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bv Elizabeth Pent Johnson.

AN INVESTIGATION OP THE CAKBOHypPATS OBTAIiiABIEi

FROM THE GRSSS? ALGA IILVA,

The carbolydrate obtainable from a smmber of the
Ohlorophyoeae has been investigatea for the first time.

This polysaccharide i® of an acidic nature and it®
extraction from tlie alga has been effected vrith hot dilute
sodium carbonate solution.

Wonic acid residue® do not appear to be present
and the acidity of the material has been shoisn to be
dependent on the presence of organically bound sulphur. It
is suggested that such mlphur exists as a sulphuric acid
ester group of the type R.O.SOg.OE, but complete quantitative
confirmation of this view is difficult to obtain.

The polysaccharide has been Shown to consist in
part of methyl pentose units, which are appar«xtly removed
preferentially during dilute acid hydrolysis, since the
simple sugar fractions from such lydrolyses are richer in
methyl pentose than the original material. @ M¢éthylation of
simple hydrolysis products has led to the isolation of a

fully methylated methyl pentose and the identification of
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the sugar as (1) rharanoee, the presence of which In algal
carbohydrates lias not previously been reported. Little
evidence has been obtained as to the constitution of the
remaining part of the carbohydrate complex but it apparently
contains a certain amount of highly unstable material.

An arbitrary separation of the polysaccharide
extract into two fractions according to their solubility in
3% alcohol has been effected. The fractions differ
appreciably in their equivalent weights but in view of their
very similar sulphate figures it appears tliat the higher
equivalent wei*t of the more soluble fraction is due to the
presence in it of a certain amount of sodium salt. There
is a well-defined difference in the rhamnose contents of the
two fractions, suggesting that a more profitable separation
into a rhamnosan end a rhamnose-free polysaccharide might be

possible.
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Complex e@rb@hyarat@ m aterial was extracted from
certain algae ac early ae 1883(1)c Althci%h the acidic

1.

nature of the polysaccharide was noticed m& it was given the

name alginie acid no further investigation of its chemical
composition was made and the material was merely used for

commercial purposes.

Kylin in 1913(a) reported that alginie acid on acid

hydrolysis prodWed only pentose sugars and Boaglmd and
Lieb (3) two years later showed that the alginie acid from
macrocystls lyrifera after hydrolysis gave rise to a sugar
with a phfflcyl osasone eomtspcnding to either d-xylose or
d-lyxose. In 1926 Atsuki sad T”*eda(s) attributed the
acidic properties of «dginie acid to the presence in it of
uronlc acid residues since, on boiling with hydrochloric
acid, carbon dioxide was evolved.

Nelson end Cretehor(C) have isolated a poly-
saccharide from the brown algae laalnaria sgherdii, fUcus
serratue md macrocyetis pyrlfera by extraction with sodiim
carbonate solution and eobeequorrt acidification and
precipitation into alcohol. 'They have proved conclusively

in all three cases that it is a pelyurimie acid Which on

hydrolysis yields mmuronie acid. This result me confirmed

by Bird ajd Baas(6) in 1931 in the ease of laminaria.
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Polysaccharide», apparently of a somewhat different
nature, have been isolated by varLous worker» largely but not
entirely fnm mmbers of the Hhodoplyeeae. 1t had been
known for some time that the carbohydrate extracted by water
from fondras crispue (carrageen) left considerable
quantities of calcium sulphate on incinération and the
removal of this ash could not be effected by dialyeie.

HaaS(y) in 1921 suggested tlmt this calcium sulphate vms not
pre-exieting but was produced fms a calcium ethereal sulphate
group in the polysaccharide, possibly represented by some
formula such ast- /O.SOZ.O\:

a ;
N),sc2.«r

IHs evidence in wpport of this view was that, althou” the

ca

original material gave tests for the calcium ion, sulphate

tests could only be obtained after hydrolysis or ashing and
the percent sulphate Jb» the aSh was approximately one-half

of that in the hydrolysate.

Russell Wells(g) has shown that the carbohydrates
of other red algae contain ethereal sulphate groups and
Butler”j has investigated further the material obtainable
by water—extraction of carrageen and has confirmed the
presence of a sulphate ester group but consi®rs that the
cation contains other metals besides calciwa, notably

potassium. Apparently little was known of the nature of



the carbohydrate moiety but the presence of some galactose
and of very small quantities of pentosan was reported(8) ¢

By heating the red alga Iridiae laminariodes with
water, concentrating the extract and precipitating into
alcohol, Hassid(io) has isolated a polysaccharide Which he
has Investigated in some detail and shown it to be the sodium
salt of a sulphate ester of a galactan. Unlike the ethereal
sulphate salts from ch<mdrus crispus, the sodium could
apparently be removed easily by electrodlalysis, leaving the
sulphuric acid ester of the galactan which had a lower pH
than the original salt and a somewhat different physical
form, being flocculoit, whereas the salt was fibrous. The
ethereal sulphate group could be removed by acid or alkali
hydrolysis leaving a galactan thicHi was investigated by
méthylation. Hassid found no evidence for the presence of
either uronlc acid or pentose sugar residues and considered
the polysaccharide to be made entirely of galactose im its.
This does not, however, preclude the possibility of other
carbohydrate material being present in the alga but not being
extract™le by water.

Bird and Haas(6) have Sbiown that ethereal sulphate
groups are also present in the mucilaginous nmterial «hich
exudes from certain seaweeds such as laminaria and fucus.
Tills mucilage has long been known as Ibcoidin and Kylin(2)

as early as 1913, reported the presence in fucoidin of the



methyl pentose fUeose. BiM and Haas(8) confirmed the
presence of facose and also claimed that fucoidin contained
a small percmtage of uronic acid. Lundo, Keen and Oy (u)
biave mde a detailed investigation of fucoidin. They have
confirmed the presence of ethereal sulphate grovg>s and have
estimated the fUeose (quantitatively. They conclude that the
whole of the oarholydrat® cannot he accounted for as fUcose
but they disagree with Bird and Haas’ statement that uronic
acid residues are present and suggest that the product used

by these workers was Im”“iure.

AIi4S .Qg .TIB. nm :8Tim TIOH.

The foregoing account susssariees the main lines
whidh the investigation of algal carbohydrates has followed.
It would appear that in general such polysacdharides are of
a Qu«#lex type, often containii® other than simple si%ar
residues. Nevertheless, the subject has been treated by no
means exhaustively and since the carbohydrate reserves of
the green alg”e do not appear to have been studied, it was
decided to investi®te a member of the "orophyoea® from
this point of view, A consideration of secondary ii“ortanoe
was that it might eventually be possible to correlate in some
way photoi®thetlc product with the algal pigment. The
seaweed tJlva was chosen for this investigation since it could

be obtained in quantity.
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BtmCTKM MD imCTIPHATION OF CABBQHamTB.

By analogy with the methods of extraction used in
the researches on other algae, already described, it seemed
that it might be possible to effect an aqueous extraction of
caibohydrote frm the Ulva. The pigment extracted alga was
therefore heated on the water-bath with distilled water.
That material ms being extracted by #dls method was obvious
since, on straining off the fronds, a sli#itly viscous liquid
ms obtained which gave a strong !&>lis*-reaction.  This
process of extraction ms repeated once,after which further
extraction produced (Wy veiy dilute solutions. When the
combined extracts mre evaporated to a small volume end
poured into alcohol ma almost tblte curdy precipitate was.
formed. The iw eelpitated matMial was worked up by
trituration with alcohol, the final product being a white
powder. The water-extracted frcaads v/iero then subjected to
further similar extractions using 0.” sodium carbonate
solution instead of water. On acldlfyi%% the concentrated
carbonate extrs&cts and pouring into iileohol a ;" ecipitate,
resmabling that from the aqueous extract, was obtained In
appreciable yields. Hence it was concluded that the #:ole
of the earbolQrdrate present in the alga ofmnot be directly
extracted with water. It seemed that the extracting power

of the sodltSB carbonate might be due either to the formation
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of a soluble sodium salt (of an acid polysaccharide) Axm a
pre-existing insoluble salt or to the actual disruption of the
cells of the alga, by the alkali end the consequent freeing of
their contents for extraction.

iSitll the properties of the two extract® could be
further elucidated it was considered desirable to treat the
"aqueou®" and '"caibonjite" extracts separately.

A preliminary £nvestigatl<m of the conditions under
Which the aqusous-extraeted material could be hydrolysed
showed that, on heating, lydrolysis occurred whenever the
pHof the solution was less than ?. The aqueous-exbract
itself was, however, sll# tly acidic, a 19 solution having
a pHof "proximately 5 m& on heating with water alone
hydrolysis was “own to take place slowly. It was obvious
therefore that extraction laith water and stheequent evapora-
tion of the aqueous solution was undesirable since the
prolonged heating necessary would almost certainly cause
swne degradation. The decision was therefore made to extract
entirely with mdium carbonate and the alga was treated once
with 0.5” sodium carbonate and then three time® with 0,2%
sodium carbonate.  Wlien the combined extracts, after
evaporation to a small volume were poured into alcohol so
that the alcohol/water ratio was 4:1, a ecenewhat intractable

fibrous precipitate was produced. If, however, the



concentrated carbonate extract wae acidified and then poured
into alcohol a more tractable, flocculent precipitate
resulted* This, together with pH values mentioned later,
almost undoubtedly indicated the presence of an acidic group
in the polysaccharide, the m terial obtained after acidifica-
tion being the free acid corresponding to the sodium salt
isolated in tiie first Case. This diffei*enee of physical
form appears to be not unlike that observed by Haesid"jjQj in
the case of the sulphuric acid ester of galactan and its
sodium salt. Approximate pH values, obtained by the use of
a series of indicators, showed that aqueous-extmeted material
had a pH of !#proximt@ly 5 and carbonate-extracted acidified
m aterial (quite free frim mineral acid) a pH of approximately
3.

