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i GENERAL INTRODUCTION

Cetraria Islsndica, Ieeland Moss, despite
ithe suggestion of its common name belongs to that |
interesting plant class the lichens which are formed |
by the interdependent growth (symbiosis) of unioallula¥
or filamentous algae with the mycelium of a fungus, i
In general it is thought that the alga supplies !
carbohydrates by photsynthesis while the fungus pro- }
v1dea other requirements for growth and water storage.
michens grow extremely slowly and show great resistanc?
to elimatic extremes particularly drought, thanks to
their power of withstanding desiccation while retain-

ing their vitality; they can thus often fulfil the |
fole of pioneers of vegetation on otherwise bare |
ureas, In certain, if limited regions lichens are of |
great economie importance, They cover the soil of th#
gsubsretic tundra to the praetical exclusion of all |
other vegetation., Lapp tribes depend for their liveli-
hood on reindeer, which subsist on the easily hydro-
lysable polysaccharides contained in the lichens.

The habitat of Tcéland Moss in particular 15
Iceland, but it is also found in other areas inclu-
ding the British Isles. Like most of the other members
of its class it contains lichenin (1,2,3) to the ex- |
tent of 50-60% of its dry weight, This polysaccharide
is available to the humen body, but the bitter tuste j
of the accompanying lichen acids presents aiffioculties
to direct consumption without previous treatment,

Berzelius/
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Berzelius (4) investigated the problem of ukilization
of this vast, hitherto untepped source of glucose, _
Owing to the property of the lichenin of Iceland Moss
;decoctions to reduce surface tension, use can be made
of these as a washing agent (5); other petents deal
with ite utilization es a colloid stabilizer for
Letex (6). |

Iceland Moss is the only lichen included in
the British Pharmacopeia, probably because its content
fof cetrerin zets as soothing agemt ageinst chest
'complaints.
| The water-soluble polysccecharides lichenin
Eand isolichenin and the lichen acids comprise in all
'some 80% of the total dry matter of the tissues of |
'ecetraria islandiea =nd after their removel there
remains & residue, meinly darbohydrate in nature
consisting of cellulose, hemicelluloses ete(T7).

The first part of this thesis is devoted
to an investigation of the property of lichenin to
form alkali addition compounds, while #n the second
'part the hemicelluloses are investigeted more fully
than has been done hitherto.

At this point it may be permitted to add a
few remarks of a rather biologiewal nature.

Since it is impossible at present to draw a
‘complete picture of the alkali soluble fraction of
' polysaeccharides cénta*nad in Tceland Moss (the "poly—l
‘uronide hemicelluloses"), ‘'which are suggested (7)
to have the dual function of reserve substances and
cell wall constituents, interpretation and evaluation
of/
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their biologieal role in the plant will have to teake

into account some such conéiderationa as the following:

"1} The present day method- generally applied -

of separating the fractions obtained by extraction
with cold alkali by meszns of graded zddition of alcohol

' is unsatisfactory, being largely based on the physicai

properties of these substances in the colloidal state
' (8), Two hemicellulose fractions from two different

plants, both classified as "A" were however shown

. to consist of different chemical units (8). We shall
Erefar to that later in the introduction to part II,

(2) Hemicellulose fractions thus separated may be
derived from the fungus- as well from the alga- cell

walls (7).
' (3) ILichens have, as mentioned already an extremely

slow growth, .11l investigation results will represent

averaces over all age groups. It is well known that

fpercentages of certain polyszecharides fractions in

plants vary both with the season and with the age of
the plant; peetin is one example of the former,

The chemical properties of hemicelluloses were found
to be similarly affected (9) .

;(42 The metabolism of one and the szme type of lichen

may vary according to geographical position and the

- preveiling elimatic conditions.

Thus we are forced to the concludion thet
from the point of view of their blochemiesl inter-
pretation all data obtained on hemicelluloses by the

present day technique will have to be regarded as re-

presenting/



presenting mean values over & large number of

variations and combinations .
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INTRODUCTION,

Lichenin is eaaily prepared from Iceland
Moss by extrzction with boiling water after the cold-
water-soluble carbohydraztes and lichen acids have
‘been removed, '
: The similarity of the repeating unit in
lichenin and cellulose wes .estcblished by the isolation
of cellobiose octaacetate by means of acetolysis (1),
;by obtaining a quantitative yield of glucose from the
'polysaccharide by the action of certain enzymes from
‘barley malt (2), =nd by the isolation of 2,3,6-tri-
methyl glucose in yields similar to those obtained
Efram cellulose by the same procedure (3). Although
iboth polysaccharides therefore appesar to be made up
of 1,4~ S-glucosido glucose units (4), they differ
sharply in their physiczl properties, in that lichenin
‘easily forms colloidzl solutions in water which can
‘be precipitated by addition of aleohol, and is less
:resistant to hydrolytic agents and enzymes‘ﬂ Certain
differences in the optieczl rotation of lichenin and
cellulose derivatives, znd differences in the x-ray
pattern point to a dissimilarity in the macromolecular
structure of the two polysaecharidesj on the other
Ihand, evidence as to the similarity of their basie
structures is presented by Ott (22), who found the x-
ray pattern of lichenin to be identical with that of
disaggregation derivatives of cellulose like oxycellu-
lose/ :
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lose a2nd hydrocellulose, Karrer (23) believed he
could furnish further proof of their analogous pro-
perties; he claimed that lichenin and cellulose give
rise to acetates of identical rotation, yield sodium
hydroxide addition compounds of the sume composition,
thaet both are practiczlly non-reducing, and are only
steined by iodine when suspended and not when dissolved
in water. | _

Because of ite relationship with cellulose,'
the problem of the lichenin structure has reveived
a great deal of attention during the last 18 years,

It could rezsonably be hoped that its elucidution
would contribute to the understending of the make up
of the cellulose molecule and those of other allied
pelysaccharides,

In the early days of what is now termed
"high=polymer chemistry" various means of approaching
the subiect were tested by trial end error and many
papers which appeared then have now historical value

‘only. _ ' .

In 1925 Pringsheim and co-workers (6,41,42)
obtained on glycerolysis of lichenin & non-crystalline,
cold-water-soluble substance, which they termed
"lichosan", considering it to be a glucose anhydride:=

r ) 5
(".H—CHOH ~CHOH — CH "?H — CH,OH
o

a suggestion which they backed up by eryoscopic
_molecular weight determinations of its acetyl deri-

vatives, etec, They observed that in water it re-
associated quickly to form a gel, which, after pre-
ecipitation/ '
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cipitation with alcohol, appeared te be more or less
identical with fhe original lichenin, By comparing
these results with those obtained on cellulose they
hoped to solve the question,whether twe polyscecharides
‘made up'of possibly identiesl repeating units ean
differ as much as do lichenin =nd cellulose merely
owing to the different engagement of the residual
valencies of the participating basie units.

Since Fringsheim's principal experimental
busis of investigation of his lichosan was molecular
jweight determinztion by eryoscopic methods, the
peper subseguently publishad by Hess and Schultze (7)
is of importance. Hess obtained results from cellulose
in copper tetrammin solutions from which it follows, |
thet cellulose behaves in these solutions as if it
consisted of chemically independent molecules of the
size CgH1005. Cellulose, upon removal from such
solution again displays the well known property of
being insoluble in neutral solvents., Its chemical
' properties, as well those of its acetyl and methyl
derivatives were also identical with the starting
‘material, This together with the minimum of molecular
'size (CgH1005); indicated by the cryoscopic meusurement,
‘led him to believe, that the cellulose structure
emhodies rather a quantitative than a fundamentel
difference to that of the water soluble and easily
crystallisable carbohydrates, Cryoscopie values
for cellulose acetate in glacial acetic acid gave

results with wide variations which occasionally indi-
cated/
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cated an even lower molecular weight than that of a
basie CgHjoOs unit., This was found to be due to an
enhanced air absorption of acetic scid-cellulose
“acetétb solutions, Eliminution of eir gave results
in agreement with one anhydro-glucose, However ,
even with;exclﬁsion 6f_air, after several days of
constant (minimum) molecular weight, reaggregation
caused deerease of depression, indicating increzse of
molecular weight. He concluded therefore, that
eryoscopic molecular weight valucé of polysaccharides
which point to multiples of CgH;,0g5 molecules give
no informction as to the structure =nd he contended,
that "there is no need to give different names to the
undiscolved (high polymer) substance and the mono-
molecularly dispersed particles derived from it", His
obeervetions led him to investigate, whether such
drastic measures as glycerolysis need be used to ob-
t2in eryoscopiec results from lichenin corresponding
/%0 one anhydro-glucose, Hess goes on to say that
lichenin acetate and celluloaé acetate differ in
rotation; obviously the two polysaecharides are not
identical. The behaviour of the lichenin acetate
solution during eryoscopic messurements in air was the
‘same as that of cellulose, His generzl econclusions
as to the make-up of the poljaacoharide are the scme
Taa those expressed on cellulose. Concerning the
observation of Pringsheim, th:t lichosan displays
greater solubility in cold water than lichenin, he
suggests that this is due to the presence of decompo-
sition products from the glycerolysis process, In
his
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his opinion, x-ray analysie i= not capable of proving
the identity or otherwise of lichenin and cellulose,

Bergmann (8),following up Pringsheim's ex-
periments, obtained & hexosan, which had different
properties from those sseribed to lichosan, and which
he therefore termed "lichehexosan", His general
attitude to the meke-up of polysaecharides rejects
"the tendency to senreh for an independent low molecular
elementary molecule of identical structure with the
polysaccharide” because he believed (9), that "any
difference of two substances goes parallel with
differences in etructure #nd configurztion"in high
bolymers ae well as in other siybstances,

Hess (10) summarises his view on the subject
by saying that Rergmann's licho-hexoscn was nothing |
more than impure lichenin, that Pringsheim had never f
becn able to put forth any compelling evidence as to
the uniformity of his products; that the zction of the
solvent wss the crux of the matter:- in low concentrations
holecular dispersion tzkes place by brezking up the
}oroes between the molecules in the same ﬁay a8 happens
with all other substances, with the one remarkadble
difference that 2 gre.t tendency for reaggregation
exiests,

A few yeurs later Bermer (11) claimeﬁ,thaf
the aection of glycerine on lichenin comprises two
phenomena; partly lichenin is not disaggregated (or
bnly slightly) but merely dissolved by glycerine,
wvhich is in turn adsorbed, ccusing enhanced water
solubility/
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solubility; pertly, lichenin is disaggregated to
cold-water-soluble, non-reducing products("lichosan")
which however conta‘n chemically fixed glycerine
("glycerine glucosides"),

Thus we see that the protracted discussion
between Pringsheim, Bergmenn =nd Hess, with its
#heoretioal digressions (based upon much lsborious
experimental work ) had in faet led to no real advance
in the understsnding of the make-up of the lichenin
?olecula.

: 7ith the zid of viscosimetric messurements
Etaudinger approaches the subject from a different .
?ngle: |
1;1 For dissolved colloidzl particles the
following equation holds true (12), within certain
1limits of viscosity and concentration:

8p.
ﬂg‘é‘ = K m « Molecular Yeight

where 7, is the (specific) viscosity of a mono-moler
solution and Com is the conecentration in basie mols |
per litre of the eolloid; Ky is the " viscosity-
moleculer weight constant®, ;

4 eolloid (13) may either be of mac¢romolecular

%tructure, then, by definition, all its atoms  are
| linked through (primary) covalencies (ex:umple: cellu-
lose) or, it may be of micellular structure, then,

hccording to Staudinger's definition the smaller
molecules of which it is made up are attached to each
other by the (weaker) ven der waal's forces (oxampla_:-

soap) .

(2) /

T —
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£2) Whether a colloid is the one or the other
can be decided by comparing the specific viscosity

of its solutions of equal (mono-molar) concentrations
in chemically different solvents, If similar
viscosity is obtained, this points then to a macro-
.molecular structure (14), because one could expect
thet e micellular colloid, less stable would be easily

destroyed, because only the weak van der Waal's foreces

keep the small molecules within the colloid together.,
£3) When the macromolecular structure has thus
been established, the molecular weight of the substance
and its polymer homologues (their derivatives respecti-
vely) is found by one of the usual physical methods
(osmometric, eryoscopic, ultracentrifugal).

(4) Values for Ky (the only unknown in the
equation) are then obtained by viscosimetrie measure-—
ments., Thus information is gsined as to the length
end therefore the form of the moleculey

. (a)polymer homologues of linear (fibre) colloids

will= in equal concentrations and at low viscosity=-
display increzsed specifie viscosity with inereasing
molecular weight,

4;5,,_= Ky ¢« P. oo (15) ,
where P is the "degree of polymerisation".
(b) Polymer homologues of sphero - colloids will

yield under the same conditions viscosity values that

are independent from their molecular weight,

(¢) Furthermore, for long chain (linear) molecules

ZE% =" constant

holds/ ¢
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holds true only in solutions of low viscosity; at
higher concentrations the viscosity increcuses by far
.more rapidly. :

(d) Substances of this type also show “structural
viscosity" (16) i.e., the rate of flow in capillaries
is not proportional to the pressure; the viscosity
decreases with pressure, ;

Staudinger (17) was sble to show that lichenin
is 2 macromolecule such as cellulose, starch ete. '
' The K has not been determined; but he believes that
' the greater solubility of lichenin in comparison
'with cellulose makes it likely, that it is composed
' of molecules in string form which cre curved in the
form of maeanders simiiar to starch. K, values
:must therefore be expected to he smaller than those
of cellulose derivatives, He estimates the minimum
molecular weight of the lichenin molecule to be
within the range of 10,000, A pointed out above,
complete information necessitates the investigation
of the polymer homologues of lichenin as well. It
was found impos=ible (in analogy to starch) to prepare
homologue-polymer lichenin-nitrates; they gll showed
lower viscosity than the original lichenin, It is-
concluded, that lichenin is disaggregated during
nitration.

In a recently published paper(1l8) to which
we have no access, Staudinger amplifies his views on
lichenin as follows:; lichenin is not homogeneous

but, treated in a number of vays yields two lichenins,
They/
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They, a8 well as their derivatives exhibit different
rotatory power, By osmotic mecsurements the lichenins
&nd their acetztes show the same degree of polymeri-
sation. If the acetates are saponified, the products
show the original rotation of the lichenin, The
nitrated lichenin however is disaggregated to a third
of the polymerisation degree of the sterting material,
Carter and Records (19) osmometric molecular
'weight determinations agree in general with the order
' of magnitude of Staudinger's result, Lichenin -
'methyl derivatives obteined from the acetate have
:molecular weights of about 10,000 to 14.000, indioating
'a chain length of 52 - 68 hexose units. Acetylated
Iand directly methylated lichenin samples have molecular
;weights in the region of 30,000 (ohain length 127-162).
‘One 1lichenin acetate sample falling out of this range
‘with a molecular weight of 118.000. Endgroup assay
‘according to Haworth points to e minimum chain length
of about 80, Carter thinks therefore, that "in the
'case of lichenin the physical end chemical units ere
possibly identical" in contrast to ataroqlwhere the
chain length (or rather molecular size) obtained by
 osmometric meusurements (starch 300-600 ) is several
times higher than that of the chemically determined
 minimum chain length ( starch 24 ).
' The measurements are carried out at verious
concentrations because in the case of these long
chain molecules deviestions from the van't Hoff's law
occurr, (i.e.74increases with increasing ¢ ) which

necessitate/
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necessitete extrapolation to zero concentration where
ideal conditions may be assumed to hold, This indi-
@afes thet no incresse of ageregetion tekes plece at
?igher concentrations, which would czuse the contrary,

E faell in the rate of incresse of 7L . The forces
&saponsible for the particle size of ﬁolysaecharides

hike lichenin are therefore of u more permsnent nature
k"macromoleculea").than those encountered in the miceliac
of sosp e.ge

! It is worth emphasising however , thzt no
%trict conclusion as to the particle size of the native
hichenin can be drawn from those figures, ell of which
%ere obtained on lichenin derivatives; these may hava'
been disaggregated to an unknown extent during prepar-
;tion.
| Very recently Hess and Lauridsen (20) invest-
igated the lichenin problem again, this time by means
pf-an "improved" end group assay method on the lines of

bxperimehts carried out by them on cellulose. Hess
atatea that the short comings of the usual procedure
are 3 .
(1) Methylafion of the acetate gives no elue us to the .
molecular size of the native polysaccharide, hecause the
acetate may be disaggregated, _ |
(2) separation of tetramethyl from trimethyl methyl-
glucosides by distillation through a widmer flask only
effects imcomplete separation.

(3) Were it only = matter of estimeting in the various
fractions the amount of tetramethyl methylglucosides
mixed with trimethyl methylglucosides, caleulation
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with the aid of refractive indices would produce cor-
rect results, The simultaneous presence however of
lower methylated glucosides makes this impossible,

For reasons (2) and (3) the amount of "end group” ob-
tained is too low, thus chain lengths inferred too long.
Therefore methylation is carried out directly on the
polysaccharide in nitrogen athmosphere. Then a

| chemioal methed is used o effect complete separation
of the "end group" from the other glucosides, The
latter are esterified to yield phosphoric esters, the
barium salte of which are insoluble in ether and

. petroleum ether, which are good solvents for tetra-

' methyl methylglucosides.,

With the aid of this method the authors ob-
tained in one methylation methylated lichenin pro-
duets of 41-43% OMe, which was increased to 45.5% by
Purdie's method, Endgroup estimation then yielded
' values corresponding to a chain length ("polymeri-
sation degree") of 114 to 116, This result agein is
' well within the range of Staudinger's and Carter's

findings,
| No dimethyl methylglucoside fraction was obw
tained, It follows that a breanched chain or raether
cross linkages as suggested for starch (21) ocan be
excluded with certainty. :

On cellulose these zsuthors agreed ' ith
Haworth in obtaining no endgroup on exclusion of eir
during methylation,

That cellulose and lichenin are not chemically
identical/
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identical substances is further shown by these cuthors
by the difference of rotation of their acetyl und methyl
derivatives. Hess then puts forward the speculative

sugg-stion that lichenin poscesses 1:1 end 4:4 linkages,

ENDGROU'P 3 C»E LLO:B\OSE

a formula which would explain complete cleavage to
cellobiose. : ._

He then compares the polymerisation degree
of lichenin with that of Btarch (as apparently obtaincd
by him ) which he puts at 52 and speculates - on the :
ascsumption of an unbranched chazin - about the incon-
elusive relation between solubility and chain length
of cellulose (insoluble), starch (conditionally
soluble ) and lichenin (easily soluble in water ),
Sterch he says, with a materially ahorteg chain, is
less soluble than the longer chain lichenin. A4t this
point it may perhaps be permissible for us to_say,thaf
experience with synthetic resing shows, that cross '

' linkages account for deereased solubility. Polystyrene,
& thermoplastic resin, soluble in orgenie solvents,

' becomes insoluble when polymerised in the presence

' of a small emount of ("polyfunetioral") divinylbenzene
(24) because it is believed , thet thus cross linkages
have been introduced. Also Haworth (25) auggests |
that the solubility difference of lichenin and cellu-

lose is due to the many eross linkages in cellulose,

To/
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‘To round up the picture of the work thet has
been done on lichenin with the objeet of contributing
to the elucidation of its structure, there remains to
menition that Schmidt (26) believes to have detected
COOH~groups in native lichenin and likewise in cellu-
lose, : .

. With regerd to lichenin alkali addition
ecompounds, which are the objeet of our investigation,
very little information is recorded, Karrer (27)
memtions the existence of such & compound znd stresses
the difficulty of obvtaining compounds of constant
pomposition.

f Sodium and potassium atoms were found to be
introduced into lichenin, cellulose, starch and inulin
by means of the alkali metal in a medium of liquid
ammonia (28)., The results appeared to indicate that
one repeating unit rescts with one alkell atom within
& few minutes. On gttempting to introduce more than
one alkali atom per 05H1005 y the reaction proceeded
in a different way 2nd much more slowly.

The products obtained from cellulose by a
similaer, more elesborzte method were investigated by
Scherer and Hussey (29)., They also found that , while
finally & trisodium compound of cellulose wes obtained,
‘ the reaction with one OH-group per repecting unit pro—
ceeded much more quickly,

Since the action of an alkali metal in ammonia
ls & drastic one, a supposed engagement of residual
valencies of the primary zlcoholie groups in native
cellulose/
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cellulose may well have been broken; therefore the
existence of a trisodium cellulose is not inconsistent
with Heddle's (30) resultlwhich we shall diqousa later,
Furthermore Schorigin and Makarowaj(3l) found,
that about two out of the three sodium atoms per an- |
'hydro glucose can readily be removed on wieshing the
compouﬁd with ebsolute alcohol within two hours,
Similarly methylation of trisodium cellulose by me:ns
:of methjliodide yielded always products only approxi-
;mhting mono-methyl-cellulose,
| Because alkali compounds are precursors of |
'the xanthate recction Lieser's (32) results in that
field deserve our interest. He pfbved that celluloaq
reacts in pesition Cp. Comparative work on starch
(33), lichenin(and a=lso other soluble polysaccharides)
'shows that both reaet similarly, but that lesser
alkali concentrations are needed than in the case of
cellulose, Xanthate formation ihcreasaa with increag-
:ing alkali concentrztion to an optimum of a 3N alkali
fconcéntratton. The optimal composition points to
‘2 CgH105:CS2 « The higher xanthation of lichenin
'is interpreted by Lieser as pointing to a different
construction of its molecule as compared with cellu-

lose and starch.

