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ADDENDUM (f, 116) 

Identitication of 2.3-Di=Ojmetgyl-D-xvlose 

'l'he syrup obtained (160 mg.,) had [a.]D + 2!1.6• (C, 1.,4) and 

on demetbylation gave ~lose and glucose in the approxiœate ratio or 

4glo 'l'he s;yrup was diesolved. in a aa.ll amount or water and eeeded. 

w:l.th an authentic cr,ystal ot 21,3-di-o-metb;rl-lMc;rlose. On eta.ndi.Dg 

tor more tban a month large, white cr,yetals were form.edo The small 

amount ot adhering syrup was quickly rinsed out b;r ethanol., The 

or,:rstals had m.p .. of 86-SS• o On retluxing the crystals with 

a.lcoholic aniline, the corresponding aniline derivative was ob

tained which vas cr,ystallised tram etbylacetate-petroleum ether., 

Recr,ystallisation tram et~lacetate gave cr.ystals which had ••P• 

of 125-127° and [a.]D + 182.4° (C, Oo.3 in etbylacetate). 



ENGELMANN SPRUCE (~ egelmennii) 

The common pulpwoods are grouped into two general classes 

namel.y gymnosperms and wood;y angiospermso All commerciall.y important 

gymnosperms are coniters and are orten rererred to as "sortwoods"o 

In the same way, the arborescent angiosperme are termed "hardwoods"o 

Engelmann apnee (Picea. enselpemii) ia a well known tree 

belonging to the gymnosper.m claaa. This apecies is round in Western 

Canada in the interior mountain rangea or British Columbia and on 

the eastern slope or the Roclq mountainso It is usual.ly' rroa l l/2 -

3 reet in diameter and 80 - 120 reet in height but J:Ba7 attain a 

diameter or 6 reet and a height or 180 reet under ravourable situationso 

The wood is quite light in colouro 

The bark o:f EngelD&nn spruce is thin, acal.y and with a dull 

reddish brown colour. The total thicknesa ot the bark ia about Oo3 

inch.. The outer surface ot the bark ia rather rough and shows reain 

canals .. 



2 

GENERAL INTRODUCTION 

~ - The term "bark0 is applied in cODODon parlance to denote the material 

tbat surrounds the voedy substance (Jr;Ylèm) in a mature tree. It is tkas 

situated outside the cambium which is the lirlng tissue or a growing treeo 

The anatanical structure or bark is rather COJRplex but in general it can 

be said tbat the bark tissue is COlRpOSed of different ldnds of cella, auch 

as sieve, longitudinal parenc~, rq parenclqm.a, fiber cella, etc.,, some 

of which are also ~ical ot the wood tissue. The physiological function 

· ot these tissue elemem.ts in the bark is mainlJr concerned wi th the trans

location and storage ot soluteso As the tree matures, the outermost 

lqers of the bark are broken and die by exposure and especially by the 

stoppage or food and water supplies. This lqer is comaonly reterred to 

as the outer bark as opposed to the active tissue beneath it which is 

termed, inner bark or phloemo 

ChemicaJ.. COJRposi tion of Wood Barka - Work on the chemical na ture of wood 

barka bas progressed tairly steadily during the last tl'lree or tour decadeso 

These studies essentially follow the pattern developed for wood chêlnistry. 

Although little is knovn at present concerning the distribution of the 

chemical constituants over the various botanical structures in the bark, 

the overall chemical composition of various wood barka taken in their 

entirety bas been established (1,2)o The chemical constituants of the 

bark can tlm.s be classified into four main groups, nam.ely, lignin, cork, 

polysaccharides, and ex~aneous ma.terials., 

Lignin is a three-dimensional polymer based on phe~lpropane 



units. This is the :xylem material which remains insoluble in 72% sulphuric 

a.cid and in the case of ba.rk may include other materials like tannins, phlo

baphenes and suberin~ Consequently the material that oecurs as "lignin" 

in barks varies in amount over a wide range unlike the 11100ds where they occur 

within narrow limita. Ba.rk lignin is characterized by a much lower methoJC;V'l 

content tha.n wod lignin. 

The cork l.qer ia depoai ted outaide the phloEIIl and inside the 

epide~s. It contains moatly auberin wbich ia an ester condensation 

pol.1mer of sa.turated and unsatura.ted hydro2;Ylated fatey acidso It is in

soluble in 72% sulphuric a.cid and thus interferes with lignin determinations 

in bark. The other component of cork is cutose which is aga.in a mixture 

of high molecular weight acids. 

The polysaccharides in bark are based predominantly on glucose, 

with galactose, mannose, arabinose, :xylose and rhamnose constituting the 

other building uni ta. Often one or the other of the latter groups are 

absent. Ba.rk po]Jrsaccba.rides can be divided into three groups, namely, 

peetic substances wb.icà are probab]J' extra.cellular and genera.l]J' removed 

by neutra.l or acid extraction of the bark "holocellulose", the hemi

celluloses which are ramoved from the remainder by extraction vith alkali 

and cellulose which is the residue lett after a.ll the extractionso The 

cellulose content of phloem. is lover than tha.t of :x;ylem. Qums and 

mucilages present in some barka are also polysaccha.rideso Bark, especially 

fram a.utumn-felled trees, also contains appreciable amounta of starch 

wbich acta as a reserve food ma.teria.lo 

Among the extra.neous ma.terials are found com.pounds that can be 
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extracted from the bark with neutral organic solvants like ether, benzene, 

aloohol, etco They include tannins, phlobaphenes, colouring matters, 

resine, waxes, essential oils, ~drocarbons, fats ~ fatty acide, free 

organic acide, alkaloids, and other materialso Bark is also rich in 

mineral matters, 

Studies in Ba~ - Bark representa about 10-20% of the weight of a tree 

and in the past ver.y little use bas been made of ito MOst of the interest 

in commercial barka has so far been focused on the chemical nature of bark 

lignin and bark extractives, the latter with a view to develop compounds 

of commercial applicationso Thus, among the extractives could be round 

several campounds of commercial value in medicine, tanning preparations 

for the leather industr.y and resine auch as Canada balsamo Ba.rk poly

saccharides other than cellulose have not recéived an1 detailed examination 

in the past years, a part from the vork of Anderson and Pigm.an on the na ture 

ot same bark pectine (.3-5) and tha t of Hirst and co-workers on the chemical 

constitution of the mucilage which occurs in the inner bark of 4lippery elm 

(Ulmus tulva) (6-B)o A aystaœatic stu~ of the chemical nature of carbo~ 

nydrate constituants or wood barka was, therefore, started in this 

laboratory a few years ago., The present work fonns part of this study 

and am bodies the chemical na ture of some or the hemicelluloses present in 

the bark of Engelmann spruceo 
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WOOD AND BARK HEMICELLULOSES 

WOOD HEMICELLUIDSES 

The hemicelluloses rank next in abundance to cellulose as a 

natura.l.l.y occurring organic ma.teria.l in the plant kingdomo They are a 

group of polysaccharides which vary in amount and kind from plant to plant 

and even from tissue to tissue wi thin the sam.e planto The monomeric sugars 

that constitute these polysaccharides are usual1.7 D-galactose, D-glucose, 

D-mannose, L-arabinose, D-.xylose, L-rham.nose and D-glucuronic acid and its 

4~et~l ethere Unlike cellulose which consista of both crystalline and 

amorphous regions and has a high degree of polymerisation in the range o:t 

5,000-10,000, the hemicelluloses are invariablT amorphous materials vith a 

considerably lower degree of polJ,merisation, usu~ of the order o:t 

50-200o These polysaccharides :may contain onl.y one kind of polJ,merised 

sugar unit (homogl,yc:ans) or they :may be constituted of tw or more sugar 

uni ts ( heteroglycans) c Wi th increasing mumber of sugar residues the 

structure becomes more and more complicated., A linear or branched 

structure is possible for a hemicellulose, but never a three-dimensional 

netwrk like tha t of lignin, 

Although it has been recognised tor a long time that the cell 

walls of plant materials contain hemia•Uuloses in addition to cellulose, 

progress in their structural characterisation was tiret slow, largel7 due 

to ditficulties encountered in the separation of closely related sugar 

~· derivatives.. The advent of chromatographie methods 1.5 years ago wa.s, 

theretore, the real beginning of structural hemicellulose chem.istry .. 



6 

Since then, progress bas been rema.rka.bly rapid and an enorm.ous amount of 

literature bas accum.ulated on the chemical nature of hemicelluloses of 

multifarious origino The subject bas been recently reviewed by Aspinal (9). 

Isolation and Purification of Hemicelluloses - The hemieellulosès oecur in 

close association with cellulose and are held in the cœaplex cellulose 

matrix by mechanical entanglelllents and nlllllerous seconda.r,r valence foreeso 

They are usua.lly solubilized by alkaline solutions which swell the cellulose 

but do not dissolve it,. When wood and especially softwood, is used as the 

starting materlal, a considerable portion of the hemicelluloses is not ex

tractable by alkall except a.tter prior delignification of the 'NOOd. This 

may be the consequence of m.echanical obstruction im.posed by the lignin due 

to ita close association with the hemicelluloses and cellulose, thus in

bibi ting swelling of the structure to a degree whereb7 extraction is 

rende red facile or may be due to · seme chemical bonding, as yet unidenti.tied, 

between lignin and hemicelluloses. 

When delignified wood (holoeellulose) is extracted with different 

alkaline reagents or one particular a.lkali of increasing concentration, a 

certain resolution ot the hemicelluloses takes placeo Qaite.often, how

ever, such extracts are mixtures o! polysaccharides and further ,_ritication 

is necessary to secure hcmogeneous m.aterials, suitable for structural 

wor.ko The most usetul methods employed for purification o! hem.icellulose 

mixtures are fractional precipitation, salt for.mation with high molecular 

weight quarternary ammonium. compounds, complex formation with Fehling's 

solution or barium. hydroxide, and chrana.tography on columns using inert 

materials like carbon, celite, etc .. , or ion-exchange m.aterials derived 
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from cellulose like d.iethylaminoetl\flcelluloseo Such procedures have been 

recently reviewed by BouTeng and Lindberg (10) and also by Smith (ll)o 

Structural Evaluation - The most widely used methods in structural hEIId.

cellulose chemistr.y are complete methylation o! the polysaccharide and sub

sequent examina.tion of the compounds obtained on b..Ydroll'sis of the metbylated 

product, partial fragmentation of the polysaccharide and identification of 

the resulting oligosaocharidea and oxidation with periodate and exam1nation 

ot the oxid.ised prod.uct by Smith's degradation achae (borolQ'd.ride reduction 

ot the oxidized product !ollowed by mild 1\'rdro],ysis)G Ali these methode 

ha Te also been extenai vely re"'i,ewed by Bouveng and Lindberg ( 10) ~~~ 

In view ot the tact that the study of bark po],ysaccharides bas 

been imm.ensel,y .facilitated by the recent advances made in the structural 

chemistry of wood hemicelluloses, it is only appropriate to include here a 

brie! review of the latter materialsG The major hemicelluloses so .far en

countered in woody substances can be classified into three distinct groups, 

namely, Jcy"lans, glucomannans and arabinoglactans (9,12)o 

Wood blans - Ali .x;vlans fran wood investigated so .far are characterized 

by the presence o.f a main chain o.f {:3(1~4)-linked D-.x;ylop;yranose units to 

which are at tached randomly or in ordered sequences single unit si de chaine 

of L-arabinofuranose residues gl.J'cosid.ically linked (1__,.3 )- to the main 

chain and 4-0-metb.,yl-D-glucuronic acid unite by (1~ 2)-llnkage, The acid 

groups are attached by an a.-glycosid.ic bond and indirect evidence (1.3) 

indicates that the arabinose residues are probab],y linked by an a.-gl.ycosidic 

bond, as sho~ below {Fig, I), 
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Xyl • D-xylopyranose 

A rat = L-arabinofuranose 

4-0-Me-GA • 4-û-metbyl-D-glucuronie acid 

FIG, I Schematic strtlcture of an arabino-
4~etbylglucuronoxylan 
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The various xylans di.tfer only in the proportions of these side ehains and 

molecular size 1 the main structural features remaining the sue. Some 

xylans, especially those derived tram hardwoods are devoid of arabinose 

residues., Although the question of branehirlg in the main ~lan chain 

is still undecided in several cases the available evidence, admittedly not 

unequivoaal, points to a linear framework. 

Glueomaooans t'rom Woog - The glucamannans are present to a large extent 

in sottwoods and in hardwooda make up only a veey sma.ll percentags of 

the woodo They are on the whole lesa readilf extracted from wood than 

the xylans but use or borie aeid in conjunction with alkali f&oilitàtes 

their ready extraction (14). Borate apparentlY fo:nns strong complexes 

with cyclie u-ru-glfcol groupings such as are present in the mannose 

residues in a glucomannan. Because of the negative charge of these 

complexes they are readily soluble in the alkali. Ail glucuma.nnans 

examined so far have revealed a striking similarity in their basic 

molecular structure., The glucose to mannose ratio is approximatelY 

lg) to lg4. A very small percentage or galactose residues present in 
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a.ll these polpers have been shown to be integral pa.rts of the molecul.e (15)<> 

The main structural .teatures are a cha,in o.t glucose and mannose residues 

distributed at random and united by" f)-(1~4)-glycosid.ic linkages.. The 

galactose residues are considered to be present as non-reduc~ng, terminal 

groups attached direct~ to the main chain by an u-(1~6)-gl;rcosidic linkage~ 

as shown below {Fig. II). 

Glu • D-glucopyranose 

Kan • D-unnopyranose 

Gal = D-salactowranose 

FIGo II - 'Schematic structure o.t a "glucamannann 

As in the case of xylans, the different glucamannans var,y witbi~ themselves 

in possessing different chain lengths, glucose to mannose ratio and pro

portion o.t terminal galactose residues as integral parts of the structureo 

Whether or not bra.nching occurs in these pol7aers has not been une~vocall;r 

establishedo 

Thè,. ~ose':""containing poly'saceharides or softwoods a...,p to .· inelude yet 

another type or polymer which is ver.y sïmilar to the one discussed aboveo 

Unlike the for.mer ones which are soluble only in aqueous alkali, these 

po~ers are water soluble and are readilY extracted trom wood even in the 
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absence of added borateo These po~saccharides are designated as galacto~ 

glueomannanso They gener~ contain a higher proportion of galactose 

residues than the "glucomannans"" Most of the galactoglucomannans thus 

far studie4 ~ontain galactose, glucose and mannose residues in an ap

proximate ratio of lglgJ (15,16)o Their structural features are similar 

to those of "glucomannans"o The ready solubility of galactoglucamannans 

in water is apparently due to the large proportion of galactose side chains 

in the polymer which reduce the possibility of inter.molecular forces be~ween 

adjacent chains so that ready access to water molecules is favouredo There 

thus oecurs in softwoods two closely related familias of polymers, name~, 

"glucomannans" and galactoglucomannans, each with its own spectru:m of subtle 

changes. in the molecular architecture" 

Arabinogalacta.ns from Wood - Members of the genus Iarix have been found to 

con tain this polysaccharide in appreciable amounts. They are high17 

branched md bence water-soluble., The D-galactose residues are joined 

predominantly by (1~3)- and (1~6) ... J.i.nkages with the possibility that 

some (1-)4)-linkages may also be present (17-19)o The arabinose units are 

integral parts of the polymer some of which occur as end groups in the 

turanose for.m and the rest as 3-Q-~-L-arabinopyranos,rl-L-arabinofuranose 

units., Recent~ it has been shown. by Bishop and co-workers (62) that the 

arabinogalactan from tamarack (Larix 1aripina) contains D-glucuronic acid 

residues as integral parts of the moleculeo A schema tic representation of a 

glucuronoarabinogalactan is shawn below (Figo III)o 
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Gal = D-galactopyranose 

Araf = ~arabinofuranose 

Arap = L-arabinop,yranose 

GluA = D-gluc"Q.l''nie acid 

EIG9 III - Schematic structure of a glucurono
arabinogaJ.actan 

BARK HEMICEIDJIDSES 

ll 

As :nentioned earl;ier, inner bark (phloem) oontains significant 

amount..s of polysaccharides other than celluloseo Although this tact has 

been recognized for a long time, progress in the structural chemistr,y of 

bark hemicelluloses did not keep pace with that of wood hemicelluloseso 

One reason for this is undoubtedly the fact that barka are not of a.ny 

commercial value unlike woods which for.m the basic rawmateria.l for the 

pa.per and lumber industry o Another reason mq presuma.bly be due to the 

co.mplicated nature of bark, which contains non-carboQydrate materials, 

such as suberin, cutose, tannins, phlobaphenes and various other phenolic 

compounds, all of which render the isolation of homogeneous polysaccharides 

from bark a rather ditficult task.. Lewis and co-workers (20) round 

. that a commercial sulphite liquor cook of redwood bark fiber 
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gave a pulp with 3lo8% ot lignin and a re-cooked soda pulp from this bark 

retained 28ol% of lignino This indicates the great resistance to deligni

fication of barks, which is undoubtedly due to the presence in bark of the 

ext:raneouJ m.aterials mentioned aboveo Whereas some of the tannins and 

phlobaphenes can be removed by eXtraction with organic solvents, others remain 

as contaminants in the fibrous residue and are subsequently extracted along 

with thè polysaccharideso These phenolic substances undergo reaQ1 oxidation 

on exposure to atmosphere and in presence of acide and alkalis pol1œerize 

to produce tarr.y substances which are adsorbed on the polysaccharidesa The 

experience gained with wood hemicelluloses has shown that acid sodiwn 

chlorite is a powerful orldizing agent and very effective for removal of 

ll.grdn in wood., This reagent is also excellent for destruction of most of 

the non-carbohydrate constituants of barko 

Ml.ch of the early investigations on bark hemicelluloses were 

coneerned with general infonMation as to the nature of the constituent 

sugar residueso Schwalbe and Neumann (21) in 1930 first reeognized the 

presence in bark of a well-defined hemicellulose fraction, when they 

deteeted appreciable amounts of readily hydrol;rzable hexosans and 

pentosans in the inner barks of spruee, pine and red beeeho Buston and 

Hopf (22) in 1938 reported that ash bark contained approximatel;y 7/~ 

pectic substances and 20% hemicellulosese In the hydrol;rsis products 

of the latter, mannose, galactose, arabinose and galacturonic aeid 

were iderltifiedo In 1947 Cram and eo-workers (23), in a study of the 

chemical composition of western red cedar bark observed that the 

largest carbobydrate component of the outer bark was glucose, corres

ponding to 37o3% of the bark1 ~lose represented 7o4%, mannose 2o4% and 

galactose Oa 7%o In a pulp from the outer bark obtained by cooking with 
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5% sodium hydroxide at 166-170°, they observed 78o3% glucose, 8o9% xylose, 

and 1o1% mannose whilè galactose was absento From the yie1d of pu1p obtained 

they reported that approximately one~thi:rd of the glucose had originated 

from a hemice11u1ose fractiono Recently Chang and Mitchell (24) determined 

the chemica1 composition of many common North American pulpwood barkso All 

of them contained residues of glucose, galactose, mannose, arabinose and 

xyloseo Glucose was the major camponent among the reducing sugars, its 

amount varying from ;o to 70%o The proportions of arabinose and xylose in 

barks were found to dif:f'er somewhat from the patterns observed for woodao 

The first attempt aimed at a systematic investigation of the 

structural features of bark polysaccharides wa.s made by Painter and Purves 

(25) in 1960, who isolated six chemically distinct polysaccharides from the 

inner bark of white spruee (Picea g1auca), some of which were submitted to 

structural analysis with a view to compare them with those presen,in the 

wood of the same specieso 

Maceration of the extractive-free bark with eold wa.ter gave 

granules of starch [a.]D + 190~:~ identified by its blue stain with iodine and 

reaày hydrolysis by u-a:mylaseo Extraction of the bark with hot wa.ter gave 

a mixture of polysaccharides in a yield of 14%o Fractionation of this 

mixture with cupric acetate yielded a polysaccharide which was rapidly 

degraded b.Y pectinase to give mainly D-galacturonic acid with smaller amounts 

of arabinose and galactoseo This polysaccharide [o.Jn + 210"' wa.s undoubtedly 

a pectic acido From the supernatant solution, after removal of residual 

starch by o.-~lase, a mixture of polysaccharides was isolated which on 

repeated fraetionation wi th cetyltrimethyla:mmonium hydroxide { CTA-OH) in 



presence of added borie acid gave a ga.la.ctan [a.]0 - 22° containing residues 

of galactose and arabinose in the approximate ratio of 10glo Examination of 

the methylated gala.ctan suggested that a major part ," r the molecules were 

highly branched similar to the water-soluble arabinogalactan of white spruce 

wood (26)o The identification of 2,3,6-tri-0-methyl-D-gala.ctose suggested 

the presence of a ama.ll amount of ~-(1-;4)-linked gala.ctan of the type usual.J.y 

associated with pectic materials. 'l'he bark remaining at this stage was 
., 

oxidized with acidified sodium chlorite to ramove non-carbohydrate materialso 

The holocellulose was subaequ.entl.y extracted wi th inc.reasing concentrations 
., 