The precipitated material, vdiether ‘acid* or ’salt*,
ms generally of a gremidh-brom tinge, probably aic to the
extraction of any remalnii® plgamt by the caAonate solution.
This impurity was readily ifmoved by solution and
re-precipitation. The procedure adopted was, 'ttierefore, to
precipitate as the sodium salt, swell it to a «mooth gel by
heating with a mmll volume of water and then to acidify with
concentrated hydrochloric acid and re-precipitate the acidic
m aterial with alcohol. It ms noticad, however, that during

such acidification there was a great decrease in viscosity
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and at the same time the solution became opaque, indicating
the premenco of water insoluble material. This suggested a
possible mthod of fractionating the product. The acid
solution was centrifuged hut the supeme.tant liquid was still
opaque. (i adding alcohol, however, till the alcohol/water
ratio was rather lass than 1:1 and re-centrifUging a good
separation was affeoted. The solid proAict was woiked tg by
trituration with alcohol and deelgnated Fraction I.  The
mother liquors, frm Whidi Fraction I had been precipitated,
on pouring into sufficient alcohol to usdce the alcohol/water
rstio 4:1, gave a fbrthar quantity of lAiite flocculent
precipitate designated fVacrroa II. It was later fbund that
the addition of some water to the mother liquors before
precipitation of Fraction H wa® advantageous since it reduced
the quantity of sodium chloride thrown out along wll* this
fraction.

To That extent this method of fractionating the
earbobytefte extract is suitable will more profitably be
discussed When ail tiso information obtained about tiie two

fractions has been prosented.

fURITT OP EXmiCTSD IRMSIAL.
When the carbohydrate extract was subjected to the

usual protein tests, negative results were obtained. Since



the teste bad been Shown to be applicable In the ease of a
etarch-protein mixture contalalr™ as little as 0.3® of the
protein constituent it me aesmed that if the extract
contained any protein at all it ms present in negligible
quantity.

The material had, homver, a very appreciable ash
content (15-40®). Examination of the residue after
incineration indicated the presence of sodium, calcium, ircm
and sulphate ions. The removal of this inorganic matter by
electro-dialysis across a psrchment simhrsacie was attempted.
The colloidal suspension to b@w dialysed was placed between
two meisibrsncs, a flow of distilled water being established
on the other side of each mVkbane- Current densities of
the order of 0.001 OEp/cia® were used. It was found that
some reduction in mineral content could be achieved by this
metiiod, but the results were disappointing as, ev®i after
diaSysing for severol days, the ash contmts of the products
isolated were high. Recovery of the material after dialysis
ms also difficult as precipitation of the acid was not
easily effected.

The Chief ejsperimerital difficulties encountered

weres-

(a) the jsaintemnce of a flow of water on each side
of the dialysing mWwanes at such a slow rate
that tlse currmt did not fall below the value
required. This was partialdy remedied by the
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substitution of very dilute IqrdroOhlorle
acid for distilled miter, #@n it was
possible to use a greater flow.

(b) the prevention of material from settling to
the bottom of the diaJyeer as a sludge,

caused a clo/%r ing of the raeoibrane-
surface. This difficulty was, to a

certain extent, overwme by bubbling

nitrogen throu# the dialysing soluticm.
Meazsahile it was fbuM possible to romove a part of the
inor*mio matter from the carbohydrate extract in a m&h
simpler manner. A considerable proportion of the aSh mis
evidently calcium sulphate and strate of this was seen to
separate out during coneentratien of the extracts. Thle
suggested that a part of the mineml ispurlty Aould be
capable of removal by nitration before precipitation of the
carbohydrate.  This removal of calcium sulphate effected
by filtro'tilon, at the highest concentration practicable,
first through cloth and thaa through filter papers and by
this means the products were freed from the greater part of
the ineolPble inorganic matter present . The possibility
of removing the remaining, largely soluble, aSh was not
pursued farther althou#i it is conceivable that dialysis
might proceed more readily after the removal of the calcium
sulphate. The presence of such impurity was not necessarily
a serious hindrance in the investigations of the carbohydrate

complex to be described, as the mcessaxy aCh correction

could be made. In méthylation experiments, from udiiCh a
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considerable amount of Informtlma has bean gained, the
inorganic matter was automatically lost during the méthylation

processes so that ash-free products were obtained.

pmemams (F mm .aecA(Ka? mmaAL.

FTactiom I was a brownish-wMte smorphoue powder
vdtloh swelled readily with water, in which it was slightly
soluble to give a frothy colloidal solution* A 1® solution
had a pE of “proxlfflately 3.

The greatly differing water solubilities of this
acid and its sodlm salt was easily idiown by the addition of
caustic soda solution to an aqueous susponsion of the add.
After shaking for 8<sae time a solution suffldently clear
for optical use was obtained and the «pacific rotation in

sodium hydroxide solution was determined: -

w200
= -74°(c = 0.88).

578

The physical fbrm of Fraction II was very similar
to that of Rfaetion I except that Fraction H was almost
White.  Fracti<m H exhibited a similar swelling affect with
water, but its solubility was, as anticipated, very BwCh
greater. The solution obtained was, however, never
sufficiently clear for the specific rotation to be determined,
so as with Fraction I ,observations were made after treatment

alk ali,. » «

L 41546.1



12.

The pH of a 1® solution of Fraction II was approximately S«
The inorganic residues remaining after inclneratifm
of the two fractions were examined coaparatively and the

results may he wmarlsed thus*-

Eraetion I. Fraction I1I.
SO4++ SO4++
Fe++ Pe+?
Ca+t,, Ci#+
Ka+- Na++

(ash does not fUse} (ash fuses)

I?0 test for tlie chloride ion could be obtained on
the ash of either fraction, indicating the complete removal
of sodium chloi'ide during the precipitation and trituration
of the products. That the removal of excess hydrochloric
acid ms also complete was Shown by the fact that tests for
the diloride ion, after ashing in the presence of sodium

oarbomite, still gave negative results,

smjmTE: Hsrim Tiom

In view of %e reported occurrence of ethereal
sulphate groups in the carbohydrates of various algae, the
acidic nature of the Ulva product and the *parently h i#
sulphate content of its ash, it seemed desirable to
investigate thle eulphate content more eadmustlvely.

A sas™le of Fraction Il material was ashed in the

usual way in a platinum crucible and another sample was ashed
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siffiL'MPly but in the Ea*s®eiVMse of sodi» cazbonat®. If an
ethereal sulplmt® group were i»reseat there should be a greater
quantity of sulphate retained in the ash when sodium carbonate
iB presOTits- E.0.SO2.0H— >a0OH + 303"*

E.0.iSOg.OH — E.OE + m&gsD* + Co/’

On testing Ibr sulphate on the two ashes dense
precipitates were obtained in both cases and these were veiy
difficult to compare*

Witten barium <ailoride was added to an aqueous solution
of the original Inaction II material aaly a vezy faint
precipitate was produced, Wt on adding a drop of concentrated
hydrochloric acid and heating, a dense v&ite precipitate of
barium sulphate was immediately thrown down. This seemed to
iiuiicate that the sulphate ions present in the abb were not
pre-existing in the material before incineration or hydrolysis.

Quantitative estimticms of the sulphate present
after hydrolysis with % hydrochloric add were made on
corresponding sas“les of Fraction I and Fraction H material
and values of 12® and 1% were obtained respectively.

The sulphate in the ash of this Fraction II material

was found to be;-

7® aShed alone
13® ashed with sodum carbonate

These figures suggest that part at least of the sulphate must

be organically bound.
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There is reasonably jped agreement between the
percent sulphate present after bydrolysis and that after
aSbing with sodiisa carbonate, “ich would be the case were
the source of the sulphate an ethereal sulphate grovp, since

in both cases the %Aod@ of the sulphur would be estimated: -

NSmOO. )
H.0.SOp.OH ROH + [I&SUA + OOp
R.0JSO0.OH-—————— >ROK + H*aOa

H'OH hydrolysis
The ratio of total sulphate to sulphate in aSh is

seen to be appro%im.tely 2:1 end this %%tio has been
confirmed In subsequent experiments. Were the Fraction II
m aterial undoubtedly a salt this ratio might be takm as
quantitative evidence of the presence of a sing)le ethereal
sulphate group of the Vp® H.0.S0g.OX (X = metal) such as
laseid(io)C<msidera to be present in the carbol%rdrate of
Iridiae laminariodes:*

2 R.0.S02.0Ha— A BOH + + KpSOA'

2 R.O.mg.C a >2 HOH+ g NagSQA + OOg'*
NagOO)

Fraction II was, however, shown to be distinctly acidic and
to have a pH approximately 5 (I® solution). Equivalent
weight determInationB by titratlba against deeinormal alkali,
showed that different ©aEcples of Fraction II material had
equivalent wei#te varying from 1,000 to 1,400 and the

Fraction II, on which the wlphate figures quoted above were
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obtained, had an equivalent weight of 1,100. If the acidity
were due entirely to sulphuric acid eater groups a total
sulphate content of 1~ would correspond to a lower equivalent
weight than 1,100 (actually to an equivalent weight of 730).
It semas, therefore, not unreasonable to sc”poee that
Fraction H contains sodium salt as well as free sulphuric
acid ester, since it would then have a M #er equivalent
woi#t fbr a given percwt sulphate. The presence of a
certain amount of sodium salt in fraction H was also in
agreement with the fact that the ash of fraction H conteined
a very considerable quantity of sodim, which oould not be
due to sodium diloride. (The existence of sodium salt in
Fraction H, whiCh was, as already described, precipitated
in distinctly acid eolutitm, is not eejsily understood. The
shifting of the equilibrium NaX + Iffil # 1iaCl + EX in the
direction <— in the presence of alcohol might possibly be
one of the causes.) At the same time, even if Fraction H
is partially sodium salt, it is difficult to understand idy
so mu# sulphate is retained when it is ashed alone.

Sulphate "terminations an the izwrganic residue
after incineration of a sample Fraction I gave:-

é® ashed alone
10® ashed with sodium carbonate

The total percent sulphate, obtained When the material was

ashed with carbonate (10%), is in fair agreement with that
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quoted for sulphate in hydrolysate {128,)c %e equivalent
weights of various samples of Fractioa I material were found
to be docideaiy lower than those of Fraction Il and to vary
from 450-850. Assuming Fraction I to contain only free
sulphuric acid ester and no sodium salt, a total sulphate
content of 1%& corresponds to an equivalent wei#t of 800,
On the other hand, If the material is acid and not salt, it
is not clear why sulphate should be retained d&iring aShing
wilhout,sodium carbonate. This unezqwcted retention of
sulphate during the ashing of both Fractions I and II might,
however, be due to the presence of oxides of other metals or
to small quantities of inor#nic sulphates not detected by
the sulphate tests on the material before incineration on
account of the large quantity of colloidal material present.

% drolysis of a sample of Fraction II material by
heating withbaryta for 7 hours gave a product with a
very muOh higher équivalait weight viz. 12,000 end quantities
of barium sulphate, indicating the removal of an acidic
sulphur oontaining group.

