THE YMOLACULAR STRUCTHRE

OF

MANNOSE-CONTAINING FOLYSACCHARIDES

har

Robert Begbie, B.Sc,

Thesis presented for the desree of Doctor of Philosophy

IImiversity of Edinburgh //ﬁﬁ?
o

o

December, 1961

\



CONTENTS &

, Page
GEUNERAL INTRCDUCTION

Mannose-containing polysaccharides of Micro-organismSeceecs?
Mannose-containing polysaccharides of Plant Originsesece«l0
Mannans.ceeeseesescscossvecsscssssosssssssssssssssssssell
GalactomannanS.ecessssssssessscsssessssssnsscssssssnssseld
GluCOoMANNANS . sesssssssssssesssssossnssssessssssssssssnsesld
Glucomannans Of WoOAssssesesvssossoscesoscsssasscsssssee?)
The Biosynthesls of MannanS..sssccescssvcsosscccsssssesssibd

Aim of present resenrChesscsscscscsdscscscscsssnssscscsesid

GENERAT, METHODS OF INVESTIGATION.seeesssessssssesscnsesacseltl

SECTION I

EXperimental cc..cicovssssscccsossensssscccssssnsoasaseassios sV
Extraction of the HemicelluloseSsisovososscssesessssernsesdO
Acetylation of the ﬂemicelluloaeé........................53
Practionation of the Acetylated HemicelluloSeSeecsosessnsd?
Acetolysis of Glucomannan ACetate.essecessessscsssscssssesd
Fractionation of Oligosaccharides on Charcoal-=Celit€.cees57
Identification and Characterisation of Oligosaccharides, .60
Acetolysis of MannobtriosC,susseessasssssssssinssesssssnssd?

niscussigg!“...Otlllﬁl..ll....ﬂl.‘......l....l‘l..........'lﬁg

SECTION I
Introduction.l.......I........Ct..l..ll.."..t...tl.........?s

E erime al...-..il-...ll....l.!.l...l.l.l.ll.....‘.ll..l.l.?g

Fxtraction and Purification of Amylose...----a.--.-......80
Trityvlation of Amylose....-....-.........................81

TOBYlation of TritYIated Amylose........-................82



Page
Assessment of Optimum Conditions for Desulphonylation

of Trityl Tosyl AnPlOBBsssssensssssevssveessosonotsstonhpesdd
Desulphonylation of Trityl Tosyl AmMylosS€seessscssccasacsesdb
Tission of Bpoxide Ring in Trityl 2,3-Anhydro-Amylose....«38
Hydrolysis of the g-ﬂathyl A1troglucan,sceesssesssccssesssI0
Tractionation of Hydrolysls ProductSsesesessecsesescssssssdl
Examination of the PractionBesscecessssssceescscscscvensnsed?

DiSC‘JSSion...-.o----.o---c.ooo-ooo-o-oo-a-.--.......-........96

SECTION IIIX
Int;:Odl_J,ction.............u.....u..”u.-..uu.uu.......105

Exper_lment;aj-..l.l..l.........'l....'..............--........107

Acid Hydrolysis of Methyl 3-0-Tosyl-X=D-Mannoside€.eeeses.107
Treatment of Yethyl 2-0=-Togyl-)-D-Glucoside with Acid,...108
Reduction of 3-0=Tosyl=D-Mannoseesscsscscssssscsssccsesssl0?
Treatment of Vethyl 2-0-X-D-Glucoside under Reducing

ConditionSessessccesssssccesscssssccssssscanscecssssscssselOf
Detosylation of Methyl 2=-0=Togyl~i=D=Glucosid€ssscscesessll0
Detosylation of 3-0=Togyl—D-Mannitolicessscecscessasesslll
Extraction of L, henryii GlucomannaNse.eesssscsscessssssell?
Tritylation of GlucomannaNesecceessssecscsscssscncssssseell3
Tosylation of Mono-0-Trityl GlucomannaNessessccssssssccsesll3
Detritylation of Trityl Tosyl GlucomANNAN,csessssesssessellll
Aeid Hydrolysis of 0-Tosyl Glucomannan..sssesessescsesssellll
Preliminary Fractionation of the HydrolysatCesesesecesssell?

Reduction and Detosylation of Tosylated Oligosaccharides.118



Page
Tractionation and Examination of 0ligosaccharide

G1y01t0150..¢a|-coooocoo-ooaolo.ooucu.cttooaoooincc-.a-.llg

Discugsion..............................-‘-......--.......QIQO

BIBLIOGRAPHY.'.....C................Q...I'.,.‘.lll.i‘...‘..l(i)



Introduction

While D=-mannose occurs as a minor structural component of
a number of polysaccharides the term "mannan" may be employed
to deseribe only those polysaccharides whose principal structural
unit is D-mannose; where cther monosaccharide residues are
components of the polysaccharide, the mannans may be
distinguished by the use of appropriate prefixes indicative of
these residues e,g. those polysaccharides which yield D-galactose
and D-mannose only on hydrolysis are termed galactomannans,
those yielding g-glucose and D-mannose glucomannans, etc. A
number of polysaccharides, other than mannans as defined here,
but which nevertheléss are known to contain appreciable amounts
of D-mannose are to be found amons the gum exudates, notably
those elaborated by certain members of the genus Prunus(1l), and
among polysaccharides associated with many bacteria; although
the nature and mode of linkage of residues in these
polysaeccharides is somewhat uncertain as yet, it is apparent that
D-mannose does not represent a major structural unit and

consecuently their classification 28 mannans cannot be Jjustified.

Mannans are widely distributed in nature, but may be
primerily classified according to source into the two general
sroups, (a) Bacterial and Fungal polysaccharides and (b)
Phytoglycans or plant polysaccharides, In view of basie

differences in the struetural type between the two groups it
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seems desirable to consider them separately and to discuss

briefly the characteristics of eaeh group,

Yeasts.
The production of mannose~containing polysaccharides

by many miero-organisms including representatives of the
bacterial and fungal groups and by most yeasts has been
recognised by many workers although few studies have extended'
to structural investigation of these materials., Their function
is doubtful in some cases but it is scecepted that a fer may be
comronents of complex antigenlc systems capable of eliciting a
specific response (production of antibodies) when injected into
the animal body while others are merely metaboliec by-products
of the organism, Many others apprear to act as havtens (such
ag the several polyeaccharides isolated from Mycobacterium
tuberculosis eultures) which react with immune sera although
unable to funetion as antizens,

Detailed evidence regarding the struecture of baseterial
mannans is seanty, Adams(2) has examined the mixture of
polysaccharides formed during fermentation of zlucose, sucrose

or lactose by Bacillus polymyxa and has identified one of these

as a mannan (associated with 13% protein) of molecular weigzht of
ca, 3000, Hydrolysis of the methylated polysaccharide gave
2934ly6 tetra-O-methyl-D-mannose, 2,4,6- and 3,L4,6-tri-0-

methyl-D-mannoses and 3,L-di-0-methyl-D-mannose in the molar



ratio 2:1:1:2, Extensive overoxidation encountered during
periodate oxidation(3) indicated that the predominant linkage

was not 1,6, On the basis of these results the repeating unit

I is proposed.

D~Manp D-Manp
1 1
6 6

----2D-Manpl —3D-Manpl —2D-Manpl——2D~Manpl-----

I

In contrast hydrolysis of a methylated By anthraecis
mannan(ly) yielded only di-O-methyl marnose and 2,3,6 tri-0-
methyl-g-mannose indicating a predominance of 1—4 linkages,

VMannose-containins polysaccharides have bheen isclated by
several workers from different sources in M, tuberculosis
eulturesnamely from the somatie (intracellular) portion of the
cell, from the cell lipids and from the culture medium, Little
is knovn of the molecular strueture of these polysaccharides
but methylation and subsecuent hydrolysis of the somatie
polysaccharide (D-arabinose 22%, D-mannose 47%, L-rhamnose25%

and amino-sugar 6%) have provided evidence for a constitutional

formula similar to II (5).



L-Rhaplﬁ——EQ-Arafl—*—QQ-Manpl———22—Manp1+——22N

e _ILI-

N = unidentified amino-sugar,

II
While many other bacteria (including species of Salmonella(é)
Aerobacter(7) and Clostridium(8) yield polysaccharides which
contain D-mannose as a major component, theéa are generally
characterised by a high degree of strugtural heterogeneity
and 1ittle approach has been made to the problem of structural

elucidation,

¥nowledge regarding the structural nature of the mannose-
'containing polysaccharides of yeast and fungal origin is
scarcely more complete; investigations to date have been
confined to polysaccharides containing B-mannose only although
the occurrence of di~ and tri-heteromannans has been claimed

(9,10,11),
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The mannans isolated from the cell-walls of several
species of yeast(12a,12b,13,1L4) have been shovn to be nighly
branched molecules differing mainly in the length of the
branch chains: the relatively high rositive optical rotations
indicate a predominance of {~linke, A comparison of the
relative amounts of mqthylated monogaccharides derived from
hydrolysis of the methylated mannans from various yeast species

is made in Table 1,

Three possible partial structures for S, cerevigise
mannan have been suggested on the basies of the methylation data

in Table 1,.(122,12b,)

Manp -Map ~Manp
& 1 - ; 8 2 1
mz m’3 D-M .
anp =~Monp D-Manp Manp
e peMe : P- |1
. 6 6 o o 6
-----2D~-Manpl—2D-Manpl----- ----2D-Manpl—2D-Manpl—2D-Manpl-----
- = 'i = =
| ITI Iv
D=Manp Manp
- 2 & 1

| |
6 6
Bt zg-h{anp 1— Qg-Manpl__.g D-Manp 1-._5 2.-!9{ anpl .....
" - -
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The presence of the small amount of 2,3,4 tri-O-methyl-
E-mannose is explained by a small proportion of residues
linked through C; and Cg only e.g. at * where no residue is
linked through C, of the mannose unit. Results obtained
from periodate oxidation, hydrolyéia and tritylation are in
agreement with such structures(15),

A series of oligosaccharides containing 1,6 linked «-D=-
mannose units has recently been isolated from a partial acid

hydrolysate of S, cerevisise mannan(12e¢), Althouch the

disaccharide member has been isolated by the same workers and
by Jones and Nicholson(1l2d) as an acid reversion product of
D-mannose treated under the conditions used in the partial
hydrolysis of the mannan, no higher oligosaccharides were
observed and theyield of 6-0-&~D-mannopyranosyl-D-mennose from
reversion was considergd insufficient to account for the entire
yield of the disaccharide from the mannah hydrolysate. It was
concluded that yeast mannan contained secuences of «-1,6 bonds,
possibly in a molecular backbone with side chains containing
other linke radiating from the main chain,

By similar 1nterpret~tion of the methylation data cited in
Table 1, Gorin and Perlin(13) have advanced two possible
repeating units for the mannan extracted from S, rouxii
(VI 2nd VII).



D=¥anp D-Manp
i 1l
_ 2 2
-“62—Manp1———EE—Manpl*——62-Manp1———22~Manpl"—“
VI
D=Manp 2=Manp
s | 1
2 2
D-Manp D-Manp
| T
2 2

_-ugg_manpl———-6Q—Manp1 """
VII

The isolation and identification of 2-0=y~D-
mannopyranosyl-D-mannopyranose and Q-th-mannOpyranosyl
(1—2)-0=-¥=D-mannopyranosyl (1—2)-D=mannopyranose from a

partial hydrolysate has confirmed the existence of the (1—2)

linkage in S, rouxii mannan(13).
The C, =lbicans mannan(lh) is probably of very similar

strueture where short (1-—2) linked chains of varving length

are joined by (1—6) linkaces.

The struectures of mannans associated with several fungal
species have been investigated, One of these is a branched

mannan, mannocarolose, which is a component of the polysaccharide



mixture produced by Penicillium charlesii G, Smith when grown
on glucose media(16), Hydrolysis of the methylated
polysaccharide(17) yielded 2,3,4,6 tetra-O-methyl, 3,L4,6- and
243y4=tri-0-methyl and 2,3 di-O-methyl-D-mannoses in the molar
ratio of 2:7:7:2; on this evidence the partial structure

VIII has been provosed,
6
D-Manpl— L4D-Manp
ks |

6
[ D-Manpl— 2p-Manpl]y—6
D-Manp
1
D-Manp
VIII

Hough and Perrv(3) employing their periodste over-oxidation
teehnique, have derived results which indicate that four (1—2)
links lie on either side of a (1—>6) 1link in the manner
Q-Manplﬂw-?g-%anpl———QQ-Manpl———Qg-Manpl

6
D-Manpl— 2R-Manpl —2D~-Manpl—2D-Manp
IX

Smith(18) has shown that the alkali-soluble mannan from the

urediospores of the fungus responsgible for the disease Wheat



Stem Pust has a very different structure; on the basis of evidence
from methylation and subsequent hydrolysis of the polysaccharide,

a repeating unit has been sugrested, which consists of six

terminal non-reducing residues ( three of g—mannose and three of
D-glucose), 104 non-terminal D-mannose residues (52 linked

through 0y and Cj, amd 52 through Cy and C3) and L branching
residues eonsisting of D-glucoee unite linked through Cy, C,

and Cgs the majority of linkages appear to be of the 3 -
configuration (RK]D, -80°) in contrast to mannocarolose where

the hizh positive rotation (+660} suggest a predominance of

X =linkages.,

Preliminary studies on one of the extracellular
polysaccharides elaborated by the fungus Cryptococcus laurentii
have indicated a D-mannose-containing backbone with D-xvlose
and D-glucuronic aeid end-groups(9), Analysis show that the
mannan has 2 mannose : xylose ratio of 5:2 with 11,87 glucuronic
nnhydride content, 66% of the D-xylose is removed by mild acid

treatment with cation exchange resins,
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(p) Mannose-containinz polysaccharides of plant or

Polysaccharides of the mannan group have been isolated
from various types of plant tissuve where they apparently
function in the main either as ploant food reserves or in
agcocilation with cellulose and liznin, as skeletal cell-wall
components, Differentiation between reserve and structural
funections is difficult to demonstrate and indeed 1t ie possible
that some mannans especially those occurring in some tuberovs
cells, may be bifunctional in the sense that they aet both as
food reserves and =8 structural materisl,

Galactomannans occurring as reserve polysacchorides are
commonly found in the se~ds of the Leguminosae, certain species
of palme and in some cloverss the polysaccharides are located
in the endosperm and disapprear on germination of the seedsy
Polysaccharides with similar reserve functions in the plant
have been isolated from wvarious other sources notably mannans
from vegetable ivory (a term applied to the endosperm of the
tagus palm) and several glucomannans from the tubers of various
epecies of Amorphophallus Iris and Lillaceae. Glucomannans of
closely similar structure oceur as hemicellulosic comronents of
both coniferous (Gymnospermae) and deciduous (Angiospermae)
woods,

Regardless of biological function and source, all plant
mannans bear a striking similarity in structural features,

sharing in common a linear chain of (1—=L) linked 4 -D-
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mannopyranose unite(in which (1-—L4) linked /4 -D-glucopyranose
units may sometimes be incorporated as in the glucomannans),
Differences then are confined to the identity of monosaccharide
recsidues attached to the linear backbone, to the mode of attachment
of such and to the distribution of residues other than D-mannose
wvhere they may be present in the main chain,

Such structures are in direct -~ontrast to the structural
arrangement exhibited by the mannose-containing polysaccharides
of the bacteria, fungi and yeasts where (1—2), (1—3) and
(1—6) 1inks may occur within the same molecule; furthermore
the mannans of the latter group are characteriscd by-a predominance
of st-linksges as witnessed by the relatively hich positive

optical rotations,

Mannans
True mannans (which may be defined as polysaccharides
yielding more than 95% D-mannose on hydrolysis) have been isolated
from two sources only among the spermatophyta (higher land plants).
Two mennans have been isolsted from the ivory nut,
Phytelevhas macrocarpa(19a,19b,19¢), Mannan A which is
globuler and gives a distinet X-ray diffraction photograph
typieal of erystalline structures(20) may be extracted with
=1kali, Mannan B however is separable from cellulose only by
precipitation from cuprammonium sclution, and in the plant has

a microfibrillar structure analogous to cellulose itself,



Methylation of both Mannans A and B with subsequent
hydrolysis gave rise to the same series of methyl ethers,

(see Table 2) (19b).

Table 2
Mannan A Mannan B
2,3,u,6—tetrafg-methylup-ménnose Le3 1
2,3,4,6~tetra-0-methyl-D-zalactose 1 1
243y6-tri-0-methyl-D-mannose 49 63
2,3y4~tri-O-methyl-D-mannose L 11
2493-31i-0-methyl-D-mannose 0.7 1

The isolation from the products of graded acetolysis of
mannans of a homologous series of oligoaaccharides containing
(1— L) linked /4 -D-mannopyranose units (X)(19¢) is in
agreement with the results of methylation studies,

/5 =D-Manp~(1—>4)-(A-D-Manp)=(1—>4)~D-Manp
— o n 2, -

where n=0,1,2,3,

It has not yet been determined whether or not
representatives of two other oligosaccharide series, XI and XII,
are structurally significant,, (In the light o” recent results

from graded acetolysis of mannotriose under similar conditions(zl)



it seems probable that the « -linkages arise either from reversion
or from acid-catalysed anomerisation of the norma%/ﬁ-glycosidic
bond) .

/b ~D-Menp=(1—>L)-(4-D-Yanp)-(1—>L4)-D-Gp.
XI

u.—Q-Manp-(l-%>h)~;6-ghManp%—(l——>u)—g—Manp
XIT

Osmotic pressure measurements on the nitrates of mannan A
and mannan B gave values for the number averace D,I, of 17-21
and 80 respectively(20), These figures would azree with
average chain lengths calculated from methylation studies of
12-16 and 75=80 where it is assumed that g-galactose fasidues
are present only as single-unit side chainsg however =since
struetural heterogenecity is also suggested by the methvlation
data 1t 1is ss yet impossible to arrive at any simple revnresentation

of the molecular structures involved.

A mannan, RﬂJn = =229, yielding 95% D-mannose and 2%
D-galactose on hydrolysis has been isonlated from the green
coffee bean by extraction of the holocellulose with strong
21ka1i(22), Preliminary methylation studies have indieated

that the major linkage between D-mannopyranose units is 3(1—~+u).
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Extraction of the dried tubers of Orechis and Eupholia
with water yields a mucilaginous polysaccharide (Salep mannan )
claimed to consist of B-mannopyranose residues only(23);
hydrolysis of the methylated polysaccharide afforded 2,3,6 -
tri-O-methyl-D-mannoee and 2,3,L4,6 tetra-O-methyl-D-mannose(2L4 ),
Re-examination, however, of some polysaccharides originally
claimed to be true mennans, employing more sensitive techniques ,
has shown them to be heteropclymers and this may also be true
of salep mannan,

The presence of polymers of Q-mannose has been noted in
certain seaweeds, Jones(25) has isclated a mannan [u]D=—uu°

f'rom the red seaweed FPorphyra umbilicalis by extraction with

strong alkaslil snd purifieation thrcugh the corper complex,
Evidence derived from methylation studies and from periodate
oxidation results suggest a branched structure in which one
branch-point occurs per twelve (1—sl) 1inked/6-D-mann0pyranose
residues,

A mannan is also claimed to be present in the brown seaweed
Ascophyllum nodosum(26) while mannose~containing olisosaccharides

have recently been isolated feom the products of partial

hydrolysis of Clodium fragile(27).
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Galactomannans.