We hafe gained information about lichenin
glkali addidion compounds with the aid of the method
'initiated by Percival and applied by him and coworkers
to a number of mono~-saccharides, glucosides, di-and

_ polyscecharides/ : '
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polysaccharides,

Generally apeéking, the addition compounds
are formed by the action of cold aqueous alkali upon
the saccharide (for the sake of uniformity and in view
of its greater resctivity potassium hydroxide is usually
‘employed (30), or by the setion of alcoholie alkali
solutions upon the acetylated compound, in which case
simultaneous deacetylation and compound formation takes
' place. Solubility in zlcohol and water and the physical
state of the sugar and its sddition compound r-ospect-
ively;lare factors determining the choice of pro-
cedure,

The amount of alkali attached at various
alkali concentr:utions is estimated by meuns of direet
titration of the compound, after washing with a suitable
minimum quantity of cleohol to remove adherent (i.e.
non-combined) alkali (direct method ) (36), or by
determining the alkali removed from a potassium hy-

droxide solution of known strength by the saecharide
or its acetylated derivative (indirect method ) (36).
If , in the latter case alecoholic potassium hydroxide

solution is employed the amount of alkali used up for
dezcetylation has to be determined separztely, since,
owing to the catalytic nature of this rezction less
alkali than stoechiometrically needed is reguired (30).

In order to determine the point of fixafion
of alkali the stcble OCH3-group is introduced by means
of a mild treatment with dry neutral dimethylsulphate,
ranging from 5 to 15 minutes duration at a tempercture
not/
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not exceeding 75°, To allow of a clearer inter- |
ipratétion of the réaults, ahaénce of weter is desirable,
.minimizing the possibility of migration of the Olie

group to & position previously not occupied by potaﬂﬂih
um hydroxide. However, even if water or other ion-
;izing agents are present, the method is considered to
!iﬂdicate the hydroxyl groups of maximal acidity (unlas;
\those are ahielded'by cross linkages or otherwise
!within the molecule ) beccuse, whether they are closely
tbound to zlkali or not, it is not likely that the
centres of acidity will chenge during the operation,
:(34). Percival (35) proved that methylation of these
}addition compounds is not merely due to the presence

'of the potessium hydroxide.reacting with dimethyl
sulphate. He, for instance carried out a test
imethylatloh under stendard conditions using however an
;equimolar mixture of glucose, dry potas~ium hydroxide
end dimethyl sulphate and obtained only 24% of the
yield resulting from methyletion of the addition

compound,

| The mild methylation is followed, where

feasihle, by separation of the methyle .ted from the un-

‘_changed material &nd in the case of di- or polysacche~

frides by hydrolysis and conversion of the partly
émethylated hexose into suitable reference compounda
iwith a view to determine the point or points of
Ifixation of the methyl group in the molecule,

| | Using the deseribed method Pereival (34)
éahbwed that in glucose the reducing group is exclusi-

fvely/
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vely engaged in adféition compound formation and +i-
tration experiments revealed, that within the range

of an alkali concentration (in the eguilibrium mixture)
of 0,3 - 0,7N & compound of the composition 1 glucose:
1 potassium hydroxide is formed,

In the case of cellobiose (34) titration
indicated that addition in low (aleoholiec ) alkali-
concentration in the region of 0,02N=0,08N the for-
mation of a compound (CgHyo0s5).KOH is favoured, while

‘&t higher concentr:tions of 0.7 Normality
5(06H1005).2K0H appears to he formed, without excluding
:however the possibility that small quantities of the
imore complex derivative are formed at low concen-
‘tration also., Mild methylation of an addition com-

|
~eellobioside proving that here too , only the reducing

pound formed at low concentration yielded only methyl-

group combines with =lkali, If zleoholic potash of
greater strength (2.8 N) is employed, subsecuent mild
methylation yields,ﬂ -methylcellobioside and 6-methyl
'osazone v o after appropriate treatment; at higher
concentrations therefore Cg also is involved in the
potasesium hydroxide addition. Since glucose itself
takes up only one potas=s=ium hydroxide residue, the
‘author considered it reasonable to suppose, that the
'second potessium hydroxide is attached at Cg of the
non-reducing glucopyranose unit,

Naltose (34) was shown to combine with one
molecule potassium hydroxide at low alkali concen~
tratioﬁs, with two molecules at the compuratively
low/
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low alksli ecuilibrium conecentr:tion of 0.04 N, and
with three molecules a2t 0.3 N . The formation of
& tri - sddition compound st that low =1lksli concen-
!tration seems. to indicate maltose to be & highly
"acidie" sugar, a result in cgreement with physical
measurements (37)¢ Heddle (30) prepasred an addition
componnd with 0,3 N potassium hydroxide, obtained after
|methylation meltosides and geparated in the high
ivacuum=two froetions of derivatives 3 one woes a di-
methyl triacetyl glucogse, the methyl groups being
attached to C, znd Cg, which was shown by (a) the '
;isolation of 6-methylglucosazone snd (b) & negetive
Teerman test. The second fraction, approximating in |
EOMe content to & monomethyl tetrsacetyl glucose
!yielﬁed glucosazone and gave no Weerman rezction. It
wes therefore 2-methyl tetraacetyllglucosa. Keltose

‘therefore combines with alksli 2t the reduecing group
end 02 and Cg of one hexose residue, By snalogy to
lszctose (see later) it is considered plausible to
:asﬁume,ghat the non-reducing glucose fragment is the
‘doubly substituted one. The isolation of a mono-
émethyl glucose derivative which was shown %o be C,
1aub stituted, but not of a Cg substituted monomethyl
derivttive seems to show attachment to C, %o be stron—
gPr then to 05.

Percival (35) found thut sucrose, in znalogy
'with maltose tzkes up three molecules of potassium
'hyﬂroxide with Normality increasing to 3 N potassium
ghyﬁroxide. These are attached to the primary
‘aleoholic/ .
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‘aleoholic groups exclusively. This was shown by~the5
isolation of two fractions of derivatives through
';distillation in the high vacuum after the usual mild
treatment with di&gthyl sulphate, followed by hydro-
' lysis and glucoside- (fructoside- respectively)
formetion, One was a monomethyl triacetyl methyl-
glucoside which yielded a 6-methyl gluaosazono,-tha
otHer fraction proved to be a derivative of 1:6 di-
!methyl fructofurznose, Its relevant properties being
é(a) no osazone formation indicating thot position C3
Eiﬂ occupied; (b) formation of a S5-methyl arabonolactone
".:wifh a slow hydrolysis constant in sgreement with a |
ijhdgotono; therefore Gs was considered to be the other
' occupied position in the fructose part of the molecule,
preventing the formation of a pyranose ring.
! The attachement of ﬁota391um'hydroxide to
| lectose (36) is different from what one might have exé
pected by analogy with the previously investigated |
fdisaaoharideai two (or three) potassium hydroxide |
' molecules combine on the postions Cy; of the glucose
I“fragment and Cp and Cyq of the galactoseé fragmenty |
| Pereival and Ritchie proved this as follows: the
;partly methylated lactose obtained by the stendard

| method was separated from the unchanged product by

. precipitating the latter through addition of zlecoholie

. potessium hydroxide, Acetylation, followed by

 hydrolysis yielded a mixture of glucose, mono- and
dimethylgelactose derivetives. Only the galactose

| derivatives were found to be partly methylated.

| The/
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The monomethyl galactose deriV&tive yielded no crys-—
‘talline phenylhydrazone, but however gave an osazone
Ifree from-dMo; it did not give rise to mmcie acid,
The OMe residue was therefore assigned to Cps  The
jdimethyl galactose derivative gave a monomethyl osazone
‘identical with 4-methyl galactosazone,

With & view of finding an explanation for
‘this snomalous behaviour of lactose, (contrasting with
:substitution in the primery alcoholic residues of
callobiosa; sucrose and maltosb)lgalactoae (36) wes
investigated. It combines with one molecule potassi-
.'um hydroxide within the range of 0,07 = 0,4 N ., It
was found that only the reducing group combines with
potas=zium hydroxide, The presence of galactose in
‘the lactose molecule offers therefore no clue for the
behaviour of the latter .

Ind - and ﬁ-methxlglucoaideg (30) Cg was
found by Heddle and Percival to be involved in addition

‘compound formation,

The same authors investigated the behaviour
of amylose. This polysaccharide forms compounds
:approximating to the composition 05H1005 « 1 KOH by
treating amvlose acetate with «n excess of alcoholie
potassium hydroxide. From the product resulting from
mild methylation under anhydrous conditions practically
all the pertly methylated material could bs extracted
with hot methyl alcohol. The small OMe content of the
methyl alcohol insoluble residue was shown to account
for an OMe group att:ched to 02. Similarly only

glucosazone/
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Eglucosazone could be isolated from the soluble part,
' which had an OMe content of 8.1% . This result

therefore indicates attachement to Cp exolusivély.
The ahsence of any Ce substituted molecules is parti-

. eularly interesting in the light of the recent

findings of Hirst =nd Young (38,39), who demonstrated,
‘that primary alcohol groups are engaged in cross
linkages within the starch molccule,
While such has not been demonstrated yet far
ellulose it was shown,that here too no Cg positions

' are involved in : lkali sddition compound formation.

Potesh cellulose was prepared with 35% aqueous potassi-

um hydroxide following the method of Fereival,
Cuthbertson =nd Hibbert (40). Analysis showed the
complex to be of the composition CgHjgO5 « 1 KOH .
Upon mild methyletion a materiel of 5 - 9% Olle was
obtained (pointing to a mono-substitution of up to

550% of the glucose fragments). Hydrolysis with cold
_concentrated hydrochloric acid, saturated with hydro-
' ehloriec acid gas, f0110weﬁ by selective fermentation
‘with yecst yielded mono-m: thyl glucose from which an
‘unmethylated os:zone wes obtained, Here again there-

fore substitution on C, only has taken place,

Nonme of the investigators of slkali addition
compounds is ablé to define the manner in which the
alkali is ettached., Tor a detziled review of opinions
expressed on the various pos=ibilities the reazder is

‘referred to Heddle's thesis, introduction (Edin,1938).
 From/
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' From the ease with which alkeli is again removed

f

' through & simple washing process and from the low
' ylelds generally obtained on methylation it ensues,

that the combination is a loose one, Pereival and
Ritchie (36) therefore indic=té the link between
suger end alkali with a dotted line
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General remarks: (1) all boiling points men-

'tioned refer to bath temperatures; (2) ell melting
points were taken with the Reichert microscope,

ISOLATION AND PURIFICATION OF LICHENIN.

Iceland Moss (5 kg.) was steeped in e cold
'solution of 2% sodium carbonate (18C litres) for itwo
‘deys in order to extract the lichen acids (43)s The
moss, after complete removal of the alkaline solution,
iwas extracted with approximately 90 litres of boiling
‘water, The hot colloidal brown solution was decanted
and on coecling 2 gelatimous precipitate settled downm.
It was found imprescticeble to effect separation from
the rest of the solution either by filtering or centri-
fuging; but on the addition of zleohol (to the extent
iof about 40% of the volume) a considerable amount of
‘erude lichenin could be separated by filtration through
muslin under suetion, By tresting the brown jelly with
:chlorine water for 24 hours its colour changed to grey.
Repeated addition of water and deecantation through
muslin until the solution was nearly neutral served to
remove the chlorine. Tater (made alksline with &
littke sodium hydroxide ) wus added und the jelly heated
until colloidzl dispersion ﬁas achieved, Alcohol
wae then asdved to the warm solution, and after cooling
acetiec zcid was added until®neutral flocculent sus-
‘pension was obtained; @econtation wnd dissolution in

& minimum amount of hot water, followed by sedimen -

tation/
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tation of the jelly at 0° was repeuted 4 times until
the solution gave only = faint blue colour with

iodine (44), an indication thut iselichenin wus |
virtually zbsent, By this trestment & light grey, i
Talrly uniform produect was obtained, which wae filtaréd

and then covered with alcohel., ioisture was removed
'ty repeated renewal of elochel, follewed by ®ther,
iThe almost white pfecipitate wee then finzally dried |
'iin the vecuum desiccator over pnosphoric eoxide. ‘
| Tield:i= 50-100 g.
Found 1~ moisture, average 5.8% , ash 0.9-1.5% , |
'iodine number (Bergmann & Machemer ,46) : 0. =l.4 ,
| (control experiment, found: stareh, soluble 1.95 ,
iglpcose 106 ).

| A TYPICAL ACETYLATION OF LICHENIN.

Lichenin (10 ge.) was discsolved in boiling
|
water (mede slightly alkeline with scdium hydroxide), |
‘whence it was precipitated with zleohol «nd decanted;'

‘the preecipitate was covered with alcohol for 12 hours
| and the =lcohol renewed once, ILichenin was thus
coaguloted so that it could be collected without
diffieulty on & Buchner filter,

|
|The damp material (still contuining & considerable ‘
amount of water) was then traunsferred to a flask |

|

fitted with & mechanical stirrer and covered with

i200 c.c. pyridine. Acetic snhydride (150 c.c.) was
‘added in five batches at intervals of about 10 minutes
|

‘under mechanical stirring, which was continued for the

‘next/
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noxt 3 hours at 100°.' The solution wee then kept for
48 hours st room temporature. i(fter thies peried 1t
wae filtered through gliss wool end poured into a
large volume of water with stirring, The fibdbrous
precipitate wae then collected on muslin and there-
after waeshed in runaning weter for 24 houre, The
product (13,8 g.) wes finéily dried over phosphoric
oxide at 45°9/12 mm,

Found 3= OH,C0, 38.4% [dlf ~16,1%(g, 0431 in
& solutien of 90% chloreform+ 10% methyl alcohol ),
(Kerrer,(45) lichenin acetate: bﬂ:’-23o8° ) .

METHOD EMPLOYED FOR THE PRELIMINARY INVESTIGATION OF
HE LLI C INING 2LCITY OF LICH .

The ooubined alkali we s dutarminad.by simule
teneous dexcetylution end compound formation in &
soiution of absolute-sleoholie potusmium hydroxide.
ixemples -

' Two weighed ouantities of lichenin (0.2055“3.
end 0,2050 g.) were suspended in ahsolute zlcohelie
potasrium hydroxide (20 e.c¢.) (0.1116 N) snd the
. mixture zllowed %o stand for 2§ hours.

Q) The contents of the firat flusk were then
snalysed for the :mount of +lksli used in descetylation
end compound formation together us follows: The
precipitated lichenin potusesium hydroxide conpound

was removed by filtrsztion through e Gooch crucible
. and sdherent liguid soueezed out; the filtrate wae
titrated/
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titrated ageinast etenderd N/10 sulphuric aeid (pherol-
‘patalein as indicator), ThHe residue after wicshing
‘with absolute alcohol (5 csey) wae transferred to a
flask containing water, dissolved by short boiling,
‘stendard /10 sulphuric scid added in excess, carbonQE
jdioxiﬂe removed by boiling and the correct vslue ob-
teined by back titration with standerd N/10 alkeli
("direct result™). '
1{2) - To the content of the second flask water,
" |end phenolphthelein were sdded and titrated vitn |
'standerd N/10 sulphuric mcid,end in this wey the amoun&
of alkeli required for deacetyletion wes determined, *
Results: - _
. The initial Normality was 0,1116 N
.ﬂthe initial weight of potascium hydroxide present in
20 e,c, wae 0,1252 g.
The finel Normality wes 0.0409 N and

& the final weight of potescium hydroxide was 0.0459 g.
'igl Weight of potasoium hydrexide not used in
deacetylation (titration 2) was 0,088 g.,

<% weight of potessium hydroxide required for deacety-
lation wes 041225 g. = 0,088 g, i.e, 0.0372 g.,

100 g, lichenin acetate will require for deacetylation
18,14 g. potessium hydroxide, |
,ihl Now emount of zlkali used up in deacetylatioh
Iand compound formetion wes 0.1252 g, = 0.0459 g.,

1,60 0.0793 ge
j;;«iOﬂ\g. lichenin écetate require for deacetylation
end compound formation 35.58 g, potassium hydroxide,

o/
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o 100 g, lichenin scetate require for compound for-
pation 38.58 g. - 18,14 g. 1i.e. 20.44 g. potassium
hydroxide, However 100 g. lichenin acetate corres-
pond to 59 g. lichenin, -

% 100 g. lichenin require for compound formation

20,44 times 100 il.e, 34.64 g. potessium hydroxide.
59 ' ;

(e) Prom the direet titration of the precipitate
‘after washing with 5 c.c, absolute alcohol we find
(thaet 100 g. lichenin reaet with 19,10 g. potassium
‘hydroxide. .

Similer experiments were conducted over a
wide range of alkali concentrations and the results

'will be found in the table and diagram on page 54 -

EXPERIMENT I,

PREPARATION OF LICHENIN-POTASSIUM HYDROXIDE ADDITION
COMPOUNDS o

The lichenin =cetate fibre (25.2 e )y CON=
taining 5.8% moisture, was ground in a mortar to a
‘more or less homogeneous powder, suspended in absolute
alcohol (100 c.c.) and to this 2 Ne-absolute potassium |
hydiroxide (320 c.c.) was edded; the matericl wss left
'in contact for 3 hours with mechanical stirring, then
filtered and washed with absolute zlcohol (500 c.c.) |
and ether (50 c.ce) « The product was dried in s
ivaouum degiccator,fitted with & soda lime tube,’
Yield := 24 g. of a greyish powder,
Found /
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Found:= potassium hydroxide content, by direct
titration of 2 small sample ageinst litmus : 27% 3
(ealculated for a 1l:1 ¢ddition compound 06H1005.K0H,
potassium hydroxide, 25.,7% ).

METHYLATION OF LICHENIN<POTASSIUM HYDROXIDE,
(According to Heddle's =nd Perecival's methylation
of the sturch-slkali zddition compound , 30 ).

To the finely powdered lichenin-potascium
hydroxide compound (24 g.) conteined in & flask fitted
with a stirrer was added dry dimethylsulphate (250 c.c.),
previoisly neutralised with anhydrous potassium car-
bonatﬁ. The fl=sk was surrounded by a water bath,
vhich was meintained at 652 for 15 minutes and then
cuickly reised to 75°: for 74 minutes. The contents
were vigorously stirred zll the time, On increasing
Ethe temperature to 75° sudden "clogging" of the con-
tents of the flask could be observed; at the end of this
treztment the material was found to be acid towards
litmus, The dimethylsulphate waus filtered off and
the purtly methylated lichenin repectedly washed w»ith
acetone on the filter and finally covered wita scetone.
The grey flocculent precipitate was of a slightly
'gelatinoua appesrance and had the tendency to Lecome
sticky when left in contuct with moi~t =ir, |

In order to assess the gquantisy of methyl
groups introduced, a small scmple (1 ge.) was acety=—

lated in the ususl menner in pyridine with acetic
anhydride./
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anhydride,

Found:= ' CH.CO, 37.66% ; OMe, 5.32% ;

iodine nuwber (46)3 15, vhen calculuted on the basis
of (deacetylated)lichenin present: 24.

‘ ¢aleulated for (q65704).(CHBGO)Q.(OGH3)1 :

CHBGO, 33,1% &nd OMe, 119% .

HYDROLYSIS OF THE PARTLY METHYLATED LICHENIN .

The above product was treated with 8% sul-
ph ric acid (160 c.c.) at 100° for 4 hours.
. Neutralisation was carried out with an excess
Qf barium aarbonaté, «nd the brown, neutral solution
ﬂas kept et 100° for an hour, the barium sslts were
filtered off znd the solution taken to dryness at 45°/12 mm,

|
|
. ACETYLATION OF THE HYDROLYSIS PRODUCTS.
|

. Te the materiel obtained on hydrolysis,

(mixed with inorgenie sclts) acetic .anhydride (45 e.c.).and
‘enhydrous«sodium acetate, = (7+5 g.) were added, This
mixture was kept at 100° for 2 hours, set aside for

24 hours end then poured into water; the aqueous
golution was extruocted with chloroform; +the chloro-
form solution was thoroughly extricted with dilute
hydrochloric acid, followed by a sodium bicarbonate
goilution and water end finally dried over anhydrous
godium sulphate,

Yiedd :1= 14.7 -8

| Attempte to distil in high vacuum led to
'4raoking/
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eracking, showing that scetylation was not complete,
The disfillation was therefore interrupted end complate
acetylation effected in pyridine (150 c.c.) end acetie
gnhydride( 100 c,c.). The mixture wae kepnt at 100°

for 1} hours, put aside at room temperature for 48
hours with occesionel shaking, finally poured into a

large volume of ﬁater and worked up as usual.

| DISTILLATION IN THE HIGH VACUUM AND FRACTIONATION.