The general Inferences from the various sulphate-
estiraations appeared to bet-

(1) that organically bound sulphur was undoubtedly
present in the carbohydrate, since material
originally giving no sulphate teat gave strong
tests after ashing and after hydrolysis.
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(2) that the sulphur conts.iniiig groii® (possibly

©n ethereal sulphate jjroup of soro kind)

was responsible fbr the acidity of the

m aterial, since the removal af this groi’i

by baryta-bydroiy”s left a non-acidic

polysaccharide.
I It is impossible to establish with any certainty
the ratio of total sulphate/sulphate in ash unless material
which is purely a salt of the supposed sulphuric acid ester
(i.e. containing no free acid) can be obtained, since if any
free acid is |u'esent there is alw”s the possibility of
*sulphate in ash" being low due to the escape of sulphuric
acid. The pi“armtion of a salt suitable £br this estimation
would offer considerable diifioulty as the conversion of acid
to sodium salt by addition of sodium carbonate is by &e means
accuzute. The point at Whil# the exact equivalent of sodium
carbonate has been added and there is excess of neither free
acid nor sodim carbonate cannot be determined un til more is
known about the material. It is obvious that the presence
of excess sodium carbonate would also render the sulphate

figure on the ash spurious since it would cause the retention

of too mi# sulphate.

IimSTmTIOE or FATEHIAI TO THE PRSSgfCS OP UWEIG MID.

The extracted material was examined fbr the presence
of urcsnic add residues according to the method deswlbed by

Dickson et al(i2J with very slight modifications»
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This aeteminatdlon is dépendait on the practleally
quantitative yield of eeAon dioxide from a w'onic aeid
%hen it is Wiled vith 1% hydroeMorle aeidj-

% W 7 —t + dR.

method eonsietad esseaitially in 'boiling the
substance under investigation %ith hydrochloric acid in a
current of carbon dioxide-free air and absorbing any carbon
dioxide evolved in a measured wlime of standard baryta
solution. %r back-titratlan of the baryta the weight of
carbon dioxide given o ff from a Jsnom weight of the carbo-
hydrate could be detemined.

Determinations were carried out on a number of
different saisies of material sad the result© obtained may

be summarised thus:-

Wt. of carbol*arate giving
Sample 44 gm caTbm diox%de
<a> Aouooua extracted (1500)
b) " « 1200
£0> Carbonate extracted
(d) Partially dialysed
(®) 2% hydrolysed _ 960 .
vf) sractionated - Fraction I 1220 (Equivalent Welgélzt(;
(2) ” - Reaction IT 1200 ( « "=
1020)

(h) IMrly sis”ie hydrolysis 1180

proAwt (soluble in 85??
alcohol.
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The fact the carTsohydrat© contained an acidic
group of aoiae kind and undoubtedly evolved carbon dioxide
under the prescribed coniSitione mmted at first to indicate
the presence of uronic acid residues,

AKaminatlon of the figure® quoted above does,
however, reveal that the weight of material yielding 1 go
nwleoule of carbon dioxide Shows surprisingly little variation
considering the range of products examined. @ Another
remarkable feature is tfiat fractionation apparently causes no
appreciable difference in carboxyl content even when the
equivalent weights (detemined by alkali titration) are
widely different.

Again, ett™ #s to isolate a salt of a single
glyeuronic acid, after acid-i*drolysis of the polysaccharide,
have always failed (see later section).

These facts, although not necessarily conclusive,
all seemed to indicate that the source of the earb<Hi dioxide
measured might not be a uronic acid group. More definite
evidence against the presence of such groups was obtained
from fUrfUraldehyde estimations (described in detail later).
M aterial giving evidence for uronic acid by carbon dioxide
evolution was shovci to yield no flirfural but only methyl
furfural resulting from methyl pentose residues. The sample

(h) in the table of results given can be quoted as an
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example. In a furfural eatim tion (h) gave a soluble brown
methyl furfural phlorogluoide, oorresponding to 2% methyl
pentose but no black inaolbble furfural.”loroglucide.

Hirst, Campbell,band Youog(i3) conclude that the
evolution of small quantities of carbon dioxide cm boiling
carbohydrate material with i~droehloric add does not
necessarily indicate the presence of uronic add residues and
they Sil0OWthat the yield of carbon dioxide from starch is of
the same order as timt from maltose or glucose (0," ). % ey
give values for the percent catbsa dioxide evolved frma a
large number of sisple sugars (0.7-0,% ) and infer that the
effect is in some way dependent on the reducing grot# of the
sugar since, with laeanitol, there was no evolution of carbon
dioxide.

The mwuht of carbon dioxide evolved from the
m aterial under iaveeti” tion was certainly decidedly greater
than the values quoted by Hirst, etc., for the various sla#l«
sugars - being of the, order of 4-5. There has, however, been
very definite evidence in both hydrolysis and méthylation
experiments of the presence of labile, easily oxidlaable
residues, in the polysaodharide. It is, therefore, suggested

very tentatively, since there is no direct evidence for tha

supposition, that this labile material may be rasixmsible for
the evolulion of the small quantities of carbon dioxide

estim ated.
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asmjmmhwis, qf m miysACcmaim.

In order to gate information as to the nature of
the (instituent units of the polysaoeharide it was desirable
to effect a breaMom to sii#ler material and the standard
method of degradation of a polysaccharide by hydrolysis with
mineral acid was applied.

Preliminary trial eaqperimsnts showed that when the
extracted material was boated on the mter-bath with acid of
moderate strength (about 2H) hydrolysis proceeded very
rapidly and after only 1 hour the solution had charred
considerably, exhibited a strong reducing action on Fehling's
solution and readily absorbed alkaline iodine.

With more dilute add (*/25, and */100) small
scale experiments indicated that a less vigorous lydrolysis
occurred vfeiein could be followed by withdrawing portions of
solution and titrating with iodine (scethod of Baker and
Thilt©n(i4)). The rate of hydrolysis w” evidflsatally
depmident on the strength of the add. On beating with
water alone there was a alow hydrolysis, the rate of vfaich
was about half that Whan ®/flO acid was used. This was no
doubt due to the acidic nature of the material itself, since
on heating an aqueous solution, to Which alkali had been
added till the pH was 7, no ly*drolysis occurred and a similar
re m it was obtained with a solution udiiCh was da” nltely

alkaline.
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Larger scale hydrolyses were then attempted with
the object of isolating the products, partially or Wholly
degraded. In the first experiments of this kind aqueous
extracted material was heated for 24 hours with */§D sulphuric
acid. After neutralising with baryta, filtering and pouring
the concentrated filtrate into alcohol, a white precipitate
not unlike the original material was obtained. The
alcoholic mother liquors on evaporation left a very viscous
syrup. It appeared, therefore, that material of varying
con”lexity was produced and this was siq#orted by the fact
that the iodine-abaorptions/gm. of the two products were
markedly different. The mean of these iodine absorptions
was, however, very considerably lower than that of the final
hydrolysis mixture aod this loss of reducing power was
confirmed in subsequent similar experiments. That reducing
power was lost during evaporation of the neutralised hydrolysis
mixture was Shown by iodine titration before and after con-
cmxtration and in m experiment of this kind almost 70% of
the reducing power was found to be lost during concentration
to a third of the volume. When a hydrolysis-mixture was
concentrated in an atmosphere of nitrogen there was only a
very «*«11 decrease in the iodine-absorption/gm., suggesting
that the previously observed loss of reducing power was due

to an oxidation of labile material of sane kind. In all
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subsequent 1"drolyaes both the initial treatmmit with acid
and concentration of the neutralised hydrolysis mixture were
carried out in nitrogen and the results indicated the
reteoition of reducing power.

Applying these precautions a fwther hydrolysis
with /50U acid was attempted and heating was continued m tll
on plotting iodine-absorption/gm. against time it appeared
that the rate of hydrolysis had bec«kme very small. On
working i# the lydrolysed material and fractionating by
alooholfaolttollity products of varying cm "lexHy were again
isolated. The stalest of these prodiKrts had, however, an
iodine absorption/*, of only 40 ce. */10 (cf. absorption/gra.
for glucose =111 cc. */36) indicating incosipletely de”aded
m aterial. ifence it was inferred thsit */y) acid capable
of causing only a partial break-down of «te polysaccharide
and the observation that no mono8&c<"gffl*ide ms isolated
pointed to the fact that this degradation was not brought
about by the scission of sis#le mgar residues.

In order to effect a more complete degradation the
extracted material was treated with very muCh more concentra-
ted acid (H). It appeared, however, that this treatment was
not satisfactory since, although a Auction of fairly high
iodine-abeorption (65 cc. */IC) was isolated, the yield of

m aterial recovered from the hydrolysis mixture was vesy low
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mad th#r» me &mneM”KUt 3w@ of rodWng pmsr# At the
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iMPsely mawmWmride, it eU 1l haane #i*rmt optiml
retwy power*

SLaoe treatmmt with » m iii #p@erW to reeult la a
too dmetW hreaWom of the ow% oh#mte md */50 aoid to
omwe only a eHgbt dégradation, m adla of intermediate
etrmgth ma next ##loyed, vie,# */C mdad hyaro3y«t8 with aoia
of IMe eonoentmtion haa been mma to give «atiefaotory
remit#, fhe loea of yield ma of reduoing power me not
appreoihble md in all oaeea mm mterW. me iaolatea,
Whi# from ite eoluMlitsr in #9*# alooWI1 and ita Mgb
iodlIxu9*abeorptimi me evidently alm et entirely nemo-
mW kwide, ftetherasKPo# the prodno# of eueh hydrelyae#
had meamr#le i#eoifio rotatime.

%&P03ye@e of vWoua am#le* of materiel ware
effected with */5 acid# reaction» being fCHewed hy
iodine titration end it appeered that the eoume «tf the
hydrolyMe ma v%y MmUar Vhatemr material me need
(agneoue extracted» irootlom I or STOction H), “en the
iodine-ahaorpt™!" M #* plotted againet time it oonld he

Been tJtet in all m«ee there me an initial fairly r* d
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reaction, the rate of wMCh g%%au&Uy decreased so that,
after SO hours,continued heating caused very,little Change,
the iodine-absorption than being of the order of 45 cc. N/1O
per sa.

From such a hydro3ysis-»iixture the degraded
m aterial was Isolated hy heutraliaiz® with herfta and barium
carbonate, evaporating and fractionating by alcohol-eolU bility*
Titration of samples of the various fractions with iodine
Showed that the iodine absorptlm/sa. rose regulsriy with
increasing alcohol-solubili*. This is not readily
undeflstood if uronic acid residues ere present in the poly-
saccharide since barium salts of simple glycuremic acids
would presumably then be found in the hydrolysis mixture and
these would have a low aleohol-solubility but high iodIlne-
absozption. Furthermore, attempts to reganermte free
glyeuronic acids from hydrolysis fracrULons with moderately
low alcohol solubility were unsuccessful.

