n was subjected to a partial hydrolysis 

and mono-, di- and trisaccha.rides si.milar to those obta.ined from the 

hydrolysate of the glucomannan were obtained together with gala.ctosyl

ma.nnosyl~ose and a trisaccharide which contained glucose, galactose 

and mannose.. This constitutes the first isolation of a trisaccha.ride 

containing all three suga.r units and shows that the polysaccharide is 

a true triheteropolymer o 

12.. On oxida.tion with perioda.te the galactoglucomanna.n oonsumed 

Ll6 moles of oxidant per a.nhydro-hexose unit., The metcylated 

polysaccharide ha.d a Pn of 117. 

13" It was conoluded tha.t the galactoglucomannan was a branched 

triheteropolymer composed of a minimum of 90 ~-(1-~4)-linked glucose and 

mannose residues in a ratio of lg3 to form a chain which ha.d on the 

average 1.,5 branch points per molecule" To this framework were attached 

an average of one galactose residue per one glucose and three mannose 

residues .. 