Galactomannans have been isolated from a large number of
leguminous endosperms(28) by extraction with water, Torming
thick, highly viscous solutions which gel in the presence of
inorganic salts such as borax. Anderson has shown that variations
in the relative proportions of g—galactoae and D-mannose
ocecur from species to species but the differences in the ratio
of sugabs in various samples of the same species reported
by some workers mayv be due merely to differences in analytieal
procedure or may reflect varietal or geosraphic types.
Galactomannans have also been found in other plants including
the seeds of of clovers(29), coconuts(30), lucerne (alfalfa)

(29,31) and in soy bean hulls(32),

Structural studies have largely been confined to examination
of the hydrolysates of the methylated polysaccharides and
identification of the methyl ethers produced, In the majority
of cnses (Table 3) the data derived indicate a (1—>U4) linked
Packbone og/f—B-mannoxyranose units to some;ghich are attached
through (1—>6) linkages X -D-gal.ctopyranose units, the
proportion varying with species, "here periodate oxidation

data are avallable, the suggested general structure XIII has

been confirmed,
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ol ~D=Galp oC=D~Galp
1 1

| |

6 6
u76-D-Manp1——¥h7é-D-Manplg——h76-D-Manpl

XIII

The structure XIII finds further support from the

identification from partial hydrolyvsates of guar(33) and
green palmyra palm nut(3L) of h—g;ﬁ—g-mannOpyranqsyl-g-
mannopyranose (XIV), 6—gﬂﬁ—g-gﬁlactoryranosyl—g-mannopyranose
(XV) and Q-¢-D-palactopyranosyl-(1—6)-0-/A-D-mannopyranosyl-
(1——+u)-2—mannopyranose (XVI); the sbove disaccharides together
with gjﬂ-g-mannOPyranosyl-(1~—rh)—g;é-g—mannopyranosyl—(ln—+u)-
D-mannopyranose (XVII) have been isolated from enzymic
hydrolysates of ruar gum(35) employing an enzymic system “rom
the germinating seed.

/5-Q-Manp-(l——ru)—g-ﬂanp. o¢ =D="alp~(1—>6)~D-Manp,

XIV Xv

oL =D=G3alp
1

|

6
/3-Q-Manp-(l——$h)-2—Manp

XVI

/5 ~D-Manp-(1—s>4 )~4=D=Manp-(1—>L )-D-Manp
XVII

-



~17e

Two exceptions are noteworthy (Table 3); methylation
studies have shown that the water-soluble galactomannan from
Cocos nucifera (coconut) (30) differs from the common structure
XIII in possessing egqual numbers of Q-mannose and g-galactoae
terminal units, a proportion of (1—>l4) 11nkeﬂ./3-g-galactoae
units andlbranch-points on g-galactose units rather th=n on
D-mannose units, |

Tucerne yields a second galactomannan on extraction with
hot 107 agueous potassium hydroxide(31) which has a much higher
galactose content than the water-soluble galactomannan from the
same source, While evidence from methylation data is incomplete
it seems likely that all terminal units =are supplied by D=
galactose, the remainder of the molecule containing E—galactose
linked through Cy and C3 and B-mannose residues linked through

Cl’ C?, and 03'
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Table 3.
Terminal Chain [Branch han/
Source ["‘]1: Tnit Unit | Unit Gal Ref,
T
o 6
Carob(locust) bean +9 Galgl- =lManpl- -uwangl- 3=5 37
(Ceratonia selioua L, ) (2= (1
i |
¥entucky coff'ee bean o Galgl- -LManpl- -hMgngl- b 38
(Gymnocladus dioieca) [+29 | (1 (3) (1
Man?l-
|
Green Palmyra palm +&5° Galgl« -UManpl- -uﬂgnpl- 2.4 3L
nut (Borassus (1.4) | (0.95)
flabellifer) |
o
Guar zum (Cyamops +60 Galgl- -hManglu -hﬁgngl— 2 26
tetragonolobus (1 (1
; [
Soy bean hulls +65° Galgl- —QM?? 1- -hu%g 1- 1.5 32
Clover (Trifolium +78° Ga15>1— -hMan)):l- ~4Manpl-| 1,3 | 29
pratense (2 (7
|
o 6
Penugreek(Trisonella (+70 |[Galple |=hManple |-LManpl- 1,0-1,2 39
foenum graecum) . (5? (1? (58
: |
o 6
TLucerne (Medicago +118 |Galpl- |-LManpl- -UManpl-| 1.25 | 29
attvn L1 (4 (1? (L4
o) 6(?)
Coconut Scocos -85 Mangl- -h?gg 1- -hG?l 2s 2 30
nucifera 2
Galgl- -hGalgln
Tucerne :
(alkali extract) +89o Galpl- |=3Galpl- Mgnplu 0.5 31
|
+unident- 12
fied trl| "ipion
-0-methyl 44-0-
hexose methyl
hexose
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Glucomannans,

Less intense study has been devoted to plant zlucomannans
(exeluding those from wood tissues) than to the galactomannans,
although thelir distribution in nature is eqgually wide, The
problem of gtructural elucidation in the group is generally
complicated by difficulties in pﬁrification and in some cases
by loss of solubility of the isolated glucomsnnans,

Mucilaginous glucomannans are found in the tubers of
various species of Amorphophal y in the seeds of some Iris
speclies, in orechid and 1ily bulbs and in the leaves of Aloe
vera but struoctural studies have been limited to only a few
cases,

As with the other plant mannans already considered the
general structural feature appears to be the familiar (1—U4)
linkapge between}ﬁa-Ewmannopyranose unitsy the glucomannans
differ however from the groups already discussed in the
incorporation offﬁg(l——+u) linked D-glucopyranose residues
into the linear backbone of the molecule, In some cases the

presence of a small percentage of D-galactose in the

polysaccharide has been noted(40),

" amith and co-workers(ll) have isolated a mixture of
slucomannan and glucan from Iles mannan meal (the crude product
from the macerated, dried tubers of Amorphophallus oncophyllus
and A, variabilis) by extraction with 507 acueous sodium



xvlenesulphonate and 307 acueous potassium hydroxide and have
resolved the mixture by fractionation of the ecoprer complexes
and by fractionatal precipitation of the methylated
vrelysaccharides, Hydrclysis of the methylated glucomannan
yielded only the 2,3,6-tri-O-methyl ethers of D-mannose and
D-glucose (2:1 respectively) indicating a (3—L) 1linked linear
chain of considerable D,P. The lov negative rotation of the
free polysaccharide and its methylated derivative (f&JD = -21°
and —hlo respectively) suggest most of the glycosidic bonds to
be of thg/s-configuration. Tfarther support for such a structure
has been obtained br the identification of oligosacharides
produced on deacetylation of the products of rraded acetolysis
of the glucomannan{Li?): these include h-g;éng—gluGOpyranosyl-
D-mannose (XVIII), h»g7é—g-glucopyranosyl-g—glucose (XTX%) and

4-Q-A~D-mannopyranosyl-D-zlucose (xx).

/8 =p=Gp=(1—sL)-D-Manp /b =D=Gp=(1—4)-D-0p
XVITI XIX

/5—Q—manp—(1——+u)—2-ﬁp
X

The failure to isolate oclizosaccharides containing more
than two hexose residues does not provide evidence for the
distribution of D-glucose and D-mannose units in the molecule

and does not permit the postulation of a detailed structural
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pattern but the ratio of mannose to glucose (2:1) demands the
existence of contiguous mannose residues as in the formulation
—---—h76-Q~Gp-(1——-h)76-2—Gp~1——~(h76-g—uanp1)5—---
XXI

The structure of Konjak glucomannan present in the bulbs
(43) (and in le~ves and stalk(ll) ) of Amorphophallus koniak
is basically similar to that of Iles glucomannan but the molecule
which contains a rather hicher proportion of D-glucose, is
claimed to be slightly branched(l43). Methylation data and
evidence from period:te oxidation studies(43) indicate one
possible struetvre for the repeating unit to coneist of a linear
chain of about 29héxose_un1ts, 12 of E-glucose and 17 of D-
mannose joined by (1—»>4) glycosidic bonds; to C; of two of
the D=glucose and one of the D-mannose units are attached
single unit eide chains, two of them constituted by D-glucose
and one by Q-mannose. Partial acetolysis folloved by
deacetylation of the products(45) and enxzymic hydrolysis(l6) have
rroduced various oligosaccharide fragments but in the absence of
structural data concerning these, the evidence cannot be utilised
in ascertaining the struceture of the polysaecharide,

The endosperms of two species of Iris, 1, ochroleuca and
I,cibirica contain glucomannans, whiceh may be extracted with
107 potassium hydroxide and purified through their covpper

complexes(L0),
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(Early workers claim that three other Iris species I, germaniea,
I, pseudogcorus and I, feetidissima contain arabomannans(L47)

but in the absence of effecient means of identifying the mono-
saccharides at that time, the validity of the claims is to be
doubted).

The two polysaccharides appear to be very similar, Both
contain ecual amounts of D~-glucose and D-mannose units (97%)
with small amounts of zwgalactose units (3%) also rresent.

Tne isolaticn of 2,3%,4,6 tetra-C-methyl D-galactose (with
traces of the tetra-0-methyl ethers of D-mannose and D-glucose
and the tentative identification of the Ai~O-methyl ethers as
243-4i-0-methyl D-glucose and?,3-di-0-methyl D-mannose suggest
a structure where the Emgalacﬁose regidues are attached,
together with some 2—31ucose and g-mannose residues, either as
terminal units or as side chains linked to Cg of D-glucose and

E—mannoqs units in the main c¢hain,

Glucomannans have 2lso been extracted “rom the bulbs of
three Tilium species, L, umbellatum, L.henryii and Ls candidum
(48). All possess a mannose : glucose ratic of approximately
23] and have relatively low specific rotations indicative of
/é—linkei polymers (=25*5°),  Structural studies(48) on

L, umbellatum and L, henryii glucomannans have shown that both

pelysaccharides are terminated by D-glucose residues at the non-

reducing end of the chain whille the former contains a amall
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nroportion of E-glucose units linked through Cl, C_, and CG as

%
indicated by the isolation of 2,4-di-0-methyl DR-glucose in the
hydrolysates of the methylated polysaccharide, L, henryii
glucomannan may also contain a small proportion of branch

points,

Alucomannans of "ocod.

Glucomannans belonging to a structural group closely
ginilar to that of the mucilaginous glucomannans of seed
endosperms have been found in coniferous woods (ea, 10% of the
extractive-Cree wood) and to a lesser extent (up to 2% of the
extractive-free wood) in deciduous woods, Purification is
often rendered somewhat difficult due to large amounts of
accompanying hemicelluloses of the xylan and galacian groups,
Contamination from low molecular weightl/$-g1ucan (probably
degraded cellulose) has n2lso been encountered(L9,50) while the
prersistence of xylose in certain glucomannan preparations has
been accounted for in terms of binding of zZluccemannan and xylan
components by incompletely removed lignin(51). (It has
recently been shown that the lignin-polysaccharide complex may
not e responsible for traces of D=-xylose in every case by the
izolation of a di~ and trisaccharide containing both D-xvlose

and D-zlucose residucs ( XXIa and ¥XIb) (62) from an enzymic



hydrolysate of a Jack pine glucomannan

o =D=Xyl X =D=Xy1
1 = I
6 6
D-0p /b <B-6p=-(1—L4)-D-Gp
¥XTIa XXTb

The isolation of XXIa and XXIb thus represents the first
unecuivocal evidence for the existence of polysaccharides
containing E-xylose chemically linked to D-glucose units
e.2. a xyloglucan or xyloglucomannan).

Despite elaims to the contrary(52,53) it is unlikely that
a homopolymeric mannan comparable to the tyre found in ivory
nut has ever been isolated from any wood. (The possibility
however, of heterogeneous mixture of mannans and glucomannans,
or of closely related polymers containing differing proportions
of constituent E-glucose and D-mannose units cannot yet be
dismissed),

Evidence for the existence of chemically linked E-glucose
and Q-mannose units in wood polysaccharides was first provided
by the isolation of u—g;A-Q-glucopyranosyl-g—mannose (XVIII) and
a mannosyl glucose (probably hsgvé-g—mannOpyranosyl-g-glucose
(XX) ) from a partial hydrolysate of slash pine « -cellulose
(54,55)s That the lin¥age is truly integral in a
hemicellulosic component of the wood has been subsequently

demonatrated by the isolation of XVIII and XX (together with



higher olicosaccharides containing both g-glucose and Q-
mannose residues after partial hydrolysis (by the agency of
both acid and enzymic systems) of hemicellulosic fractions
from several wood species(56-62),

Data obtained by the methylation,partial hydrolysis and
periodate oxidation technicues on glucomannans from various
gymnosperm specles including representatives of the genera
Ginkgo, Larix, Picea, Pinus, Thuja and Tsuga indicate a general
structure of linesr (or slightly branched) chains of (1—U)
11nked/5 ~D-mannose and/é-n-qlucoae units in the ratio 2,5-4,0:1
(with one exception) (67),

The number-average degrees of volymerisation of the isolated
slucomannans are rela ively low (ea, 70-130) but it is unlikely
that these values are representative of the polymers in situ,
gsince in alleases depolymerisation may have occurred during
delicnification procedures with acid chlorite(6L).

The problem of determining the fine structure of the wood
gluceomannang is complieated by difficulty in ascertaining
homogeneity of the polysaccharide material, Although
fractionation of glucomannans by various procedures leads to
fractions of similar constitution(65-68), Aspinall and co-
workers report two cases where glucomannans isolated by
alkaline extraction have been accompranied by %/ﬁ—glucan which
is most probably a degraded cellulose(49,50), Traces of such

a contaminant would clearly invalidate the interpretation of
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cellobiose in partial hydrolysates as indieative of the presence
ofsuch adjacent gfglucose units in some glucomannans,

Similarly in this respect, it has yet to be conclusively
demonatrated that the D-galactose present in the majority of
glucomannan preparations so rar examined is derived f'rom a
homogeneous tri-heterovolymer (a galactozlucomannan) or from
a contaminating galactomannan of a structural group similar to

that fotnd in the leguminous endosperms(36).

4 comparison of available data sufficés to show that the
differences in the structural chemistry of the softwood
glucomannans may be assigned to four main categories; (a) the
distribution of D-glucose and D-mannose in the molecular chain,
(b) the identity of the non-reducing terminal unit,(c) the
presence or absence of D-galactose in the molecule and (d) the
presence or absence of branching, It seems convenient then
to examine the structural studies earried out so far in terms of

these headings,

(a) The distribution of D-glucose and D-mennose in wood

To date the sole approach to this problem has been the

examination and identification of fragments produced on partial
hydrolysis of the polysaccharides, Thus the low ylelds of

cellobiose (a—g?@-g-glucopyranosyl-g-glucose) (XIX) isolated
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from partial hydrolysates of unbleached spruce pulp(59),
white spruce(66), eastern white pine(61), Sitka spruce(l49),
western hemloeck(58) and western red cedar(57) are considered to
indicate the presence of ceontigucus glucose residues in the
molecule; as stated above this interpretation is open to
doubt where strmictural homogeneity has not been ascertained,
However the tentative identifieation of trisaccharides (XXIIa and b
containing the cellobilose unit linked directly to a D-mannose
residue, from a partial hydrolysate of Norway spruce

glucomannan
glucomannan(69) and from an enzymic hydrolysate of jack pine
(62) indicate unambiguously that blocks of at least two glucose
units must occur in these polysaccharides,

/6 “Q“GP*(I——*M)76-Q-GP—(l——+h)-D-Manp
XXIIa

/4 -p-Manp-(1—sk )~4~D-Cp-(1—>L)-D-Gp
XXITb

That isgolated glucose residues oceur also in some
glucomannan chains is suggested by the fallure to isolate
cellobiose from the productes of partizl hydrolysis of loblolly
pine glucomannan(56) and by the tentative identification of
the trisaccharide (XXIII),

/b ~D-Manp=-(1—>1) 76-D-0p-(1—>L )D-Manp
XXIIT
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from a similar hydrolysate of Norway spruce glucomannan(e?)
The relative molar proportions of E—mannose and D-glucose
(3=l4:1) common in the softwood Zlucomannans recuires the existence
of blocke of 3 or L adjacent mannose recidues and this has
been confirmed by the isolation of a mannotriose(56-59,61,62,66)
and a mannotetraose(61) belonging to the homologous series

represented by structure X,

(b) The non-reducing terminal group.

Tvidence regarding the nature of the non-reducing
residue terminating the glucomannan chain (other than Q-Qalactose)
mey be obtained by identification of the 2,3,4,6 tetra-0-methyl
ethers of E—glucose and / or D-mannose among the products of
hydrolysis of the methylated polysaccharides.

On this basgis it has been shown that whereas glucomannans
from western hemlock(58), Seots pine(70), esmstern white pine(61)
contained both g-qlucose and g—mannose non-reducing terminal
units, jack pine(71), tamaraek(72),vestern red cedar(57)
glucomannans possessed only 2—qlucose terminal units and those
from Sitka spruce(l9,63), Norway spruce(68), loblolly pine(73),
Ginkso biloba(74) and Furopean larch(50) wereterminated at the
non-reduecing end of the chain by E-mannose units only,.