Since salts of <“Lyeuronic acids appeared to be
absent fT » the neutralised 1"drolysis mixture, the evidence
was that fpactionatloa of euCh mixtures was resulting in a
crude separation of the products according to their couplexity.
Observations of the optical rotations of the fractions from
®/5 acid-1"drolysis ©bowed that in all eases there was a

regular Increase in specific rotation, in the positive sense.
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from the most complex to the adapleat product gad w hilst the
fractions with lowest alcohol solubility were laevorotatery
the”2»” alcohol soluble material was dextrorotatoiy

(W)$46*1 being of the order of +l6®. Whan a hydrolysis of

FTaotioa IT material with */li aeid was followed polari-

m etrically and arrested «M ist the optical rotation was still
very definitely negative, the products being isolated as
described previously, a very large proportion of material
recovered ws fbuad in the more cmaplex fractions, having
very “preeisble negative specific rotations. There was,
however, an extrmely small quantity of 99.4% alcohol
soluble product, apparently very similar to that obtained in
®/5 acid-hydrolysis. On attei#ting to hydrolyse further by
the use of more concentrated acid the various fractions from
this eoJ#aratively mila-iydrolysie there was a considerable
loss of material m& at tte same time, vezy little increase
in iodine-absorption and it appeared that a coiqplete break-
down was taking place.

Apart from the observatiwa that the more eoBplex
fractions from /5 add-hydrolysis mixWres were Character-
ised by negative specific rotations, which showed a definite
correlation with the lodine-absorptions of these products,
veiy little further information was obtained as to the nature

of such fractions. Sane c®a#arative figures, resulting trm
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furfural estimations (see next section) on the fractions from
hydrolysis mixtures were however obtained and these gave some
indication as to the course such a hydrolysis follows.

Store detailed investigation was made of the nature
of the s1b#10 hydrolysis product, #dCh was a fairly mobile

r .20®
S rxn# and had wl 546 1+15 - tIS®, That this material was
m' R

almost entirely monosaccharide was Cbown fr«m its high =
iodIn®-"sorpti<m/@®. and furfural estimations indicated
that it "mtained up to methyl pentose, tlie presence of
which has been amply confirmed in metl*lation e#ariment@.

It seemed that the remainder of this fTOction consisted of
hexose sugars, there being no indication of it containing
pentose. Evidence was therefore sought for the in'eseace of
one or more of the hexosc sugars most usually occurring in
natural products; vis, glucose, sannose, galactose or fructose,
There was, however, no evidence of “rmmtatien vhea an
aqueous solution of the sugar mixture was treated with yeast
at 30®e, the yeast having previously been “own to ferment a
solution of glucose. Of the above-aecirtioned sugars glucose,
mazmose and fructose are readily fermentable whilst galactose
ferments slowly. It is possible that the presence of
galactose a i not be detected by fermentation unless .

galactose-pretreated yeast was used. Likewise failure to
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obtain Gxyetalline luueie aoii when the sugar mixture was
oxidised with 30% nitric acid m I#t not necessarily indicate
the complete absence of galactose since no special refine-
ments wexe employed. It seemed at this point B»re profitable
to attempt to identify the constituents la the mixture of
simple sugars after e«m#leto methylatlm and fractioaal
distillation of the methylated sugars. The rem its
obtained from methylaticm experiments w ill be mentioned in

a later section, hydrolysis expel('iments can, tlierefore, be
said to have consisted mainly in determining the s»>st
suitable conditions for obtaining sii#le sugar material from
the polysaccharide. Apart from the observation that suCh
m aterial exhibited a scmll positive specific rotation of the
order of +16#, further infomaticm as to its nature was

only obtained as the result of the investigations described

in the two sections following.

Qualitative colour tests appeared to indicate that
furfuraldéhyde was evolved when the carbohydrate extract was
boiled with %dpoChlorle acid. Some evidence had already
been obtained that the material contained uronic acid

residues, #ich would yield furfural under these eondltlm s#

+Q® + 3 HgO.
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QoawUtmtive «stiaaUca» m m therofbre mWe with the ohjeet
of Ending If the AwfUrol evolved fro» «my glvim sample wae
In exeees of that «gsUelpated from the eoppeeed urorale meld
cmxbeat, In 1A 1# owe the proemoe of peatoee eugsro would
be Su«#Hoted.

The m”*bed wplogW wae that of larxls md Bee«h(i5)
md it eoniKieted In boiling & imsm weight v¢ material with
12%hydrodtlorie aeid and proeipiW tlng # e evolved fbrfbsnsl
me the gMrooglwKW,

In eeverol exporisaamte & this kind the WLght of
#aorogW eide inrooipitate ebtaiaod was eomiderotOy In eroeee
of ttmt empeeted fnm the uronie m id thought to be proesnt
and a value for ihe pontoee emtwt m » ealwiiated by using a
foamla eugieeted % Korx'ie end Ies«h(xé}*'*

A =0%99422 - 1.90810 +0*01313 where 4 =

C = wemlo 0aTOon
dioxide*

Lat«r whoa a pbloroglueide precipitate me
exmined aecordlag to the proeedure demnibW by
van dor mer”y) it me IbunS to have a dletiaetly bromleh
tinge sod to be partially eoluble in 9% alochol at o ®F
ftBPfto®! phloro#u@id# resulting from poatoee w uronie auaid
is tOam and iwoluhle under these emwSitione, vhllet methyl
ftofbeml ptOoroglneide from a methyl pentose ie brow and

solid»le in 9# alcohol. 'TM preswoe of methyl pwtoro
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residue# la Vm aim preduet me therefbr# atig”sted*
however» Maple m terW prodwmd by
hydrely#!# of the polyawehorl# m# «mdaed la thl# w it
me Samd to give 0 ptOoreglueide prWLpiWe all of #i#n
me eoWhblo ia 90 mloohol, ladim tlag the presenoo of methyl
peatoee Wt the ompleta eWeam of either pmtoee or oroaie
ftoM* Thea this aateslel me essaMaad ibr ormio aeid» by
the method deeerihed ia a pwloa# eeotiem, it me «W # to
evolve oarWa dioxide la the nme pereeatage a# other preduete”
% le «teemed to prom beyemd doubt that the mure# of nSt
eaitxxa M w 1# m@ not a woaio aeid group. All euheeqmat
ixmtose-methyl pmWw fi#roe wmro therefore oelmAated oa
the asraaptioa that uroaio aMd re#!### mm abeent.
Cmimmtive forfarol-methyl S\afUral eetlm tioa# m
a amber of em#le@ of ITOotion I and H materiel revmled
tM t the two fpmetim# shwofi a m1ll-dofiaed M fforenee a#
far a® their i“"tomMoethyl pwtow omteat me eonoemed °
U# rmm ~ sroetim I being /d~2% mi fo/r motion H
27*%30 (the wide range of mla#« i# net um to diffi#iLty la
ohtalaW ooaeietmt analyse# hat is no doOht depmdent on
the aotml frmotionatim being emWmt iadofinite). Both
Fraotion I md Froetion II original extrmt oontaimed m all
qumtitice of pentose hat when the produet# of their ®/5 mid
tydrelysie were «ommimd it m® fWnd that panto®4 m# only



31.

present In the most complex fraction. At the same time the'
methyl pentose content increased from the most complex to

the simplest fraction so that the percentage of methyl
pentose in tlie single "sugar fraction was considerably greater
than in the original material (e.g. 28% on a ssn”pie. of
Fraction I'and 43%'Fraction I1I). M¢éthylation e;q)erimentB,
described in the section following, in #iich simple
hydrolysis products were fully methylated, have confirmed

the presence of metliyl pentose in these proportions.

This would appear to surest that during such
acid-liydrolysis of the polysaccharide there is a preferen-
tial removal of methyl pentose residues, although other
sugars are undoubtedly split off at the same time.
IVISTIhTLATIOK. :m ™ om
ATmmm.mmcLkTiaii oflthb polysacchasibs.

Attempts were made to effect a méthylation of the
polysaccharide by means of dimethyl sulphate and alkali,
the conditions at first ea“loyed being similar to those
described by Haworth and Learner(ig) in the méthylation of
inulin. A very concentrated aqueous gel of the material
was treated with dimethyl sulphate and 3% caustic soda at
500C, a qgVH1 volume of acetone being added during the
reaction. Ho chloroform-soluble methylated material could

be isolated when the methylation-mixture was worked up,
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neither did «éthylation appear to he effected i“ien
coneider&ble volumee of «ethyl alcohol were added throughout
the reaction nor when dimethyl eulphate and potassium
Igrdroxide were used in the cold.

Likewise efforts to obtain a methylated derivative
of the polysaeObaride by de-aeetylation and méthylation of
an acetate were unsuccessful since attempts to introduce

acetyl groups into the polysaccharide failed.

More successful results have been attained in
attests to prepare fUlly methylated derivatives of simple
hydrolysis products (designated for convenience H*S*}.

In a small scale trial experiment H.S. material
(soluble in 8% alcohol) from ®/5 acid hydrolysis of
Fraction I was first converted to methyl glycosides by
treatment with methyl alcoholic hydrogen chloride. The
methoxyl content at this point indicated that the material
must be largely monosaccharide# SuccesMve treatments of
the glycosides with the Pwdie reagents resulted in the
production of chloroform soluble material and a gradual
increase in methoxyl content. After five treatments the
methoxyl was 50.3% and this was unaltered in two further
m éthylations. The yield of methylated product was 8%

which was fairly satisfactoiy considering the small
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quantities betng ei“loyed. Fractional distillation of this
m aterial gave tw fractions of methoxyl 54,2% and 44.9%
respectively.

In a somewhat larger scale expoiiment glycosides
resulting from Fractlm II H.S. on two treatments with
dimetiqrl sulphate end caustic soda “ve a product of m»derat@ly
hi”® metbokyl content (4”) but in yield of oaaly 6 0, A fter
treating this product tttt'se times with the Purdie reagents a
methoicrl contmt of 52.0 %s attained and this was unaltered
in a fourth méthylation, the total loss of material in the
Purdie treatments being only 4%  The méthylation product on
fractional distillation yielded two major fractions, the more
volatile having- COI3 49.1% good the less volatile OOB 52.9%
Since the undistiUable residue would undoubtedly have & s till
lower methoxyl content it appeared that mthoayl was lost in
the fractionation. That tMse products were by no means
pure was revealed When saaples of each were hydirolysed with
®/10 acid for the removal of the glycoaidic methoxyl grot”.
The hydrolyses were followed polariiaetricallgognd in both

cases discontinuous curves resulted When U,] was plotted
W 4546.1
against tin”". Such curves could scarcely represent the

rcotoval of glyeosidic methoxyl from single B»thylated sugars,

nor were the methoxyl figures on the products easily
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Interpreted, their order of magnitude now being reversed
(39.2s and 37.0 respectively).