ot sodium hydroxide (5,10 and 1S%)o Fractionation of the combined extracts 

by means of Fehling's solution yielded a polfsaccharide containing residues 

of galactose, glucose, mannose and ~lose in the approx±mate ratio of lg2g2gl 

together with traces of arabinose and 4~ethylglucuronic acido The fraction 

recovered from the filtrate of Fehling's precipitation contained residues of 

galactose, glucose and arabinose and on repeated precipitation with CTA-OH 

and borie acid gave an araban with [a.]D - 70° which was not turther e.xaminedo 

The hemicellulose fraction precipitated with Fehling's solution 

was remarkable in tha t i t had a high content of glucose residueso Ba.rium 

hydroxide, which has been used to selectivelf precipitate wood glucamannans 

(27) failed to resolve this polysaccharide mixtureo Howver, by repeated 

precipita ti on wi th OTA-OH-borie acid, two .fractions were obtained in sma.ll 

yields. One o.f these [cr.]0 - 12°, contained residues o.f galactose, glucose 

and mannose in the ratio lg2g9. Methy'la.tion data suggested a linear chain 

of 13-(1~4)-linked glucose and marmose residues. Although the authors 

assumed that these galactose residues originated from a contaminating 

ga.la.ctan, Timell (33) in a subsequent communication pointed to the possibility 
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that these galactose residues might be integral parts of the po~er for.ming 

a triheteropo4'm.er galactogluoomannan.. A polysaccharide similar' to the one 

above has been obtained also from white spruce wood (2S,29ol5)o 

The other traction, [a]D + 45°, contained residues of glucose, 

~lose and arabinose in the ratio 15g9:1. This was not attacked by œ-~lase 

but wa.s digested rather slowly by tskadiastase, liberating glucoseo The 

fina.l enz1JD,e-resistant reeidue (a]D - ;o, contained reeidues of glucose, "''loee 

and arabinose in the ratio ; :20 :lo It wa.s rema.rkable that onq traces of acid 

groups were present in this :x;ylan. Although methylation data indioated the 

presence of a (1-? 4)-linked x;rlan chain, the origin of glucose residues re

mained obscure. The arabinose residues were considered to be linked to the 

chain or originating from an araban contamina.nto 

The presence of appreciable amounts of glucose residues in con

junction with x;rlose led these workers to believe that a heteropol1JD,eric 

gluco.xylan is present in the inner bark of white spruceo Alternatively 

they visualized the existence of a separa te "glucan", which is different 

tram starch, contaminating the xYlan fragmento 

Jabbar Mian and Ttmell (30) in a subsequent investigation succeeded 

in isolating several polysaccharides in fair]Jr good yields from the inner 

bark of white birch (Betula oapzriteraJo Ammonium oxalate extraction of 

the bark yielded a pectic material in 4o2% yield which was shown to consist 

predcminantly of a polygalacturonic acid {31) o The bark remaining after 

removal of pee tin was freed of i ts non-carbohydra te cons ti tuents by trea t

ment with acid chloriteo Extraction of the holocellulose with aqueous 

potassium hydroxide gave a pure 4-C>-m.ethylglucuronoxylan in a yield of 2?%,. 
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The hemicellulose, [a]D- 68°, on met~lation and linkage analysis revealed 

the presence of a linear backbone of 230 (1~4)-linked ~-D-xylopyranose 

residues with approx1:mately one (1..., 2)-linked 4-û-metbylglucuronic acid 

side chain for ever.y ten xylose residueso It was pointed out that this hemi

cellulose bore very close resemblance to the xylan occurring in the wood 

of the same specieso The material remaining alter removal of JQTlan, on 

extraction with sodium hydroxide in the presence of added borie acid (14) 

gave )oS% of a polysaccharide mixture one of which was apparently a gluco

mann&no The material remaining alter all the extraction wa.s ahown to be 

a pure cellulose (32)o 

The investigation of Painter and Purves on the inner bark of 

white spruce (gymnosperm) and that of Jabbar Mian and Timell on the inner 

bark of white birch ( angiosperm) revealed tha t while the predominant hemi

cellulose in the latter was a 4-Q-metnylglucuronoxylan, the former apparently 

eonsisted of a complicated mixture of polysaccharides" 

A detailed investigation of the polysaccharides occurring in the 

bark of several gymnosperm speeies was started by Timell (33)o Four species 

were seleeted for this stuQy, representing the four genera, Abies, Picea, 

Pinus and Ginkgo" They were respectively Ama.bilis fir (Abies ama,bilis), 

Engelmann spruce (Picea engelmannii,), lodgepole pine (Ptnus contorta) and 

Ginkgo biloba, the latter probably the world's botanically oldest, still 

living tree. 

The hemicelluloses present in amabilis fir bark were extensively 

investigated., E.xtractive-free bark was o.xidized with acid ehlorite to 

remove non-carbobydrate material after which, the holocellulose was 
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successivley extracted with hot wa.ter, 0 .. 5% aqueous ammonium ox.a.la.te, 24% 

potassium bydroxide and finally with 17.5% sodium hydroxide conta.inL:.g 4% 

borie acid.. Suoh a sequence of fractional extractionG has been previously 

used for gymnosperm woods with considerable success (15), From the hot water 

extract and potassium bydroxide extract two apparently similar galactogluco

mannans (A and B) were isolated by aqueous barium bydroxide precipitation .. 

The material rema.ining in solution, after removal of galactoglucomaman B 

tram the potassium bydroxide extract, on turther repeated precipitations 

wi th aqueous barium bydroxide gave a pure arabinometbylglucurono-JQI'lano The 

ammonium oxalate extract on tractionation with calcium acetate gave a calcium 

pectate from which a pectic acid containing 87% galacturonic acid was iso

latedo The sodium hy'droxide-borate extract on treatment with aqueous barium 

bydroxide gave an alkali-soluble glucomannan containing minor amounts of 

galactose residues. The general characteristics of the polysaccharides 

isolated from fir bark are summarized in Table 19 

Structural analysis of the xylan (34) revealed that the ~oly

saccharide consisted of a framework of at least 124 (1-?4)-linked :x:ylose 

residues, every sixth of which ca.rrying a single, terminal {1-72)-linked 

4-Q~etbyl-a-D-glucuronic a.cid unit and ever.y tenth :x:ylose residue ca.rr.y

ing a (1-tJ)-linked L-arabinofuranose group a.ttached as a single unit side 

chaino 

The wa.ter-soluble galactoglucamannans A and B bad similar 

properties and a structural investigation wa.s carried out wi th a mixture 

of them (35). It was round that this polysaccharide consisted of a 

slightly branched framework of at least 80 13-(1-7 4)-linked ~nnose and 



Table 1 Polysaccharide Camponents ot Amabilis Fir Bark 

Sugar residues in relative per cent 

Polysaccharide Yield [a.]D Gala ct- Galactose Glucose Mannose 
% degrees uronic 

a cid 

Galactogluco- 1 .. 6 -14o4 Trace 10 23 67 
maiman A 

Pectic Acid 3o5 +177 87 3 Nil 10 

Arabinometby'l- 2ol -57o4 Nil NU Trace Nil 
glucuronoxylan 

Galactogluco- lo2 -15oJ Trace 10 25 65 
mannan B 

2 
Glucomannan 
(alkali-

3ol -35o4 Nil 2 28 70 

soluble) 

1 

2 
In addition to 19 percent residues ot 4-0~ethylglucuronic acid 

In 10 per cent aqueous sodium hydroxide 

Arabinose 

Nil 

Trace 

7 

NU 

NU 

Xylose 

Nil 

Nil 

741 

Trace 

Trace 

6) 
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D-glucose residues, every tenth of which on the average carried a (1__. 6)

linked D-galactopyranose unit., The alkali-soluble glucomannan possessed a 

linear structure of 70 randoml.y distributed ~-(1....,.4)~linked glucose and 

mannose residues, with a few galactose residues existing as single unit 

side chaine and thus fonning an integral part of the molecule (36)o 

The above detailed investigation of the amabilis fir bark revealed 

that the component hemicelluloses were strikingl:y similar to those present 

in the wood ot the same species (37) as well as other gymnospenn woodso A 

preliminary examination was also made with the barks from the other three 

species referred to earlier. It was noted that with the exception of the 

tir, the number of mannose residues in these barka were much lower than 

in gymnosper.m woods. These barka also contained large amounts of glucose 

residnes probabl:y not derived from cellulose or galactoglucomannans, a 

situation which was noted earlier by Painter and Purves (25) tor the inner 

bark of white spruce. The pine ba:rk had an exceptionally high arabinose 

content which was noted earlier also by other workers (24)o 

Recently 'l'bomber and Northcote, in a study of the changes in the 

chemical composition of a cambial cell dnring its developnent into .x;,vlem 

(wocxi) and phloem (ba:rk) tissue in trees, (38-40), have estima ted the carbo

hydrate composition of several polysaccharides for samples obtained from 

different regions in a treeo Some of their resulta are summarized in 

Tables 2 and J., It is evident that the bark tissue is very rich in pectic 

substances. During the secondary thickening of the cambial oeil wall, 

a.-cellulose, hemicellulose and lignin are formed while little change occurs 

in the weight of pectic substances. From Table 3, it can be seen that the 
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Table 2 Composition of the Samples Taken from Each Tree 

All values in per eent 

Region of Plug 
Speeies Fraction 

Phloem Cambium Sapwood Heartwood 

Pectic Sub- 4 .. 4 18o0 2o6 Oo.3 
Birch stances 
(Betul~: 
platy- Lignin 5.3.-1 lOoO 2.3o0 22,5 
PB!lla) 

et-cellulose 22o.3 .35o2 40o0 4.3,.4 

Hemicellulose 19 .. 2 ,36o5 .35o0 .33o8 

Pine Pectic Sub- 10,.0 8o5 lo.3 1.,0 
(Pinus stances 

~-- Lignin 52o8 20 .. 0 .30 .. 4 29o5 

et-cellulose 22ol .36ol 45 .. 0 4.3o4 

Hemicellulose 15o.3 .35o0 2,3.,0 25o0 



Table .3 

Species 

Birch 

Pine 

Carbohydrate Composition ot the Hemicellulose 
Preparations from Each Tree 

Ali values in per cent 

Region ot Plug 
Anbydrosugar 

Phloem Cambium. Sapwood Heartwood 

Ga.la.ctan 4ol 12o2 4.5 2 .. 8 

Glucan 1.3.0 ll.5 ll • .3 9o6 

Ma.nnan Oo9 Trace 1.,0 loO 

Ara ban 6.8 .3.9 lo6 1 .. 8 

l'TlaD 62 .. 0 5.3o0 6.3o0 65o0 

Rhamnan Oo2 0.5 Oo2 Trace 

Uronic 12o5 19o5 19o0 19o0 
Anhydride 

Galactan 9 .. 0 18 .. 0 6o7 5o5 

Glue an .34 .. 0 24o0 10 .. 3 8o0 

Maman 3o3 7 .. 6 18o0 16 .. 0 

Ara ban llo5 13o0 5o7 6 .. 0 

l)"lan 27.0 25 .. 0. .38o0 44o0 

Rham nan Trace Oo2 Trace Trace 

Uronic 16.0 12 .. 0 21.0 20o5 
Anhydride 
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hemicellulose portion from the cambial region of pine contained a higher 

percentage of glucans, mannans and arabans with a correspondingly lower 

percentage ot the other constituants compared to bLrch. The hemicellulose 

!'rom the phlos and cambium of pine contained more glucans than the wood 

tissue which was also shown to be different from starch& Also the mannose 

content for the phloem tissue of pine was much smaller than tbat for sapwoodo 

These resulta agree with those obtained earlier b.f Timell (33) and by Painter 

and Purves (25). It is possible that some of the glucose residues may 

originate from a 13-glucan or a heteropolymeric "glucan". 

The present investigation is concerned with the hemicellulose 

camponents of Engelmann spruce. Prior to this, a study of the hemicelluloses 

present in the wood of Engelmann sp:ruce has been completed (41). The three 

major hemicelluloses in this wood were an arabino-4-0-methJrlglucurono-x,ylan, 

a water-soluble galactoglucomannan and an alkali-soluble glucomannano 

This study was particularly' directed wi th a view to establish the 

origin of large amounts of glucose residues associated with the carbohydrate 

polymers, only' part of' which could have been derived from galactogluco

mannans and glucomannans. 
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RESULTS AND DISCUSSION 

Preliminatr Treatments of the Bark 

The spruce bark was first freed of the remaining xYlem and 

cambium, after which it was exhaustively extracted with the azeotrope of 

benzene and ethanol to remove extraneous materials~ The removal of lignin 

and the remaining tannins, phlobaphenes and other phenolic materials was 

accomplished by treatment of the bark with acidified sodium chlorite 

(chlorous acid) at elevated temperatures. Although the vigo:roa.a nature 

of such oxidation reactions can b:ring about glycosidic cleavage (42) and 

dissolution of significant amounts of carbohydrate materials (43,44), 

in general practice it has been observed that the extraction of poly

saccharides is not complete without prior delignification (33). A 

certain amount of sacrifice is, therefore, necessary at this stage to 

attain the desired objective, namely, complete extraction of the poly

saccharides. The products remaining after the oxidation may not cor

respond to the materials present in their native state. Nevertheless, 

their significance will not be lost if only they are considered as 

fragments of possibly more complex polymers. The treatment with 

chlorous acid was carried out in stages, resulting in a holocellulose. 

The yield of this material was approximately 50%, based on the original, 

extractive-free bark. 

Isolation of Crude Hemicelluloses 

For preliminary experimenta, the extraction procedure sug

gested by Timell (15) was employed. Accordingly, the holocellulose 

was successively extracted with hot water, 0.5% hot aqueous anmonium 



oxalate, 24% (w/w) potassium hydroxide and 17.5% (w/w) sodium hydroxide 

containing 4% borie ac id. The sugar composition of the various extracts 

is given in Table 4. The water extract was a mixture of neutra! and 

acidic po~saccharides while the ammonium oxalate extract consisted of 

pectic substances. These two extracts were not examined further. At-

tention was instead directed towards the two fractions obtained on ex-

traction with aqueous alkali. 

For the sake of coDYenience the following discussion has been 

divided into two parts. The tiret part deals with the attempts made 

with a view of isolating as 1l1a.DT chemical~ homogeneous po~saccharides 

as possible from the alkaline extracts. According~ it concerna itselt 

with the application on the crude extracts, of various fractionation 

procedures recorded in the literature. Ill the second part, after 
' 

making a briet reference to the large-scale isolation of these crude 

po~saccharide mixtures, and their fractionation into three homogeneous 

components, their structural features amploying the well-established 

techniques in carbohydrate ehemistr:r, are discussed. This part is sub

divided into three sections A, B and C, eaeh dealing with one hemi-

cellulose. 
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Table 4 

Extract 

Bot water 

AIJIII01litœ 

OD.late 

24% PotassilD 
bydroxl.de 

17 0 5% SodiUJI. 
bydro.rlde + 
4.0% borie acid 

Sugar Cœ.posi tion of the Various Extracts fran Bol.ocellulose 
of Engelmann Spru.ce Bark 

Percent of 
e.xtractive
fl'ee bark 

Sugar residues in relative per cent 

Uronic Galactose Glucose Mannose Arabinose qlose 
a cid 

2.8 14 .. 0 16.0 18.0 16.0 30.8 5.2 

8.8 77oS 5.3 3.0 2.0 llo9 NU 

7.6 8.5 11 .. 3 24.6 Trace 15.0 40o7 

4.5 3.2 7.4 26.0 41.4 4.6 17.4 

,.., 
\.n 



PART I - FRACTIONATION STUDIES 



FRACTIONATION OF THE CRUDE POTASSIUM HYDROXIDE EXTRACT 

1. Treatment !Q. th aQY.eous .B§,rium h.ydroxide 

The crude potassium bydroxid.e extract was remarkable in that i t 

contained large amc;>unts of glucose and only trace amounts of 

mannose (Table 4). This suggested the possible absence of 

significant amounts of the water-soluble galactoglucomannan 

which has been shown to be present in many coniferous woods (15, 

16,.37 ,41,45,46) and also in the bark of amabilis fir (.35). In 

most of these etudies it bas been observed that this polymer is 

generally extracted along with the acidic ~lan by aqmeous 

potassium bydroxide, the fractionation of such a mixture being 

effected by repeated precipitation with aqmeous bari'Wil hy'droxide 

(27). HoweTer, in the present study barilDl by"droxide failed to 

• 
produce a significant amount of precipitate, due preslDlably to 

presence of only trace amounts of mannose residues in the poly-

sac chari de mixture. It is notewortby tha t E~elmann spruce wood 

investigated by Mills and Timell (41) contained 1.8% of the water-

26 

soluble galactoglucomannan, an ~unt much sœaller than that present 

in the wood of amabilis fir, 4.0% (.37) or eastern hemlock, 4.8% 

(45). These preliminar,y observationsstronglr ~ested the pos

sibility that a predominantly glucose-based polysaccharide might 

be present in the alkaline extraet, in addition to an arabino-

glucurono-~lan of the general type encountered in most gymno-

spenn speeies. In this respect the present bark appeared to be 

different from the wood of the same species. 



2.. Electrophoresis of the Extract 

FNe boundar;r electrophoresis of the cra.de extract in borate buffer 

b7 the Tiselius method gave the J"esults show in Fig. IV. It is 

evident that in addition to the stationary salt boundary there was 

27 

a slow-moving major boundaey and a fast-moving minor oneo The 

latter probably arose from a contaminating pectic impurity. Electro

phoresis in sodium chloride (O~IN), however, indicated the presence 

of at least two major boundaries in addition to the fast-moving 

pectic contaminant. Although definite conclusions could not be 

drawn from these observations, it appeared likely that the crude 

extract might be a mixture of at least two major polysaccharides. 

3a Enzrmatic Hrdro!Ysis of the E;tract 

The potassium nydroxide extract was digested with «-amTlase at 

room temperature for 24 hours. The recovered, enzyme-resistant 

polysaccharide, on bydrolysis and quantitative paper chromato

grapby was found to have a sugar composition identical to the 

starting material. Since a sam.ple of starch was hydrolyzed 

completely to glucose under the same conditions, it was concluded 

that the glucose residues in the extract did not originate from 

starch. 

4o Chrgmatographf on Dietàrlaminoetb7lcellulose 

Deuel and co-workers used a column of diethylam.inoethylcellulose 

(cellulose -OCH2oCH2.N(C2H5)~·for separation of neutral and 

acidic polysaccharides from their mixtures (47). Later it was 

successfully emplo7ed by Meier (4S) to resolve a mixture of an 
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0-acetyl-galactoglucamannan and an arabino-glucurono-~lan. Meier 

.round that the acidic ~lan was adsorbed on a column of dietb1'lamino-

etb1'leellulpse in the phosphate fonn while the neutral galactoglueo

mannan was eluted. This neutral polysaccharide contained all the 

acetyl groups., In the present case, elution of the dieteylamino-
.''· 

ethy'lcellulose phosphate was carried out successiveq Wit~.Ji,water, 0~05M 

sodium dihydrogen phosphate (pH, 5.5), 0,5M sodium dihydrogen phosphate 

(pH, 5.5) and O.,lN sodium hydroxide. The polysaccharide fractions 

recovered from the various eluates had the sugar composition given 

'ln Table 2.. Fig, V shows the typical fractionation curve that was 

obtained when the separation was followed by spectrophotametric 

analysis of the eluate., The data in Table 5 show that the aqueous 

eluate did not contain any acid residues and that glucose dominated 

among the neutral sugars, The 0,05M sodium dib1'drogen phosphate 

eluate gave two separate fractions, one of which was rich in 

glucose, but also contained sœall amounts of uronic acid and 

arabinose in addition to xylose and galactoseo lhis fraction 

was probably a mixture of a major neutral component contaminated 

with same acidie impurities. The second fraction was ver,y likely a 

mixture of polysaccharides, The o,;M sodium dihydrogen phosphate 

eluate was rich in :xylose and probably contained an acidic arab-

ino~lan, while the sodium hydroxide eluate appeared to have a 

similar composition as the starting material., It should be noted 

that the total recover,y of the polysaccharides was only about 55%o 

Meier (48) reports a total recove:ry of 69% in his investigation, 

These prelimina:ry fractionation resulta indicate the possible 



Table 5 Fractions Obt.a.ined on Chromatogra.phy of Potassium hydroxide Extra.ct on 
Diethylaminoethyleellulose in the Phosphate For.m 

Eluate 

Water 

Oo05M Sodium 
dihydrogen phosphate 

Peak (a) 

Oo05M Sodium 
dihydrogen )hosphate 

Peak (b 

0 .. 5M Sodium 
dihydrogen phosphate 

OolN Sodium 
hydro:x:ide 

Per cent 
of crude 
e.xtra.ct 

6 

3 

6 

20 

20 

Sugar residues in relativ~·· per cent 

Uronic Galactose Glucose Mannose ArabinoBe Iylose 
a cid 

Nil llo8 50.,0 Trace Trace 38o2 

5 .. 3 llo2 54o9 Trace 5o6 23o0 

5.7 7o6 34o0 Nil 17ol 35o5 

17o2 4o3 Sol Nil llo9 58o6 

7o7 10.,2 33 .. 6 Trace 5ol 4Jo4 
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presence of a glucose-rich polysaccharide (a "glucan") and a Jcylose

rich polysaccharide (a "JCYlan11 ) in the mixture. 

