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AWMzt of Thesis. J & Br&aing,
The styaotore of the yoXyaaooharlde from Bl?a 1AsWea#

The poljsaecharide has hoea purified; after nitrio aeid
oxldatiou email quautitiee of mueio and eaeeharlo acids have
teen obtained» The carbohydrate has been methylated by
repeated tre#nent with SesSQd* laOH* the chlorofci® soluble
fraction being farther methylated with Mel, AggO to a product
wi'lUi Om, jiX¥%mn Prior treatmenta to give am aoetylated product
or sulphate free product* suitable for méthylation* were
umdueoesefale The properties of fully methylated amd OIOI3
insoluble fractions have been investigated; the former fraotion
was subiested to methamoXysis and the products sepsurated and
inveeti®ted, Mvla&me for £:3;4-trijaethyl-I»nrhamao«e and no
other simple end group, partially methylated hexose and rhamnose,
an anhydro structure aM an ester was obtained.

On autohydrolysia most of the uronic acid and/or pentose
is hydrolysed with about 50" of the rhamoose, leaving an

unstable maoromoleoular residue¥®



THE STRUCTURE OF THE
POLYSACCHARIDE FROM THE

ALGA, ULVA LACTUCA,
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'The iavestlgatioa of algal polysaccharides has
dcT”ped darlag this ceatury and revealed e variety of
structural types. Lihe other polysaccharides, they are
hydrolysed to sisiple sugar units by the action of acids.
Early investigators identified some of the sugars present
in the hydrolysetes by tMens of derivatives such as
osasoues and during the same period fairly specific colour
reactions with phenols were established for detecting
hetoses, uronie acids, etc., and methods «ere developed for
the quantitative estimation of certain sugar types, e.g.
by distillation with hydrochloric acid. I™oare precise
information, particularly with regard to the linking of the
sugars la the macronolecole. followed with the application
of méthylation techniques to polysaccharides, and the
developnent of periodate oxidation for «.-glycol groups and
chroir"atographio analysis of migar® aad augar derivatives,
wii“*xIln recent years, providea new and powerful methods for
confirming the results of méthylation and for elucidating
finer details of structure,

at the present time the survej of algal polysaccharides
is very incof%lete» the red (rhodoplx“oeae) and brown
(piiacophyceae) have been more extensively investigated than
the green (ohloroph*”oeae) and blue-»green (mjroph”ceae)

seilweeds, but generalizations are baaed on scant evidence.



A

E.

Many of the polysacohariaes are acidic, tee to the
presence of sulphuric acid ester or carboxyllc acid
groups. Different sugar types occur, the hexoses
glucose and galactose, pentoses and ii“ethyl-ijeatosea,
although, so far, none of those discovered ere exclus-
ive to algal carbohydrates and structural investigation
follows eloag similar lines” and has many difficulties
in common with work in other branches of polysaccharide
chemistry.

Sulphate esters.

Silphate cetera were “iiown to be present in the
polysaccharides frtei many red and brown algae by lieas at
al, [1 , k], (qualitative teats showed that the ash frmn
ignition of the polysaccharides consisted mainly of metal
sulphate, and was not removed by dialysis of the
polysaccharide. She original materials gave ionic
reactions for metal but not for sulphate, although these
were obtained after hydrolysis with acid or alkali.

"hen the salts of sulphate esters are ashed alone, only
half of The sulphate prei®nt is retained in the ash, but
all the sulphate is retained if the substance is Ignited
in the presence of excess sodium carbonate, or estimated in
solution after total hydrolysis.

2 SOSY4OVB igait”" and 1°0)

2 KCB("Offe + —_—>2 (and C(g& 1%0)

teantitative estimations of sulphate under these
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coOMitioas Ytfore carried oat aad the auiphste la the ash
trcm the m lts was t&ma to be approxliiiateiy half that
obtmlhed b”" the other two methods| this was eoofirmed
ladepoBdeatly bj laade Heeu & % [3],

Correspoiidjjag aaalyas on the Uiva lactuoa
pol*6acoharide [4] showed the preseac© of sulphate ester»
although aoehrate figures oould m ¢t be obtaiaed la eaiHer
luveatigatious owlag to difficulties la purification» and
owlug to the preseace of carboxYlic acid grouping which
also retains aodiukii 1a the salt fona of the poljrsaccharide.

It is noteworthy that galactose is alEK>st always found in
polyeaecharides coutalalng sulphate ester. In many cases
the sulphate has m>f been proved to be attached to this
sugar» but when the c&rbohydrate consists Eiaiuly of
galactose, e.g. Agar [d] »Iridaea Wnlmorbides [é], the
sulphate mu”t be attached to it and the isolation of
anhydro-galactose derivatives {gee next section) confirms
this. Fuooldiu seejKis to be an exception for-8(*v is
accounted for as fucose, motels and sulphate [s]*

Galactose may be detected by oxidetion with 25*
nitric acid» when insoluble imclo acid is formed and can
be filtered off. Phenylmethyl hydrazine is also used for

separating galactose from sugar mixtures [?» 3], llucio

acid has been obtained from the tJlva polysaccharide» but

not with the ease» nor in quantities which indicate that
% aiteX, 33 Mok ad and ISGxjoke ik i Pl jefecfdi |



galaotoae Is a la“or constifaiBut,
Hy4rol.vai3 of smsr galphate esters.

A6 Aais«yirory of uatisual deriTatires from sulphate
ester polysaccharide I.e. 3j6-aahydro galactose derivatives
from sgar [@] stlmlated the lavestigaiioa of sitig>le
sugar sulphates. A Sj6-aahydro oot"oaud, methyl-3;:d-
fiuhydro-/3-J)-glucoside. (ii) was first obtained by flecher
sad 3aeh [iC] on airline hydrolysis of mathyl-6-broEsotrl-

aoetyl-*-i>-sluooside (1)

Cae

(1) (11)
Anhydro oompoaads are also obtained on hydrolysis of

suitable sugar sul“dwtes [Ll] .
Ba(m)g

H (05| H

(II)~B»thyl-/3-i>-gslactopyraao- iiv) methyl-3;6-snhydro-a-D-
side-0-sulphate galaotopyrenoslde

ae first stage la the hydrolysis of (i) is the loss of

Br with the fometioa of a cartoouium cation. Jhen esters
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of eulj”mric or solphoulc acids are hydrolysed it la
hamm that the oxygen of the ester liak” e nmeias
attached to the acid group so that a oarhoalisa cation la
formed

4-a%8 @a +

end the rnechanim of anhydro ring foxsietion is imdonbtedly
similar in all these cases.