To layv excessive emphasis on such results seems unjustified
however, since,in view of (a) the difficulty in chromatographic

separation of the tetra-O-methyl ethers of D-mannose and D=~



glucose and (b) the possibility of modification of the original

molecule by depolymerisation during the extraction procedure,

(e) Significance of D-galactose in the molecule,

The presence of significant amounte of g-galactoae
(2-47) has Been noted in all softwood glucomannans so far
examined (with two possible exceptions(L9,65) ). Re~examination
of a zlucecmannan from white spruce(66) previously reported
devoid of D-galactose, has shown that D=ganlactose is present
to the extent of 3% in the woods In the majority of reported
methylation data, the only D-galactose ether has Ween the
2,3,4,6 tetra-0-methyl D-galactose(63,56,50) but in two
examinations small amounts of di-O-methyl D-galactose have been
detected(57,71). The tetra-0-methyl galactose lisolated by
Dutton and Hunt from a hydrolysate of methylated Sitka spruce
glucomannan was not detected after dlalysis of a similar
methvlated fraction and these workers suggest that the ether
wag derived from a short-chain dialysable polysaccharide(63),
Meier has recently isolated a galactosyl mannose (XV), and a
galactosyl mannobiose (XVI) from a Norway spruce glucomannan
by partial acid hydrolysis(69) and suggests the presence of a
mixture of glucomannan and either a galactomannan belonging
to a struetural grour akin to the mucilage=-forming

galactomannans, or a zalactoglucomannan. Galactozlucomannan



contaminants have been rroposed by other workers (56,57) to
account Tor the traces of 2-gm1nctose encountered in hydrolysates
of zlucomannans, Bishop and Cooprer(71) have shown however

that galactose conld not be eliminated from jack pine
slucomannan by repeated fractionation and that the polysaccharide
was electrophoretically homogeneous, hence that the galactose
unite were integral in the macromolecule,

Reecent work by Timell(75) describes the isolation of
galactoglucomannans from several coniferous woods; these had
D-galactose contents of 15-307 and were shown by boundary
electrovhoresis and ultracentrifuzation to be struecturally
homogeneous, (Prom one srecies, eastern hemlock, a
slucomannan distinet from the above and with a much lover
gal-ctose content(L,87) was isolated,) Similar
g~lactoglucomannans have been repcrted as constituents of a
mixture of slash pine and longleaf pine by Hamilton,Partlow
and Thompson(76).

In the light of these findings it has been suggested
that those "glucomannans"” go far isolated are indeed true
triheteropolymers of galactose, glucose and mannose and are
members of 2 closely related series of glaletozlucomannans
differing only in relative gnlactose content and vossibly in

avernme molecular weight and degree of branching(75).



(a) Branchihg in glucomannans from wood.

The majority of softwood glucomannans are reported to

be essentizlly linear molecules although evidence of branching
h=ns been suggested in two Norway spruce 7lucomannans(67=69)

and in the mlucomannan from Seots »ine(51,70) on the basis of a
comparison of number average molecular weights(as determined
by osmotie pressure measurements on nitrates)with average
chain lenzths ecalenlated from methylation data,

The resistence to periodate oxidaticn of a small percentage
of 7lucose units (with traces of mannose) in glucomannans from
weztern hemloek(65), Norway svruce(68), Scots pine(70) and
unbleached Spruce pulp(59) has been internreted as indientive
of branching through C, or 03 of the glucose units, Cooper
and Bishop(71) have pointed out that certain zlucose residues
may be relatively resistent to attack by the periodate ion if
held in the trans position in 2 rigid conformation such as
micht obtain in the slucomannan chain, Thies would =zccount for
the presence of the predominance of intact glucose units in
reriodate-oxidised glucomannans,

The small amounts of di-O-methyl hexoses almost invariably
found in hvdrolysates of methylated gluecomannans mav be
structurally significant but the possiblity that they originate
from under- or de-methylation cannot be ignored,

Several trisaccharides claimed to contain possible dranch

roints were isolated from the products of partial aeid hydrolysis



of a olucomannan from unbleached srruce pulp(59) but incomplete

identification obviates their use in struectural elueidation,

Hardwood GlucomannsansS.

Timell(77) has recently shown that glucomannans, similar
in general strmecture to those from gymnosperms, may a2lso be
extracted framseveral typieal anziosperms (hardwoods) ineluding
marle, birch,beech,elm and aspén, The average yield from the
extraetive~free wood is lower (of the order of 27) and the ratio
of mannose to glucose in the polysaceharides is ~lso somewhat
lower (ea, 2:1).

Partial hydrolysis of =z glucomannan extracted from red
maple(78) has produced a series of oiigosaccharides similar %o
that obtained from softwood s ecies while methylation of the
polysaccharide and subsequent hydrolysis gives di-0-methyl
hexoses, 2,3,6 tri-O-methyl ethers of D-glucose and D-mannose
and 2,3,4,6 tetra=O-methyl D-glucose,

" mlucomannan has 2lso been isolated from aspenwood in
o7 yield(79)s  2,3,6 Tri-Q-methyl D-mannose and 2,3,6 tri-O=-
methyl g-glucose (2:1) nhave been identified among the hydrolysis
products of the methylated polysaeccharide, |

Although few woods have been examined as yet, it is of
interest to note the general abeence of D-galactose in

hydrolysates of the hardwood glucomannans.
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Recently Timell has examined the polysaccharides from a
representative of the third member of the EPderopsida,Filicineae
(ferns) and has isolated a glucomannan (6% of the extractive-
free wood) similar to those from the hardwoods(80). Since
the xylan content is correspondingly lower than in the case of the
hardwoods, it would aprear that the distribution of the hemi-
cellnloses in the rhylogenetieally much older Filicineace is
more or _less "intermediate™ between that of the Gymnospermae

and Angiospermae,

Burovean larch (Tarix deecidua) slucomannan.

In common with the woods of other coniferous species
Furorean larch weood contains xylan, glucomannan(50) and
arabinogalactan ("g-zal=ctan”) (81) as the major hemicellulosic
components,

Glucomannan=~rich hemicellulecse fractions have been obtained
previously (50a) by extraction of the ehlorite holocellulose
with 107 agueous sodium hydroxide under nitrogen and a virtually
xvlan=free glucomannan isolated asg the ncetate by fractional
precipitation of the acetylated polysaccharides from chloroform
golution(50b), Hydrolysis of ithe glucomsnnan obtained on
saponification of the ncetate gave E—mﬂnnoge, D-glucose and
E-gﬁlactose in the molar prorortions 61:31:7.5. Hydrolyeis
of the methylated polysaccharide prepared by simultaneous

dencetylation and methylation of the acetate afforded 2,3%,L,6
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tetra-0-methyl D-mannose, 2,3,4,6 tetra-0-methyl g—galztose,
2y3y6=-tri-O0-methyl D-mannose, 2,3,6-tri-O-methyl D-glucose

and a mixture of di-0O-methyl D-mannoses (tenbatively identified
as the 2,6- and 2,3-di-0-methyl ethers) in the approximate
molar proportions of 1:5:66:30:8,

On this evidence a structure may be suggested for the
glucomannan in whichz@—g-glunose nnd/é—g—mnnnoae units are
linked throush Cq and C) in the ratio (2-2,5 : 1); D-galactose
apprears to be rresent only as non-reducing terminal units and
a8 such ean only arise from a galactomannan or
g~lactozlucomannan, Branching is confined to mannose residues
(assuming the valid structural signifiecance of the di-O-methyl

hexoses) and the linkage must be through 03 or 06 of these units.

Tamarack (Larix laricina) zlucomannan,

Gomporison of the above data may be made with that for a

glucomannan from a second Larix specles recently isolated by
Fooiman and Adams (72). Homogeneity of the polysaccharide
was here ascertained under conditions of free boundary
electrophoresis and sedimentation in the uvltracentrifuge,
Annlysis showed 2 composition of E—mannose, D-qlucose and
E-Qalactose in the molar proportions of 70:25:3, Hydrolysis
of the methylated polysaccharide gave 2,3,4,6 tetra=O-methyl
D~glucose, 2,3,4,6 tetra-O-methyl-D-galactose, 2,3,6 tri-O-

methyl- D-mannose, 2,3,6-tri-O-methyl-D-glucose and 2,3 di-
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O-methyl D-mlucose and 2,3,di-0O-methyl-D-mannose,
(1,2:2,2:68,8:24,1:1,7:1.6), Periodante oxidation and estimations
o the non-redueing and reducing end-zZroups indicated an
average chain length of =approximately 35 units.

The avthors prefer to interpret thelr results on the
breis of ~ mixture of molecular speciesy thus two-thirds of
the line~r chains of (1—sl) lin“ed/é —g-mannose and/é;-g-
glucose unite are terminated at the non-redvcing ends by
D-galactose and the remainder by E-glucose. The di-0-methyl
hexoses are considered to be products of demethylation or of
incomplete methylation, rather than representing branch-points

at C6 of the hexose units in the chain,

Thus the main difference in structural features regardless
of the interpretation of the experimental data is the presence
of Larix decidua of non-reducing terminnal units of D-mannose
as opposed to those of D-zlucose occupying the same position
in Larix laricina. "hile the E-galactose content is somewhat
lower in the case of tamarack, the manncse : glucose prorortions
nre very simllar for both polysaecharides,

In zeneral both polysaccharides appear to compare with

glucomann=ans slre~dy isolated from other softwood speecies.
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The Biosvnthesis of ""nnans.

The biosynthetic route to the mannans is still relatively
obscure; the nucleotide guanosine diphosvhate mannose has been
found in baker's yeast and Cabib and Leloir(82) have postulated
that this may be present as a component of the “glycoside
pool” deseribed bv Neish(83), acting as a zlycosyl donor for
trhe synthesis of the mannan found in the cell=wall of veast,
Neish(8L) has sucnested that the hemicellulose mannan precursor
may also be guanosine dirhosrhate mannose, with the biosynthetic
pathwey composed of a series of transglycosylation reactions
gimilar to those ocenrring in the synthesis of polysaccharides
of the starch and dextram classes(85).

(g=0=X + H=0=0, = G4=0-0p + H~0-X

or more completely

G4=0-X + enzyme = G4~-E + H=-0-X

Qy=E + H=0-Gp - G4=0-G, + enzyme
where 3,-0-X a sugar residue (G4=C~-) substitvted at the anomeric
centre by the aglycon X 2nd GP-O-H is 2 enrbohydrate recertor
molecule, the produets being a hizher saccharide (Gt?O—Gr)
and a hydroxv compound (X-0-H),

The biocsynthesis of mannose-containing polysaccharides '

br Torvla vtilis veast has been studied by Sowden et 21,(11,86).

The yeast, ~rown on guﬁlucose—lgﬁ ag the sole source of carbon,
vielded three distinet volvs=ccharides; 2 water-soluble mannan
devoid of radioactivity, a2 second mannan, soluble in 67 acueous

1h
sodium hydroxide and composed of polymeriged D-mannose-1-C
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and a third polyssccharide {soluble in 307 potassium hydroxide)
which contained both radioactive D-glucose and D-mannose ,the
relative ratios of which were unchanged by fractional precipitation.
The D-mannose from the second mannan and the D-mannose and D-
glucose from the glucomannan possessed identiecal specific
radioactivities; further all radioasctivity was located in

Cq of the hexose residues,

Thue it appears that the mannans of T,utilis (which, it
should be noted, differ in their mode of retention in the cell-
wall) may be synthesised by several routes, "hile the pathway
to the non-radicactive mannan must involve a drastic
rearrangement of the carbon-chain of the E—glncose substrate,
the radioactive mannan =nd glucomannan probably arise from
condensation of D-mannose residues produced by the enzymically
induced isomcrisation of 2—mlucoss with the concurrent
incorporation of D-glucoae-lzﬁ in the case of the glucomannan,

Measurement of the distribution of radicactivity in

D-mannose, D-glucuronic acid and D-xylose residues nroduced

on hydrolysis of the mannan from Cryptococcus laurentii grown
onl% sugar media has shown that D-mannose and D-glucuronic acid
are formed from the hexose substrates without appreciable
breakdown of the hexose skeleton and that D-xylose is formed

mainly by a process involving loss of C,.(10L)
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Although the identification of the methlyated
monosaccharides obtained on hydrolysis of methylated
glucomannans, affords valuable information regarding the mode
of linrage of monosaccharide residues in the polysaccharides
and the location of non-reducing terminal and branching units,
no evidence may be derived from such studies to assess the
order of linkage of the residues. An approach to this problem
has been made by the isolation and characterisation of
oligosaccharide fragments produced on graded acetolysis of
larch glucomannan acetate described in Section 1.

In a partial depolymerisation such as acetolysis however,
the hydrolytic attack on glycosidic links is seldom purely
random and variations in the sensitivity to acid hydrolysis of
such links is normally encountered (B-mannosidic links are
claimed to be cleaved more readily than the corresponding
anomeric D-glucosidie links, for example(105); it may be
anticipated also that some oligosaccharide fragments may suffer
further hydrolyeis after formation in the hydrolytie medium,
Thus no cuantitative assessment of the distribution of
2—q1ucose and g—mannose regidues in glucomannanse ie possible
and only dominant features may be revealed, Hence it is
desirable to develop methods whereby one or other of the
residues (E-glvcose or E—mannose) may be selectively removed
while leaving the other residues and linkages intaect.

Various approaches have been made to this problem and the
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results of two such procedures investigated are reported in

Seections II and III,




GENERAL METHODS OF INVESTIGATION.
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General Methods of Investigation

Paper chromatography was carried out on Whatman No,l
filter paper using the following solvent systems (v/v):=

(A) TEthyl acetate : pyridine : water (10:4:3)

-

(B) Ethyl acetate : acetic acid : water (9:2:2)

(C) Ethyl acetate : acetic acid : formic acid : water
(18:3:1:4)

(D) Butan=- 1-0l : ethanol : water (1:1:1)

(E) Butan-l-ol : ethanol : water (4:1:5, upper layer)

(F) Butan=2-one : acetic acid : water saturated with

boric acid (9:1:2)

Except where otherwise stated chromatograms were run with
standard sugars for comparison, alr-dried and sprayed with the

appropriate reagent,

Chromatographic spray reazents
(a) Aniline hydrogen phthalate(87) (reduecing sugars)

Unless otherwise stated chromatograms were sprayed with
a solution of aniline (0,93g.) and phthalic aeid (1.66g.) in
water-saturated butan-l-ol (100ml,) and developed at 120° for
2=3 minutes,

(b) Silver nitrate reagent(88) (non-reducing sugars)
This reagent was employed to detect glycitols and sugar

glycosides, The air-dried chromatograms were dipved in the
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gilver nitrate reagent (saturated agueous silver nitrate (1ml,)

in acetone (20ml,)), dried (7-10mins.) and sprayed with ethanolic
sodium hydroxide (5g., sodium hydroxide in 15ml, water diluted to
250ml, with ethanol.,) Reducing-sug-rs gave brown or black spots
appearing rapidly {(1-2mins,), non-reducing-sugars brown or black
spots which appeared more slowly (2-3mins,). The chromatograms
were preserved by washing with 10% aqueous sodium thiosulphate,

washing with water and drying at 120°,

Urea oxalate(89) (hexuloses)

Fructose and fructose-containing cligosaccharides were
revealed by spraying the chromatograms with a saturated solution
of urea oxalate and developing at 120—1&00 for 2-% minutes,

Free or combined fructose gave dark, blue-grey espots,

Triphenyltetrazolium chloride reagent(88) (2-O-substituted

reducing sugars),

Chromatograms were sprayed with a 0,5% solution of the
reagent in chloroform, dried and then sprayed with ethanolic
sodium hydroxide solution and heatcd for a few seconds at 80°,
Carmine spots developed slowly at room temperature where reducing
sugars were present except where there was a substituent on C2

adjacent to the free reducing group. Excess reagent was removed

by washing with water,
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Periodate/permanganate reagent(90)

Air-dried chromatograms were sprayed with a mixture of 4
parts 2% acueous sodium metaperiodate with 1 part potassium
permanganate in 2% sodium carbonate, On standing at room
temperature for ca, 15 minutes, yellow spots on a pnink back-

ground were obtained for bhoth reducing and non-reducing sugars,

The following abbreviations have been used to describe the

mobility of sugars on paper chromatograms:=

Ry = Distance travelled by sugar
Distance travelled by sugar X

Re = Distance travelled by sugar

Distance travelled by solvent front.
The abbreviation Mg, guoted in ionophoretic examinations,
refers to the ratio

Distance travelled by sugar
Distance travelled by D-glucose

correction being made for electro-endosmotic flow by incorvorating

a standard of 2,3,&,6—tetrawgrmethyl-g-glucopyranose.

Paper ionophoresis(91,92) was carried out on Whatman NO,1
paper in borate buffer at pH 10, A poteﬁfial of 750 volts was
applied over L-~5 hours and the dried papers were sprayed either
with saturated aniline oxalate solution containing 5% ~cetie acid

or with the periocdate-permanganate reaczent,



Whatmen 3MM paper sheets (a thick paper with medium flow
rate used for chromatographic fractionation of sugar mixtures)

were first extracted with methanol in a Soxhlet extractor,

Cellulose columns(93%,94) were packed dry and washed with

water and butan-l-o0l before applying the solvent to be used for
the separation of the sugars.

Sugar mixtures were absorbed on powdered cellulose from a
solution in the irrigant to be used and the material packed as a
thin layer at the top of the column, A small volume (ea,20-30ml,)
of the eluant was allowed to soak in t111l the level of the
cellulose was reached and finally a constant head reservolr
containing the irrigant was inverted on the top of the column,

The eluate was collected on an automatie fraction collector
and a sample from every fourth dg-fifth tube examined
chromatograrhically, Those fractions containing the same sugars
or mixtures of sugars were combined and evaporated to dryness.

The weights of fractions were recorded after purification of the
residues by dissolution in ethanol water, filtration and evaporation
to dryness. The fractions were finally dried in wvacuo over

rhosphorus pentoxide,

Absorption chromatogravhy on charcoal=-Celite mixtures (1:1)

was employed to fractionate mixtures of monosaccharides and
oligosaccharides (95,96). B.De«H, activated charcoal (1 part) was

mixed with Celite 545 (1 part) and the mixture washed with



concentrated hydrochloric acid, followed by a large volume of
water until the washings were chloride free, The mixture was
nacked as a water slurry into coclumns and allowed to settle under
gravity before being washed thoroughly with water, The sugar
mixtures (as 10% solutions in water) we e applied to the top of

the column and allowed to soak into the absorbent before step-

wise or pgradient elution with water and water : ethanolmixtures.
Fractions were collected automatically in small-scale fractionations
and were examined by the procedures used in ¢ellulose column

chromatography above,

Evaporations were carried out under reduced pressure at 10°,

Demethylations were carried out by heating the sugar (5mg.)
with hydriodic acid (1ml, 96%) in a sealed tube at 100° for
5=10 minutes, The solution was cooled, diluted with water (10m1.)
and neutralised with silver carbonate, Silver ions were removed
by treatment with Amberlite IR 120(H) resin, and the filtrates

concentrated and examined chromatograrhically for sugars,

Estimation of methoxvl content was made by a semi-micro

modification of the Zeisel procedure(97).

Acetyl content was determined by the Weissenberger method(98)

Optical rotations were observed at 18° : 20.
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Melting-points were usually determined using a Xofler hot-

stage microscore and are uncorrected,

Small-scale hydrolyses were carried out by the following

methods -

(2) XN Sulphuric acid hydrolyses: samples (5=10mg,for

(b)

(e)

polysaccharides, 1=-3mg, for oligosaccharides) were heated
with N acid (1-2ml,) at 100° for an appropriate period.