Diastilletion at 160°-190°/0.02 mm, ylelded
& yellow syrup (8.25 g.); the residue in the flask
wes cherred, | :
Redistillation from & flask with = rel&tivély
high neeck yielded the follewing frac tionsi |
fr. I bip. 162°/0.05=0,02mm, , _4;1 & nD 1.4650,

Ole J.1% |
A7

fr. II b.p. 155°-170°/0.01 mm,, 1.66 g ny' 1.4595 ,

OMe 8,0% ,(last drop 6.8% )
fr. ITI b.p. 165 = 170°/0.01 mm., 3,87 &, n'* 1.4582,

OMe 4.88%, (lest drop OMe 3,5% )
fre IV b.p. 170° ~190°9/0,07 mm,, 2.38 g. , last drop
Olie 2;0% @ '

Calculated for monomethyl tetraacetyl glucose 015H22010.
OMe, 8.57% B

for dimethyl triacetyl glucose 014 2ﬁ 9 ' é
OMe, 18.6%, '
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On the following pages attempts are described
to prepare derivstives from the above fractions in |
order to identify the position in the glucose moleculg
at which substitution by the methyl group hzd taken
place,

UNSUCCESSFUL ATTEMPT TQ OBTAIN CRYSTALLINE 2~METHYL
&NETHYLGLUCOSIBE FROM FRACTION I,

Acetobromo compound formution,.
Frootion I (0.34 @.)pgp+9.4%(g, 0.84 in
chloroform ) w.s dissolved in 1 e¢.c. gl:icial acetic

acid and glacial acetic acid saturated with hydro-
bronic acid was added (1.5 c.c.) and the mixture

kxept at 0° for 3 hours; after this period chloro-
form (10 c.c.) was added and the solution poured onto
ice; after adding more chloroform the solution was
wiagshed with water in the separating funnel, followed
twice vwith assdiumbicarbonate solution and finelly
with water; it was then dried over anhydrous sodium
sulphate and the solvent removed at 35°/12 mm,

Glucoside formztion .,

The resulting syrup wes dissolved in <0 c.c.
absolute methgl alecohol, trested with silver carbonate
(1 g+) with constent sheking for 24 hours, the silver
selts were filtered off and the solvent w.s removed
under reduced pressure ,

Yield:= 6 0,205 g,

Deacetylation ace, to Zemplén (47).
The /
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The syrup (0,205 g.) was discolved in absolute
methyl aleohel (2 e.e.) and 0,08 c.c. of an 0,09 Nesodium
methvlate gsolution added; thies solution was kept at
100° for 5 minutes and then the solvent removed at
40°/12 mm,

. The resulting syrup. wes takan up in about
5 c.c. hot ethyl zcetate, treated with charcoal, filtered
:and put =zeide in the iece box. Crystals however

failed to appeser even on standing for several months.

fUNSUCCEdSFH& ATTEMEPE TC OBTAIN CRYSTALLINE 2-MiTHYL
GLUCOSEPH:NYLHYDRAZONE FROM FRACTION II.

Descetylation.
L modification of Zemplén's method (48) was

used in asmuch‘?:igher stoechiometriec proportions of
sodium mothylate were found to be necessary than
employed by Zemplén, ]

Fraction II (0.38 g.), [K1;#5.7°(g, 0.9 in
chloroform ) was dissolved in absolute methyl alcohol
(1.6 cocs) a K/10 - aodiuﬁ methylate solution (0.4 c.c,)
added and shaken mechanically for 3 hours, The clear
solution was then taken to dryness under reduced

|
pressure.,

gydrazone formation.

To the ahove syfup were a2dded water (1 c.c.),
phenylhydrazine (0.3 ¢.c.), three drops of glacial
acetic acid and the mixture put cside in the icebox.
Crystals however failed to appear.
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OSAZONE FORMATION FROM FRACTION Il.

Deacetylaetion (accérding to Zemp16ﬁ9'49)

. methyl-alecoholie solution (10 e.c.) of
‘sodium (0.2 g.) was.zdded to a chloroform solution
(15 cuc.) of the syrup (0.75 g+, fraction II) and
'kept at low temperature with occasionel shuking,
it the end of 3 hours the solution wes ecidified with
acetic acid and the deacetylated product extr:cted
with water in the usual manneyp, Thereafter , the
solvents were removed under reduced pressure,

The syrups thus obtzined were divided into
| two equal parts 3

Osazene formstion, experiment (a).

Helf of the available emount of the deacety=-
lated sugsr (0.2 g.)lwas dissolved in 20 c.c. of water,
phenylhydrezine (0.8 c.c,), glacisl acetic zecid (1 c.c.)
‘and & little sodium bisulphite were added and the
'solution kept ot 100° for 1 hour, On show cooling
2 brown precipitate separated,

Yield:= 0.115 g,
Found :~ OWe, 1,98%

Qsazone formation, experiment (b).
_ To the remsining half of the deacetylated
sugar (0.20g.) in 20 e.e., of watersphenylhydrazine

(045 e.¢s), acetic acid(0.8 c.cs) and & 1ittle sodium
bisulphite were added and the solution kept at 1000

Ifgr 1 hour, On slow cooling a precipitate separated.
Yield := 0,091 g.
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Separation of glucosazone from the methylated osazone.

! This precipitated osazone was treated with
chloroform =t 60° for 4 minutes and then put aside
at room temperature for 12 hours (according to Heddle
and Perecival, 53). | |

Upon filtration a yellow precipitate wes
obteined,
Yield:= 0,043 g.
| ifter recrystellisation from aqueous pyridine
light yellow needles (0.014 g.) were obtzined; after

sever 1 further recrystallisations § m.p. 194° .

Authentic glucoszgzone : m,p. 196° ;

mixed m,p. 194°

The filtrate, a dark brown chloroform solution

wes reduced to 1 c.c,'at room temperature under re-

duced pressure; on pouring into 25 c.c. petroleum

ether (b.p. 60°-80°) & durk brown, amorphous precipi-

fate was obtained; sttempts at erystallisation were |

not successful, |

Yield:~ 0,02.8. _

Pound 1~ ONe 4.75% .

(Galc§lated for monomethyl glucosazone 019H2404H4 ’ f
Olie 8.3% )

ACETONE COMPOUND FORMATION FROM FRACTION ITI AND
FRACTION . TION OF THE RESULTING PRODUCTS IN THE HIGH VACUUM.

_ This procedure wsass employed in order to

gain informetion as to the presence or otherwise

of 3-methyl glucose in the hydrolysis mixture of the
partly/
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pertly methylated lichenin,

Deacetylation (using 3 times the emount of sodium

methylate indicated in Zemplén's paper,48).
Praction III (3.87 g.),(average Olie 4.88%)'
was dissolved in absolute methyl clcohol (15.48 c.ce) |
end 0,165 N-sodium methylate solution (7.02 c.c.) was
added; the solution was k?pt at 45°for 13 ﬁinutes,
' shiken mebhanieslly for 3 hours at 15° end taken com-
‘pletely to drynesa at reduced pressure by treating

repeatedly with a mixture of aslcohol and benzene.,

Acetone compound formetion.

The ‘deacetylated product (approx. 2 g.) wes
 treated with 50 c.c. dry acetone and l.4 c.c. concen-
trated sulphuric zeid (density 1.84) with constant
shaking for 3 daysy prectically =ll the materiel
was found to be dissolved. The resulting brown
solution was neutralised with an excess of anhydrous
sodium carbonate, filtered and taken to dryness under
reduced pressure in the presence of &« small amount of
barium cerbonate, The resulting product was taken
up in ¢ mixture of chloroform and scetone, filtered
free from barium salts, takem to dryness and then dissolved
in cold water. ifter standing for 24 hours a con-
siderable amount of oily matter wes filtered off &and
discarded,

The yellow aqueous solution was taken to
'dryness and again taken up in a smeller zmount of
' water znd filtered, This proces- of purificstion .
was repe.ted severazl times, Complefie removal of the
less/ |
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heas waterezoluhble matter eould however not be achieve¢.

Yield of erude acetone compounds: _1.84 gZ.

Qistillution in the high vacuum (in the gresencé of

a little berium carbonate ) ylelded ihe following
#csult. . |
Fraotlon I (1st drop.: bap. 122°/o 06 mr.); the mein
volume distiis at 1880/0 04 mm, The bath temperature

was finally cllowed to rise to 145 /0,12 mm,

#ield.— 665 g« 0f & colourless oil , vwhich deposited

‘erystals over night; Qlle 3.3% 1§ aversge, n. 4 1.4652 ,

i 14 |
least a 1.4685 ,
}as rop, Ny 4655 ;

Fraction II, b,ps 150°/0.14 mm. , 0.25 g. of a pale
yelliow oil. .
Fraction III, b.p. 170°/0.07 mm.~- 1850/0,13 mm., 0,3 g&»
Olle 11,54& ng4  1.4740 . |
buddeﬂ decomposition and cracking wase ohaerved
Bhove 160° , '
| Total distilleds 1,20 g.§ the residue in the
?lask was charred. _ |

|
Fraction I (Olie_3.3%):

' The crystals were found to be ecsily soluble

in hot petroleum ether (b.p. 400-60°), while the syrupy
bert appeared to be only slightly soluble in this ;

polvent. Lfter two reerystallisations from petreoleum
ether the colourless orystels had myp. 110°-112% N
mixed with en euthentic sample of discetone glucose {
(mep. 112°) , mixed m.p. 110° . '

Fraction/
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‘Eragtion 111 deposited a few oryst#ls over -night, which
proved (by mixed m.py ) to be aslso aingetone gluconey
1t was faintly radué&ng to Fehling's solution, !
:gmo; 11,54% (value corrected, by substracting 0.2% frﬁn
‘the result of the estimation, In & control exparimcq%
|diaeetono glucose yielded 0,4% methoxyl).

|Calculstea for monomethyl monoacetone glucose, Olie 13424ﬁo

.§eghration of diaootono ﬁ;ucoge from monouscetone mono-
uathxl glucose could be effected to a certein extent ry
me«ns of hot petroleum ether (bepe 40%=60° ), in which
(an mentioned above) dlacetone glucose is euspily !
'soluble, while there remains & yellow syrup , which 14
enly very alightly soluble in hot petreleum ether, |
i - A furtker lcparation wie then attempted by
itaking the syrup to dryness, covering with petroleum
|ether and allowing air to bubble through a capillarys
|thua & tempor:yy emulaifying effect 1s produced; the
|1&yers_aeparcte egein end the petroleum ether is de-
Ee&ntee. After this treatment the oll wes discolved
Ein & mixture of hot chloroform end petroleum ether
end any flooculent impurities were filtered off;

finelly the solvent= were removed under reduced
pressure, ' '

UNSUCCESSFUL AT

EMPT TO OBTA ALLINE 6-MET
| HONO 1E_GLUCOSE. ( 50 ) |
: The &b e25 @) was tuken up in chloro-

érorn. the solution weshed twice with water, dried uvor?
%anhydroua sodium sulphete end taken to dryness., The |
i-yru.p wed taken up in & few e.¢, of dry ether, and
petroleun/
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|
petroleun ether (b.v. 409-60°) wes added to turbidity
gnd the mixture put azide in the iecebox, The =olution
however failed to yield erystz=ls on ~tanding for &
congiderable time. .
| This syrup (after removal of the solvent) was
| then united with the mother liguors, obtained from |

peetone fractions f and II/a!ter removzl of discetone |
glucose in the menner as described atove. |
Yield of this combined'yellow syrup: 0.255 g. ‘|
Egggga— OlMe,{corrected for the ncetone group) 1l.T7%.
xCaiculated for monomcthyl momoscetone glucose, OlMe 13,24% ).
No reducing action toverds PFehling's solution could

be observed, &Qg ~245%(ey 0.78 in chloroform) . '
(6-methyl-l,2~isopropylidene glucose, asccording %o

Levene,(50) hes @ﬂ? -6.0% in chloroform ),

f EXPERIMENT II. |

The aoetylatidn of lichenin, the preparation:
of lichenin-potassium hydroxide and the subsequent
methylation were carried out =s already described in
experiment I, except for the following modificutions : |

_ (a) Before forming the =zddition eompounﬂ,thb
lichenin acetate was dried at 450/12_nm. (in experiment I
it wes dried over phosphoric oxide at room temperzture
end retained 5,8% moisture).
(v) Before methylation the lichenin additiob

compound. was dried at 309/12 mm,
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ACETYLATION..

20 g. lichenin yielded@ 32g. lichenin acetate.

PREPARATION OF LICHENIN-POTASSIUN HYDROXIDE.
Lichenin scetate (29 g.) was suspended in
sbsolute alcohnol (100 ec.c.), 2 N-absolute-zlcoholie

' potash (520 g«c.) was added and put aside for 3 hours

‘with occasional shaking, The addition compound was
filtered through & Buchner filter (the excess liquid

' sgoueezed out of the preaipifate), washed with abeolute
alcohol (80 e.c.) end ether (50 c.c.) and then dried
at 30°/12 mm, Finally the meterisl wes ground in E

!a mortar to & fine powder and kept over phosphoric |

IOxids.

‘Yieldsi~ about 21 g.

' Found:~ Ty direct titration of a smell aamplaldiasolved
in water, potsssium hydroxide content: 23.0% .
(Calculated for & 1:1 addition compound CgH, 0. +KOH

' potassium hydroxide: 25.7% ).

10%;

METHYLATION.

The lichenin-potassium hy roxide, obtained
as described above was methylated exzetly as deacribad
in experiment I (page33)

In order to assess the number of methyl
groups introduced, a small aamplﬁ (1 g+) was acetylated
'in the usuel menner in pyridine and acetic anhydride.,
Founds~ Ole 11435% .

(Calculated for monomethyl diacetyl lichenin

(CgH,0,)(CH00) ,(00H,); , O 11.9% ).
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HYDROLYSIS OF THE PARTLY METHYLATED LICHENIN,

: Approximetely helf of the product resulting
|from the methylation (of 21 ge of the addition eompoun&)
was hydrolysed with 8% sulphurie aeid (100 c.c.) at
!100° for 4 houxs. The brown solution wes neutraliaad;
with barium carbonute in the usual manner, filtered
end teken to drvness st 45°/12 mm.; by thorough
gextraction with boiling alcohol the brown syrup ceould
be freed from inorganic material. Treatment with an |
laleohol/benzene mixture served to remove moisture,
Yieldi~ 8.0 g. |

: |

ACETONE COMPOUND FORMATION,

| The above material(8.0 g.) was suspended in
a mixture of dry acetone (750 e.c.) and sulphuric !
acid (density 1. 84) (21 e.c.) and sgitated mechanieally

for 4. days, if%cr this period complete dissolution |

wes found to have taken place; the dark brown aolutioh
'wus neutralised with anhydrous sodium earbonate,
filtered and taken to dryness mnder reduced pressure 1h
:the presence of a little barium carbonate, i
|

| The dark brown viseous syrup thus obtained

was treated with a mixture of water and petroleum ether;
‘the grester pert (2.68 g.) was soluble in water, while

2 brown oily material (1 16 g.) dissolved in petroleuml
lether (b.p. 60°. 80°),
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'

FRACTIONATTOR OF THE WATER-3QLUBLE PART BY DISTILLATION
IN THE HIGH VACUUM .,

_ The water soluble part, on evaporation to

dryness under reduced pressure yielded a light yellow,

' reducing syrup(2.68 g.). It was distilled from a

flusk with & raether high neck in the presence of a

little barium carbonate:

Freetion I , bip. 140%/0.04 mn.~150°/0,07 mm., 0.45 g«
of a yellow syrup,g%4 1.4679 « The

firast two drops of this fraction:

OvVe, 15.84%; reducing to Fehling's

solution,
' (The properties of'3-méthy1-1,2—5,6—diisoPropylidene
;glucose (51,52) ares b.p, 105°/0,3 mm, , 2%4 1.4518,
| OMe, 11,3% ). :

1Y

» beps 170°-200°/0.08 mm., 0.34 g. of &
yellow viscous syrup, slightly reducing
to Fehling‘s golutions n%4 1.4708 ,
OMe 19.27% .

(Caleulated for monomethyl monozcetore glucose, OMe 13.24%.)

"hen the temperature reached 170° the content
' of the flask suddenly decomposed snd the pressure
;increzaed; aft-r a minute or two the vscuum 1mpr0vadi
agaein snd the lagst two drops of frretion II distilled.
The residue in the flaskwas charred;; total amount
distilled: 0.79 g. '
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FB&G”ION .TiON OF THE PETROLEUM ﬂTHER*?OLUBLE PORTION

I BY DISTILLATION IN THE HIGH VACUUM,
|
‘ The petroleum ether-soluble pertion, after

removil of the solvent was found to he a Prown mobile |

o1 (1.16 g.). Dlstilletion in the high vacuum

yiel“ed§

Ircction 14 b.p. 95°=115%/0,03 mm., C.06 g« ,
nD 1.4319 , Qie 37.75w .

(3-methyl diacetene glucose gives nD 1.4518 )

The highly mobile yellow oil erystzlilised
apoRtaneously in the receciver, ,
Fre ction 11, b, p. 130%/0.05 mm,~200°/0.08 mm., Cq30 g..
nD 1.5229

The residue in tue flesk was charred.

The conclusion woe reached (see discusrcion)
th 1t no J-m-thyl diacetone glucose was present in the
mixture of acetone coupounds,

The refractive indices snd Oble contents of the

L“ove frections indicated, that the RBetroleum ether—

ﬁg1uh;e portion resulting from the acetone compound

- formztion does not contzin glucose acetone condensation

compounds; it wes therefore disecarded,

HYDROLYSIS AND OSAZONE FOUM/TION,
Fractlon I (obtuined of distilletion of the
i portion of the aceione compounis) (0e45 &)

Fas hydrolysed by treating the syrup with 50% gleciel
Ecetic acld (4 e.c.) for 2 hours at 100°, After this
pariod the brown solution was strongly reducing t0, |
3ehllng s/
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fFehling's solution,

' Osazore formation.

To the solution were added water (3 eits)s
;phenylhydrnzine (0.9 c.c.), codium acetate and & little
' sodium bisulphite. After heating at 100° for
.30 minutes and allowing to cool slowly, & yellow

preuipitate end a tar separated overunight. The
itarry patches were separeted as fexr as possible

from the so0lid materizl.

Yield of the solid precipitate 1~ 0,08 g.

\Foundz- Oife, nil (micre determination).

Fraction II (C.34 g.) wae hydrolysed in the ssme mann;r
ias described for fr., I, .in 50% glacial acetic acid

i(2 ¢.c.)3 the resulting syrup wes strongly reducing
:to Fehling's zolution., ' ' g

' Osazone formction. -

! To the above solution were added water

| (2 ¢.C.), phenylhydragzine (0.68 g.), sodium ucetate
and & little sodium biaulphi}e. Af%er hesting for
| 30 minutes &t 100° snd allowing to cool slowly a

Epreeipitate, mixed with some tarry matter separated |
- over-night, Thg erude osszone wae washed repeatedly
iwith water conteining sflittle acetic ccid end finally
‘with water, ‘

}Yield:- 0,062 go

| Found:- OMe, 1.34% .

' Caleulated for nonumethyl glucoaazone C19H,,40,F, 4

“OMe 3.3% .



A

'SEPARATION OF THE SUBSTITUTED GLUCOSAZONE FROM
GLUCOSAZONE,

The onsgzone (0.062 g.) was treated with chloro-
form a% 60° for 4 minutes (53) and at room temperature

for 12 hours, Filtration yielded a yellow preecipitate.
(0,019 g.) ; found OMe nil . |

The volume of the filtra'e was reduced a%
room temperature to aﬁout b 1 6.0.; on pouring 1ntp
petroleum ether (ﬁ.p. 40°-60%) & brown preoipitate
'wos obtained, which was ﬁashed with more pgtroleum
' ether on the filtér.
Yield:~ 0.043 g. '

In an attempt to crystallise the precipitate,
Iit was dissolved in hot agueous methyllaicohol, |
treated with‘charcoal‘and put aside at 0°, Crystels |
Ihowaver foiled to aPDEnY, |

HYDROLYSIS OF THE PARTILY METHYL/TED LICHENIN YOLLOWED |
BY ACETYLATION. '

Hydrolysis of the remaining half of the
partly methylauted lichenih was carried out exactly
as described before (page45) with 8% sulphuric acid

end the material was worked up as usual,

quétylation of the hydrolyeis produets was cerried

out in pyridine (150 c.c.) end acetic anhydride, The
mixture was kept at 100° for 1} hours, allowed to stend for
48 hours end vorked up in the usual way.,

Yield:= 5.1 ge
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| FRACTIONATION OF THE ACETYLATED GLUCOSE DERIVATIVES BY
| ' DISTILLATION.