Daring hydrolysis there is very little tendency for
the lost -ve group to be replaced by a -ve ion ffam the
hydrolysing agent {0H~ from Ba( GH)g or aiB~ from fiace)
Sttt it is readily replaced if a suitably placed nucleophilic
group is available in the auger molecule, such as -ii from
the -OH g¢”up on whitdi can approach % on the opposite
aide £r<m the receding group. In such nucleophilio
substitution at a carbon atom, the carbonium ion is never
actually free and inversion of configuration occurs,

Shat this meohanlam operates in enhydro ring formation has
bew fmply confirmed, mainly from an investigation of 16e
hydrolysis of Toayl { %p-toluene sulphonyl-)

derivatives [12, 15, Id], Alhallne hydrolysis of a

tosyf grov” attached to an asymmetric carbon atom occurs
quite readily if there ie a trans -CH group attached to

on adjacent carbon atom, when an e%ylene oxide ring structoio
is formed (v), or if there is an -DH group so situated

Qiat a hydrofuranol ring can be formed, liaxed in the

positioa traas to tAat ooci“ied by the tosyl group (vi)



' Aroton removal 6.
| @

r) 0% H vefa H H i

(?1)

.hea there is uo saitatoly placed free -OH groap,
Jiyaroiyals does aot ocoar readily* 1”erclral et al. hare
i“iaeu that the eatie general conclasioaf. apply to the
alkaline hydrolysis of sulphate esters [I5, 16, 1"]»
0;6-hydro-farenol rings are formed readily ©.g. (iri
aM ethylea© oxides have also been ohteined e.g. hy
treating barium S-Biethyl-l;«.-ra6aoacetoue-glacofuranose-6-
salphate (vii) with iiaCtle, at 40" 1;S-iaoaoaeetoa«-St6-
auhydrogloeo” fviii) is obtained, substitution at %

prereating the foremtion of & sxy&toiurmml ring.

(vii)
ihe 2-salphete group of bsriwv Is6-aiifcydro-/9-D-gelacts>
pyr*Uiose-i.-s\ilphate (ix) earn be hydrolysed yleldi.% a

5-anhydro structitre (x) when the stable i1* 6-fuihvaro
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(Sroup protects the gl*cosidaic oeatre [l6] out e £;-sulphate
group suema to make a glycoaidlc methyl group very labile
to alkali, since barium o-Rsethyl-p-metJiyl-s-galactopyraiiosc-

(zi) taidsrgoos exteaslTS ae”“mjr>oaition on treatment

with alkali [17]

(1%) Ixi)

Shie TOrk has important bearing oa toe Imreatlgatloa
of sulphate containing po2yeacoharidea, relatively facile
retaOTal of sulphate by alkali iitiléi>tliig toat aiibydro
rlag for"mlion is possible la ®:e macroisolecule, aim toe
isolation of anhydro oomponnds aasisting to fiz the poaitioa
of toe original eeterlfyimg sulphate”
giMtpgrtics Qg mihsiuTo sugars.

Etoyleme ozide rtogé» areunstable to acid and alkali
o.g* IlaClle at 90" will .effectscission of toe toreemmabered
ring” an group being introduced with inversion

occurring on the carbon atom idiich la attackes by toe

A |

nydrofura”iol rings are inar© stable % when ii:

rietliozyl union.



as:*sClatiua with pyrsuios© uiigar structor© " tiie 1“oleculo
1i sligtitly Otralaea cliauges to tke aore stable
iiiG-Moiiydru furaaoaa structura if possible; creu whsa
methjl *lycosidefc ar« uliud”™ 2 trac© er rlil ia variaus
colre-ita v.iil e£f©Oci tais caaage [IN]*

,jttk fuoCii'iiCi tliE p.yr&aose riag opeus im& dinzthyl
a©ét.j',1 1s proattcesl e,g, aictliyl-Ss&-aKiiylro-(3-D-geiactopyraaO'
iide (x11), furaaoBO 1ioiisi uot stes'-ieallj» possible, gives

f£iu-fuillyari>“Jgalaiitoaii-diiuBtiiyleaetal {xiii) [ko]

OH

ht

H m

(xii) (xxil]

-:qaeoas ncia rc*idil,y i*ciiL.'olysea the gljfooside grosp
with ucisiiiiiii oX # arid # moiabcred rlags to give
sii*jara e*g,
D-"glucopyretiKJslao (xivi '/ields “i0-auhyiiro-E i4-.dtoatoyX«
rir sivdfo-P"jrincoiG ()

&ir)

'hioss prcducta “Ive trie reactions of free
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e.g, reetoratloii of tiie colour to Sjhiff reagent [iio], a
reaction which is frequently used to detect tiwe*
Anhydro sugars also give e positive uellwnnoff test
(red colour with U and resorciaoil which was formerly
thought specific for itetoses,
.valphate eater alRaX polysaccharides.

Detailed verk. oa the structure of sulphate ester algal
polysaccharides has been carried out on products frees a
few red algae.

Hsssid investigated the polysaccharide from Irideae
larainamldes [o] and showed that it contained galactose and
imlphate in equivalent proportions. fhs sulphate was
removed by the action of 0,8 ii %8% or by Baf OBlg at
70° witiJOttt affecting the polysaccharide seriously,
bethylatiou and iiyarolysls of the polysaccharide yielded
a dimetoyi-galectose and méthylation after removal of
sulphate gave trim©thyl-galactose. Crystalline derivatives
were act obtained and there tms ao suggestion of the
formation of anhydro compounds.

Agar is also a polygalactose sulphate [si] but shows
marked differences in behaviour, the sulphate content is
imoh lower and it yields OL-galaetoee-heptacetste by
ecetolysis [82], %* saethylated product [23] contains
no sulphate and yields 2 $4:6-trimethyl-D-gfilactopy% %noae
(xvii, as main product, and methyl laevulate, on hydrolysis

with aqueous sulphuric acid, liepeatsu méthylation with
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aiid gave a proaaet of osiy S0-3S $§ OKe; after
breaMoaa by mathaaolysls the glyeoside of (xvl) axii
£i4«aiaethyl-S;6-afihydro-jUgalactose {X7U> were obtalaea
by iercirai aad i'orbes [d4] aud by Haads aad Peat [PDb],

Hm

(XTIi)

iareetigatioa of the properties of (zvli) showed
that it gave a positive seliwaiasff reaction eM deooi%osed
to mthyl laevolate on treatment with eqaeous acid;
S:6-Qahydrogelecto8e was shoeai [S6] to give DL-gelaotose-
heptacetate oa treatment with AcgO and Shns the
earlier observations of Pirle sad Perelval [S8, hs] and
the low maximiffl methoxyl ware explained by tlw presence of
8:6-anhydro-L.gal@oto” nnits, and the isolation of
(xvi) indioated h-galactose to be linked in toe 1 and 8
positions. Jones esod Peat [21] obtained, in addition,
rakthyl-iiiSséso-tetramethyl-a-gfilactopyraaoBide froia the
iion-rednclag end grovep and £*S-din®thyl-Sjd-nnhydro-L-
gelsetonic acid (xviii) from an agar fraction of high
ash content; which iiad been dlalysed under acid

conditions.
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(X Tlii)

She preéactlea of aldehyde forms from 3*d-swhydro
structutres has already beeu diseussed aad it caa easily be
seen how this galaotonic acid ooald arise &x&B Std-aahydro-
L'golaotose by ring opening undar acid conditions aad
aubsequeat ready czidatioa of the -CHO group. She
Std-snhydro group preswmbly being formed * removal of
sulphate ittm %.

suaati tive assay of the relative proportions of tliese
laotiaylated derivatives indicated e straight «hRin structure
of 9 j)-galaotoae units, linised in the liS- positions,
terminated by L-galactose linked in the 4 position (xix)
the last residue appearing as 3*6-anhydrcs as shorn*,
Imgalaetonie acid derivatives, a structure in agreement

witai the absence of attack by psriodirt» idn [26].
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um

