
CONSTITUTION OF A GUJCQURNAN FRQl 

iliiTE SPRIJCE 

A theais submi.tted to the Facult7 ot Graduate 

studies and Research in partial tultil.ment of 

the requi.rements tor the degree ot Doctor 

ot Ph1losoP17 

Departlll8nt of Chemi.stey, 
HcGill University, 
Montreal. March 1960 



ACDOWLEDGDŒNTS 

The author expresses his sll1cere gratitude to 

Dr. T .E. Timell 

tor his encouragement and direction throughout 

th• course of this investigation. 

The vriter expresses his appreciation for 

fi.Dancial assistance ll1 the form of a Gotesman 

fellowship, a fellovship from the A.laarican 

Viscose Corporation and three sUJDDer scholar

ships from the Pulp and Paper Research Institute 

of Canada. 



TABLE OF CONTENTS 

GENERAL INTRODUCTION ••••••••••••••••••••••••••••••••••••••••••••• (i) 

HISTORICAL INTRODUCTION ••••••••••••••••••••••••••••••••••••••••• 1 

Mannose-containing Polysaccharides from Plant 
Material Other than ~od ••••••••••••••••••••••••••• 4 

Wbod Gluco~~ans ••••••••••••••••••••••••••••••••••••• 8 

RESULXS AND DISCUSSION ••••••••••••••••••••••••••••••••••••••••••• 25 

Partial Hydrolysis of the Glucomannan ••·•••••••••••••• 35 
Methylation of the Glucomannan ••••••••••••••••••••••••• 41 

EXPERIMENTAL 

Material ••••••••••••••••••••••••••••••••••••••••••••••• 
Analytical Methods ••••••••••••••••••••••••••••••••••••• 
Paper Chromatography ••••••••••••••••••••••••••••••••••• 
Isolation of the Glucomannan ••••••••••••••••••••••••••• 
Purification of the Glucomannan •••••••••••••••••••••••• 
Preparation of Glucomannan by a Modified Procedure ••••• 
Partial Hydrolysis of the Glucoma.nnan and Isolation 

of the Hydrolyzate •••••••••••••••••••••••••••••••••• 
Resolution of the Partial Hydrolyzate •••••••••••••••••• 
Identification of the Oligosaccharides ••••••••••••••••• 
Methylation of the Glucomannan ••••••••••••••••••••••••• 
Hydrolysis of the Methylated Glucomannan ••••••••••••••• 
Identification of the Methylated Hexoses ••••••••••••••• 
Resolution of the Mixture of Methyla t ed Sugars 

on a Charcoal Column •••••••••••••••••••••••••••••••• 
Resolution of the Mixture of MetQ1lated Sugars 

on the Paper Chromatogram ••••••••••••••••••••••••••• 
Preparation of the Nitrate Ester Derivative of 

the Glucomannan ••••••••••••••••••••••••••••••••••••• 
Osmotic Pressure Measurements •••••••••••••••••••••••••• 
Periodate Oxidation •••••••••••••••••••••••••••••••••••• 

SUMMARY AND CLAIMS TO ORIGINAL RESEARCH •••••••••••••••••••••••••• 

45 
45 
45 
46 
47 
48 

50 
51 
52 
55 
57 
58 

59 

59 

60 
61 
65 

66 

REFERENCES ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 68 



LIST OF FIGURES 

FIGURE 

1 Successive Extraction of White Spruce 

Holocellulose • • • • • • • • • • • • • • • • • • • • • • 34 

2 Separation of Oligosaccharides on 

Carbon Column • • • • • • • • • • • • • • • • • • • • • • 40 

3 Molecular Weight Determination by Osmometry 

Glucomannan Nitrate I • • • • • • • • • • • • • • • • • • 63 

4 Molecular Weight Determination by Osmometry 

Glucoma.nnan Nitrate II • • • • • • • • • • • • • • • • • 64 



TABLE 

I 

II 

III 

IV 

v 

VI 

LIST OF TABLES 

Page 

Composition of White Spruce • • • • • • • • • • • • • • • 26 

Composition of Glucomannan • • • • • • • • • • • • • • • 28 

Composition of Alpha-cellulose from Sprucewood • • • • • 30 

Yield of Oligosaccharides • • • • • • • • • • • • • • • • 39 

Osmometry of Glucomannan Nitrate I • • • • • • • • • • • 62 

Osmometry of Glucomannan Nitrate II • • • • • • • • • • • 62 



(i) 

GENERAL INTBODUCTIOH 

Besides the extractives, which in certain species of 1110ods can 

be very considerable, the three ain components of wood are cellulose, 

hellicellulose and lignin. Cellulose is a l.i.near pol.yEr consisting or 

p-D-glucopyranose residues linked together b;r (1-- 4) glycosidic bonds. 

In native celluloses, no lese than 5,000 such residues are probab~ 

present in an average cellulose macromlecule, corresponding to a wight

average degree of polym&rization of 10,000 if the ratio betwen number

and wight-average values is assUJ118d to be the usual 1:2. Lignin is 

believed to be a three-dimensional polymer of phenyl propane residues, 

EllY structural details of which are known with reasonable certaint;r 

while others are still rather obscure. The hemicelluloses constitute 

the alkali-soluble, non-cellulosic pol.y'saccharides of wood. The7 are 

composed of manT different sugar residues auch as D-galactose, D-glucose, 

D-mnnose, L-a.rabinose, D-xylose, L-rh&mose, L-fucose, D-glucuronic 

acid, 4-0-DIIIth)"l-D-glucuronic acid etc. The hemicelluloses are invariab~ 

of a Dl.lCh smaller ml.ecular aize than the cel.l.ul.ose, Dr.)st of them contain

in& onlJ' 100-200 unite in an average molecule. While JIIS.D1" of thea, for 

example the hard1110od :lQ"lans, appear to be linear, others are undoubtedl..T 

branched, such as the softwood glucomannans. 

Another class of 'WOOd polysaccharides which is often included :in 

the hemicellulosea is the so-called ~ter-soluble po~ccharides. These 

are products obtained on extraction of the 'WOod with water and constitute 

extra-cellulose pol)"s&ccharides, usual.l.7 so-called arabogalactans, highl.y 

branched molecules with a fr&IJIBwork of anh;rdrogalactose unite. In ~X>st 



(ii.) 

hardwoods and softwods the content of water-soluble arabogalactans is 

very small but the7 tora a considerable part of the wood. of the deciduous 

coniters belonging to the larch (Larix) f&ld.ly. 

The wood)" angiosper.ms contain as a predollinating hemicellulose 

a parti.all.7 acet7l.ated 4-0-•th)"lglucuronOJQ"lan, which hu been extensivel.7 

studied in recent years. A mi.nor component is a glucomaman containing 

approxi.œate3.1' equa.l n\Uii)ers of glucose and mannose residues and lilich 

could theretore also be characterized as a maDilOgl.ucan. In the (botan

ically .1111ch older) conifers the glucoarman constitutes the main belli

cellulose coaponent with the Jqlan talc1.ng second place. The latter 

al.Dost iDYariably appears to be a partial.l.T acet7lated arabino-4-0-•th)"l

glucuronoxylan although so.lll8 polysaccharides of this type have also been 

isolated wbich do not carry any arabinose aide chains. 

The softwood glucomannaas have been stud.ied only within the 

last few years in spite of their great abundance in nature. At the tia 

lilen the present stud7 waa initiated (October 1955) the DBDDOse resid.ues 

in woà. were generaJ.l.T be~ievecl to be clerivecl .trom a -.nnan po~r 

simil.ar to the one kno1m to be present in vegetable i~cy. The tiret 

report of the isolation of a wood glucomannan appeared a -,ear la ter (20). 

Smce that time, softwood glucomannans have been isolated and studied from 

a number of different species as can be seen from the f'olloldng section. 

The aill of' the present stud7 was to ascertain whether or not all, 

or at least DX)St, of the JU.DnOse residues in a typical softwood wre 

derived from a true glucoannan and, it such a product could be isolated. 
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in a reasonable 7ield., to establish its structure and mlecul.ar properties. 

As a t;ypical conii"erous apecies, white spruce (Picea glauca) was chosen. 

The first of the above objectives was rapidl.y attained and a prelilrinary 

account of the resulta was given in Tappi 40:519 (1957). This, to the 

beat of our knowledge, represented the .tirst reasonabl.y quantitative 

isolation ot a wod glucomann&:\. 

Since the initiation of the present study the structure o.t a 

wter-soluble arabogalactan from white sprue• has been reported, as vell 

as the constitution of an aldotrio- and an aldobiouronic acid isolated. 

from the same species o.t wod (88). 



HISTORICAL INTRODUCTION 

Plant polysaccharides that were soluble in alkali but 

insoluble in water in their original condition were designated 

"hemicelluloses" by Schulze (1). This term was employed to express 

the presumed chemical and structural relationship of this class of 

materials to cellulose. Schulze also directed attention to the two 

main differences between cellulose and hemicellulose, namely the 

solubility in alkali and the susceptibility to acid hydrolysis of 

the latter as compared to the for.mer. Many years later, Norman (2) 

suggested that the non-cellulosic polysaccharides extracted from 

wood by alkali be divided into two classes, designated 11polyuronide 

hemicelluloses 11 and 11 cellulosans. 11 The for.mer were believed to 

originate from the encrusting cell wall material (middle lamella) 

and to contain uronic a cid groups. The cellulosans were believed 

to be more closely associated with the cellulose and to be free of 

uronic acids. Polyuronide hemicelluloses and cellulosans were 

separated by preparing Cros s and Bevan cellulose (3). Apparently, 

the polyuronide hemicelluloses were closely associated with lignin 

(4). Sand and Nutter (5) advanced evidence for the occurrence of a 

lignin-carbohydrate complex. 

The close association between lignin and polyuronide hemi

cellulose in plant materials presents an obstacle to the removal 

and subsequent purification of the polysaccharides, and the same 

evidentl y applies also to the cellulosans. If pure polysaccharides 

are to be obtained, lignin must therefore usually be removed fram 



plant tissues prior to extraction with alkali. Such a procedure also 

improves the yield of hemicellulose considerably,especially in the 

case of softwoods. 

Schmidt and coworkers developed time-consuming methods 

(6, 7) of delignification, involving the use of chlorine dioxide in 

2. 

a solution of pyridine and water. A more practical procedure was 

devised by Ritter and Kurth (8) who treated mple wood alternatively 

with gaseous chlorine and with a solution of pyridine in ethanol. 

Complete removal of lignin was not achieved by this method, but 

residual lignin could be removed by treatment 'Wi.th calcium hypochlorite. 

The residue, which was termed "halo cellulose", retained nearly ail the 

polysaccharides and associated groups present in the original wood. 

This procedure was later considerably improved by Van Beckum. and 

Ritter (96) who substituted a 3% solution of monoethanolamine in ethanol 

for the pyridine-alcohol. Unfortunately, some of the ethanolamine 

is retained by the holocellulose and cannat be removed. 

A third method of delignification ~tilizing sodium chlorite 

and acetic acid was developed by Jayme (9). Wood meals were alternat

ively treated with alkaline solutions and digested with sodium 

chlorite in acetic acid solution. This method was later improved by 

Wise, Murphy and D•Addieco who treated wood sawdust with a hot 

(70-80°C) solution of sodium chlorite and acetic aci d for various 

lengths of time, fresh reagents being added every hour. It was found 

that the delignification should be stopped at a 2-3% lignin level 

since otherwise serious losses of hemicelluloses occurred. 

Holocelluloses prepared by the chlorine or the acid chlorite 



method were originally believed to represent a quantitative yield of 

carbohydrate material. La ter, ho>iever, bot h hemice11uloses and free 

sugars were detected in chlorite 1iquors from s1ash pine (10) and 

spruce (11). Timell and Jahn (12) found that the Van Beckum and 

Ritter method resulted in 1ess degradation and 1oss of carbohydrates 

than did the chlorite procedure of Wise and coworkers. Similar 

results were later reported by ethers (13,14). 

The development and subsequent improvement of various 

methods for delignification of plant tissues with a minimum of change 

in the carbohydrate portion represented a great advance in hemi

cellulose chemistry. Before these methods were known, scientists 

extracted wood with cold and hot alkali alone, obtaining impure 

preparations in usually 1ow yie1ds. Even now, with a relatively 

small amount of lignin present in the residual holocellulose, the 

presence of 1ignin presents a serious problem in the fractionation 

of hemicellulose mixtures. 

Sorne of the earliest investigations on wood hemicel1uloses 

were concerned with the polyuronides of hardwoods. 0 1Dwyer, studying 

white oak wood (15-19), resolved the alkali-soluble hemicellulose 

into two components, one (A) which precipitated when the extract 

was neutralized with acetic acid and another (B) which was precipitated 

by addition of alcohol. Fraction A was an almost pure acidic .xylan. 

Similar methods were later used to iso1ate gluco.mannans from western 

hemlock (20) and sitka spruce (21). Anderson and coworkers (22) 

investigated softwood hemicelluloses by similar methods. A fraction 

A from pine sapwood hemicellulose contained 36-46% mannose, 50-44% 



xylose and 15-11% metnyl uronic acid residues, and also gave positive 

qualitative tests for glucose. The first of the above values referred 

to material obtained from wood meal, the second from holocellulose. 