5o Fractional Precipitation 

Fractional precipitation of polysaccharide mixtures from aqueous 

solutions by ethanol or other organic liquida has been successfully 

employed by many workers, especially in the field of gums and 

mucilages (11)~ Although efficient fractionation is often impeded 

by co-precipitation, satisfactorr resulta have been obtained when the 

solubilities o~ the components in the mixture varr widely from one 

another. Fractional precipitation of the potassium nydroxide ex

tract from an aqueous solution by means of ethanol gave four 

fractions, the sugar composition of which is presented in Table 6(&). 

Evidently, the fractionation was not ver.y satisfactor.y. The first 

fraction appeared to be a mixture, while the later fractions were 

rich in xylose. Refractionation of the first two fractions in the 

same manner gave four .fractions each, the campo si ti on and specifie 

rotation o:t which are presented in Tables 6(b) and ili.l.. lt>st of 

the glucose-yielding material appeared in the first fraction (I-11 

Table 6(b)),although probably contaminated by a pectic araban. 

The subsequent fractions were undoubtedly mixtures. The high 

arabinose content of the last fraction is partieularly notewortny. 

Refractionation ot traction II gave four fractions having more or 

less the same sugar composition and specifie rotations (Table 6(c)). 

This would suggest either that fraction II was homogeneous or that 

the fractionation was not entirely satis!actor.y. The presence of 

galactose and glucose residues might be due to a contamination of 

.32 



Table 6(a) 

Fraction 
number 

I 

II 

III 

IV 

Fractional Precipitation of Potassium Q7droxide Extract 

Per cent 
of crude 
extra ct 

45 

20 

10 

5 

Sugar residues in relative per cent 

Uronic Galactose Glucose Mannose Arabinose XTlose 
a cid 

4o7 

10.8 

13ol 

14o8 

llol 

3o9 

3o7 

7o7 

38o6 

9o4 

llo6 

19o5 

lo5 

Trace 

Nil 

Nil 

9o2 

12o8 

19o0 

15o8 

34o9 

63ol 

52o6 

42o2 

tz 



Table 6(b) 

Fraction Per cent 
number ot 

traction 
I 

I-1 25 

II-1 23 

III-1 23 

IV-1 10 

Retractionation ot Fraction I ot Table 6(a) 

Specifie Sugar residues in relative per cent 
rotation, 

[a.]D 
degrees Uronic Galactose Glucose Mannose Arabinose 

a cid 

+'Z7o7 4o4 llo4 45o7 Trace 9o3 
(C., 2.,0%) 

+2lo2 5o2 9o3 34o7 Trace 13o5 
(c., 2.,0%) 

+2.9 
(C., 2.0%) 

7.6 8o6 32o9 Trace 12.,5 

-2.8 llo9 13o8 30 .. 0 Trace 20.,0 
(c, 1.-0%) 

Xylose 

29o2 

37 .. 2 

38 .. 4 

24o3 

\Jo) 
.J'-



Table 6(c) 

Fraction 
number 

I-2 

n-2 

In-2 

IV-2 

Per r.ent 
of 

fraction 
T":!" 
.1...&. 

22 

22 

22 

15 

Refractionation of Fraction II of table 6(a) 

Specif'ic 
rotation, 
(a.]D 

degrees 

-45o6 
(C, loO%) 

-47o6 
(c, l .. o%) 

-45.6 
(C, 1.0%) 

-46.2 
(c, 1.0%) 

Uronic 
a cid 

llol 

l)oO 

9o2 

10 .. 1 

Sugar residues in relative per cent 

Galactose Glucose Mannose Arabinose 

)o7 12o5 Nil 12 .. 2 

4o9 So9 NU l)o2 

3o7 8.2 NU l4ol 

4.3 llol Nil 14 .. 0 

Xylose 

60o5 

59o9 

64o8 

60o5 

. ~., 



the "~lan" by a glucose-rich po~saccharideo The per cent yield 

given in the above tables were those actual~ obtained tram tbese 

experiœentso Sinee no attampts were made to achieve quantitative 

yields, the total recovery in all cases was lese than 100%., This is 

true also for subsequent fractionation experiœentso 

6 .. Fractionation with Fehling's Solution 

J6 

Treatment of the potassium b7droxide extract with Fehling's solution 

gave a precipitate from wbich a po~saccharide fraction was recovered 

which bad the composition shown in Table 7. Two more successive 

precipitations of this fraction with Fehling's solution eliœinated 

most of the arabinose and so.œe uronic acid residuesa This fraction, 

[a.]D + 46°, was rich in glucose and wa.s similar to the glu~se-rich 

fractions encountered in the earlier fractionation experiœentso The 

camponent recovered tram the filtrate of the first precipitation, 

contained most~ ~lose together with some galactose and glucose 

residues. This fraction undoubte~ contained the "~lan" portion 

of the original mixture. 

7o Homogeneity of the Fraction Precipitated with Fehling's Solution 

The po~saecharide fraction recovered from the precipitated 

copper cam.plex of the potassium b7droxide extract appeared to be 

homogeneous on fractional precipitation of an aqueous solution 

by ethanol. All four fractions obtained bad similar sugar 

composition and specifie rotation as can be seen from Table 8., 

Chramatograpny of this material on a diet~lamino

et~lcellulo$8 column in the phosphate for.m gave the fractionation 



Table 7 Fractionation of the Potassium h;rdro:xide Extract with Fehling's Solution 

Fraction 

First 
prèeipitate 

Fraction recovered 
atter two m.ore 
precipitations 

Fraction recovered 
tram the filtrate 
of the first pre-
cipitation 

Per cent of 
crude ex
tract 

8 

6 

75 

Sugar residues in relative per cent 

Uronic Galactose Glucose Mannose Arabinose lYlose 
a cid 

S.,J 11.,8 42o0 Trace 5o0 J2o9 

3o2 12.,8 50.2 Trace Trace 33o7 

11.5 8.,0 21 .. 7 Trace 12o5 46 .. 4 

\.al 
~ 



Table 8 

Fraction 
number 

I 

II 

III 

IV 

Percent 
of copper 
complex 
fraction 

20 

50 

20 

5 

Fractional Precipitation of the Precipitated Copper Camplex 
trc:m Potassium bydrox:ide Extract 

Specifie 
rotation, 
[a.Jn 

degrees 

+42.0 
(c, 1.5%) 

+41.4 
(c,-·1.2%) 

+48.0 
(c, 1.8%) 

-

Uronic 
aeid 

3.1 

2.8 

3.0 

3.4 

Sugar residues in relative per cent 

Galactose Glucose Mannose Arabinose 

12.0 57.3 Trace Nil 

12.5 58.7 Trace Trace 

12.0 55.3 Trace Trace 

13.9 49.5 2.0 Trace 

~lose 

27.6 

25.9 

29.7 

31.2 

\1.) 
Q) 
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curve presented in Fi,. VI. Four fractions were obtained all of 

which contained mostly glucose and x;,ylose. (Table 9). It is interest-

ing to note that fractions ha.ving more or lesa sim.ilar sugar com-

position were eluted with different eluants. The possibility can-

not be excluded that fractionation occurred also accorqing to 

molecular weighto 

S., Filtrate Remaining after Addition of Fehling's Solutiop 

As can be seen from Table 7, the polysaccharide fraction recovered 

from the filtrate remaining after addition of Fehlingfs solution to 

potassium ~droxide extract, contained predominantly x;,ylose residues. 

In order to test its homogeneity a fractional precipitation* was 

carried out from an aqueous solution b.f addition of ethanol. Ten 

tractions were obtained, the tirst tour ot which were undoubtedly 

acidic "x;rlans11 :having sim.ilar sugar composititln (see 'l'able 10). 

The presence of galactose and glucose residues wae again notice-

able. The last six tractions exhibited a pronounced increase in 

arabinose content with a corresponding lowering or the proportion 

or xylose residues, suggesting tha.t a pectic araban wa.s per-.ps 

present in the crude extracto Similar fractions wi th high 

content of arabinose were also obtained in some of the earlier 

fractionation experimenta. 

Chroma.tography or the material on a column of 

* The material used for rractiOIMl precipitation bad a slightly 
different sugar c011.position frofll that given in 'l'able 7, because it 
wa.s obtained from another 'batcb of holocellulose. 
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Table 9 

Eluate 

Water 

0 .. 05M Sodium 
dihydrogen 
phosphate 

0. 5M Sodium 
di}tydro~en 
phlJIIipbate 

0 .lN Sodium 
bydroxide 

Chromatograpby of the Copper Compl.ex 'fraction on Diethylaminoethylcellulose 

Per cent of 
copper 
complex 
fraction 

5 

20 

1.3 

20 

Sugar residues in rel.a ti ve per cent 

Uronic Galactose Glucose Mannose Arabinose Xylose 
a cid 

NU 11.1 55o9 Trace Trace 3Jo0 

2 .. 4 l.JoO 58.7 NU Nil 26o0 

5.9 1.2.0 55ol Trace Trace Z'/oO 

4.9 1.2.2 46.4 Trace Trace J6o5 

t 



Table 10 Fractional Precipitation of the Material Recovered from the Filtrate Rema.ining 
after Addition. of Fehling's Solution to Potassium hydrorlde Ex.tract * 

Sugar reaidues in relative per cent 
Fraction 
number 

Yield 
% 

1 
2 
3 
4 
; 
6 
7 
8 
9 

10 

• 

Uronic Galactose Glucose Mannose Arabinose Xylose 
a cid 

18 9o9 4o3 l4o0 Trace l0o4 
12 7o3 7o2 16.,2 Trace 11.,5 
il 6.3 5o2 18.,0 NU llo5 
15 6.8 5o9 20.2 Nil 12.,0 
6 4o0 9o4 28.3 Nil 20.,8 
6 4ol 9.6 24.8 NU 22.,8 
5 5.6 8.3 21.1 Nil 2Jo3 
3 5 .. 0 9.,1 22 .. 0 Nil 2).,8 
4 5 .. 0 6.,8 23o2 Nil 20 .. 2 
2 5o0 3o0 26o4 NU 20 .. 6 

The material used for fractional precipitation bad the following per cent 
compositiong 

Uronic acid- 7.,9 
Mannose - NU 

Galactose - 9.1 
Arabinose - l4o3 

Glucose - 25"1 
I;ylose - 43o6 

Being obtained from a different batch ot holocellulose, the composition 
is slightl.y' different from that of similar material shown in Table 7., 

61 .. 4 
57 .. 8 
59o0 
55ol 
37o5 
38o7 
4lo7 
40 .. 1 
44o7 
45o0 

t 



diet~laminoetQ7lcellulose in the phosphate tor.m (Fig. VII and 

Table 11) revealed that an acidic arabino:x;.ylan tor.med the main 

cons ti tuent, No fraction wa.s eluted w.:l th wa.ter and the one 

eluted with 0,05M sodium di~drogen phosphate was ver,y sœallo The 

:x;.yaln wa.s m.ainly found in the Oo5M sodium di~drogen phosphate 

eluateo It is rema.rkable that the m.aterial eluted with O,lN 

sodium h7droxi.de had a si.milar sugar ccmposi tion as the co:r

responding fraction obta.ined from the crude extract (see Table 2)o 

The presence of large amounts ot glucose residues in the traction 

could not be sa tistactorily e.xplained. 

9. Fractionation with Cetxltrime+Jz.yl e•enitt~~ hydroxide ( CTA-OH) 

Quartemar,y ammonium salta have been used to separate acidic trœ. 

neutra! polysaccharides (10), The most commonly used salt is 
+ 

cetyltrimet~lamm.onium brœ.ide ( c16~1N( C~ )3Bi-J uften reterred 

to as "Cetavlon". The acidic polysaccharide combines wi th the 

base to give a precipitate. Occasionally, the tree, ~rternar,y 

base obtained by exchanging the bromide ion wi th ~droxide ion 

on an anion exchange resin, is used.. In this way the ionie 

strength ot the solution is kept low. The precipitate obtained 

may be dissolved b.T increasing the acidity, when the carbo:x;.yl 

ions are transfor.med into undissociated carbo:x;.yl groups. 

Treatment with cetyltrimetbyla:rmnonium ~droxide of 

the fraction recovered from the filtrate remaining after addition 

of Fehling's solution to the potassium hJ"droxide extract, resulted 

in the for.mation ot a precipitate in about 11% yield, This 

43 
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Table il 

Eluate 

0 .. 05M Sodium 
di.hydrogen 
phosphate 

0 .. 5M Sodium 
dihydrogen 
phosphate 

O .. lN Sodium 
hydroxide 

Dietbylaminoetbylcellulose Chramatogra~ of the Fraction Recovered 
tram the Filtrate on Precipitation with Fehling's Solution of the 

PotassillBl b;ydroxide Extract . 

Percent or 
filtrate 
fraction 

Sugar residues in relative per cent 

Uronic Galactose Glucose Mannose Arabinose Iylose 
a cid 

5 4.1 llo9 52o0 Trace 5oJ 26 .. 7 

40 16 .. 1 5o0 9.1 Nil 12 .. 2 57o6 

20 8 .. 6 8.4 )1.1 Trace )o9 47o9 

e; 



fraction contained large amounts of arabinose (Table 12) in 

addition to appreciable ~tities of glucose and ~lose 

suggesting that it was a mixture.. The precipitate recovered 

from the filtrate appeared to be the acidic "qlan".. It is 

notewortby that this fraction as well as other X71ose-rich 

t:.t:"~~tions obtained earlier contained appreciable amount of 

galactose and glucose residues .. 

10., Treatment of the Potassium. hydro&ide Extract with CTA~H 

CTA-OH treatment of the cmde potassium. hydroxide extract i tself 

did not give satisfactor.r resulta as can be seen from the re

sulta in Table 13. The yield of the precipitate was only 2%. 

Fractional precipitation of the filtrate b,y addition of ethanol 

gave two xylose-rich fractions, one of which contained a higher 

proportion of uronic acid and arabinose residues than the other 

with a correspondinglY lower galactose and glucose content. The 

presence of more arabinose in the more soluble fraction 

(Fraction II) is notewortny, because similar ara.binose-rich 

fractions were also round in the more soluble portions ob

tained in fractional precipitation of both the crude extract 

(Table 6(a)) and of the filtrate rema.ining after copper complex

ing of the extract (Table 10). 
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Both fractions I and II were resolved on a colum.n of 

dietnylaminoetbylcellulose phosphate. The resulta are summarized 

in Tables 14(a) and 1.4(b), These resulta were in full accord

ance with the earlier observations. The fractionation curve 



Table 12 

Fraction 

Precipitate 

Fraction 
recovered 
from the 
filtra te 

Treatm.ent with CTA-OH of the Fraction Recovered from the Filtrate Rema.ining 
after Addition of Fehling's Solution to Potassium h;rdro.xide E:rlract 

Yield 
% 

11 

70 

Sugar reaidues in relative per cent 

Uronic Galactose Glucose Mannose Arabinose ~lose 
a cid 

9o7 9o7 20o7 Trace 30o5 29o3 

5o3 5o3 18.6 Trace 8,.2 62o5 

!i 



Table 1.3 

Fraction 

Precipita te 

Pre ci pi tate 
from filtrate 
of above 
(Fraction I) 

Precipita te 
from· filtra te 
of above 
(Fraction II) 

Yield 
% 

2 

55 

22 

CTA-OH Fractionation of Potassium hydroxide Extract 

Sugar residues in relative per cent 

Uranie Galactose Glucose Mannose Arabinose Xylose 
a cid 

16o6 5o8 9o6 Trace Sol 59o9 

5o7 10.5 .31 .. 9 Trace 8 .. .3 4.3.6 

llo5 6o5 20 .. 1 Nil 17 .. 2 44'?7 

t 



Table l4a 

Elua.te 

Water 

Oo05M Sodium di-
qydrogen phosphate 

Peak (a) 

o.05M Sodium di-
hydrogen phosphate 

Peak (b) 

O.SM Sodium di-
hydrogen phosphate 

O.lN t:>dium 
1\;rdrold.de 

Yield 
% 

3 

20 

6 

20 

15 

Column Chromatograpby on Dietbylaminoetqylcellulose 
phosphate of Fraction I of Table 13 

Sugar residnes in relative per cent 

Uronic Galactose Glucose Mannose Arabinose IYlose 
a cid 

Nil 12 .. 6 49o3 Trace Nil 38 .. 2 

1 .. 8 9o.3 52.4 Trace 4.6 .31 .. 9 

2 .. 9 9.2 51'~1 Nil 7ol 29.8 

7.9 5.1 18 .. 0 Nil 11.5 57.5 

4.2 10.1 37.4 lfraee 3.1 45.2 

~ 



Table l4b 

Eluate 

Oo05M Sodium di-
nydrogen phosphate 

0 o 5M Sodium di-
~drogen phosphate 

O.lN Sodium 
nydroxide 

Yield 
% 

5 

.35 

15 

... 

Column Chromatograpny on Dietnylaminoetnylcellulose 
phosphate of Fraction II of Table 13 

Sugar residues in relative per cent 

Uronic Ge.la.ctose Glucose Mannose Arabinose 4lose 
a cid 

6.6 10.6 4lo4 Nil ll .. 2 .30.1 

10.7 5.3 15.3 Nil l2.1 56.7 

8.2 8.1 31.5 Nil 5.1 47cl 

'() 



for fraction I (Fig, VIn) bore a very close resemblance to that 

of the crude extract itself (~g. V), 

llo Acet:vlat1on of the Crude Potassium Hydroxide Extract 

One of the methode used for separating a neutral gluco-

ma.nnan from an acidic :x;,ylan is to acetylate the mixture and then 

separate the acetylated derivatives b.r taking advantage of their 

different solubilities in organic solvants, Jones and Painter 

(49) .round that the :x;,ylan acetate .to.rmed an emulsion in chloro-

51 

f'om with aqneous sodium carbonate while the neutral glucoma:rina.n 

acetate was f'ound. in the clear chlorofom solution, Hami1ton, 

Partlow and ThODlpson (16) acetylated a mixture of' an acidiè arabinCJ6. 

:x;,ylan and a neutra! galactoglucOlllannan, Acetone extractiob or the 

acewlated mixture gave the galactoglucODlannan, the xylan acetate! 

being far less soluble than the hexosan acetate, In view of the 

!act that the !ractionation experimenta in the present case sug-

gested the presence of a glucose-based polrsaccharide and an 

acidic ".:qlan11 in the crude potassium bydroldde e:x:tract, an at-

tempt was made to achieve a resolution via the acetylated mixture. 

The acetylated product (yield - SO%, acetyl - ,38,2%) wa.s e:x:tracted 

with acetone, MOst of' the product went into solution, The acetone-

insoluble residue was unexpectedlr round to be rich in glucose 

(Table 15), Because this method of'fered no special advantages 

compared to same of the !ractionation methods discussed earlier, 

it was not used any f'urther, 

' · The various f'ractionation resulta discussed above indicated 
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Table 15 

Fraction 

Acetone-
soluble 
traction 

Acetone-
insoluble 
traction 

Fractiona.tion ot the Acetylated Potassium hyd.ro:xide Ex.tract 

Percent ot 
acet,ylated 
product 

75 

10 

Sugar residnes in·relative percent 

Uronic Galactose Glucose Mannose Arabinose Iylose 
a cid 

6.,2 7.5 30.1 Trace 11 .. 9 44.2 

7o3 7.3 57.3 Trace 12 .. 2 15 .. 9 

~ 



the presence in the potassium bydro.xide extract of tw major poly

saccharides.. One was an acidic arabino.xylan of the type commonly 

found in a1l gymnosper.m speèies and the ether a polysaccharide 

based predaminantly on glucose, ~lose and galactose residueso Al

though the galactose and ~lese might arise from a "galactaQ" and a 

"~lan" respectively, consistency in composition of the various 

fractions containing these residues in association with glucose sug

gested that a triheteropo~eric polysaccharide might be present in 

the extraeto 

STEP-WISE EXTRACTION OF THE HOlDCELLUU)SE WITH AIKALI 

In the isolation of hemicelluloses from wood, severa! 

workers have used the technique of step-wise extraction vith alkali 

of increasing concentration (50). Some tractionation occurs in these 

extractionso The reason for applying a sequential extraction in the 

present case was that tbere existed a possibilit,y that one type of 

po~er might be more accessible than the other to alkali of a 

particular concentration. Acco~, in the present case, the 

holocellulose was first extracted with hot aqueous ammonium oxalate 

to remove most of th~ pectic substances and other water-soluble poly

saccharideso It was then successively extracted with 10% aqueous 

sodium carbonate, 1, ;, 10, 24% (w/w) aqueous potassium hydroxide and 

finally wi th 24% aqueous potassium hydroxide ( w/w) containing 4% 

borateo The sugar composition of the various fractions is given in 

Table lgo 

The aqueous sodium carbonate and 1% potassium hydroxide 

54 



Table 16 

Reagent for 
extraction 

10 percent 
sodium car-
bona te 

1 per cent 
potassium 
hydroxide 

5 per cent 
potassium 
hydroxide 

10 per cent 
potassium 
hydroxide 

24 percent 
potassium 
hydroxide 

24 per cent 
potassium 
hydroxide + 4 
per cent borie 
acid 

Step-wise Extraction of Holocellulose with Increasing Alkali Concentration 

Per cent of 
extractive
free bark 

4o5 

2.,0 

4.6 

3.0 

1.,0 

1.,0 

Sugar residues in relative per cent 

Uronic Galactose Glucose Mannose Arabinose Xylose 
a cid 

34o4 lOoS Trace Trace 20o3 34o4 

34ol 5 .. 7 12.7 Trace 13o7 33o7 

8 .. 7 7o2 20 .. 2 2ol 10o5 5lo3 

5o7 8.3 27.9 5 .. 4 10o9 41 .. 8 

3o2 -SoS 30.8 22o8 6oS 27o7 

2.,6 7o5 25o3 52o0 4o6 7o9 

V'l 
V'l 
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extracts vere apparently mixtures of pectic materials and acidic qlan., 

The former was especially interesting in Tiew of the virtual absence of 

both glucose and mannose residues and the presence of appreciable amounts 

of arabinose. Wben this extract was treated with aqueous calcium chloride 

solution, a precipitate was for.med which contained mostly arabinose residues 

(Table l:Z) suggesting the possible presence of an araban. The fraction 

recovered from the filtrate was rich in 2Ylose but also contained appreciable 

amount of arabinose, only part of wbieh could have been associated with the 

aeidie :x;ylan. Wben the preeipi ta te obtained wi th calcium chloride was 

treated with ammonium oxalate, the corresponding soluble ammonium salt was 

" 
fo:rmed, wbieh on repeated altemate treatments with aqueous calcium 

chloride and ammonium oxalate, finally yielded a polysaccharide (ammonium 

salt) in low yield (last eolumn, Table 17), wbose composition was sub

stantially similar to the or1gil'lallcalcium salt precipitated from the 

extract. The low yield was to be attributed mainly to ditfieulties ex-

perieneed in the recovery of the precipita tes because of their tendency 

to fo:rm eolloidal solutions. 