The 1*rdrolysed mad unhydrolysed portiom of each
fraction were eoatbined end separately treated again with the
Purdie reagents. Since the methoxyl mntmats of each were
now found to be increased above their previous values the
Purdie treatments were continued until it again appeared
that no more methoxyl rould be introduced (OCH3 55.0% end
53.2s respectively).

When the two fractions were omxhined and
refractionated two major products of 0B 55*3% and 53.2%
were obtained. There were, however, considerable lossse
#ring tlULe fractloaation and the yield of the higher boiling
fractltm was very small.

hydrolysis of a saaple of the first fraction (0B =
55.1%) was effected * boiling with 3%/10 hydrochloric acid
Fisd was followed polarlmetrically. The hydrolysis curve was
smooth and indicated that after about 30 houre a constant

Specific rotation was attained//M AZOO\). The product
’ v m546.1 /

was isolated in 8i% yield and had OOB = 44,3%, The
methoxyl contents before and after hydrolysis appeared to be
in ressihiably good agreement with those of a trimethyl-

methyl pentoeide and a trimtly”l-methyl praatose (vis, 56.3%
and 45.2%).
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Attec”ts to effect a crystallisatioii of the
supposed trimethyl-methyl pentose from ether-petroleum e% er
were unsu.cc'essful but a crystalline anilide was prepared by
boiling the methylated sugar with dry freshly-distilled
aniline in ethyl alcohol solution. When recrystallised from
petroleum ether the anilide was deposited in rosettes of
almost colorless needle-shaped crystals which melted sharply
(with slight deeoB”osition). at 113°C.  This agreed
reasonably well with the melting point quoted by Irvine and
MoHIleoll(i*) for the anilide of trim etiyl rhamnose. !
Similarly the specific rotation of the final hydrolysis
mixture, although of necessity only approximate, was in
agreement with tiie values quoted for trimethyl rhamnose.
More conclusive evidence for the presence of fully methylated
rhamnose in such méthylation mixtures was obtained in larger
scale metlylatioas. r

Hence, méthylation by the agency of dimethyl
sulphate followed ty methyl iodide treatment gave indication
that the methyl pentose constituent of the Fraction II H.S.
(about 40%) was rhamnose but little evidence as to the nature
of the remaining part of the hydrolysis product was gained.
There were considerable losses throu”iout this méthylation,
those in the metlyl sulphate treatment being outstanding.

The fact that there was no sucli serious loss of yield during
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the mnall scale trial méthylation using the Purdie reagents
only, seen#a to suggestthe.presence of labile material
unable to withstand the alkali-treatment. Other indications
of the presence of such labile material had been obtained in
uronic acid determinations and during hydrolyses. In the
latter case it had been shown that the greater part of suCh
breakdown could be avoided h'r lydrolysls in an atmosphere of
nitrogen.

When a control dimethyl sulphate méthylation of
seene Fraction H H.S. was carried out in nitrogen, the loss
of material in two such treatnmnts was found to be very
little different from that in the previous dimethyl sulphate
m éthylation, a product of OOB 45%again being isolated in
70%yield. It seemed, therefore, that althou”i dimethyl
sulphate méthylation was effective in giving rise to a product
of relatively hl#i methosyl, there was ,a large and unavoidable
loss of material during such trealanent and in subsequent
m éthylations the Purdie reagents were mployed throughout
and it was hoped that Ty this means it would be possible to
gain some inform tion as to the nature of the non-rhamnose
portion of the sisqjle hydrolysis product.

In a larger scale méthylation using the Purdie
reagents only a sample of Fraction II E.S. (methyl pentose

content 42%) gave after 8 treatments a product viith OUB 54.2%.
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The loss of material during these treatments was only 0 and
most of this occurred during the first méthylation.  When
the méthylation mixture was fractionally distilled the

products indicated in the table below were isolated.

Bath . r20
Fraction Yield Temt)ta*ature Pressure UCHB
A 2.54 gm. T3® 0.22 mm 55.0% 1.4443
B 0.43 " 924® 0.22 mm $5.7% 1.4456
C 1.09 " 105® 0.25 mm 57.8% 1.4506

D 0.65 « 110-170® 0.30 mMm 56.9% -

OF FEACTIOHATED IETHyYIiATEP 11 H.S.

Fraction A.

This fraction boiling at 440C/0.22 mm had OOB
55.0%  When the glyeosidic methoxyl group of this product
was removed by liydrolysis a iydrolysis-curve was obtained
wMch was similar to tiiat reported by Hirst(2% for the
lydrolysis of a mixture of X and Pmethyl rhamnosides a*
the methylated sugar isolated after hydrolysis had OOB 44.4%
Determination of the specific rotation of this material in

20®
water and alcohol gave [«<ID = +24,Qo (watei) and
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1 20®
| =-6.5® (alcohol) (both determined as W '

A 546.1
values quoted by Hirst and Macbeth/pi for txdmethyl rhamnose
are[oy]2)0®= +24.9® (water) and M:)0® A= -9.0® (alcohol). The
rotation in water of the methylated sus*r from the ulva
product was thus in reasonably good agreement with that
reported for trimethyl rhamnose. The value of the rotation
in alcohol is probably low in the negative senee on account
of the alcohol not being entirely water-free.

A phenyl hydrazone of the supposed triaelhyl
rhamnose was prepared by the method described by Purdie aiM
young(20) * After recrystallisation from ether the hydrazone
was deposited in light yellow prims having melting point
1360c. This melting point is higlier than that quoted by
Purdie and Young(20) but micro-analysis figures on the product
agreed more closely with the theoretical values for trimethyl
rhaimose phenyl hydrazone than do those of Purdie and Young.

A crystalline anilide was again prepared and had
melting point 113®C, the value quoted ty Irvine and MoHicoll(i9)
for the anilide of trimsthyl rhamnose being 111-113®C.  The
anilide exhibited muta-rotation in acetone solution(22) » ihe
muta-rotation rapidly proceeding to con#lotion on the addition

of a trace of hydrogen chloride. The final specific rotation
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*20®
msjoijD = +45.5® as compared with a value +46.9® quoted by

Irvine and McHicoll.

The evidence was, therefore, that the methyl pentose
constituent of Fraction II H.S. was rhamnose.
Fractions B. C and D.

The Zeisel figures on all these fractions of the
m éthylation mixture were h1” er than those of the fUUy
methylated rhamnose fraction being 55%7%, 57.0 and 56.9%
respectively. These fractions were therefore combined and
refractionated in the hope of separating fUlly methylated
hexose. The major product of this second fraetionation,
which distilled over a very saall temperature range, when

boiled with */10 acid gave a smooth hydrolysis curve with a

20®
fiivil [fij A +83®; suggesting that the sugar might be
D /[ 20® \
tetramethyl glucose (M = +83®) . The nmthylated
\' D /(23)

sugar wes isolated in good yield but attempts to effect a
crys-tallisation, using authentic tetromethyl glucose as
nucleus, were unsuccessful. On combining this material with
the unhydrolysed part of the same fraction and with the other
products of the latest fractionation and re-treating with the
Purdie reagents there appeared to be some deoomposi-tlon as
the product isolated was much darker and had a veiy pungoat
smell, these properties again being present after a further

Purdie -treatment. The product was isolated in 90% yield and
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the methoxyl content was found to have fallen to 53.1%
Fractional distillation of this material gave a major fraction
of OB 53*2%. It seemed posithie that this loss of methoxyl
together with the pungent odour developed might be due to an
oxidation. A somewhat similar observation was made with the
higher boiling constituents of methylated Fraction I H.S.
Time aid not permit of the further investi®tion of
this material so that little is known of the non-rhamnose
constituent<s) of Fraction II H.S. but it would seem to
contain material which is undoubtediy unstable. The
apparent decrease of methoxyl content during Purdie treat-
ments may be due to the complete loss of highly methylated
m aterial by breakdown and it is conceivable that this or some
similar effect is responsible for the fact that during the
initial Purdie treatments of iiie sugar mixture it was never

possible to obtain a product of QOB greater than 50*

A comparative méthylation of Fraction I H.S.
(methyl pentose content 20) was carried out using the Purdie
reagaats only. A methoxyl content of 54.0% was attained
after 8 méthylations. There was, however, a very
considerable loss during such treatment, 12%of material being
lost during conversion to methyl glj*cosides and almost 24%

during the first Purdie treatment. Since this loss was veiy
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much greater than that occurring during the méthylation of
Fraction II H.S., alrea” described, and as the two
methylations were carried out under exactly similar conditions,
it appeared that Fraction I was much rf.cher in the unstable
constituent, the presence of uMcsh has alrea<fy been
postulated.

Fractionation of the mixture of metlylated sugars

gave the products tabulated below: -

' Bath
Fraction Yield Temberature Pressure 0”3
(a) 0.95 gai. 5C0 0.17 nm  56.0%
(b) 1.16 ga. 2W0® 0.30 an. 58.2%
(c) 0.21 gm. 91-160® 0.30 mm -

Removal of the glyeosidic methoxyl group from
Fraction (a) was effected by boiling with decinormal hydro-
chloric acid, the hydrolysis curve resanbling that of fully
methylated rhamnose. @ The methylated sugar, having OB
4C,0%was identified as trimethyl rhamnose through formation
of the anilide.

Fraction (b) showed no alteration in optical
rotation when boiled with decinormal add and vdth 2N acid

there was only a very Email rotation change. Attempts to
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Increase the methoxyl content of fractions (h) and (c¢) hy
further Purdie treatments led, as in the case of the higher
boiling fractions from methylated Fraction 11 H.S., to the
production of dark colored, pungent smelling material with a
lower methojqrl content.  Here again it was not possible to
continue the investigation further so that only the rhamnose

constituent was identified.
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Polysacciiarlde m aterial of an acidic nature has been
extracted from the green alga TJlva by the agency of very
dilute sodium carbonate solution.

Uronic acid residues appear to be absent and it is
suggested that the acidity of the material is due to the
presence of a sulphuric acid ester group of the type
H.O.SO2.0H. Complete quantitative confinaatlon of this view
is at present difficult to obtain.