The brova syrup (5.1 g.) wee distilled &nd
' yielded 3,57 g. of a yellow syrup, b.p. 138°/0.13 mm -
!2000/0.07 mm, The residue in the flask was cherred,
| Two fractions were separated on redistillation from
'a flask with a rather high neeck, Separate refractio-
'netion of each of thase'fractions.yielded the following
rsauit H ,
iFraation I i.e. 1lst drop b.p. 1250/0.02 mm., Qe 9,34%,
(distilled from a small fleek ).

Freetion II, b.p. 145°-1759/0,03 mm,, OMe 8.4%, 1,18 g
FPraction III,b.p. 175°-18570.02 mm,, OMe 8,18%, 1.22 g.

Froction IV ,b.p. 185°-2009/0.02 mm.,Qie 5.28%, 1.17 g.
(The last drop: Oe 4,36% )

(Celeuleted for dimethyl triacetyl glucose, Olle 18.6% ,
:for monomethyl tetraacetyl glucose Olle 8.5T7%.)

'DEACETYLATION AND OSAZONE FORMATION.

~ Preetions IT,IIT end IV were cach dissolved
in sbsolute methyl clcohol (5.2 c.c.) end 0,165 N-gsodium
methylate (3.9 c.c.) was added, /fter 12 hours the

gsolutions were talken to drvness, i

Oszzone Tormation,

|  Each of the syrups resulting from the de-
acetylated fractions was dissolved in water (1l c.c.),
filtered and sodium scetate,a little sodium bisulphite
and/



|
|
Iand phenylhydrezine (1,08 c¢.c.) in gladiél acetip aoi¢
1(0.63 cocs) was ndded; the mixtures were kept at 95° |

for 45 minutes and then allowed to cool slowly; &

~51-

I-:,rellm-: precipitate together with some tarry matter

separated in each of the fructions, Aftver 12 hours |
the precipitetes were- filtered and separated as far 34
possible from the tar., Beech of the precipitates was!
'then suspended three times in water (25 c.c. )(acidi-l
fied with & few drops of acetic =eid ), filtered and I

|
finally washed with water (25 €.C.). '

Results: - i
Osazone from fr,II, 0.042 g., OVe 3. 99% (miero estimation),
the tar formed along with this precipitete had Ole 5. 55%.

Osazone from fr, IIII 04235 8¢y Olle mnil (microestimahion)
(the %ar formed along with this precipitate had OMe 4.7%).

,\Osazone from fr, IV, 0.144 g. had OMe 4.5% (micro-
‘estimation ), :
1(the ter formed along with this precipitete had OMe 349%).

Seperation of the methylated osazones from glucoaazond
| (53).
Fach of the CSazZoONes was treated with chloro—

lform for 4 minutes at 60° and at room temperature for
!12 hours and wes then filtered.

iRequt: - : |
io.o42 g. osazone (fr.II) yielded 0.010 g, of chloro-
;form insoluble materialy

10,235 g. osezone (fr.ITI) yielded 0,098 g. and |
i0.144 g. osazone (fr., IV) yielded 0.089 g. of chloro- il
?form insoluble material,
|

1
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The chloroform—-inscluble portions were

| shown to be meinly glucosazoney after two r@erystalli- _
' sations they had m.p. 1960, not depressed on admixture
7ith an suthentic sample of glucosazone,

I
j The'chloroform-filtrates were reduced to
;amall ‘-volume by aeration at room tanperuture and
|then poured into light petroleum ether. Dark |
|brown preeipitataa resulted; attempta however to
|arystalliaa them from aqueous methyl alcohol were

Iunnuccesqful.
1
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DISCUSSION.

Takinélinto account the ixparienoes with
other polysaccharides (30), it was decided to prepare
the lichenin-potascium hydroxida addition compounds
 from the seceiate by simultaneous deacetylation and
' compound formetion in an absolute-alcoholic medium,

' The slkeli combining-capacity of lichenin wzs invee—
 tigated over a wide range of a2lkali concentrations.
;The method, described in detail in the experimental
' section, involves briefly: (a) The estimation of
' alkali required for deacetylation, In zbaolute~
'alcoholic medium this is partly = catalytic process,
in which decreasing amounts 6f alkali were found to be
required with decressing slkall concentrations. A
' few results, apparently not conforming with this rule
are belleved to be due to the varying time allowed,
which sometimes exceeded considerably the minimum of
.2% hours thought to be sufficient for descetyletion
(30); thus ethyl escetate, produced in the course of
the catelytic deacetylation (47-49) might have been
hydrolysed to a varying extent by the 2lksli, depending
on the period of contzet., (b) The estimetion by
" titretion of the amount of slkeli removed from the
solution by the zddition compound (indirect methéd), |
ands (¢) The estimstion of the amount of elkalil com-i
bined with the lichenin after washing the latter with
& small amount of absolute alcohol (direct method). |
Weshing/
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T ABLE.

THE ALKALT COMBINING CAPACIBY OF L I CHENIN.

Conec., of KOH KOH in g. re- KOH in g. in com-
Initiel TFinal  quired to de- bination with 100 g.
Normality. acetylate 100 g. liehening
lichenin acetate, indirect direct
method.
0.1116 0,0409 18.14 34.64 19.10
0.221 0,166 43,84 39.81 22,48
10,650 0,396 58 440 45.42 34.54
;0.812 0.519 55435 45,27 -
10,920  0.556 54495 48,85 36.73
0.951 0.803 81404 56476 49,05
1,109 0,921 48,85 72413 38,18
1.250 0957 60408 67.07 53.78
1,410 1,077 . 56,91 76454 53.28
Y420 * 3,160 51 440 65.00 51.87
11,625 1,240 55452 80.51 52,73
12,214  1.705 55499 142.20 93.48

Calculétted for C6H1005.K0H s 100 g« lichenin would

combine with 34.6 g. potassium hydroxide;
caleulated for CGHIOO" ZXO0H , 100 g. lichenin would
combine with 69,1 g. potassium hydroxide.
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Washing experiments with alkali égl;g&ggg
(40) yielded resulte indicating thet & @ertain amount
of zlkali, considered by those authors to be merely
"physically adsorbed" alkali, was removed eusily in the
first of a series of consecutive waéhings, while
further weshings appeared to remove a small amount

‘of “"chemieully fixed" alkali, These experiments in
‘en aoueous medium, could be carried out at by far
‘higher zlkali concentr:ztions than ours, where the
Iaolubi]ity of potassium nydroxide was the limiting
fsctor. "ater could not be used because of the
solubility of lichenin in this medium, From the
resullts obtained om lichenin (table and diasgram) it
will be seen that such alkali, as is needed stoechio-
Imetricslly for = compound 06H1005.KOH appears 1o be
removed with the same ease as clkali present in ex-
cesz of that required for 8 111 compound . Thus at
first sight, the curves do not seem to indicate, that
lichenin and potzscium hydroxide react in definite
gtoechiometriec proportions. feference, however, has
~alrezdy been msde %o the instability of such compounds.
Inspection of curve (B)(indirect method) will show

' that extripolation to zero alkali concentration points
'to an alkali combining capacity of lichenin in very
good asgreement with & compound GGHJOOE‘KOH y indi-
cating 100 g, lichenin to combine with 34 g. potassium

5.KOH ¢ 100 g.
lichenin combine with 34.6 g. potascium hydroxide.)

hydroxide § ( ezlculated for OGHIOO

This result was considered to be significant, The

conclusion/
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conclusion was drawn :
(a) thet 1lichenin in its fibrous form easily adsorbs

| £1keli mechenically,

'(p) that the alkali addition compound is of a very
‘unstable nature; both factors hbeing responsible for

' the smooth =nd more or less parallel curves (A) and (B);

'(e) +that lichenin forms a compound of the composition

G6H1005.K0H . !s8 to the formation of more complex
compounds no conclusions could be drawn from these
curves,

After methylation (experiment I) under the

usuel, mild anhydrous conditions of a lichenin alkali

'compound approxim=ting to the composition 06H1005.K0H,

it was found that substitution by & methyl group had
zken place in about 44% yield (ealculated on the
basis of a monomethyl lichenin)., The product was
hydrolysed, acetylated and fractionated in & high
vacuum, Seperation of the unmethylated from the
methylated glucose derivatives could thus be achieved
to a certain ewmtent, From the OlMe content of fr, I
(9.1%) it was coneluded that & cert=in amount of di-

‘methyl glucose derivatives was present in sddition to

monomethyl tetraacetyl glucose, Fraction II hed

OMe 8,0% (ealculzted for CycH,p010/ OFe 8.57%) and

‘on deacetylation and osezone formation gave an osazone

conteining but 2% of methoxyl. Separation of the
mothylated osazone from glucosazone was effected
accomwing to Heddle and Percivel(53); e yield of

‘glucosazone amounting to 21% by weight of the starting

material
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material wzs obtzained, Now, the optimesl yield under
these conditions is about 50-55% by weight of glucos-
azone from glucose, while the yield frpm 2—méthyl
glucose is generally considered to be smzller (54).
From the OMe content of fr, II the presence of as much
as 43% glucose, which would be recuired to account |
for the above yield, were the glucosazone derived from
glucose zlone, can be excluded, The conclusion wes
therefore drawn, thst C-methyl gluccse wasg present

in the starting material, in :¢ddition to other mono-
%methyl glucoses, No erystalline 2-methyl glucose |
derivatives e.g. the phenylhydrazone could be iso-
lated from fraction II z2nd an sttempt to prepare
2—methyl/@—methylglucoside from frection I wes zlso
‘uﬁeuceeaaful. .

In view of the fzilure to obtzin a erystalline
?mnnomethyl glucosazone the following method was
?employed to décide,whether 3~ or 6-methyl glucose or
‘both were also present, These are the only other .
pos=zibilities since C, is inveolved in the linkage to

4 :
is involved in the pyrinose ring,

adjecent units and 05
By forming the respective acetone compounds the
;possihle three menomethyl glucoses must be expected

%0 vield :

(a) 2-methyle~5,6-isopropylidene glucose,

(b) 6-methyl-l,2-isopropylidene glucose &nd

(e) 3-methyl-l,7=-5,6-diisopropylidene glucose .

In case of the presence of the latter it could, because
bf ite reletively low boiling point, be separzated from
the/
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the other compounds. Digtillation of the scetone
compounds prepared from fraction III yielded fraction&

tlie boiling points and refractive inﬂlces of which
wore considercbly higher than those of Bﬁmgtﬂyl !
diacétome glucose { 51,523 DePs 105°%/043 mm., '
nit 1.4518 ) | |
Confirnation of the absence of 3-methyl g
glucose in the hydrolysis mixture of the partly | :
methylatel lichenin was obtained also in experiment I;.
Mathyletion of a4 carefully dried compound approxima- i
6il1 005+ KOH efrected aubstitutio¢
in practicelly 1C0% yield. Fractionsl distillation
of the ascetone cowpounds prepared from one helf of th+_-
aveilable hydrolysed material ylelded essentizlly the%

ting the composition ¢

same rosult as obteined in experiment I, The presence
of compounds with & free redueing group (2-methyl |

: |
monercetone glucose and dimethyl glucose ) wes con=- ‘

gidered to uccount for the oraeking in the distilling
flask, which began in both experiments at & temperatu*e
of 170%~180°/0.07 ma,

i
The acetstes prepsred from the other half |

of the mixture of hydrolysis products of experiment II
were fractionally distilieds

Fr. I i,e, 1st drop Clie 9.34% ,

fr, IT 1,18 g. ONe 8.4 % , ,

frs 11X 1,82 & OMe 8,18% , and

fr, IV 11T g ‘OMe 5.28%

Celeuleted for dimethyl trizcetyl glucose ONe 18.,6% i
for monomethyl tetraccetyl glucose OMe 8.57%,

Descetylation and the preparation of osazonea*followe@.
Glueosazone/ '
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!Glucosazone wes again obtained after suitable treat-
fnetn'from fr. II (of the scetyl derivetives)s The
‘high OMe content of this fraotiﬁn_ihdicateﬁ the
‘virtuzl absence of pentaacetyl glucose, Proof and
'confirmation wna therefore efforded of the presence
iof 2-methyl glucose in the hydrolyeis mixture of the
partly methylated lichenin,
2 On the other hend, fruction IV had so low
‘& methoxyl content (5.28%) that the conclusion could
ébe drawn that any dimethyl glucose derivatives were
Tabaent.' The bsazbne,prepared from this fraction
jaf#er deacetylotion, shoved OMe 4.5% which, in view
Tof the zbsence of 3-mwethyl glucose in the hydrolysis
' mixture must be accounted for by the presence of
gﬁ-meth;l glucose,
| The solid osazone obtained from fr, III hed
:OMe nil, It sppeers therefore that some fractiona-
|tion of the monomethyl glucoses hsd been effected;
‘$he deacetylated fr., III consisting apperently mainly
‘of =methyl glucoce, wpile the deacetylated fr, IV
eontuined in zddition 6-methyl glucose.
| It is concluded therefore, that lichenin
Ecombineé with potassium hydroxide to form a compound
in whieh elksli is attached st positions 02 and 06
‘the § -glucose units, If every glucopyrsnose unit
were s0 substituted we elfould expeet the zddition
|compound to be (06 10 5. Q‘KOH)K ‘end to isolate
imainly dimethyl glucoses on methylation, Thislia
=contrary to the evidence and, so far as it goes it

jaeema/

of |



-—50=—

seems likely thet either C

| 3

510

o or 06 sre concerned with,
ition compound formation for any one glucose unit,
fwith CE probably preponde?&ting; In a few oceses
both sre probably substituted,but the structure of the
dimethyl glucose resulting on hydrolysis could not

be investigated because of the poor yield,

| It is of interest to compure this result
with those previously reported for amylose (30) and
eellulose (30), and for their building units meltose
(34) =and cellobiose (34). sddition compound formation
‘between smylose and potessium hydroxide wes shown by a

[similar method to involve ¢, end no evidence for sub-[

" |stitution on 06 wes Ffound, Elthough for maltose positions
?02 end C. @= well as the reducling group were concerned,
In the case of cellobiese only 06 and the reducing
group were involved, whereas in cellulose it wag
iproved thet the cddition compeund formation was asso-
ciate? only with 02. The conclusion Arawn from these
‘experiments wog, that in cellulose, and possibly in
amylose, addition compound formuztion on the primery
alcohol residues was hindered in some way, probubly
as & result of these residues taking part in cross ;
linkages between the chains, In stareh it has indo{d
‘been shown by Hirst and Young (38) thet the “chemicel
 molecules" of 24 -30 snhydroglucose units are indeed |
joined by the reducing group to en adjecent chain
through GG by primsry vulencies. This would only
‘explain the feilure to substitute one 06 in 25 or so
Iunits, but it 1is difficult to escape the feeling th.t
‘there is some connexion between these observations.

In/



s e

In lichenin however the resulte appesy to
be similer to those recorded for cellobiose, the

structurecl unit, This result is in agreement with

the generzl picture of the lichenin molecule, as it
'wee drevn by various workers like Hess (EO)Iand

:Carter end Record (19), namely that of a polysaccharide
'in chein form “the chemiesl and physieel units of

' which are poseibly identical® (19), meaning that
'endgroup agsay and osmometric measurement yield
identicel results implying the absence of any cross
linkeges from one basie unit chain to another..
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SUMMARY s

Titration experiments with lichenin acetate

showed, that lichenin would combine with one

moleculsy proportion of potassium hydroxide.

7114 methyletion of a licHain -potassium hydroxide
10%5° KOH)X followed by
hydrolysis, acetvlation and fractional distillation
yielded 2 smell emount of dimethyl glucose derivatives.

«ddition compound (CGH

Anotﬁer_fraction eontaining mainly monomethyl

tetraacetyl glucose gave rige after suitable

 treatment to an osazone (Olle 2%).

Glucosnzone was meparated from the methylated
osazone and was shéwn on the strengkh of its
yield to be =ecounted for'by the presence of
2-methyl tetrsacetyl glucese in the above
fraction,

Lf%er deacetylation of another of the acetyl
derivative fractions, the acetone compounds were
prepared end shown by meuns of fractional
distilletion_no# to contein 3-methyl dimscetone
glucose.,

In enother experiment, half of the available
hydrolysis produects obteained after the mild
methylation of a lichenin - potassium hydraxide
addition compound, ﬁere converted into the cor-
respohding acetone compounds a2nd frectionally
distilled, Agein the absence of 3-methyl glucose
in the hydrolysis mixture wce confirmed. |
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The other half of the hydrolysis products wes !
acetylated, fractionally distilied and the |
osczones prepared from the descetylated fraetiona.
Lgain glucosszone wae sepsrated from the methy- |
lated osszzones.

Considerztion of the methoxyl contents of the
acetyl fractions and thet of the osczones
prepared from them, together with the yields of
glucosazone, led to the conclusion that 2-methyl
glucose and 6-methyl glucoss end in addition,

2 small amount of dimethyl glucose are the '
glucose ethers present in the hydrolyseis mixtureﬂ
It follows, that in the lichenin-potassium |
hydroxide ﬂddifion compound one glucopyrenose
unit combines with one potassium hydroxide
residue through either position c,
end that in addition smell amounts of the

or position c6

!

repecting unite react in 2 more complex manner,
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PART 1II,

THE HEMICELLULOSES OF ICELAND MOSS.
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INTRODUCTZION,

In the struecturzsl fabrie of plants "true
cellulose" (identical with cotton cellulose) (1) is
rarely met with as such; in general it is found to
be associated with other cell wall constituents:-
lignin and polysaccharides of a less resistant naturc#
the so-called hemicelluloses, |

By mezns of the alternate treatment of a _
| eellulosic materiel with chlorine and hot sodium sulphite,
by the method of Cross and Bevan, an insoluble
ff;otion is obtained which represents "natural cellu-
lose" i,e. "true cellulose®"plus the intimately asso-
ciated hemicellulose fraction (Bellulosans"); while
in the solution sre the inerusting substances, Thes;
latter are lignin and hemicelluloses not associated
' with the cellulosic fraction, and generally seem to
contzin uronic seid groups ("polyuronide hemioelluloaéa").

Exact chemical data on hemicelluloses are
lacking to such an extent , that it is difficult to
differentiate between their molecular structure and
that of other chemically related substaunces of plant
origin such as the gums, mucilages, pectie substances,
gel forming polysaechurides, etc. Thile in the latter
field a beginning has been made iﬁ the éonfigurational
study of the various sugars and sugar acids involved,
no attempt to elucidate the structure of polyuronide

hemicelluloses by /
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‘hemicelluloses by means of complete methylation has yet
-‘heen recorded, '
. The name hemicellulose is misleading, if
:regarded a8 implying some relationship to cellulose
. 'a@ was indeed intended by its originator Schultze (2),
who was the first to isolate these carbohydrate
fractions from a number of plant materials by extraction
with dilute alkeli and precipitation with acid.
‘Today it should perhaps be taken as merely pointing
to a physiological association with cellulosie naterialn.
'Norman (3) defines them as "those cell wall polysaoeha—
rides, which may be extracted from plant tissues by |
treatment with dilute alkali, hot or cold, but not |
with water, and which may be hydrolysed to constituent
sugers end suger seid units by boiling with hot dilute
mineral acids,"” This rather empirical definition
therefore excludes water soluble hexoseéns like galactaha
(4 5)e Most hemicelluloses however are reported to
be water-soluble once they have been removed (by meana
of alkali for instance) from the plant material,
This remarkable feature wzs explained tentatively (6);
by essuming +that in the plant they are not free but |
‘are associated chemically or combined with some otherf
cell wall constituent,such as lignin for instance, j
Usually alkali of 4% strength is employed to
‘extract hemicelluloses, It is however believed, thaﬁ
with this treatment a certain amount of "cellulosan"
Ematerial is removed along with inerusting hemicellu—

loses (7)./
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loses (7).
- In general it may be said , that attempts

to isolate, separate and purify a mixture of these
various polyseccherides of complex nature meet with
great difficulties, Chemical or physical methods for
quiek 1n§estigation during these processes are very
limited and inconclusive, The colour tests which are
'.somotimes'applied in an attempt to follow the fate

of the hexose- (and/or ) -pentose~uronic acid con-

' tazining molecule during isolation end purification

are not always reliable,

During the extensive researches on verious
plent materials carried out in recent years with the
object of obtaining information on the type of units
conteined in the hemicellulose polyaaeeharidea.and
' their percentage composition, the attention of the
 various workers concerned wus mainly direeted to the
solution of two problemss (a) How extrzetion and
purification of hemicelluloses could best be achieved
' with the least drastic methods; and: (b) What con-
ditions hzd to be observed #n order to obtain homo-
geneous fraetions of hemicelluloses,

Most workers attempt to fractionate the
erude hemicellulose by me:ns of the gr:ded addition
of alcohol or acetone., O'Dwyer (8) investigated the
hemicelluloses of beebhwood and separated two fractions:
one, termed (A) by acidification of the erude extract,
the other, (B) , by zddition of aleohol to the fil-
trate, These two precihitates differed in appearance

as/
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as well as in composition and physical properties,

,'ﬁemicellulose (A) was more resistant to acid hydrolyafs

than the (B) fraction and was shown to be composed |
mainly of xylose together with 11% of glucuronic acid.
Fraction (B) contained some arabinose and gelactose
together with a large amount of galacturoniec aecid, f

The preparations were dried gradually with alcohol

. of inereasing strength, which was considered likely to

‘remove any lignin precipitated with the hemicelluloae;

'This however, was found subsequently not to be entirely

correct. The fractions themselves were not homo-

:geneopa. The azcetyl-derivatives were separable 1nto;

several fractions of different rotations and solubili-

ties, Similarly hemicelluloses from oat straw and !