The 5 and 10% potassium nydroxide extracts of the holocellulose 

contained :œ.ostly the acidic Jey"lan, although contaminated to some e:xtent 

by the "glucan". The last two fractions contained mainly the "glucantt 

and the glucomannan, the latter being the main cc:mponent of the sodium. 

bydroxide-borate extract of the holocellulose (see later). 

From these resulta it might be concluded that successive ex-

traction with increasing alkali concentration did not ofter any ad-

vantages over the use of the different reagents described previously. 



Table 17 

Fraction 

Precipita te 
obtained with 
aqueous calcium 
chloride (calcium 
salt) 

Fraction received 
!rom the !iltrate 

Three alternate 
treatments or the 
calcium SAlt above 
with uaoni1m. o.xa-
late and calcium 
chloride - the 
final ammonium 
salt or the poly-
saccbaride 

Fractionation o! 10% Sodium carbonate Extract with Aqueous Calcium Chloride 

Per cen,t or 
extra ct 

(JJ 

25 

5 

Sugar residues in relative per cent 

Uronic Galactose Glucose Mannose Arabinose Xylose 
a cid 

28o5 22 .. 5 Trace Nil 39o3 9 .. 8 

16ol 12o0 Trace Trace 26o4 45o5 

21.,8 24o4 Trace Nil 44o9 8o9 

\.n 
.....;] 



It did, however, point to the beneficia! effects that eould be obtained 

by the interposition of an aqueous sodium carbonate extraction prior to 

the use of a stronger alkali. As noted above, such an extraction re-

moved some arabinose-based polysaccharide preSUJaably of pectic nature. 

In the subseqnent large-scale isolation of these hemicellulose~a prior 

extraction with aqueous sodium carboœte was carried out. 

FRACTIONATION OF THE CRUDE SODIUM HYDROXIDE
OORATE EXTRACT 
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The sodium hy'drcxide-bora te extract had the sugar cœ.posi tion 

given in Table 4. Three succèssive precipitations of the extract with 

aqu.eous barium hy'droxide (27) gave a pure alkali-soluble glucomannan 

containing 4% galactose residues (Table 18). The glucose to mannose 

ratio was approxima.tely lS~•S, verr close to the ratio of 1:3 common for 

most softwood.îglucomannans. It is noteworthy' that the fraction recovered 

from. the filtrate of the first barium hy'droxide precipitation (Table 18) 

had the sam.e sugar c-.position as the 24% potassium b;ydroxide extract· 

(see Table 4). This might indicate that the extraction with potassium. 

hydroxide was incomplete. 



Table 18 

Fraction 

Material pre-
cipitated twice 
with barium 
eydroxide 

Material pre-
cipitated three 
times with 
barium 
hydroxide 

Precipita te 
recovered from 
the filtrate 
after the first 
treatment 

Fractionation of the Sodium eydroxide-Borate Extract - Barium nydroxide Treatment 

Percent of 
the extract 

;o 

35 

25 

Sugar residues in relative per cent 

Uronic Galactose Glucose Mannose Arabinose IYlose 
a cid 

2oJ 5o2 25oJ 6J.,6 Trace Jo6 

Trace 4ol 25oJ 70 .. 6 Nil Trace 

lloJ 5 .. 8 25o0 Trace 11<>8 46ol 

~ 



PART II - STRUCTURAL STtJDIES 



LAJLGEtSCAIE ISOLATION OF HEMICELLUlOSES 

The three major hemicelluloses present in the bark of 

Engelmann spruce, as ind.icated by the fractionation studies, were an 

acidic arabinoxylan, a heteropolymeric "glucan" and an alkali-soluble 

glucomannan. For the isolation of these po~saccharides in larger 

amounts for structural studies, the fractionation scheme presented in 

Figs, U(a), (b) and (c} was used. The pectic material not removed with 

aqueous ammonium oxalate was eliminated by extraction with aqueous sodium 

carbonate. A certain amount of acidic xylan was also lost in this ex

traction. 

Unlike the earlier fraction used in the preliminar,r studies, 

the 24% potassium hydrorlde extract in the present case was tound to 

contain a small proportion (3.3%) of mannose residues. Precipitation 

of this fraction with Fehling's solution inereased the mannose content 

to 10.8% (see Fig. IX(b)). The presence of mannose residues at this 

stage suggested that a sœall proportion of water-soluble galacto

glucomannan was present in a~ture with the "glucan"o Tbe elimination 

ot this polymer was achieved b,y precipitation with aqueous barium hy

droxide.. The resulting heteropolymeric nglucan" still contained about 

2% mannose which eould not be eliminated by further barium hydrorlde 

treatments. 

In order to obtain the .Jcy"lan portion of the original extract, 

the traction recovered from the filtrate alter copper complexing was 

treated with cetyltrimethylammonium hydroxide in the presence of some 



FIG., rL(~ ~ Fractionation Scheme for Extraction of Hemicelluloses from Bark of Engelmann Spruce 

Extractive-free wood bark 

lsodium chlori te e:x:ida ti on 

1 
Filtra te 
discarded 

1 
Residue (Bolocellulose) 

lllot- ODJ.ate solution 

~· 

* 

Filtrate Residue 
( Pectic substances ~ 
and water-soluble 10% (w/w) sodilllll 
polysaccharides) arbonate solution 

* --------------------------Yield - 12, 5% r l, 
-J, Residue 

Ali yields reported 
in this scheme are 
based on dr.r extractive
free bark 

Filtrate 1 (M:i:J:ture of pectic 24% (w/w) 
substances and Potassium b.yd:roxide 
acidic :x;rlan) ,.---_;_---------'""1 

Yield - ~ l Re~due 
Filtrate 1 (~l'lan., "ghcan" and 17o5% (w/w) 

water-scùuble galacto- sodiwa b.ydroxide 
gluccaarman) + 4% borie acid 

Yiel.d. - L..S% .L Residue i'pure cellulose) 
Filtrate Iield -~ Tbree successive preparations with aqueous 

barium bydroxide 
Pure glucCID8lll'.lall ( alkali -soluble) 
Yield - 2oO%; Per cent caœpositiong 
Galactose - 4; Glucose - 25; Mannose - 7lo 

~------- (lfaiDl.:;r glucamannan) 
Iield-~ 

~ 



FIGo IX.(b) Fractionation Schaae for Extraction ot Hemicelluloses tram the Bark of Engelmann 
Spruce g Resolution of 24% Potassium bydroxide Extract 

.214 Potassium hydroxide Extract 

Compositiong Uronic acid - 7o3; Galactose - SoS; Glucose - 29o4; 
(relative Mannose - 3e.3; Arabinose - SoS~ XJrlose - 42o5 

percent} 1 
J.. 

Three successive 
Precipitations with 
Fehling's Solution 

Precipitate F:L.ltrate 
Yield - 2o2% (see Figo IX(c)) 

Gom.positiong Uronic acid = 3o3; Galactose - llo4; Glucose - 46o6; Mannose - lOoS; 
(relative per cent) Arabinose - Trace; lylose - Z7o9 

\ Aqu.eous l Ba.rium bydroxide (5%) 

Insoluble Portion 1 Soluble Portion 
Yield = Oo3% Yield - los.% 

Compositiong Uronic acid - 2; Galactose - 10; 
\relative Glucose - 3S; Mannose - 40; 
per cent) Arabinose - Trace; qlose - 10 

(This traction consista maiJÙ1' of the 
water-soluble galactoglucomennan) 

Com.posi tiozu 
(relative 
per cent) 

Uronic acid - 2; 
Galactose - 11; 
Glucose - 57 J Hamlose - 2; 
Arabinose - Trace; 11'1ose-
2So 

(This traction consista mostly of the 
heteropolymeric "glucan") 

;.t 

t 



FIGo IX(o) Fractionation Scheme !or Extraction of Hemicelluloses from the Ba.rk of Engelmann 
Spruce g Resolution of 24% Potassium hydroxide Extract ( continued) 

Yield - 6oO% 

Campositiom 
(relative per cent) 

Uronic acid - 7 o9; Galactose - 9ol; Glucose - 25cl~ Mannose ~ Nil~ 
Arabinose - 14o31 Jtlose - 43o6o 

CTA-OH + a~eous 
sodium by'd.ro:x:ide 

J - ~ ~ 

Insoluble Portion Soluble Portion 
Yield - Oo5% Yield 4o8% 

Compositiom 
(relative per cent) 

J 

Uronic acid = 10; Galactose - 12; 
Glucose - 1.5; Mannose - NU; 
Arabinose - 33; Xylose - 30o 

Soluble Portion 
Yield - 4o.5% 

Compositiong 
(relative per 
cent) 

Compositiom Uronic acid - 7; Galactose -6; Glucose - 12; 
(relative per cent) Mannose - NU; Arabinose - lD;· !Tlose - 65o 

(This fraction consista mai nl.y of the acidic arabinoJC;Y"lan) 

Uronic acid = 7~ 
Galactose = 7~ Glucose 
- 20; Mannose - Nile 
Arabinose - 10; Xylose - 56o 

Aqueous barium hydroxide 

J., 
Small precipitate 
(Discarded) 

$ 



sodium hydro:xideo The lQ'lan was f'ound in the filtrate,. The glucose 

content of' this fraction was 20%,. Treatment of this fraction with 

aqueous barium hydro:xide reduced the glucose content to 12%o 

The glucomannan was obtained from the sodium hy'droxide-borate ex

tract tu' repeated precipitation with aqueous barium hydroxide. The 

material bad the same composition as that obtained earlier in the pre

liminar,y studieso 

The total quantity of' polysaccharides other than cellulose 

amounted, in the large-seale extractio~to a~28% of' the extractive

free bark, compared to 24% in the earlier isolation (see Table 4)o A 

comparison ot the yields ot various hemicelluloses in the bark and wood 

ot Engelmann spruce and Ama.bilis f'ir is shown in T51ble 19. 

The structural teatures of the glucomannan, the acidic :x;vlan 

and the heteropolymer "glucan" are discussed in that order in the tollow

ing. 



Table 19 Hemicelluloses from the .î3ark a.nd Wood of Engelmann Spruce and luna.bilis Fir 

Hemicellulose 

Arabino-4-0-met~l-
glucurono-Jcylan 

Wa.ter-soluble 
ga.lactoglucamannan 

Al.ka.li-soluble 
glucomannan 

Heteropolymeric 
"glucan" 

2 

1 

Engelmann spruce 
wood (41) 

8o0 

l.,S 

Sol 

-

Per cent yield2 of the hemicellulose in 

Engelmann spruce 
barkl 

4o5 

OoJ 

2 .. 0 

loS 

Amabilis fir 
wood (.37) 

?oO 

4ol 

Sol 

All yields based on dr,y extractive-free material 

This :x;ylan also contained about 18% of galactose 
and glucose residues 

Amabilis f'ir 
bark {34-.36) 

2ol 

2.,S 

.3o0 

a-
VI 



A., GLUCOMANNAN 

The glucomannan, [a]D- 43°, which was obtained in a yield 

of 2oO% of the extractive-free bark, contained galactose, glucose and 

mannose·residues in ratio of lg6.,3gl7o8 and was chemically homogeneous 

on fraetional precipitation of an alkaline solution with aqueous 
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barium hydroxide (see Table 20)o Osmotic pressure aeasurements on the 

nitrate derivative (51) gave a number-average degree of polymerization of 

861) 

Oxidation of the glucamannan with periodate resulted in the 

consumption of lo02 moles of the oxidant per anh;ydro-hexose unit 

(Table 21), thus suggesting the presence of (1~4)-glycosidic bonds. 

A portion of the glucomanna.n was partially hydrol.yzed wi th 

aqueous for.œic acid (52,49)., The negative specifie rotation of the 

polysaccharide upon h;rdrolysis changed to a positive value, indicating 

that a predominant proportion of its glycosidic bonds were of the ~-

type., Further confirmation of this came from the paper chromato-

graphie identification of a nuuber ot ~-(1~4)-linked oligosaccharides 

in the partial h;rdrolyzate.. The oligosaccharides identified by cœn-

paring their chromatographie mobilities with those of authentic 

specimens, were 4-0-13-mannopyranosyl-D-mannose (mannobiose), 4-0~

D-mannopyranosyl-D-glucose (mannosyl glucose), 4-0-~-D-gluco

pyranosyl-~ose (glucosyl mannose), 4-0-~-D-glucop,yranosyl-D-

glucose (cellobiose), 0-~-D-mannopyranosyl-(1~4)-0~-D~annopyranosyl

(1~4)-D~ose (mannotriose) and 0-13-D-mannop,yranosyl-(1~4)-0~~-D

mannopyranosyl-(1~4)-0-~-D-mannopyranosyl-(1~4)-D-mannose (mannotetraose). 



Table 20 

Fraction 

I 

II 

III 

IV 

Fractionation of the Glucomannan with Barium aydroxide 

Yield 
% 

25 

40 

15 

8 

Sugar residues in relative per cent 

Uronic Galactose Glucose Mannose Arabinose Xylose 
a cid 

Trace 

Trace 

Trace 

Trace 

3o9 

3o8 

4ol 

5o2 

24o9 

25o3 

25o0 

23 .. 2 

7lo2 

70o9 

70o9 

7lo6 

Nil 

Nil 

Nil 

Nil 

Trace 

Trace 

Trace 

Trace 

.$ 



Table 21 

Time in hours 

Periodate consumption 
moles/annydro-hexose 

unit 

Periodate Oxidation of the Glucomannan 

24 48 72 96 120 

Oo82 Oo91 Oo99 loOl lo02 

144 168 216 

lo02 lo02 lo0:2 

~ 
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The glucamannan was metnylated to completion by the methods 

of Haworth (53) and Kuhn (54)., The methyla ted polysaccharide had a 

number-average degree of polymerization of 91. This value was slightly 

higher than that obtained for the original polysaccharide and suggested 

that low-molecular weight material was lost during the methylation. The 

fully methylated product ([a]D - 20°), after methanolysis and subsequent 

hydrolysis, gave a mixture of reducing sugars which was resolved by pre

parative paper chromatography9 The relative amounts of the various 

methylated monomers obtained are show.n in Table 22o These sugars were 

characterized b,y their rate of~y~t on the paper chromatogram, by 

their behavior on paper electrophoresis along with authentic specimens, 

by the sugar fonned on demethylation,by their specifie rotation and 

by the melting point of either the sugar itself vr one of its crystal

lina derivativeso 

The large amounts of 2,3,6-tri-o~ethyl-~nose and 2,3,6-

tri-O~ethyl-D-glucose obtained on methylation and hydrolysis of the 

methylated polysaccharide indicated that these residues were united in 

the polymer by (1~4)-glycosidic bonds., The ratio of these two sugars 

was approximately lg3 which corresponded to the ratio in which glucose 

and mannose residues were originally present in the polysaccharide. The 

negative rotation of the original and metnylated polysaccharides in

dicated that the glycosidic linkages were of ~~edification~ The nature 

of the hexose oligosaccharides obtained on partial hydrolysis cor

roborated these conclusions., 

The tetra-0-methylated mannose and glucose sugars undoubtedly 
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Table 22 B;ydrol.J"sis Products of Methyla ted Gll!lcomann&n 

Spot number 
in chromato-
gram in order Component RG Weight Mele Ratio by 
of increasing mgo per cent parts 
mobility 

1 213-Di-D~o~l-D-J 0.18 15 2.,1 1.,0 
mannose 
2,6-Di-O~ethy1-D-
glucose 

2 2,3-Di-O~ethyl-D- 0.,24 10 1.4 0.7 
glucose 

3 A T.ri~ethyl-D- 0.32 4 o.; 0.2 
galactose 

4 2,3,6-Tri-O~ethyl- 0 .. 50 530 6S.o 32.4 
D-mannose 

5 2,3,6-Tri-O~ethyl- 0.60 180 23ol 11.0 
D-g1ucose 

6 2,3,4,6-Tetra-0-
methy1-D-galactose 0.78 24 2.,8 1.3 

7 A mixture of 2 131 41 1 .. 00 15 2.1 1.,0 
6-Tetra-O~ethyl-
~ose and 2,3, 
4,6-Tetra-O~ethyl 
D-glucose 
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originated from the non-reducing end of the po~saccharide. Their ratio, 

as determ.ined by demethylation was lgl, which might indicate that half 

the non-reducing end groups of the Polymerie backbone consisted of 

glucose and the other half of mannose residueso From the last column 

of resulta ahown in Table 22, it followed that there was one end group for 

47~6 glucose and mannose residues. Since the methylated po~er contained 

on the average 91 such sugar residues, it might be concluded that the 

average molecule contained approximate~ one branching point. Although 

a majority of glucomannans isolated from gymnospe~ woods have been 

reported to be linear, a certain degree of branching has been found to 

occur in some (55,56). 

All the galactose original~ present in the po~saccharide ap

peared as 2,3,4,6-tetra-0-methyl-D-galactose. The very minor am.ount of a 

tri-0-methyl-D-galactose detected might very well be an artitact caused 

by accidentai damethylation of the tetra-0-methyl-D-galactose. This 

suggested that all the galactose residues in the original hemicellulose 

were present as te~inal, non-reducing end groups., If the galactose 

residues originated from a galactan, methylated galactose other than tetra-

0-methyl-D-galactose would have been found in appreciable amounts among 

the hydrolysis products. Te~inal galactose residues could, however, 

originate from a galactomannan or a galactoglucan in the original hemi

cellulose, a situation quite unlikely because of the hamogeneity of 

the polysaccharide on fractional precipitation. Since the metbylated 

galactose accounted for approximately 75% of the galactose residues 

originally present, it was probably an integral part of the polymer. 

The presence of 2,3- substituted glucose and mannose among the 



di-0-methylhexoses made it probable that the galactose residues were 

attached to these units through (1~6)-galactosidic bonds. Within 
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limita of experimental errors, the œelative~,: amounts of the tetra-0-

methyl-D-galactose and 2,3;01-0-methylhexoses were similar~ The galacto

sidic linkages were probably of the a.-type because auch a linkage was 

found to occur in a glucoman..'"la.Il isolated from Norwa.y spruce by M3ier 

(57)" Partial hydrolysis of this glucomannan gave 6-o-a.-D-galactopyran

osyl-~nose and 6-0-a.-D-galactopyranosyl-~obiosec 

Whether the galactose residues were linked directly to the 

backbone of the polysaccharide or whether they occu.rred. at the end of 

side-chains containing ~-(1-74)-linked mannose and glucose units, can

not be decided on the basis of available experimental evidence~ However, 

several of the glucomannans from gymnospenn woods have been reported to 

contain the former arrangement. 