(six)
coateiaiag galactoee sulphate is also

ohWa4& il/xm Oéhoadros crli*us emd gigartiaa Stellata
{caragheeu), la this case sulphate is tenaciously
retained aud a zwk- acidic derlTatlve has been iselaWd.
She eax’ly woIVE of ilaas {1, S| established tlie presenee of
sulphate*  ?ereiral et el. have shsowu #ieee polyeeocharides
to be very similar, except for the “esaaee of glucose in
the former; chondrus erispue |[stj, gigartina stellate [sc, 3/,

ily «cetylating and then uiethylating tiie polysaccharide
with iiaOH, MeHiiaO" repeatedly, a product of atie
could be obtained. Direct méthylation of the polysaccharide
with tia(FI"Vegd was not successful, nor could the OM
of the above product be increased with these reagents, or
by the £1 method. On hydrolysing the product wltti 0,511

oxalic sold at 100°, 2*6-dimethyl»galactose was obtained.
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MethaooljrBls was difficult aud proloiiged repeaWd
treatsieat with IXi the presejace of Bafid” was
ae<”"ssar” to effect breakdown aM rcxiW# sulphur”
:&dlmet3iyl~galactopyraruo6lde ix&) was the only

product Identified, 1liidlGXztlng that

N onXs the UEgro”s oa % and % are
r exposed in the polyoavcharlde”
dC-70" of thé j"iolaeule i& acoomtei
Ixxi tor ia terms of galnetoS# aM malphaW*

Diillke agar, the sulphate groups allot? remarjcsble
reaiataaoe to hydrolysis, f£ hours treatiacut %lth X
haOH at IvO" only ranoves 6S&of the sulphate and
practically nane was remmred during méthylation.

By analogy with the behaviour of simple 2”xom sulphates,
ieraival assm:es ih”~t the sulphate group is probably ettaohM
to ( If it is llaked to galactose and not to the

mmown part of tlie molecule), since any other arrangas”ut
would permit the formation of anhydro rings when SO4

removal mmld be expected to be much easier* Anhydre
derlTatives have not so far been Isolated, although

positive colorimetric eliwanoff '""setose” reactions

given by the unidentified portion may be due to these
substaneea.

It follows from this that the galecto” ia probably
linked through the 1 and 3 positic*s, as In ~ar, although

the situation of the -30” group is almost certainly
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aiffereat from faiat In agar. e.g. ixxi}

CHgOH

Abseaoe of reaction «(Ith periodate ion, lends
support to this etractnrs [id].

She hehaviottr of #ie snlphate group in the Dire
polysaccharide seems to resemble that of caragheen
much more closely than that of agar, comparable
difficulties in purification hare also been experienced

Young and Rice [%" here isolated keto-gluconic
acid (zxii), ria. its diecetone derirative, from
gigortina stellate polysacolmrlde after oxalic acid
hydrolysis in iiltrogQa.

com

H-ti-aa (open chain form)

(xatli 1
She preaeaoe of this rare substance has not been
coxifiEtiea by the British workers, nevertheless the

reactions of ketogluoonio acid are worthy of note, sad
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demoiistratd uacertaiiity vé&ich. must attaotwid to
colour reactions”™ etc#, jnh& applied to uukaowu mixtures”

Chidim 1iictoglueoiiate gives a brownish red (red
when 1E*ure) with aaphthoresorcinol, sliallar to Kctoses.
Ol boiling with HCl it gives furfural (estimated as
phiorogiucide) in amoulits couiparable with those obtained
from uronic acidsj under similar treatment 0% evolution
was uot Investigated, but uudaubtsdl® the substance
would readilj lose C% at tlie same time*

/d«al pol.?sacehariaes coatalaift®. .iTgoaic acM .

'Jroaio acids be detected by the evolution of
cOg on boiling &ith 1%" Hd and by colour reactions,
such as that with HCI and aaphthoresorcinol [f],

A Iginic acid, the first algal polysaccharide to
be investigated le a polymaanuronic acid, and occurs
quite widely in bz*om algae. e,g. i™ucus aerretus
Laminaria and Hacrocystis A lloagland and Lieb
isolated pentosazone from this substance [34], but the
pentose was probably a soTOudary product arising by loss
of cqg frois uronic acid daring its treatment with hot
acid, 1401son and Cretcher hydrolysed alginic acid with

cold 00" H2SO4 and obtained mammronio acid (x% iii)

[35, 36],
oom QOOMVE
H
01
H H

(xx1ili) (sxiv)
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yaaatitative estlBatieas of eqnivaleat *ight ao4
(e eroiatioa with HCl iadieatea that there wee no ether
imSor eonstitaent.

Die meaner ia whieh the simple naits are linked
in We maeroasleeulle was elnei&ited by Hirst et al. [37] .
Mginle aeid itself was foand to he oztremely resistant
to aoetjrlatioa or méthylation by the mssal methods hut
a degraded slgiaio acid i.e. partially hrokea down
by t&b&MSU treatment, conld he “thylated using thallium
hydroxide and ethoxide, followed by Kel.*AggO#
Hydrolysis was exceptionally diffitm 1t but &%S-diRi@thyl-
D-mannuronio ester (xxir) was obtained after metimnolysis
with Mem. Ha.

the extreme resistance to hydrolysis excludes the
possibility of furenose ring fsrm so that alginie acid
consists of D-maanuronio acid residues linked lineally
tliroagh positions 1 md 44 tw “toufiguration at 0/(l's
probably [3 as tiie polysaccharide shows a large negative
rotation end is in agreement with X Hay investlgatione on
alginate fibres.

Algiaio acid has only recently been partially
aoetylated using ketane [88].

Maanuronle acid has so far only been obtained from
algal polysaccharides but both galaoturonle and
gluouroaie acids occur commonly e.g. in pectie material

and gums frma I1$Smd plants. Alginie acid resembles iiie
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other polyuronides in its resistance to Bm%ylatlcn
and subsequent hydrolysis.

She I0LTa polysaccharide Is thought to contain
uroaic (or hetogluoonle) acid and is resistant to
méthylation. 2h@ tWLIlium method has been tried by
another Inrestlgator [S9], lilthont sueeess, probably
owing to the presence of sulphate,

Alginie acid is often eceompaaied by polysaccharide
eoataining pentose, sost ooiconly the methyl-pentose
L-fnoose. folyfnoose also occurs wlQi sulphate
containing material. She mefiiyl pentose,

L-rhiamJose (ixr) has been siuswa to be

m . CHI

(X1IT)
present in the TXIma polysaccharide- [4], this is the
first instance of the occurrence of Ahacmose in algal
polysaccharides, although it is hnotvn to occur in gmi

arable and mucilages.
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smiAHY OF imESTiaATlom 01 Tm IILTA POLYSACCHARIDE.
m 1investigation of the polysaccharide material

of other green algae has been published. Earlier work
on the polysaccharide from the green alga. Diva Lactuca,
by M.M.f. Plant and B.D. Johnson [4] involved
isolation of an acid polysaccharide as its sodium
salt. Attempted fractionation by precipitation
into alcohol at different pH values did not yield
products Y/hich showed marked difference ia properties,
except those v/hich would be expected from variation
in the proportion of acid and salt form. The presence
of sulphate ester was established although quantitative
assay was not possible, and L-rhnmnose was identified
in the methylated acid hydrolysis products as the
crystalline 2;3;4-trimethyl-L-rhamnose-anilide and
-pheayliiydrazone. Evidence for uronic acid was
inconclusive, --1000 g. of various fractions yielding
44 g, CCH. Quantitative estimation of methyl pentose,
by distilling with 12~ HCIl, and weighing methyl-furfural-
phloroglucide, assuming uroaic acid to be absent,
indicated that rhainnose formed 20-25" of the polysaccharide,
the proportion being greater in material soluble in
50> acidified alcohol than in the insoluble fraction;
these estimations also indicated that small quantities

of pentose and/or uronic acid v/ere present in both
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fractions but not present in simple hydrolysis

products from these fractions.