‘rye straw were separated (9). Hiégglund (10) investi-

gated hemicelluloses obtained during the pulping
process of spruce woody in view however of the draétic
measures involved, studies of that type must be re- |
garded of lesser velue in throwing light on the ori-
ginal ecomposition in the plant (11).

Prior to the isolation of hemicelluloses:

from wheat bran, Norris and Preece (12) removed pectiec

‘substances with hot dilute ammonium oxzlate; sub-

sequently the produect was treated with boiling dilute 4
alcoholic sodium hydroxide in order to free the .
material dompletely from lignin, Later it was shown
by Preece (13), that such treatment has a degradative
effeet upon hemicelluloses, indicated by signifieant
reductions in the furfuraldehyde yields (14)., The

‘erude/
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erude hemicellulose obtained with cold 4% alksli (the
standard procedure) wes divided into frections:(4) ,
by addition of a slight excess of glacial acetie mecid
to the.alkaline extrezet, (B), by =«ddition of half a
volume of ecetone to the filtrate of (A) and (C), by
the addition of more acetone to the filtrate of (B).
All these fractions, dissolved in =zlkali, were then
_furthér purified by addition of Fehling's solution,

- A blue gelatinous hemicellnlose - copper complex was

‘thus precipitated (fractions "11,31,01”), filtered orﬁ,
decomposed by suspension in dilute hydrochloric aecid,
reprecipitated and weshed free from salts, From the
respective filtrafes of the copper complex further
fraections were obtained on =ddition of aecetone (frac-
tiona “AQ,-BE, Co")s  Along these lines hemicelluloses
from meny materials like whest bren, maize cobs and
box wood have been fractionated (15 - 19).

Due to the difficulties outlined already,
one cen not state definitely, whether these fractions
represent separate polysaecharides or whether they are
mixtures (20). It appears that hemicelluloses have
an optimel py for precipitafion(Ql). Precipitates
collected on either side of this value have the same
composition but are obtained in lower yield. If
precipitation is not carried out at the optimazl Py it
could be expected, that the incompletely precipitated
part of one fraction would then reappear in the next,

Later hemicellulose frections generally
show an increcsing uroniec acid content and the uronie
acid/
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acid part of the molecule,because of its electrie
charge, may well have a dominating effeet on the so-
llubility. A higher uronic acid .content may be asso-
cicted with shorter chain length or smaller molefular |
size (22). If the strueture of hemicelluloses is
one of relatively simple chain molecules such as six
or twelve or more pentose or hexose éroupa to one
‘;hexuronic acid group, then separation on a physical
:basis might be accompanied by clear differences in the
mroperties of the various components. On the other
;hand, if their structure is one of large chein mole-
- cules, straight or branched, with verying numbers of
recurrent units, such as ten, twenty or thirty repe-
' titions of six or twelve sugaf groups linked to one
 hexuronie acid group, then physical separation would
'not be accompanied by :ny significant differences in
' composition.
Bearing in mind the various points raised
in regard to fractionation procedures, there is
- doubt, whether any real advantage is gained by
- separation (20).
| A relativeiy small range of sugars and
sugar acids appears to take part in the hemicellulose
-molecule. As a rule hydrolysis mixtures were found
to contain two or more of the following : glucose,
galactose, mannose, xyiose, erabinose, glucuroniec
znd galacturonic secid end /or a methoxy uronic acid.
In sddition , acid hydrolysis yields a dark
insolurle residue, which Anderson (23,24), believing
it/
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it to be originally part of the molecule, termed body
"X", Others hold thct this might be lignin, The
possibility must also be considered, that it is derived
from furfursl, which is known to condense:to dark in-
soluble subst:nces under the influence of minerzl
acids,

It is only by prolonged treatment with more
concentrated minersl acids that hemicelluloses will
yield simple wuronic acid components; otherwise
aldobionic acids (often of varying composition), con-
'teining one or more sugars in addition to the uronie
acid group, are obtained, '

| Apert from those materials already quoted,
‘hemicelluloses of many other lignified tissues (mesquite
wood, oat hulls, oak wood) have been investig:-ted and
‘were generally found to be of xylan - polyuronidé |
nature (25 - 30),
| Previous treatment (rate of drying), age of
‘the plent, and the type of wood (heurt or aab wood)
‘were found to be factors inflﬁenoing the composition
 of the hemicelluloses (31).

' Hemicelluloses slso accurr in non-lignified
tissue like hop flower (32), elfalfe hay (33) and |
various grasses (34,35). Sometimes these seem to be
of a different kind, apparently contzining more units
of the galactose-arabinose series,

This leads us to the theory, long entertained
by biochemists (36), thet the pentose sugars arise in
nature from the corresponding hexoses by a process,
which involves oxidation to a uronic acid, followed
o/ ' :
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by @ecarboxylatbion. Thus the xylose in polyuronide
hemicelluloses in lignified tissues would be formed

by deearboxylation of d-glucuronie acid; and decarb-
oxylation of d-galacturonie acid would produce
l-arabinose (=nd not d-srabinose), which indeed is
found to be associated in neature with d-galactose-.

A number of prominent workers are at present investi-
gating fh*s problem on pectic substances, gums cnd
mucilages, which afford special opportunities for this
kind of study and about which considerzbly more de-
teiled informstion has been made available in recent
Iyeara. Taking into account the type of the linkages ;
involved, the conclusion hes heen rezched, that in none
of the substances investigated could the pentose
:(arabinoae) have arisen intramolecularly from the
hexose units (galactose),

| In the field of hemicelluloses research in -
xylen has progressed far enough to support the re-
futetion of the hypothesis, that xylose is directly
derived from glucose (in cellulose): l=-arabofuranose
!was fdund t0o be present as terminal end groups of the
xylopyraenose chesins,

| Xylan was isolated from esparto cellulose (37)
after removal of lignin, by boiling with 12% agueous
potasaium hydroxide., Direct methylation in 45%

@odium hydroxide with dimethyl sulphate ylelded methylxylen,
#hioh on hydrolysis appeared to give rise exclusively |
&o 23 3=dimethyl xylose, The question, whether position
ﬁ or 5 is engaged in chain formation, which was thus
heft/
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|
left undecided, wus settled subsequently by a paper

pubkished by Haworth and Pereival (38). ' ‘
The fully methylated ﬁimethyl xylan was
degreded by acetolysis to giva'rise to a partly methy-
lated disaccharide, Deacetylation and oxidation with
bromine yielded a psrtly methylzted bionic acidj;
‘hydrolytic cleavage yielded 2:3:4-trimethyl xylopyranose
‘and 2:3:5—trimeth31.jkaylbnolactone. Since the acid
portion of the bionic acid wze thus shown to carry a free
ihydroxyl grOuﬁron 04, the conclusion was reached, that
‘the linkaege in xylan is l:4 and the participating
xylose units are of the pyranose type.
. Subsequent careful investigation of xylan
;(39), methylated in a slightly modified way, by means
fof fractionation with petroleum ether proved, that
gthe product was indeed homogeneous, Hydrolysis and
*careful fractionation of the pentoside derivatives
‘thus obtained led however to the startling result, that
. |6% consisted of 23 33 5=trimethyl methyl l-arabofuranoside,
‘the identity of which was.contirmeﬂ by oxidative
‘methods., Identical results were obtained with
esparto celluloses of different origin.
In the xylan molecule thus 18 = 20 xylopyra-
nose units appear to be associated with one arabo-
|fur nose unit., Viscosity mezsurements pointed how-
ever to & chain length of 75 - 80 units,.
j Considering the fact thet imvariably about
5% of monomethyl xylose was obtained and dismissing
the possibility that this might be due to incomplete
methylation, there remain two possibilities as to the
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structure of the xylan macromolecule, Either the
basic (18 membered) chains are joined to each other
with the reducing xylose end groups (situated at the
end of the chain opposite to the terminal erabinose
group ) linked to a xylose unit situasted within the
ﬁeighbourtng chain (a type of cross linkage sicilar
?o thet later demonstrated in sterch (41)); or the
long chains of xylopyrznose, possibly linked to ezch
other in the form of = loop, cerry at intervals of
ﬁbout 18 xylose residues 1 srsbofursnose side chain,
_ Thanks to the fiet, that the end group is of
#uranose type, it was possible to decide the question
#n favour of the former possibility (40). The fureno-
Zaide link of the arabinose end group (more susceptible
to hydrolydie agents) was broken by mesns of a care-
fully chosen selective agent (goueous oxzliec acid ),
which left the rest of the molecule unimpaired,
#ubsequently, complete methylation and hydrolysis
furnished xylopyranose end groups egual in amount to
the'arabinose end groups obtained from the original
xylen, Thus proof was afforded thot the removel of the
arabinose residue from xylan had czused no degradation
of the bacsie chain units, The faet that the monomethyl
xylose isolated proved to be 2-mothyl xylose suggests,
that 03 is engaged in the eross linksges from one basie
chain unit to aenother, thus forming the xylan molecule
of the size of 75 - 80 units, .

/lso0 puré galaetans and mannans appear to
exiet in certain plant materials (12), however it is
doubtful/.
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| doubtful whether their role is the same as that of the
! polyuronide hemicelluloses. A mannan of Ivory Nut, |
[believaﬁ to have the function of a "reserve substance"
| was shown to consis$ of mennose unite linked through |
positions 1 and 4 (43 - 45). |

| |
The present investigation is concerned with

| the polyuronide hemicellulose fraction of Iceland Mos*
end in perticular with the type of linkage of the
btasic units within the polysaccharide. Buston and j
'Chambera (46) surveyed this fraction with regerd to. |
\the type of participating units and it is their paper
which has been consulted with respect to the isolatiuﬂ
and purification of the meterial, Ulander and Tollens
' (47), earlier workers in this field (1906) reported
ﬁhe_preaénca of glucose, mennose and gelactose therai#
'(an observation confirmed by Hesse (48)). Salkowaki\
:(49), after hydrolysis of the water ~extracted plant
‘with dilute aeid obtained a resistant xylan-free “E

‘ashless materiesl, which he showed wss not lignin,
|”oulason (50) believed pentosan to be present to the !,
‘extent of 3%.
| Buston and Chambers assessed the relztive amount
‘of extractible substances in Iceland Moss. They |
found the dry moss to gontain 5.7% of cold-water-soluble
substances (fielding some carbondioxide and furfural-
;dehyde ), 8.5% lichen acids (extracted with hot
:alcohol), 64% lichenin (extracted with hot water ),
b,g% of hemicelluloses, extracted with 4% alkali and
10,8%/ ‘ |
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10.8% of a residue which, from its high furfuraldehyle
and carbon dioxide yield was concluded still to con-
tein hemicelluloses (possibly of the "eellulésen® type),
resistzant to the sction of cold 4% slkali, Increasing
the strength of the alkali to 17% seemed to remove
jthis hemicellulose fraction clso, The residue was
regarded to be more or less pure cellulose,

No pectin was found to be presentf

The hemicellulose frazction waz obtzined by

extraction of the eell residue (after complete removal
- of the water and slcohol-soluble msterial) with cold
4% sodium hydroxide, The extracts were slightly
acidified with ccetic acid, but failed to yield &
precipitate, “herefore, the zuthors comment, "hemicellu-
loses of the (4) type appear to be absent", Addition
of half & volume acetone precipitated all the heni-
celluloses \termed"B" acecording to Norris and Preece,
12 )¢ By meens of the copper method this frazetion was
divided into (Bl) end (Ba). .The relative yields bet-
ween one and cnother experiment varied considersblys
Por instance: 200 g. lichen residue yielded in one :
experiment 16 g. fraction (Bl) and 8.8.g. Traction (32)’
in another: 300 g. lichen residue yielded 31 g.
(Bl) and 5 8-(32) . i |
Marther extractions with 17% sodium hydroxide
yielded some more hemicelluloses, the only hydrolytic
brezkdown products of which were found to te mannose,
gelactose and galacturonic acid,
Hemicellulose fraction (Bl) was nen-reducings
it/
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1% conteined 9,7% uronic snhydride and no pentosen,
39.6% anhydromennose =nd 44,3% anhydrogalactose. No
other sugaer was found to be present, Partial hydro-
lysis with 1.4% sulphurie acid yielded only galactose,

Analysis of fraction (By) showed : on the
average 8% uronie anhydride, no pentoses, roughly
20% mannose and 62% gzlactose, ALgain no other sugar
wag found to be present, :

_ Tt will be seen later , that the author of
this thesis has found the hemicelluloses of his Ice-
lend Moss sample to be made up of glucose to the ex-
tent of sbout 85%; galactose snd mannose being present
in relatively small smounts .

Puston and Chambers inveriably obtained on
hydrolysis an insoluble body, verying in amount accor-
ding to the pretreatment of the isolated hemicellulose,
Reference has zlready been made to similar substances
obtained by other workers.

Buston and ?hambers comment on the notable
difference - the ahsence of any pentose constituent -
between these polyuronide hemicelluloses and those
generzlly obtained from the cell walls of higher plants,
wvhich are regarded tp be of definite struectural ch.rac-
ter. Hemicelluloses of seeds, possibly of "reserve
carbohydrate" character have also been shown to consist
of hexose 4+ hexuronie seid only., The suggestion is
advinced, that in Iceland Moss hemicelluloses combine
the functions both of structural and reservecarbohydrates,
& suggestion admittedly not very plausible 1dview of the
large amount of other glucose reserves present in the

lichen in the form oT lichénin.
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General remarks : (1) All boiling points
mentioned refer to bath temperatures; (2) all melting
points were taken with the Reiehert mieroscope.

ISOLATION AND PURIFICQTION OF THE HEMICELLULOSES.

The figures for the large scale preparation

' of hemicellulose were celculsted on the basis of 1 kg,
{sahydrous starting materizl.(The moisture content of

' the Iceland Noss mample used was 15%) |

| Iceland Moss (1 kg. dry weight) was extracted,
;twioe with a 1.5% sodium carbonate solution (10 litres)
iin the cold in order %o remove the lichen aecids ( 47.),
;and 20 times with boiling water (15 litres ezch time |
ffor 4 hours ), The complete removal of ell water~

' soluble polysaccharides (of lichenin in perticular)

Ewas confirmed by & negative Fehling's reuction of a |

' szmple of the extracting water, after boiling with hydrd—
 chboriec acid, The lichen residue was dried at 70°/12
:mm,;- 366 g. of = d:rk horny substaence were obtained,

' Two extractions in the cold with 4% sodium hydroxide |
(tot=l 16,1 litres) served to extrszet the bulk of the
:hemicelluloses. The dark colloidal solution could

' be separated to u certuin extent from the moss residue
by filtering under sueti-n through musling thus 8.3

litres of the sodium hydroxide solution were recovered,

while the moss residue, a swollen gelaetinous mass re- .
toined a little less then 50% of the liguid, The
ex traction of the hemicelluloses in this manner wes

therefore/
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| therefore by no means quantitative.

| To the solution (8,3 litres), made slightly
acid with glaeial acetic acid, aleohol (9.16 litres)
was adied, which preoipitated'completely the crude
hemicelluloses, These were obtatned in the form of |
a brown jelly by decanting =nd centrifuging, It
- was observed that the settling of the precipitate over
night wee an indication thaet sufficient aleohel head |
been added for complete precipitztion, Ihe materiali

- was redissolved in 4% sodium hydroxide (5.14 litres) |

‘ under gentle heating and undissolved 1mpuritida remo=

- ved from the cooled solution by centrifuging. Then ;

& querter volume of Fehling's solution was added under
gtirring, followed by alcohol (5 litres), and a copious
bluish-green hemicellulosa-coppef—complex wes preci- |
pitated which could be filtered through‘mualin.

Addition of 2N - hydrochloriec acid (1 litre) caused

the copper compound to decompose, Care was taken to

- ensure,that alkali adsorbed within the gelatinous pre-~
eipitate was completely neutrzlised. By adding
aleohol (2.5 litres) to the acid suspension the puri-

' fied hemicelluloses were precipitated and collected |
on a Buchner filter. They were dissolved in boiling
weter (4,8 litres) containing @ little sodium hydroxide.
The solution was cooled and made faintly acid with
glicial acetic acid, By ad’ing alcohol (3.44 litres)
the bulk (about 89%) of the hemicelluloses ("hemi- |
cellulose I") was precipitated and removed by centri-:
fuging; the addition to the filtrate of more alcohol

(2.5/
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(2.5 litres) was required to ensure complete precipi-
tation ("hemicellulose II';‘ about 11% of the total
yield). This division into two fractions wes purely |
arbitrary. The products were covered with alecohol,
which wee renewed twice. For przeticcl recsons (see
later under ACETYLATION) the bulk of the material was
not dried any further and therefére the ylelds were

not ascertained direetly. For the pmrpose of investi-.
gating the "free" hemiceiluloses a small amount was dried
in the desiccator over phosphoric oxide, after it had
been covered repeatedly with alcohol followed by ether,

The products were powders of light beige
colour; hemicellulose II was lighter then hemicellulose
I,

?ound $e moisture 8-10% , ash 0.6% ,
jodine number 4-6 .

An indication of the yielde czn be obtained
from the amounts of hemicellulose acetate obtained |
from 1 kg. (dry) Iceland Moss 3

hemicellulose I acetate ..50 g. ,
hemicellulose II acetate.. 5.5 g

_ANALYSIS OF THE “FREE" HENICELLULOSE .

(a) Rotation in 2% sodium hydroxide.

The solution wes too derk to permit a reading,
(b) Equivelent weight.

A known weight of hemicellulose I (0.9012 g. )
wes allowed to stand over-night in a known volume

(50 /
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(50 ¢.ce N/20 ) of standard sodium hydroxide solution{
Titration with stenderd acid showed , that no free |
acid groups were present,
(e) OMe: hemicellulose I+II , OMe O 28%
(d) Uronic acid.

_ The method used weos that of Dickson, Otterson
and Link (52), except for the inclusion of an aniline
tra§(53) to keep back any furfural which might distili

over. ' |
Found :- Hemicellulose I, 4.95% uronic aeid,
| hemicellulose II, 8.5 % uronic acid.
(e) Pentosan. |

The method used was that described by
Marshall and Norris (54)., The amount of apparent
pehtosan was calculated from the weight of furfural
phlorogiucide using the appropriate factors (55).
 Found t= hemicellulose I +II , yield of furfural 2%
of the starting meterial which would correspond to
_3.6% pentosan, This result was corrected for furfural
‘derived from uronic acid (56) and the conclusion .
' reached that no pentose is present in the hemicelluloges.
(£) Hydrolysis with oxelic seid could not be effected.
On heating the hemicelluloses with concentrated oxalie
acid a suspension of whitish swollen particles was ob=
tained, together with 2 emell emouwnt of hlack, appar—l
'ently non-gelatinous matter, This non-homogeneousness
is remarkable; the dark matter is perhaps identical |
with the insoluble matter obtained on hydrolysis with |

mineral scids,

(g)/
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 (g) A typicel hydrolysis with 3,7% sulphuric aeid,

Hemicellulose T (4,00 g.) wes heated on -the
boiling water bath with 3.7% sulphuric acid (100 c.c.)
for 37 hours, 0,663 g, of insoluble matter was !

| filtered off. The filtrete was neutralised with an |

excess of berium carbonate in the presence of charcoai
and kept for 1 hour at 100° and then filtered and taken
to dryness at 45°/12 mm, The resulting viscous

syrup wzs taken up in about 8 e.c. of water and poured

inte sbsolute zlcohol (2,2 litres); +the resulting :
white flocculent preeipitete (0.3281 g.) was collecte#

on & Gooch filter, In 2 number of similar experi-

F menté the dzta of thie precipitate varied widelys;

; complex aldobionic acid,

& glezs (2,72 g.) under reduced pressure,

it wus concluded that it is probobly the szlt of e

The alcoholie filtrate wias concentrated to

Fatimation of the hexoses present in this ggasa.

Control experiments.