Summarizing, the alkali-soluble glucomannan present in the 

bark of Engelmann spruce consisted of a minimum number of 85 glucose and 

mannose reaidues present in a ratio of 1:2.8 and linked together by 

~-(1~4)-glyoosidic bonds to a slightly branched macromolecule. A few 

of the hexose residues carried (1-?6)-linked D-galactosyl units, probably 

in the a.~oditication and attached directly to the main chain as non

reducing, terminal groups ( see Fig. II). This glucomannan was thus 

very similar to the corresponding polysaccharides present in the wood 

of the Engelmann spruce (41) and other gymnosperm species. 
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Be. ARABmO-lt...O-METHYWLUCURONO-XYLAN 

The Engelmann spruee .xyaln ([a]D-, 35"') which amounted to 4o5% 

of the extractive-free bark, contained residues of uronio acid, galactose, 

glucose, arabinose and xylose in the ratio ?g6gl2gl0~65o The aoidity of 

this .xylan was found to be due to 4-0-methyl-D-gluouronio aoid residueso 

The xylan isolated by Mills and Timell (41) from Engelmann spruoe woood 

oontained residues of uronic acid, arabinose and .xylose in a ratio of 

12gl0~70 and a trace of glucoseo It is noteworthy that the acidity of 

the bark .xylan is much less than that of the woodo Thornber and North-

cote (40), while comparing the x;rlose to 4-Q-methyl-D-glucuronio acid ratios 

in .xylan preparationsfrom different regions of the tree, observed that the 

.xylan fraction in the phloem of aycaore maple {A.Q!l: Rleud.QRJ.at&nus) oon

tained twiee the number of 4...0-methyl-D-glucuronic acid reaidues tor a 

given xylose content compared to the xylan fraction of the xylem, where-

as for a pine (Pinqf :RPnderoaft) the phleem JO"lan fraction contained on~ 

halt as many uronic acid residues as that ot the .xylem(> Earlier, Painter 

and Purvee (25) also observed that the :x:ylan from the inner bark of 

white epruee oontained ver,y few aeid groupsa Their xylan eontained residues 

of glucose, xylose and arabinose in the ratio 19~77~4, with trace amounts 

of 4-o-methyl-D-glucuronic acido 

Preliminar,y investigations on the oonstitution of this polY

saccharide were aimed at the isolation of identit,rable oligosaccharides. 

Partial hydrolysis of the hemicellulose with aqueous fo~c acid gave a 

mixture of sugars, which was resolved into a neutral and an aoid portion 

on a column of anion exchange resino The acid portion was further resolved 
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by preparative paper chromatograpby into 9 oligosaccharideso One of them 

was identified as 2-0-(4-0-metbyl-a-D-glucopyranosyluronic acid)-D-xylo

pyranose (A2)o Chromatographie evidence suggested the presence of an 

aldotrio-(A3 ), an aldotetrao-(A4) and an aldopentaouronic acid (A5)o 

A2, A3, A4 and A5 were obtained in yields of 3o5, 2o0, Oo8 and Oo4% 

respectively based on the hemicelluloseo A2 was characterized b,y for.m

ing the crystalline tetraa.cetate derivative, m.ethyl 2=0-[metbyl (2,3-

di-0-acetyl-4·-0-methyl-(ll-D-glucopyranosyl} uronate]-3,4-di-û-acetyl-a,~

D-xylopyranoside (58,59) whose melting point and mixed melting point as 

well as the specifie rotation agreed with those of an authentic specimeno 

The identification of these oligosaccharides in the partial bydrolyzates 

o! the hemicellulose indicated that 4-ü-methyl=D-glucuronic acid residues 

were integral parts of the xylan moleculeo 

From the neutral sugar mixture obtained above, four oligo

saccharides were isolated by preparative paper chramatographyo Due to 

paucity of material, detailed st~1ctural analysis of these oligosaccharides 

could not be carried outo The camponent sugars of the oligomers were 

determined and the results have been summarized in Table 23o Oligo

saccharide D was tentatively characterized as B-(1~4)-linked xylobiose 

by comparing the equilibrium specifie rotation and rate of movement 

on the paper chramatogram in different solvent s.ystems with those of an 

authentic specimeno Chromatographie examination of oligosaccharides B 

and C in various solvents indicated the presence of minor amounts of 

cellobiose in each, in addition to the major oligoeaccharide canponent. 

It is likely that the glucose residues obtained on nydrolysis of oligo

saccharid.ee Band C {eee Table 23) originate !rom the cellobiose, the 



Table 23 

Oligosaccharide 

A 

B 

c 

D 

Neutral Oligosaccharides tram Partial nydro~sis of the Xylan 

Per cent 
or the 
hemicel
lulose 

Oo.:30 

Oo40 

Oo60 

loOO 

R 
Galactose 

Ûol8 

Ûo28 

Ûo50 

Oo82 

Specifie 
rotation 
[a.Jo 

degrees 

+ 2 
(C, lo4) 

+ 1 
(C.\l lo4) 

+ 10o2 
(C 1 lo6) 

-24 
(C, OoS) 

Component sugars on complete 
hydrolysis and their approx1ma.te 

ratio 

Galactose and xylose (lz2) 

Galactose, glucose and :xylose ~4ü 22) 

Galactosegglucose and .xylose {6dg6) 

0~ xylose 

....., ....., 
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galaèt,Ose and Jcy"lose residues in each originating from the respective 

major component. There is thus a strong possibili ty tha t a chemical 

linkage exists between galactose and zylose residues in the present 

hemicellulose. Sucb. a linkage has been shown to be present in a xylan 

isolated from corn hull (60). Mild acid hydrolysis of' this hemicellulose 

gave in addition to ,x;rlobiose,4-0-~-D-galactopyranosyl-~-D-zylopyranose 

which vas reported to have [et] D + 15 ,0• The ,x;ylobiose ieolated in this 

study probably repreeented a .trapent of the ,x;rlan .t:rameworlc. It ia 

noteworthy that in the present case no oligoaaccha:ride containing onl7 

,x;rlose and glucose could be iaolated,although cellobioae vas obsel"'led 

as a minor contaminant of' oligosaccharides B and c. It appears ver,y 

likely, there.f'ore, tha t glucose residuea in the original polysaccharide 

vere not integral parts o.t the zylan, but probably arose from a contam

inating "glucan". 

A portion of the hemicellulose was methylated b.Y the methode of' 

Haworth (53) and Kuhn (54). The .f'ully methylated product ([et]D - 45°) 

was subjected to methanolysis and the mixture of glycosides was resolved 

into a neutral and an acid portion on an anion excbange resin. The acid 

fraction~tained only one component, the ester glycoside of' wbich was 

reduced wi th lithium aluminium h,ydride to give crystalline methyl 2-0-

(2,3,4-tri-0-methyl-c:t-D-glucopyranosyl)-3-0~ethyl-D-,x;rlopyranoside, 

identical with respect to mÈù~ point and specifie rotation to an 

au thentic specimen (59). Chroma tographic examina tion of the , b,yd.ro.:l,ysis products 

of' the methylated disaccharide revealed the presence of 3-0~ethyl-D-

xylose and 2,3,4-tri-0-metb,yl-D-glucose, both of which were tentative1y 

identitied by their relative rates of movement on the paper chromatogram 



and sugars formed on demetnylation. These resulta indicated that the 

original acid in the methanolfsis products of the metnylated hemi

cellulose was methyl 2-0-(2,3,4-tri-0-methyl-a-D-glueopyranosyluronic 

acid)-3~-metbyl-D-xylopyranoside. 
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The hydrolyzate of the neutral 0-methyl glycosides was resolved 

by preparative paper chromatography. A series of methy'lated sugars were 

obtained (see Table 24) which were qualitativelY characterized by identify

ing the sugar(s) formed on demethylation and also by comparing their RG 

values with those of authentic specimen in different solvants. Crystal-

lina derivatives could not be prepared beeause most of them were obtained 

as mixtures and the rest in insufficient amounts. !he two mono-0-methyl 

xyloses and the di-0-methyl glucose were also characterized by paper 

electrophoresis, comparing their relative positions :'in the electro

phoretogram with those of authentic specime~. 
't, 

The principal methylated product was 2,3-di-0-methyl-D-:x;rlose 

(38%). This, coupled with the low totation of the original and the 

methylated hemicellulose, indicated the presence of (1-?4)-linked ~-D-

~lopyranose residues in the polysaccharide. The 2,3,4-tri-0-methyl-D-

:x;rlose ( 7. 6%) was de ri ved from the terminal D-JC;.Ylopyranose uni ts in the 

polysaccharide. The 2,3,5-tri-0-methyl-L-arabinose (3.0%) was obtained 

only in small amounts. This was probably due to the loss of this com-

pound during evaporation due to its volatility (61). However, its 

presence indicated that the polYsaccharide contained ter.minal,non

reducing residues of L-arabinofuranose. B;y a.nalogy with other softwood 

:x;rlans investigated thus far, it is likely that these arabinose residues 



Table 24 

Met~lated Hal 
Sugar 

a 0.13 

b Ool8 

c Oo21 

d 0 .. 24 

e Oo34 

f 0.,46 

g 0,.57 

h 0.78 

i loOO 

j 1 .. 09 
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Neutra.l Sugars Obta.ined on lzy"droJ.ysis 
of the Met~lated ~lan 

Relative Camponent sugar(s) Identity of the 
yield on demet~ la tion met~lated sugar 

% and their approx-
:i:ma. te ratio 

1.2 onl.y galactose Probably a di-0-methyl 
D-galactose 

5o9 onl.y JC;,Vlose 2-Q-met~1-D-JC;,Vlose 

4.4 onl.y JC;,Vlose 3-0-met~l-D-xylose 

8 .. 8 onl.y glucose 2,3-di-ü-met~1-D-
glucose 

5.9 ga.lactosegglucose Probably conta.ins 2,3, 
1 g 1 4-tri-ü-methyl-D-

galactose 

5 .. 9 glucoseearabinose ? 
1 g 1 

47.2 glucosegJcy"lose 2,3-di-0-methyl-D-
1~4 ~lose and 2,3,6-

tri-0-methyl-D-
glucose 

5.9 galactose 2,3,4,6-tetra.-Q-
methyl-D-galaetose 

8.,8 glucosegJey"lose 2,3,4,6-tetra-0-methyl-
1 ~ 6 D-glucose and 2,3,4-

tri-0-methyl-D-xylose 

5 .. 9 ara.binose~xylose 2,3,5-tri-Q-methyl-L-
1:; 1 arabinose and 2,3,4-

tri-O-methy1-D-xylose 

1 
R values refer to 2,3,4,6-tetra-o-methyl-

G D-glucose 



were attached to the main :xylan chain by (1-?3)-glycosidic bonds.. Such 

a linkage 'WOuld aceount for the isolation of 2-û-methyl-D-:xylose (5 .. 9%) .. 

The earlier characterization of the partly methylated aldobiouronic acid 

obtained as the only acidic product on methanolysis of the methylated 

hemicellulose, proved that the 4-0-methyl-D-glucuronic acid residues 

were linked as single unit aide chains to C-2 of the :xylose residues in 

the main chain. In spite of the fact that no acid side groups were 

removed d.uring methanolysis, some 3-û-methyl-D-:xylose (4.4%) was isolated,. 

This might indicate the possibility of branching in the main chain. It 

is also probable- that, since most of the galactose originally present in 

the polysaccharide appeared as tetra.-0-metbyl-D-galactose (5.~, some 

of the galactose units mq be attached to the Jcy"lan chain as single 

unit side cbains.. The earlier isolation of some oligosaccharides con

taining galactose and xylose residues from the partial hydrolyzate of 

the :xylan (see Table 23) might offer some justification for this sug

gestiono The glucose residues present in the original hemieellulose 

appeared as 2,3-di-û-methyl-D-glucose (8.8%), 2,3,6-tri-û-met.byl-D

glucose (9.4%) and 2,3,4,6-tetra-o-metbyl-D-glucose (1 .. 3%). 'l'his 

undoubtedly indicated the presence of small amounts of a (1·-)4)-linked 

11glucan"., 

The resulta obtained indieated that the xylan consisted of 

a baekbone of 13-(1->4)-linked xylopyranose residues to whieh were 

directly attached (1~2)-linked 4-0-methyl a.-D-glucuronic acid residues. 

Whether the L-arabinofuranose residues were also attached directly to 

the Jcy"lan chain (Fig., Xa) or were linked through interposed Jcy"lose 

residues (Fig.. Xb) could not be ascertained on the basis of the available 

evide nee,. 
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Jcy-1 - D-Jey"lopyranose 

GluA - 4-0~ethYl-D-glucuronic acid 

Arat - L-arabinoturanose 

FIG, X(a) 

• • • 4Xl.yf31?4Xyl~l ~4XY~l """'4XY1131-+4Xylf31 ••• 

1 r 
Aratl~ 4I;y~l-+4XYI31#~1 GiuA 

n 
FIG. X(b) 

FIGS, I(a) and XCQ) - Alternative structures.to7 the Jey"lan 

Furthennore, while the glucose residuee in the original hemicelluloee were 

not integral parts of the xylan, same of the galactose residues might be 

attached to the xylan main chain, although the eVidence for auch a link-

age is admittedly insufficient, 



C., "GLUCAN" 

This polysaccharide ([a]D + 35°) was isolated in a yield of 

1.8% on extractive-tree bark and contained residues ot uronic acid, 

galactose, glucose, mannose and xylose in a ratio ot 2:11:57:2:28., It 

was shown to be essentially hamogeneous b,y tr~ctional precipitation 

and chromatograpby on dietbylaminoethylcellulose phosphate. 

The hemicellulose was partially hydrolyzed wi th aqueous 

formic acid. The hydrolyzate, on standing overnight, deposited a 
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BJDB.ll residue in a yield ot 0.8,%. Complete hydrolysis ot this material 

gave mostly gl~cose with minor amounts ot galactose and ~lose. No 

uronic a cid· was detècted. Partial bydrolysis ot the ma te rial wi th 

dilute sulfurie aeid yielded, in addition to galactose, glucose and 

xylose, ·also three oligosaccharides which were quali~atively identitied 

as cellobiose, cellotriose and cellotetraose by camparing their relative 

mov.ement on the paper chramatogram in different solvants with those of 

authentic specimens. 

The partial hydrolyzate, after removal ot the above residue, 

was resolved on a column ot anion exchange resin into a neutral and 

an acidic portion. From these tractions tour acidic and two neutral 

oligosaccharides were isolated b.1 preparative paper chramatograpby. 

The first three of the acidic oligosaccharides {see Table 25) 

could not be resolved on. paper chromatograpby in different solvent 

systems. The fourth compound (d), however, exhibited heterogeneity in 

some solvants, the contaminant amounting to about 20% and having a 



Table 25 

Oligosaccharides 

(a) 

(b) 

(c) 

{d) 

Acidic Oligosaccharides Obtained on Partial 1:\rdrol.y'sis of the "Glucan" 

Per cent 
of the 
hemicel
lulose 

0.60 

0.,80 

0.24 

0.30 

RGlucuronic 
a cid 

0.,28 

0.,41 

0.56 

o .. s1 

Specifie 
rotation 
[a]n 

Degrees 

- 11 .. 7 
(C, 0.9) 

- 13 .. 2 
(C, 1.0) 

very low 
(c, 1 .. 2) 

- 7 .. 0 
(C, 0.7) 

Componen t sugars on 
hydro]Jrsis 

galactose, :x;ylose and 
glucuronic acid 

galactose and glue-
uronic acid 

galactose and 
galacturonic acid 

galactose, :x;ylose, 
galacturonic acid ? 
and glucuronic 
a cid 

Component sugars after 
prior reduction with 
sodium borohydride 

galactose and 
glucuronic acid 

glucuronic acid 

~ 



slightly lower mobility than. the main portion. The component sugars in 

all these compounds vere determined and the reduci:ng end group in some 

characterized by identif'7i:ng the sugar com.ponents a.tter reduction with 

sodium boronydride. 

The nature ot the acidic ollgosaccharides (a) and (b) indicated 

that a chemical linkage existed between galactose and glucuronic acid. 

It is notewortny that Bishop and co-workers ( 62) have isolated the aldo

biouronic acid 6-0-(~-D-glucopyranosyluronic acid)-D-galactose from a 

eydrolyzate of an arabinogalactan from tamarack (le.rix laricina)• They 

pointed out that D-glucuronic acid is an integral part of the arabino

galactan. Their value for the specifie rotation of the bariua salt 

of the acid (-5•) corresponds fairly weil with the specifie rotation 

tor the acid itselt in the present case, -13•. Such an aldobiouronic 

acid bas also been round in the nydrolyzates of ma.I\Y' plant gum exudates 

(11) as well as in the acid nydrolyzate of maritime pine wood as 

reported by Roudier and Eberhard ( 6.3). They were able to isola te a 

glucuronoarabinogalactan from the hot water-soluble R9l7saccharides 

of that wood by fractionation. As will be seen later, methJ'lation 

data also pointed to the existence of a linkage between galactose and 

glucuronic acid in the "glucan'*. It is very llkely, therefore, that 

oligosaccharide (b) is a glucuronosylgalactose with galactose at the 

reducing end and (a), an aldotriouronic acid with JQrlose as the reducing 

end group. This would, of course, presuppose a linkage between x;rlose 

and galactose. Earlier, in connection with the stuQ1 of the acidic 

arabinox;rlan some evidence wa.s presented, not entirely unequivocal, 

for the existence of a galactose~x;rlose linkage. 
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Preliminar.y examination of the two neutral oligosaccharides 

indicated the presence of galactose, glucose and mannose residues in one 

and galactose, glucose and xylose residues in the other (see Table 26)a 

Chromatographie evidence was obtained, however, for the presence of a 

mannobiose contaminant in oligosaccharide (e). This might suggest the 

presence of a linkage between galactose and glucose residues. î~s com

ponent was quite probably a trisaccharide because it bad a mobility lower 

than either cellobiose or mannobioseo Oligosaccharide (f), likewise, 

revealed heterogeneity when examined by paper chromatography. The major 

component moved slightly faster than mannobiose and the minor one 

slightly slower than xylobiosea It is indeed ver.y difficult to draw 

definite conclusions from these observations. It might seam likely that 

an oligosaccharide (probably a disaccharide) of galactose is present .. 

Meier isolated fran tension wood of beeeh (Fasus silvatica) two di

saccharides of galactose (64). One was 6-0-~-D-galactopyranosyl-D

galactose, ([a]D + 26°) and the other 4-0-~-D-galactopyranosyl-D

galactose {[a]D + 67°). The present oligosaccharide (f) bad a specifie 

rotation of + 19.6° which might suggest that such an oligosaccharide 

if present, wa.s ver.y likely the {1-76)-linked compoundo As will be seen 

later, methylation data also suggested a (1~6)-linked galactose chain 

in the polym.er. 

The hemicellulose wa.s methylated by the methode of Haworth 

and Kuhn., The methylated product ([a]D + 15°) wa.s methanolized and the 

acidic and neutral glycosides were separated in a column of anion 

exchange resino The partially methylated acidic component was reduced 

with lithium aluminum hydride and hydrolyzedo The lzy'drolyzate, on 



Table 26 

Oligosaccharide 

(e) 

(f) 

Neutral Oligosaccharides Obtained on Partial Jtrdrolysis of the "Glucan" 

Per cent 
of the 
hemicel
lulose 

1 .. 1 

1 .. 3 

R 
Galactose Specifie 

rotation 
[a.]n 

degrees 

0.32 + 6.2 
(C, 1.2) 

0.53 + 19.6 
(C, 1.0) 

Component sugars on ~drolysis and 
their approximate ratio 

galactose~glucose:mannose 
1 : 2 : 4 

galactose:glucosegxylose 
8 ~ 1 ~ 1 

œ 
VI 



examination by- pa.per chromatograpby in various solvants, ,revealed the 

presence of 3-0-m.etbyl-D-Jcy"lose (7%) 1 2,3-di-0-m.etbyl-D-glucose (14%), 

2,3,4-tri-0-m.etbyl-D-galactose (27%) and 2,3,4-tri-0-m.etbyl-D-glucose 

(52%) (see Table 27). It waa obvious from this that the pa.rtially 
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metbylated acidic component was a mixture of two or more compounds., The 

tentative identification of 2,3,4-tri-0-m.etbyl-D-glucose indicated that 

glucuronic acid was the acid moiety in the partially metbylated aldobio-

uronic acid mixture. This, coupled with the probable presence of 

2,3,4-tri-0-m.etbyl-D-galactose in the hydrolyzate, might suggest the 

existence in the mixture of a methylated glucuronosyl galactose linked 

(1-..6)- as sbown in Fig, XI, Such a compound could probably be derived 

from a galactan chain carrying tenninal glucuronic acid group. 

COOl-! 

Methanolysis 

0--- -

H 

Metbylated galactan chain 
(Partial structure) 

FIG, XI 

COOH 

OME 

Methylated glucuronosy-1-
(1~6)-D-galactose (metbyl 

glycoside) 



Table 27 

Methylated Approx-
sugar imate 

(g) 

(h) 

(i) 

(j) 

1 

relative 
amounts 

% 

7 

14 

27 

52 

Partial~ 1~tnylated Acidic Camponents from the Metnylated "Glucan" -
Sugar Composition After Reduction with Lithium Aluminum ~dride 

Ral 
(solvent F) 

0.21 

0.25 

0.34 

0.,68 

~ 
(solvent G) 

-
0.65 

0.72 

0 .. 85 

Sugars Probable identity of the sugar 
fonned 
on de-
methyl-
ation 

xylose 3-D~ethyl-D-xylose 

glucose 2,3,Di-0-Methyl-D-glucose 

galactose 2,3,4-Tri-D~ethyl-D-galactose 

glucose 2,3,4-Tri-Q~ethyl-D-glucose 

~ values refer to 2,3,4,6-tetra~ethyl-D-glucose 

~ 
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As will be seen later, some evidence was obtained tor the existence of 

a (1~6)-link:ed galactose chain in the "glucan°., It was noted earlier that 

partial hydrolysis of the "glucan" gave rise to an acid oligosaccharide 

containing galactose and glucuronic acid (see Table 25) and a neutral 

oligosaccharide containing mairilJr galactose ( see Table 26), The occur

rence of 3-Q~ethyl-D-~lose and 2,3-di~ethyl-D-glucose in the 

hydrolyzates, might suggest that same of the glucuronic acid residues 

vere attached to JQ"lose and glucose units. Earlier it was observed that 

partial hydrolysis of the "glucan" gave rise to an acidic oligosaccharide 

containing galactose, ~lose and glucuronic acid {Table 25).. However, 

no oligosaccharide containing glucose and glucuronic acid was detected. 