Sie isolation of 2 ;o-tetram ethyl -galactose-
anilide from methylated hydrolysia®roducts by
M.M.T Georg (Plant) [39] , established the presence of
galactose although it could not b.e obtained as the
phenyl-methyl-hydrazine derivative.

Practically complete purification, except for
the separation of a small amount of very tenaciously
held protein, has been achieved in recant work by
D.M. Hardy [40] who has determined the sulphate and
uronic acid content, equivalent v/eight and i1>eriodate
uptake of the product. Chromatographic analysis of
fractions obtained after methanolysis has established the
presence of n-xylose, isolated as crystalline
aiben2ylidene-]>-xylose-dimethylacetal| also uronic
acid and sulphate ester, in agreement with other work;
and also indicates that glucose, but not galactose, is
present in the soluble methanolysis products.

In the present work, purification of the Diva
carbohydrate has been carried out, A fter nitric
acid oxidation mucic acid has been obtained, but
not with the ease, nor in quantities indicating

simply bound galactose as a major constituent;

evidence for saccharic acid was also obtained, in
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agreemeut with the chromatographic work of D*M. Hardy,

The polysaccharide has been methylated by repeated
treatment with Meg50”, HaOH, the chloroform soluble
fraction being further uiethylated with Mel, AggO to a
product with OKle, 31*, i?rior treatments to give an
acetylated product or sulphate free product, suitable
for méthylation, were not successful, The properties
of the fully methylated and CHCI3 insoluble fractions
have been investigated, The former fraction was
subjected to methanolysis and the products separated
and investigated; evidence for E;3%4-trimethylrhamiose
and no other single end group, also evidence for partially
methylated hexose”rhaimiose, anhydro structures and an
ester was obtained.

On autohydrolysis biuronic acid seems to be
preferentially hydrolysed, leaving an unstable macro-
molecular residue,

From these results structural features of the poly-
saccharide are discussed (P.94), calculations based on
SO4 content, Equ, wt,, etc., are subject to scaae error,
owing to the contaminating protein, part of which
persists throughout the méthylation of the polysaccharide.

It also seems probable that the polysaccharide

used by E,o. Johnson and in much of the present work is

somewhat different from that used by D.M, Hardy and for
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the preparation of the second hatch of glycosides,
particularly with respect to pentose content, tllva
fronds used in the earlier work were long and thin and had
been collected from the South of England in early summer;
the material used later consisted of broad fleshy fronds
and was obtained from M illport, Scotland, in late summer.
It is quite possible that the polyaacoharide would vary
slightly with the habitat and time of year, particularly

if one were a haploid and the other a diploid form.
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Muoh of the pij*at ims resaved fPtm the fronds by
dHtraction with aqaeoaa acetone; tW acidic polysaccharide
was than extracted as sodium salt by boiling toe froads
wito dilate sodium carbonate, purified by dialysiag tl»
extract ia '"Gallophaae" agalast dilate acetic acid and
distilled water, oomrerted to sodium ;%]It, wnceatrated
and precipitated as a white fibrous product by pouring
into alcohol.

kronerties ere described on 1.G8

Th& free acid form obtained at the end of dialysis was
not (x”*letely free of inorganic material (@ - ato,
mainly Ga88”), but rather than furtoer prolong dialysis
it was found m»re effective to remove the last traces of
metallic ions by an ion exchange reaction, using the

resin Zeooafb SI1Sj

toe reaction, itesia K + * Ce Besin * Ga * S i.e.

the exchange of metal for hydrogen, is practically
stoichiometric up to 0.05 - O.IO U. {4% tois ms carried
out by another experimenter [40] and after further

dialysis a product of 0 8 ash, pore acid form, was obtained.
éractionatigu” of the product was not att@sg)ted at this
point since earlier atteints at fractionation [4j had not

yielded products which were significantly different in

cerbohydzute coo”sition.
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NITRIC ACID QXIDATIOM OF THE POLYSACCHARIDE

Nitric acid oxidation of the polysaccharide was
carried out since polysaccharides containing galactose
or galacturoaic acid give mucic acid, and those
containing glucose or glucuronic acid give the
corresponding glucosaccharic acid v/hich may be isolated
as the potassium hydrogen salt.

Initial oxidation attempts gave only slight
indication of the presence of mucic acid, owing to the
presence of inorganic material, particularly calcium
sulphate, which is of similar solubility. Oxidation
was repeated on well dialysed acid form carbohydrate
(ash * 6") and a small quantity of mucic acid was
obtained.

An organic acid potassium salt was also isolated

and had similar properties to iCHsaccharate.
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AcetYlfetioa of the taoJLYsaccttaglM.

It is geaeraily found that when a polysaccharide can
be first acetylated, méthylation with slmtiltaaeous
deacstylation can be effected smoothly and easily. In
view of the difficulty of methylating the polysaccharide
directly the possibility of preliaiixiary acétylation was
Investigated. ihe action of pyridine and acetic anhydride
ia the cold had been attempted [4]j the main difficulty
was that the carbohydrate formed a herd intractable solid
in pyridine. However, the method of Carson and Kaelay [42]
~3 used for the acétylation of pectii®*waa tried as it
involved a different method for the preparation of the
carbohydrate in pyridine,i.e. tlie water ia a swollen aqueous
gel was gradually replaced partly by acetone and then by
pyridinei but the carbohydrate still formed hard granules
in the latter solvent which were not attached by acetic
anhydride, only yielding a product with leas than one
acetyl group per two anhydro hexose units after repeated
treatment.  Much material was lost in aqueous washings, as
the product was still water soluble, so that it did not
seeia advantageous to pursue further the possibility of
acétylation prior tc méthylation,

Aryts hyciroiysis of the colysoocharide followed b?
iA/-acetylation. (b) methylationT

She product obtained from the polysaccharide after

hydrolysis with baryta was submitted to acétylation and
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m éthylation. Varying conditions of "baryta treatment
were investigated; material could be isolated in
25-30"0 yield containing -"10”" organically bound
sulphate, and barium sulphate which could not be
completely removed, wuhen acetylated in the manner
desrcibed earlier® a hard product of -*12* OAc was
obtained. Although there was no marked development of
reducing power on ijydrolysis and the rotation of the
product was still negative, it must have been seriously
degraded, for after Diethylating once with NaOH and
MegSQ*. there was much loss on dialysis, making it
apparent that pretreatmient vd.th baryta did not yield
m aterial suitable for méthylation.
Autoh.ydrolysis (P,89) gave an unstable macromolecular

residue, unsuitable for méthylation.



26.