Methyl pentose residues have been Showi to constitute”
a part of the polysacchari.de structure and such residues are
appaxwtly removed preferentially during dilute acid hydrolysis,
since the simple products from such hydrolyses are richer in
methyl pentose than the original material. M¢éthylation of
simple hydrolysis products has led to the isolation of a
fully methylated methyl pentose and the identification of the
sugar as rhamnose (hitherto unlsnovax in algal products).

Little is known as to the constitution of the remaining part
of the carbohydrate complex but throughout the investigation
there has been evidence of the presence of a decidedly
unstable constituait.

A someivhat arbitrary separation of the extracted
m aterial into two fractions, according to their solubility in

50% alcohol, has been effected. Although the fractions “ow
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mdefinite dliffenmee in tMIr etgulmlmt welghte title be
due merely to the preseaee of a certain amount of sodium salt
In the ma %%etlw. The two firaetlone do, however, differ
vexy s”preelshly in their xiwmorm wntmt, vbidh eaggeets
that the method of freetlonaticaQ). employed is not funtemntal
and that It might he possible to effeet a'a#amtl@a into a

riiEimosm and a r)»nose*free ompim*
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Iraaediatei® after eoll«etion the alga was mShed
several times with mter to fToe it frm a#wing impurities
and then dried thorou”idy. In this state it wuld he stored
for an indefinite period*

Before extracting the earholydsnte it was found
advantageous to remove the greater part of the pigmmt by
treatmmt with cold 80# aqueous acetone oveer a period of sms

few days, preferably with exposure to sunlight.

mismisfnim PBocgssfas*

25 m* of the pigment-extracted alga me heated for
12 hours on the m ter hath with 2 litres of mter (twgperature
attained =80®C>* The extract ms then strained off fs?m
the fronde istoieb were again wbjected to the same treatment*
The combined aqueous extracts, after evaporatiim to about
200 ec. were powed with cxmtinuous stirring into 6'* ce.
alcohol, Whm a #ite curdy icwcipitate ms fhanwd* This
precipitate was separated from the soperwitmit ligqrid hy
0«Qtrifuglag and m s th<m tritw ated twice with alcohol.
After drying in vacuo at room temperature the product was

in the fhna of a fine white pcwsder (yield * 18# weight of
dry fronds).
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The water-treated fronde were twice extracted with
0.5% eodinm carbonate solution under the same conditions.
Vilen the combined carbonate extracts had been evaporated to
200 CO. 2H tydrochloric acid was added until there was free
mineral acid present and the product was obtained by
preci[;itation into alcohol and worked up in the same way as
the aqueous extract. The yield was about 10% the wei”it of
the fronds and the material was very similar in appearance to
the first product. There was, however, a deilnite difference
in the pH values of 1% solutions of the two extracts, viz.

aqueous extract pH A 5)
carbonate " pH * 3)e

2nd Method using Sodium Carbonate only.

100 gms of the pigment-extracted ulva together
with 8 litres of 0.5% sodium carbonate were heated at 80°C
for 4 hours. This treatment was followed by 3 extractions
with 0,2$% sodium carbonate lasting 6, 12 and 12 hours.

The combined extracts after evaporation to a volume of about
6 litres were filtered through fine cloth for the partial
removal of calcium sulphat;a. A further quantity of calcium
sulphate was removed by slow filtration throu” filter papers
wlien the extract had been evaporated to a volume of 3 litres.
A fter further concentration to about 1 litre, when the

extract was in the form of a fairly stiff gel, concfflitrated
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hydrochloric acid was added with constant and rapid stirring
until most of the excess sodium carbonate was removed. On
pouring the slightly alkaline extract into 4 litres of 95%
alcohol a fibrous precipitate of sodium salt was formed.
This product, after removal of the supernatant alcohol, was
broken up and swollen to a smooth gel by heating on the water
bath with approximately 18D cc. of water. After cooling to
room temperature concentrated hydrochloric acid vraa added
until free mineral acid was present. This resulted in the
solution becoming coiipletely mobile and at the same time
turbid. Addition of 150 cc. absolute alcohol caused a
settling out of the precipitate, which was centrifuged o ff
from the supernatant liquid and worked dp by alcohol
trituration (Fraction I). The mother liquors, from which
Fraction I had been precipitated, were diluted with 150 cc.
of water and poured into 1 litre of absolute alcohol vilien
Fraction II was precipitated.

Fraction I obtained in yield of 8% weight of the
fronds, was a slightly brownish powder having an ash content
of 4-12% and containing about 10% moisture. It was slightly
soluble in water, giving a frothy colloidal solution. The
pH of a 1% solution was 3. Measurement of the specific

rotation in sodium hydroxide solution gave:-
2Q0
M =-740 (c = 0.88)
578
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Fraction II. The yield of this fraction was 12%
weight of the fronds, the material being in the form of an
almost white powder, with a moisture content of about 10% A
containing 8-16% ash. Fraction II was water soluble and a
1% solution had pH”" C. The specific rotation in sodium
hydroxide solution wast-

200

€i57§ = -715® (C= 1.08)

The extracted material gave no indication of the
presence of protein when tested with Millon's reagent or by
the xanthoproteic test, both tests having been shown capable
of detecting 0.1% protein in a starch-protein mixture.
ELSCTBQDIALYSIS.

All attempted dialyses were carried out in the
earlier stages of the investigation on samples of material
fpoffl which calcium sulphate had not been removed by filtration
before precipitation. The aSb contents of such material were
very high, being 20-40%.

In preliminary experiments, samples of aqueous-
extracted material with ash contents of the order of 20% were
used in about 3% solution and dialysed against distilled
water. The electrodialyser employed was as shown in

Figure I and current densities of the order of 0.001 amp/ca”

were maintained.
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Atteng)t8 were made to estimate the reduction in
ash content during dialysis hy withdrawing from the solution
in the central compartment aliquot portions and evaporating
and incinerating them. This method was, however, not
satisfactory, no doubt due to the settling of solid material
to the bottom of the vessel. Dialysis was continued for
about ten days, the distilled water being changed at frequent
intervals. On working up the dialysed solution by evapora-
tion and alcohol precipitation, very poor yields were
obtained and the products isolated had ash contents not very
different from the original material.

Running' distilled water was next employed with a
larger dlalyser. The maintenance of a flow of water at such
a slow rate that the current did not fall below the required
value was, however, a matter of considerable difficulty. In
order to permit of a somewhat greater flow the inner membrane
was increased in size and the distance between the electrodes
was decreased as shown in Figure II. Sven with these
improvements it was found in“possible to adjust the water flow
so that a sufficiently large current was obtained. */1000
hydrochloric acid was therefore substituted for distilled
water in the reservoir and with tliis modification a steady
ciirent could be maintained. At the same time, a stirring

device was introduced to prevent sludge from settling out
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from the solution onto the dialysing membrane. This
stirring was effected #iy bubbling nitrogen throu# the
Solution, i'r A 5

V  Several dialyses were attempted with the modified
apparatus using samples of carbonate-extracted (unfTactiona-
ted) material of ash content of the order of 40%.

:, ' In a typical experiment 10 gms of rsuch material
(ash content = 40%) together with 700 cc. #1000 hydrochloric
acid was placed in the central cou”artment of the dlalyser
(Figure II) and a flow of "MOQOO hydrochloric acid was
established on either side of the membrane. ,The total
membrsne-arca was 52 cm" and the currents used wei% of the
order of 0.05 asp. After dlalysing for 600 hours the
m aterial was recovered in 40% yield and had an ash content
of 21%.

SULPHATE SSTimTIQITS.

(1) Suloliate in livdrolvsate. 5 A

Fraction I. To 0.2063 of Fraction I in 80 cc. 5% hydro-
chloric acid an excess of barium chloride solution was added.
There being no initial precipitate the mixture was heated for
5 hours on the water-bath, after which time it appeared that
the precipitation of barium sulphate was complete. The
barium sulphate was collected on a fine, ashless filter

paper, dried, ignited .with the addition of a little
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concentrated sulphuric acid and weighed = 0.0475 g®- whence

Fraction I1. The total sulphate was estimated as for
Fraction I, 0O.1300 gm« giving 0.0399 gm. barium sulphate.
Hence SOa =13%.
(2) Sulphate in Ash.
Fraction I. 0.2259 gm* Fraction I was heated carefully in
a platinum diSh until only inorganic matter remained. The
ash was extracted three times by heating with water on the
water-bath and the sulphate precipitated ty acidifying with
hydrochloric acid and adding barlim chloride. The barium
sulphate, after collection in a small Gooch crucible was
dried, ignited and weighed = 0.0348 gm. Hence SOa = 6%
In the Presence of Sodium Carbonate.

In a determination of the total sulphate by
ashing with sodium carbonate O.3005 gm. Fraction I together
with about 1 gm. of anhydrous sodium carbonate were ignited
as in the previous estimation and the barium sulphate
precipitated prom the acidified extract weighed 0.0712 go.
Hence SOa = 9%

Fraction II. With similar experimental procedure a sample

of Fraction Il material gave the following figures: -
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without carbonate 0.5272 gm.-*0.0905 gm. barium sulphate.
Hence SOA = 7%

with carbonate O0.1810 gm.—>0.0556 gm. barium sulphate.
Hence SO4 = 13%.

HyPBDLYSIS VHTE BARTFA FOR REVMOVAL OF SULPHURIC
CID aSTSH GBOQIIP.

About 2 gm. of a saople of Fraction II material in
20 cc. water was warmed gently until a colloidal solution was
formed. This was kept at 70®C and carbon dioxide free air
passed through Whilst 20 cc. 10% baryta solution was added
through a filter (There was an inanediate precipitation of a
white bulky solid, most probably a barium ethereal sulphate
of the polysaccharide and this made it difficult to see vdien
barium sulphate was being precipitated and also undoubtedly
accounted for the poor yield of product,).

The mixture was heated to 70®C for 2 hours, after
which time precipitated barium sulphate (together possibly
with some barium ethereal sulphate) was removed by centri-
fuging. Heating was then continued and the removal of
barium sulphate was carried out at intervals until it appeared
that there was no further deposition. After neutralising
the excess baryta with sulphuric acid, the product was
isolated by evaporating the solution and precipitating into
alcohol. After triturating and drying a white powder very

similar to the original material was obtained in 50%yield.
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This had WTZOO = -540 aoa the equivalent weight hy alkali
546.1

titration was 12,000.
BOUIVALB(IT VAHAIGHT DBTSBMIMATIONS.