The presence of 2,3-di-Q-methyl-D-glucose in the hydrolysis product of 

the partially metbylated oligosaccharide mi.xture cannot therefore be 

satisfactorily explained. 

The neutral o~ethylated gly'cosides were hydrolyzed to the 

corresponding mixture of methylated sugars whieh was resolved by prep

arative paper chromatography {Table 28). Sœ.e of them. were tentatively 

identified from their RG values and the sugars obtained on dem.ethylation, 

while others were also characterized through their cr,rstalline derivativeso 

The preponderance of 2,3-di~ethyl-D-glucose (33.,3%) suggested 

that a (1~4)-linked glucose chain was present which possessed branch 
'•, 

points at C-6 of the glucose residues. The 2,3,6-tri-Q-methyl-D-glucose 

(17 .,1%) undoubtedly arose from (1~4)-linked glucose units which had no 

branch point and the 2,3,4,6-tetra-ü-metbyl-D-glucose (2.,4%) was derived 

from the terminal, non-reducing glucose resid.ues in the chaino Except 



Table 28 

Metbylated 
sugar 

a 

b 

c 

d 

e 

f 

g 

h 

1 

Neutral Meth;ylated Sugars from the "Glucan" 

R(}L Relative Camponent sugar(s) Identi ty of the 
yield % on demeth;ylation meth;ylated sugar 

and their ap-
proximate ratio 

0.13 1 .. 4 Galactose Probably a di-0-m.eth;yl-
D-galactose 

0.,18 1 .. 9 Glucose d~.nnose Probably 2,6-di-0-
1 : 1 methyl-D-glucose and 

2,3-di-0-m.eth;yl-D-
mannose 

0 .. 24 33o3 Glucose 2,3-di-0-m.ethyl-D-
glucose 

0.33 9.5 Galactose 2,3,4-tri-0-m.ethyl-
D-galactose 

0.47 3.,3 Glucoseg.Mannose ? 
2 : 1 

0 .. 58 34 .. 2 Glucose:Xylose 2,3,6-tri-0-m.ethyl-D-
1 : 1 glucose and 2,3-di-

0-metbyl-D-xylose 

0.,77 12,8 Galactose 2,3,4,6-tetra-0-methyl-
D-galactose 

1 .. 00 3o6 Glucose~.:lcy'lose 2,3,4,6-tetra-0-m.ethyl-
2 ~ 1 D-glucose and 2,3,4-

tri-0-methyl-D-xylose 

RG valu~ refers to 2,3,4,6-tetra-0-methyl
D-glucose 
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for a small amount of di-0-metb;~rl-D-galactose (lo4%), all the galactose 

originally present appeared as 2,3,4-tri-0-methyl-D-galactose (9o5%) and 

2,3,4,6-tetra-0-methyl-D-galactose (12.,8%)" The tetra-0-methyl-D

galactose unquestionably arose from te~inal, non-reducing galactose 

units, while the identification of 2,3,4-tri-0-methyl-D-galactose sug

gested the presence of a (1-+6)-linked galactose chaino Earlier aoone 

evidence was presented (see Table 26) for the occurrence of a galactobiose, 

probably 6-0-~-D-galactopyranos.yl-D-galactose in the partial hydrolyzate 

of the "glucan". This might corroborate the presence of a (1~6)-linked 

galactose ehaino The isolation of glucuronosyl galactose from the partial 

hydrolyzate of the "glucan" (see Table 25) and of the partially methylated 

glucuronosyl-(f~6)-D-galactose from the methanolysis product of the 

methylated "glucan" (See Figo XI) suggested that the galactose chain was 

ter.minated by a glucuronic acid group. The 2,3,4,6-tetra-0-methyl-D

galactose, therefore, very probably arose from single unit side chains 

of galactose attached to a main backbone of glucose units or from te~

inal, non-reducing galactose residues of the (1-76)-linked galactose 

chains, which were devoid of glucuronic acid substituents. The formation 

of large amounts of 2,3-di-0-methyl-D-glucose, however, suggested that 

the former possibility is more likelyo Earlier same meagre evidence 

was obtained for the presence of an oligosaccharide containing glucose 

and galactose (see Table 26)~ This could happen if there were tenninal 

galactose residues attached to a main chain of glucosee 

The ~lose residues in the original polysaccharide appeared as 

2,3-di-0-methyl-D-xylose (17ol%) and 2,3,4-tri-0-methyl-D-xylose (lo2%)o 

The preponderance of 2,3-di-0-methyl-D-~lose suggested the presence of 
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a (1-+4)-link.ed :x,;r1ose chain, witb the 2,3,4-tri--0-methyl-D-:x,;rlose aris

ing f'rom terminal Jcy"lose unitso It is noteworthy that no mono-O"'lllethyl

Jcy"loses were detectedo Whether or not there wa.s a linkage between 

glucose and :x,;rlose cannot be ascertained f'ro.m the available evidenceo 

Such a linkage has previously been reported by Perila and Bishop (65)o 

Enzymic hydrolysis of a Jack pine glucomannan gave two oligosaccharides 

in 1ow yieldso One was 6-û-(a-D-:x,;r1opyranos.y1)-D-glucopyranose and the 

other 0-a.-D-:x,;r1opyranosyl-(1~)-0-~-D-glucopyranos.yl-(1 ..... 4)-D-g1uco

pyranoseo They concluded that the :x,;rlose units might have been attached 

as single unit side chaine to a g1ucose-containing polYsaccharide, whieh 

cou1d be either a xyloglucan or a :x,;rloglucoma.nnan, La. ter Adams ( 66) 

isolated 2,3,4-tri-û-methyl-D-:x,;r1ose among the products of hydrolysis 

of a methylated g1ucomannan from sugar map1e (Acer saccha,rum), indicat

ing that D-:x,;rlose was an integral part o:t the g1ucomannan" It must be 

pointed out tbat several workers have observed the presence of trace 

am.ounts of .xy1ose in glucomannans., This bas usually been attributed 

to the presence of sma11 amounts of the acidic xylans whicb occur in 

these woods and whicb bad not been completely removed by the fraction

ation procedure used. It is therefore ver.y likely that some of the 

xylose units in the present polYsaccharide were attached to the main 

glucose chain by (1~6)-linkages" The identification of' 2,3-di,~ 

methyl-D-xylose might, therefore, indicate that either a separate 

(1~4)-linked xylan macromolecule was present or that such a chain 

could be present as a long branch attached to the main glucose chaino 

It must be pointed out that partial hydrolYsis of the "glucan" f'ai1ed 

to yie1d any o1igosacoharide containing xy1ose and glucoseo Also, no 



JÇVlobiose was detected in the partial }zy"drolyzate of the "glucan", as 

was observed in the case of the arabino-4-û-methylglucuronox;.vlano 
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Summ.arizing, it can be said that the "glucan" apparently con

sisted of a backbone of (~4)-linked glucose units, which possessed 

branch points at C-6o Some of the &alactose residues in the original 

hemicellulose were probably attached to the main chain as single unit 

side chainso The rest were present as (1~6)-linked galactan, the 

ter.minal unit of which was attached to a glucuronic acid substituent at 

C-6o Whether or not this galactan chain is an integral part of the main 

glucose chain is not certaino The x;.vlose residues existed as a (1~4)

llnked macromolecule which may or may not be attached to the (B4)

linked glucose chaino The fractionation resulta, however, pointed to 

the heteropolymeric nature of the "glucan" o 

It appears from this stu~ that the spectrum of glucose= 

containing polysaccharides in lignified materials, other than cellulose 

and starch, is much broader than the one encampassing the various gluco

mannans and galac:toglucomannans., The "glucann obtained from the bark 

or Engelmann spruc:e representa a type or hemicelluloee which has not been 

isolated from wooqy tissues investigated so faro As pointed out earlier, 

Painter and Purves (25) suggested the possibility that the inner bark of 

white spruc:e might contain a xyloglucano Later Thornber and Northcote 

(38-40) obtained evidence for the presence of glucose-based polysaccharides 

in the bark of gymnosper.ms~ 

A po~saccharide containing glucose and xylose in a ratio lgJ6 



bas been isolated from the pith of KerriA 1apon1ci (67)o Fractionation 

studies on this po}J10.er revealed that the polysaccharide was homogeneous 
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and that glucose did not originate from an impurityo Aspinall and co-workers 

(68) isolated a ~(1~4}-linked glucan along with a glucomannan from Sitka 

spruce woodG They suggested the possibility that the glucan was a degraded 

cellulose, differing from normal cellulose only in molecular sizeo M::>rak 

and Ward Jre (69), in an investigation of hemicelluloses from spruce wood 

and pulps therefrom, obtained some tractions which were rich in glucoseo 

They suggested that these residues probably arose from a degraded cellulose. 

Alternatèly, they considered the possibility that a glucose-based hemi

cellulose was present in the wood holocelluloseo Hamilton and Thompson 

(70), isolated from a neùtral sulfite semi-chemical pulp of western red 

alder, a hemicellulose traction containing galactose, glucose and xyloseo 

They obtained no indication, however, that this polyaer was a galactan, a 

glucogalactan or possibly some po!ymer incorporating xyloseo Apart from 

these isolated investigations, other glucose-based polysaccharides referred 

to in literature are the water-soluble cereal gums from barley and oats, 

which contain as major components 13-glucans, possessing both (1~4)- and 

(l~J)-linkages (9).. Callose, which is a polysaccharide accumulating on 

th~ sieve tubes of wood barka has been shown to be a ~-(1~3)-linked glucan 

(?l)o The amount of callose in bark is not ver,y large, however, and 

especially not so in a spring-felled tree such as was used in the present 

investigation, since the polysaccharide appears to be enzymatically removed 

at the beginning of each growing season (72)o 



EXPERIMENTAL 

A1l evaporations were carried out under diminished pressure 

a.t a bath temperature of 40°C or lesso The specifie rotations were 

equilibritml. values measured at 23@ 3"C at 546 and 578 1DJ.L using a 

Zeiss photoelectric polarimeter and referred to 589 nq.a. (sodium-D-line) 

with the aid of the Drude equation. Unless otherwise stated water 

was used as the solvento All melting points were correctedo 

Paper Chromatograpgy 
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Chromatographie separations were carried out at room temperature 

by the descending technique on Whatman Noo 1 and Noo 3:MM paper, the latter 

being also used for preparative purposeso The following solvent systems 

{v /v) were employed 

(A) ethylacetategpyridine~water (8g2ü) 

(B) ethylacetategacetic acidgwater (9g2g2) 

(C) ethylacetate&acetic acidswater (18g7g8) 

(D) ethylacetategacetic acid&for.mic acidgwater (18g3glg4) 

(E) n-butanolgwridinezwater (10~3 g3) 

{F) butanoneswatergammonia (90g8g2) 
(the mixture was saturated for 24 hours at 4@C and 
the orga.nie layer was used) 

(G) n-butanol~ethanolgwater (4ü~5) upper layer 

Electrophoresis 

Electrophoresis was carried out in a Oo05M borate butter 

(pH 9o5) at 700 volts using Wha.tma.n No. 3MM papero 

Sugars were located on the chromatograms and electrophoretograms 
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by spraying with a solution of Q-aminodipheJV"l in glacial acetic acid (7.3). 

H.vd.rol.vsis of the Pol,y:saccharide , 

Ftfdro]Jrsis of all po]Jrsaccharide was carried out by the lnethod 

of Saema.n and co-workers (74). The polysaccharide when a.vailable on]Jr in 

amal.l amounts was treated with enough 72% sulfuric acid to form a good paste. 

It was heated at .30°0 for a time sufficient to obtain a more or less clear 

solution. After dilution with about 20 times the volume with water it wa.s 

autocla.ved (at 15 lb. pressure) for 75 minutes. .A.tter neutralisation w.:l.th 

barium carbonate and treatment of the f'iltrate with Amberlite m-120 ex-, 

change resin, the solution was concentrated and stored in the oold. 

Qs•ntitative Sugar Estimation 

Po]Jrsaocharide Jv"dro)Jrzates were resolved b7 paper chromatograpJv" 

in solvant A. .A.tter elution with appropriate amounts of wa.ter, the va.rious 

reducing sugars were estimated by the spectrophotaaetric method or Tfmell, 

Glaudemans and Currie ( 73). 

Preparation of the Bark 

Ba.rk from a spring-felled tree or Engelmarm spruce (Picea engel

mannii) was kind]Jr supplied by Columbia Cellulose Campa.Dy, Ltd., Prince 

Rupert, B. c. The tresh and st111 wet bark was kept imm.ersed in boiling 

ethanol for one hour. .A.tter drying in the air, the bark was manually freed 

from the rema.ining x;ylEitll and cambium. It was subseqltently broken up to 

sœall pieees and eonverted to sawdust in a WUey mill, the 20...$0 mesh 

fraction being collected. 



Extractive-free Bark 

The bark was exhaustivelY extracted in a Soxblet apparatus 

with the azeotrope of ethanol-benzene (1:2 v/v) and then air-dried. 
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The extractive-free bark had a moisture content of 11.0% and a com

position as given in Table 29. Lignin1 ash and pentosan contents were 

determined by standard Tappi procedures for wood (75-77). Uronic 

anhydride was determined by the method of Browning (78) and 0-acetyl 

by Timell's modification (79) of the procedure of Whistler and Jeanes 

(SO). It is to be noted that the pentosan content is higher than the 

total of the arabinose and xylose. This is because the xylose occurring 

as unhydrolYzed meteylglucuronosyl JC;Ylose in the hydrolYzates, was not 

accounted for in the sugar analYses. 

PrQparation of the Boloce11ulose 

The holoce11ulose was prepared b,y the chlorite method of Wise 

and co-workers (81). Extractive-free bark (1150 g. on a dry basis) 

was suspended in water (18 litres) at 75-80°0. Glacial acetic acid 

(120 ml.) was added followed by sodium chlorite (360 g.) which was added 

portion-wise in a period of 1 hour wi th vigo rous stirring of the suspen

sion. Fresh reagents were added at hourlY intervals and the proeess was 

repeated three times. The material was washed with water by decantation 

several times, after whieh the oxidation was repeated twice as before. 

The white holocellulose was washed !irst by decantation and then on a 

BÜchner funnel wi th disti11ed wa ter and ethanol and was fina]Jy air-dried. 

Yield, 575 g.; 50% of the dry extraetive-free bark. 



Table 29 Chemical Com.posi ti on of the Ext.racti ve-free Bark 

Component 

Smgmative data 

"Lignin" 

Ash 

Acetyl 

Uronic anhydride 

Residues of: 

Galactose 

Glucose 

Mannose 

Arabinose 

~lose 

Other data 

Pentosan 

Ma.terial soluble in cold water 

Ma.terial soluble in hot wa.ter 

Ma.terial soluble in 1 per cent 
sodium hydroxide 

Per cent of extractive
tres bark 

4.0 

0.5 

s.o 

,3.3 

3.8 

11.3 

20 • .3 

51.6 
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Iso1at1on o~ Pect1c and other Water=soluble MateriaJs 

The bark holocellulose (565 g. moisture 11.6%) wa.s suspended 

in 18 litres of an aqueous solution of ammonium o.xala.te (0.5%) at a 

temperacure of 70-75•c. and stirred vigorous~ for 16 hours at that 

teœperature. After allowing it to stand overnight the suspension was 

filtered through a large BÜchner tunnel and wa.shed with hot water until 

the wa.shings were colorless. The combine<;~ fUtrate and washings were 

evaporated to a small volume and precipitated in four volumes of ethanol. 

The precipitate was washed successivel7 with 70% ethanol, absolute 

ethanol and petroleam ether and dried ta vacuo. Yield 128 g., 12.5% of 

the dry e.xtraotive-tree ba.rk. 

Isolation of Crude Hemicelluloses 

'l'he residue.from above was aee~cal~ shaken with 5.5 litres of 

10% ( w/w) aqueous sodium carbonate at room tempera ture for 16 hours in an 

atmosphere of nitrogen. The resulting slurry was filtered through sintered 

glass (Pyrex coarse) and washed a few times with distUled water. The 

combined filtrate and washings(8 litres) were neutralized carefully with 

glacial acetic acid and then precipitated in three volumes of ethanol. 

After allowing the precipitate to settle overnight, it was filtered and 

recovered by solvent-exchange as before. Yield, 45.0 g., 4.3% of the dry 

extractive-free bark. 

The residue from the above extraction was suspended in 5 li tres 

of a.queous potassium hydroxide (24% w/w) and mecha.nicall1 shaken as before. 

The a.lkaline solution was filtered and the solid residue washed wi th dis

tilled wa.ter. The eombined filtrate and washings {6 litres) were poured 

···---·---~~~------------



into tour volumes ethanol containing glacial acetic acid (.3 litres). 

The recovered product weighed 1!/7 g., S. 5% ot the dr.1 extracti ve-.tree 

bark. 
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The remaining solid material vas extracted in the same mannar 

with 17.5% (w/w) aqueous sodium hydroxide containing 4% borate. The 

recovered product.weighed 26.0 g. Yield, 2.5% o.t the dr,y extractive

.tree bark. 

The solid residue vas acidi.tied with dilute acetic acid, 

wa.shed with water and ethanol and dried in the air. Yield, .312 g., 

.30 • .3% ot the extractive-free bark. 

Fractionation of the Crude Potassium ij[droxide Eltract 

Rvdro~ysis wj.th q-am.ylase - The potassium eydro:xide e:x:tract ('500 mg.} wa.s 

dissolved in wa.ter (lOO ml.) and a-amylase (500 mg.) vas added to the 

solution. After mecha.nical~ shaking the solution tor 24 hours a.t roam 

temperature, the contents were poured into acetone:etha.nol (1:1) and 

the precipitated polYsaccharide was recovered by filtration. It was then 

hydrolyzed with sul.turic acid (74) and qua.ntitatively analysed .tor the 

reducing sugars ( 7.3). The re was no change in the composition ot the 

polysaccharide. A sam.ple ot water-soluble starch atter a similar treat

ment, gave no precipitate on addition of the aqaeous solution to acetone

ethanol and no coloration with iodine. 

Chromatography on Diethylaminoetgylcellulose - Dietnylaminoetnylcellulose 

was .tirst digested with 0.5N nydrochloric a.cid. Atter centrifugation, 

the residue was suspended in 0.5N sodium nydroxide. This alternate 
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trea tment wi th acid and alkali ~s repea ted three times af'ter which 

the cellulose derivative was washed with distilled water several times 

to remove the alkali. It was deaerated b,y maintaining it in vacuum 

overnight and subsequ.ently immemd:' in 0.5M sodium dih;ydrogen phosphate 

(PH 4.3). The pH ot the solution was adjusted to 5.5 b,y addition of di

sodium h;ydrogen phosphate. It was again deaerated overnight, after which 

the superna.tant solution was decanted, and the residue was Wa.lihed with 

distilled water until the washings were free ot phosphate ions. 

The dieth;ylaminoeth;ylcellulose (Phosphate tom.) as prepared 

aboYe was pa.cked in a column ( 2 1/2 =· .x 40 cm. ) • The polysaccharide 

to be chroma.tographed (200-500 mg.) was dissolved in a sma.ll am.ount ot 

water and placed on top ot the column. It was successively irrigated 

with water, 0.05M sodium dih;ydrogen phosph&;t.e (PH 5.5), 0.5M sodium 

dih;ydrogen phosphate (PH 5.5) and O.lN sodium h;ydro.xide. The fractions 

were collected in 20 ml. portions with the rate of flow maintained be

tween 0.8 to 1 ml. per minute. 

The chromatographie separation wa.s tollowed by e:x:amina.tion ot 

each test tube tor the presence ot polysaccharides b,y h;ydro~ing the 

oontent ot the tube {1 ml.) with concentra.ted sulturic acid (5 ml.) 

in the presence ot phenol (1 ml.) (82). The ora.nge-yellow color 

developed was estimated spectrophotametrically b.1 measuring its absorb

ance at 480 mp. A plot of the absorbance against the test tube number 

gave tractionation curves as presented in Figs. V, VI, VII and VIII. 

The various tractions were recovered b,y collecting the contents 

o! the test tubes that f'ell in the corresponding peak and evaporating 
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them under reduced pressure. The fractions eluted with aqueous 

phosphate and sodium hydrorlde were also de-iônized with Amberlite m-

120 (W form) and m-4B (011" form). 

Fractional Precipitation - To a 1% aqueous solution of the polf

saccharide, ethanol was added dropwise frem a burette, the solution 

being maintained at 25 ± l°C. At the sign of turbidit.y, the addition of 

ethanol was stopped, the solution cooled to + ;qc and the precipitated 

pol1saccharide recovered b,y ultracentrifugation at 19,000 r.p.m. The 

process was repeated to obtain as many fractionsas was possible. A 

similar fractionation procedure was also employed for testing the homo

geneity of same hemicellulose preparations. 