{1} Meunose (0,052 g.) and glucose (0.376 g.)
were Qdissolved in weter (15 e.c.) and aleohol (15 e.o}).
Nethylphenylhydrzzine (0.75 g.) 2nd glacial acetie

acid (1.5 c.c.) were 2dded and the mixture kept at O°}
No precipitete resulted. A parallel experiment

furnishe? an identie=zl result,

(2) Betimation of galactose 1 galuctose (0,038 g.),

| mannose (0,048 g.) and glucose (0.632 g,) were dissol-

ved in water (22 c.c.) and aleohol (22 c.c.) and methyl-

- phenyl/
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Iphenylhydrazihe (1.1 cocs) in glacial zcetic seid (2.2
c.c.) wes added, I fter 48 hours at 0° the preecipitate
wea filtered and washed with 3 c.c. alcohol and dried |
at 105°, The result obtained indicated 2.9% galactose ,
n:while the mixture had actually contauined 5.2% galactose,
' In = parallel experiment a yield of gul:ctosé-
|methylpheny1hydrazoné was obtained indieeting 3.2%
g-lactose, while the mixture had sctually contained

15,1% galactose, |
£3) Estimation of mannose ¢ mannose (0,4000 g.f
iand'galactoso (047120 g,) were dissolved in water (11 |
¢sc.) and a solution of phenylhydrazine (0.8 e.c.),
.glacial acetic acid (0.8 c.c.) and water (2 c.c.) wes |
added, After 48 hours at 0° the precipitate wus
filtered, washed with ice water (200 e¢.c.), followed

by aleohol (10 csc.) and ether (10 c.c.) and finally
dried a2t 105°, A yield of mannosephenylhydrazene
‘waslobtainad.indioating-34.5$ mannose, while the mixture
!had actually contained  35,6% mannose ., Several
paraliel experiments gave simil&f results.

(4) Estimation of glucose : to an aqueous i A
,soiution (60 c.c.) containing mannose (04035 g4),
galactose (0,028 g.) and glucose (0,490 g.), a solutioh

of phenylhydrezine (1,25 c.c.) in glacial acetic acid
(1.25 e.c,) and water (0,5 c.c.) was asdded; further- |
more anhydrous sodium acetate (1 g.) and sodium bisulphite
(0.05 go)e The mixture was kept at 100° for 1 hour,

The precipitate was £it ered after 24 hours, washed with
slightly acetic water , followed with water (total

30/
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130 cuc.) and dried at 3m0°. |
|Yield:= 0.281 g. osazone i.e, 57 weight#® of the |
' amount of glucose (0,490 g.) presemt in the artificial

|
mixture,

In & parallel experiment e yield of os:zone
‘'was obtained corresponding to 52 weighti% of the amount
!of glucose present in the zdtifieial mixture. (Mean-

‘value of these experiments: 55 weight%)

The estimation of the hexoses in the gless

i .
'wi s carried out according to the methods =nd results

of theseé control experiments . ‘

izgggg - galactose: 6,8 , B8.4%

| mennose : 2,5 , 3.5%
glucose i 92,0 , 99.5%

' {h) Hydrolysis with 15% auighurio acid,

; - Hemicellulose I (7.30 g.) was treated with |
515% sulphuric aeid (125 e.c.) at 100° for 24 hours;
'a dark insoluble matter (0,43 g.) wes filtered off
' and the filtrete was neutralised with the calculated
emount of berium hydroxide solution in the warmth in
-the presence of chercoal, A part of the water was

evaporated under reduced pressure, the solution i

filtered and teken to dryness, The viscous syrup
- wes taken up in sbout 5 e.e, water end poured into

cbsolute aleohol (2,5 litres ); & white flocculent
-pracipitatd (0.95 g.) eould be separated by centri-
fuging and was collected on a Gooch filter, washed
witlh/
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‘with a little absolute alcohol, and ether and dried

;over phosphorie oxide, ‘

;Fbund:— Ash as sulphate, 68,3 , 69.9% . .

(Calculated for 06H90 +Ba/2 44,6% ) i
B]‘-D +9. 9° (g51.1 in water )

(barium salt of glucuronic acid acc., to Hirst and Johls

(57) Egp+15.o )s

To the precipitate (0,15 go) discolved in
‘water (4 c.c.) p-bromo phenylhydrazine azcetate wes
!added and the mixture heasted for 30 minutes at 100°; i
e yellow precipitate resulted (57) .

|
f ' A precipitate of muciec acid eryétals could |
|not be obtained by treating the unknown barium uronate
(0,15 go) in water (3 e.c.) with lo N-nitric aecid
(5 c.c.) at 60° for several hours until the volume
‘wes reduced to 1 c.c.j water was then added (10 c.c.)
iand the mixture put aside at room temperature,
Treating galactose under the same conditions a good
';yield of mucic acid crystzls was obtained,
Correlating the aveilable data it was con-
cluded that the precipitate was in @ll probability
the barium salt of glueuronie zcid, mixed with
;inpufitieﬁ. If we apply & correction of 23%_(the
iparcentage of ash found above the calculated amount
required for the barium salt of glucuroniec aecid ) to
the weight of material used for the polarimetrie
observation we arrive at a figure of Bﬂ;-13.0°.
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IAll experimental data on the following pages refer to

hemicellulose I.

ATTEMPTED DIRECT METHYLATION OF THE "FREE" HEMICELLULOSE.
(According to Hirst's method of methylating xylan (39)).

Hemicellulose (3.3 g., dried over phosphorie
oxide), was suspended in wauter (294 c.C.)} potassium
'hydroxide (240 g.) wzs added end the resulting heat
‘helped to dissolve the hemicellulose; & brown colloidal
iaolution was obtained, Dimethylsulphate (266 c.c.)
iwas added in one eighth portions every half hour for
E4 hours while the contents of the flask were vigorousyy

' stirred mechanieally at room temperature. Foaming
'of the solution was prevented by the addition of a few

‘drops of capryl aleohol, When all dimethylsulphate
:had been added the temperature was raised to 100° for

|1 hour,  Still hot , the solution was filtered,

‘The precipitate was washed with alcohol, dried and

' then extracted with chloroform in a Soxhlet apparatus.
After drying over anhydrous sodiﬁm sulphate the Bolvedt
‘was distilled off under reduced pressure to yield |
0.3 g+ of a fibrous product, Found:-~ Ole 16.1% .
In ofder to check whether the weshing of the
'precipitate with zlcohol had caused the removal-ot
some partly methylated hemicallulobe, this alcoholie
filtrate, taken to dryness after neutrazlisation, wes
dialysed through cellophane; after considerable time

the dizlysate was taken to dryness, yielding 0.1 g.
of/
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of partly methylated material,

It has been observed, th-t the drying of the
hemicellulose (even under the described careful con-
ditions) caused it to be less easily soluble in alkali,
‘then samples, which had been kept under alcohol instead.
Viith a sémple of the latter the described experiment
of direct methylatiéﬁ wes therefore repeated, Simila:
unsatisfactory results however were obtained.

It was therefore decided to adopt the method

of simultaneous deacetylation and methylation,

A TYPICAL ACETYL/TION OF THE HEMICELLULOSE,

Hemicellulose (kept under moist zlcohol )
(aatimated: about 10 g.) was suspended in pyridine
3(150 CaCe)} acetic anhydride (100 c.c,) was added in
ifive batches at intervals of about 10 minutes with
bechanioal stirring, which was continued for the next
3 hours vwhile the flask wes kept et 1009,  When complete
dissolution was achieved, the flask wcs set aside for
48 hours at room temperature with occasional shaking,
?fter that period the solution was filtered through
glass wool and poured into a large volume of water with
stirring. The brown fibrous precipitate was then
- collected on muslin and thereafter washed in running
weter for 24 hours, Beczuse the solubility of the
ﬁcetate in eacetone appeared to be impaired by previous
dryiﬁg, the product was merely freed from supernatant
liquid on a Buchner filfer.
‘Yield/
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Yield:- 14 g, (dry weight) |
:Found:—‘ CH3CO 41-43,5% 3 owing to the dark aolutiqn
the reading was inaceurate: &ﬂ§-10.0° (g, 0s1 ) ;|
iodine number (=ecording to Bergm&nh and Machemer) i
j2.7 » ©caloulated for the acatate ; 4.5 ealeculated |
 for the (deacetylated) hemicellulose present, |

- |

in experiment with 2 small sample of the i

' acetate revealed that it was not homegeneous. By i

' means of the graded ~ddition of light petroleum 46 it
solution in chleroform , it could he senarated into

numerouns frcetions. It was however not intended %o

fraction:te it on = large sc:ale,

A‘TYPIGBL METHYLATION OF THE HEMICBELLULCSE ACETATE .

|
! Hemicellulose acetate, containing 90%
'moisture (dry weight 30 g.) was dissolved with me- i
chanicel stirring in boiling acetome (1200 c.c.) %o a
clear brown solution, Vigorous stirring wes oontinu?d
while dimethylsulphate (600 c.c.) and 30% sodium hydrox-
ide (1500 c.c.) were added simultameously in one tenth

portions every 10 minutes at 40°-45°, .ifter =1l the

additions the temperature wzs raised slowly to remove
' the acetone and the solution waes finelly heated at

' 75°=80° for 1 hour. A brovn solid separated slong
:with some sodium sulphate, The whole was filtered
hot; if filtration was rapid the solid remsined hurd
'and brittle; w shing with boiling water served to re%

‘move/ |
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the bulk of the sodium sulphate from the filter,

The totcl of the zvailable acetate wes thus
methylated in batches of 30 g., twice. Then twe
batches were united and sgein subjected to two methy- |
lations as described above, |
The product was dried at 45°/12 mm,

Yield:-~ 64 g, from 110 g. hemicellulose acetate,

FRACTION/TION OF THE METHYLATED PRODUCT.

| The methylated hemicellulose (64 g.) wes
‘dissolved in chloroform (1500 c.c.), dried over an-
‘hydrous sodium sulphete and filtered,

| To the solution, thus freed from inorganic
‘salts, light petroleum (b,p. 60°=80°) was sdded with |
vigorous stirring, After the addition of 8.800 ec.c.
‘the solution was eentrifuged and the solid fraction:
E(A) (14,06 g.) dried at 45°/12 mm, More petroleum
ether (1500 c.c,) was added to the remaining solution;
'and the solid portion (fraction B, 15.76 g.) again
removed and dried., The addition of anaether 1200 c.c.
precipitated fraetion C (9,84 g.) end further 1140 CeCle
'served to separate fraction D (5.62 g.); the'remainiqg
jsolution was taken to dryness under reduced pressure
to yield fraction B (18472 2+) &

Found:=- fr, A OWle 32.0%

#

fr. B OMe 41,056 , [],+11.,08 (e, 0.45 in chloro-

fr. C OMQ 41.05% 3 n o4 1.5 (2, log)fom
fr, D OMe 39.86% , » + 3.5 (e, 0.97)
fr. E OMQ 38.8 % - 1] "'2.0 (2' 0.48) .
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i Results,similer within limits, were obtained
|in another two experimenta on 2 smaller scale, |
i When dry, the freetions B = E were cellu-
|loid like elsstic substances of verying shades of yellow;
|trqction A was of a dark grey colour., Vhen precipin.
ftated with petroleum ether from & véry concentrated |
fehloroform solution and dried, they showed remarkable
' physical differences; B was obtained in the form of |
élight yellow granules, C and D were nearly colourlessi
,!adharont'fibrea, end E was obtained as an orange "reaﬁn“.
| Twofold remethylation on the previous lines
!yielded the following results: |
|round t= C and D (combined) Olie 41.45%,
| E | ~ ONe 38.94%.

The fractions B, CD and E were investigated
in regard to their oonatitueht units as follows 3

HYDROLYSIS OF B AND FRACTIONATION IN THE HIGH VACUUM ,

i

The methylated compound (15.31 g.) was re- |

fluxed on the water bath with 4% methyl-alcoholie i
‘hydrogen chloride (320 e¢,c.) for 22 hours; the ooole@

'solution was neutr:lised with silver carbonate and thﬂ

filtrate evaporsted under reduced prersure, On |
attempting to distil in the high vacuum the hydrolysis
appezred not to be complete =nd was therefore repeateé
with 5% methyl-sleoholie hydrogen chloride. |
Yieldi- 16.54 g., Bp+48.8° (e, 0.95 in methyl

'aleohol ).
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' Distillation and frauetionation in the ﬁigh vaguum,
| The glucosides (16.54 g.) were distilled from
'an ordinary distilling flask to yield 15.52 g. The
iresidue in the flask was charred, Three fractions
‘were separated on redistilletions |
| The first fr., b.p. 930=1109/0,01 mm.,

the second fr., b.p., 110°-127°/0,01 mm., and

the thitd fr., bep. 127°-150°/0.01 ma, |
| fach of these fractlions wis redistilled from
jahflakk fitted with 2 veeuum jacketed fractionating |
column with &« spirel, to yield the following 8 fracti#ns:
'BI 0.36 g., b.p. 126°-1410/0.005 mm., np° 1.4492 ,
| Clie  57.28%

'BII 1.68 g., b.p. 1410-153°/0,005 mm., n_ ¢ 1,4560
2

iBIII 3.24 .y b.Pe 1530-160°/0,005 mm., nj- 1.4622 ,
| , % 50.42%

'BIV  7.18 g., b.p. 1509-1559/0,01 mm., np2 1.4610 |
BV 1.14 g., bep. 1580-1739/0,01 mm., ni% 1.4615 |
B VI 0,90 g., bepe 165°-175%/0,01 mm., np° 1.4654
/B VIT 0,10g.,b.p. 1759-1950/0,01 mm., n3° 1.4701,
Oile 45.64%

.| B VIII 1.00 g., the residue nd? 1.4838

HYDROLYSIS OF.CD AND TRACTIONATION IN THE HIGH VACUUM,.

The m~thylated compound (17.09 g., Ole 41.45%)
!waa treated with 4% methyl-alcoholie hydrogen chloride
' for 30 hours as described for B,and the solution was é
Ivorked up =28 before, The hydpolysis was repeated wiﬁh
:5% methyl-:clecohlic hydrogen chloride for 45 hours.
fieldi- 15.49 g., [+ 96.5° (g, 0.58 in methyl
' alecohol )
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Distillution eand frectionation in the high vacuum,
The glucosides (15,49 g.) were distilled from
en ordinery distilling flask to yield 13.70 g. The

residue in the flusk waee charred., Three frections

were separated on redistillation 3
The first fr., b.p. 115°=1309/0.03 mm,,
the second fr,, b.p. 130°-145°/0.01 mm,, and
the third fr., b.p. 145°-180°/0.01 mm,
_Each of these fractions was distilled from a
flesk fitted with & vecuum jacketed frectionating |
‘column with 2 spirel, to yield the fellowing 7 fractions:
OD I 1,20 g., bep. 1320-145°/0.01 mm., nj' 1.45386
CD II 1,79 g., b.p. 1450-155%/0,01 mm., np171.4580 ,
, OMe 51.74%
CD III 3.64 g., bup. 155°-1659/0.01 mm., n$7 1,4598
CD IV 3.93 Z., bep. 145°-175°/0,01 mm., nl’ 1.4600
CDV  1.28 g., bep. 160°9-170°/0,03 mm., n5° 1.4621
OD VI 0.37 g., beps 1700-195°/0.03 mm., nj’ 1.4621,
OMe 47.78%

CD VII 1.03 g., the residue ni® 1.4729 .

HYDROLYSIS OF E AND FRACTIONATION IN THE HIGH VACUUM,

The methylated compound (17.14 g., Oile 38.94%)
‘was trected three times with boiling 5% methyl-zleoholiec
hydrogen chloride for 45 hours =znd the solution was
worked up as before,
(ieldi= 18.47 g., [A]+ 94.0° (€, 0.38 in methyl
‘aleohol ) o
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Distilletion and fractionation in the high vacuum,

The glucosides (10447 g.) w re distilled from

' en ordimary distilling flusk to yield 16,66 g.

residue in the flask was cherred,

| were separzted on redistilletion

the third fr.
Fach of these fructions was again distilied

.The
Three fractions

The first fr., b.p. 130°/0.1 mm, - 1180/0,03 mm,,
the second fr,, b.p. 1329/0,01 mm.- 142°/0.02 mm,,

b.p. 140°/0,01 mm.- 150°/0.01 mm,

iyield the following 7 fractions

;E I 0028 ey DeDo
'EII 3410 gey beDe
| E III 6.68 gc' b.p‘
;E Iv 3.64 ey DePe
iE v 1075 go, bop-
IEVI 0420 8oy bePs
'EVII 0,76 g., the

THE

e smrranama,

130%=1559/0,03

150°-160°/0.03
1599-167°/0.03

159°-167°/0.03
167°-175°/0.03
175°-195°/0.03

residue

from the same type of flask used for B and CD, to

mm., n3" 1.4560 ,
OMe 51.61%
mm, , n;: 1.4601
mm., Ny s 1.4609 ,
Olie 48.97%
mm,, ng’ 1.4618
mm,, 087 1.4639
mm, , n%s 1.4680 ,
48,31%

Olle _
14 104828 L]

"D

STUDY OF THE MAIN (MIDDLE) FRACTIONS,

. From the refractive indices it was conclu-
'ded that the large middle fractions of B,CD and E
(OMe in agreement with trimethyl methylglucodides) were

essentially/
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éaaentially of homogeneous ch:ractewm,

In many instances identicel operations were
carried out for frections B, CD and Ej 1in these cases
therefore & detailed account of the procedure adopted

is given for fraction B only .

COMPLETE METHYLATION,HYDROLYSIS AND ANILIDE FORMATION
FROM B III .

Fraction B IIT (0,61 g., np ' 1.4622, Olle 50.42%)

- was fully methylated by Purdie's method and the product
(0,57 g.) distilled to give a colourless mobile oil
(0.5 g.), bup. 859-900/0.01 mm,, nd6 1.4472 , Olle 60.98%.

Hydrolysis of the fully methylated oil.
' The o0il (0.50 g«) was hydrolysed with
N-sulphuriec acid (15 c.c.) at 100° for 7 hours. The

solution was neutrzlised with barium carbonate and

kept at 100° Tor 1 hour to remove any bicarbenate,

The filtrate was tuken to dryness at 45°/12 mm. and the
resulting solid extracted exhaustively with hoiling an-
hydrous ether, to give & viscous syrup (0.35 g.),
Eﬂf+85.l°(g, 0.36 in water ), On nucleation with a
crystal'of authentic tetramet iyl glucose cryst:ollisation

ensued over night,

inilide formatione.

) The syrup (0.24 g.) was dissolved in absolute
zlecohol (5 Gec.), freshly distilled aniline (0.1l3 c.c.)
added, cnd the mixture boiled under reflux for two

hours/
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- hours., On cooling erystals separated which were re-
crystellised twice from dry ether/petroleum ether
- (beps 40°=60°) to yield ©.03 g.
Found $= mep. 136°-138°, not depressed on admixture
with an authentic saumple of tetramethyl d-glucose
enilide, '
| C, 61.68 ; H 8,18 j OMe 39.6 ; N 4.38% .
Calculated for 016H2505N s

C, 61.71 ; H 8.09 ; OMe 39.87; N 4.49%.

COWPLETE MRTHYLATION, HYDROLYSIS AND ANILIDE FORMATION
FROM CD VI+E II (COMBINED).

In order to estublish , thet the main (middle)
froctions of CD and E consist of glucose as well (a
result to be expected from the anelysis of the "free"
hemicellulose), two "representative" fractions were
corbined for precticel ressons and subjected to the
‘same trestment as deseribed for fr. B III .

Fractions CD VI (0.25 g.) and E II (0.25 g.)
were fully m;thylated by Purdie's method and the pro-
duct distilled in the high vacuum to give a colourless
mobile o0il (0.36 g.), b.p. 100°/0,03 mm, -110°/0,03 mm.,
n 81,4466 , oite 61.0% .

(Calculated for Cy1H OMe 62.0% )

22%
gxdrolzpis of the fully methylated oil.
The oil (0.36 g.) was hydrolysed with N-sul-

phuric zeid and the mixture worked up as described for

fr. B III . 4 viscous aﬁrup (028 g.) resulted.
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Anidide formation,

The syrup (0.28 g.) was dissolved #n ebsolute
eleohol (1.5 c.c.), freshly distilled aniline (0.14 cacs)
'added, and the mixture boiled under reflux for two |

hours, On cooling crystals were obtained in good ,
yield, which were recrystallised from dry ether/petro-
leum ether (b.p.40°=-60°) to yield 0,04 g.; m.p. 138°,

' 'not depressed om sdmixture with an cuthentic sample of

tetramethfl glucose snilid e.

HYDROLYSIS OF THE MIDDLE FRACTIONS AND INVESTIGATION
OF THE RESULTING TRIMETHYL SUGARS .

HYDROLYSIS OF FR. B IV
Shane

' Fraction B IV (3.81 g.) was dissolved in

‘N~ sulphurie acid (120 c.c.); in order to remove a
-small amount of insoluble impurities, vhich were foumd
;to be present in all other fractions as wéll, the cold -
'solution was treated with charcosl and filtered, The
‘hydrolysis wes then cerried out at 100° for 14 hours

and followed polcrimatrically :

initial, (@], -+ 62.6%(gy 3.1, 2 dm tube )
after 3% hours " + 57.0°

after 9 'ho rs " +g5l.2°

after 14 hours " + 45:0°

The solution was neutrzlised with barium
carbonate in the presence of chareoal and kept at 100q
for 1 hour, filtered, taken to dryness at 45%/1: mm, end
dried thoroughly with an alcohol/benzene mixture. The
'solid/
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sblid wae extracted with boiling enhydrous ether to
yield 3.0 g. of 2 colourless viscous syrup.