The other hemicellulose fraction (B) consisted of 89% mannose, 7.7% 

xylose and 3% methyl uronic acid. 

Mannose Containing Po1ysaccharides from Plant Materials 

Other than Wood 

The difficulty in obtaining mannose containing polysaccharides 

from softwoods in a reasonable state of purity turned the attention 

of early workers to other sources from which mannans could be obtained 

more readily. 

The endosperrns of certain seeds, such as the ivory nut and 

the date palm,have been found to contain a mannan polysaccharide as 

a reserve material which disappears on germination. As early as 1896 

(23) mannose was shown by Johnson to be present in the hydrolyzate 

of material e.xtracted from vegetable ivory with 10% alkali. Later, 

Baker and Pope (24) isolated a similar polysaccharide from the same 

source which contained 90% mannose and 10% fructose. Llldtke (25) 

reported that ivory nuts contain two different mannans; one (A) was 

e.xtracted with 5% sodium hydroxide from ivory nuts pretreated with 

chlorine dio.xide, the other (B) being obtained from the residue by 

extraction with 10% sodium hydro.xide. More recently, Aspinall (26) 

et al. found that mannans A and B both contained mostly mannose 

residues in addition to smaller quantities of galactose and glucose. 

Both polysaccharides were linear but the less soluble mannan B 



apparently had a great er chain length. The ma.jority of the mannose 

residues are linked through positions 1 and 4 by a p -glycosidic 

linkage. A later investigation showed, however, (27) that 1,6-

linkages as well as ~ -glycosidic linkages are also present to a 

limited extent. Ma.nnans A and B both contained two types of macro

molecules, one terminated by a D-ma.nnopyranose and the other by a 

D-galactop,yranose residue. 

Meier (2S), studying the properties of mannans A and B, 

:round that the former is crystalline both in its native state and 

after dissolution and reprecipitation, whereas B is amorphous and 

paracrystalline. Curiously enough, the crystalline material is the 

one most easily extracted, which is rather unusual. Another striking 

feature of this mannan B is tha.t it is present in the plant in the 

form of microfibrils, similar to those formed by cellulose. Evidence 

was obtained for the presence of a chanical linkage between mannose 

and glucose in the ivory nut. 

A mannan similar in structure to that obtained from 

endosperms was prepared from salep tubers by Pringsheim and Genin 

(29). Husemann (30) isolated a similar polysaccharide by precip

itating an aqueous extract of alcohol-treated orchid bulbs. Rebers 

and Smith (31) isolated and detennined the detailed structure of a 

gl.ucomannan from the Amorphophallus oncophyllus and Amorphophallus 

variabilis plants which are native to Indonesia. The so-called 

11lles mannan11 meal was insoluble in water of aqueous alkali and only 

after preswelling in a 50% solution of xylene sulf onate was solubility 

in alkali attained. Treatment of the dilute alkaline solution with 
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Fehling solution (32) effected a partial separation of the crude 

product into a glucomannan which precipitated and a glucan which 

remained in solution. A resolution of the polysaccharide mixture 

was also achieved by fractional precipitation of the methylated 

material. The glucomannan was a linear polymer, composed of D-

glucopyranose and D-mannopyranose residues in a ratio of 1:2, linked 

together by ~ -1,4-glycosidic bonds. The hydrolyzate of the fully 

methylated product contained large quantities of 2,3,6-tri-O-methy1-

D-glucose and 2,3,6-tri-0-methyl-D-mannose which could not be 

separated very wel1 on the pa.per chromatogram. Resolution was 

instead achieved through the preferential furanoside formation of 

the glucose derivative. In later work it has been found that these 

two isomers can be separated by column chromatography on either 

charcoal (33) or cellulose (21). Partial hydro1ysis of the iles 

glucomannan (34) gave further information concerning the sequence 

of the sugars in the polymer chain. Three oligosaccharides were 

identified, namely 4-0- ~-D-glucopyranosyl-o<.-D-mannopyranose, 

4-0- /3-D-mannopyranosyl-ol.-D-g]..ucopyranose and cellobiose. On the 

basis of this evidence the authors suggest the following tentative 

structure: 

- 4 f3 -D-Gp 1-4 {3 -D-Gp 1- ( 4 J3 -D-Man p 1 ) -
4 

Similar glucomannans occur in the bulbs of Lily umbelatum, 

L. henryi, L. candidum (35) but in these cases the glucomannan is 

not associated with a glucan and can be extracted with cold water. 

'< 



Here too, there are twice as many mannose as glucose residues present. 

Methylation studies on the L. umbelatum glucomannan indicated that it 

contains D-glucopyranose and D-mannopyranose residues linked together 

by ~-1,4-glycosidic bonds and with an average number of 27 hexose 

residues present per non-reducing end group, all of which were 

glucopyranose in nature. A small number of the anhydroglucose units 

were linked through cl, c3 and c6 and since the ratio of tetra-0-

methyl glucose to di-0-methyl glucose was 1:0.65, approximately two 

branching points were present per molecule. Similar studies on the 

L. henryi glucoma.nnan suggested the presence of J3 -1,4-linked 

hexopyranose residues with approximately 75 units present per glucose 

end group. In this case the tri-0-methyl mannose and tri-0-methyl 

glucose were separated on cellulose through their corresponding 

lactones. 

Guaran is the principal component of guar seeds, consisting 

of approximately 36% galactose and 64% mannose residues. It has 

been extensively studied by Whistler and his coworkers (36, 37). 

Partial hydro1ysis of the product yielded mannobiose and mannotriose 

for the fïrst time, both containing ~ -1,4 linkages, as we11 as a 

6-0-0(-D-galactopyranosyl- ~-D-mannopyranose. Guaran is composed of 

a straight chain of 1,4-1inked ~ -~annopyranose residues with 

every second unit having an o( -D-galactopyranose residue attached 

by a 1,6-glycosidic bond. 

The endospe~ from fenugreek and lucerne seeds (3B) 

contains a galactomannan similar to guaran. Resulta obtained by 

methylation and by periodate oxidation were consistent with a 



structure involving a backbone of 1.,4-linked f3-D-m:mnopyranose 

residues with D-galactopyranose residues attached through c1 to c
6 

of the anhydroma.nnose units. Mannobiose., ma.Imotriose and 6-0- 0(. -D

galactopyranosyl-D-mannopyranose were obtained on partial acid 

hydrolysis of the polysaccharide. 

Severa! ether glucomannans have been isolated from various 

plants such as the tubers of Amorphophallus konjak (39, 40), the 

leaves of Aloe vera (41), the roots of Crema.stea variabilis (42) and 

Bletilla stria ta (42) and the bulbs of Narcissus tazetta (43). None 

of these glucomannans appeared to contain more glucose than mannose 

residues., but, since physical homogeneity was not established, their 

constitution has not been established in detail. 

Wood Gluc.omannans 

One of the first attempts to isolate a mannose-containing 

polysaccharide from wood wa.s made by Sherrard and Bianco (44) who 

expected to obtain a mannan similar to that present in ivory nuts 

by subjecting 11«>0d to an analogous treatment involving the copper 

complex method. They observed that an amount of glucose, equal to 

or even larger than that of mannose was present in the hydrolyzate 

of the 11mannann and they concluded that these glucose residues might 

originate from a glucan or a mannoglucan. Since they round mannose 

in an alpha-cellulose which had been exhaustive~ extracted with 

alkali they also conclùded that mannose residues must be incorporated 

in the cellulose cha.ins or be associated with glucose in a poly

saccharide as resistant to alkaline extraction as cellulose itself. 

s. 
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~ . 
Hess and Liidtke (45) and, later, Husemann (46) claimed the 

isolation of a wood mannan on the basis of the similarity in specifie 

rotation and X-ray diffraction pattern of the product with those of 

an ivory nut mannan. No other data were given by these authors and 

it is now abundantly clear that their "mannans" were anything but 

pure and presumably consisted of more or less impure glucomannans. 

Yundt, trying to isolate a wood mannan by a similar 

procedure (47), found that even after thorough purification and 

crystallization of the polysaccharide, only 50% of it consisted of 

mannose residues, no attempt being made to account for the other 

half. 

Simons (48) was of the opinion that one extraction of an 

alpha-cellulose with alkali was not sufficient to remove ail hemi-

celluloses but claimed that repeated extractions of bleached softwood 

pulps di d free the residual alpha-cellulose from contaminating ~lan 

and mannan. These resulta indicated that part of the hemicelluloses 

was closely associated with the alpha-cellulose and less readily 

soluble i n alkali than other hemicelluloses. 

Wise and Ratliff (49) subjected an alpha-cellulose from 

slash pine to eight successive treatments with 5% sulfuric acid. 

Even after this severe treatment, however, the pulp still contained 

40% of the mannos,e residues originally present in the wood. The 

authors considered this as an evidence that ma.nnan in wood was closely 

associated with the alpha-cellulose and probably for.med an integral 

part of t he cellulose , being chemically linked to glucose residues to 

form a 11mannocellulose. 11 
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In an investigation of the alkali-insoluble wood 11mannan11 

which is also relatively stable to acid hydrolysis, Leach (50) sub

jected a slash pine alpha-cellulose to acetolysis and resolved the 

mixture of oligosaccharides formed by column chromatography. The 

mother liquor of a cellobiose oeta-acetate fraction contained a 

disaccharide consisting of glucose and mannose residues and a similar 

disaccharide containing only mannose residues was also isolated in 

the same investigation. 

Anthis (51) continued the investigation of Leach and fully 

characterized three disaccharides, namely 4-0- f3 -D-mannopyranosyl-~ 
mannose, 4-0- ~ -D-glucopyranosyl-D-mannose and 4-0- f3 -D-mannopyranosyl

D-glucose. This evidence constituted the first proof that mannose 

residues in wood are chemically linked to glucose. Glucose has often 

been found in hydrolyzates of hemicelluloses from softwoods and prior 

to the above study it was cammonly assumed that it was derived from 

low-molecular weight cellulose. Anthis considered three possible 

reasons why the mannose residues in the wood alpha-cellulose are so 

difficult to eliminate. First, they might exist in polysaccharides 

that are rendered insoluble by physical occlusion in the insoluble 

cellulose fibers. Second, the,y are insoluble because th~ for.m 

integral parts of polymers of higher degree of polymerization than 

the alkali-soluble hemicelluloses. Third, and finally, the mannose 

containing polysaccharides might be cross-linked to other, similar 

molecules or to cellulose itself. 

In earlier investigations dealing with these polysaccharides 

the classical methods for isolation of alpha-, beta- and gamma-celluloses 
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were used. Immergut and ~by (52) isolated several fractions of 

gamma-celluloses, considered by these workers to be hernicelluloses. 

The pentosan content varied from 92 to 5% and the glucose to mannose 

ratio in the most pure hexosan fraction was 1 : 3.5. In an earlier 

investigation by Dymling, Giertz and RRnby (53) it was pointed out 

that the resistant cellulose framework comprises approximately 42-43% 

of the dry, extractive-free spruce wood. The total glucan content 

of the same wood is reported by Bjgrkqvist and coworkers (54) as 

48-49%. From the data presented by Immergut and Rioby, it is 

evident that the main part of the non-cellulosic glucose residues 

in this wood (5-6%) is included in the isolated hexosans. Dymling, 

Giertz and R.Rnby also found that the mannose containing polysaccharides 

could be removed from a nitrated sulfite spruce pulp by fractional 

extraction with ethyl acetate-ethanol. This makes it improbable that 

even the resistant mannose residues could be integral parts of the 

cellulose. The general conclusion of Immergut and RRnby is that most, 

if not all, mannose residues in spruce occur in the form of a 

glucomannan. It should, however, perhaps be noted that their in

vestigation was not published until 1957, long after the pioneering 

studies of Anthis (51), and Hamilton and his coworkers (20) had made 

it definitely clear that softwoods do contain a glucomannan as the 

preponderant hemicellulose constituent. 

Much of the earlier evidence for the presence of mannose 

or xylose residues in the cellulose macromolecules in wood was 

rendered doubtful by the fractionation experimenta of Snyder and 

Timell (55). These workers were unable to resolve an artificial 
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mixture of nitrated cellulose and ivory nut mannan by extensive 

fractional precipitation, mannose residues persisting in all the 

fractions, from the highest to the lowest. Similar difficulties 

were encountered in an attempt to resolve a mixture of cellulose and 

mannan by extraction with alkali. Failure to achieve separation in 

this way cannot accordingly be adduced as an evidence for the presence 

of foreign sugar residues within the cellulose macromolecules. 

Similar results have more recently been obtained by Ward and his 

coworkers (56, 57). 

The real reason why soma of the wood glucomannan is so 

difficult to ranove from the cellulose is probably to be found in the 

strong adsorptive forces holding these two similar polysaccharides 
Il 

together. In the case of a decarboxylated xylan, Yllner and Enstrom 

(68) have recently shown how strong the adsorptive forces are that 

hold such a polysaccharide and cotton or wood celluloses together. 

This phenomenon is encountered in alkaline pulping and what happens 

is apparently that once the alkali concentration of the liquor has 

decreased during the later stages of the cook a portion of the wood 

xylan which is still in solution in the liquor becomes irreversibly 

readsorbed onto the cellulose microfibrils. There is no reason wny 

the same could not happen with a glucomannan were it not for the fact 

that in this particular case the glucomannan of the >rood is rapidly 

destroyed once it has gone into solution in the alkaline liquor. 