Althou# the carbonate-extracted, fractionated
m aterial was appreciably acidic it could not be titrated to a
definite end-point with caustic soda. This was probably due
to slow acid-base exchange and the difficulty was effectively
overcome ty adding a measured volume of aqueous sodium
hydroxide to the material, leaving it to stand for 10-15
minutes and then back-titrating the excess caustic soda with
dilute hydrochloric acid, using phenolphthalein as the
indicator.

In an estimation of this kind a sample of Fraction I
m aterial, having ash content 6% and moisture content 96 gave

the following results.

(1) 0.3120 gm. reacted with 3»28 cc. 0.1228 N sodium
% droxide. Equivalent wel*t = 660.

(2) 0.4342 gm. of the same sanple reacted with 4.70 cc.
0.1228 h alkali. .*. Equivalent weight = 640.

Likewise 0.6271 gm. of a sample of Fraction.II material, with
ash 12% and moisture 11%, reacted with 3.93 cc. of alkali of
the same normality. The equivalent weight was therefore 1020.

In general it was found that the equivalent weights
of sasgples of Fraction I material were 450-850 and those of

Fraction II material were 1000-1400.
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miOTAirOW OF mTERIAL' FOR UROHIG M

The apparatus employed in examining the extract for
uronic acid was as shown in Figure III. The 500 cc. round
flask C contained the sample of material under investigation
together with 100 cc. 19% hydrochloric acid. Tlie absorption
tower G was filled with aaall glass beads and the tap-ftumel
H was charged with a known volume of */5 baryta. Air, free
from carbon dioxide by passage throu” the soda lime towers A,
was drawn through the apparatus for twenty minutes so that all
carbon dioxide was removed. C was then heated on an oil bath
which was eventually kept at 135~140®C. When the solution in
C just began to boil baryta was introduced into G from H and
the air current, which was regulated by the screw-clip L and
measured by the bubbler B, was at this point increased some-
what to prevent carbon dioxide or liquid being sucked back
from C into B, When the solution was boiling gently L was
adjusted so that 2 or 3 bubbles passed throu” B per second
(E was an aniline trap for the removal of fbrfuraldehyde and
P contained 10% silver nitrate to ensure that no hydrochloric
acid was carried over to the baiyta tower,).

After 4 hours the heating was discontinued and the
tower was disconnected from P and M The baryta in the tower
was quickly washed into the flask with carbon dioxide free

water and back titrated with */10 hydrochloric acid using
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phenolphthalein as indicator. The weight of carbon dioxide
evolved from the sample was then calculated. It was
necessary to carry out a blank esqjerioent to ascertain Whether
the apparatus was leak-proof and to obtain a value for the
small correction to be applied to the calculations due to
carbon dioxide absorption during charging and titrating.

In an estimation of this kind 0.634 gm. of ash and
moisture-free material gave carbon dioxide equivalent to
13.4 cc. 710 iydrochloric acid, whilst in a blank experiment
a titaxation indicating that carbon dioxide equivalent to
0.2 cc. of acid of the same strength was obtained. The
weight of carbohydrate giving 1 gm. molecule of carbon
dioxide was, therefore, given by the expression:-

2 X0.634 X 10*
13.2 = 960.

A summary of the results obtained from such determinations is
given in the theoretical section.
ACID HIDH)LYSI5 OF THE POLYSAGCHARIHS.

Preliminary experiments having indicated that the
extracted material exhibited an increasing iodine absorption
vihen heated on the water-bath with water or dilute acid but
that the products isolated after such treatment had iodine
absorptiolns considerably lower than that of tlie final
hydrolysis mixture an investigation of this peculiar effect

was necessary.
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For this purpose 4 gms of material together with
500 cc. ~/50 sulphuric acid were heated under reflux on a
boiling water-bath. At intervals suitable portions of
solution were pipetted from the reaction flask and titrated
as follows. 20 cc. of 1O iodine vrere run into the test
sample and then about 30 cc. of */10 UaOH was added. After
3 minutes the solution was acidified with S’ sulphuric acid and

the excess iodine titrated with */20 thiosulphate.

Time (hours) Absorption of */10 iodine/ga.

lg ccC.
21 106 M
36 16.0 X

The lydrolysis mixture after neutralisation with
baryta and removal of barium sulphate was concentrated at
40®C/30 mm to 150 cc. end the iodine absorption was again
determined and found to have fallen to 5*5 cc./gm.
Investigation of the iodine absorption of the distillate
showed that this only corresponded to about 1 cc */10/gm.

When, however, 4 ©as of material were hydrolysed
with 500 ec. */50 sulphuric acid, a stream of nitrogaa being

passed through the solution both during hydrolysis and
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concentration, the following results were obtained:-

Time (hours) Absorption of */10 iodine/gra.

0 0.2 cc.
m2 4.5 "

4 6.5 *
11 11.0 "
25 200 '
36 23.5 "
51 25.3 "

After neutralisation and concentration of the hydrolysis
mixture to 100 cc. at 450C/30 mm the iodine absorption per gm.
had only fallen to 21.8 cc. */10.

The hydrolysis mixture ms fractionated as the table
below indicates and '"We mean iodine absorption of the products

was in fair agreement with that of the mixture.

Method of Preci- Absn of if/10 [ {Ago
Fraction pitation Yield iodine/gm. 546.1
1 75% alcohol 0,8 gm. 17
2 80% « 0.6 " 20 -25®
3 90% " 0.5 " 35 20®
4 Unprecipitated 0.6 " 37 -12®
with 90%

alcohol.
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HYDROLYSIS WITH K SULPHUBIC ACID.

10 gms of material were hydrolysed for 9.5 hours in
an atmosphere of nitrogen with $00 cc. II sulphuric acid. The
iodine absorption per gm. was then 80 ec. "VIO.

The mixture was neutralised and evaporated in
nitrogen to 100 cc*, the iodine absorption having fallen to

38 cc. The following products were isolated from the mixture:

Iodine

Fraction Precipitation Yield Absorption  Angge 1

1 75%alcohol 1.0 gm. 16.6 cc
2 Residue 2.36 " 65 cc. 0

0.96 gm. of the second fraction from the hydrolysis
mixture was converted to methyl glycosides by heating under
reflux for 4 hours with 3% methyl alcoholic hydrogen chloride
After neutralisation of the acid vdth silver carbonate the
methyl alcohol was removed by distillation to leave a dark
syrup weighing 0.89 gm. and having OOB 19*0%. The product
had no measurable optical rotatory power.

HYDROLYSIS WITH SOLPHURIC ACID.
Aqueous Extract.

5 gms of aqueous extracted material (moisture 8%

ash 14%) was hydrolysed with $5 cc* */5 sulphuric acid in an

atmosphere of nitrogen, the course of the hydrolysis being



59.

followed by iodine titration.

Time (hours) 16 21

008 /10 Iodine abeorbod/m. 31.5 48.5 46.1
A email quantity of euepexkled solid In the hydrolysate was
removed by centrifuging sand the clear liquid resulting «as
neutralised with baryta and barium carbonate.

After evaporation of the neutralised mixture, at

40®/20 mm., to a small bulk the products were Isolated as

indicated in the table below: -

Fract*" Yield Nature Aai lt\:[l(l)‘ies- 12 abs®/ga.
1 0.35 gm. Solid Guspai- 67% 1% 27

sion remaining
after lydrolysls

a 1.28 gm. Precipitated by 15% 9% 24 -18®
8(% alcohol

3 0.17 gm. Precipitated by 9% 10% 43 -23®
92%alcohol

4 0.85 gm. Precipitated by ¥ 80 +9®
99.4% alcohol

5 0,36 02. Soluble in 83 +H12®

99.4%alcohol

Fraction I M aterial.

10 gins Fraction I exto*act after 1*rdrolysis with
120 cc. ®/5 sulphuric add for 1? hours had an iodine
absorption of 48 ec. %"/10/gm. imd this “owed no appreciable
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alteration on heating for a fVirther 3 hours.

The hydrolysis mixture was very dark and there was
a considerable quantity of suspended solid matter, which was
removed by centrifuging and the ranaining clear liquid was
neutralised with baryta and barium carbonate, concentrated

and fractionated as indicated in the appended table.

. Methyl
Erac- yield  Nature Ash I2_abs”/ Baiose pepggse
tion gm. Oantnt Content 546.1

1 1.5 gm Solid , , 139,20CCA10 3% 33 -
suspension
after
hydrolysis

2 1.6 gm Precipita- 8%s5&5 2% 10% -7.0°
ted by 8%%
alcohol
3 2.4 gm Precipita- 83 " 0 21% H1.5®
ted t
99.4%
alcohol
4 1.5 gm Soluble in 96 " 0 27% H7.2®
99.4%
alcohol
The original Fraction I extract had 2% pentose, 1"0 methyl
pentose.
Fraction II M aterial.
9.0 gm. Fraction II extract were hydrolysed with
150 cc ®/$ sulphuric acid, the course of the hydrolysis being

followed polarimetrically.
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Time (hours) 2 6 8 A 24
r -20®

Hi -60®  -20® -11®  H1I® +H2®
“ 7546.1

At the end of the reaction the iodine absorption was
determined and found to be 49 cc. *VIO/gm.

The products tabulated below were isolated in the

manner described previously.

Fraction Yield Nature 12 absh
per gm.
I 0.16 gm. Insoluble

m aterial removed
after 1 hour's

hydrolysis

I 1.63 Precipitated by 16 cc */10 -20®
75% alcohol

111 1.1 Precipitated by 36 « +3®
90%alcohol

v 0.4 Precipitated by 72 " +80
99*4% alcohol

A\ 2.7 Soluble in 93 " +12®

99.4% alcohol

HYDHOLYSIS WITH */10  SULPHURIC ACID.

5 gms of Fraction II extract were hydrolysed in
120 cc. MO sulphuric acid, the course of the reaction being
followed polarimetrically. The hydrolysis was arrested
w hilst the optical rotation ms still very definitely
negative so that incompletely degraded material might be

isolated.
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20®
Tima
(hours)
0 - 100® 4,3 cc. VIO
1 3 10,6 «
4 13.3
7 SE.7 "
14 -47® 32.0

The products isolatad &s in the previous hydrolyses m r«t-

Frac- . Mois- r.20® lo absorption
tion Yield Akh ture ~"~546.1 perg]lsJ Mature

I 185 gB2% 13% -67® 18 cc. /10  Insoluble
in 8%
alcohol.

n 0.91 " 20% -16® 34 Insoluble
in 99.'%
alcohol.

n i 0.50 " 1A, +OR 74 " Soluble

in 99.#
alcohol.