This syrup, dissolved in & little anhydrous
ether began to deposit erystals over-night on stending
at 0°, Lfter tvo weeks these were filtered off rapidly,
wached with a small amount of anhydrous ether and dried
over phosphoriec oxide in the desiceator.

Yield of the erystclline material : 54% of the original
BEyTUD.

Beh&viour of the crystalline material in 2% methyl—
glcoholic hydrogen chloride.

The rotatory power of the erystals (0 016 g.),
.tvice recrystallised from snhydrous ether, dissolved
in 2% methyl-slcoholie hydrogen chloride (15 c.c.) was

followved at room tempersture ; \

initisl, [Al;. + 75.0° (e, 0.1 , 2 dm tube )
after 2% hours w + 60s9°

after 9 hours W +46,8°

efter 24 hours " +37.5°9 (constant value),

Behaviour of the non-crystalliine, syrupy portion in
2k methyl-clcoholic hydrogen chloride.
The syrup {(0.094 g.) was discolved in 2%

methyl-alcoholie hydrogen chloride (15 CeCe)}
initial [d];“+82 9° (gy 0.62 , 2 dm tube )
after 15 hours mqn +46,2° (constant value ) .

The erystals, twice reerystallised, showed
Byt 103.4%> +66,9° (equilibrium resched efter 14

hours ) , (g, 0.16 in water ) .,
m.p. 100° , sintering at 95°
-~ mixed/
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mixed myp.: these orystzls (from B IV) mixed with
crystals from B III,(m.p.logo) : m.p. 90° .

Behaviour of the hydrolysed fr, B IV4+V (combined) in
2% methyl-aleoholic hydrogen chloride.

[c&]Il,a +T71.3%— +31,3° (constant value after 24 houra)
(2.. 0.47 ) .

HYDROLYSIS OF FR» CD III,

. Freetion CD III was hydrolysed with N-sulphuriec
acid (es described for fr., B IV) for 18 hours.
The hydrolysie was followed polarimetrically :

initial, By +82,8° (ey 343)

?fter 4 hours n' 489,59

after 63 hours no +89,1°

@fter 10 Hours w 48019

after 134 hours T T

efter 18 hours w o o169:8% i

| The solution was worked up as usual, The

' &eéuiting syrup, dissolved in & little dry ether began
#o deposit crystals over-night in the ice box. Lfter
iwo weeks theée were filtered off rapidly, weshed ' with
a small amount of =nhydrous ether and dried over
phosphoric oxide in the desiceetor. Yield of the
erystalline matericl 66% of the original syrup. The
erystals &ere recrystallised twice,

Behaviour of this crystalline preoipifate in 2% methyl-
glcoholic hydrogen chloride. ‘

initiel, (] + 73.9° (g, 026 )
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after 26 hours By + 11.5° (constant value ).

Behaviour of the non—a:zgtulline Syrupy portion in 2%

methyl-clcoholic hydrogen chloride.

Initial, - Klo+ T346° (5 0457)

after 2% ﬂﬁufs v +54,39

after 65 hours n +40,3°

after 32 hours o +33.3° (constant value ).

The crystals , recrystallised twice, showed :

m.p. 101° , after sintering =t 950 ; |

Eix@d m.p, of these erystals (from CD III), mixed with
prystals from B IV (m.p. 1000) : m.p. 95°.

Bahaviour of the hydrolysed fr., CD IV+V (combined) in
2} methyl-alcoholic hydrogen ehlorido.

: E03+-57 50 —+22,5° (constant value after 24 hours)
i(g, 0053 )l

HYDROLYSIS OF FR. E III .

o
Praction E III was hydrolysed with N-sulphuric
acid ( as described for fr. B IV) for 18 hours; the
‘hydrolysis was followed polarimetrich;ly :

initiel, [y + 81.9° (gy 3e34)
after 4% hours v + 90.7°

after lo hours « + 85,0°

after 18 hours « + 71,3° .

The solution wes worked up as usual, On taking
the ethereal solution of the syrup to dryness it cryst-
ellised at once. Yield of the crystalline precipitate

‘nezrly/
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nearly 100% of the originzl syrup. +he crystils

wore recryst-llised twice from =nhydrous ether..

Observution of the inversion of sign in 2% methyl-

alcoholic hydrocen chloride .

44
Initial} [, + 66.0° (g, 0.16 , 2 dm tube )
after 2 ho.rs +36.0°
after 6 hours -15.0°

after 26 hours «24,0° (econstent value ) .

Theeystals showed : oy +101,6%>+71.0° (eguilibrium
efter 9 hours ) (¢, 0.7 in water ,, & dm tube )j

MeDe 1090, not depressed on ~dmixture with =n szuthentic
sumple of 2:3:6~ trimethyl d-glucose .

' On zdmixture with orystals from CD III (m.p. 101°)

Lle Pe 950 .

ehaviour of the hydrolysed fr, E III4iV (comhined) in

2k methyl-zlcoholic hydrogen chloride.

B15 99.3°—> +18.7° (constant velue after 24 hours),
(gy 0.53 ) .

Benaviour of suthentic 23 3:6-trime thyl d-glucose in

o

2% m thyl-: lcoholic hyirvogen chloride.

8
€3, +65.6° —>  =36,4° (conastant vslue after 24 hours)
(gy 0440 ) .
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THE INVESTIGATION OF THE MAIN (MIDDLE) FRACTIONS IN
RESPECT OF THE POSITION Cg. .

The method of Oldham and Rutherford (58) was
employe#s the tosyl derivatives were formed from the
trimethyl methylglucosides; & tosyl group in position
Cgs but not in other positions, csn be replaced after
suitable treatment by an iodine estom, which is finally
e-timgted as silver iodide, Thereforé, if position
Cg ie occupied by an Olfle group no ailver iodide is
obtained,

FRACTION B ¥ .
Preparation of monotoqxlwtrimathyl methylglucosides
from the mixture of trimethyl methylgiucosides B IV,

Frzetion B IV (1.007 g.) = after purification
by dissolving in weter, tresting with charcosl, filter-
ing and taking to drynesse~ was discolved in pyridine
(1425 csc.) and p-toluene sulphonyl chloride (1.2 g.)
wes added, After 48 hours at room temperature water
was added and the solution extracted with benzene,’

The benzene solution was thoroughly washed with dilute
hydrochloric acid, followed by aqueous sodium bicarbon-
ate and water and finally dried over anhydrous sodium
sulphate,

Yield 3=~ 1,4 g, of & 1ight yellow syrup.

.

The above ayrup (0.980 g.), dissolved in
dry/
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dry acetone (10 c¢.c,) was heated in a sealed tube
with anhydrous sodium iodide (1.0 g.) at 100° for

2 hours. The contents of the tube were filtered and
the precipitated sodium sazlt of p-toluene sulphonic
acid was well washed with dry acetone.

Yield of the precipitate: 0,064 g., indiceting thet
13,1% of the starting material had an unsubstituted
position 06.

(Calculated yield froﬁ 0,980 g. of 2:3:14-trimethyl-
6-tosyl methylglucoside ig 0.487 g. sodium p=-toluene
sulphonate) .

The acetone solution wes taken to dryness
under reduced pressure, the solid teken up in a mixture
of chloroform &nd water =nd excess iodine removed with
sodium thiosulphatej; after thorough extraction of
the aqueous lsyer the chloroform solution was dried
over anhydrous sodium sulphate. Evaporation of thé
solvent yielded & 1ight yellow syrup.

Yield:- 0.920 g,

Substitution of the iodine atom in position Cg by the
'ﬁitro £roupe. ‘

To the above syrup (0.6071 g.) were added
methyleyanide (10 c.c.) and silver nitrate (0,61 g.)
and the solution wus boiled under reflux for 2 hours,
The solvent wus then completely removed at 100°/12 mm,
and the s0lid repeatedly extracted with boiling ben-
zeney by careful decentetion through z filter, the loss
of inorgenic materisl could be zvoided. The mixture
of silver salts wes dried at 100° and then trected with
a/
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a'boiling mixture of fuming nitric seid/ water 1l:l.
Hater was then ad’ed up to the volume of zbout 400 c.c.
and after vigorous boiiing for 30 minutes the ligquid
was filtered and the silver iodide collected on &
Gooeh filter, washed and dried.
:zgg;gs- 0.0514 g« silver iodide, indiceting that
12.4% of the sterting material had an unsubstituted
position Cg. |
(Calculated yield from 0.,6071 g« of 2:3:4-trimethyl-
6-i0do methylglucoside : 0.4123 g, silver iodide.)
A parallel experiment gave a result in ggree-
‘mem¥ with this figure. '

FRACTION CD IV~

This fraction was investigated es described
for B IV,
Preperation of the tosyl derivetives.
‘ Praction CD IV (1.16 g.) ylelded 1l.24 g.
' of the corresponding mixture of tosyl derivatives,

Attempfed preperation of a 6~iodo derivative .
After suitable treastment the above material

(1.24 g.) ylelded 1,203 g. of a syrup.

Substitution of the iodine atom at position Cg by the
nitro group . |

The above syrup (l.203 g.) ylelded after
suitable trestment 0.0718 g. silver iodide, indicating
that 8.8% of the sterting meterisl had an unsubstituted
position Cg.
{¢alonlated/
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(Caleulated yield from 1,203 g. of 2:3:4-trimethyl-
6-i0odo methylglucoside : 0,8170 g. silver iodide_ ) |

FRACTION E IV

This fraction also was investigeted as
described for B IV,

ZPreparation of the tosyl derivatives.
Froction @YV (1,02 g.) yielded 1,17 g. of
the corresponding mixture of tosyl derivatives.

?&ttpnpted preparation of a 6-iodo derivative.

. ~ After suiteble treatment the above material
€137 &) yielded 1.030 g of & syrup.

sSunstitution of the iodine atom at position Cg by the

nitro group .

' The cbove syrup (1.030 g.) ylelded after
suiteble treatment 0,0391 g. silver iodide, indicating
‘thet 5.6% of the starting meterial had an unsubstituted
- position 06'

(Caleulated yield from 1,030 g. of 2:3:4~trimethyl-
6-iodo methyl glucoside : 0.,6996 g. silver iodidey)

CONTROL EXPERIMENT.
3-tosyl-2:4:6 trimethyl methylga;actosido
(0,1270 g.) wes subjected to the treatment as deaoribea
for fr, B IV under the hezding "Attempted preparetion |
of & 6-iodo derivutive", No sodium p-toluene sulpho-
nete ves obtained and after suitable treatmext es des—
cribed for fr, B IV under the heuding "Substitution of

. the/
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the iodine atom =t poeition O by the nitro group" no

glilver iodide precipitete could be obtuined.

THE INVEZSTICATION OF THE MAIN (MIDDLE) FRAGTIONS IN
' RESPECT OF POSITION Coe

The hydrolysed fructions were oxidised to the
corresponding mixtures of trimethyl gluconie acids and
gthese converted into luctones. A few minutes after
distillution these were treated with methyl-clcoholic |
ammonia; +thus it could be expected thet only & negle-
igible amount of -emmoniwa sslts would be formed, since
ga reversion to sn scid/lectone ecuilibrium had been |
,prEVented.' "1th the corresponding :mides the VYeer-
man recetion wes eerried out in a standardised mmnner |
iand from the yielis of hydrazodicarbonamide information
could be gained as to the amount of trimethyl hexoses,
with en unsubstituted position Coy present in the

starting msterial,

FRACTION B III

Freperction of the corresponding mixture of lactones.
The hydrolysed fr, B III (0,743 g.) wes dis-

Eolveﬁ in water (3 e.e.) and treated with 1liguid

bromine (1 c.c.) at roamtemperature for 48 hours.

A fter this period the solution was non-reducing to
Fehling's solution . The egcess of bromine was re-
mavedfﬁy aeration , the solution neutrzlised with silvér

carbonate/.



=108-

carbonate and the silver ions removed with hydfogcn
éulphide. The excess of hydrogen sulphide was re-
moved by zeration and the solution finally concen-
trated to a syrup. It was exheustively extracted

- |with ether, filtered and the solvent evaporated. The

' syrup was heated for two hours at 100%/15 mm. to effect
‘lactonisation; it distilled in the high veouum bet-

ween 128° - 170°/0.03 mm, to give & colourless syrup

(04538 £.) 5 np'| 1.4682, OMe 42.3% .

(Caleulated for CgH,g0g OMe 42.3% )

gxdrolyais of the mixture of lactones from fr, B III 1

0.1086 g, were dissolved in water (10 cecs)

and. the hydrolysis at room temperature was followed

'polarimetricallyz

after 10 minutes . [ol, + 57.0° (g, 1.0 )

' after 30 minutes " + 54.3°

efter 6 hours w4+ 47.8°

'after 22 hours " + 45.,1°

after 10 days e 39.5° (constant value).

ihxdroxide.

(Calculated for OgH160g ¢ 2416 c.c. are required )e

Titration of the mixture of lactones with N/20 sodium

2 e.c, of thé above solution were titrated

15 minutes after solution with 0.0468 N-sodium hydroxide
'against phenophthalein, /fter the sddition of 0,73 c.c.

the red colour would fude only on gently heating,
A total of 2.3 cece 0.,0468 N-sodium hyiroxide was re-

guired for neutr:lisation. ! |
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Prevaration of the corresponding mixbure of amides.

The syrupy mixture of lzctonee (0.4 g.)
was treated with dry concentrated methylealcoholie
emmonie (5'c.c.) st 0° fdr 2 days. The solvent was
then removed under reduced pressure to yield a syrup,
[X],+53+8° (g, 0.2 in methyl aleokol ).

Jeerman tests (control exoveriments).
(&) ‘d-Glueconamide (00,2037 g.) was discsolved in
rater (5 c.c.), sodium hypochlorite solution (3.5 c.c.)

added end the mixture was kept at 0° for 3 hours. *he
éxoesa of hypochlorite was destroyed with sodium
thiesulphate , ahhydrous sodium gscetate ( 2 g.) edded
and after dissolution semicarbazide hydrochloride (0.4 g.)
wus added to the filtered solution, LAf%er 12 hours
the precipitzte was coliceted quantitatively on w
filter, washed with water (2 c.c.) and dried over
phosphoric oxide. L ' hYE

fields- 0,0881 g. hydrazodicarbonemide (m.p. 256°)

1,es Tl.4% of the theory.

(Caleulated yield from 6.2037 g+ glucongmide is

0.1232 g hydrzzodiecarbonamide )

(v) 0.1989 &+ gluconzamide yieided under the same
conditions 0,0863 g. hydr.zedicarbonamide i.e.

T1.7% of the theory.

(The low solubility of hydrazodicarbonamide wes con-
firmed: the zhbove preoipitaté (0.,0863 g.) was sus-
pended in 5 c.c. of water, filtered and dried.
Yield 3= 0,0815 g. hydrazodicarbonamide; loss 6% ).

Weermzn /
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Weermen tests with the mixture of trimethyl gluconemides
from fr, B II1I,

(a) 01276 g« yielded under the conditions descri-
ved above 0,0252 g. hydrazodicarbonamide (m.p. 256°) .
Celculation : graotidal yield tp be expected according
to the control experiments from 0,1276 g. 3:4:6-tri-

me thyl gluconzmide is 0,0452 g. hydrazodicarbonamide
(ises 71.4% of the fheory )3 therefore a yield of
0,0252 g., zmounting te 55.7% of 0.,0452 is tauken to
indicate that 22;1& of fr; B III hdas an unsubstituted
‘position Cp,

(b) 0.2082 g, yielded under the same conditions
10,0373 g+ hydrazodicarbonamide, Since the practical |
yield to be expected from 0.2082 g+ 3:4:6-trimethyl
gluconamide is 0,0739 g, hydrazodicarbonamide, the
result is token to indicate thet 50.4% of fr, B III
hes an unsubstituted position 02.

FRACTION CD IV +V (COMBINED)

Freparation of the corresponding mixture of lactones.
The hydrolysed fr., CD IV+V (combined) (1l.34 g.)

wes oxidised with bromine and thereafter treated as

described for fr. B III, The resulting syrup wes
distilled in the high vacuum, b.p. 120°-175°/0.03 mm,
Yield : 0,95 g. of a colourless syrup 355 1.4580

Ole 39,8%

(Celeculated for 09H1606 , OMe 42,3% )

Hydrolysis of the mixture of lactones.
0.1326 g./
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0.1326 g, were dissolved in 10 c.c, water and
the hydrolysis wes followed pdarimetrically:

after 7 minutes ;" + 66.,3° (g, 1.36 in water)
after 45 minutes " + 61,8°
after 4 hours " + 49.7°
«fter 8 hours " + 46.,0°
after 2 days " 4 43,7
aftér:t? days J + 37.7o (constant value),'

Titration of the mixture of loctones with N/&O sodium |

‘hydroxide, ; |

2 ¢.c, 0of the sbove solution were titrated_f
;(10 minutes after solution ) sgainst phenolphthalein.
After the addition of 1.25 e.c. 0,0468 N-sodium hydroxide
'neutralisgtiou was slow., Lfter gentle heating a
total of 2.92 c.c., 0,0468 N-gsodium hydroxide was re-
ouired,

(Caleulated for C§H1605 : 2,58 c,c, are required )

. 2reparation of the corresponding mixture of emides.
Lf%er suitable treatment ef the syrupy

mixture of lactones (0.6 g.), as described for fr.
:B III a syrup was obtained; [pqg+45.0°(g, 0«4 in
methyl alecohol ).

7eerman tests with the mixture 6f trimethyl glucon-
amides from fro CD IV 4V (combined ). _ -
(a) 0,2055 g« yielded under the conditions des-
oribed for gluconumide 0,0356 g. hydrezodicarbonamide
(m.p. 256°) i,e, 48,8% of the practical yield which is
to be expected from 0,2055 g. 3:4:6—trimethyl glucon-
amide, vwhich is 0.0729 g+ hydrzzodicarbonamide (i.e.

TLAL / |




Tl.4% of the theory).

stituted position 02.

(v) 0,2686 g. yielded under the sazme conditions
0,0498 g. hydrazodicerbonamide,
to be expected from 00,2686 g. 3:4316-trimethyl glucon-
emide 18 0.,0953 g. hydrazodicarbonamide. This result
is therefore taken to indie:te thet 52.2% of fr.

CD IV+V has =n unsubstituted position C,_.

FRACTION E III+ IV (COMPINED).

Preparation of the corresponding mixture of lactones,
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This reﬁult ig therefore taken
to indicate th.t &8 82 of fr. CD IV+V has an unsub-

The prectical yield

The hydrolysed fr. E III +IV (combined)
(1.62 g.) was oxidised with bromine and treated as

ﬁeacribed for fr. B III,

distilled in the high veeuum: b,.p, 110°-160°/0,07 mm,
vield :- 1.28 g., nyt® 1,4618 , OMe 40.5%
(Caleulated for 09H1605, OMe 4243% )

Hydrolysis of the mixture of lactones.

The resulting syrup was

0.1341 g were dissolved in water (1O c.c.)
20
[#); +66.3° (e, 1434 )

after 4 minutes
after 30 minutes
after ¢ hours
after & hours
after 2 days
after 17 days

+6246°
+55.9°
+49.39
+46.29

*F38.7° (constant value).

Titration of the mixture of lactones with N/20 sodium

hydroxide.
2 0.0.'/'
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| 2 a.c, of the above soclution were titrated
5(15 minutes after solution'). Lfter the addition of
1,25 c.c. the red colour would fade only after gentle
heating., /. total of 2,85 c.c. 0.0468 N-sodium
‘hydroxide was required for neutralicsation.
(Oalcglated for 09H16°6 : 2,61 e,c, are reguired )

Preperation of the corresponding mixture of emides.

_ Lfter suiteble treatment of the syrupy

:mlxture of lectones (1,20 go) as deseribed for fr. B ILI,
!a syrup was obtained; ; &{L+45 o® (¢y 046 in

imcthyl alcohol ).

Weerman tests ith the mixture of tri-ethyl gluconsmides
Prom fr, EIII+1IV (combined ). y
:(a) 0.2349 go yielded under the conditions des-
icribed for gluconamide 0,0298 g. hydr:zodicarbonamide
(m.p. 256°), i.e. 35.7% of the practioul yield %o be
'QXPEOt?d from 0.2349 Z+ 33 4:6—trimethy1 glucan;mide,
iwhtch is 0.0833 g. hydrozédicarbonamide (T1.4% of the
‘theory) . This result is therefore teken to indiczte
‘thit 35,7% of fr. CD III+IV hes en unsubstituted

‘position CE‘

f(b) 0.2314 g, vielded under the sawe conditions
T0.0305 g. hydrezodiearbonamide, The practical
Iyield to be expeoted from 0.2214 ge. 3:4:6-trimethyl
gluconamide ie 0,0821 g. hydrazodiecerhonamide, This
result is therefore taken to indicate thet 37.,1%

fr. B III +IV hes an uncubstituted position C, .
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THE STUDY OF FRACTION BI .