(6 nours for polysaccharides, 1-3 hours for oligosaccharides).
The solutions were neutralised with barium earbonate,
filtered, the barim ions removed with Amberlite IR 120(H)
resin and the solutions concentrated, In partial hydrolyses
of olisosaccharides with 0,1 N sulphuric acid the bariunm
earbonate neutralisation was omitted and hydrolysates
deionised directly with Amberlite IR 45(OH) resin or IR 4B(OH)
resins,

Pormic rcid hydrolyses: samples (10-20mg,) were heated with
95% formic acid (2ml,) for 6 hours at 100°; the formic acid
was removed by repeated distillation under reduced pressure
and the resulting formyl esters hydrolysed with W sulphurie
acid (2ml.) at 100° for 1=2 hours,

Hydrochloriec acid rolyses: semples (10-20mg,) were heated
with acid (2ml,) at 100o for 6 hours; the hydrolysates were
neutralised with silver carbonate, filtered, treated with
Amberlite IR 120(H) resin to remove silver ions and

evaporated to dryness. The residue was then extracted with
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methanol, filtered and concentrated,

(a) 72% sulphur cid hvdrolyses: samples (10-20mg.) were
alloved to stand for 48 hours in acid (2ml,) at room
temperature; the sclutions were then diluted to 5Cml, and
heated for 4 hours at 1000. The hydrolysates were then

treated as in (a) above,.

Estimations of sugars were carried out by determination of

the formic acld released on periodate oxidation of sugars.(99).

Congumption of periodate ion in oxidati-n of sugars with
sodium metaperiocdate followed spectrophotometriecally at 222,5 %p

(100).

Acetylation of Polvsaeccharides

"reeze-dried polysaccharides (10g,) were dispersed in
formamide (250ml,) at room temperature for 10 days with vigorous
agltation in the presence of glass beads, Purified pyridine
(250m1,) was added slowly over 2 hours with stirrins followed
by acetie anhydride (200ml,) over a further period of 1 hour,

The reaction was allowed t0 proceed for 5-7 days with continuous
agitation, The reaction mixture was poured into ieced water (51.)
and the flocculent brown precipitate was centrifuged off and
drained on sintered glass, The solid was extracted with chloroform
and the solution dried over anhydrous sodium sulphate before being

concentrated to a small volume (100ml,). ‘The acetates were
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precipitated By pouring drorwise into light petroleum (b.p.
60-800,5 volumes.) with vigorous agitation. The buff product
was finally dried over phosphorus pentoxide and paraffin wax

in vaecuo,

Tritylation of Polysaccharides

The polysaccharide was initially activated by treatment
with pyridine-water azeotrope (pyridine : water = 3:2 w/w) so
that the solid : liquid ratio was approximately 1:15 (w/v).

The mixture was mechanically stirred and heated so that the
azeotrope (b,p.93°) distilled. As the azeotrope was removed,
the volume of the mixture was maintained constant by addition

of purified pyridine (b.p.115°), TLoss of water by distillation
was indicated by a gradual rise in the temperature of the
boiling-point of the distillate, The last traces of water
were removed by addition of anhydrous pyridine when the
boiling-point reached 114-115°,

Stirring was continued and the temperature of the mixture
allowed to fall to 100° when triphenylmethyl chloride (10 moles)
was added, Stirring at 100° was maintained for a further 7 hours
when the mixture was allowéd tc cool to room temperature, The
tritylated product was precipitated by pouring drorwise in 4
volumes of stirred methanol, The suspension was stirred for
2-3 hours when the product was separated at the centrifuge,
washed several times with methanol to remove traces of

triphenylecarbinol 2nd finally with ether to remove methanol,
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Ether was removed in air at room temperature followed by drying
in vacuo .at 50-60°, [In some cases it was found necessary to
remove small amounts of occluded triphenylearbinol or
triphenylmethyl chloride by dissolution of the product in

chloroform and reprecipitation in methanol,]

Estimation of Trivhenylmethoxyl Content(101)

Tritylated polysaccharide (50-100mg.) was treated with
concentrated sulphuric acid (4L-5ml,) and gently agitated until
dissolved, Water (4O-50ml,) was added slowly with swirling and
the precipltated triphenylcarbinecl was filtered into a preweighed
porosity U4 sintered glass crucible, for drying and reweighing,
Due to the presence of some foreign material in most products
it was found advisable to treat the weisghed precipitate with
methanol and re-weigh in order to estimate the methanol-soluble

material (triphenylearbinol),

Detritylation of Tritylated FPolysacc Se

The trityl ether (1,0g,) was dissolved in anhydrous chloroform
(ethanol-free, 30ml,) and chloroform saturated with drv hydrogen
chloride (60ml,) was added at onece with vigorous shaking., The
detritylated polysaccharide was precipitated almost immediately
and after standing for 15 minutes was separated from the
supg%atant by centrifugation, [Addition of a small amount of
anhydrous acetone (20ml,) rendered the polysaccharide less

floceulent and improved cedmentation]. The residue was washed
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with ehloroform/~cetone, acetone (except where otherwise stated)

ether and finally air-dried,

Tosylation of Tritylated Polysaccharides.

Dry tritylated polysaccharide (10g,) was discolved by
warming in dry pyridine (1°0ml,). p=Toluenesulphonyl c-loride
(572.,10 molar execess per hydroxyl group) was then dissolved in
dry pyridine (30ml.) and mixed with the above soclution. The
mixture wae shaken vizorously and stored at 35° for 7 days.

The product was precipitated from the reaetion mixture by
adding the solution dropwise to stirred methamnl (1 1,) =nd the
suspension was stirred continucusly for 3-4 hours, The
precipitate was collected by centrifugation and washed with
methanol (3x100ml,) and finally with ether, [A solution of
sodium chloride in methanol was added when colloidal solutions
were encountered], The product was dried in air and at 60%n

vacuo,

Egstimations of sulvhur cogggng of sulphonylated materials

were carried out by determination of the oxides of sulphur
(as sulphuric acid) produced by catalytic combustion of the

material,(102)

Purification of organic solvents for column chromatography

and for reactions where specified was effected by the methods

described in the literature(103),



SECTION .

Graded Ace is a Fluco
from

A ean Larch ar deci



SECTION I

Experimental



~50-

Igsclation of the Hemicelluloses,

Extraction of Tipids, Colouring matter, ete.

450z, batches of TLarch saw-dust were continuously extracted
in a Soxhlet extractor with 31, of a benzene-ethanol azeotrope
(2:1 v/v) over a period of 36 hours. The extractive-free
wood was air-dried at room temperature for 15 hours prior to
delignifieation,

Average yleld = 420g,

Hydrolysis of the extractive-free wood with 72% sulphuric

acid gave nzlucose (++++), xvlose (+++), mannose (++),

galactose (+), arabinose (+) and aldobiocuronic acids (tr.).

Delignification of the Extractive-free Wood.

Delignification was effected by the scid chlorite method
of mise(106). 50g. portions of the extractive-frec sawdust
were heated for 1 hour at 60=70° with a mixture of 250z,
sodium chlorite, 250ml, glacial acetic acid and 2500ml, water
and allowed to stand at room temperature for a further 24
hours, The creamy-white produet was separated from the

reduced
delignification liguore by filtration under pressure, washed
with cold water, then with acetone and finally air-dried at
Lo,
Average yield = 37-38z, (74-76% of the extractive-

free wood).
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Hydrolysis of a sample of the holocellulose with 72%
sulphuric acid gave glucose (+++++), xylose (++++), mannose
(+++), galactose (+), arabinose (+), aldobiouronic acids (tr,)
and traces of monosaccharides with chromatographic mobility
(solvent A) greater than that of xylose (nyl = 1,39 -« major
component ).

A sample of the pale yellow chlorite liguor was deionised
by dialysis through cellophane sheetinz and concentrated to a
small volume, The polysaccharides precipitated on addition
of 3 vols, of acetone to the solution, were washed with acetone
and ether and finally air-dried., Hydrolysis of the white
powder, [o], = +10°, with N sulphuric acid for 12 hours at
100°C gave galactose (++++), arabinose (++), xylose (+) with
small amounts of mannose, glucose, aldobiouronie acids and a
component with a ehromatographic mobility (nyl = 1450 in

solvent A) corresponding to that of rhamnose,

Alkaline Extraction of the Holocellulose.

The air-dried holocellulose was exhaustively extracted
with agueous solutions of increasing alkaline concentration
(67 and 107 sodium hydroxide) and subsequently with agueous
sodium hydroxide containing sodium borate (107 sodium hydroxide
to which 47 metaboriec acid was added) following the procedure

of Jones, Wise and Jappe(107).
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100g. batches of holoeellulose were extracted by agitation

with 1000ml, of the extractant over 15 hours in an atmosphere

of nitrogen.

The extracts were filtered through several

layers of alkall-washed muslin.

No precipitation occurred on

acidification of the filtrate (pH 4-5) with glacial acetic

acid and the polysaccharides were precipitated by addition of an

eonal volume of acetone,

The precipitates were separated by

centrifugation, washed with 50% aqueous acetone and dried by

solvent exchange through acetone to ether,

The preciritated polysaccharide from the alkaline borate

extract was washed with hot957 ethanocl (X2)
methanol till borate free, before drying as

All polysaccharides were finally dried

pentoxide in vacuo,

and with hot
above,

over phosphorus

Table L
" SLANE" ¢ il SO S, DI e NN, S
’ Products of Hydrolysis Average yield
Extract p [et] from 100g,
- Gal G Man Xyl Ara URe : holocellulose
6% NaOH |F| 4+ 4+ +++ +++4 + tr —u&o(ﬁho) 20g.
o
107 NaOH| 7 +  ++ 444+ w4+ tr tr 37°(22) 16g.
Alkaline | ¥ | +4+ ++ ++4+ tr tr tr - Lge
borate ' ; ' :
Residue | 8 tr +44+ + tr - tr - L8g,.
UAc = aldobiouronic acid.

P, indicates 957 formie acid as hydrolvsing agent.

S

indicates 72% sulphuric acid as hydrolysing agent,
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Acetvlation of the Hemicelluloses.

Yethed = see "General Methods" seetion,

Batch acetylation of the 10% sodium hydroxide extracts
was effected employing various dispersion and reaction conditions.
The most efficient procedure was that described (p. 46).
From 30g, of the hemicellulese extraet 2lg. of chloroform-
soluble acetates were obtained
OAch = 39.4%.
fu]D = =38.1%(%1,5°) (c. 14365 in chloroform).
Hydrolysis of a sample with 95% formic acid gave mannose

(++++), xylose (+++), glucose (++), galactose (+), arabinose (tr)

and aldobiouronic acids (tr),

Fractionation of the Acetylated Hemicelluloses.

Trial experiments indicated that a virtually pure

glucomannan acetate could be isolated by fractional precipitation
from a 0,8% w/v chlorcform solution of the mixed hemicellulose
acetates employing light petroleum (b.p. 60-800) as the
precipitant,

The hemicellulose acetates (20g,) were dissolved in
chloroform (2500ml,) and 1lizht petroleum (b,p. 60-80°) =ddea
in 100ml, aliguots with stirring. Preciritated material was
isolated by decantation and repreciplitated from a minimum

volume of chloroform by sddition of 5 volumes of petroleum ether
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with vigorous stirring, (This proecedure gave clean fibrous
material)., The following fractions were obtained after
washing with petroleum ether and drying in vacno over paraffin
wax, The remaining supernatant solution was concentrated under
reduced pressure to a dark brown syrup whiech appeared to be

mainly organic impurity.

Table 5

Fraction | Petrol in |Products of fydrolysis|"eight of| OAc% rﬂ]D

supernatant — 1 Fraction
- Gal G Man Xyl Ara Ulc -
1 39..5% LT 4+ 444+ 44+ P bty | 10.83, | 34e0%|=38.4°
2 53,37  |tr 4 4k+ ED = = 6.58. |U1.8%|=30.4°
3 56,6% |[tr 4+ +++ o+ tp = 0.1g. - |-21,8°

Residue - tr tr tr tr» tr - Q.58 - -

A sample of fraction 2 (60mg.) was deacetylated using
sodium methoxide in methanol to give the free glucomannan (jomg.)
foe] ) = =33.6°(21.4°) (Co 0,873 in 2N NaoH),
Hydrolysis of the polysaccharide zand estimation of the
sugars relessed indicated the composition - D-galactcse (Le5%),

D-glucose (2046%), D-mannose (7042%) and D-xylose (Le7%)e
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Acetolysis of Glucomennan Acetate.

Alncomannan acetate (fracti-n 2) was subjected to graded
acetolysis and the saponified products fractionated on

charcoal-Celite (1:1), Several olirosacchorides have been

characterised.

Trlal acetolysis

Mucomannan acetate (fraction 2, 1,0g.) was added in small
pertions with shaking to an ice-cooled acetolysis mixture
(acetic anhydride (6,0ml,), glacial acetic acid (6,0ml.) and
coneentrated gulphurie acid (0.,6m1l,) ). The dark-hrown solution
was 2llowved to stand at room temperature and samples (2ml,)
were withdramn at 24 hour interwvals. The samples were pipetted
into water (20ml.) and the suspension extracted with chloroform
(ex15m1,). The extracts were washed with caturated aqueous
godium hydrocen earbonate (15m1,) =and water (15ml,) and dried
over anhydrous sodium sulphate before concentrating to syrups
under reduced pressure, The syrupy acetates were dissclved
in a mixture of dry methanol (1ml,) and chloroform (0,5ml,).
Sufficient of a normal barium methoxide solution (methanol)
wag added to render the solutions alkaline to phenolphthalein
and the mixtures were allowed to stand at 0°C for 18 hours,
before being 4diluted with water, The acueous solutions
were treated suceessively with Amberlite IR 120 (H) resin and

Amberlite 45 OH
(07) resin, The deionised solutions were



conecentrated and the residues examined on paper chromatograms
in sclvents A, and B, The proportion of D-g-lactose increased
with duratiorn of acetolysis, Traces of oiiqosaccharides of the
xylose series (pink spots with aniline hydrogen phthalate)
disappeared after L8 hours,

Digaccharide and trisaccharide @Ghisher olizosaccharide)
fractions were separated from the saponified products after
72 hours acetolysis,. Hydrolysis ¢f the dissecharide fraction
gave mannose (++++), glucose (++) and galactose (tr) while
hydrolysis of the tri- and higher oligosaccharide fraction

gave the same products with only a very slicht trace of galactose,

Large Scale Aecetolysis of ‘cetylated Slucomannan,
Acetylated Glucomannan (fraction 2, 8,7g8.) was added

gradually with continuous agitation to an ice-cocled mixture of
acetic anhydride (52ml.), glacial acetic acid (52ml,) and
concentrated sulphuric acid (5,2ml,). The viscous amber
solution was allo ed to reach room temperature (QODC) and
maintained at this temperature for 71 hours, The mixture

was poured into water (300ml,) to give an amber-coloured
suspension, Addition of sodium hydrogen carbonate (pil 4=5)
caused agoregation of the precipitated sugar scetstes, These
were ceparated by decantation, washed with water and @issolved

in chloroform (150ml.). The acueous solution was exir=cted with
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ehloroform (Lix150ml,.). The combined ehloroform solutions
were washed with saturated sodium hydrogen earbonate solution
(250m1.), water (300ml,), and finally dried over anhydrous
gsodium sulphate, Concentration under reduced pressure gave
a yellow ayrup (ea. 102.,). Barium methoxide (1.8z.) in
methanol (9ml.) was 2dded to a solution of the olizosaccharide
acetates in ehloroform (25ml.) and methanol (50ml.) and the
nixture kept at 0°%c ror 20 hours, The resultant yellow paste
wag poured into water (350ml,), barium ions were removed as
bariun sulphate by neutralisation with 0,5 N sulphuric acid to
pT 7 and the filtrate concentrated to a syrup (5.02.).

' Chromatozranhy of the syrup in solvent B showed the
presence nf mannose (++++), zlucose (++), galactose (+),
xvlose {(tv) and arabinose (tr) with oligosaccharides having

R cellobiose values of 1,55, 1,22, 1,00, 0,83, 0,31 and 0,22.

Praoctionation of Cligosaccharides on Charcoal=Celite,

The mixture of sugars (5.0g.) in water (130ml,) was
absorbed on a column (L4L95mm,x30mm,) of charcoal-Celite (1:1, 150g.)
The sugars were eluted suceessively with water and water
containing increasing proportions of ethanol (0=307 ethanol),
The concentration of ethanol in the eluant was changed in

2,57 inerements with every 1000-1500ml, eluke., Samples (4ml.)
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of each fraction (350-400ml, eluate) were evaporated to dryness
in an air-blast at 60°C and examined chromatographically in
solvent B (for mono- and disaccharides) or solvent D (for

tri- and higher oligosaccharides), Identical fractions

were combined and where necessary further fractionation was
carried out by chromatography on Thatman filter sheets using
an apprropriate solvent system ( Solvents A,B or D),

Flution with water yielded a mixture of monosacecharides (1,1Lg,
mannose, glucose, galactose with traces of xylose) which

were not examined further.
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Table 6
Praction Fluant meight Component Sugars,
1 water 2Cmge | Mainly inorganic salts with traces
of monosaccharides,

D=3 water 1141mg,. | Mannose (++++), glucose (++),
galactose (+), arabinose (tr.),
xylose (tr,)

07 (tr,)
L 2,5% ethanoll LO5mg.| Oy
5 ? 333mg. | 01, Ope
6 n 37mg. | 09 {trs)y Op, Oy (tr.).
¥ " 17mg. | 0 (tr.), Oy, Og.
8 5.0% ethanol]  89mz.| Op (tre), Ogy O
9 n 129mg. Oh’ 07, 08.

10 " 51mg.| Oys Ogy Oge

11 i 01mge | Oz Ou.

12 757 ethanoll  73mgs| O3, Oy (tr.).

13 " 28meg 03, tre. of slower-moving sugars,.

1h " 30mge | Oq0» trs. of slower-moving sugars,

15 10,0% ethanol  32mg. 013, trs, of faster- and slower-
mo¥ing sugars,

16 v 43mg.| 017, tr. of faster-moving sugar,

17 n 20mg, | Mixture of oligosaccharides.

18-20 12,5% ethanol] 22mg.| Oy,, trs. of.faster—moving sugars.
o1 " 3553. 013, trs, of faster-moving sugars.
20=27% 15,07% ethanol 132mg.| Oqpzs
ol4=25 " 72m%e | Oq3, °1u’ trs, of slower-moving
gugars,

o6 17.5% ethanol] 28mg.| Oy), trs. of slower-moving sugars,

27-28 " 418mg, | Complex mixture of oligosaccharides

29 20,07 ethanol] 73mg.| 015, higher oligosaccharide

* (pentasaccharide?).