Hamilton, Kircher and Thompson (20) extracted sulfite pulp 

from western hemlock (Tsuga heterophyl la) with 18% sodium hydroxide. 

Neutralization of the alkaline extract yielded a fraction (so-called 
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beta-cellulose) which contained glucose and mannose residues in a 

ratio of 1 : 3.$ and which was slightly contaminated with xylose. A 

gamma-fraction had the same composition. The authors attempted to 

resolve the polysaccharide material into a ma.nnan and a glucan by a 

number of methods, including the use of cuprammonium, the copper 

complex method, fractionation with borax solutions, etc. None of 

these methods were successful in markedly changing the ratio of 

glucose to mannose. Extraction 1.·.rith water changed the glucose to 

mannose ratio for all fractions. It is not stated which of the 

fractions is to be considered a pure and typical glucomannan. In a 

later publication from the same laboratory (5$) it is stated that 

the ratio between glucose and mannose is 1 : 3 and that we are dealing 

with a mixture of several glucomannans. By fractional precipitation 

of the acetylated polysaccharide fractions were obtained with a glucose 

to mannose ratio of 2:1, 1:1 and 1:2, respectively. By the use of a 

method involving precipitation with barium hydroxide it was found 

possible, however, to remove any contaminating glucan from the gluco

mannan. The method used by Hamilton and coworkers for isolating a 

pure hemlock glucomannan cannet be considered to be the best possible. 

One methylation by the method of Falconer and Adams (59) 

of the acetylated glucomannan sufficed to produce a fully methylated 

product. Hydrolysis of this material and separation by paper 

chromatography gave mostly 2,3,6-tri-0-methyl-D-mannose together 

with smaller quantities of 2,3,6-tri-0-methyl-D-glucose, 2,3,4,6-

tetra-0-methyl-D-mannose and 2,3,4,6-tetra-0-methyl-D-glucose. Partial 

hydrolysis of the glucomannan with dilute acid gave 4-0- ~ -D-



-glucopyranosyl-D-mannose, 4-0- {3 -D-mannopyranosyl-D-glucose, 4-0-

{B -D-mannopyranosyl-D-mannose, 4-0- f3 -D-glucopyranosyl-D-glucose and 

mannotriose ( p -1 ,4) • From this and other evidence, the a ut hors 

conclude that the glucomannan in western hemlock consists of a 

straight chain of 1,4-linked f3 -D-mannopyranose and {3 -D-glucopyranose 

residues and with the non-reducing end groups consisting of both 

glucose and mannose. Mention is aJ.so made of the presence of a highly 

branched galactoglucomannan. 

A more conclusive investigation was carried out by Jones 

and Painter (60, 61, 62) who studied the glucomannan and 4-0-

methylglucuronoxylan present in the wood of loblolly pine (Pinus 

taeda) wood. Alkaline extraction of the chlorite holocellulose gave 

a mixture of polysaccharides which could be resolved into four 

fractions via their acetate derivatives. Two acidic fractions 

contained :xylose and 4-0-methyl-D-glucuronic acid (A), and .xylose 

and glucuronic (or gaJ.acturonic acid) residues (B). Two neutral 

fractions consisted of galactose and arabinose (C), and mannose, 

glucose and galactose (D). The last fraction canto all intents 

and purposes be considered as a glucomannan. Another glucomannan 

was obtained from the holocellulose by extraction with 24% potassium 

hydroxide containing 4% of borie acid. The aJ.kaline washings and 

filtrate were treated with Fehling solution, the insoluble copper 

complex was collected, washed by repeated dispersion in water and 

recovered by centrifugation. It was finally acidified with acetic 

acid, precipitated into ethanol, washed with acetone, again acidified 

with .hydrochloric acid, and finaJ.ly washed with ethanol and ethyl 
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ether and dried. The yield of 5% of the original wood and the 

hydrolyzate contained mostly glucose and mannose together with smaller 

quantities of galactose, xylose and 4-0-methyl glucuronic acid. 

The glucomannan thus obtained was subjected to partial 

hydrolysis with 45% formic acid, formate esters were eliminated with 

dilute sulfuric acid and the mixture of sugars thus obtained was 

added to the top of a charcoal-Celite coltunn. El.ution with increasing 

concentrations of aqueous ethanol yielded a series of oligosacchar.ides 

which were further purified by paper chromatography. Each of the 

oligosaccharides was fully characterized by standard methods. The 

compounds obtained incl uded 4-0- f3 -D-mannopyranosyl- o{-D-mannopyranose 

(ma.nnobiose), 4-0- f3 -D-mannopyranosyl-o<-D-glucopyranose and a f3 -
1,4-linked mannotriose. Peculiarly enough, no cellobiose or glucose

containing trisaccharides were observed. 

Another glucomannan was isolated by the same authors by 

direct alkaline extraction of pine wood followed by a purification 

procedure similar to the one described above. The polysaccharide 

obtained contained galactose, glucose and mannose in a ratio of 

1:7:19. In this case the yield was only 1% of the weight of the wood. 

Hydrolysis of the ful.ly methylated derivative gave 2,3,4/>-tetra-0-

methyl-D-galactose, 2,3,4,6-tetra-0-methyl-D-mannose, 2,3,6-tri-0-

methyl-D-mannose and the corresponding glucose derivative as well as 

a di-0-methyl hexose in a ratio of 1:1:30:1. 

The authors conclude that the polysaccharide consists of 

essentially linear chains of 1 ,4-linked {3 -D-glucopyranose and p
~annopyranose residues, containing on the average two non-reducing 
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end groups for every 27-33 anhydrohexose units. One of these is a 

D-mannopyranose and the other a D-galactopyranose residue. The 

possibility that the chains contain a single branching point cannot 

be entirely excluded. The electrophoretic behavior of the gluco

mannan suggested that it contains a mixture of different, yet closely 

related polymers. It is evident that heteropolymer glucamannans must 

represent a major part of the material. The manner in which the 

galactose end groups are distributed is not known. The apparent 

absence of cellobiose in the partial hydrolyzate would suggest the 

presence of few contiguous glucose residues. 

Lindberg and Meier (63) have studied a glucomannan from 

Norway spruce (Picea abies). They isolated a number of pure gluco

mannans from a chlorite holocellulose by extracting with various 

solvents in the following sequence: dimethyl sulfoxide, hot water, 

14% potassium hydroxide, the same with 3% borie acid, 24% potassium 

hydro.xide containing 3% of borie acid. The proportion of glucose 

to mannose in all fractions was throughout approximately 1:3.5 to 

1:4. The most pure fractions were free from xylose but traces of 

galactose were always present, though whether as a constituent or an 

impurity was not decided. The fact that a glucomannan with the same 

composition was obtained from all the fractions indicates that this 

is the principal, or even the oruy, mannose-containing polysaccharide 

in Norway spruce. Reprecipitation from cuprammonium did not affect 

the carbohydrate composition. 

The number average degrees of polymerization of the fractions, 

as deter.mined by osmotic pressure measurements on the nitrate derivatives, 
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varied between 70 and 140. It is striking how the ease of extraction 

was affected by the molecular weight of the glucomannans, those of 

lowest D.P. being removed first. After mild hydrolysis with sulfuric 

acid, most of the resistant glucomannan could be removed with aJ..kali

borate. It had earlier been shown by Meier and nlner (64) that in 

prehydrolyzed sulfate pulp from soft wood the mannose content is only 

1.6%, as compared to a value of 9.6% for an ordinary, unhydrolyzed 

pulp. 

The fact that a considerable amount of the glucomannan could 

be extracted with hot water after dimethyl sulfoxide treatment or'Wl.th 

14% potassium hydroxide strongly suggested that the glucomannans could 

not be integral parts of the cellulose macromolecules. It is more 

probable that they are situated on the surface of the cellulose 

microfibrils or within the non-crystaJ..line regions. Another alter

native would involve the presence of glucomannan microfibrils within 

the cell wall, si.milar to those formed by mannan B in vegetable ivory 

(28). So far, however, no experimental. evidence has been obtained 

for the presence of such fibrils in wood. 

Further studies on the same glucomannan from Norway spruce 

were carried out by Creon and Lindberg (33). Two polysaccharides 

were obtained, one (A) by extraction of a chlorite holocellulose 

with hot water, the ether (B) by extraction with alkaline borate. 

The ratio between the glucose, mannose and xylose residues was 

21.8 : 76.9 : 1.3 for sample A and 19.4 : 79.9 : 0.7 for B. The 

homogeneity of the glucomannans was ascertained by electrophoresis 

in a borate buffer. Methy1ation was carried out once according to 
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Haworth and three times according to the excellent method of Kuhn 

and coworkers (66) which entails the use of silver oxide and methyl 

iodide in the presence of dimethyl forma.mide. Resolution of the 

mixture of sugars obtained on hydrolysis of the fully methylated 

product was carried out on a column of cha.rcoal-Celite and by the 

gradient elution technique origi.nally developed by Alm (67) and 

later successfully used for separating methylated hexoses by 

Lindberg and Wickberg (65). Minor quantities were obtained of a 

di-0-methyl mannose and an unknown tri-0-methyl glucose in addition 

to 2,3,4,6-tetra-0-methyl-D-mannose. The preponderant sugars were 

a tri-0-methyl glucose and a tri-0-methyl mannose which were easily 

sepa.rated on the charcoal column and identified as 2,3,6-tri-0-

metnyl-D-glucose and 2,3,6-tri-0-metnyl-D-mannose, respectively. 

The latter sugar was converted to its 1,4-di-0-acety1 derivative 

and chromatographed on paper impregnated with dimethyl sulfoxide 

using isopropyl ether as an eluant according to a technique developed 

by Wickberg (97). The result showed the fraction to be chromato

graphically homogeneous. Finally, a 2,6-di-0-methyl-D-glucose was 

fully characterized. The ratios between the 216-di-O-methy1-D

glucose, the 2,3 ,6-tri-0-methyl-D-mannose, the 2,3 ,6-tri-0-methyl

D-glucose and the 2,3,4,6-tetra-0-methy1-D-mannose were for gluco

mannan A 6.4 : 66.6 : 17.7 : 5.S and for B 4.4 : 72.2 : 1S.6 : 3.6. 

The results indicated that both glucomannans contained 

chains of 1,4-linked f3 -D-glucopyranose and ta -D-mannopyranose 

residues . The presence of glucose and mannose residues linked to c
3 

of the glucose was not excluded, however, and 3-4 branch points were 
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probably present per 68 anhydrohexose units. The nature of the 

branches, the distribution of the glucose and mannose residues and 

of the branching points as well as the exact value of its weight

average molecular weight remained undetermined. It was final1y 

pointed out that the polysaccharide in its 11native 11 state is 

amorphous but that it yields a crystalline polymer on mild acid 

hydrolysis, similar to that of ivory nut mannan A. During this 

hydrolysis the ratio of glucose to mannose changed from 1 : 3.6 to 

1 : 2.9. This is explained by the authors from the well-kno~rn fact 

that mannosidic linkages are more labile under conditions of acid 

hydrolysis than are glucosidic linkages. 

Aspinall, La.idlaw and Rashbrook (27) isolated several 

fractions from Sitka spruce (Picea sitchensis) wood by alkaline 

extraction of the holocellulose, all of which contained glucose and 

mannose residues. One of these fractions had a ratio of glucose to 

mannose of 1 : 2.5. In addition to a glucomannan it probably also 

contained a contaminating, degraded cellulose, as pointed out by 

Creon and Lindberg (33) and, later, by Dutton and Hunt (21). A 

(3 -1,4-linked glucan was, actually, isolated from this fraction. 

HYdrolysis of the fully methylated glucomannan portion gave a mixture 

of tetra-0-metnyl hexoses, 2,3,6- tri-0-methyl-D-glucose and 2,3,6-tri-

0-methyl-D-mannose. The number-average degree of polymerization of 

the polysaccharides, as determined by the isother.mal distillation 

method, was 47-51 \'lhereas the number of non-reducing end groups 

indicated a vaJ.ue of appro.ximately 35 • It was concluded from these 

resulta that the polysaccharide is an essentially linear polymer of 
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~ -1,4-linked D-glucopyranose and D-mannopyranose residues. In view 

of the doubtful purity of the material, however, the possibility of 

branching cannot be excluded. Partial hydrolysis of the product 

yielded cellobiose, mannobiose and a mannosylglucose, none of which, 

however, were completely identified. 

Dutton and Hunt (21) somewhat later reported results ob

tained in a similar study of the same glucomannan from Sitka spruce. 

They extracted the chlorite holocellulose with 10% potassium hydroxide 

and subsequently treated the residue with 18% sodium hydroxide. The 

latter extract, after neutralization with acetic acid, yielded a 

precipitate which on hydrolysis gave glucose and mannose in a ratio 

of 1:9. The exceptionally high mannose content is in contrast to 

that found by Aspinall and coworkers. It should be remembered, 

however, that the two materials had not been isolated by similar 

methods. HYdrolysis of the methylated polysaccharide gave 2,3,4,6-

tetra-0-methyl-D-galactose, 2,3,6-tri-0-methyl-D-glucose, 2,3,6-tri-

0-methyl-D-mannose and (possibly) 2,3-di-0-methyl-D-mannose. The 

authors conclude that the glucomannan consists of 40-60 ,8-1,4-linked 

D-mannopyranose and D-glucopyranose residues and that no branching 

points are present. D-galactopyranose occurred as an end group in 

sorne cases. 