M ¢éthylation of the polysaccharide.

Using methyl sulphate and alkali.

For the méthylation experiments, crude sodium salt,
precipitated in alcohol, centrifuged, but not dialysed,
vias used. Inorganic and other impurities of small
molecular weight should ultimately be lost in the dialyses
involved, any traces of protein not hydrolysed by the
alkali would not be expected to become soluble in
organic solvents by this treatment.

Initially, the addition of cold NatH and MegSO”
over ten hours, in an atmosphere of nitrogen, was tried;
the quantities of reagents being comparable with those
employed for the méthylation of agar [e?] , A fter
seven treatments, v/hen the product had not changed in
appearance during three méthylations, the product was
worked up and it was possible to extract a small amount of
chloroform soluble material (30" (Me) from the solid
product obtained, but it was obvious that there had been
much loss of organic material.

Possible causes of loss were investigated and the
m éthylation procedure varied in order to improve the
yield of product. Hydrolysis of unused methyl sulphate
at 100“ was omitted, but the HaOH was only partially
neutralized so that the mixture remained Just alkaline

to the end of dialysis; although 50" HgSO" was

added v/ith ice cooling it was found that the yield



27.
of product was ijqproirsi 1f this stags was osiittetl

I
satirely,

toe effect of wamiag the mathylatioa mixtaire with
rsductiou in toe time of méthylation, after toe first
treatment, was investigated, since after one treatment
the polysaccharide toould be somewhat more stable. In
coE”arative experiments, at the higher temperature of
35-40° slightly lower yield of alcohol soluble material
of 2” higher methozyl content was obtained; tous warming
speeded up the méthylation procedure witoout significant
effect on the product,

toe methoxyl figuré of alcohol soluble product was
not increased after six to seven treatments, toe
carboliydrate was generally given seven treeteieats, using
toe jiTocedure dascribed in toe experiisental section.

In this way a hard yellow white solid laroduot waa obtained,
IbEtractioa with oraaaio solvents.

Extraction witJi CHdjj Et® *t 10* 1 gave m aterial
with 20;i«*te in 16;" yield; this solvent, when acidified,
extracted further material and acidified alcohol
extracted a third amount, leaving a dull green swollen res-
idue. Shis suggested that methylated acidic material
was preaecat. only becoming soluble when liberated from
the salt form.

In order to obtain as much material as possible for
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further treatosat the erude metl*lated. product was
itaitially extracted with filcohol to which oomceatrated
HCi was attaed m til a faint acid I'eaction on moist
Congo paper was obtained, later it was found more
satisfactory to extract only the fraction soluble
in acidified for further treatment (see section
on méthylation with Mel, AggO).

UMaax

file quantitj of alcohol soluble material
varied as moisture was not rigidly excluded and its
presence undoubtedly increased the yield of soluble
m aterial, with correponding lowering of methoxyl
figure and increaeé& in inorganic contaminants.

The yield of chlorofwm soluble product from
large scale méthylation was ID*BO”, (Me, 50-£4".

llie organic content of the insoluble fraction was
assayed and indicated that the overall recovery of
material was ~85".

All these fractions vmre hygroscopic.



A fter treatment of methylated” alcohol ®luble m ferial
with Mel end % "0 it was possible to extract 45" of the
product with EGI3, It was not possible to increase this
yield sigaificeatly by the use of other solvents without
heavy coatsmiiaation by silver, possibly due to oom”Xex
formation with fractious containing Mor S%. By
using methylated chloroform soluble material for
treatment with lurdie reagents satisfactory yields of
product were obtained, the methoxyl figure was not
increased beyond 51" during five treatments* Biere
was a relatively large increase after one treatment,
suggesting estérification, %i&ieh was coafimed by #ie
production of MeOH on baryta hydrolysis*
kronerties of the methylated uolvsaccharlde.

I'aie yellow powder. Ash {lla*Ca,S04, traw of Agi)

e, 31}.; corrected for ash*

H, 7.5d*>} H, E*40”-] corrected for ash

(Weller and Strauss 1
= -34 {C=0.4"1in caOLZ)
Ionic sulphate 0,47

Total sulphate 3.



Vigorous treatoeut with hydrogen chloride ia dry methyl
alcohol was accessary to cause g”preoieble breakdown of
the methylated polysaccharide to ether soluble lariaterial;
treatment with baryta enabled a barium salt te he
separated from glycosides by virtue of i1ts insolubility
in dry ether, and tiie salt was thmi eoaverted to methyl
ester. The separation was carried out according te

the following scheme, average results are given*

M ethaaolysia product

ether extraction
Soluble product (40-50",) residues
1
Ether extraction
r - 1
Soluble glycosides ( 30”71 Barium salts

later (- 10%)

Rotations could aot be observed during methanolysis,
but the olmiAge ia rotation of -20 {stai“ting material) to ~~o
(ether soluble product) indicated extensive breakdown.

glycosides did not contain nitrogen and were

fractionated in vacuo.

The oster fractioa was further purified aad investi-
gated separately, it did not contain nitrogen,

iSie residues were black aad extremely viscous;
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Hitrogaa aad silver were pressat, of the latter
coula be preoipitated fro© a solution of residues iu

bj the action of % 3,
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Investigation of rilycosides.

The glycosides were fractionally distilled in
vacuo, and the specific rotation, refractive index and
methoxyl content of each fraction v/ere measured. Samples
were hydrolysed with aqueous acid, losses were heavy
where Schiff reactions indicated the presence of
anhydro structures, and the detection of laevulic acid ’
in one such instance agreed vith the destruction of
anhydro compounds.

In order to identify the reducing methylated sugars,
partition paper chromatography and the preparation of
anilidea was applied, a sample of a major fraction was
also fully methylated and investigated. The results
showed that all fractions were mixtures; L-rhamnose, isolated
as 2:3:4-trimethyl-L-rhamnose anilide after @lvent
extraction, was the only simple end group present, although
anhydro structures, produced by hydrolysis of sulphate,
may also form end groups in a branched structure,

Evidence for glucose rather than galactose was given by
chromatography, but the anilides isolated indicated
galactose. Results from chromatography also showed some
difference between the two batches of glycosides which
were fractionated, the later material probably containing

2:3-dimethyl-xylose,
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Investigation of ester.

Tkie isolation of ester material confirmed the
indications of the presence of -GOOH from méthylation
experiients and furfural estimations, The properties
of this fraction suggested a methyl ester of a
dimethyl-methyl-hexuronic acid, a crystalline product
was obtained, but it was not identical with any
established compound.of this type; another possibility
is that some anhydro hexonic ester is present,

" These results are discussed in the last section.
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H&Poaiorte aeia, furfural aaa derivativee ng be ofetaiaaaé
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com
& A
A .wi-iili.m -c% OH
ileaar”ie aoié peutoay farfural

3, Eeatowe yield farfur&l (see 0,/

é. Methyl pmtsms yield 2toyl ferforal,

1%
or 0
ciih /C a.& c.ati
aaitoyi peaiose E-eathyl furfural

b. &M®&to heaoaie aelaa yield e% mA torturai,

& yield of <oOBa aiaxide ia i, la peuetiealljr



3S.
quantitative and this reaction is used in methods for
the estimation of uroaic acids, (see P,86),

Determinations on the purified polysaccharide were
carried out by D.M. Hardy [4]] . The carbon dioxide
liberated from fully methylated material and from the
m éthylation residues insoluble in CHCIg was determined.
Results indicated a loss of -50" of uronic acid in
the former and only slight loss in the latter fraction
as compared with the starting material,

Furfural and many of its derivatives give precipitates
with solutions of certain reagents, e.g. phloroglueinol,
thiobarbituric acid. The former was considered to be
the most generally satisfactory by Norris et al* [44] and
was used for the estimations on the Ulva polysaccharide.