7
20-30,07 ethanol

Higher oligosaccharlides.




Identif tion and Characterisation of O ogaccharides,

Oligosaccharide 1, (0y) L4O5ms,
Rg = 0,50 in solvent A,

MG' = 0.66

The sugar gave only mannose on hydrolysis and was
indistinguisﬂable from aupthentic hf976-g-mannopy?anosyl =D
mannose on paper chromatograms in solvents A and B, The
disaccharide erystallised from moist ethanol with some diffieculty;
a solution of the sugar in this solvent was cooled to 00,
allowed to reach room temperature and seeded with a small crystal
of aunthentiec h—gyé-g-mannopyranosyl-g—mannose. The aeicular
crystals had m.p. and mixed m.p. 203-204° and [x]y = ~5.3°(£0,7°)
(equil,) (c 5.8 in water,)

An X-ray powder photograph was identiczl with that obtained

from authentic sample of h—Q7%-2-mannopyranosyl-g-mannopyranoae.

Oligosaccharide 2, (0s5) 120mg.

Rz = 0,40 in solvent A,

5.-T{} = 0,34

The disaccharids gave only mannose and glucose (1:1) on
hydrolysis and was chromatographically and electrophoretically

indistinguishable from suthentic u—gpéfg-mannOPyranosyljg-glucose.



The syrupy material crystallised on long standing at 35°C
and was re-crystallised from acueous ethanol (fine needles,hhmg.)
Mm.pe and mixed m,p. 199-201°
[NJD + 33.7° +19,7° (equil, 2 hours)
(C. 2.7 in water)
X=ray powder photographs of the crystalline disaccharide
and of an authentic specimen of h-%yé-g-mannOPyranosyl—nglucose

were i1dentical,

Cligosaccharide 3, (03) 75mz.

Rp = 0485 in solvent A,

Mg = 0460

The sugar gave only glucose and mannose on hydrolysis and
showed a chromatographic mobility (solvents A and B) and
electrophoretic mobility identlieal with that of authentice
h—g74—Q-glucopyranosvl—p-mannose. The disaccharide which
crvstallised from aquadus ethanol after several weeks at 3500.
showed only 2 small mutarotation [M]D+5.7q——+ +6.6° (equil,)
(ce 142 in water) and the crystals precbebly consisted of a mixture
of O(-anﬁéa—anomeric forme, The sugar had m.p. and mixed
m.p. (authentic u—g76-g-g1ucopyranosyl—@-mnnnose monohydrate)
169-172° with sintering in the region 135-140°, (FKofler hot-
stare microscove)s Melting-point determinations in sealed

tubes on the disaccharide and on the authentic monohydrate
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showed m,p. 128-130° and it is probable that the higher figure
represents the melting-point of the anhydrous crystalline form,
Similar anomalies in melting behaviour have been noted in the case
of mannotriose trihydrate (19¢).

An Xe-ray powder photograph of the disaccharide was identical
with that given by h—g76-p-glucoPyranosyl-ghmannose monohydrate,
The sugay was further characterised by conversion into u-074~p—
glucopyranosyl -alg-mannose octa=acetate (following the method of
Merler and Wise (59) ). After two re-crystallisations from aqueous
ethanol the needle-shaped crystals had m.p, and mixed m,p. 200=
202° ana EX]D + 34.9° (¢ 0436 in chloroform)s An X-ray powder
photograph of the acetate was identical with that of octa-

acetate prepared from authentic hﬁg7$-p-g1ucopyranosyl-n-mannose.

0ligosaccharide 4, (Oh) 31ng.

Rz = 0.53 in solvent A,
My = 0425,
The sugar which gave only glucose on hydrolysis and had
chromatographic and electropharetic mobilities identieal with
those of u—g74-£-glucopyranosyl-g—glucose (cellobiose), erystallised
readily rrom.aqueous solution and was reecrystallised from agueous

ethenol to give erystals with m,p. and mixed m.p. ?29-231°,



foc]D + 15,25 +36,7° (ecuil.,5 hours) (. 1.2 in water),
X=-ray powder vhotogravhs of the disaccharide and of authentic

cellobiose were indistinguishable,

Oligosaccharide 5, (0g) 8mg.

Ry = 0,66 in solvent A.
M{} = 0. 580

The sugar, &X]U + 5u°: 5° (ce O¢li in water), gave only mannose
on hydrolysis and was chromatographically and electrophoretically

indistinguishable from u—gnx-grmannOPyranosylug—mannose.

Oligosaccharide 6, (06} Lmg

Ry = 0,10 in solvent A,
09

Mg

The sugar, EK]D + 599 + 50 (ce 0.2 in water) afforded only
galactose on hydrolysis and was indistinguishable on paper
chromatograms and electrophoretograms from h-g76-;;ga1acto-
pyranosyl-D-galactose although distinguishable from 3-974E£§
galactoyyranosyl-grgdlactose and 6-g7éfg-ga1actopyranosyljgf
galactoze, A portion of the syrup tng.) was oxidised with
lead tetra-acetate (S5mg.) in glacial acetic acid (0.5m1,) (108),
The excess lead tetra-acetate was destroyed after 2 hours by

addition of oxaliec aclid, the solution was dilvted with water
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2ml, and heated on a boiling water-bath in the presence of
tmberlite 120 (¥1) resin, Galactose and a tetrose Ryyloge™ le8l,
(presumsbly threose) were detected whereas similar treatment of

3-Q7G-Q-galactogyranosylng-galactose gave gelactose and lyxose,

Oligosaccharide 7. (0;) Lonmg,
Rqa = 0,17 in solvent A,
ﬂG = Oe 55

The sugar yielded only mannose;;;drolysis and had
chromatographic and electrophoretic mobilities identiecal with
those of Q7é-g-mannopyranosyl—(1—~+h)—gvé-g-mannopyranoayl_
(1—4)-D-mannoses Crystallisation occurred readily from
agueous ethanoly the crystals exhibited m,p., and mixed m,p,.
162-166° (slow heating on a Kofler hot-stage microsecope) and
mepe 131-132,5° ( sealed tube), [l =13,5%— -20,3° (ecuil,
2lh hours) (g« 0,59 in water) and X-ray powder photographs were
identical with those of Owb=D-mannopyranosyl=(1l— L)=0-4=D~

mannopyranosyl-(1—sl)=D-mannose monohydrate,

Oligogaccharides 8-15,

Oligosaccharides 8~15 were obtained in the amorvhous state,
and have been charscterised as far as possible by chromatographie
comparison of the oligosaccharides formed on partial aeid

hydrolysis of the various oligosaccharides and of the derived
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glveitols (from reduction of the reducing oligosaecharide with

rotagsium borohydride) with authentic samples, To avoid

repetition complete details of the oligosaeccharides and
products of partial aecid hydrolysis of oligosaccharides
derived glycitols have been recorded in Tables 7 and 8,

of the

and

Table 7.
Oligosace“mride.l Wte(mg,) RGQ Mg Hydrolysis ¢f Products,

8, fu—pn—a ) 25 | 0410|0440 mannose, glucose
9301M__7gw-_+u3 2 | 0,21|0,78 mannose

104 % M—s AN —>C 10 0415|0449 mannose, glucose
11,/691—74M——+M 11 Oe204| 0449 mannose, glucose
12,/$M-—zﬁa——~ﬁ hy 0414|0431 mannose, glucose
13./6u-—740-—,m 100 0421|0457 mennose, glucose
1, SHG—wAG—=U 20 0.29|0.49 mennose, glucose
15, AU—AG—AG— N 22 0.07|0.40 mannose, glucose

l1e ¥ = g-mannOPyranose, G = g—glucopyranose; in all cases

the residues are linked through C; and Cu.

2¢ Rpjucose Values recorded in solvent A,

3¢ Trisaccharide was compared with authentic samples from ivory

nut mannans,
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Table 8
[¢]. in HO | Oligosaccharides on Oligosaccharides on
partial acid hydrolysis |partial hydrolysis of
B > derived glycitols

8, -12° + 3° A MM, fE—G S
9. /5?5'—*5!- oM —M K M—M
10, ocm.ﬂ.n,/gn__..e ot M—=M
11, | /_‘;G-—#M, /5¥—+M L G—=M
12, +15,0° + 0,8° |fu—0, HCG—G L
13, -6,1° & 0,2° [pu—sa, Sa—wN U—>a
1, =5.5% * 0.8° lpa—, pE—G 3—G. .
15, -5,0° + 0,5° [ba—Nu, AN—sa, l’!-—-’}G/sG—vG (tr,)

1o s& 0, 5G—>/5G —¥

pi—p
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Acetolysis of Mannotriose,

g76—g- Mannopyranosyl-(1——»h)-gyé-g-mannopyranosyl-(1——*&)-
D-mennoryrancse trihydrate (mennotricse) (1,0g.) was treated with
the acetolys=is mixture (acetie anhydride, scetic seid and
concentrated sulphurie acid, 10:10:1 (v/v) ) at 0° under the
conditions employed for the z2cetolysis of the glucomannan and
the resulting mixture o sugar acetatez de-acctylated as deseribed
previously. The oligosaccharides thues obtained (0,88g.) were
fractionated on charcoal-Celite hy gradient elution with water
containing 0,0—10,0% ethanol and the fractions were examined
chromatographically in solvent A, The main fractions contained
mannose, mannobiose and mannotriose but minor fractions contained
sugars chromatographiecally and ionophoretically indistinguishable
from 4-0-X~D-mannopyranosyl-D-mannose and Q-X-D-mannopyranosyl-

(1——»h)—g7&—g-mann0pyranosy1-(lw—bu)mg-mannose.
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Discussion

Extractive-free Lareh sawdust was partially delignified
by the aeid chlorite proceduégﬁggior to alkaline extraction,
Hemicellulose fractions rich in glucomannan were isolated by
extraction of the holocellulose ( previously extracted with
6% acueous sodium hydroxide) with_lo% agueous sodium hydroxide
and also by subsequent extraction of the residue with a 107
sodium hydroxide solution to which 4% boric acid had been added
(107). The alkaline borate was shown to contain a2 smaller
proportion of xylan thah the mixture of polysaccharides extracted
by 10% caustie soda; it is of interest that the proportion of
galactose~-containing polymers extracted inecreased however,

The nature of the latter (galactan, galactomannan or galacto-
glucomannan) has not been determined.

Acetylation of the glucomannan-rich extract by a modification
of the method of Carson and Maclay(109) (acetic anhydride and
pyridine in = irormamide medium) proved difficult. Investigation
of the optimum conditions indicated that efficient dispersion
was of prime importance and improved yields were obtained by
the use of freeze-dried hemicelluloses with prolonged dispersion
periocds.

The acetylated hemicelluloses were partially separated by
fractional precipitation from chloroform solution with light

petroleum,, The curious fractionation pattern, in whiech xylan
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acetates were present in the earlier and later fractions while
almost absent from intermediate fractions may have resulted
from variations in the deéree of substitution of the acetylated
xylans,

An acetylated glucomannan relatively free from contaminating
xylan acetate was isolated by this procedure,giving on hydrolysis
D-mannose (70%), D-glucose (21%), D-galactoce (14.5%) and D-xylose
(4.57) and having specific rotation -30,4° and OAc, 41.8%,

This material was subjected to graded acetolysis with acetic
anhydride, acetic acid and concentrated sulphuriec acid (10:10:1
v/v) and resulting sugar acetates were saponified by treatment
with barium methoxide, The mixture of sugars was fractionated
by chromatography on charcogl-=Celite followed where necessary by
partition chromatography on cellulose filter sheets, Pive
oligosaccharides were obtained crystalline and were characterised
by comparison with authentie specimens (m.p., specific rotation,
X-ray powder photographs). These weres= h—g7§—g—mannopyranosy1-
D-mannose, h~g75—g—mannOPyranosylng-glucose, u<g7@-g—
glucopyranoByl-gﬂmannosé, h~g74;£-glucopyranosyl-g-glucose and
g7é-g-mannopyranosy1-(l——»h)—g;é—g-mannopyranosyl-(1——»h)-g—
mannose, Mive of the six possible trisaccharides containing
both 1,4-11nked‘/4-g-mannoae and/gag—glucose residues were also
isolated and thﬁugh not obtained in the crystalline state were
characterised by chromatographic examinations of the partial

hydrolysis products of the oligosaccharides and of the derived
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glyeitols from potassium borohydride reduction of the reducing
oligosaceharides, These trisaccharides were as followsi=
g75~g-mann0pyranosyl-(1——+h)ﬁg74-gumann0pyranosy1-(1——»h)-g-
glucose, QJA-Q—glucopyranosyl-(1—H+h)-g;é—g-mannOpyranosyl-
(1—>4)=D-mannose, g7d-g-mann0pyranosy1—(1——»&)-gr D~
glucopyranosyl=(l—slL)~D=mannose, g?é-g-mannOPyranosyl-(1——+h)-
gqe-g-glucOpyranoayl-(1——*&)-g-g1ucose and Qyéwg—glucopyranoayl-
(1—4)=0-/~D-glucopyranosyl~(1—kL)-D=mannoee, Four of these
trisaccharides have been identified among the produets of partial
aeid hydrolysis of a Norway spruce glucomannan (69) and the
ehromatographiec and ionopheretic mobilities were similar to those
of the above trisaccharides, In addition a tetrasaccharide
974-Q-mannoPyranosyl—(l——-h)-Q7é-g-g1ﬁ00pyranosy1-(1——+u)-974-g-
glucOpyranosyl-(1——*&)-g-mannose has been isolated and characterised
by the procedures employed in the identification of the
trisaecharides,

It is unlikely that small gquantities of other oligosaccharides
encountered rerresent fragments of the main glucomannan, Thus
h—g74-Q-ga1actopyranosyleg¥gélactose probably originate from a
small proportion of'a'l,%/é-linked galactan bf the struetural
type recently found in the chlorite delignification liguors of
spruce compression wood(110). The disaccharide has =2lso been
isolated from the products of partial hydrolysis of Norway spruce
glucomannan and of White bireh & -ecellulose. The apparent

differences in extractability exhibited by these galactans may be
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related to differences in chain length or to positions in the
cell wall, a situation comparable to that of the glucomannans
of sprucewood(68),

Three oliqosacchﬁrides containing 1,4-linked & -D-mannopyranose
residues have heen tentatively identified, Although these
sugars could hnfe arigsen from a proportion of anomalous linkages
in a predominantlyx/5-1inked polymer, it is considered more |
probable that they result from acid-catalysed anomerisation of
/S—E-mannopyranosyl linkages(111). h—gdwng-ménnopyranosyl-
D-mannose and Qﬁ%-g—mannopyranosyl-(1-—+h)—274-2~mann0pyranosy1—
(1——rh)—£—mannose have been isolated from the produets of graded
acetolysis of ivory nut mannans under similar conditions(19e¢) and
the oligosaccharides were not detected on paper chromatograms
when erystalline mannobiose and mannotriose were éubjectea to
acetolysi=s. This control experiment has been repeated with
Q;A—QumannOpyranosyl—(1——»&)-974-Q-mann0pyrnnosyl-(1——~h)-g—
mannose trihydrate and the saponified produets Tractiocnated by
gradient elution from charcoal-Celite with water containing
ethanol, Small amounts of di- and tri-saccharides containing
1 u-linkedoé-E—mannopyranoae residues were formed and were shovn
to be chromatograpvhically and ionophoretically identical with
the «w=linked oligosaccharides from partial aeid hydrolysis of the
larch glucomannan and ivory nut mannans, The third oligosaccharide
containing anci-g-mannOPyranose residue, O-(~D-m nnopyranosyl-

(l——iu)fg76-n-mann0pyranosy1w(1——~u)-g—glucose, would be derived



by a similar anomerisation of the’/ﬁ-glyeoside bond in
gaﬁ-g-mannopyranosyl-(la—ah)-g74rg~mannopyranosy1-(l——th)-@-
glucose which is a component of the acetolysis produets from the
glucomannan,

Earlier methylation and hydrolysis of a glucomannan isolated
by a similar procedure(50b) afforded 2,3,4,6-tetra=0-methyl-D-
mannose, 2,3,4,6-tetra-0-methyl-D-galactose, 2,3,6-tri-0-methyl-
D-mannose,?,3,6-tri-0-methyl-D-glucose and a mixture of 4i-O-
methyl-D-mannoses in the approximate molar proportions of
1:5:66:30:8, Chromatograrhic mobility and the products of
demethylation and periodate oxidation indicated the presence of
2y3 = and 2,6-di-O-methyl-D-mannoses, It was considered possible
that this fractim also contained a small proportion of tri-O0-
methyl galactose.

The methylation data thus indicate that the polysaccharide
contained chains of 1,h-linkedf/3-E—mannoPyranose and/é-g—glucose
residues in the proportion 2.551. The mannose : glucose ratio
is somewhat lower than that estimated for the glucomannan
employed in acetolysis studies here (3,3:1). It seems unlikely
that the polysaccharide used in the methylation studies was
contaminated by cellulose and the difference in the proportion of
mannese to glucose uay reflect the isolation of two distinet
glucomannans belonzing to the same structural group.