Hamilton and Partlow (69) isolated a glucomannan from 

western red cedar (Thuja plicata) by extraction with 18% sodium 

hydroxide of a chlorite holocellulose which had previously been 

treated with 4% sodium hydroxide. \fuen the alkaline extract was 

acidified, dialyzed and concentrated, no precipitation occurred and 
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the material was isolated only af'ter addition of methanol. The 

hemicellulose was at this stage bleached wi th chlorine d.io:xide but 

the authors do not, unfortunately, discuss either the reason for 

or the result of this treatment. The product at this stage had a 

ratio between mannose, glucose, ~lose and galactose of 46.0 : 18.3 

8.1 : 1.0. The authors consider that the galactose arose from a 

contaminating galactoglucomannan and has no structural significance 

in this case, but the nature of the xylose residues is not discussed 

at all. Presum.a.bly, they consti tuted a strongly adsorbed xylan 

impurity. Partial hydrolysis yielded mannobiose, glucosyl mannose, 

mannosyl glucose and mannotriose, all of which were observed on the 

paper chromatogram. The methylated material on hydrolysis gave 

2,3,4,6-tetra-O~ethyl-D-galactose, 2,3,4,6-tetra-0-methyl-D-glucose, 

2,3,6-tri-0-methyl-D-glucose, 2,3,6-tri-0-methyl-D-mannose and a di

o~ethyl galactose. It is concluded that the glucomannan is a short, 

linear polysaccharide, composed of 1,4-linked p -D-glucopyranose and 

f3 -D-mannopyranose residues with a ratio of glucose to mannose of 

1 : 2.5. 

A glucomannan isolated from unbleached Mitscherlich spruce 

pulp was investigated by Merler and Wise (73). The product was 

obtained by treating the pulp vdth cuprarnmonium. when an insoluble 

copper complex was formed from v1hich the glucamannan was isolated. 

The detailed structure of the product was not determined but certain 

data were obtained concerning its molecular properties. Electro

phoresis showed the presence of at least three components and ultra

centrifuge studies indicated that the material was poly.molecular. 
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Graded acid hydrolysis gave a mixture of sugars from which severa.l. 

oligosaccharides were isolated, incl uding 4-0- f3 -D-glucopyranosyl-D

mannose, 4-0-[3 -D-mannopyranosyl-D-mannopyranose, a mannotriose 

cp-1,4), a trisaccharide containing one reducing glucose residue, 

one glucose and one mannose residue and another containing one reducing 

glucose and two mannose residues. 

Most recently Meier (74) has studied a glucoma.nnan from 

Scots pine (Pinus sylvestris). It has been found in this laboratory (75) 

that pine glucomannans are more difficult to obtain free from 

contaminating xylans than are the corresponding polysaccharides from 

spruce wood,and the Scots pine wood was no exception in this respect. 

The chlorite holocellulose was successively extracted with dimethyl 

sulfo.xide, hot water, 14% potassium hydroxide and potassium hydroxide 

containing borie acid. A sample of the final residue was dissolved in 

cupriethylenediamine, reprecipitated with acetic acid and extracted 

with potassium hydroxide-borate. Fractions rich in glucomannan 

contained 1.2 and 2.8% :xylose, and, contrary to spruce glucomannans, 

a.J..so 2.8 and 4. 7% galactose. The copper compl.ex and the cetavlon 

(cetyltrimethylammonium bromide or hydroxide) methods did not reduce 

the xylose content. Application of the barium hydro.xide technique, 

however, in one case lowered the xylan content of a fraction from 19.6 

to 8.3% (74). The loss of polysaccharide, was, however, approximately 

50%. The barium hyà.roxide method developed by Meier has proven 

extremely valuable in this laboratory and undoubtedly represents a 

great improvement over previously used procedures, for example the 

time-honored copper complex method. 
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The fraction which had been extracted with 14% potassium 

hydroxide contained 5% of lignin, 15.5% glucose/galactose, 28% mannose, 

6.8% arabinose and 49.8% xylose. It was delignified by chlorination 

followed by extraction with alcoholic ethanola.mine. When the thus 

delignified product was treated with barium hydroxi.de, the resulting 

polysaccharide contained 22.4% glucose, 5.2% galactose, 70% mannose, 

2.4% xylose and a trace of arabinose. Both the glucamannan and the 

xylan were presumably chemically linked to the lignin and could be 

separated only after removal of the latter. Lindgren (69) bas recently 

adduced evidence for the presence of a lignin-hemicellulose complex in 

wood. Difficulties encountered by many earlier workers in obtaining 

pure wood hemicelluloses can now accordingly be at least partly 

explained by the presence of residual lignin in the products under 

investigation. 

The only reported work on a hardwood glucomannan is that 

of Jones, Merler and Wise (70) who investigated the hemicelluloses 

of trembling aspen (Populus tremuloides). After most of the acidic 

:xylan had been removed, alkaline borate gave a fraction containing 

mostly glucose and mannose in a ratio of 1:2, which was quite 

different from the ratios of 1:3 to 1:4 usually encountered in soft

wood glucoma.nnans. Methylation e:xperiments indicated that the 

polysaccharide was campos ed of f3 - 1 ,4- linked hexose residues. 

Gillham. and Timell (71) isolated a 4-0-f3-D-glucopyranosyl

D-mannopyranose from a white birch alpha-cellulose. This indicated 

the presence of a glucomannan in this species of wood. It has now 

been isolated in this laboratory in a considerable quantity (50 g.) 
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and in a ver.y pure state (only traces of xylose). The ratio of 

glucose to mannose is closer to 1:1 than to 1:2. Structural invest

igations on this polysaccharide are presently in progress (72). The 

yield is approximately 2% of the weight of the extractive-free wood. 



RESULTS AND DISCUSSION 

The composition or the sprucewod used is sUDII&rized in 

Table I. 

Al}ba-cellulose w.s deterlli.ned b7 the standard chlorina.tion 

procedure followd b7 exhaustive extraction wi.th a]kaH. 

25. 

Constituent sqars in the wod and the alpha-cellulose were 

estimated b7 a speotrophotometric .etbod arter hydrolJsis and separation 

on paper chromatograms. The percentages ot carbolcydrate constituants 

were calculated assum:i.ng that lignin1 acet7l1 and ash oonstituted the 

remainder or the l«>od. The nvmnan content 1 which vas ll. 6%1 was or 

the same order ot magnitude as that found previouslf for other conifers 

{17). 

Holocell.ulose was prepared from the extractive-tres "WOod •al 

by the chlorite method {76) in a yield or 78.6%. A. portion or the 

holocellulose lBS ext.racted at room. temperature wi.th 17. 5% Naœ to which 

had been added 4% ot H
3

B0
3 

{77). Fehlingls solution {78) was added. to 

the clear extract and the precipitated copper complu was w.shed. with 

water and decomposed with a mixture or dilute h1dz'Ochloric and acetic 

ac id.. 

A. crude pol1saccbaride was precipitated trom the acid solution 

or hellicelluloses b7 addition or alcohol, the peld UJ)untin& to 11.2% 

on the basis or the original wood.. The coubined washings, on addition or 

alcohol, gave an additio:na.l precipitate "Nhichl atter decomposition or the 
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TABLE I 

CCMIQSITIOH OF WHITE SPRUCEWOOD 

ALL V AWES IN PER CENl' OF EXTRACTIVE-FilEE WJOD 

Component Percent 

Alpha-cellulose 48.5 

AlJila-celltùoae 1 corr. 44.8a 

Pentosan 9.8 

Lignin 27.1 

Acety1 1.3 

Aah O.J 

Uronic anhydride 3.6 

Ga.lactan 1.2 

Glucan 46.5 

Karman ll.6 

Ar ab an 1..6 

Xylan 6.8 

a Corrected for non-glucan material. 
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copper compl.ex, yield.ed a pol7aaccharide which vas partiall.y' insoluble in 

dilute acids and gave mstl.y glucose and JrBDnOse on hydrol.ysis. 

The crude pol1m-r vas puritied b7 dissolution in alkali and 

reprecipitation as the copper complex. Atter treatment with acids1 

glucomannan wa.s again precipitated b7 addition of alcohol and the series 

of purifications was repeated once .1110re. The final product thus obtained 

represented 6.7% of the original wood. The sugar composition of the 

crude and purit'ied materials is presented in Table n. The crude poly

saccharide apparentl.y still contained m:inor amunts of galactan1 araban, 

and X7lan1 in addition to sou uronic ac ids 1 which were not detend.ned. 

In the purified product all these sugars had disappeared except tor a 

faint trace of xylan. The ratio of glucose to mannose remained essenti.al.lT 

the same thoughout and approximated 1:3. The specifie rotation of the 

puritied mate rial, [a.~ 1 was -33. 5• (5;. 1. 0 in lq.( NaCJI). The intrinsic 

viscosit7 in cupriethylened1am1ne was 0.24, corresponding to a degree of 

pol.ymerization of 35 to 40. AU these data are in agreement with the 

correaponding values found tor the gl.ucoanD&D from western hemlock (20). 

A che.micall.y ho.mogeneous polysaccharide ahould, on further 

tractionation, yield portions with chemical properties identical to those 

of the untractionated polymer (80). This require.ment wa.s tul.filled b;y 

the present hemicellulose as far as specitic rotation and the ratio of 

glucose to DBmJOse was concerned. It can therefore be concluded that the 

material was probably chemical.]J' homogeneous and should be regarded as a 

true glucoœnnan heteropol1mer, coaposed or anhydroglucose and anhydro-

.mannose units. 



TABLE II 

CCMPOSITION OF GLUCŒANNAN IN PER CENI' 

A and B: Crude Glucomannan from Du pli ca te 
Experi.ments 

C: Pure Glucoma.nnan 

G1ucomannan 
Component A B c 

Galactan 1.1 1.0 Nil 

G1ucan 22.8 21.6 25.0 

Mannan 72.6 73.7 75.0 

Ara ban 1.7 Nil Nil 

Xy1an 1.8 3.7 Trace 

Glucan:ma.nnan 1:3.2 1:3.4 1:3.0 

28. 



29. 

It is interesting in this connection to note the different 

behavior toward alkali of the crucle glucomannan and the aterial con

stituting the endosperm of the ves-table ivor;r1 which on hytlrolysis 

gives 1~ glucose and 86% .ma.nnose in addition to .Jd.nor amounte of other 

eugars. :Extraction with 10% NaOH of the latter product giTes a high 

yield. of a material containing only Z/o glucose units and mre than 97% 

mannose. 

The &D:>tmt of mannose residues present in the crude gl.ucomuman 

was 72% of the total nUDi>er of these sugar units present in the wood. If 

the &cid-insoluble fraction referred to above is also included1 this 

figure is raised to 82%. The pure glucomanna.n contained 43.2% or the 

mannose units in the wood. It is evident from these figures that the 

major portion of the JDamlOse residues in white sprucewood. rorm a part of 

a glucomannan hemicellulose. The composition or the lllbite spruce alpha

cellulose is given in Table III1 the assumption being that 1 mle ot 

glucose ia associated with J mles ot mannose. 

It the amotmt of anhydroglucose present as eellulose1 namel.y 

43.~1 is deducted from the total gl.ucan content1 46.5%1 a remaind.er of 

2.6% is obtained. The ratio between this "extra" glucan and the total 

mannan content is 1:4.31 or somewhat higher than the ratio ot l:J.O 

round tor the glucomannan, but almcst the same as that observed tor a 

glucoDIIJUWl from western heml.ock (20). 

This discrepancy betwen the glucan to mannan ratio and the 

composition of the glucoma.nna.n suggests two possibllities1 D&JIIBly either 

that there mi.ght be present another kinà or glucoDBDna»1 which contains 



TABLE III 

CCMPOSITIOH OF ALPHA-CELW:WSE FIOI SPRUCEWOOD 

VAWES IN PER CENT OF EXrRA.CTIVE-FREE WOOD 

Component 

Cellulose 

Hannan 

Glucan 

Araban 

Xylan 

Per cent 

4.3.9 

.3.0 

1.0 

0.2 

0.5 

.30. 

.,re .mannose residues or that JIILJmOse residues •7 be prese11t in a pol3'

saccharide which does not contain &n7 8lucose at all, for exampl.e, iD a 

galactomannan. 

An attempt to solve this problem was ade 'b7 fractionating the 

glucoJM.nn&D b7 copper coaplex formation. B7 this ll8thod the erode 

glucomannan could be separated into three fractions: 

About 1. 5% of the original wood was a &].ucoannan vhich did 

not precipitate as a copper complex at pH 12.51 or higher. It coul.d 8e 

precipit&ted from the solution b7 the addition of eth&Dol (la,C). Atter 

decomposition or the copper compl.ex, a white polysaccharide was easi~ 

obtained vhich was insoluble in an acidic medium. 