Acet:vlation - The pol1saccharide (2 g.) was dissolved in dry formamide 

(50 m.l.) freshly distilled la vacuo. Py-ridine (125 m.l.), freshly dis

tilled over barium. o.:x::ide, was added portion-wise in half an hour followed 

by acetic anhydride (20 m.l.). The mixture was cooled under tap water. 

The solution was mechanicallf shaken overnight, after which another 20 œl. 

of ace tic anhydride was added. A total of three su ch additions was made, 

and after allowing for a reaction time of 2 <lays, the mixture was poured 

with vigorous stirring into 2 litres of ice-cold water containing 2% 

hydrochloric acid. The liquida were removed by filtration through a 

Büchner funnel and the residue was washed with ice-cold water until neutral. 

It was successively washed with methanol and petroleum ether and dried 

in vacuo$ Yield, 2.7 g. (82%), acetyl, 38.2%. 
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Isolation of the GlgcoseïRich Hem,icellultse ("Glucan"} 

The crude potassium hydroxide extract (230 g.) was dissolved 

in water (4.5 litres). A amall amount (.3 g.) of insoluble material was 

removed by centrifugation. The clear, dark brown solution was treated with 

Feblingts solution (2600 ml.) whereupon the copper complex precipitated. 

It was allowed to settle and the supernatant, clear liquid was decanted ott. 

The remaining liquid was removed on the centrifuge. The residue was washed 

sparingly with wa.ter. The combined centrifugate and washings were used for 

the recovery of the :xylan ( see la ter) • 

The residue waa dissolved in a minimum amount of ice-cold hydro

ohloric acid (l.SN) and the solution was poured into four volumes of ethanol 

to give a white tlocculent precipitate. It waa washed o~ a BÜchner .tunnel 

with elightly a.cidified acetone:water (60t40) to remove copper completel.y 

and then with the solvant mixture for removal of the acid and finally with 

ethanol and petroleum. ether. The dried product weighed 61 g. It was 

further puritied by two more successive precipitations with Fehling's 

solution as before to yi.eld a very white powder (41.0 g.), having the 

sugar composition given in Fig. !X(b). 

Purification otthe Copper CQ;plex 

In ol"der to elim.inate or reduce the mannose content in this 

·fraction, it was subjected toa purification treatment with aqueous barium. 

hydroxide. The polysaccharide (40 g.) wa.s dissolved in 20% (w/w) 

potassium hydroXl't:ie (400 ml.). Wa.ter (400 ml.) was added and the solution 

was agitated with 5% a.queous barium hydro:x:ide (2 litres) which was added 

slowly over a period of 2 l/2 hours. The precipitate for.med was washed 
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on the centrifuge twice each wi tb 5% sodium bydroxide and diatilled water. 

It was then dissolved in the minimum amount of ice-cold 50% acetic acid. 

Addition of this,. solution to tour volumes of ethanol gaTe a precipi tate 

which was recovered b.1 solvent-exchange in the usual ~· Yield, 6.0 g, 

This was evident~ a. galactoglucomannan. The centritugate and washings 

were combined and neutralized wi th ice-cold 50% acetic ac id. The solution 

was concentrated and precipitated.into ethanol, The recovered material 

(32 g.) bad the composition given in Fig. IX(b) and was the "glucan" 

·portion of the potassium hydroxide extract; [a]D + 35• {C, 1,3). 

IsolAtiQn ot the Xzla.n 

'l'be qla.n was recovered from the centritugate ànd washings 

obtained on the first treatment of the potassium hydro:x:ide extract with 

Fehling's solution. The soluble copper complex was added to four volumes 

of ethanol, The,blue precipitate fonned was allowed to aettle. The super

natant liquid was decanted off and the residue was washed a few times with 

ethanol, It was then dissolved in ice-cold hydrochloric acid (1.5N') and 

the solution was poured into ethanol. The white precipitate obta.ined 

weighed 160 g, and had the sugar composition shown in Fig, IX(c), 

Purification of the !Ylan 

The hemicellulose obtained above (50 g.) was dissolved in water 

(750 ml,), Cetyltrimethylammonium bydroxide (O,lN', 500 ml.), prepared by 

passing a. 3.7% solution of the corresponding bromide (ttcetavlon") through 

a column of Amber li te IR-45 (OH- form) exchange rasin, was gradual.l.y added 

to the solution with stirring. No signiticant precipitation occurred until 

after the addition of ·l:N' sodium hydroxide (150 ml.). The sticll;r precipitate 
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then for.med was recovered b.1 ultracentrifugation at 19.000 r.p.m. and 

washad twice on the centrifuge with distilled water. The precipi tate 

was dissolved in a minimam amount of ice-cold 6% acetic acid and poured 

into tour volumes of ethanol, 'l'he recovered white substance weighed 4,1 

g, and had the cœtposition given in Figt n(c), 

The cambined centrifugate and washings were de-ionized vith Amberlite 

m-120 { g+ torm) exchange resin and precipi tated into ethanol; yield 40 g, 

'l'he polysaccharide had the composition given in Fig. IX(c), When this 

ma terial wa.s trea ted wi th aqueous barium lzy'droxld.e, a smal1 amount ot pre

cipita te was tor.œed which was discarded, The traction rêOOvered tram the 

soluble portion was obtained in a yield or 37,5 g, and. contained less amounts 

of glucose residues than betore. The compbsition of this xylan fraction is 

given in Fig. IX(c); [a]D- )56 (G, 1,4), 

Iso1ation of the Glucomannan 

The sodium h,;ydroxld.e-boric acid e:x:traet (45 g,) was dissolved. 

in 10% aqueous sodium hydroxide (900 ml,) and precipitated with 5% barium 

eydroxlde solution (2,5 litres), The preeipitate was recovered as d.es:oribed 

earlier, Two more precipitations on ihis material with aqueous barium 

hy'droxi{je yielded a white powder, Yield = 35,5 g. The composition l~~· 

given in Fig. IX(a); [e]D - 43' {C, 1.0 in 10% NaOH). 

GWCOMANNAN 

Partial ijydro1fsis of the Glucamannan and Qualitative Identification 
of the Oligosacch&rides 

The glucomannan (1 g,) was dissolved in 90% formic acid (10 ml,) 

and diluted with water (10 ml,), The solution ([u]D- 28,P) was heated 
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in a boiling water bath (98°C) for 3a5 hours at the end of which time the 

specifie rotation was + 19°. The formic acid was removed by repeated 

evaporations from wa ter, after wh.ich the residue was ~iled und er reflux 

with Oo5N sulfuric acid (40 ml.,) for 5-6 minutes for elimination of 

formate esters., The solution was neutralized with barium carbonate, 

filtered through Celite, de-ionized with Amberlite IR-120, filtered again 

and evaporated to yield a syrup (0.,7 g.,) .. 

Chromatographie examination of the syrup in solvents A, B and E 

revealed the presence of six oligosaccharides in addition to galactose, 

glucose, mannose and a amall amount of Jcy"loseo The oligosacoharides were 

separated on Wha'bnan No., 3MM filter paper, using solvent E. Each compound 

was tentatively identified by com.paring its mobility on the chromatogram 

(solvents A and E) with authentic specimens of oligosaccharides. The 

suga:rs identified were ~(1~4)-link:ed mannobiose, mannosyl glucose, glucosyl

mannose, cellobiose, mannotriose and mannotetraoseo 

Msth.yla tion of the Glucomaman 

The glucomannan (16 g.,) was dissolved with stirring in .35% (w/w) 

sodium }Vdroxide (400 ml..,) in an atmosphe:re of nitrogrn., Dimethyl sulfate 

(200 ml.,) was added slowly over a period of 8 hours with constant stirring. 

the temperature was maintained at about 10•c. The addition of sodium 

by'drorlde and dimeth;yl sulfate was repeated three times.. Each time solid 

sodium eyd.roxide ( 200 g., ) 1 and dimethy 1 ault a te ( 400 ml. ) was added.. Good 

stirrlng throughout was maintained by adding enough water., After completed 

reaction, the mixture was carefully neutralized with concentrated sulfuric 

acid to pH 7 and then 50% acetic acid was added to bring the pH to about 4. 
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The solution was hea.ted to boiliitg when the metb;yla.ted produet separated 

a.s a cake at the surface ot the solution. It was recovered b7 filtration 

through a BÜchner tunnel, washed with a little hot water, and dried 1Q 

vacuo. The combined f'iltrate and wa.shings were extracted with chloroform. 

The ehlorofonn extra ct was evapora ted and the sma.ll residue obtained was 

added to the main portion. The total material was subsequently dissolved 

in chlorofor.m, dried over annydrous sodium sulfate, evaporated and dried 

over phosphorus pento:x:ide in vacuo. Yield 18.0 g. The partially 

meteylated polysaccharide wa.s dissolved in 200 ml. of dimethyl formamide 

(dried over barium oxide and diatilled shortly before use). The solution 

was shaken in the dark for 24 hours with 75 g .. of silver o:rlde (freshly 

prepared) and methyl iodide (75 ml.). Two more similar additions of 

silver oxide and metnyl iodide were made, the solution being shaken 

for 24 hours aach timao A sami-solid, gr~ish maas was obtained. This 

was centrifuged, and the residue was washed on the centrifuge with 

chloroform (4 x 300 ml). At this stage, the chlorofonn solution deposi ted 

a small amount of a crystalline preeipitate, preaumably an addition 

product of' silver oxide-silver iodide-dimethylfonnamide, whioh was rem.oved 

by filtration., The chlorofonn solution was washed with 5.% potassium 

cyanide (2 x 300 ml,) and water (2 x 500 ml.) and dried over a.nbydrous 

sodium sulfate., The solution was filtered through folded paper and evapor

ated to about· 200 ml., This was poured vary slowly into vigorously agitated 

petroleum ether (1600 ml .. ) to give a pale yellow, fibrous precipitate. 

This was washed on the filter wlth petroleum ether and dried in vacuo 

over phosphorus pentoxide to yield a pale yellow powder (11 g. ). OMe, 

calculated for a .tully methylated hexosan 45.6%; Found: OMe, 43.6%. The 

infra~·red spectrum of the metbylated product (KBr pellet) showed only a 



very s1ight band in the region of .byd.ro:xy-1 absorption; [a.]D - 20° 

(C, 2.6 in CHC1
3

). 

Methanol.ysis of the :Methylated Gl.ucomannan 

The met.bylated glucanannan (4 g.) was ref1uxed with O. 7N 

a.nhydrous me~olic hydrogen chloride ( 120 ml.) for 8 hours. The 
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solution was neutralized witb si1ver carbonate7 filtered tbrougb Ce1ite, 

treated witb .bydrogen sultide, again filtered tbrough Celite and evapor

ated to dryness., The product was dissolved in lN sulturic acid (120 ml.) 

and boiled under reflux for 8 bours. The acid vas néutralized with barium 

carbonate, filtered tbrough Celite, wasbed with much distilled water 

(negative MDlisch test), concentrated to a small volume, de-ionized with 

Amberlite IR-120, filtered, and again evaporated to give a pale yell~w 

57rupo Yield, 3.6 g. 

Separation ot the Methflated Sugars 

The syrupy mixture of met.bylated sugars revealad the presence 

of sevan components on paper cbroma.tograpb;r in solvant F. A portion of 

the Jlixture was spotted on 38 sbeets (18 cm. wide) of Whatman No. 3MM 

filter paper, provided with a wick of Whatman No. 50 paper (16). The 

various fractions were eluted from the chromatograms witb water, evaporated 

to a small volume and treated with a mixture of Amberlite m-120 and IR-45 

exchange resine and Ilaol-o G-60 charcoal. The solide vere removed b7 

filtration (Whatman No., 5 filter paper) and washed vith alcohol:water 

(1:1) until the washings gave a negative MOlisch test., Atter evaporation 

to dr:Yness, the solid residue was a:xtracted with et.byl acetate and. filtered. 

Evaporation to dr,yness gave clear pale yellow s,rraps which were dried in 
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high vacuum over phospbo:rus pento:rlde. 

Identification ot the Methylated Sugars 

2.3,Di~ethyl-Djœannose and 2.6-Di-0-meth[l-D-glqcose - These sugars 

were obtained as a syrup;y mixture [a.]
0 

- 6.3 (C, 1.5). Paper electro

phoresis of the s;vrup gave two spots which had the same positions on the 

electrophoretogram as authentic specimens of 2,3-d~-O~etbyl-~nnose 

and 2,6-di-O~etbyl-D-glucose. Dem.eth;rlation of thesyrup with boron

trichloride (83) gave mannose and glucose in an appro:x:imate ratio of 

4:1. 

2,3-Di-0-meth:rl-D-glucose - This sugar was obtained as a syrup [«]D + 43.1• 

(C, 1.0). It was chromatographicall;y indistinguish&ble (solvent F} fran 

an authentic specimen ot 2,3-di-0-meth;rl-D-glucose. Paper electrophoresis 

also indicated their identical nature. Demetnylation gave only glucose. 

A Tri~eteyl-D-galactose -The syrtlpy sugar [«]D + 30• (C, 0.4) obtained 

in very small amounts, gave only galactose on dem.ethylation. Its RG 

value in solvant F was 0.32 which was much lower than that of 0.49 for 

an authentic specimen of 2,3,6-tri-0-metbyl-D-galactose (84). It might 

very likelY be 2,3,4-tri-0-metbyl-D-galactose for.med b.Y accidenta! 

demeth;rlation of the tullY methylated product. 

2.3,6-W-0-metltyl-D-mannoser This syrup had [«Jn- 9• (C, 2.4) and 

gave only mannose on demethylation. The 1,4-di-,R-nitrobenzoate derivative, 

prepared according to the method of Rebers and Smith {85) had m.p. and 

mixed m.p. 188-189•c and [«]
0 

+ 32• (C, 0.8 in chlorofom) after recrystal

lization tram methanol. 



109 

21 3.6-Tri-D;aeth.yl-D-glucole - The syrupy sugar gav• on.:cy glucose 

on demethylation. It vas crystallized !'rom ethy'l ether solution. Af'ter 

one recr.ratallization, the sugar had m.p. and mixed ••P• ll9-12o•c and 

[u]0 + 68• (c, 2.0). 

2.3,4.6-Tetra-D::methyl-D-galactose - The syrup [u] 0 + 86• (C, 0.8) was 

chromatographically indistingu.ishable tram an authentic specimen or 

2,3,4,6-tetra-o~ethyl-D-galaetose (solvent F). Demethylation gave only 

galactose. The aniline derivative (2,3,4,6-tetra~ethyl-N-phenyl-D

galactosylamine) a.f'ter two recr.ystallizations tram ethylacetate-petroleam 

ether had m.p. and mixed m.p. 195-196•c. 

2,3,4.6-Tetra-o-methylated ~eee and D-glucose - The mixture ot these 

tw sugars had [u] 0 + 49• (c, 2.1). Dellethylation gave mannose and 

glucose in approximate ratio 1:1. Re.f'luxin& the mixture with alcoholio 

aniline produced a s.yrup which .f'ailed to or.ystallize in ethyl acetate

petroleum ether or ethyl ether-petroleum ether. 

Period&te OJidation or the G1uçqmannan 

Portions ot t·he glucomannan ( lQ0-15(> mg.) were introduced into an 

aqueous solution or 0.05M sodium metaperiodate (50 ml.) and :m.echanical.17 

sha.ken in the dark tor various lengtha o.f' tiae. At the end ot each 

period the periodate oonsamption wae deter.ained b.r the liller-Priedberger 

method (86). The con8UDI.ption was round to atta.in a constut value or 

1.02 moles per anhydrohexose unit atter 5 dal8 (aee Table 21). 

Preparation o.f' the Nitrate Derivative ot the Gluoamannan 

A nitrating mixture oontaininc nitric acid, phoephori~ acid 
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and phosphoru.s pento::rlde in a weight ratio 64~26:10 (87, 88) was 

prepared., Dry glucomannan (.3 g.) wa.s treated with this mixture at + 17 

for 2 hourso At the end of this period, the reaction mixture was poured 

into a 20% brine solution (8 litres) cooled to -l5°C" The glucomannan 

nitrate vas recovered b.Y filtration and washed with water and methanol., 

The dried prodact weighed 4.5 g., 86% yield. Theoretical nitrogen. 

content, 14ol%o Foand, 1.3o3%, corresponding to a base molecalar weight 

of 280., 

Determination of ~e Nn!!!ber-Average Mo1eçular Weigbt of the Nitrated 
and Metltylated Glycpmann.ans 

The osmo.metric measurements were carried out with modified 

( 89 ) Z:imm.-lVerson type ( 90) os.mometers provided wi th gel cellophane 

membranes and the sol vent was n-butylacetate for the nitra ted and a 

mixture of chlorofom and ethanal(9ü v/v) for the methylated gluco-

mannan. The temperature of measurement was .30 ± 0.01 oc and the 

static method of measuring the osmotic height was used. The resulta 

obtained are &tliiiDlarized in Table 30. 

ARABIN0-4-Q-Mil:THYLGLUCURONO-XYLAN 

The isolation of this hemioellulose has been described earliero 

Partial ijydro1Ysis of the Xylan and Separation into Neutral and Acidic 
Com-eonents 

Partial eydrolysis of the JÇYlan was carried out as described 

for the glucomannan. An aqueous solution of the syrup obtained was 

added to the top of a column (.3 .. 7 cm .. x 25 cmo) containin~ Dowex l-I4 

(acetate for.m) exchange resine Neutral sugars were first eluted with 



Table 30 O.e~~Dœ~etry Data tor Ritrated and Ket..qrlated Gluccaannan 

Gl.ucO!IIl8nnan Ri.trate Jletqylated Gluctwru~nnan 

w b/V v h/W 

4,.330 1.,312 2.,1iJ1 2olll 

J,.614 1.,248 2.,CJ14 2.,052 

2o457 lo2.34 1.,618 lo999 

1 .. 934 1oH10 1.,224 1o710 

1.,436 lo1)2 0.,193 1o644 

0 1.,060 0 1 .. 390 

W = Concentration in grams/kllogram of solution 

b/W = Oamotic height in centimeters of solution/concentration 

~ 
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water (3 litres). Evaporation of the eluate gave a clear syrup (2.6 g.). 

ne acidic sugars were displaced !rom the colum.n with 30% aqueous acetic 

acid (4 litres), which was evaporated to give a clear s,yrup (1.3 g.). 

Preliminar,y examination of the neutra! sugar mixture b,y paper 

chromatograp~ (solvants A and E) revealed at least five oligosaccharides 

in addition to galactose, glucose, arabinose and qlose. For isolatiom 

of the oligosaccharides, solvent A was employed. Four sugars (see Table 23) 

were obta.ined. 

Examination of the acidic s,yrup by paper chromatograpb;,y (solvants 

B,C and D) revealed the presence of at least nine oligoaaccharides in 

addition to traces of 4-0-met~l-D-glucuronic acid. For separation ot 

these sugars on a preparative seale, solvent B vas used. Since some ot 

the oligosaccharides were present olÙJ" in am.a.ll amounts, the sepa.rati.ou 

was directed with a view to isolate those oligosaccharides which were 

present in significant amounts.. Four such sùgars were isolated. 

Preliminaty Characterization of Neutra1 Oligosacch§rides 

Oligosaccharide {A) - This sugar (14 mg.) on hydrolysis with sulturic 

acid gave galactose and XYlose in an approximate ratio or 1:2 and had 

[a]D + 2° (c, 1.4).. It gave a single spot on the paper when chromato

graphed in sol vents A, B and E, indicating that i t was homogeneous. It 

bad a mobility on the chromatogram veey close to that of authentic ~-(1...,..4)-

XYlotriose., 

Oligosaccharid.e (B) - 'l'his compound (21 m:g.) vas obtained as an amorphous 

powder and had a very low specifie rotation which could not be measured. 
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On nydro~sis it gave galactose, glucose and ~lose in the approx±mate 

ratio of 4:1:2., Although it gave a single spot on the paper when chramato-

graphed in solvent A, examination in solvent E revealed minor amounts of 

a contaminant which was identical in mobili~ to authentic cellobiose., The 

major oligosaccharide had a lower mobility than cellobiose., It is very 

like~ that the major component in oligosaocharide (B) was camposed of 

galactose and xylose residues. 

Ql;1.&QaacoA&tiQ§ ( C) - This sugar (29 mg.) was an amorphous powder and 

had [a] 0 + 10.2• (C, lo6)., On ~drolfais it gave riae to galactose, 

glucose and xrlose in the approximate ratio 6:lt6. Paper chramatograp01 

in solvant E again revealed heterogeneity, but the contaminant was present 

only in traces and had a mobili ty similar to that of cellobiose. The major 

oligosaccharide moved slightly taster than cellobiose and i t is likely that 

it was a disaccharide consisting of galactose and xylose residues. 