While methylation studies indicated that the majority of D-

galactose residues were present as non-reducing end-groups
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(probably arising from a galactomannan or galactoglucomannan)

no oligosaccharides were detected comparable to the galactosyl
mannose (XV) and galactosyl mannobiose (XVI) isolated by Meler
(69) from partial hydrolysis of Norway spruce glucomannan,

As already diseussed the isolation of h—g74L2-ga1actOpyranosyl—
Q—galactose points to the presence of small amounts of a 1,4~
linked galactan; the absence of significant amounts of 2,3,6-tri-
O-methyl-D-galactcsz in the hydrolysis produects of the methylated
glucomannan preparation can only be explained by rostulating

selective removal of the galactan contaminant during methylation,

"rom evidence derived from methylation studies therefore,
and from the acetolysis data presented here some insight into
the structure of Furopean larch glucomannan has been gained,
The polysaccharide possesses a2 main chain of 1,&—1ink8%/5*2—
glucopyranose an@/gngrmannopyranose residues in the molar
proportions of 1:2,5=3.3, The D-galactose residues are present
largely as terminal non-reducingz groups and are probably attached
as gide-chains to the g-mannose residues in the main chain by
1,6 and/or 1,3-linkages (assuming the valid structufal;significance
of the di-O-methyl mannose), In the sbeence of evidence
regarding the structural homogeneity of the polysaccharide,
these results eould be interpreted on the basis of a'single
molecular species, a galactoglucomannan, or a mixture of linear

glucomannan and a galactomannan of the type found in the
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endosperms of leguminous plants, The isolation of 4-976-2-
mannopyranosyl-D-glucose and h-g7é-g—glucopyranosyl-g-mannose
together with higher oligosaccharide containing both
monosaccharide units provides evidence for a heteropolymer,
The presence of hfg74-2-glucOpyranosyl—g-glucose, Q;é-g—
mannopy?anosyl—(1——*&)fg74-2-g1uc0pyranosyl-(Ir—;h)-g-glucosa,
g74-2-g1u00pyranosy1—(1——:h)fg7é-g-g1u00pyranosy1-(1——:&)-2-
mannose, and O=- -Q-mannOpyranosyl-(1——*&)fg74-2-g1ucopyranosy1-
(1w—+h)fg7é-g-g1ucopyranosy1-(l——ru)-gwmannosa among the hydrolysis
produets, indicates that contiguous glucose resiiues oceur in the
glucomannan, It is at the same time noteworthy that the
trisaecharide found in largest amount was|Q74-Qmmanncpyranosy1-
(1-—%h)—g74-g—g1ucopyranosyl-(l——ah)—g-mannose, reflecting the
presence of a large number of isolated glucose units in the chain,
‘The glucomannan éomponent of“European larch exhibits the
same structural features as glucomannans isolated from other
conifercus woods, e.é. spruces(49,63,66-69), pines(53,61,62,70,71,
7%,76), western red cedar(57), western hemlock(58,65) an
Ginkgo biloba(74)e The structural similarity is most marked
in the case of Norway spruce(67-69), loblolly pine(56,73) and
Ginkgo biloba(74) where, as with the larch glucomannan, the chains
are terminated at the non-reducing end by:grmannose residues

rather than by D-glucose residues,



SECTION II

Cremical Modification of Amyloge,
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To obtain an accurate assessment of the distribution of
various hexose residues in a polysaccharide (eeze E-glucose and
D-mannose residues in glucomannans) it is desirable to devclop
methods whereby the glycosidic bonds Joining like residues in
the polysaccharide are preserved intact with sinultaneous
destruction of all other glycosidic linkages. Thus, with respect
to glucomannans, the end-products in such selective degradations
will consist of oligosaecharide series derived from E-mannose
or grqlucose units , some or all of which may be modified ,

Section IT describes results obtained from the chemieal
modification of amylose, The proposed scheme for the selective
degradation of glucomannans is represented below and was subject
to the following assumpticns based on the behaviour of
monosaccharide analogues; (a) that tosylated D-glucose residues
possessing the recuisite trans configuration of reactive substituents

at Cp and C, would undergo epoxide formation and subsecuent

3
ring-opening (with Walden inversion) to give mono-0O-methyl
hexoses thus conferring resistance to oxidation by the periodate
iong (b) thet tosylated'g-mannose residues with a eils

arrangement of substituents at C, and C, wculd net undergo the

3
ring elosure (but possibly be subject to O-sulphonyl fission
without inversion) and hence would be cleaved by periodate

attack after removal of blocking substituents.
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Thus the occurrence of contiguous D=glucose units in the
glucomannan would be reflected by the isolation of members of an
oligosaccharide series containing mono-O-substituted D-altrose
units and/or mono-Q-substituted D-glucosz units {(where
substituents would be -OCH3 as here, or for example =H if
fission of the epoxide ring were effected by an H™ nucleophile,

Tn order to test the validity of these =ssumptions and to
investigate optimum reaction conditions ete.,potato amylose was
selected as a model polysaccharide containing 1,L4-linked D-glucose
residues and was subjected to the procedures proposed for the
modification of the glucomannan, The reaction conditions and
results obtained are presented in this section and the occurrence

of unanticipated "anomalies" is discussed.



SECTION II

Experimental
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Scheme for the Modification of D=glu e _re

ue €.

To avoid needless repetition and confusion in terminology,

the substituted and modified amvloses isolated at the several

stages in the modification procedure represented below will be

referred to in this section and in later discussion by the

abbreviations s'.0own,

MAa

MADb

MAc

MAQ

Potato amylose

\J

Mono=-O-trityl amylose

v

Mono-O-trityl O-tosyl amylose

pyridine
\J

HMono=0=trityl anhydro amylose

pyridine

Triphenylmethyl chloride in
in pyridine (100°)

Toluene—p-sulphongl chloride
in pyridine (35°)

Sodium methoxide in methanol/
(50°)

Sodium methoxide in methanol/
(100°)

]
Mono=-O=trityl O-methyl altroglucan



Experim
Bxtraction and Puri tion of _ )

Amylose was extracted in batches and purified as described,

A slurry of potato stareh (30 g.) in water was added with
stirring to boiling water (31,) and the temperature maintained
at 100° for a further 1 hour, The solution was allowed to cool
to 60° when thymol (3g./l.) was added with vigorous agitation
and the mixture set aside for 3 days., The thymol-amylose
complex was isolated by centrifugation at 25000 revs./minute
and added to boiling water (21,). Boiling was continued for
15 minutes; butan-l-ol (ea, 300ml,) was added with shaking and
the mixture was allowed to stand for 18 hours, The butan-l-ol-
amylose complex was collected by centrifugation and the butanol
complexing procedure was repeated. The final butanol-amylose
complex wag stored under butan~l~0ly when amylose was recuired
for use, the complex was drained of supernatant, dialysed against
running water and the free amylose finally freeze-dried from

acueous solution,

Average yield = 6,02, [«]_ = +155,4° (23.6°) (e, 2,53
in N sodium hydroxide)



Tritylation of Amylose.

In a small-secale run, tritylation of air-dried amylose (5g,)
under the conditions already describved (v.47) gave a eream product
(10.Lg.).

foe] s +95,7° (£2.4°) (Co 0,86 in dioxan)
oTr, 61,5% (Cale, for [0639%(0019515)],,0'-"1‘: 6L442% 1,e, one
triphenylmethoxyl group per D-glucose residue)

Tritylation of freeze-dried amylose (10z,) under the same
conditione gave rise to a buff produet (25z,) - MAa.

[“]D. +105,5° (+3.5°) (C, 1.175 in chloroform)
OTr, 6446% '

This analysis corresvonds to a degree of substitution of 1.00

A determination of periodate uptake in 50% acueous dioxan
at 35° showed a fairly rapid consumption of 0,97 moles (20 hours)
(Figola)

1.0'
Moles IO
consumeduper
mono-O-trityl
hexose unit, | {

Time (hrs.) 70

Fig.1,
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Tosylation of Tritylated Amylose,

In a trial experiment, tosylation of trityl amylose (7.0g.)
under the conditions deseribed (p.49) gave a buff produet (8.9g.)

BM]D' +57,7°(+2.5°) (C. 0,80 in dioxane)

OTr, UL6,4% (Cale, for [063803(0019315) (osogc7n7)]n, 1.0,
one triphenylmethoxyl group and one toluene-p=-
sulphonyl group per D=glucose residue,hé,u)

8y 5.11% (Cale, for [06H803(0019H15) (080,C,1,)] 45.73%)

(Barly analysis indicated a triphenylmethoxyl content much
higher than expected (ea, 55%)., Prolonged treatment (24 hours)
with coneentrated sulphuric acid at 30=35° gave the results
recorded above, The high results may have been due to the
estimation (as triphenylearbinol) of water-insoluble tosylated
oligosaccharides arising from the increased stability 6f'the
glycosidie links towards acid-hydrolysis where glycoside residues

are substituted in the 2-position by a sulphonyl group).

Repetition of the above procedure on a larger scale (Trityl

amylose 20g.) gave a product (27.5g.),MAb, having

[NJD, +41,4°(21.1°) (C, 1.84 in chloroform)

OTI', 146-8%
S, 5.l



The analytieal figures correspond to a degree of substition

of ca, 1,95,

oxidation
The course of periodate/of a sample of the O-tosyl amylose

(detritylated MAb) was followed in a medium of acetone containing
20% water; after 24 hours, the consumption was 0,19 moles of per-
iodate per substituted residue, 1.0.TCGHSOB(Oclgﬁls)(050207H7)],
and no further uptake was observed,

Infra-red analysis of the trityl tosyl amylose (MAb) (Mujol
mull) indicated 2 sharp peak (1180 em,”1) in the characteristic
ebsorption band for O-sulvhonates,(1150-1200 em, +)(113), absent

in the abhsorption svectrum of the parent trityl amylose,

Agsegement of Cptimum Conditionsg for Desulphonylation of

Trityl Tocyl Amvlose,

Small-scale experiment.

Trityl tosyl amylose (¥Ab 5g,,0.,009 mole) was Adissolved
in chloroform (65m1,) (dried over anhydroue sodium sulphate and
distilled) and the solution cooled to ﬁo. Sodium methoxide
(2.,32.) in methsnol (15m1,) (i.e, 2.8% with respect to sodium
methoxide) was cooled to 0° and added to the sbove solution, the

o
flask shaken vigorously and transferred to the refrigerator (0 ),



The reaction was followed by observation of the change in
optical rotation of O,5ml, samples diluted to 5ml, with a mixture
of echloroform and methanol (lL:l v/v).

Time(hrs)0.5 342 745 33 7¢ 96 100 117
ggtégiin +0,19° +0,22° +0,22° +0,23° +0,24° +0,26° +0,26° +0,26°
When the observed optical rotation reached a constant value

(117 hours) the solution was diluted with water (100ml,) and

the emulsgified chloroform layer was separated and washed with

water (2x100ml,). The chloroform emulsion was dried over anhydrous
sodium sulphate and the clear yellow solution concentrated to

a small volume (eca. 150ml,)., The product was precipitated by

dropwise addition of the chloroform solution to stirred methanol

(750m1,) and the precipitate washed on sintered glass with methanol

(3x100m1,) and ether (3x100ml,) before air-drying at room temperature
(3.52.)5 [x]p, +84.9(£2,0°) (C. 0,966 in dioxan)

8, 3.58%

Further treatment of the material under similar conditions
reenlted in only a small increacse in the degree of de-
sulphonylation (8, 3,17%)., (Determination of sulphated ash,
8.9%, indiecated considerable contamination of the nproduct by

either sodium toluene =-p-sulphonate or sodium sulpfjate, and later

rroducts were deionised by treatment of their chloroform solutions

with Amberlite IR 120(H) and IR 45(07) resins.).
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The partially desulphonylated material (S, 3,17%,1.9g.)
methanol
was dissolved in dry chloroform (25ml.). Sodium methoxide in/
(343 ¥, 8ml,) was added with stirring and the solution was
heated under reflux (55~60°) for 3 hours, The produet was
ieolated snd dried as described previously. Yield (1.0z.)

[ 1oy  +204,9° (*3.0°) (0,67 in dioxane),
Sy 2456%

The gradual formation of a white, granular precipitate in
the desulphonylation reactions desceribed above was investigated,
The material was assumed to De sodium toluene-p-sulphonate but
analysis indiecated the true identity to be sodium chloride,
Examination of the literature(llli) showed that alkyl orthoformates
are formedlwith great facility by the aetion of sodium methoxide
and chloroform, sodium chloride being produced simultaneously

CHCl, + 3NaOMe Hc(onJe)3 + 3NaCl,

3

Examination of alternative solvent systems for the
desulphonylation reaction showed that anhydrous pyridine and
methanol offered the best possibilities., \

The partially desulphonylated product (8,2,56%, 0,78.) was
dissolved in anhydrous pyridine (20m1, )., Sodium methoxide in
methanol (3,8 N, 12ml,) was added dropvwise with vigorous agitation

and the mixture was heated under reflux at 55-60° for 18 hours,
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The product was precipitated by pouring the pale amber
reaction solution droprise into stirred methm ol, The resulting
precipitate was redissolved in chloroform (50ml,), the solution
washed with water (2x50ml,) and treated with Amberlite IR120(H)
and Amberlite IR L45(OH) resins, 'The deionised solution was
dried over anhydrous scdium sulphate and concentrated to a small
volume before precipitating the produet by dropwice addition of
the solution te stirred methanol. The product was washed and

dried as before (0,3z.)

Sy Ou3U%

Desulphonylation of Trityl Tosyl Amylose, (MAb)

_Trityl tosyl amylose (MAb, 13,0g.) were dissolved in
anhydrous pyridine (750ml,)., Sodium methoxide (108z,) in
methanol (L450ml,) was added dropwise with vigorous agitation and
the mixture was heated under reflux at 60° for 2L hours.

The desulphonylated product was isclated as before by
drovwise addition of the reaction mixture to stirred methanol;
a chloroform solution of the precipitate was treated with
Amberlite IR 120(H) and IR 45(CH) resins, dried over anhydrous

gsodium sulphate, concentrated to a small velume and the produet

reprecipitated in stirred methanol, (3,92.)

Sy, 0.085%
OMe, 1.05%
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A second bateh (13,0g,) of trityl tosyl amylose gave a
desulphonylated produet (5.3z.,) MAe
8, 0,066%
OMe, 0432%

The combined yields from batches I and II (9.2g.) had

[“]D' +99.6°(i9.8°) (Ce 2459 in chloroform)

and
OTr, 66,5% (Cale, for [CqH,05(0C, H, )] 1.e. one

trityl grour per 2,3—anhydr0ngfglucose
residue, 69,6%)

A sample was detritylated (see "General Methods") and the
congumption of periodate ion by the "anhydrolamylose was
measured spectrophotometrically in an acueous medium, 0.u40
Moles/?2, 3=anhydro P-glucose unit were consumed after 50 hours:

no further uptake was observed on prolonged oxidation (eca, 100 hours)
(Fig.2.)

) O.LL_‘ .‘____,_.--—_-———.-_.-
Moles IO W

consumed“per |
2,3=anhydro

hexose unit.

Time(hrs., ) 140
Fig.2.
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Examination of the infrared absorption spectrum of the trityl

2y3=anhydro amylose showed the complete absence of peaks in the
1

range 1150-~1200cm,

Trityl "anhydro" amylose (0,47g.) was dissolwed in anhydrous
 pyridine (30ml.) and the solution treated with sodium methoxide
(4,05g,) in methanol(15ml.) at 100° for 48 hours, The reaction
mixture was then poured dropwise into stirred methanol (250ml.,).
The flocculent white precipitate was isolated on sintered glass
and redissolved in anhydrous chloroform, (A small amount of
ehloroform insoluble material (sodium methoxide) was removed
by centrifugation, The product was finally obtained by
precipitation in stirred methanol and was washed and dried as
previously, (C.23g,)

[M]Dp +5445° (*3,8°) (C, 0,91 in dioxan)

oTr, 60.4% (Cale, for ['cgn'aoh(oc%)(oclgﬂls)]n. i.e,

62,079 '
Poor solubility of the tritylated rolysaccharide in the

reaction mixture employed in methoxyl estimation gave very low

results, A detritylated sample however had OMe, 7,47 (Cale, for

[C6H90h(OCH3)]n, 17.6%).
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The detritylated product was easily soluble in water and gave
en hydrolysie with N sulphuric acid reducing sugars with the
following ehromatographic mobilities (solvent A):-

Ryus Osli2y 0,51, 0478, 1,04 and 1,17,

(n3A here and henceforth = R3*g-methy1-g-a1troae.

The bulk of the trityl anhydro amylose (MAe, 5g.) was
treated with sodium methoxide under the conditions employed in the
small-geale experiment to effeet ring fission and a product MAd
(3.02.)
ﬁx]D, +59,1°(*1,0°) (C., 2,00 in ehloroform) was obtained.
OMe (detritylated material), 9.8% (Cale. for [C6H90u(OGH3)]n
17.65%)

The detritylated material consumed 0,148 moles of periodate
per monomethyl hexose residue over a period of 30 hours after

which time no further uptake was observed . (Fig.3.)

0.6
Moles IO ] e ‘ =
consumedhper ///
mono-0-methyl j
hexose unit ///
!
Time(hrs.) /O

Fig.3.
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The remainder of the trityl polysacecharide obtained by
fission of the epoxide ring of trityl 2,3-anhydro amylcse (2,0g,)
was detritylated as described in "General Methods" (p.u8); the
material so obtained (0.7g.) showed low solubility in methanol but

dissolved very readily in water,

Hydrol of Det Qs 1 altro .

Detritylated MAd (0.7g.) was dissolved in N sulphuric acid
(10m1,) in a sealed tube and heated on 2 boiling water bath for
4 hours, The hydrolysate was neutralised with barium earbonate
and the precipitated barium sulphate removed by centrifugation.
patt lons were removed by successive treatmentsof the solution
with Amberlite IR 120(H) and IR L4 B(OH) resins before concentration
to a syrup (0s5624)

Chromatography in solvents A indiecated D=zlucose to be the
major ecomponent of the hydrolysate accompanied by smaller amounts
of other reducing sugars corresponding in chromatographie

mobility and colour reaction with aniline oxalate to mono=0-

methyl hexoses,
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The syrup (0.5g.) was fractionated on a cellulose column

(410x16mm, ) by stepwise elution with benzene/ethanol systems,

(Benzene

water),

¢ ethanol L:l, 3:1, 2:1, 1:1 (v/v) all containing 1%

The following fractions were obtained by combination

of tubeg containing the same sugars as indicated on paper

chromatograns {(Solvent B),

Table 9.
Tube No, [Fraction |Wt.(mg,)| [«], R Wte % of
- ; ' . hydrolysate
0-20 1 4.8 - 1.83 {(yellow) 3.7
1.42 zpink)
21-40 2 3544 ~-202° 1,49, 1,68 12,8
faints
1,1-70 3 23,0 |=31,0° | 1,07 (brown) 8.1
71-115 hs3  |+1941° 1,26, 0,98
zbrown 12.4
116-190 3945 |+45,7° | 0483 (brown) 1443
191-220 6 10,9 - 0491, 0477 349
brown)
0e57s Coltd
300-1420 8 118,3 |+51,1° | 0,45 (brown) 43,2
R.. =R

3A

3-0-methyl-D-altrose




Exam on of the F &

Fraction 1.

The small amount of material isolated from this first
fraction appreared to be mainly non-carbohydrate in nature,
The identity of traces of substituted redveing sugars has not

been determined,

Fraction 2. (35mz,) Bx]D, -202° (1,23 in water)

The fraction contained only non-reducing sugars (negative
Fehling's test),. No spots were observed on chromatograms
sprayed with neutral aniline oxalate; on spraying with aniline
hydrogen phthalate containing 5% acetic =cid and developing at
1500, faint trace spots appeared slowly W1th'R3-Q-methy1 altrose
1,49 and 1,68 (solvent E), The fraction (1mg;) was treated
with N sulphuric acid (0,5m1,) for L hours on a boiling water
bath and the solution was neutralised and deionised as deseribed'-
in "General Methods", The syrup ohtained on concentration of
the solution ga;e two apoté for redueing sugars having
R3-9rmethy1-§-altfose 0,96 and 0475 (solvent A) (authentic 2-0-
methyl-D=-altrose had R3_0-methyl-D-altrose 1+00 in solvent Ads
Demethylation of the fraction gave redvecing sugars with mobilities

corresponding to altrose (major component) and glucose (tr,)

(solvent A), Periodate oxidation and chromatography of the
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(138)
oxldation products/(solvent E) gave a single intense yellow

-

spot with R, 0,83,

Fraction 3, (23mg.) [x],, =319(C, 0,91 in water)

Chromatograpvhy in solvent E ghowed the pbesence of a single
reducing sugar Rs o censl-Dealtrose=1,07 (nexose) (the fraction
probably contained a small ;ﬁount of non-reducing material from
fraction 2).