3ISM PENTOSK IK ExrmcTm)

The sample of material to he mmmilned was wei”ted
into a 500 ec. flask and covered with 100 cc. of 12%hydro-
ehlorie acid. The reaction flask ms fitted witli a tap-
Anmel and a condenser, at the ma of «hieh was an adapter
dipping into a conical fla”*.

The reaetiwi flask was immersed in a pam ffin oil

hath maintained at a temperature of 170®C and #hem the hydro-



63.

chloric acid reached boiling point a further 60 cc. of acid
of the same strength was added, similar additions being made
at 20 minute intervals for 2 hours. By this time about
400 cc. of distillate had collected in the receiver and to
this was added 20 cc. of a solution of phloroglucinol in 12%
hydrochloric acid (11 00/230 cc.). The mixture was allowed
to stand overnight and the phloroglucides precipitate was
then filtered throu”i a sintered glass crucible (Grade G.b.4),
washed with 300 cc. distilled water, dried at 100®C for
3 hours and weighed.

The crucible and contents were then placed in a
small beaker with 20 cc. 96% alcohol and heated to 60®C in a
water bath for 10 minutes, after which the alcohol was
sucked off at the pump and the extraction process repeated
twice. During this treatment brown methyl-furfural phloro-
glucide, resulting from methyl pentose residues went into
solution leaving the insoluble black phloroglucide of furfural
formed from pentose or uronic acid. Tlie crucible and
remsiining precipitate was dried again for 2 hours and
re-weighed.

A sample of Fraction II extract gave the following
figures:-
0.2094 gm (ash 13%, moisture 10% )-~0.0445 gn phloroglucides

0.004% gm (after alcohol
extraction)
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Hence methyl pentose content 27.1%
and pentose content = 3»0%.
0.2375 gm of the simple hydrolysis product of the above
m aterial (ash 8%, moisture Siero) 0.0892 gm phloroglucide

(Entirely soluble in
96% alcohol)

Hence methyl pentose content =41,2%. «
A comparable sample of Fraction I extract had methyl pentose
content 16.2% and pentose content 2.1% and its simple

hydrolysis product contained 28.9% lethyl pentose,

M éthylation of 1.$ gm. of the polysaccharide was
attempted using dimethyl sulphate and alkali. The carbo-
hydrate extract ms treated with a small volume of water so
that a ,stiff gel was formed and to this the metiylating
agents, 20 cc. dimethyl sulphate and $0 cc. 30% caustic soda
solution, were added in 30 portions at intervals of * hour.
The reaction mixture was kept at $0®C throughout the
additions and was stirred vigorously. 2$ ec. acetone was
added after 1 hour and when all the reagents had been added
the temperature was raised to 100®C and kept at this value
for * hour so that the excess dimethyl sulphate was removed.
The mixture was then made just acid witli concentrated
sulphuric acid and filtered. The precipitate was extracted

twice with boiling chloroform, but on raaoval of the solvent



65.

there was no residue indicating that no chloroform-soluble,
methylated material had been produced. A similar negative
result was obtained after rernethylation with the same
quantities of reagents.

In a similar experiment in vjhich caustic potash
was substituted for caustic soda and the reaction mixture wee
kept at room temperature, no chloroform soluble material was
produced. Mor was méthylation of the polysaccharide effected
when frequent additions of metiqrl alcohol were made to the
méthylation mixture.

ACKmATION OF THE PQLYSACCmRIDS.

Several attempts were made to introduce acetyl
groups into 3 gm. portions of the extracted polysaccharide
using various quantities of pyridine and acetic aniydride.

In one such experiment 3 earbonatec extracted
(unfractionated) m aterial were heated to 80®C witii 20 cc.
pyridine and maintained at this temperature for 1 hour to
effect a swelling of the material. The mixture was then
cooled end 12 cc. acetic anhydride added slowly, after which
the ten¢>erature was raised to S$0®C, at «ftiich value it was
kept for 20 days. The excess reagents were then removed by
standing the mixture under water, which was repeatedly
decanted o ff and renewed, until free from water soluble acid.

The mixture was then centrifuged and the solid product was
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washed very quickly with alcohol and ether and dried. The
alkali-absorption was determined by treatment with ~/2
caustic soda for 3 hours at , after which the excess
alkali was back-titrated. In an estimation of this kind
0.234 gm. material was found to absorb only 2.9 cc. 7/2
alkali, which is eon”arable only with the acidity of the
original material.

Similar results were obtained when the method of
acétylation was varied by alteration of the relative
quantities of the reagents and the temperature and wh«a
undried material was employed.

METHYIATIOK OF SIMPlg HYDROLYSIS PRODUCTS.
pRi3i.imHMiar EXPERIMBCTS.
(1) Small-scale llethvlation using Purdie Reagents only.

The material used for this metbylation was part of
Fractions 3 and 4 from the acid hydrolysis of Fraction I
extract described on page (30 . All the material was soluble
in 85% alcohol.

1,3 gm. fraction 3 and 0.5 gm. fraction 4 were
converted to methyl glycosides by heating under reflux for
4 hours with 50 cc. dry 4% methyl alcoholic hydrogen chloride
A fter neutralisation of the hydrogen chloride with dry,
freshly prepared silver carbonate and removal of the silver
chloride by filtration the metiyl alcohol was distilled o ff

under reduced pressure and the product isolated In 98%yield.
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The methyl glycosides together with 10 cc. dry,
freshly distilled methyl iodide and 5 cc, dry metiyl alcohol
were heated on the water-hath, at 45°C, under slight pressure
for 6 hours, 10 gms dry, freshly prepared silver oxide being
added in portions at 1 hour intervals. A fter méthylation
the mixture was repeatedly extracted with hot methyl alcohol
and the product was isolated in 96% yield and had OCH3 25.2%.
This partially methylated material was remethylated using
7 cc. of methyl iodide, 2 cc. of methyl alcohol and 7 gms of
silver oxide, after v&ich the methoxyl content had risen to
34.0%. The product was now soluble I/ methyl iodide so that
in the five further méthylations to Which it was subjected no
methyl alcohol was employed but the quantities of methyl
iodide and silver oxide were unaltered and after each
metlylation the material was extracted with boiling ehlorofom.
The metho:%rl content could apparently not be raised above
50.1% and the final yield V& 80%.

Fractional distillation from a flask with no

fractionating column gave the following products:-

Mol. Bath

Wit. Temp. Press.

Fraction Yield aaB

1 0.58 gm. 54.2% ~ 200 710c¢ 0.03 mm.
2 0.25 44.9% 200 1660c 0.03 mm.
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Thé approximate molecular wei”ts were determined
by Raet's freezing point method with camphor as the solvait.

(2) Méthylation using'Dimethyl Sulphate and Alkali
followed by the Purdie Reagents”

7*3 gme of simple material (soluble in 85% alcohol)
from ®/5 acid hydrolysis of 15 gas of Fraction Il extract
were converted to methyl glycosides by treatment with boiling
3% dry methyl alcoholic hydrogen chloride for six hours.

The glycosides, isolated in 9%%yield, had OOB 16.2%

6.95 gms of glycosides were dissolved in 10 cc.
water together with 28 cc. acetone and to this solution the
methylating agents, 48 cc. dimethyl sulphate and 32.5 gms
sodium hydroxide in 120 cc. aqueous solution, were added in
10 equal portions at intervals of 12 minutes. The reaction
mixture was kept vigorously stirred throughout and immersed
in a water-bath, the initial temperature of vhich was 45®C,
this being raised,lowly to 50°C. A fter the addition of all
the reagents the bath was heated veiy cautiously to 80®C and
kept at this temperature for 45 minutes to decompose the
excess dimetl*]l sulphate. The reaction flask was th®i cooled
to 0®C and the mixture made just not acid with concraitrated
sulphuric acid, after which final acidification was effected
by bubbling carbon dioxide throu”. the mixture. Sodium

sulphate was renoved by filtration and the filtrate extracted
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twice with " cc. of chloroform in the cold. The aqueous
solution was re-filtered and evaporated to 30 cc. when a
further quantity of sodium sulphate was filtered off. To
the filtrate was added an equal volume of acetone and re-
m ethylation was effected using 30 cc. dimethyl sulphate and
20.3 gms sodium hydroxide in 75 cc. water, the procedure
being similar to that in the first méthylation. A fter
neutralisation of the alkali the méthylation mixture was
extracted tvdce vdth chloroform in the cold and the aqueous
layer was evaporated to dryness, sodium sulphate being removed
at interval's. A fter thorough drying of the residue a further
extraction with hot chloroform was carried out. The combined
sodium sulphate were likewise dried and extracted with
chloroform in the hot. Wh”" the chloroform extracts were
together evaporated to diyness the yield of methylated sugars
was only 4.6 gms (or 66%). The methoxyl content was 45.0%.
(Since this poor yield suggested that material of low
methoxyl content and small chloroform -solubility might have
been left unextracted in the residues all the residues were
re-extracted with methyl alcohol. Removal of sodium sulphate
from these extracts was difficult and the combined extracts
together ?jith some remaining sodium sulphate were
re-methylated using 24 ccs dimethyl sulphate and 16.2 gms

sodium hydroxide in 60 ccs water. Extraction of the
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m éthylation mixture with hot chloroform gave, however, only
0.03 gm. material.)

Further méthylation was effected with dry silver
oxide and methyl iodide. 4.6 gms partially metlylated
m aterial dissolved in I6 cc. metiqrl iodide was refluxed at
45®C, under slight pressure, for 6 hours with 15 gms dry
silver oxide, wiliich was added in 6 portions at 1 hour
intervals. The product was extracted with boiling chloro-
form and after removal of the solvent it was again methylated'
with the same quantities of reagents and isolated as before
in yield of 4.6 gms. The methoxyl content was 53-«5%.

A fter 2 further treatments with 9 cc. methyl
iodide and 8 gms silver oxide 4.5 gms of methylated material
were isolated having OCH3 52.8%. The methoxyl content was
unaltered after another treatment “«dth the same quantities of
reagents.

The product was fractionated amd re-fractionated as
indicated in the tables below. The fractionating apparatus
employed in both cases being a snail Quick-fit flask provided

with a Dufton column.
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tfaction Yield Bath Tamp. Internal Temp. Pressure
1 2.19 gm. 130-1310C B3- 8%o0c 14 mm.
2 0.87 " SU-1300C 70-750C 0.06 "
3 9.05 " 150-160®G 60®C 0.06 "

R