However, the yields of furfural and related products
are not quantitative, and the precipitates formed with
phloroglueinol are of 11l defined chemical composition;
hence rigidly standardized conditions for carrying out
the reactions have been recommended. Reliable
empirical tables which give the equivalence between
weight of phloroglueinol precipitate and sugar, under
standard conditions, were first drawn up by Krober,
Tollens et al., using single sugars (e.g. [45] for methyl
pentoses). Later workers have attempted, by discovering

the causes of the destruction of methyl furfural for
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example, to improve procedure, so that results are
less dependent on arbitrary conditions.

kullgreen and Tyden [46] recommended the addition of
salt to 13.15~ HCI for the distillation, the salt
stabilizing the acid concentrations at this level, for
losses of methyl furfural are very dependent on acid
concentration [4?] which varied during the older
procedure of distilling with 12 HCI. Losses due to
oxidation can be avoided by working in nitrogen [47] .
Quantitative yields of methyl furfural can be obtained
by distilling it off in steam at Ilo' from 13.15" HCI
saturated with NaCl [48, 49] ,

Norris et al* carried out estiDiations on various
sugars and obtained expressions relating weight of
sugar to weight of phloroglueinol precipitate” P,

e.g. For anhydro rhainnose® R

R =1.0433? i+ 0.0118 1 0.0003
for 0.04 g. to 0.16 g. Rhamnose.

But Hiese investigators pointed out that the
conversion factors are very dependent on conditions
and stressed the necessity for investigators to
determine the constants for their own conditions,

1+ They also investigated mixtures of two sugar types.
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e.g. methyl pentose and uronic acid, such as occur
in natural polysaccharides. In general the course of
the distillation of one component was affected by the
presence of the other, so that expressions obtained for
single sugars cannot be applied with accuracy* W ith
uronic acid as one component, a satisfactory relation
could be deduced if the uronic acid was independently
estimated by Hezoses increased the weight of
phloroglueinol precipitate owing to the production
of small amounts of OH-methyl-furfural.

In the present work, the method of Norris was
modified for use with smaller quantities of sugars,
using rhamnose, arabinose and galacturonic acid.

It was clear that the method of Van der Haar [50] for
separating methyl furfural phloroglucide precipitate
from furfural phloroglucide by virtue of the solubility
of the former in alcohol at 60" was unreliable (as
stated by Norris) although it was used to give a
comparative measure of rhamnose lost and retained in
the macromolecule during autohydrolysis.

The appearance and solubility of the j,rvcipi+
from the Ulva polysaccharide were very like those from

arabinose and galacturonic acid, although the
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proportion of alcohol soluble material was much
greater, confirming the presence of methyl pentose.

In the earlier work [4] there was no indication of
pentose in the methylated hydrolysis products, and the
evidence for uronic acid was inconclusive, but this
work suggested that uronic acid and/or pentose was
present, and was supported by the present méthylation
and chromatography studies [40].

Autoh.ydrolysis and furfural estimations.

Since there was evidence that the proportion
of methyl pentose in alcohol soluble hydrolysis
products was greater than that in the original [4]
there was the possibility that it could be preferentially
hydrolysed from the macromolecule. Autohydrolysis of
the acid form of the Ulva polysaccharide was carried
out and the product dialysed; the metliyl pentose
and pentose or uroaic acid in dialysable and non dialysable
fractions were approximately assayed.

The results indicated a preferential hydrolysis of
uronic acid (or pentose), and that di- and possibly
tri-saccharide fragments must have been liberated on
autohydrolysis, the uronic acid may be liberated as

aldobionic acid as is found, after the hydrolysis of
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various plant gums and mucilages e.g. gum arable [51].

The non-dialysable portion contained sulphate ester.
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Ulva laetaoa was obtained from the Msriae biological
Station, M illport.

Hsgtoval of oijsiaeata.

Pigmenta were extracted from t&e fronds by covering
them with 85” acetone in sballoe tanka and allowing them
to stand exposed to sunlight for $-4 days, stirring
Qceasioaally. Three treatments yielded pale yellow
coloured fronds which were dried in air.
original extraction procedure.

Initially the procedure developed by S.D, Johnson

[4] was eaployed wlto slight modification.

i.e. 100 g, dry fronds were heated with 8 & o,5"
sodium carbonate solution,on a boilie® water bath for
U hours and the extract filtered off through calico,
toe fronds were further extracted by three treatments
with 8 1 ,0,25/) sodium carbonate, involving 30 hours
BK>re heating. toe coshined extracts were concentrated
on a water bath to about IB L, filtered through fine
cloth to separata from a sludge, which was mainly
inorganic, end farther concentrated to a volume of
approximately 600 ml. The polysaccharide was
precipitated in a toite fibrous form by pom'iug the

dark coloured, thick solution in e fine stream into
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5 L,alcohol which waa rapidly stirredj the final
alcohol concentration being 88-90"*

She only alteration to this procedure was that
concentrated hydrochloric acid was added to the
sodim carbonate solution during concentration, in
order to reduce the alkalinity and hence minimise the
hydrolysis of sulphate ester groups known to be present*
The solution was kept alkaline to liteus, the total
volume of concentrated HCI used initially was -30 ml.
equivalent to of the sodium carbonate used*

The product waa kept under alcohol until required.
It could be worked up to a fairly white solid by
centrifuging off tee alcohol” triturating twice with
alcohol and then with ether.

This crude polysaccliaride was found to have a very
high inorganic content, ash 40-50" of dry weight, A
large part of this inorganic material consisted of
sodium chloride and soditmi carbonate, ”“Aicii have only
slight solubility la alcohol ( 0,3 glI"* IfeCl,0.2 gL"»
Na*CUs in 907 alcohol) but which should be removed by

dialysis against water; Oa’ and were also known
to be present.

PieJLysis ezuerimeats for tee aurification of tee

polysacchagidil.a
Cellophane" casings were used for dialysis* ahen
dry they are easily damaged by contact with brown paper

etc*, and so were stored in a damp atmosphere (over I”
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formalin solution) when not in use.

The performance of the casings was first
investigated by dialysing a solution containing
known amounts of sodium chloride, calcium sulphate, glucose
and starch against distilled water, che solution
inside the casing and the dialysates were tested for
the substances used.

Glucose was estimated by hypoiodite titration,
the loss involved on concentrating was corrected for
by carrying out a comparable concentration of a
standard solution; 1ions were assayed by suitably
concentrating and diluting until the limits of
sensitivity of the following tests were reached”and by
comparing v/ith standard solutions,

Cl1”*, 0.8 ml. (2 drops) 3" AgNOg solution added to
1 ml. CI® solution, cloud detectable at

1 ~10"®g. d' L*I.