Qligosacehêride (D) - This oligosaecharide (50 mg.) bad [a]D- 24° (C, 0.8) 

and gave only xylose on nydrolysis., Its ehromatogr~hic mobility (solvants 

A, B and E) as well as specifie rotation were identical to those of an 

authentic specimen of a ~-(1~4)-linked ~lobiose., 

Prelimina~ Characterization of Acidic Oligosaccharides tram the Xylan 

The four oligosaccharides obtained were ehromatogra.phed on 

paper (solvants B9 C and D) along with a.uthentic specimens of acidic 

oligosaccharides obtained from other softwood :x;,rla.ns. One of them ha.d the 

same mobility on the chromatogram. as 2-D-{4-0-meteyl-a.-D-glucopyranosyl

uronic acid)·-D-xylopyranose (A2)., The other three oligosaceharides bad 



the mobilities respectivel,- of an aldotrio-{A:3), an aldotetrao-{A4) 

and an aldopentaouronic acid (A
5
). 

Qharacterization o.t 2=0-(4=0-metA.YJ.=t-D-alucoPnanoS:.Vluronio acid}
D-:r;ylopzranolt 

The aldobiouronio aoid (140 mg.) was boiled under reflux with 

Oo?N methanolio h;rdrogen chloride {S ml,) for 7 hours. After neutralization 

with silver oarbonate, filtration through Celiteg treataent with h;rdrogen 

sultide, filtration and evaporation 1ie1ded a qrap (150 mg.), The m.etby'l 

ester meth;rl glJooside of the aldobiouronio acid was dieeolved in dr,r 

wridine (40 ml .• ) and treated with acetic anh,;rdride (15 Jill~) and af'ter 

a reaction time of 24 hours at 2;•c, the solution ne poured into ice-

water (lOO mlo). The aqueoue solution wae extraoted with chlorof'o:nn 

(.3 x 100 mlo )., The ohloro:form extraot wae washed with 10% ice-cold 

.hydroohlorio aoid (3 x lOO ml.), saturated aqueous sodium bicarbonate 

(.3 x 100 mlo ) , and wa ter ( 100 mlo ) o The extra ct wa.s dried over sodium 

sulfate and then evaporated to yield a. syrup (160 mg.). The latter was 

dissolved in boiling ~l ether., The cr,rstale of the tetra.a.oeta.te fo:nned 

"Were rearyetallized from anhydrous ethanol:ether (1:1) and bad m.p. and 

mixed m .. p .. 199-·200•c and [a.]D + 98• (C, 1.0 in ohloro.t'om) identioal 

with those of an authentio specimen o:f meth;rl 2-0-[meth;rl (2,3-di-0-

acetyl-4-0~eth;rl-u~D-gluaopyranoayl) uronate)-3,4-di-0-acetyl-a,~-

Meth.vla,tiQn ot the Xvl&u 

'l'he J!Ylan was methy'lated f'ive times with dimetb;yl sul.fate and 

sodium h;rdroxide and tour times wi th silver oxide and meth;rl iodide as 
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deseribed for the glueomannan. The metl\rlated produet bad OMs, 38 .. 4%; 

caleulated for a tully aetb.Tlated pentosan OMs, .39.6%; [a.]D- 45°( C1 

1,.8 in CHC1
3

) .. 

;Methano]J:sis of the Methvlate<i I.y1an ABd Seœration ot AciQic 
AAà Neutra! Components 

Met}\ylated hemicellulose (4 g.) was boUed under retlu:x: with 

2.,5%methanolic ~drogen ehloride (llO ml.) tor 12 hours. Atter 

neutralization and puritication in the usual wa:r, the qrup obtained 

(4 .. 5 g.,) was heated at 60°C in 5% aqueous bariwn ~droxide (25 ml.) 

for 2 hours to saponit;r the me thyl ester of the acidic caaponent ( 91). 

Solid carbon dioxide was added, and bariwa carbonate was l'ellloved by' 

filtration through Celite. The solution .as de-ionised with Amberlite 

IR-120 ex.change re sin and evaporated to give a clear syrup (4.2 go). 

The aoidie glyeoside mixture was added to the top ot a colwnn 

(3"4 cm.o x 25 cmo) of Dowex-lX4 anion exchange rasin (acetate torm) .. 

Neutral glyeosides were eluted with wa.ter to yield a syrup (3.4 g.) 

and Mid glycosides were removed with 30% aqueous aeetic acid to give 

a syrup (Oo~ go) which was dried in vacl.lO over phosphOltUS pentoxide 

for several dayso 

The aeid glycoside (0.8 g.) was converted to its met_,l 

ester by reflu:x:ing with 2 .. 5% methanolic bydrogen chloride for 7 hours .. 

The ester was reduced with lithium aluminum b.Tdride (2 g.) in dry 

ethyl ether (50 ml.) to yield a pale yellow'\ syrup of the reduced 



disaccharide, which on d.rying in. vacuo cr,vsta.llized sponta.neously. 
{ ; 

Af'ter rec:qsta.lliza.tion from etlo''l acetate, the crysta.ls had m.p. and 

mixed m.p. 165-166•CJ[«]D + 99• {C, 1.5) identical with that of an 

a.uthentic speo~en. 

H,ydrol.vsis of the Pa.rtiall.v HetbY1ated Disacch&ride and. Identi,ticl\t-ion 
ot 3-0-Methyl-D-~lgse and 2.3,4-Tri-()...methrl-D-&].ucost 
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The partially metb;rlated disaccharide (5 mg.) was l\Ydro]3'zed vith 

lN sulturic acido Th• suga.r lli:x:ture obtained, when examined by paper 

chromatograp~ (solvant F) renaled two components having identical 

mobilities as authentic spectmens of 3-o~e~l-D-~lose and 2,3.4-tri

o~etl\Yl-D-glucose respectivel.y. 

H.t.drol.ysis ot the Neutral Gl.ycosides f'rqa the Ketha.nol.ysis ot the MetAt;:ta.ted 
.Izl ap and Se,pa.ration ot the M§thylai!od l;moMrs 

The mixture of neutral gJ.Tcoside~ {3.4 g.) was boUed under reflux 

with lN sulturic acid (75 ml.). Part of the recoYered qru.p (2.9 g.) was 

resolved by paper chromatograph;y (solYlent F) • 

. . 
Preliminaty Identification of the Metbll&ted Sugars 

The va.rious sugars were tenta t1Ye]3' characterized by their 

chromatographie mobilities, sugars for.med on demet~lation and electro

phoretic behaviour (mono-0-methy'l-D-~loses, 2,,3-di-0-met~l-D-:x;ylose and 

2,3-di-0-met~l-D-glucose). The resulta are sammarized in T§ble 2&• 

THE 11GWCAP 

The isolation of this h•icellulose bas been described earller. 



P,&rtial H.ydro]ysis ot the "Glucan", Separation ot Ngtra1 and 
Acidic Co.œponents and their Resolution 
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The procedure was the same as tbat used tor the Jcy"lan. The 

neutral oligosaccbaride lllixture (2.6. g.) was resolved into two sugars by 

pa.per chromatograpby (sol ven~- A) and the acid oligosaccharide mixture 

(Oo6 g.) was resolved in ~olvent C into tour tractions. 

frel1m1parr Ch&racttrization ot the Acidic Oligosacgb&rides 

Oligosacch&ride (a) - This compound (30 mg.) had [a]D - ll.?• (C, 0.9) 

and gave galactose, glucuronic acid and Jcy"lose on bydro~sis. It was 

hom.ogeneous when examined b.r paper chromatograpby (solvents B, C and D). 

The glucuron~c acid waa identitied on the chramatogram b.r two characteriatic 

spots, a slower moving one due to the ac id 1 tselt and a !aster moving one 

due to the glucurono-(~}-lactone. 

Oligosaccharide (b) - This sugar (40 mg.) bad (a]D- 13.2• (c, 1.0) and 

gave galactose and glucuronic acid on bydro~sis. It vas hca.ogeneous when 

examined by paper chromatograpby (solvents B, C and D). 

Oligosaccharide (cl - This compound (12 mg,.) had a Tert low specifie 

rotation and gaTe galactose and galacturonic acid on bydro~sis. Paper 

chromatography (solvents B, C and D) indicated haœogeneity. 

Oligosa.cche.ride (d) - This coumpound (15 mg.) had [a]D - ?.o• (C, 0.7) 

and gave galactose, ~lose, galacturonic acid, and glucuronic acid on 

bydrolysis.. Paper chramatograpby (solvents B, C and D) revealed tbat 

it contained two oligosaccharides ot slight~ ditterdng mobilities. 



Characterization of Reducing End Groups in Acidic 
Oligosaccharides from tbe "Glucan" 

Ten mg. portions of oligosaccharides (a) and (b) were reduced 

with sodium borohydride (10 mg,) in aqueous solution. After allowing 
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4-6 hours reaction time, the excess borohydride was destroyed b,y addition 

of aqueous acetic acid. The solution was de-ionized with Amberlite IR-120 

exchange resin and evaporatsd a few times from methanol. The product was 

subsequently hydrolyzed with lN sulfuric acid and the constituent sugars were 

identified b.1 paper chromatograpb7 (solvants A, B and D), Oligosaccharide 

(a) gave galactose and glucuronic aoid and oligosaccharide (b) gave onlf 

galactose. 

Prel1m1nari R!em1oation of N§Ptral Oligosacgbarid§s 

Oligosaccharide ( e) -This compound (54 mg. ) was obtained as an amorphous, 

grayish white powder and had [a] 0 + 6.2• (C, 1.2). On hydrolysis, it gave 

rise to galactose, glucose and mannose in the approximate ratio ot 1:2:4. 

Examination by paper chromatography (solvent E) indicated that the oligo-

saccharide was a mixture of two components, one of which had the same 

mobility as an authentic specimen of f3(l~·4)-linked mannobiose. The other 

component had a lower mobili~ than mannobiose. 

Oligosaccharide ( f) - This compound ( 67 mg. ) was also ob~ined as a slightly 

yellowish amorphous powder and had [a]0 + 19.6• (C, 1.0). On hydrolysis 

it gave rise to mainly galactose with minor amounts of ~lose and glucose. 

Chromatographie examination in solvant E revealed a trace of a product 

with a mobility slightly lower than that ot 13(1~4)-:Q"lobiose. The major 

oligosaccharide was most likely a (1~6)-linked galactobiose. 

PULP AND PAPI!:R RIEaEAI'tCH INaTITUTIE 0,. CANADA 
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MethY1ation or the "Gluca.n" 

The procedure was similar to those described ea.rlier. The 

product bad OHe, 42.1% and [œ]0 + 1;• (C, 1.7 in CHC1
3
). The infra-red 

spectrum (KBr pellet) showed only' a verr slight band in the hydroJC;Yl ab-

sorption region. 

Metlyylolysis of the Meth.y1ated "Glucan" and S§paration 
of Acidic and Neutra! Cqlponepts 

The procedure was the same as that outlined for the :xylan. 

Epm:t nation of the Meth:rlated Acid G~coside Compoqel\'J( 

The acid glfcoside portion was obtained as a s.yrup (0.18 g.). 

It was converted to its methyl ester, and the ester was reduced with 

lithium aluminum hydride (o.; g.) in dey ethyl ether (15 ml.). The 

recovered syrup (lOO mg.) was hydrolyzed by reflwd.ng with N sulfuric 

acid (4 ml.) tor 6 hours. The product obtained (70 mg.) was resolved 

into its constituent sugars by paper chromatography (solvent F). Four 

methylated sugars were obtained. 

Preliminarr Examination of the Meth.ylated :Sugars 

3-û-lfeth.yl-D-xylose - This fraction (2.; mg.) was chromatographicallf 

(solvant F) and electrophoretically identical with an authentic specimen 

of .3-û~ethyl-D-:xylose. Demethylation gave only :xylose. 

2 13.-Di-Q~ethyl-D-glucose - 'l'l)is fraction (; mg.) was identical to an 

authentic specimen of 2,.3-di-0-methyl-D-glucose in chromatographie (solvants 

F, G) and electrophoretic mobilities. Demethylation gave onl.y glucose. 
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2.3.4-Tri-0-metnvl-D-galactose - This sugar (10.5mg.) gave only galactose 

on demetnylation. Its RG-value in solvent F was 0.34 and that in solvent 

G was 0.72. Aspinall and co-workers(92, 93) reported a value of 0.72 

for both 2,3,4-tri-0-methyl- and 2,3,6-tri-0-methyl-D-galactose. But the 

latter had an Ra-value of 0.49 in solvent F (84). 

2.3.4-Tri-O~eth.yl-D-glucose - This fraction (20 mg.) gave only glucose 

on demethylation. Its chromatographie mobility in solvents F and Gwere 

identical with those of an authentic specimen of 2,3,4-tri-0-methyl-D-

glucose. 

Separation of the Neutral Components of the Methanolized Methvlated "Glucan" 

The neutral glycoside mixture was hydrolyzed with N sulfuric acid 

as described for the .xylan. The pale yellow syrup .obtained (2.9 g.) revealed 

the presence of di, tri and tetra-o~ethylated sugars on examination by 

paper chromatography (solvent F). A part of this mixture was resolved in 

the same solvent to give a series of methylated sugars. 

Preliminary Examination of the Meth.ylated Sugars 

A-Di-O~eth.ylated-D-galactose - Demethylation of this fraction (6 mg.) 

gave only galactose. It was possibly 2,3-di-0-metnyl-D-galactose since 

its Ra-value in solvent G (0.48) was identical with that reported for 

this sugar by Aspinall and co-workers ( 92,93). 

A Mixture of Di-0-meth.ylated Glucose and Mannose - This fraction (8 mg.), 

on demethylation gave glucose and mannose in the approximate ratio of 1:1. 

Its Ra-value (0.18 and 0.58 respectively in solvants F and G) suggested 
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that at least one component in the mixture wa.s 2, 6-di-Q-methyl-D-glucose. 

2.3-Di-Q-methYl-D-glucose - This syrup (140 mg.) [o.)D + 60• (C, 1.9) gave 

on.ly glucose on demethylation. Its RG- value in solvents F and G (0.24 

and 0.65 respectivelY) vere identical with those of an authentic specimen 

of 2,3-di-Q-methyl-D-glucose. On refluxing it in ethanol solution with 

aniline, the corresponding glYcosylam.ine was obtained. Crystallization of 

this in ether twice, gave a product having m.p. 1301'-]J2•C;. reported value 
" 

21 31 â-Tri=Qjœeth71-D-galactose - This fraction (40 mg.) [o.]D + 98• (C, 2.7) 

gave onl7 galactose on demethylation. Its tentative characterization has 

been reported elsewhere. The aniline derivative failed to crystallize. 

A Mixture of Tri-0-methylated D-glucose and Di-Q-methylated D-xylose - This 

syrup (144 mg.) [a.]D + 45° (C, 1.9), on demethylation gave glucose and Jcy"lose 

in the approximate ratio of 1:1. The RG-value (0.58, solvent F) suggested 

the presence of a mixture of 2,3,6-tri-Q-methyl-D-glucose and 2,3-di-Q

methyl-D-xylose. Paper electrophoresis indicated the absence of 3,4-di-Q-

methyl-D-xylose in the fraction. 

2,3,4.6-Tetra-0-methvl-D-galactose -This compound (54 mg.) [a.]D 4 so• 
(c, 2.1) on demethylation gave onlY galactose. The aniline derivative 

had m.p. and mixed m.po 192-193•0. 

A Mixture of Tetra-o-metbYlited-D-glucose 1nd Tri-Q-methy1ated D-xrlose ~ 

This fraction (15 mg.) [a.]D + 26• (C, 0.6) gave glucose and xylose on de

methylation in the approximate ratio of 2:1. The RG-value (1.00, solvent F) 

suggested the presence of a mixture of 2,3,4,6-tetra-0-metqyl-D-glucose 

and 2,3,4-tri-0-methyl-D-xylose. 
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SUMMARY AND CLA.D§ '1'0 ORIGINAL RI!'.SEARCH 

1. Three hemicelluloses have been isolated tl'OBl the bark ot 

Engelmann spruce (Picea engelpennU) based predominantl,y on residues 

ot qlose, glucose and aannose respectively. The former two were 

present in the potassium ~xide extract ot the pectiD-tree holo

cellulose, tl"'Ol which thq vere traction& ted by" Fehling' s solution. 

The latter was o'btained tl'OIR the sodium bydro.xide-'borate axtract by" 

precipitation with aqueous 'barium tv'dro.xide. 

2o The qlan, o'btained in a 7ield ot 4o5% ot the extractive-

tree 'bark, contained residues ot galactose, glucose, 4~et~l

glucuronic acid, arabinose and qlose in ratio ot 6:12!7:10:65. 

3o Partial .tv'drol,ysis ot the :x;rlan gave, in addition to 

~(1-.4)-:x;rlobiose and 2-Q-(4-Q~etbyl-u-D-glucopyranos,yluronic 

acid)-D-:x;rlowranose, three oligoaaccharidea which were pre

dominantly constituted ot galactose and :x;rlose unite. 

4o The methylated :x;rlan on methanol,ysis and hy'drolysis 

yielded a preponderance ot 2,3-di-Q~etbyl-D-:x;rlose. The other 

methylated sugars identitied were 2,3,4-tri~et.tv'l-D-:x;rlose, 

2~ethyl-D-:x;rlose, 3~ethyl-D-:x;rlose, 2,3,5-tri-Q~etbyl-L

arabinose and 2-Q-(2,3,4-tri-Q-met.tv'l-u-D-glucopyranos,yluronic 

acid)-3-Q-methyl-D-qloseo 

5o The above data indicated the presence ot a fJ(l--7 4)-

linked :x;rlose traaework to which were directly attached by 



(1.,2)-g~cosidic linkages, 4-Q-metb;yl-c:t-D-glucuronic acid units. 

The ar&binose residues occurred as terminal, mn-reducing end groups. 

6.. The metb;yl&ted JrYlan also gave rise to 2,.3,4,6-tetra-

O~etb;yl-D-galactose, 2,.3,4,6-tetra-o~etnyl-D-glucose, 2,.3,6-tri

O~etb;yl-D-glucose and 2,.3-di-Q-methy'l-D-glucose. It wa.s concluded 

tram the se as well as partial b;ydrolysis resul ts that some ot the 

galactose residues in the original xylan might be integral parts ot 

the molecule. 
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7. The glucose-b&sed po~sa.ccharide {"gluoan") was obtained in a 

yield ot 1.8% and oontained residues ot uronic acid, galactose, glucose, 

mannose and xylose in ratio ot 2:11:57:2:28. Various tractionation etudies 

on this po~saccharide gave strong evidence tor its hamogeneity. 

s. Partial hfdrolYsis ot this polysaccharide gave soae evidence tor 

the presence ot a (1~6)-linked galactobiose and a glucuronosyl galactose 

in the b;ydrolyzate. 

9., The methylated "glucan" on methano~sis and hydrolysis gave 

large amounts ot 2,3-di-Q-meth,yl-D-glucose and 2,.3,6-tri-Q-metb;yl-D

glucose along with 2,3,4,6-tetra-o-methyl-D-glucose, 2,.3,4-tri-Q-methyl

D-gal&ctose, 2,.3,4,6-tetra-o~etb;yl-D-galactose and a metb;ylated glucurono

SY"l-(116)-D-galactose. The xylose in the original polysaccharide ap

peared predominantly as 2,3-di-Q-metb;yl-D-x;:rlose with minor amounts ot 

2,3,4-tri-Q-methyl-D-xylose. 

lOo The above data suggested that the "glucan" apparently consisted 
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of a ba.ckbone of (~ 4)-linked glucose units, wbich possessed bra.nch 

points a.t C-6. Some of these bra.nch points presumably ca.rried single unit 

side chaine of galactose units. Same of the galactose was also present 

as a (1~6)-linked gala.cta.n, the terminal unit of which ca.rried a glue

uranie acid substituent at C-6. It was not known wbether the galactose 

chain was an integral part of the glucose ba.ckbone or existed as a 

separate entity. The ~lose residues origina.ted from a (1~4)-link:ed 

.x;,ylan ma.crom.olecule which might or might not be attached to the main 

glucose chain. 

ll. The glucomarma.n was obt&ined in & yield of 2.0% and cont&ined 

residues of galactose, glucose and mannose in ratio of 1:6.3:17.8. It 

bad a number-avera.ge degree of poly.merization of 86. 

12o Periodate oxidation of the glucomanna.n resulted in a consumption 

of 1.02 moles of the oxida.nt per a.nhydro-hexose unit. 

13.. Partial hydrolysis of the glucomannan yielded the disaccharides 

ma.nnobiose, mannosyl glucose, g1ucos.rl mannose, eellobiose, the tri

saccharide mannotriose and the tetrasaceharide mannotetraose, all of 

which were 13(1+4)-linked. 

l.ft.., The methyla ted glueoma.nnan ha.d a number-average degree of poly-

meriza.tion of 91. ftYdrolysis of the material gave predominantly 2,3,6-

tri~ethyl-D-ma.nnose and 2,3,6-tri-o~etbyl-D-glueose along with 

2,3,4,6-tetra-o~e~l-D-galactose, 2,3,4,6-tetra-o~ethyl-D-glucose, 

2,3,4,6-tetra-o~ethyl-D-ma.nnose, 2,3-di-D-metbyl-D-glucose, 2,6-di-o

methyl-D-glucose and 2,3-di-o-methyl-D-mannose. 



1;. The above data showed that the hemicellulose consisted of a 

backbone of (:J::-+4)-linked ~-D-g1ucopyranose and 13-D-mannopyranose 

residues, some ot which carried as a side chain an a-D-galactopyranose 

unit direct~ attached to their 6- positions. 
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