The sugaragave only a very faint reaction with the
trivhenyltetrazciium salt reagent on paper chromatograms,

Demethylation gave altrose and gincose (e=, 1:1, vieual ratio)

Periodate oxidation of the fraction and chromatograrhy of
the oxidation products gave/pink spot, R, 0.62, a yellow spot
(faint),Rf 0,15 and a more intense yellow spot,R, 0483,

Fraction by (3Umg.) [xlp, +19,1° (Cy 0,79 in water)

Chromatography in solvent T indieated an ecuimoleenlar

mixture (visual estimstion) of two components Ry o metnyl-p-altrose
0,98 and 1.26 (hexoses).

Fractionation on 3¥M paper in solvent T gave two sub-fractions.

Sub=fraction (a) (12mg,) R30-methyle=p=altrose = 1¢00 (solvent E)

[“]D; +2543° (Cy 1.0 in water)

The sugar gave a strong positive reaction with triphenyl-

tetrazolium salt reagent.,
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Periodate oxidation and chromatographic examination of
the oxidation produets showed only a pink spot,Rf 0.59,

Demethylation gave altrose, glucose (tr.) and a pentose (tr),.

Sub-fraction (b) (9mze) Rz_g-methyl-D=aitrose l+25 (solvent E)

[M]Du +20° (C. 0,7 in water)

The sugar gave a negative reaction with the triphenyl-
tetrazolium salt reagent.

Periodate oxidation of the sugar,followed by chromatography
of the oxidation products,gave a yellow spot with Rf 0415-0,20
(methoxymalondialdehyde) and a second yellow spot with Rp 0473

Demethylation gave altroze only.

Praction 5, (39.5mg.) [ulpy +45,7° (c‘f‘}’in water)

Chromatography in solvent E showed the presence of a single
component with Rsﬂ0¢83.

The sugar gave a strong positive reaction on a chromatogram
with the triphenyltetrazolium salt reagent,

Periodate oxidation and chromatograrhy of the oxidation

procucts gave onlry a pink spot (pentose) with R, 0,60,

f
Demethylation gave glucose only,
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Fractions 6 and 7. (22mg.) contained a mixture of sugars
( ef, Table 9, P91 ) and were not further examined,

Fraction 8. (118.3mg.) [%],+51,1° (2,36 in water)
Chromatography indicated the presence of glucose only
(with a trace of a hexose with slightly faster mobility in
solvent E),
The identity of the sugar was confirmed by the preparation
of the di-0-isopropylidene derivative(115); m,p. and mixed m.p.
with authentic 1,235,6 di-O-isopropylidene D-glucose, 110°,



-96=

Discussion

Amylose was obtained by frationation of potato starch via
the thymol ang butanel=ol complexes as described in the
literature (112). Since maximal solubility of the polysaccharide
seomed desirable the hormal precautions taken to minimilse
depolymerisation (eeze oxclusion of oxyzen) were ignoreds

The amylosalhc]ny+155° in N sodium hydroxide was subjected
to tritylation by the agency of triphenylmethyl chloride in a
pyridine mediume The trityl content of the resulting product
(HAan]D,+105°) was dose to that required for a mono=Qetrityl
ether (0Tr 64.6%3 calce64.2%), while the consumption of 0497 moles
of periodate per mono=O=trityl residue indicated that the 6=0=
trityl ether was formed. (This is to be expected for the bulky
triphenylme thoxyl group and on account of the relative availability
of the primary and secondary hydroxyls)e Whelan et als (1ll6a
end 116b) whose procedure was followed here, have recently re-
tperted the isolation of a trityl amylose with the same composie
stione

Tesylation in pyridine ylelded a mono=O=trityl O=tosyl
amylose (Mb,[DC]D+41°) for which the sulphur analysis was only
slightly lower than that required for a polysaccharide containing
one toluene=p=sulphonyl group per glucose residue (S«5¢11%;
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calce 5473%)e That diwQetosylation probably occurred was
evidenced by a low consumption of periodate (0,19 moles per
mono=0=tosyl glucose residue)s The substituted polysaccharide
exhibited a strong ebsorption maximum (1180 um.'l) in the range
characteristic for the 0«8 stretching frequencles of O=sulphonates
(1150-1200 eme~! (113)).

Optimum desulphonylation conditions were found to be rather
more drastic than might be anticirated from the general facility
of epoxide formations encountered among O=tosyl X=D=glucosides
under akaline conditions (117)s Thus treatment of the mono=-
O=trityl mono=0=-tosyl amylose with sodium methoxide methanol/
pyridine solution at 50=60° gave a mono=O=trityl 'anhydro' amylose
(MAc [+];,+9946%), Examination of the infra-red spectrum showed
the absence of peaks in the O=S stretching range 1150«1200 ome™21 ,
The low methoxyl value (OCHz, 0432%) indicated that the extent of
fission of newly=formed epoxide rings was negligible. The
anhydro amylose (detritylated MAc) consumed 0640 moles of
periodate per 2,3-anhydro glucose unitj assuming that the 2, 3=
epoxide 1s stable under the conditlions of perlodate oxidation,
this uptake can only be interpreted as indicative of the pre=

tsence of unsubstituted glucose units in the polymers The
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upteke 1s mugh higher than in the case of the O=tosyl amylose,
hence there rmst occur an increase of E-glucoae residues during
desulphonylations Although O=8 cleavage wih retention of con=
tfiguration is known to occur in secondary sulphonates where other
reactive sites are blocked (118) and must occur as the first

stage in the formation of epoxides from di-Qesulphonates, it is
unexpected where the carbon atom adjacent to the sulphonylated
C-atom carries the reactive substituent (=0H or =0805 Cy Hy CHg)e
Although knowledge 1s far from complete regarding the conformation
of hexose units in polysaccharide chains and the restrictions

of flexibility of the pyranocse ring which might ensue, it seems
possible that a degree of rigidity might be conferred on the

ring structure of the glucoses units of the amylose chain, which
would impede the adoption of the dlaxlal position of the reactive
groups reqﬁgggd?g;tramoleculalr Sy2 reaction, and hence prevent
epoxide formation. It is of interest that the mono=0=-trityl
hexosan derived by Whelan et ale (116b) from treatment of mono=
O=trityl, mono=0O=tosyl amyloée (with analysis very similar to that
described here).uith sodium hydroxide in dioxan gave on detrityla=
3tf§§ih§ﬂrolyais D=glucose (50%),:£-altroso (20%) and 146 amhydro =
D-altrose (30%)e It seems likely in the light of the current



evidence that a proportion of the Ebglucoae produced arose from
OwS cloavage without Walden inversion as distinect from that
derived from epoxide ring fission.

Further treatment of the monoe=Qetrityl anhydro amylose with
sodium me thoxide in methand/pyridine at 100° resulted in fission
of the epoxide ring. Analysis of the detritylated product
indlcated a methoxyl content of 9.8% (calce for a mono=O-methyl
hexosan, 17.6%)e 0448 Moles of periodate were consumed per
residue (caloulated as a monomethyl hexose unit )e The slight
discrepancy in the consumption of periodate compared with that
of the parent anhydro amylose cannot be explained other than by
experimental error (or presence of impurities in one or other of
the determinations.

Hydrolysis of the Qemethyl altroglucan (detritylated MAd)
gave rise to a mixture orzguglucoso (42.2%), mono=Oeme thyl
hexoses and a small amount of unidentifled sugars, The mixture
was fractionsted on cellulose employing mixtures of benzene and
ethancl as the irrigente Where necessary further frectiona=-
ttlon was effected by chromatography on filter sheets in solvent
Ee

Fraction 1 consisted of treces of reducing sugars with
chromatographic mubilities greater than the mono«Qeme thyl hexose

range and was not further examined.
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Fraction 2 contained only nonereducfing sugarse The high
negative rotation of the fraction ([O<]D ,= 202°) 1s characteristic
of 1,6-anhydro Braltroue and its derivatives where the glycosidic
C=0 bond is held rigidly in tha;ﬁ- configuration.Demethylation gave
altrose with a trace of glucose while treatment with N acid at
1009 produced two reducing sugars one of which possesses a
modility on paper chromatograms identical with that of 2 = or 3 =
O -methyl Dealtrose, Pericdate oxidation gives a product moving
close to the solvent front on paper chromatogramss this reaction

might be consistent with the production of a 1, 3 dioxolane

0
H H "
H> C/O :HO
™ H
Q
H
CHO

from eege 1,6-anhydro=2=0=methyl D=altrose ( The 1,6-enhydro
S=0wme thyl=D=altrose would resist periodate oxidation)e

structure such as

Fraction 3 gave a single spot on paper chromatograms but
was probably contaminated by a small amount of material from
fraction 2 (as witnessed by the presence of a yel;ou spot among
the periodate oxidaticn products with the same mobllity as that

observed in fraction 2) Demethylation gave equimolecular amounts
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of glucose and altrose, (The latter may be derived from a
1,6 anhydro O-methyl altrose as in fraction 2)s The weak
positive reacticn obtained with the triphenytetrazolium salt
reagent 1s suggestive of a 2«0=methyl hexose., (The chromato=
igrephic mobllity does not correspond to a 2e0emethyl zglucose
howevor),

Praction 4a appears to be identical with Sgg-mathyl=9-a1troae
while the deme thylation product of fraction 4b 1s also altrose.
Perlodate oxidation of the latter fracticn gives methozsymalondialdhyde
indicative of a Z2e«0emethyl hexose while the negative
triphenylte trazolium reactlion 1s also consistent with the pre=-
isence of a 2«0-substituted sugare Tho experimental data 1s
most conslistent with a 2«0emethyl altrose; the chromatographic
mobility R 1,26 differs from that of authene

1.00)

S=0=me thyl altrose,
{tic 2«0emethyl Dealtrose however(R

S=0=me thyl D-altrose
(solvent E.)

Fraction 5 gave glucose only on demethylation and the
cbservation on paper chromatograms of a pink spot (monofgrmathyl
pantose) as the sole product of periodate oxidation suggests a
S=0w=me thyl hexose (The sugar clso shows a strong positive
triphenylte trazolium reaction. The optisal rotation [«] D’
+45 7° 1a lower than that expected for 3«0=methyl D-*lucoaqu]

+ 551 L/but the chromatographic mobility is identical with that
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of 3=0-methyl Deglucose in solvents A4 ond E,

Praction é-and 7 contained mixtures of reducing sugars with
mobiliities iIntermedliate between those of glucose snd the monoe
O~me thyl hexoses already discusseds The fractions were not
further examined,

Praction 8 contained glucose plus a trace of a sugar with a
slightly faster chromatographic mobility (not altrose)s The
optical rotation,[@z]n’+51° is also consistent with the
identification of the sugar as E-glucoao. The identity of the
sugar was confirmed by preparation of 1,2: 5,6 dleO=isopropylidene
Deglucose (115),

Clearly the picture regarding the rgastions concernsd in the
modification of amyleose by the procedures adonted 1s rather more
complex than might be predicted from the behaviour of analogous
monosaccharide modelses In so far as ldentification may be
considered valid it 1s clear that the extent o;?gosylation
reaction is not limited to production of a nolysaccharide containe
ting a single tosyl group per glucose residue. The mono=Oe
me thyl hexose lsolated in largest amount appears to be 3e=Qeme thyl
;)-glucoae. This can only be derived from a 2,3-anhydro De
alloside configuration which in turn must result from a 2,3-di-

or Jemono=Oetosyl D-glucose residues Thus the extent of
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di=O=sulphonylation mst be greater than that of monc~0-sulphanyla=-
ttion or alternatively the sulphonyl group enters preferentially
atCy (in contradistinction $o the situation encountered among
cAeme thyl Deglucoside snalogues where (}2 is preferentially sube
tstituted (119,120) S=0=methyl De=altrose is derived from the 2,
3-anhydro De=mannosidic structure; the latter would be the exw
tpected product from ring closure across Cy = Ca in 2«0=tosyl
Dwglucose residues, Although the ldentification of 1,6 anhydro
2=0=me thyl Dealtrose is only very tentative such a product would
bs expected to occour in small smounts as the alternative product
of ring fissior a § S_mhydro-_l?-alloside structure, The
possible occurrence of 4«0Omethyl hexoses cannot be overlooked;
these might result ﬂm\epoxi&e formation at Cs, 04 on non=-reducing
terminel D=gluncose residues (by epoxide migration (121,122), The
vield would necessarily be =smd ) but might be enhanced by virtue
of the flexibility of the singlyelinked pyrancse ring as distinct
from the rigidly held residues in the chdne Overend and Ricketts
have postulated such an epoxide migration to sccount for the
preduction of Demanncse units in polysaccharide derived from
allkaline hydrolysis of dextran sujhates (123), The similten=
teous occurrence of Degulose is explained by formation via a 3,4
anhydro«D allose or 3y4-anhydro-Degelactcss which would result
from a _l?vgluqose 2« or 3«0 sulphate ester in the dextran. Such
a si tua—tion might also hold for tosylation of nonereducfing end
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groups in amylose.
Although of stereochemical interest the results
obtained from such a modification of amylose are not
encouraging when the original aim (i.e. the aprlication to
the degradation of glucomannans) is eonsidered; consequently

the scheme was abandoned in favour of the approach ocutlined

in section I11.
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A second approach to the problem of selective degradation
of glucomannans has been made by the attempted utilisation of
the resistance towards acid hydrolysis exhibited by 2-0-
sulphanylated glycosides(124),

By analogy with monosaccharide models e,g., methyl L,6-0-
benzylidena-oc-g-glucoside(119,120), it was anticipated that
the D-glucose residues of a l,4~linked glucomannan would be
preferentially sulphonylated at Cy,; further that , by similar
analogy with methyl L,6-O-benzylidene- «-D-mannoside, D-mannose
residues would be substituted at 03 preferentially(125) although
possibly with less ease than in the corresponding D-glucoside,

W, OM cH, ol
o e}
T~ o "
OTs OM oM o\
A B
OTs

Thus it might be expected that the E-glucosidic bond at
B would be somewhat stabilised towards acid hydrolysis by viptue
of the "protecting" effect of the adjacent sulphonyl group
while bond A would remain relatively labile to aecid, The end-
products of hydrolysie of a mono-O=tosyl glucomannan would

D-mannose
then consist of 3-0-tosyl/and a series of oligomers of 2-O=-tosyl



«106~

2—glucose where each member is terminated at the redueing end
by a 3-0~tosyl D-mannose residue; identification of the
oligosaccharide glycitols obtained on subsequent reduction and
detosylation would thus give a more quantitative picture of the
relationship of D-glucose units in the polymer,

The results obtained by treatment of model compounds under
the conditions for the proposed scheme are described and dis-

cussed in this section,

Proposed Scheme for the Selective Hydrolysis of Glucomannans,
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Acid hydrolysis of methyl 3-O=tosyl-ot -D-mannoside.

Methyl 3=O-tosyl-« ~D-mannoside (m,p. 90-100°) (L50mg,)
(xindly supplied by Dr. J.C.P.Schwarz) was dissolved as far as
possible in cold 0,5 N sulphurie acid (10ml,), The waxy,
insoluble material was removed by filtration and the clear,
colourless filtrate was transferred to a 10ml, flask, The
solution was heabed on a boiling water bath and samples were

withdrawn at intervals, cooled and the optieal rotation measured,

Time 0 25 65 110 230 300 335 420

Optical
Rotation +1.12° +0,98° +0.78° +0.56° +0.,15° 0,00° -0,05° -0,06°

After 2«3 hours the solution became yellow and eventually
precipitation of a dark brown material occurred, This was
removed by centrifugation before recording the optiecal rotation,

After 6.5 hoyrs the insoluble material was removed at the
centrifuge; the centrifugate was neutralised by addition of
barium carbonate and decolourised with a small amount of charcoal,
The colourless acueous solution was concentrated to a syrup
(200mg,)s  Attempts to induce erystallisation failed but the
syrup reduced Fehling's solution and had an absorption maximum
at 1180 cm:1; the sugar moved as a single spot on paper
chromatograms Rp 0.69,(with a slight trace of material with

faster mobility.
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Treatment of methyl 2-0O-tosyl-X-D-glucopyranoside vader ccaditions
of acid hydrolysis.

Methyl 2-0=-tosyl-d=D=glucopyranoside was prepared by
debenzylidenation(126) of methyl L,6 benzylidene 2-O=tosyl-
L =D=glucopyranoside as rrepared by the method of Robertson and
arifrith(127). '
m.ps 136-137° [x]p +93°(£3,4°) (C. 1.0 in chloroform)

Methyl 2-0-tosyl-X-D~glucoside (160mg.) was heated with
sulphuric acid (3ml., 1.5 N) at 100°C. The optical rotation
and reducing power were unchanged after 6 hours under these
conditions, The solution was neutralised with barium carbonate
deionised by passage through Amberlite IR 120(H) and IR L45(OH)
resins and finally concentrated to a syrup which erystallised
readily on standing at room temperature (95mg.). The crude
material wae recrystallised from methanol

m.p. 2nd mixed m.p. 135-136° [M]D, +91°

The infra-red spectrum was identical with that of the

starting material,
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Reduction of 3-O-tosyl-D=mannose with potassium borohydrides

3-0-Tosyl-D-mannose (89mgz,) was dissolved in water (5ml,).
Potassium borohydride in water (15mg. in 2ml,) was added to the
solution, After 1,5 hours a drop of the reaction mixture,
acidified with acetic acid, no longer reduced Fehling's solution.
The solution was acidified (pH 4=5) with acetic acid and passed
through Amberlite IR 120(H) and IR 4B(OH) resiné before
evaporation to dryness under reduced pressure, The syrup failed
to crystallise but moved as a single spot on paper
chromatograms (Rf, 0,72 in solvent E) and showed on absorption
maximum at 1182 cm:1 indicating the presence of an O=-sulphonate

substituent.