3%~ 0,8 ml, (2 drops) 12" BaClg solution added to

1 ml, SO" solution, cloud detectable at

7 X10-3g. SO L-1.

Ca 2 drops saturated ( )*.Fe( CN)g solution ~1 drop
alcohol added to 1 drop Ca solution, cloud

detectable after £ min, at 5 x10“"*g, Ca”
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Results showed that the iaorganic ions, glucose and
a small proportion of the starch (giving a red colour
with Ig) dialysed readily and that the remainder of
the starch (Ig colour, blue) was retained through

prolonged dialysis.

A solution of the crude polysaccharide, 8 g. organic
m aterial, was dialysed against distilled water, and
then against dilute HCI of pH 3 (bromphenyl blue), the
pH of the acid form of the polysaccharide [4]. The loss
of inorganic ions was estimated approximately using
the nephelometric tests, P.42,

A fter

2 days 2 days 6 days 3 treatments HCI (pH 3)
Cl 04 g. 0.015 g. o0.02 g.
So4 0.69 g. o0.01 g. o0.02 g. 0.016 g. 0016 g. 0.016 g.
Ca OOS g. o0.001 g. 0.001 g. 0.01 g. 0OCA g.

Final yield 6 g. organic material 1.e. -75".

The loss of 25" organic material on dialysis is not
mainly carbohydrate in nature as Molisch tests on
dialysates were only slightly positive, The steady loss
of sulphate is probably due to the fact that solid GaSO*

is present and is only removed slowly because of its low
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solubility (0.2 at 18* I. Dialysis against dilute HCi
resioved calcium more rapidly but prolonged exposure to
mineral acid was not considered safe for the polysaccharide,
particularly If it contained uronic acid.

A product worked up as sodium salt gave 227 ash on
ignition, A‘prgduct worked up as acid, by precipitating
a solutionndat pH 3" in oloohol” gave XIf ash on ignition,
but this was probably partly sodim salt, aad % uld
contain sodium chloride as this was not reeved by
dialysis; Ca and Pe were also present.

Samples of sodium salt purified in this way. (25"
ash) were ignited and the sulphate estimated gravlmetri-
cally as BaS%.

On ignition without sodium carbonate. 9p S%
" w ith " " . 133 a%

lite ash fx‘om sodium salt which had only been
dialysed for a short period against distilled water was
found to contain 28$% phosphate (by "molybdenum blue" test,
estimated colorimetrically). In view of the presence
of caleima and phosphate it was obviously necessary to
dialyse against a solution sufficiently acid to dissolve
calcium phosphate. Dialysis against acetic acid was
tlierefore tried as this would not affect the carbohydrate,

The concentrated sodima carbonate extracts were not
precipiteted Into alcohol, but the solution wa” neutralized

and dialysed:-
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(1) agalAst rapidly flowing tap water for 24 boara;
this reimved mch of the I&( aad provided that the
flow waa fast, Cas% did not precipitate in the
"eeliopbaiie®’,
(2} Against flowing dilate acetic acid.
(S) Against flowing distilled water.

am#les of acid form polysaccharide solation
were withdrawn at this point and could he concentrated
at 80* without charring. On a”*ing the dry solid,
tstie fS of the acid could be obtained. Ideally
this product should not leave eay residue on ignition.
fhe $ aa” was used as a criterion of improvement in
purification as (2) and (S) were varied. In (2)
100,~/ 60 and '25 AeGB were tried and it was found
that three days dialysis against K/SOAe(,Hwas necessary
for the eoi”lete removal of phosphate. 1In {3} the
time of dialysis against distilled water was varied frenot
three to six days, ash figures showed only slight

improvcaieat after four days (see overleaf).

, Assistance from Miss S.H.M,Saunders in the
experimental work involved in extracting the polysaccharide,

etc., is gratefully acknowledged.
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eq.
Batch HAc Distilled Ash from acid form Ash from
dialysis  water sodium salt.
dialysis
62  ~=~100 3 daja 3 days 260 pptd pH 9
(SC*Ca SzySoi 1.520"
63 % 0 2i "!I " 21.14 " " 11
30 v '5,5)1 (PQ4 - 1;* of ash)
e !
69 3 " 5§ 5.4704 = of ash) i
6 ~ 5.47 1

1 !

Later batches were dialysed against '25 HAc for 1 day,
A60O HAc for tvio. days and distilled water for 4 days and
gare figures generally varying between 5.5 and 6.0yb ash
in acid form. Ilhis ash consisted mainly of CaSO”; Ca
was removed by the ion exchange resin "Zeocarb"215 in its
acid form and the 3Os by dialysis {D.M, Hardy[40]U

for precipitation the solution was made alkaline with
2 14. i4a<H; i1t was necessary to bring the pH up to
9.5 ((Thymol violet) to obtain a precipitate v/hich settled
well in alcohol. Shis required -56 ml. 214 IfeOH, On the
basis of a maximum yield of 21g, MaSalt( corrected for
CaSO” present) and knovm equivalent weight determinations,
580 g, acid form requiring 25 g. Ne for neutralization
(40], this 1is 5 ml. in excess of the theoretical amount
required for neutralization. The carbohydrate separated
easily as a white solid when the final alcohol concentration®

after precipitation”™ was 90r#4/6. She supernatant alcohol
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was less coloured tiiaa that obtained with crude material,
elthou” it was cloudy; however only a small amount of badly
coloured carbohydrate material could be obtained oa
eoaceutratlug the alcohol from three batches; this was
not rataiaed,
fiaal mDrocedare.

100 g, dry pi#mat 'extracted froads were treated with
sodium carbonate as hitherto. Each extract was allowed to
stand before eoaceatratiou aad additioa. of Hd. shea it
could be deeaoated fwm a precipitate mas mainly
acid soluble GaOQg. «hmi tM volume of the eoabiued
extracts was about 12 L it was égala deeaated from a
residue which coataiaed less than 3(” organic material.
During the coaceatratioa 12 L.to 300 ml. ma”® mre Hd
was added so that the total volume {*190 ml.i was
equivalent to ell the Hag(CC* used. &e remltaat solution,
which was still alkaline,was mde neutral to litmus and
dialysed against rapidly flowing tap water for 24 hr.,
against flowing II‘VZS HAc for 24 hr., IYSO HAo for 48 hr,
and distilled water for four days.

#Ye solution was neutralised end coneeatrated to
A 400 ml., the pH adjusted to 9.5 and #e solution
poured into 4 1 alcohol so that the final alcohol
concentration was not less than The white fibrous
product wuld be oonverted to a white powder by trituration

witli alcohol and ether.
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iieXd 20g. sodium sait from 100 g. fronds {corrected for
Ash  £1.77
S% 14.2# of sodium salt t

y'=47 (C=0.%y m%0)

(figuras varied slightly for different batches(,
v>ith iodine solution” the acid form of the carbohydrate
gives an intense blue*violet colour, similar to that given
by starch, «dii<ii persists on dilution. She salt form
gives only a alight colouration,
hiSBic ACio
Oxidation of b.?drolV8is aroducte.

Hydrolysis of the sodium salt fons of #e polys&<»haride
was carried out by boiling with S B%S0Og for So hr.(reducing
power,1 g. =25 ml. 0,1 KIg), Sbe acid wasneutreliced wibh
baryta and the filtrate concentrated.