This product was exceptionall.T resistant to acid hydrol7sis 1 

was neither soluble nor swelled in cupr&JID)niua solution and was 

contamiœted by xylan polyuronides. The glucose to mannose ratio vas 

difticult to determine but seeœd to be onl.T sll.ghtl.y different from 

1:3. The solubilitT of this prod.uct in a1Jcal1ne solution ia abnorml. 

This t,-pe of glucomnnan representa 80% ot the gluco.tœ.DMD extractable 

from highly bleached spruce pulp. In thie case, it representa 2. 6% ot 

the original. 11100d. It m&T be that it is a fraction of degraded. and 

oxidized glucomannan1 possib~ adulterated b7 chemical agents. 

31. 

The second traction is the gl.ucomnnan which precipitates as 

a oopper eomplex at pH 12.5 or higher, but dissolves at pH ll.5. This 

prod.uct is loat during puritication of the bulk ot the gluco.llBD!Wl. In 

all aspects except its pentoAD content it has the 8&118 properties as 

the glucomannan in the third traction. 

The third fraction was a gluoo-.nnan which tormed a copper 

complex at pH ll.5. This is the oD17 ld.nd ot glucomannan llhich could 

be success!ully puritied b7 the copper complex method. 

It was entirely soluble in cupr&JI8)nium solution and et~lene

diamine as wll as in sodium or potassium h1Qroxide solutions. This 

prod.uct re.mained in solution when its copper complex was decomposed b7 

acetic acid and ita Klason l:ignin content was 2%. It was sligbtq colored 

and partiaJ.l1' soluble in water 1 the less soluble .traction being darker. 

The glucose to mannose ratio was 1:3 and the product correspoDded to 6.7% 

ot the original wod. 
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Paper chroœtography or the h1tlrolysate obtained f'rom the three 

glucomannan fractions showd that the difference betwen the three groups 

depended mre upon the purit7 or the fractions than on the DIB.Imose to 

slueose ratio. 

A seoond attempt to di1'ferentiate or fractioœte the 'White 

spruce glucomannan was made b7 selective extraction or the holocellulose, 

combined vith barium complex precipitation in conjunction with direct 

chl.DriDation. Selective extraction was suggested. b7 Hamilton aDd Quimby 

(86) and the barium complu method with chlorination was used by Meier 

(74). 

The holocellulose was prepared b7 a mdi1'ied œthod to attain a 

hi&her degree of' delignitication tban is possible by the usual (76) 

chlorite procedure. !tter three delign1 fications in the usual wa7, mre 

treat.~~~mts were carried out in a .3.3% dioxane-water medium. 

A holocellulose was obtained in 64% yield &!ter the six treatments 

compared to a 78/o yield atter seven treatœents b7 the standard technique. 

or the original liOOd hemicellulose and lignin, another 1.4% -· 

thus solubilized by the use or dioxane. 

A preJinrin&r7 extraction or the holocellulose with 1% sodium 

hydro.xide solution showed, again, that mstl.y galactan, ma.nna.n and 

pentosans wre remved. However, mch less glucose-yieldiDg material was 

extracted with the dUute alkali. It waa to be expected that a glucolllflDI'!an 

would be harder to extract than a galactomanna.n, 'Which is characterized 

by water solubUity. 



Extraction of the holocellulose with 2.5% sodium hydroxide 

lowered the ;yield from 64 to 48%. The resulting extract was mixed 

JJ. 

with barium hydraxide solution, but no precipitation oceurred until a 

substantial amount of ethanol had been added. The barium coapl.u was 

reJB:>ved on the centrifuge and b;y addition of mre ethanol (over 60%), 

another polysaccharide traction was separated which apparentl;y did not 

form a barium complex. Both fractions were hydroly'zed and chroato

graphed. Onl.y the barium complex shoved a substantial amount ot hexoses, 

whereas the second fraction contained a.l.DDst exclusivel.;y pentoses and 

uronic acids. 

The bari~precipitatable material (product A) resisted chlorin

ation at 5•c i.e., no parification was effect&d., but at room temperature 

chlorination yielded a pure glucolii8DD&Il., soluble in alkali and water. 

This glucomannan was completel.;y free of galactose and .xylose residues. 

The pol;ysaccharide showed a glucose to mannose ratio of 1:2. It was 

precipitated b;y barium hydroxide in the sa.Jœ way as product A. The 

product thus contained fewer mannose residues than the bulk of the 

glucouannan. It seeJBB possible that in white spruce there exista a 

polysaccharide responsible tor the excess of .mannose, probably a short 

chain, lllhich cannot be isolated as a copper or barium complex. 

The 1:2 glucollllllD&ll needs drastic treatant to be isolated and 

cannot be directl.;y extracted with water; it represented only 0.4-l.Q% 

ot the original wood and its influence on the total mannose balance in the 

white spruce seeœ to be negligible. Certainl.y it does not originate trom 

the 1:3 glucomannan and it is possible tbat even its Jll)rphological origin 



FIGURE 1 

SUCCESSIVE Er.l'RACTION OF tmrrE SPRUCE HOIDCELWWSE 

WITH 2.5 and 17.5% SODIUM HmROXIDE SOLUTION 
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is different., similar to the A and B DBMUIS from iwry nut (28). The 

existence ot a water-soluble galactoglucoma.nnan., 0.08% ot the original ~od., 

in white sprue• has recentl.y been reported b;y Ada.ma (87). The glucose 

to .IIBilllOse ratio was shovn to be 1:3. 7, but again because ot the low 

yield of this pol;ysaccharide., it contributes little to the overall 

-.nnose content ot the wod. This pol.;ys&ccharide exista in a very small 

&m\Ult in 7- spruce holocellulose and can be isolated b;y fractionation 

ot the copper complex. Isolation of this prod.uct b;y the barium complex 

method from 64% white spruce holocellulose tailed. 

Partial Hldr9llsis of the Glucomannan 

White spruce gluco.lll&nD&n is relative]Jr eas;y to hydrol.;yze. Four 

.1118thods wre used to check the yields and relative proportions ot the 

oligosaccharides tormed. The acetolysis used to hydrol.;yze an Iles mman 

gluco.IIILD!l&ll (34) seeDI8 to be too drastie and the ;yield was poor, especial.l.7 

tor higher oligoeaccharides. The partial. hydrol.ysis with N-sulphuric acid 

at so•c has a similar disadvantage. Hydrochloric acid has a tendenc;y to 

cause the toration of a suspension 'Which is hard to centrifUge eyen alter 

addition or athanol. The best œthod was toWld to be the toraic acid 

technique used b;y Jones am Painter (61.,62). This œthod can 'be repeated 

several times to ettect an &J.B)st complete lcydrol1'8is ot the glucomannan. 

It seems to be œch ailder than the DBthod.s emplo;ring llineral acids and 

apparent]J' it is selective tor glucom:nnans or mannans, whereas cellulose 

tr&gl8nts are resistant. An experiment with i..-or;y nut meal showed that 

after a nUIIber ot fol'Biic acid treatmnts the reuining •terial contained 

&luco se OIÜ1'. 
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The opt.ical rotation ot the glucomannan waa tollowd during 

hydrolysis with 45% tormic acid at 98°C to give the following resulta. 

Time hrs. Cul 
0 -32 

l -25 

3 -19 

7 0 

10 +10 

24 +24 

The sirup obtained after the tirst hydrolysis vas diasolved in 0.5N 

sulphuric acid to h1drol1ze ~ tor.mate ethers for.med~ but as there waa 

no chromatographie evidence tor their presence at any tims, this treat

DI9Dt vas later omi.tted. During the hydrolysis ~ and eapeciall.y the 

sulphuric acid treatœnt, substantial &lll)unts ot a gray.Lsh insoluble 

precipitate waa tormed. .No differences wre obaerved in the proportion 

of oligosaccharides obtained during the five consecutive ~:cy&es, ltbich 

s~eted that the olisosaccharides originated froa a homageneous hetero

polymer. The resulting airup was resolved on a charcoal colUDil and tive 

oligosaccharidea wre ful.l.y identitied. 

(A) 4=0-8-D-Ha.nnoJ?F!!lOSP,-D-:œnnose 

This compound (1070 mg.) mved on the paper chroll&togram (solvent 

C) at the s8JBIS rate as an authentic sa.mple ot (1_.4)~-D-annobiose. 

Chromatographie exandnation of the bydrolysate indicated the presence or 
mannose onl1'. The disaccharide cr;rstallized from methanol, a.p. and Bd.xed 



37. 

m.p. 203-204•, [a.J0 -7• (,! 1.0 in water). The X-ray diffraction pattern 

and intrared absorption diagraa were identical with those of the authentic 

specimen. 

(B) ;-o-a-D-Hannopzranoszl-D-glucose 

This disaccharide (82 Jl8•) •s chroDBtographicall;y identica1 with 

a sa.mp1e of an authentie (1---....4)-P-D-œnnos;yl glucose. Paper chromato

graphie a.nalysis i.Micated equal amunts of mannose 8Di glucose in the 

hydrol.y'sate. Cr;ystals were obtained from moist ethanol, m.p. and lllixed 

a.p. 201-202•, [a.1 +18° (s_ 1.0 in water). 

( C) 9-B-D-Mannop;yranoazl-(1~4)-9-B-D-.marmomanoszl-(1_..4)-

D-DBnDOse 

This compound (481 Ill•) -.s chromatographically identical to 

an authentic specimen of a (1-.-4)-P-linked B&DDOtriose. On complete 

bydrolysis, onl.7 mnnose was obtained whUe partial eydro17&is 7ielded 

bot.h mannose and IIBDnObiose. Att.er seed.ing wit.h an aut.hent.ic crystal., 

the product cr;ystallised from ethanol, m.p. and mixed m. p. 165-169•, [ a.]o 
-25• (s. 2.5 in water). 

(D) lt-0:8-D-Gl.ucopzranoszl-D-marmose 

The disaccharide (.38.3 mg.) was chroma.tographicall7 identical with 

an authentic specimen or a (1~4)~-linked mannos;yl glucose. Equal amounts 

ot mannose and glucose were formd on ~l;ysis. The collpOUild cr;ystall.ized. 

rrom ethanol, m..p. and mixed m.p. 135-137•, [ a.]o +16• (s_ 0.8 in water). The 
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derind octaacetate# prepared with acetic a.nhytlride and zinc chloride# 

had m.p. 204-205•# uncbanged on adDd.xture with an authentic specimen 

(35)1 [ a.J> +36• (~ 1.0 in cbloro.f'orm). 

(E) 0-6-D-Ma.nnowranoszl-(1--4)-0-6-D-mennopzranoszl-(1--4)

B-D-mannopzranoszl-(1~4)-D-mannose 

· Complete 111drolysis of' this compound (lOO .-g.) indicated the 

presence of' mannose OJÙ.1' in the eydrol.yv.te, ldlile partial hydrolysis 

gave riae to ma.nnose # JIB!lœ};)iose and B&DDOtriose on the paper chromato-

gram. Application ot the .œethod of Peat# Whelan and Roberts (83) 

suggested the presence of a tetrasaccharide1 ldlile oxidation with hypo-

iodite indicated an equivalent wei&ht of 700 (calcd. 666) (95). The 

product crystall.ized. spontaneousl.y troa methanol-water 1 m. p. 212-214 • 1 

raised to 232-234 • a.f'ter recr,r.stallization from aqueous methanol, [ « 1 
-31• (~ 1.6 in water) (82). 

Oliaosaccharide F 

When hytlro~ed, this oligosaccharide (50 ~·) gan rise to 

glucose and mannose in a ratio ot 1:2. The presWDid triaaccbaride moved 

:raster on the paper chromatogram (solTents A and B) than mannotriose. 

Partial bytlrol.ysis vith .f'ormic aeid yielded m.nnose, glucosy'l mannose, 

glucose and l~~Bllilosyl glucose, with the tormsr two sugara predolllillatiJls. 

The h1Qrolysis of the residual •terial did not show any substantial ctange 

in the glucose to mannose ratio. The yields of the identitied oligosacc-

harides are sUDII&rized in Table IV. 



TABLE IV 

YIELD OF OLIGOSACCHARIDES 

(A) Mannobiose 

( C) Marmotriose 

(H) Mannotetraose 

(B) MalUlosyl-glucose 

(D) Glucosyl-mannose 

Presumed oligosaccharides 

(E) Cellobiose 

(I) Marmosyl-glucosyl
malUlose 

l,WO mg. 

481 mg. 

113 mg. 

82 mg. 

383 mg. 

27 mg. 

108 mg. 

39. 

Fig. 2 presents percentage of alcohol and amount of eluent used to wash 

every oligosaccha~ide from the charcoal column. 

As was found in previous investigations (58,62,73,79) 1 the yield 

of mannosyl-glucose and cellobiose ia severa! times smaller than the yield 

of other oligosaccharides. It is independant of the methods of partial 

hydrolysis. There are no apparent reasons why the yields of glucosyl-mannose 

and mannosyl-glucose should differ by more than 1 to 2%, unless we assume that 

mannosyl-glucose is 4 to 5 times easier to hydrolyze than glucosyl-rnannose. 

The explanation for the small number of cellobiose units is 

different. Certainly cellobiose is the roost stable oligosaccharide fonned 

by partial hydrolysis of the glucomannan. In the series of trisaccharides 

only a trace of a product was present which could correspond to cellotriose. 