Ireatment of methyl 2-O-tosyl-X-D=glucoside under the conditions
of borohydride reduction,

Methyl 2-0=-tosyl-®-D=-glucoside was treated with potassium
borohydride under the conditions employed for the reduction of
3-0-tosyl-D-mannose, Methyl 2-0=tosyl«-D-glucoside (120mg.)
was dissolved in a mixture of water and methanol (ea. 3:1 v/v,
2ml,) and the solution added to a solution of potassium
borohydride in water (20mg, in 2ml,). The mixture, diluted
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to 1lml,,was allowed to stand at room temperature and the
optieal rotation observed at intervals, No change in rotation
was noted after 4 hours and excess borohydride was destroyed -
with acetic aecid, The product was isolated as deseribed for
3-0O=tosyl-D-mannitol, The syrup obtained crystallised readily
on standing =nd was recrystallised from methanol (105mg,)

M.Pe and mixed m.pe with starting material 135-136° ;

[0‘; ] n’ +90°

The infra-red spectrum was identical with that of the
starting material,

Reductive Detogylat of M =0-tosyl-<=D=glucopyranogide.,

Methyl 2-0-tosyl-¥=-D-glucopyranoside (250mz,) was dissolved
in 80% agueous methanol (30ml,) in a 3-neeked flask fitted
with a stirrer, Sodium amalgam (3g.) was added portionwige
with efficient stirring at 0-5°C, Sulphuric acid (6 N) was
added simultaneously so that the pH was maintained in the
range 3-lis The suspension was stirred overnight at ea, pH L
(room temperature), After adjustment of the pH to 7 by
dropwise addition of 0.5 N sodium hydroxide, the suspension was

evaporated to dryness under reduced pressure at 40° and dried
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in vaecuo over phosphorus pentoxide. The remaining solid
material was exhaustively extracted with dry methanol; removal
of the solvent under reduced pressure gave a syrup which
erystallised on standing at room temperature, Reerystallisation
from methanol gave colourless crystals m.pe. and mixed m.p,

163-165°  ; [o«], +1520(£4.,5°) (C, 1.2 in water),

?

The sugar had a chromatographic mobility tdentiecal with
that of authentic methyl« ~D-glucoside in solventsA and E,
The infra-red spectrum was also identical with that of methyl-

¥ =D=glucoside,

Reductive 0 ation of 3-0O=to tol,

Treatment of 3=O-tosyl D-mannitol (30mg.) with sodium
amalgam under the conditions described above gave rise to a
syrup whiech ran as a single spot on chromatography in solvents
A and E, having a mobility identieal to that of D-mannitol,
After desorption from charcoal the syrup erystallised from

methanol in the form of colourless needles m.p. 2nd mixed m,p.,

164-165°,
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L,henyrii bulbs were selected as a convenient source of
glucomannang polysaccharide was extracted by a modification of

the procedure followed by Andrews, Hough and Jones(L8).

L, henryii bulbs were shredded, washed with methanol and
macerated (ball-mill) for 3 days with this solvent, The duff,
insoluble material was obtained by filtration and air-dried at
room temperature,

Glucomannans were extracted from the dbulb powder with cold
1% aqueous mereuric ehloride (31, per 100g. of powder) for 18
hours, The extracts were clarified on the centrifuge and the
rolysaccharides precipitated by the addition of 3 volumes of
ethanol with stirring. The precipitated polysaccharide gave
a stronz blue coloration with iodine indieatinz the presence of
starch, The starch contaminant was removed by redissolution
of the preeipitated polysacecharide in water (11,) and fractional
precipitation of the polysaccharides by additions of ethanol,
The polysaccharide remaining after addition of 1 volume of
ethanol gave no positive iodine test for amylose and after

hydrolysis, gave D-mannose and D-glucose in the molar ratio
131«99.

BX]D’ -23‘50(*2*h0) (Ce 0,85 in water)
Yi eld ] 138.
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Tritylation of L, henryii Glucomannan.

Glucomannan (9g.) was treated under the tritylation
conditions previously desecribed, After reprecipitation of the
cerude product from chloroform solution, the tritylated gluco-
mannan was collected on sintered glass, washed with methanol
and ether and air-dried (18.7g.)

] o +14,7(%2,4°) (C, 0.82 in chloroform)
OTr, 6L.4% (Cale. for [06H90u(9019 15)] s 6L4,2% 1.e. one
triphenylmethoxyl group per D-glucose residue)

Tosylation of Hono-grtritzl Glucomannan,

Tosylation of the mono=O-trityl glucomannan (92.) under
the conditions described gave a buff product (12.2g.) having

B(]D. -9.,9°(%3,4°) (c. 0.61 in chloroform)

Ofr, 52,67 (Ga1c. for [0611803(00 H )(oso c.,H_,)]n,as.u%)

Sy  3.59% (Cale, ror [0511803(0019 15)(080 715)1,,954.737%)

The reaction time was extended to 11 days without significant
inerease in the tosyl content,

Quantitative examination of the mono=-0-trityl QO-tosyl
glucomannan for chlorine (Lassaigne sodium test(128) ) gave a
completely negative result indiecating the virtual sbsence of

chlorinated residues,



Examination of the infra-red spectrum of the mono-0-
trityl O-tosyl glucomannan showed the characteristic absorption

1

maximum at 1180 em.” in the 0-3 stretching range for Q-sulphonates,

Detritylation of Mogo-g-tgitxl gftosxl Glucomannan,

O-Tosyl glucomannan (5.23,) was obtained by the usual
detritylation procedure (p.48) on mono-O-trityl O-tosyl
glucomannan (10,22,). The O-tosyl glucomannan (insoluble in
water, soluble in acueous dioxan) showed an absorption maximum
in the infra-red at 1180 emjl indicatingz the presence of the
O-sulphonate grouping.

8, 6.,51% (Cale, for C6H90h(0302c7ﬁ7) 8, 10,13%)

Acid Hydrolysis of g-gogx; G;gcomggggn.

0-Tosyl glucomannan (5,0g.) was dissolved in 15% aqueous
dioxan and the solution rendered approximately N with respect to
sulphuric acid by addition of concentrated snlphuriec aeid (Lml,)

in 157 acueous dioxan (66ml,)., The mixture was heated on a
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water bath under reflux; samples (1ml,) of the dark brown
solution were withdrawn at intervals and the optiecal rotation
measured after 10=fold dilution,

Time(mins,) 10 110 280 360 600 1380

o o
100 85=90" A

Optical ~
Rotation =0.04° 0,00° +0,04° +0,05° +0,06° +0.06°

Hydrolysis was allowesd to proceed for 10 hours at 100° when
the rotation beecame constant and heating (at 85-90°) contimued
for a further 13 hours without further change in rotation,

The dark-brown solutiocn was cooled, baryta water added with
vigorous stirrin;};é 3-l; was attained and the pH finally adjusted
to 7 by addition of solid barium carbonate, The resulting
suspension was centrifuged at 1700r,p,m, giving a brown residue.
The centrifugatewﬁsevaporated to dryness and extracted with hot
methsnol (3x150m1.).  The colloidal extract was centrifuged at
BOOOr;p.ﬁ. and the amber supernatant concentrated (5.084)
Extraction of the resulting amber glass with chloroform (3x150ml,)

gave fractions I and III,
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Hydrolysate
neutralised(Ba(OH),+ BaC05),
centrifuged,
| |
Residue Centrifugate
extracted with evaporated to
chloroform/methanol(1:1) dryness, extracted
with hot methanol
FRACTION IT (0,5g.) |
Centrifugate Residu
concentrated extracted with
extracted with pyridine,filtered,
c0ld choroform evaporated to
| aryness,
Extract Residue

FRACTION III(1.6g8.) FRACTION I (2.9g.)

FRACTION IV (1.22.)

The above flow-sheet represents diagrammatiecally the

procedure employed in the preliminary fractionation of the

acid hydrolysate of O-tosyl glucomannan,
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Praction I (chloroform insoluble) was obtained as an amber glass
on drying in vacuo over phosphorus pentoxide (2.92.).

Fraction III (ehloroform soluble) was obtained by evaporation

of the chloroform extract (1.63.).

Fraction IT was obtained by extraction of the barium sulphate/
barium earbonate residue (from neutralisation) with a mixture 6f
chloroform and methanol(l:1l v/v) and evaporation of the extract
to dryness (0.52.).

FPraction IV resulted from extraction of the methanol insoluble
residue with pyridine, Filtration of the pyridine extract
through a filter aid and evaporation of the filtrate gave a
brovn powder which failed to redissolve in any common solvent

(1-2qo)o

Frelimi Examination of the Pra .

Fraction I (2,92.)s Chromatographic examination of the syrup
(solvent E) indicated the presence of mannose and glucose with
unidentified spots at Rgy 0.33-0,56 (elongated) (probably
oligosacecharide tosylates) and Rpy 0465-0,82 (probably mono-
saccharide tosylates),

Fraction II (0.,5g2.)s The fraction appeared to contain the
gsame components as fracetion I; distinet spots at Rf, 0,78 and
0.85 were observed however, The material wae not further

examined,
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Fraction III (1.6g.)s The syrup partially crystallised on
standing, Recrystallisation of the crude crystals from
ehloroform/methanol gave colourless prisms (0,82.,) mep., and
mixed m.p. (with triphenylearbinel) 160-163°, The infra-red
spectrum was also identical with that of an authentic sample of
triphenglecarbinol, While the crystals were Moliseh negative
and did not react with aniline hydrogen phalate ompaper
ehromatograms, the residual syrup was Molisch positive and
when run on chromatograms in solvent E two distinet spots were
observed travelling close to the solvent front Rf = 04,81 and
Rp = 8,85, The material was not further examined,

Fraction IV (1224 )4 The identity of the material wss not
confirmed, The Molisch test for carbohydrate proved negative
and it is possible that the materiacl is derived from a
polymerisation of decomposition products of dioxan, The fraction

was not further examined,

Reduction and Detosylation of Fraction I.

Praction I (2,32,) was reduced with potassium borohydride
and detosylated with sodium amalgam under the econditions
employed Tor the same reactions on the monosaccharide model

compounds, Yield of mixed oligosaccharide glyecitols (0.72.).
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Fractionation of the mixture of oligosaccharide glycitols
(0.72.) on a column of Dowex 50Wx8 resin (Ba ' form, 200-400 mesh,
97x2,6em,) (129) gave a preliminary although incomplete
separation of the components, 1,5m1, fractions were collected
on an automatic fraction cutter; every third tube was
evaporated to dryness and the syrup chromatographed, Fractions
containing the same components were combined and further
separations effected on Whatman 3MM paper sheets, In this manner
the main oligosaccharide glycitols were obtained as below, The
chromatographically pure syrups were subjected to complete and
vartial aeid hydrolyses and the producte identified by chromato-

graphy in solvents C and P,

Table 10,
Produects of complete| Products of partial| Possible

Yield| R, |acid hydrolyses acid hydrolyses identity
0Gy |16mge | 0465| Gy Mannitol - G=Mol
OGb 26mg, | 0452 | M, Mannitol - M=Mol
OGh 5mge | 0,29|G, Glueitol G-G G-G-Col
OGB mg, |0.24|M, G, Mannitol G=M G-M~Mol
OGg | 8mg. O,1h|M, G(2:1), Glucitol M-M, M-G M-M-G-Gol
0@, | 9mg, | 0.10|M, @(2:1), Glueitol G=M, M-M G=M-M-Gol

G=D-glucose, ¥=D-mannose, Gol=D-glucitol, Mol=D~mannitol,
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Discussion

In order to assess the aprlicabilty of the various
stages in the rroposed degradation of the glucomannan, the
behaviour of a few medel compounds was examined.

Although methyl 2-0-tosylex-D-glucoside remained resistant
to acid hydrolysis by the agency of 1l.5N sulphuric acid,
me thyl 3~0-tosyl=x-D-mannoside (kindly supplied by Dr. J.C.P.
Schwarz) was rapidly hydrolysed te the corresponding free
aldese without concomitant remcval of the tosyl group.

The 3-U=~tosyl-D-mannose so obtained was reduced to
the glyeltol 3-0=tosyl-D-mannitol, by potassium borohydride
(130)3 the tosyl group again remained unreactive under the
reaction conditions as indicated by the aprearance of only
a single spot on papér chromatograms and by the detection
of the characteristic absorption maximum (1180 cm.-l) for
O=sulphonatess. Hethyl 2-0~-tosylex=D=-glucoside treated under
similar conditions was unattacked and the starting material
was recovered in 90% yield.

In view of the faclle eroxide formation in 1,2=-diol
mono=0=sulphonate systems (such as obtain in 2« or 3-0=-
tosyl-Deglucose residues inthe substituted glucomannen) it
seemed undesirable to effect detosylation under the usual
alkaline conditions associated with the sodium amalgam
procedure. Consequently the reductive detosylation was
carried out under conditions similar to those aprlied in

sodium amalzam reduction of lactones (131)(pH maintained

C8e 3“43.
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Treatment of 3=0-tosyleD-mannitol with sodium amalgam
at pH 3-4 afforded only D-mannitol (identified by chromato=
graphic mobility, m.ps and mixed mep. with authentic E;mannitol);
similar treatment of methyl 2-0-tosyleX=Deglucoside ylelded
only me thyleXeD-glugoside (identified by comparison of
chroma tograrhic mobility, meps and mixed mepe and infra-red
spectrum with those of authentic methyl-l){-g-glucoside).‘

Glucomennan was extracted from L. henryll bulbs by a

modification of the method of Andrews, Hough and Jones(48),
([D(]D. -23,5° mannose slucose caes 2:1)s Tritylation (under
the cénditions employed for the tritylation of amylose)
yielded a substituted polysaccharide corresponding c¢losely to
& mono=0=trityl glucomennan ([ 1y, 4.7° 0Tr, 64.4%, cel ce for
@e o0 (00, H )] OTr, 6442%)e Tosylation of the mono=0=
trityl glucomannan was effected by the method described for
tosylation of trityl amylosee. The product had [o] n? «9.9%:
OTry 52467%; S, 5459%; cdes for CgHg 0. §0CgH, ) (0805C,H, )

0Tr, 4644%; S, 5.73%s Extension of the reaction time

produced no significant increase in the extent of tosyl substit-

ution; hence it may be assumed that at lbast sme of the hexose

residues/
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are held in conformations unfavourable for the entry of a
sulphonyl group at 02 or Cge (The possibility that the low
sulphur valug had resulted from chlorination viathe well=-
known replacement side-reaction of sulphonates on prolonged

treatment with sulphonyl chlorides in pyridine media (132)

ROSOC,H, + CHNHC1 —= ROl 4 CgH/NHSO.C H

was dismissed on the grounds of the failure to detect
halogen in quaiitative tests ).
The monc~U-trityl O=tosyl glucomannan was detritylated

as already describede. Hydrolysis cof the restlting O-tosyl gluco-

mannan in 15% aqueous dioxan (N with respect to sulphuric acid)
was effected on a boiling water=bath until the optical rotation
became constant (10hrs.) and heating was continued at 85° for
ar further 13 hours without change in rotation.

Three carbchydrate- containing fractions were isclated from
the products of hydrolysis as described in the floweshest(p. 6 )
FractionlI appeared to have aprroximately the same composition
as Fraction I, but was not further examined.s Fraction III was
obtained as a crystalline solid and the infra-red spectrum was
identical with that of authentie triphenylcarbinolj (this
rrobably derives from incomplete detritylation of the mono-0-
trityl O=slucomannan)s. Fraction IV after isolation resisted

solubility in all solvents and was nct further examined. (Molisch
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test was negative).

Fraction I. The syrup contained mannose and glucose together

with faster moving sugars presumably tosylated oligosaccharides
R, 03 = 0e¢6) and tosylated monosaccharides (Rf 0,78 and 0,85)
This mixture was reduced with potassium borohydride by the
procedure already adopted and the resulting glycitols detosy=-
tlated as deseribed for the detosylation of 3«Q0«tosyl-Demannitol
and meé thyl ng-toayl-mpgfglucosida. Preliminary separation of
the glycitol mixture was effected on ion exchang® resin (Dowex
50 W x 8) (129)and sub=fractionation on cellulose filter sheets
in solvents A and E gave several chromatographically pure
syrupse Preliminary investigation has indicated the presence
of a mannosyl glucitol, mann o syl mannitol and a glucosyl
mannitols Cellobiitol was not detected. Although the
nature of the linkages between the aldese and glycitol residues.
has not been experimentally determined, it is probale that the
normal 1,%/5- linkaga exists « Chromatographic identification
of the prodneta/ocmplete and partial acid hydrolysis of the
hizher oligosaacharide glycitols has further confirmed that the
hydrolysis is nonespecific since Intact grmannosidic links
occur; complete separation of these glyeitols may not have
been achieved however and structural identification has not

yet been attempteds
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The results show that the anticipated selectivity
of hydrolytic attack was not achieved in practice. Thus
the isolation of a mannob iitol (probably 4=0- /5 -1=)-mnnopyran~
tosyleDemannitol ) and a mannosyl glucitol (probably
4=0m= /5 ~DemannopyrancsyleD=glucitol) suggest that the menno=-
¢sidic links are rendered stable to aeid hydrolysis in the
same manner as expected for glucosidic bondse This would
necessitate the preferred entry of a tosyl group at C 2 on
a mannopyranose unit (as distinct from the 03 suba titution
encountered in monosaccharide analogues where the pyranose
ring 1s in the Cl conformation (125)), Although no direct
evidence exists, it seems probable by analogy with cellulose
(133) and amylose (134) that the residuss in the 1,4-linked
glucomannan chain also exist preferentially in the Cl
conformation,

Recent work (135) has indicated that the reactivity
of hydroxyl groups toward sulphonylating agents may depend on
the configuration at the anomeric eentre; thus while mono=Qe
tosylation of methyl 4,6«-0=benzylidene-x=D=glucoside occurs
almostexclusively at C5 (119, 120) it appears that Cq 18
the more favoured position in the corresponding /i-anomer.

Such a preference fof tosylation at 05 in theﬁ =D=glucose
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residues of the glucomannan would fail to cause stabilisa~
ttion of the glucosidic links,

The mechanism involved in the stablising effect of
2e0=sulphonyl substituents 1s uncertain but has been noted
on several occasions (124). While steric and inductive
effects are both probable, the latter appears toc be more
important since the size of the group (eg. methanesulphonyl,
benzene sulphonyl, tolnene-p=sulphonyl) has little influence
on the effectiveness. Presumably the inductive mechanism
suggested by Bunton et al. (136) to account for the stablisa=
ttion of glycosidic bonds by electrophilic substituents on

Cq (or Cps Gs) obtains here. %

o) H o

! 2
Y -0 O— —pY — ®__ Final
A ==y products * H

where R 1s electrophilic ege =C=0 or-COCH the electron shift

is opposed.

It is noteworthy that the electrophilic substituent
respensible for the stablisation of 0 « X simultaneocusly
activates the bond Y = O by virtue of the assistance offered
in effecting the electron shift (137)e Thus there must
exist :ga possibility tﬁﬁt a degree of 'eactivation' of the
glycosidic bonds in mono=0O=tosylated 1— 4 linked chel nssuch

as the tosylated glucomannan examined here,
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