HRefructionetion in the high vacuum,

Fraction B I (0,36 g., OMe 57.28%, n%z

was divided into two fractions by distillation
fr, B I(a) 0.11 g., b.p. 85°-88°/0.04 mm, n 16 1,4470,
[x]; 62,7°(2, 0432 in water)
£r. B I(b) 0.15 g., b.p. 9599100°/0.04 mm., ni® 1.4481 ,
OMe 59.15% .
(Caleulated for a tetramethyl methylhexoside, OMe 62,0%).

1.4492)

Hydrolysis of fr. B I(e) .
Praction B I(a) (0«1l g.) was hydrolysed
with N-sulphuric acid at 100° for T hours,. The so-

lution was neutralised and worked up as usual,
Yields= 0.07 g.

| Nueleation of this syrup was unsuccessful
with tetramethyl d-glucose as well as with tetramethyl
ﬁr galactose,

Hydrolysis of fr. B I(b).
| Fraction B I(b) (0415 g.) was hydrolysed
as deseribed for fr. B I(a).
Yield:= 0.07 g
| Nucleation of this syrup with tetramethyl

d=~glucose was unsuccessful.

snilide formation from the hydrolysed fr, B I(a)e.

| To the syrup (0.07 g.) in sbsolute alcohol
(2 csc.) freshly distilled aniline (0,05 c.c.) was
added and the solution refluxed for two hours, On
cooling / .
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cooling long needles separated over-night, which were
reerystallised twice from a mixture of dry ether/pe-
troleum ether (b.p. 40°-60°) .

Found :- m,p. 198°-200°

dmixed with an suthentic semple of tetramethyl d-
galgctose anilide (m.p. 1980), mixed m,pe. 193° .
Adrized with an authentic semple of tetramethyl l-
gelactose anilide (m.p. 193°%), mixed m,p., 193°.

Anilide formation from the hydrolysed fr., B I(b).
The syrup (0,07 g.) was treated as described

Iabove. _
| Yield t- 0.03 g. of the crude anilide.
| The ‘melting point was taken of a sample which had
-ggi_been-recrysfalliaed but haed only been washed
with & little absolute alcohol; m;p. 196o ’

Ex]f 0° (e, 0.1 in acetone ).

'Found tw C, 61,52 s H, 7.88%
Calculated for tetramethyl hexose anilide
0, 61&71 H H, 8.09% .

THE STUDY OF FRACTION CD I.

Refractionation in the high vacuum,
Fraction CD I (1.20 g, np~ ' 1.4538 ) wus
divided into two fractions by disifllation from a

17

vacuum jacketed flask i
fr. CD I(a) O0.44 g., b.ps 142°-146°/0.02 mm,,
ni® 1.4558 , OMe 50.95% , end

fr, CD I(b) , the residue.
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Refractionation of fr. CD I(a) in the high vacuum,.
Fraction DD I(a) was distilled from an
ordinary distilling flausky the first two drops :

:bq,p. 920/0.02 mm. nﬁ4vll4577 ] OMB 4905% .

(Celoulated for trimethyl methylglucoside OMe 52.54%).
It was therefore concluded, that no tetra-

‘methyl glucoside was present in fr, CD I .

In order to ascertain, whetherapart of fr.

' CD I wes composed of an ester all sub-fractions of

IGD I were again united .

Attempted hydrolysis.
The reunited fr. CD I (0.159 g.) was treated
with 0.087 N-potessium hydroxide (39,08 c.c.) at

1106° for 2} hours, After that period the solution
was titrated with standsrd N/10 sulphuric zeid, using

methyl orange as indicator,
Found := 33,70 c¢s.c¢s of 0,1 Nesulphuriec acld were

'regquired for neutralisation,

Potassium hydroxide had been employed, equivalent to
33499 e.ce of 0,1 N=sulphuric acid.
The difference s 0,29 c.c. 0.1 N-potassium hydroxide
had been used up.,
It was conoiuded that no,ester was present
in fr, CD I , '
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PI3cUus 810N,

_ Toilowing the method for the isolation and
'!purific;tion of the hemicelluloses from Iceland loss
glayed dovn in Buston and Bhamber's paper (46), a
Emixture of polyececharides was obtained in the form of.
nearly white powders, The non-homegeneous character
of this materisl could be shown by the ffaotionation
of the purified hemicellulcses by means of the graded
laddition of zlcohol to the azlkeline solution, Thus
lat least two‘fractiona of different uronic acid

content could be separated ("hemiceliulose I" , 4.95%
uronic zc¢id and"hemicellulose II" , 3,54% uronic acid).
Similarly the zcetcte and methyl derivatives could be
+divided into numerous fractions. An snalysis of the
arbvitrerily separceted fraction termed "hemicellulose Iﬁ
emounting to 8S% of the total hemicelluloses isolated,
ishowed a surpricing difference from Buston znd Chamber's
ifindinga a8 regerds the participating units. In our
iaample galactose and mennose were found to account for
not more then 12-18% of the hexose units, the rest
(82-83%) bveing glucose. Pentoses were shown to be
absent, The above memtioned suthors claimed their
hemicellulose from Iceland NMoss to be made up from
mennose and galcctose units only, in szddition to
galecturonic acid, Reference has alresdy been made
to the various influenees, which may be responsible
for a differing composition of polysaccharides of
ibotanioally identical origin. As regards the relia-
bility/ ‘
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pility of our snalysis it emerges from the numerocus
‘control experiments, that the accursey of the esti-
‘metion of mannose ie not less then say 2-3%, while
gthe estimation of gelactose is probably slightly less
éaccurate. Glucose wos estimeted as osczone by com—
‘paring the results obtained on artificial mixtures of
‘eimiler composition, = procedure admittedly only |
'applicable to a case where glucose is present in auch:
;overwhelming proportions.

| The uronic acid component was definitely
:shown not to contain galacturonic acid ( by the un—
;euccesaful attempt to obtain mmcie acid ) and the
'conclusion was drawn from the experimental deta, thut:
it is probadbly d-glucuronic acid, In zddition,
hydreolysis vith sulphurie seid yielded an insoluble
'dark body (amounting to 6-16% of the sterting materisl
scecording to the strenmgth of the scid), Ae mentioned
triefly in the introduetion, such substances are often
'encountered during the seid hydrolysis of certein
pelycaccharides,

In order to obtain information as to the
type of linkage of the perticipating unite in the
mixture of the hemicellulose polyssccherides ("hemi-
‘eellulose I"), the clussical method of complete
‘methylation fellwed by hydrolysis snd the sttempted
' separation of the fregmenfn wes employed. Direet
Enethylation he¥ing proved unsuccessful, complete
methylzation of the acetate was found to be easily
effected under the deseribed experimental conditions,
‘By/
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By mesns of the graded sddition of light petroleum
ether to the chloroform solution five fractions
(A = B) of the methylated compound, showing different

rotatory power, were separated arbitrarily. Fraetion

(A)eontained & considerable amount of products'of low

| OMe content and was not investigated any further,

| Remethylation of fractions CD (combined) end E
eaused only & slight increase of their OMe content.

It was only efter long end repested trestment with

5% methyl-zleoholic hydrogen chloride that complete
hydrolysis of the fully methylated fr&otions (Onle 41%)
B,CD, snd E could be achieved, The zbsence of any
acid derivetives after careful fractionation of the
resulting products in the high vacuum showed, thet
during this relatively drastie@ treatment uronic acid
derivatives had been destroyed, Similar 6baer~
vations have been made previously (65, 66). From
the OMe contents and refrzective indices certain con-
clusions could be drawn, The large middle fractioﬁs
(trimethyl methylglucosides) from B, =mounting to

| something like 85% of the distilled glucosides of this

fraction were considered to be essentially of homo-
geneous charscter; and so were those (85%) of CD
and those (96%) of E., By the isolation of 2:3:4:6-

jtetramethyl glucose znilide from the fully methylated
 middle fractions it could be shown in &ll three in-
stances that glucopyranose was the repeating unit, &

result in agreement with the enelysis of the "free"

'hemicalluloaes;- Hydrolysis of such "representative"
 fractions/ “
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fractions yielded in the case of B and CD:a syrup
‘which crystalliaed partly. The meiting points &nd
the.behaviour of the cfystalline'naterial in 2% methyl-
Ialcohq;ic hydrozen chloride suggested however, that it
consisted of a mixture of trimethyl glucoses in which
23 33 6=trimethyl glﬁaosa was present, The latter is
' the only one of the 4 possible trimethyl-d-glucose
varieties having an unﬁethylated position'04;. thus
in 2% methyl-alcoholie hydrogen chloride transformation
to the furcnoside, indiceted by a downward trend of
rotation value, can teke place (59), Reecrystallisation
Eof the erystals obtained on hydrolysis of a middle _
|fracfien from E yielded pure 2:3:6-trimethyl-d-glucose,
m_the identity of which was confirmed by e mixed melting
point determination, |
| In order to estimate the percentege compo-
‘sition of the mein (middle) fractions the following
‘methods were employed:
IThe aﬁount of 2i13:14~trimethyl methylglucoside, being
‘the only trimethyl methylglucoside with &« free position
Gs,wwa estimated by the method of Oldham snd Rutherford
(58). By forming the p-toluene sulphonzte of the
imixad methylglucosides and treating the mixture with
sodium jiodide in acetone, the p-toluene sulphonyl
group &% 06 is replzced by iodine, which is ultimately
Iestimated a8 silver iodide, This method must be con-
sidered sn accurate one, having been applied, for
/instcnce, to the estimetion of the amount of 2:3-di-
Imethyl glucose present in the hydrolysis mixture of a
fully methylated starch.(60).
An/ .
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in epproximation to the content of 3:4:6-trimethyl
‘glucose, the only trimethyl'giqcose variety »ith an .
unmethylated pasition C,_,was arrived =t by means of the
Weermen rezction. Faigiy accurate conclusions from
the ylelds of hydrazodicerbonamide can however only
‘be dravn under the condition, thet the gmide does not
icontdin appreciable zmounts of the corresponding
ammonium salts; precqutioﬁs were therefore taker to
prevpnt &n fe=r es poseible the establishment of a
;lactoae/acld_eqpilibrium after the distilletion of the
lectones, It mey be noted, thet Berker and Hirst
1{#59), who employed this method for a cuantitative
!eatimation; considered a yiel? of 40% of the theory
lof hydrzzodicarhonamide, obtzinable from an hexonamide
derivative with a free position C,,to be the standard
preetical yield, while the results of our ¢ontrol
‘expe-iments with gluconemide indigete it to be in the |
ir?gion of Tl.4% of the theory, The hydrolysis of th@ '
1lactones in water had been followed polarimetrically.i
:In evéry case u guick downward chenge within 6 hours
wes followed by a slow downward chunge extending ovef
severcl days, confirming the presenlce of a]‘-lactone;
;this iz in conformity with the view th.t 2i3:6~trimethyl
methylglucoside was present in ezch of the fructiéns
investizated, _
IThe eamount of 2;3:6-trimethyl glucose in the: hvdrolvsed
ifractionq wel o2louwlated approximetely from the
megnitude of the rotstional chenge of the trimethyl
glucose mixture in 2% methyl-alcoholic hydrogen chloride,

by/
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by comparing it with the ﬁehaviour of =n suthentie
szmple of 2:3:6 trimethyl-d-glucose (59). Examples
The megnitude of the rotetional change of 2:3:6-tri-
methyl glucose wes found to be 102° (page7ol)(from

[K]; 65.6° to — =36,4° ), Now, the equilibrium
value of the hydrolysed frsction E III+IV in 2% methyl-
slcoholic hydrogen chloride wes found to be 18.70, -
thet iz 55.1%above the equilibrium velue of the

23316 varietys If we assume that cpproximately every
degree ahove =36,4% represents 1% of the mixture to be
cosposed of & trimethyl glucose gther then 2131 6=tri-
“mthyl glucose, this result can be taken to indic=zte
thet 44.9% of fr. E III+IV is composed of 2:33;6-tri-
methyl glucose, This procedure is only justified

under the ascumption that the rotational equilibrium
ie indee’ proportional to the %age composition of the
suger mixtuyre, To confirm this view it would be
necessary to observe the rotztionzl change of erti-
ficial mixtures of the trimethyl sugars concerned, which
:unfortunately were not at our dispossl. Furthermore,’
‘the equilibrium rotatione in 2% methyl-zlcohelie
‘hydrogen chloride of Z2:334= snd 3:436-trimethyl d-
glucose, which have not been recorded yet. need to be
known. The equilibrium walue of 2;4:6-trimethyl
d-glucose hes been recorded es[dﬁ}68.4° (61). In our:
¢ileulation it has bheen sssumed, thut the eguilibrium
velue of the above mentioned two trimethyl gluccse
vaerieties 1s of the same order.

It follows from these considerations that the
amount of 2:3:14-trimethyl glucose could be estimated

accurately/
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%ccurately, thet the accurscy of the estimation of

3143 6-trimethyl glucose wes probably within several
percent and that the estimated amount of 2:3:6-trimethyl

glucose represents an approximation,

Further in-

vestigations therefore, may ceuse minor alterations

of the figures, alterations however, vhich will not

hffect the genersl picture of the composition of the

main fractioné arrived at in this investigation.

The results sre tabulated below:

trimethyl
glucose
variety B
| (fre B IV )
| (page 104 )
233 13%
( €r. B III)
| (page 110 )
3:4:6  50.4% 55 Tk

| mesnvalue 53.0%

(fre B II+IV)
(page 100 )

E:}SG' 324 3%
totels 98, 35

- 48,.8%

in middle fractions

of
01 2
(fr. CD IV) (fr. EIV )
(page 105 ) (page 106 )
8,8% 5 ¢ 6%

( £r. CP IV+V) (fr. E III+IV)
(page 112 ) (page 113 )

52e2% 35.T% 37.1%
50 4 5% 36.4%

(fr. CD IVsV ) (fre E III+IV)

(page 101 ) (page 102 )
41415 44,95
100.4% 86.9%

The conelusion was reached that the hydrolysed middle
fractions from B consisted of glucopyrznose units
linked through positions 1:6 (13%), 1:2 (53%) and 1:4

(32.3% )/
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(32%) 4, while the corresponding figures ,
for CD arec 1= 1:6 (8.8%), 112 (50,5%) and 1:4 (41.1%)
and for E s~ 1:6 (5.6%), 1:2 (36.4%) and 114 (44.9%).
No proof for the zbsence of 2:4:;6-trimethyl glucose
could be given, but it is unlikely that this variety
is_preaent to 2ny considerable extent.

In =2d47ition, evidence of the presence of a
tetramethyl dl-galz=ctose "endgroup" to the extent of
about -,5% of the B-frections could be presented,(but
"not in CD end E )s This was shown by hydrolysis and
enilide formztion from fr, B I . On admixture with
&etramethyl 8-gelactose unilide a small depresaion of
%he melting point was observed and none on admixture
with en suthentic sample of tetramethyl l-galzctose
enildey the an;lﬁ&aswas found to be optieelly inactive.
This obgervation is very unusual and seems to show |
#hat the tewminal groups in some instances are com-
#oaed of d~galzctopyranose units and in others of the
;grorm y bPresumebly in euual proportions. Lnother
recorded obsergation of the isolation of dl-galactose
derivaetives is the isolation of heptaacetyl dl~- galactose
from agsr by Pirie (64)., This “oes not involve
endgroups however, the l-galactose being derived from
the 3: 6-anhydro~l-g=lactose units of the molecule,
| - If no other endgroup is present, this result
corresponds to an average chain length of ca, 50 units
for B (ef., 80 for lichenin  .19).

' B, CD end E yielded algo & smell emount of
lower methyloted glucosides (Ome approximating to
dimethyl/
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dimetvyl wethylrlycosides), smounting to not wore
then 8-10% of those frectionsy they have not been

investigated.

From the non-reducing character of the

| mixture of polvseecharides and from the negative

C rotction of the scetyl derivatives «nd the negative

'(or amc 1l nositivé ) rotation of the methyl derivatives,

it would seem +that there is a preponderonce of
ﬁ ~linksges in the molecules, since they are chiefly

composed of d-glucose and carbon 1 must be concerned

| with the linkages in every case,

The resulte ean ve interpreted in ot leust

| tvo aifferent ways. Pirstly, "hemicelluloseI" could

be a mixture of at leazst three polyszccharides, which

giffer mainly by reason of the different linksges

' between the glucose residues (1:4 , 1:2 , 1:6 ),

Jecondly a mixture of polysaccharides may be preaent,'

in esch of which & mixture of linkeges uppears,
The latter vossibility is thought to be the most
likely one, but in the pregent state of our knowledge
it is impos=ible to decide definitely between them,
Hith~rto the linkage of glucose units in a
glucosemcomposeﬁ‘polysaccharide hes been found to be |
uniform; the previlent 1l:4-type of linkage in strrch;
cellulose, glycogen and lichenin, the 1:3-type in

leminerin (61) and the l:ib-type in the dextran pro-

duced by l.euconostoc Dextranicum from sucrose (63),

for instange. Indeed in the esrly dayes of poly-

saccharide chemistry starch and cellulose were con—
sidered/



-126-

'sidered to be typical examples of the polysaccharide

'structure in generul, Later it hes been ghown on

pectic substances, gums and mucilages etc., that moat
polysaccharides isolated consicted of two or more
types of units linked to cach other in different

wiys, A maennan isolated from yeast( 62 ) provides

an exﬁmple of = polysaccharide, which is made up of

~one type of unit only (mennose ) linked in threée

different ways (132 , 133 end 136 ), Thus in the

'light of mod-rn research our results are perhaps not

surprising, slthough it is the first time, thet the

lsolation of a mixture of predominently glucose

| containing polysaccharides with at lecst three

different types of linkages of the perticipating units

hes been recorded,
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SUMMARY .

. mixture of hemicelliulose polysnccharides was
obtained by extracting ILeelund Moss with 4
alksli followed by purificetion by the copper

‘method.

Lt lemst two fractions of different uroniec aecid
content could be separzted (Yhemicellulose Iﬁ,

89% of the totel, eontaining 5% urenic acid &and
"hemicellulose TI" , 11% of the totel contuining:
8,54 urenie scid. |

fNydrolysis of "hemicellulose I" with 3.7k

)
I
sulphuric zc¢id yielded an insoluble residue (iGﬁ?.
a syrup (73%) and the bzrium salts of complex
sldobionic seids (11%),

finalysis of th syrup showed : T.b6% guleactose,
34 mannose znd 89r4ﬁ'glucose. .
Hydrolysie of "hemicellulose I" with 15% sulphurie
acld yielded sn insduble residue (6%) cnd =&
ayrup; on pouring +the latter into cbsoluts
alcohol a precipitate (13% of the starting
meterial) wes obtzined which contiined probably
berium d-glucuronzte. |
Methylation of "hemicelluloge ["—acetate followed
by frecticnction with petroleum ather yiclded
five frzetions; B - E (787 of the wethylated
material) of & methoxy content between 39 and
41%, while one fraction, A (22%) contained

partly methylated products,

—
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7. Hydrolysis end frectionation of the fractions
| B (24.5% of the methylated products), CD (24%)
and E (29%) yielded T-8 fractions each of a mixture
_ of methylglucosides,
8. Libout 85% of the B-fractions, 94% of the CD-
fractions and 96% of the E-fructions were mixtures
of trimethyl methylglucosides and the large
middle fractions were considered to be essentially
homogeneous, No &#c¢id derivatives were found in
any of the distilled fractions.
9. By obtaining tetramethyl glucose anilide from a
fully methylated "representative” middle frection
it wae shownlfor B, CD end E that d-glucopyranose
| was the repeating unit,
10, Hydrolysis of such "repreasentative" fractious
| vielded mixtures of partly crystzlline trimethyl
glucoses in which 2:3:6-trimethyl glucose was
-present,
11 (a) The amount of 2:3:4-~trimethyl glucose present
| in the middle frections of B, CD &nd E was
estimeted by forming the 6-iodo derivetive from
. the mixture of the respective tosyl derivetiwes.
(b) The amount of 3:4:6-trimethyl glucose was
estimated by the Veermzn reaction.
(e) The emount of 2: 31 6-trimethyl glucose was
| estinmuted roughly by compsring the beheviour of
' the hydrolysed fractions in 2% methyl-slcoholiec
hydrogen chloride with thet of an authentic sample
of 2:3:6-trimethyl glucose.
the/ |
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The results indicsted the type of linkage of the
glucoge units to be for those middle fractions

in B 1:6 (13%), 1:2(53.0%), 1:4 (32.3%),

in CD 1:6 (8.8%), 1:2(50.5%), 1:4 (41,1%) end in
E 1:6 (5.6%), 1:2(36.4%), 1:4 (44.9%) .

By isolating tetramethyl dl-gzlectose anilide

from fraction B I the presence of an "endgroup”

could be demonsirated which, if no otuer endgroup

is present would correspoend to & chuin length

of 50 unites for B, _

The result: are tentatively interpreted as indi- ;

eating that"hemicelluloae I" iz probably a mirzture

of polysaechuarides, consisting to the extent of

about 85% ofIS-glucose unites linked Vtarough

"positions either 1:4 or 1:2 or 1:6,
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