Three other trisaccharides contained more rnalUlose than glucose. There was 



FIGURE 2 

SEPARATION OF OLIGOSACCHARIDES OH 

NUCHAR aiABOOAL COLUMN 
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no evidence that glucose was accWIIll.ated in the higher oligosaccharides or 

in the unll1drol.yze<i resid.ue. 

Thus it can be concluded. that very- few of the glucose residues 

in the glucomannan were contiguous. The high proportion of mannotetraose 

and mannotriose shows that contrary to glucose, mannose forma contiguous 

chaine of four and maybe DDre anhydroma.nnose units. 

Metbllation of the Glucomannan 

The glucomaman was first œthyl.ated with dimetbyl sulP'l&te and 

sodium hydroxide. Complete Jœthylation •s achieved by the Kuhn method 

(66). The final. product sholll8d no free hy'd.rœcy-1 groups in the intra.red 

absorption diagram. A portion of the .tully methyl.ated prod.uct was 

hydrol.y'zed and the resulting sirup was resolved. on a charcoal colum 

yielding three principal components. 

Ethanol, % 

2-5 

5-7 

19-20 

Amunt, g. 

1.870 

.J7J 

.06J 

Comp:.>nent 

2,J,6-Tri-O-methyl-D~se 

21J 1 6-Tri-O-methyl-D-glucose 

Tri-0-methyl glucose chromatographically and 
electrophoreti~ identical to 2,3,4-tri-0-
methyl-D-glucose. 

2,.3,6-Tri-0-œethyl-D-ma.nnose, a slightly colored sirup [ aJ0 -12• (.2, 1.0 

in water) was characterized as its cry-stall.ine di-p-nitrobenzoyl es.ter 1 

showing m. p. 187-188• (.31). On the demethyl.ation of this product, mannose 

was obtained. It was chromatographically identical to an authentic specimen 

of 2,.3,6-tri-0-œtbyl-ma.nnose obtained atter hydrol.y'sis of a full.y œthy-1-
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ated ivocy nut mannan. A second tri-0-msthyl-hexoae .DI)ved a little raster 

than the tirst on the paper chromatogram at a rate identical to an authentic 

specimen of 21 ,31 6-tri-0-methyl glucose. The prod.uct cr;ystallized spontan

eousl7 and after rec17Stallization it bad m. p. and mixed m. p. 119-120•. 

The sugar was thua identitied as 21 .31 6-tri-0-metbTl-D-glucose. 

The third .œthylated •uaar obtained in a small aœunt was 

chromatographically identical to an authentic sample of 2,.3,4-tri-0-methyl

D-gl.ucose. An attempt to prepare the crystalline derivative .taUed and so 

this JDBthylated sugar could not be coœpl.eteq identitied. A 21 .31 4-tri

O-meth7l-gl.ucose has previousq been isolated from a spruce glucoMDnan 

by Croon and Lindberg (.3.3). 

In addition to the above sugars, a small. quantity (2.3 ~~«•) ot 

cliJœthylhexose •s also isolated, probably a demethyl&tion product during 

the hydrolysis. The amount isolated is considered too insigni.ticant to 

prove or disprove the existence of branching points. In the region on 

chromtogram, corresponding to tetra-0-methyl hexoses, a .taint spot was 

observed on elution with 11.5% ethanol and with 13.5-14% ethanol two spots 

occurred iauœdiateq above this position. The first of these spots w.s 

redd.ish in co lor 1 llhen sprayed with o..a rn1 no-bipheeyl am vas considered 

to be a tri-0-methyl-xylose. 

The rate of mve.œnt or the other two sugars was not identical 

to that of any knovn tetra-0-lletby'l-hex.ose. Hydrol7sis of another portion 

ot the mathy"l.ated gl.ucomannan and direct separation ot the sugars on the 

paper chromtogra.m indicated the presence ot a tetra-0-mthy'l hexose. 

Several chromatogr&IDIS vere obtained, the appropriate sections were excised 
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and the sugars eluted and wighed. 

The &DDlUlt ot tetra-O-metb71 hexose 'W&S OJÙ7 o.l% or the total 

mixture. 

It ia possible that the nature ot the non-reducing end. groups 

would become more evident, it the met~lation vas carried out with a 

glucoJIBll!Wl which was more del.i.gnitied than the present preparation ( 93). 

Periodate oxidation showed conswaption ot • 97 mole ot axidant per hexose 

residue within the tirst 72 hours, thua suggesting the presence ot an 

esaenti.al.q linear pol.ymar. 

A determination ot the number-average molecular waisht ot the 

nitrated gluco-.nnan b;r osmometr;r was .uade w:l.th two sampl.es, giving 281 400 

and 30,700, respectivel.T, correspoDding to a D.P. ran~ or 100-107. The 

correspond.ing wight-average T&lues wre 51,700 and 182, respectively, as 

determined b;r light-scattering measurelll8nts with n-but;rlacet&te solutions 

ot the nitrates. 

From the above evidence a tentative structure can nov be suggested 

tor the lllhita spruce glucomannan lilhich contains glucose and JII8.Dn0se residues 

onl;r in a ratio or 1:3. The isolation ot 2,3,6-tri-0-meth;rl-D-mannose and 

2131 6-tri-0-œthyl-D-glucose from the tul.ly' •tcylated glucomannan shows 

that the polysaccharide is composad or mnnose and. glucose residues linked 

together 'b;r (1~4) glycosidic bonds. This conclusion is turther corroborated 

by the consumption ot • 97 .mle or axi.d&nt per anhydrohexose unit on periodate 

oxidati on o:t the glucomarman. The negative rotation ot the latter iD:iicates 

that the he.xose residues are present in the ~ conti&Ur&tion. Froa the 
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yield of oligosaccharides it can be concluded that the glycosidic linkages 

are not of the same strength. This w:>uld perhaps explain why it is imp:>ss-

ible to isolate a glucomannan from white spruce wood as a single homogeneous 

hemicellulose fraction instead of in the form of at least three fractions, 

which together represent only 82% of the total mannan content in the wood. 

It could also explain the considerable loss of glucomannan occurring 

during methylation. Contrary to the glucose, the mannose residues form 

longer contiguous arrangements. 

The isolation in a relatively high yield of mannose-containing 

oligpsaccharides shows that the glucomannan contains sections of adjacent 

mannose residues between which single glucose residues are inserted. It 

would suggest that the average single glucomannan repeating unit is 

~1-~~~n-- as a result of the 1:3 glucose to mannose ratio. How

ever, the relatively high yield of mannotetraoae suggests that in reality 

a large number of anhydromannose units form chains longer than three 

anhydroma.nnose units, thus p>stulating the existence of two different chain 

arrangements in the glucomannan mlecule -@--M~~n- and -@--Gl~--~n~ 
This suggestion is further corroborated by the relatively high yield of 

mannosyl-glucosyl-mannose, the second most abundant trisaccharide. This 

oligosaccharide which contains t'WO glycosidic bonds of apparentl.y unequal 

strength should be very rare, if the arrange.rœnt of a glucose inserted 

between two mannoses were not quite common. 

It might be that contiguous mannose chaine which originated from 

glucomannan increase the ratio of mannose to glucose in crude glucomannan 

fractions. 
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Katerial 

Wood of white spruce (Picea glauca) lliB.S obtained. through the 

courtesy ot Mr. Sigmund Wang, Industrial Cellulose .Research Limi.ted, 

Hawkesbury, Ontario, in the form ot a 40..year old, hea1th7 specimn. The 

40-60 msh wood meal was exhaustively extracted with ethano1-benzene 

(1:2 v/v) and with cold water. 

AnalzticalMethods 

Alpha-cellulose 1 l.ignin, pentosan a.n::l uronic a.nh1drid.e were 

determined b7 standard TAPPI methode. For estimation of the sugar content 

ot the wood and the o.-cellulose, 1-gram sa.mples were hydrolyzed to the 

corresponding sugar mixtures according to the procedure of Saeman and 

co-workers (78). The sugars were separated on Whatman No. 1 tilter papars, 

guide strips were eut out and the sugars were 1ocated by spraying with 

an acetic acid solution of phosphoric acid and o-a.minodipheeyl (84). The 

appropriate areas ot the paper chroiiBtOgr&lDB wure excised and the sugars 

were e1uted with water, dUuted to a suitab1e vo1UII8 and quantitativel.7 

determined by the o-aminodipheny1 method of Tiœll, Gl.audemans and Currie 

(84). 

Paper Chromatosra;phl 

Chromatographie separation of sugars was carried out on Whatman 
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No. 1 or, tor preparative purposes, on Whatman No. 3 MM tilter papers. 

The sol vents used includ.ed (A) ethy1 a.cetate-acetic a.cid-wa.ter ( 9:2:2 

v/v), (B) butan-1-ol-pyridine-wa.ter (10:3:3), (C) buta.n-1-ol-pyridin.e

wa.ter (6:4:3) a.nd (D) buta.n-1-one-water (89:ll). 

All specifie rotations were equilibrium values, unl.ess other

wise sta.ted, and were determined a.t a. temperature or 21•c. Melting 

points were all corrected. 

Isolation of the Glucomannan 

Holocellulose ~ prepa.red in 78.6% yield from the extractive

tree wood meal by seven treat•nts with acid.itied sodium chlorite at 70-

750C according to the procedure of Wise, Murphy and DIAd.dieco (76), 

fresh portions of sodium chlorite and acetic a.cid. being added evecy hour. 

The ho1ocellulose was recovered by filtration, washed with large 

quantities ot distilled. water, tollowed by ethanol and petroleum ether. 

The pentosan content or the product was 11.8% instead. ot the expected 

12.5%, thus indicating some loss of hemicelluloses during the delignjt

ication. 

Holocellulose, 89.7 g., was extracted m a nitrogen atmsphere 

at 3o•c with 1,500 ml. ot a solution containing 17.5% sodium hydroxide and 

4% borie acid (77). The mixture was cooled to +5•c and the undissolved 

materia.l, which amunted to 69% of the total ho1ocellulose, was reœved 

by filtration and wa.shed rapidly with 1, 500 ml. ot cold., distilled. lllter. 

Fehlingts solution (32), 175 ml., was added to the combined filtrates, 
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when a thick, blue precipitate was formed within a tew minutes. The 

precipitate was stirred with distilled w.ter which was subsequentl.y 

relll)ved by centrituging. This treatDIIInt was repeated twice and the 

combined washings vere added to ethyl alcohol when a second precipitate 

of a copper complu was obtained. The ain portion wa.s suspended in cold 

water and the copper compl.ex was destroyed by addition of an aqueous 

mixture of acetic and bydrochloric acide. The acid solution of hemi

celluloses lBS centrituged to yield a small a.munt of &cid-insoluble 

•teri&l. The clear solution was added to an equal volUJIIS of ethanol, 

when a precipitate of crude glucomannan wa.s formed. Yield: 12.73 g., 

corresponding to ll.2% of the original wood. 

The second, minor precipitate of the copper coœplex was treated 

in a si nd Jar wa.y. In this fraction, hovever 1 the glucomannan wa.s found. 

in the portion insoluble in dUute acids. The &lll)unt of this mterial 

was 1. 73 g. 1 or 1. 5% of the wood. 

Purification of the Glucomannan 

The glucomannan was dissolved 1n the a&mB alkaline solution. 

Af'ter centrituging, Fehlingls solution was added as before and the pre

cipitate was washed four ti.Jœs with distil.led water, the ti.Jœ of contact 

betveen the copper compl.ex and the water being kapt at 2 to 3 hours to 

ensure complete extraction. The copper was elimiœted. and the glucomannan 

was precipitated by addition ot ethanol. This series of treatœnts was 

repea.ted once JDDre with the number of wa.shings extended to seven t~s. 

The final product 'WI.s solvent-exchanged through ethanol and. dried from 
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ethyl ether in vaeuo at 50°C. The am:nmt obtained was 7.60 g., correspond

ing to a yield of 6.?%, calculated on the original wood. The pure gluco

mannan was an alm:>st white powd.er, easily soluble in 10% alkali. 

The glucose component was identified chromatographically. Mannose 

was characterized through its phenylhydrazone, ~p. and mixed ~p. 19s•c. 

The specifie rotation of the glucoma.nnan was -84.8° in 17.5% sodium 

hydroxide containing 4% borie aeid (~ 1.0) and -33.5° (~ 1.0) in 10% 

sodium hydroxide. The intrinsic viscosity of the glueomannan in M eupri -

ethylenediamine was 0.24 dl./g. 

Preparation of Glucomannan by a Modified Procedure 

Holocellulose was prepared in a yield of 64% by the method 

described above, involving the use of sodium chlorite. The partially 

delignified wood meal was reeovered by filtration and wae then subjected 

to three m>re treatrœnts with acid chlorite in 33% aqueous dioxane. The 

holocellulose thus obtained was washed with water, dioxane and ethanol. 

The holocellulose, 192 g., was first extraeted with 2 liters 

of 2.5% aqueous sodium hydroxide in a nitrogen atmosphere at room 

temperature. The unextracted remainder am::>unted to 145 g., eorresponding 

to 48.2% of the original wood. The extract did not yield a preeipitate on 

addition of barium hydroxide solution. Subsequently, however, addition of 

830 ml. of ethanol to 2, 700 ml. of extract and washings yielded a precipitate 

whieh was separated on the centrifuge, dissolved with acetic acid and repre

cipitatsd with ethanol. The product obtained (product A) an:ounted to 12 g., 
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corresponding to 3.1% ot the original wood. 

The al kal :ine solution re•:i ning after reJII)val. or the barium 

hydroxide complex was poured into ethanol 'When a precipitate was :torlDid. 

The recovered polysaccharide (.traction B) consisted al.DI:>st exclusivel.y' 

ot short-chain acidic xylan mlecules and was not turther studied. 

A portion o:t prodU:ct A, 10 g., was dissol'Y8d in 250 ml. ot 

water and treated at room temperature with chlorine gas .tor riw minutes. 

It was then extracted with an equal TOlWIIIIJ or ethanol containing 3% 

ot ethanol.amine tor five minutes at 95•c. The solution was cooled and 150 

ml. ot aqueous barium hydroxide was added. slowl7 with sti.rring. The 

precipitate tormed vas separated, washed with 4(1/, alcohol and decomposed 

with acetic acid (the insoluble portion w.s discarded.). The polysaccharide 

wa.s precipitated by addition ot alcohol to the acidic solution. .ltter 

washing vith 7Cf/o ethanol, ~us ethanol and etbyl ether, a pure, white 

glucomarman was obtained, corresponding to 1.3% ot traction A. The 

appl'QXimate ratio between glucose and mannose residues in this product was 

1:2. 

The residt:l&l. holocellu:loa.e. :U..5 ,., vas extracted. with 2.5 litera 

o:t 17.5% (w/w) aqueous sodium h1ùr0rlde containing 3% o:t borie acid in an 

at.mosphere o:t nitrogen at +5•c. A:tter shaldng .tor tlfO hours., the remaining 

undissolved a-cellUlose was re!IW)ved by filtration on sintered glass. 

Acetic acid wa.s added to the coDbined :tiltrate and washings until a pH o.t 

l3 .2 bad been reached. Aqueous barium hydroxide was then added and the 

precipitate formed was separated, washed with 25% ethanol &Dd dissol'f'ed by 
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addition of ice-cold acetic acid. The insoluble portion was recovered on 

the centrifuge. 

The acidic glucoma.nnan solution was diluted to 1, 500 ml., cooled 

to +5°C and chlorinated for five minutes with gaseous chlorine. Alcoholic 

ethanolamine 1 11 000 ml., was added and the mixture was heated for rive 

minutes at 6o•c. The precipitate fonœd on addition of ethanol was 

re.IIJ)ved by centrifuging and wa.shed free of bariUil ions 'With JO}: ethanol. 

The yield of glucoaannan thus obtained. wa.s 5.3%1 while the loss in weight 

in this extraction was 7 .2%. The final a-cellulose represented 41% ot the 

wight of the original wood. 

Partial }bdrollsis of the Glucom8.nnan and Isolation of the }izdrolzsate 

The glucomannan as obtained by the first method, 12 g., was 

dissolved in 150 ml. ot tormi.c acid and diluted with water to 300 ml. 

The solution thus fonœd was heated at 96-98•c for tour hours. The 

solution was cooled and the insoluble portion was discarded.. On evaporat

ion of the solution a thick, brown sirup wa.s obtained. Repeated evaporation 

from .œtha.nol removed .IIJ)St of the fomic acid.. The sirup was diluted with 

50 ml. of "W&ter followed by addition of 200 ml. of methanol. The precipitate 

fonœd was recovered on the centrifuge 1 dried from methanol, dissolved in 

tormic acid and again sub jected to partial hydrolysis as above. This 

treatment was repeated five ti.Jœs. Atter the firth hydrolysis the residual 

solide weighed lees than 1. 5 g. and were discarded. The mixture of partial.ly 

hydrolyzed material amunted to 9. 5 g. 
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Resolution or the Partial Hyd.rolyz&te 

The hydrolysa te ( 9. 5 g. ) wa.s pla.ced on the top of a colUIIIl (4. 5 

x 46 cm.) containing Nuchar carbon. Washing with water, 40 liters, f'ollowd 

by 25 liters or 0.5% aqueous ethanol reiiK)ved &11 JOODOs&ccharides in 

addition to a portion of' an oligosaccharide (A). Eight litera of' 0.5%, 

tollowed by six liters or o. 75%, ethanol gave the pure oligosaccharide, f'ree 

from any traces of mannose. An additional quantity of 16 liters or • 75% 

ethanol gave a f'urther quantity of' the sa.DII, chromatographical.ly pure 

oligosaccharide. Washing with 48 litera of' 1. 75% ethanol removed the 

remaining portion of' product A together with a slower JD:)ving oligosacc

haride (B). This mixture was f'urther resolved by paper sheet chromato

graphy. .A.ltogether, 1,070 g. of' product A was collected and .082 @;. of 

oligosaccharide B. 

Sixty liters of 2-4% ethanol eluted 481 mg. of' a chromatoçaphic

ally pure oligosaccharide (C). Elution with sixty-f'ive litera of' 2.25% 

ethanol gave a mixture of product C and another oligosaccharide (D) which 

was resolved by paper chromatography, yielding 0.383 g. of the latter. 

Elut ion with 2. 5-2.7% ethanol yielded ollgosaccharide E1 25 mg. 1 "Nh.Ue 

elution with 3.0-3.25% alcohol gave two additional oligosaccharides (F and 

G). In the saœ way, washi.ng with 45 liters of 3. 75-5.5% ethanol yielded 

oligosaccharide H. Another portion of this compound was desorbed with 

5.25-7.25% ethanol together with another oligosaccharide (I) which was 

obtained pure af'ter paper sheet chroma.tography. 
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Identitication of the Oligosaccharides 

Olisosaccharide A 

This compound mved. with solvent &)"Stems A and C at the sa. 

rate as an authentic sample of P-11 4-mannobiose isolated from. guaran (.36, 

.37) and obtained through the courtes;r of Prof essor R.L. Whistler 1 Purdue 

Universit;r. Chromatographie ex,ami nation of the hydrolyzate ind.icated the 

presence of mannose onl.y. The ollgosaccharide was crystallized from a 

mthanol-butanol mixture. A:f'ter recrystallization from methanol the 

mel ting point vas 202-20.3 •c 1 undepressed on admixture with the authentic 

sa.mple, [ a]n -7• (~ 1.2 in H2o). The X-ray diffraction pattem and 

intrared absorption di&gram were identical wi.th those ot the authentic 

specimen. Oligosacchari.de A was therefore 4-0-f3-D-mannopyranosy1-D-

EnnOse. 

Oligosaccharide B 

This compound was chromatographical.ly identical (solvent A, B 

and C) with a sample ot authentic P-11 4-mannosy1 glucose kindly supplied 

by Professor J.K.N. Jones., Queents Universit;r. Paper chromatographie 

analysis indicated equa1 &œOunts of mannose ani glucose in the hydrol.y'llate. 

Fine crystals were obtained lllhen a moist alcohol solution of the compound 

was seeded with a small crystal of the authentic samp1e. K.p. and mixed 

m. p. was 200-201 •c and [ a}n was +.34 • + 18° ( 1 br., c 1. 0 in water). 

Oligosaccharide B was thus 4~-D-mnnopyranos;rl-D-glucose. 
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Oligosaccharide C 

This compound ws chromatographically indistinguishable from. 

an authentic specimen or a P-1, 4-l.iDked mannotriose obtained through the 

courtesy or Protessor J.K.N. Jones, (solvents A and C). On hydrolysis, 

onl.y" mannose wa.s obtained on the paper chromatogram, whereas both .u&nnose 

and mannobiose were obtained on partial hydrol.;ysis. On seeding with a 

crystal or the authentic sample 1 the product crystallized from moist 

ethanol, m. p. and mixed m. p. 164-169°, [ a]n-21• -25• (2 da;rs, c 2.5 

in wa.ter). Oligosaccharide C was theretore o-p-D-mannopyranosyl-(1~ 4)-

0-P-D-mannop;yranosyl-(1~4)-D-marmoae. 

Olisosaccharide D 

This compound was chroma.tographically identical (solvents A and 

C) with an authentic specimen or a P-1,4-glucosyl mannose, kind.l.y donated 

by Protessor J.K.N. Jones. Chromatographie anal.ysis suggested the presence 

ot equal &DI)unts or glucose and mannose in the hydro~te. Rho.lllbic 

CI7Sta.l.s were obt&ined .t'rom the so~uti.on i.n moist ethano~, m. p. and mixed 

m.p .. 1.35-1.37•, [ a1 + 16• (,!?. o.a in J118thanol). Oligosaccharide D was 

aecordinslT 4-Q-p-D-glucopyranos7l-D-mannose monohydrate. 

When a portion or the oligosaccharide, 70 mg., was acetylated 

with acetic anhydride and zinc chloride (61), 135 mg. ot an acetyl&ted 

prod.uct was obtained which cr;ystallized in needles on addition or wter 

to its ethanol solution. Its m.p. was 204-205•c, undepressed on adm:ixture 

vith an authentic sampl.e ot an octaacetate of a P-1,4-linked gluoos;rl 
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mannose, kindl.y supplied by Dr. T .J. Painter o:r this Division~ (61). The 

product was thus identi:tied as the octaacetate of 4-0-p-D-glucopyranosyl

D-mannose, [a. ]D +36 • (.2, 1. 2 in CHCI:3). 

Oligosaccharide H 

Complete hydrolysis of this compound indicated the presence of 

mannose onl.y on the paper chroma.togram vhil.e partial hydrol.ysis suggested 

formation of mannotriose, aannobiose and mannose (solvents A and C). The 

product crystallized spontaneously from aqueous J118thanol, m. p. 212-214 • 1 

raised to 232-234 • a:tter recrystallization from aqueous liBthanol, [a. ]n 
-31.2° (.2, 1.6 in water). A determination of the degree of polymerization 

by the œthod o:r Peat and co-workers (83) indicated a value of 3.5. 

Ox:idation with hypoiodite (35) indicated a m:>lecular weight of 700. 

Oligosaccharide H was accordingly ~-D-mannopyranosyl-(l-4)-0-p-D

mannos71-(l-.-4)-0-e-D-mannosyl-(1~4)-D-mannose1 identical with a 

si mi Jar compound previousl.y obtained by partial hydrolysis of a mannan 

from vegetable ivory (82). 

Only small quantities were isolated of the other oligpsaccharides 

and these could theref'ore be onl.y partially characterized. 

Oligosaccharide E 

This compound had the s&Jœ rate of Jll:)veœnt on the paper chromato-
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gram (solvents A and C) as cellobiose and maltose. Hydrol.ysis yi.elded 

onl.y' one sugar, glucose. The product tailed to crystallize. 

Oligosaccharide F 

This compound, which moved slight]J slower on the paper chromato

gram than mannotriose, on hydrolysis yi.eld.ed glucose and mannose in an 

appraximate ratio of 1:2. It could not be induced to Cr,J8tallize. 

Oli5osaccharide G 

Hydrolysis or this oligosaccharide gave mannose only. The 

paucity of ma.terial avail.able prevented further investigations. 

Ol.igosaccharide I 

This compo\Uld was obtained in a larger quantity than the other 

three referred to above. When hydrol.yzed, it gaw rise to glucose and 

JI&Dilose in an approximate ratio of 1:2. This presw.d trisaccharide mved 

raster on the pa;per chromatogram. than mannotriose but was desorbed from 

the charcoal colWIIl together with or arter mannotetraose. Partial hJdrol.ysis, 

effected by heating the compound for 2 hours with 5o% formic acid at 85-

90•c, yielded mannose, glucosyl mannose, glucose and mannosyl glucose, with 

the former two sugars predomi.nating. 

Metl1ylation of the Glucom.nnan 

Purified glucorœnnan (23 g. ) , isolated by the tirst œthod1 was 
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introduced into a 5-liter, three-necked., round.-bottoJII8d tlask titted 

with a œchanical stirrer, a dropping tunnel and an inlet for nitrogen, 

which was puritied by passage through alka]jne pyrogallol. Water, 500 

ml. 1 was added and the mixture was stirred in the nitrogen atJIQsphere 

tor 2 hours. The flask was then imlœrsed in ice-water and. 60 g. of 

solid sodium hydroxide was added slowl.y with vigorous stirring. An 

additional JOO ml. of water was added. to lowr the viscosity of the 

solution and stirring was continued overnight. 

Dilœthyl sulfate, 100 ml., was ad.ded dropwise to the cooled 

mixture over a period. of 5 hours, tollowd by 60 g. ot solid sodium 

hydroxide. This treatment was repeated in aU nine times, a total 

amount of 920 g. of sodium hydroxide and 1, 800 ml. of diJœthyl sulfate 

baing added, with halt of the tormr in the form of a 4($ ( w/w) solution. 

The mixture was finall.y heated at 6o•c in a water-bath for JO minutes to 

ensure complete saponification of the dimthyl sulfate. 

The cooled reaction mixture was neutralized vith acetic acid 

and evaporated to 2. 5 liters on a rotary evapora tor. The re sul ting 

solution and the precipitated aalts were extracted exhaustively at 40°C 

with chlorotorm (five times), and the combined extracts were evaporated 

to dryness. The residue thus obtainad wa.s dissolved in tetrahydrofuran, 

500 ml., and precipitated by dropwise addition with stirring to J litera 

of petroleum ether (b.p. J0-60°). A grayish precipitate of partially 

methylated glucomannan was obt&inad, 16.8 g. 

The above product, 16.5 g., was dissolved in l30 ml. of anhydrous 



57. 

dilœthyl .formamid.e (dried and .freshl.y distilled over barium oxide) and a 

sma.ll insoluble .fraction was discarded a.fter centrifugation. Methylation 

vas carried out according to Kuhn and co-worlœrs ( 66). Methyl iodide 1 

60 g., and ciry, .freshl.y prepared sil-nr oxide, 61 g., were added to the 

solution in a round-botto.rœd .flask, which w.s shaken at room temperature 

.for 24 hours. A.fter this ti.ma, the remainjng 118thyl iodide was re.aoved 

by evaporation ~ vacuo and the mixture was poured into 500 ml. of aqueous 

5% potassium cyanide whioh was heated slightly to dissolve colloidal 

silver. The aqueous solution was extracted three tilœs with 100 ml. 

portions of chloro.form. The combined extracts wre exhaustively extracted 

with water in a 1iquid-li~d extractor for 2 days. The chloro.form 

solution was dried with anhydrous sodium sul.tate and evaporated to dryness 

and the residue was redissolved in tetrahydrofuran, 100 ml., and repre

cipitated in 2 litera of petroleum ether with vigorous stirring. No 

disubstituted sugars were obtained on hydrolysis of the product, which 

was thus considered to be !ully methyl.ated. Yield: ]J. 7 g. Methoxyl 

content: 41%. The infrared diagram. of the product indicated the absence 

o.f any hydroql groups. 

Hydrol.ysis of the MethylAted Gluco.mannan 

A portion of the !ully methylated glucomanna.n, 5 g., ws disaolved 

in 100 ml. of 9($ .formic acid, diluted with the same 8JIDunt of water ( to 

give a 45% solution) and finally heated. at 97•c .for 4 hours. After cooling, 

methanol w.s added to the solution followed by evaporation to dr;yness. 

This treatœnt 'W&s repeated twice. iller the fonrd.c acid had been thus 
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removed1 the alcoholic solution of the hydrolyzate was added to an excess 

of water when a precipitate was formed. The latter amounted to 7.5% of 

the original material and was discarded. 

The tri-0-methyl and tetra-0-methyl hexoses were eluted from the 

excised paper strips with the aid of guide-strips and an attenipt was made 

to determine their relative amounts by the hypoiodite method (Jones (95)). 

The results obtained indicated a very approximate molar ratio between the 

tetra-0- and tri-0-methyl hexoses of 1:1000. 

Identification of the Methylated Hexoses 

Tri-O~ethylmannose (I) 

This sugar rroved on the paper chromatogram (solvent system D) 

at a slightly slower rate than 21 3,6-tri-0-methyl-D-glucose and at a 

rate identical with that of an authentic specimen of _2,3,9-tri-0-rnethyl

D-mannose obtained after hydrolysis of a fully methylated ivory nut 

mannan. Demethylation (7 9) of the compound yielded D-mannose in addition 

to partially methylated sugar s . The sugar formed a slightly colored 

sirup1 which could not be induced to crystallize, a. D -12° (~ 1.0 in 

water). The sugar was characterized as its di- p-nitrobenzoyl ester, 

prepared according to the directions of Smith and Rebers (31) by treating 

a portion of the sirup (173 mg.) with p-nitrobenzoyl chloride in anhydrous 

pyridine. The crystals, after recrysta1lization from methanol, showed 

m.p. 187-188°. The methy1ated sugar was according1y i dentified as 2,3, 6-

tri-0-methyl-D-mannose. 



59. 

Resolution of the Mixture of Methylated Sugars on a Charcoal Column 

The water-soluble hydrolyzate, 4.6 g., was added to the top of 

a column (4 x 82 cm.) containing activated Nuchar charcoal. The column 

was first eluted with 2 liters of wa.ter and subsequently with 40 litars 

of .5% aqueous ethanol. Elution with 25 liters of 1.75% ethanol yielded 

small amunts of dimethylated sugars. Resolution by paper chroma.tography 

gave 23 mg. of a di-0-methyl hexose, which was, however, considered to 

be a result of incomplete nethylation or demethylation during hydrolysis. 

Elution with 72 liters of 2-5% ethanol gave 1.87 g. of a tri-0-methyl 

hexose (I). Elution with 70 liters of 5-7% ethanol yielded another tri-0-

methyl hexose which mved on the paper chromatogram (solvant system D) 

slightly below compound I and which aJOOunted to 373 mg. (II). When the 

alcohol concentration was increased to 13-15%, traces of a tri-0-methyl xylose 

or tetra-0-methyl hexose were obtained. 

Resolution of the Mixture of Methylated SU&!rs on the Paper Chroma.togram 

A portion, 300 mg., of the mixture of methylated sugars was a.lso 

resolved by paper chromatography using solvent system D. Again, traces of 

sugars corresponding in color reactions and rate of movem.ent to a di-0-

methyl hexose and a tetra-0-methyl hexose were observed in addition to the 

three tri-0-methyl hexoses which constitutad the main portion of the 

mixture. The latter could not be completaly rasolved in this way. 
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Tri-0-Methyl-D-glucose ( ll) 

This sugar mved on the paper chromatogram (solvent D) at a 

rate identical to that of an authentic specimen of 21,31 6-tri-0-~~ethyl-D

glucose obtained from a tully Jlllthylated cellulose. It crystallized 

spont.aneousl.y from an eth7l ether solution. The product, atter recrystal-

lization from a mixture or etb7l acetate and ethyl ether, showed m.p. 

and m:i.xed m.p. 119-12o•c, [ a.1 +7o• (~ 0.7 in water). The sugar was th11s 

identitied as 2,.3,6-tri-0-methyl-D-glueose. 

Tri~ethyl-D-slucose (III) 

This sugar vas chromatographically' identical to an authentic 

sample of 2,.3,4-tri-O-methyl-D-glucose (solvent D). Demethylation (79) 

)'ielded D-glucose. An attempt to prepare the crystalline azo7l ester (85) 

fail.ed and the sugar could thus not be unequivocaJ.l.y characterized. 

Preparation or the Nitrate Ester Derivative or the Glucomannan 

A pure gl.ucomannan was isolated b7 .œthod I above with every 

precaution taken to avoid unneces8&17 depo~rization. A portion of 

the product (1 g.) was nitrated for 2 hours at l7°C wi.th 100 ml. ot the 

nitra ting mixture of Alexander and Mitchell ( 90) which contains nitric 

acid, phosphoric acid and phosphorus pento.xide in the wight ratio of 

64:26:10. The product lBS recovered in the usual way and washed f'ree or 

aoid over severa! days. Yield:l.6 g. The nitrate content of the product 

was determined by the semi-micro Kjeldahl procedure as described by Timell 

and Purves (.34). The average value of two determinations was l3 • .38% (I), 
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corresponding to a degree of substitution of 2.71 and an average molecular 

weight of each anhydrogl.ucose unit of 284. The product was easily soluble 

in acetone, ethyl acetate and butyl acetate. A duplicata preparation 

gave a product containing 13.45% (il), corresponding to an average 

.mlecular weight or the repeating unit of 286. 

Osmotic Pressure Measurements 

The osmometers used were or the original Zi.Dia-Myerson type ( 91), 

as improved la ter by Stabin and !Dmergut ( 92). For easy filllng of the 

osmometers, hypodermic syringes were used, fitted with long needles reach

~ to the bottom of the instrwœnt. The latter were closed with merc11I7 

during the actual measurements. Stainless steel rods were employed for 

adjusting the level or the meniscus betore each series of measurements. 

The solvent was n-butyl acetate, freshly distilled shortly before use. 

Gel cellophane meDi>ranes ldlich had never been allawed to dry were used 

and in each case the membrane was 11equilibrated11 with the po}Jmer solution 

for at least 18 hours betore actual ~œasure.œnts were initiated with a 

fresh aliquot of the same solution. The temperature was kept at 30 :!:: 

o. 01 •c. The static method of measurement was used and equilibrium was 

rapi.dly established within 2-3 hours. 

The resulta obtained are given in Tables V and VI as well as 

in the .following Figs. 3 and 4. 

Assuming the weights given above for the repeating units in the 

two samples, the data obtained indicate a ntl.lli>er-average molecular wight 



Nitrate I 

* w 

6.447 

4.843 

3.810 

3.065 

1.759 

0 

Nitrate ll 

6.544 
5.444 
4.658 
3.829 
3.345 
2.944 
1.873 

TABLE V 

Nitrogen Content: 13.38% 
o.s.- 2.71 
~ =284 

h** h/w 

6.893 1.069 

4.980 1.028 

3.816 1.001 

3.020 0.985 

1.729 0.982 

0.904 

TABLE VI 

Nitrogen Content: 13.45% 
o.s.- 2.75 

7.029 
5.650 
4.700 
3.759 
.3 • .325 
2.833 
1.805 

KR • 286 

1.074 
1.0.37 
1.009 
0.9817 
0.994 
0.962 
0.96.3 

*Concentration in g./kg. solution 

**osmtic height in cm. solvent. 
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FIGURE 3 

MOLECULAR WEIGHl' DErEBMIHATION BY ()S(<JœrRY 

GWCCMAHNAN :NITRATE I 
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FIGURE 4 

MOLECULAR WEIŒT DETERMINATION BY 03(CMETRY 

GWCCMANNAH NITRATE II 
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of 281 400 and .301 7001 corresponding to a degree of pol.ymerization ot 

lOO and 1071 respectively1 tor samples I and II. The higher value is 

probably the more correct one in view of the f'act that depol.ymerization 

easily occurs during the isolation of' the nitrate ester. 

Periodate Oxidations 

Samples., 150 mg • ., ot the glucomannan., were oxidized tor various 

lengths of' time in the dark at 27°C and with continuous shaking with 50 

ml. ot 0.05 M sodium metaperiodate. The consumption of' peridoate was 

measured b;r the usual sodium arsenite-iodine mathod. The results obtained 

suggested the consumption of' 0.97 moles of' periodate per hexose residue. 
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SUMMARY AND CLAIMS TO ORIGINAL RESEARCH 

1. A hemi.cellulose composed mainly of glucose and mannose residues 

bas been isolated from the wood of white spruce (Picea glauca (Moench) 

Voss)1 its mannose component representing 82% of the anhydromannose units 

in this species. This product1 on .further purification, yielded a poly

saccharide containing only glucose and mannose residues1 with the latter 

representing 43% of the total &J~Dunt present in the 11100d. This representa 

the first isolation of any wood glucomnnan in a reaaonably quantitative 

yield. 

2. Since the ratio between glucose and mannose residues (1:3) 

remained essentially unchanged durfn& the various stages of purification 

and as the product was electrophoretically homogeneous1 it was concluded 

that the polysaccharide represented a true diheteropoly.mer. 

3. No evidence could be adduced for the presence of any noticeable 

quantities of a galactoglucomannan in white spruce chlorite holocellulose. 

4. Partial hydrolysis of the polysaccharide yield.ed the following 

oligosaccharides1 all of 'Which ware obtained in cr;ystalline fornt: 4~

mannopyranosyl-D-man.nose (mannobiose) 1 4-~-D-msnnopyranosy-1-D-glucose 

(mannosyl glucose), 4~-D-glucopyranosyl-D-mannose (glucosyl mannose), 

~-D-mannopyranosyl-(1~4)~-D-.mannopyranos71-(1_....4)-D-mannose (ma.rmo

triose) and Q-i3-D-mannopyranosy1-(1;.-4)-~-D-m.nnopyranosy1-(1-..4)-~

D-JIIaDJlOpyranos;r1-(1~4)-D-mannose (mannotetraose). The last compound bas 
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not be.fore been isolated .from. any wood. Ali compound.s wre obt&ined a.fter 

resolution of the partial hydrolysate on a Nuch&r charcoal column by 

batchwise elution with aqueous ethanol of :increasing concentration in 

conjunction with paper chromatography. 

5. Resolution of the hydrolyzate obtained from the full.y methylated 

glucomannan on a si mi Jar colum yielded small amounts of tetra-0-œtbyl hex

oses6 2,3,6-tri-ü-methyl-D-mannose and 2,366-tri-0-metbYl-D-glucose in 

addition to a tri-0-metbylglucose which .as probably the 2131 4-derivative. 

6. Qridation of the polysaccharide with sodium .~~~etaperiodate 

indicated the consumption of o. 97 mle of per:iod·ate per anbydrohexose œit. 

7. The numer-average degree of pol1merization of the nitrate deriv-

ative of the glucoma.nnan was 107 as determined by oslllOJII8try. 

8. From the above evidence it is concluded that the glucomnnan present 

in White spruce wood consista of glucose and mannose residues linked together 

by p-(1~4) gqcoeidic bonds. Each mcroliK)lecule conta.ins on the average 

slightly more tban lOO hexose reaidues, very .few of them eonsisting o.f 

contiguous anhydroglucose unite. The degree of branching of the pol1sacc

haride bas still to be deter.mined. 
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