0.7 g. product was oxidised by 15 ml. HNQ (B - 1.5)
at 70°. conditions which are used for the oxidation of
lactose, but only inorganic crystalline fractions were
obtained on concentrating. IThe hydrolysis product was
extracted with 95;* alcohol in order to reduce the maonnt of
inorganic material and the extracted sugars were oxidised
with ShOs at 65°. After slow evaporation two crops of
inorganic material were rwoved, and on standing at room
temperature another crystalline fraction which contained
organic material was obtained, this darkened at 180° and

showed some softening at 190°, but contained inorganic
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material as it left an appreciable aah oa ignition.
Mrac-tjtitric acid toarolreis mi oxidatioa of ~ noivsaeobarid#:

Dialyma acl6*form pol“mcch&jtiiie tach was uaei
tor »ubaequeat ozldatioaa as the mparatiou of maoic acia”

see1™U ta be 1adioated above, saould be easier with
less iaorgaaic material preseat* The pronminre was based
on that of Dsree [MI for the isolation of maolo aoSd
frcm pol;*saodharids (xmtainia® oiil® small smonats of
galactose™*

5*5 g. acid form carbohydrate was reflused with 15 ml*
3U1ilQs for Bhours* % solution was separated tnm
unattached material and concentrated la vacuo at 40" with
a vigorous air stream* to remove oxides of nitrogen*

“vhea the volume was -8 ml* and -4 ml* cryeteliine Tfiiorgfeiiic
material was filtered off* A e viscous solution was tWn
heated with 10 ml* 50 at 55 in an evaporating dish*
when the volume was -5 ml* it was sXlmmd to stand at

room temperature* The first product to (TystaHise was sminly
inorganio, that which came down slowly contained organic
material, /*} More of this solid material was prepared on
similar lines and extraction with a small amount of

solution followed by acidification with yielded
crystalline mucio acid m*p* ZXf1 mixed m*p* with an
authentic sample 216 * The yield was very @mll.

The zolutlon from (I) was tested for the presence of
saccharic acid by adding saturated potassium acetate

solution until there was no laore prooipitatlon of solid
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materiel* the 4K>lutlom smelled of acetic acid* The
solid was filtered off* washed with a little water mid
recrystalliaed from hot water* ® crystals were very
email but acme did show trapezoidal facets .on
exQiniuatHou under the microscope, and appeared similar to
an authentic eas”e of kH sacoiiarate* prepared fr”

The silver salt wee prepared by dissolving 0*12 g*
of the salt In the miaimmm volume of water ma pouring this
solution into a cold solution ooataiuing 0*16 g«
The precipitate was al2x>wed to stand in the dark for 2
hours when darkening occurred®* it ms filtered* washed with
a little cold water and dried in the dark over coneeatrated
HgS%* Msr# was obvious decomposition during the drying*

Oh ignition in a plafmum , crucible the Ag salt m”s
found to contain 58*80 Ag ( Theoretical 50*910 Ag ) * higher
figures were also obtained, the Ag did not contain %G1"as
there was no loss in weight oa extraction with ammnia
solution* Deccmpasilion would account for the discrepancy*
es also #ould the presence of aotm Ag oxalate (?1&(" 1lgi*

ienulne Ag saeoharate was prepared end analysed under
the same conditions®* again there was some deoc”position*
but it was not so marked# [Mormd 51*080 Ag# Silver
tartrate was also less easily decoi*ipoaed#

Oxalic acid hydrate m#p# 100’was obtained on further
concentration of the solution at {%) to 2/3 voluB” or less.

The residue which was not attacked in the preliminary

hydrolysis ( -150 of starting material) was heated
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w ith i%S% os a water bath at 80' for 30 miss, no
appreciable charring took place* Sufficient cosoestrated
MiO» was added to make a 150 ooscestration and the

eolation was heated for e further hour# A fter standing ani
decanting from unattacked solid the solutios was made
alkaline with m<M and filtered* [t wee easier to filter
from floeculest material when alkaline, and imcic acid

would sot be lost; adiitios of alcohol aim aided filtrstioa,
The filtrate was acidified with nitric acid® whsa a am 1l
quanti® of organic acid material {flocoulent* polysaccharide
like), mtB precipitated® the solution was allowed to
evaporate at room temperature for two days* Sufficient
water was added to dissolve the large crystals of

leaving two products, (a) white crystalline m terial M 11"
was partly inorganic, and fb) pale yellow material %é&idh
adhered to the sides of the dish and filter stick#

This hardened on collecting together and washing with a

small amount of cold water* m#p# after recrystallizing

from hot %mter 212".

AOVDJILNUD™ 0 f(' LY3BACGHARIDB
Jodium salt material, corresponding to 6 gm* dry organic
matter®* \sdiich had been triturated with alcohol* was made
into a am)oth gel with 38 ml. water* dilute HGI was added
until the mixture gave a strong acid reaction to conga

and 67 ml. acetone were added, The acid form of the
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carbohydrate, aa a fiae fXoceulent precipitate, was
centrifuged off end 68 ml, pyridine added, the mixture
wea stirred for 5 minutes end allowed to stand for 3
hours, pyridine was centrifuged off and replaced by
60 till, fresh, this was repeated three times, She mild
was thou stirred rigorously with 40 gm, pyridine and
6 gm. freshly distilled acetic mihydrlde on a water bath
at 45°, After an hour”O gm, Acgii were added and stirring
continued for a further two hours. After staadiag
overnight the supernatent liquid was daunted into ISO ml.
3)b HQ. and the residue. R. was retained. A small miount of
flocculent precipitate formed in the HCl which after
standing for 12 hours was centrifuged, washed well with
Sy RQ and water and then with alcohol end ether. 0.5 gmk
of material with 7" acetyl «intent was obtained. ame
product had been lost la the aqueous washinga.

%de residue H. after washing with pyridine end -
centrifuging was allowed to stand with 10 ml. water, it
swelled to a soft gel. suelllog strongly of pyridine;
on addition, of SO el. pyridine with stirring e more
flocculent precipitate was obtained, %e pyridine was
removed by centrifuging and three further pyridine
treeWants applied, each with 24 hours standing; the
rather hard product was acetylated in the same way as
before, it did not go into solution. After standing at

room temperature for 48 hours the whole vss poured into
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150 ml. % HQI axia worked aa before.

Acetyl (OAteat 130 (- ~ gp per aithydrobexoae uciti.

Overall yield 45-500,

Matimmtlom of acetyl coiiteat was carried out by
stirrlag a kaomi weight of imterlal %iith 0.5 N alcoholic
11aOH for 2* houra at 55" la a stream of uitrogea, titrating
exoesa NaOH with 0.6 HCl using phenol phthalela indicator
and comparing with a blank experiment,

e.g. é# dry wt. of material treated

with 10 ml. o*6 a alcoholic Ka®.
Bxoess 14 ® 10.039 ml. 0.463 i Hd.
Blank 11.075
1 gFi. oarbobyarate coatalzis f

=0.1S gm, O\C,

BARYTA HIOROLY3XS.
A 64 aolutloa of oarbohyar&t« la baryta was heated
at 70° In aa atmosphere of altrcgea, % fium salt was
precipitated aad at ao point did all the organic

matter go into solution,

Seating time Bedncing power as ml, *o -1
2" hours 1.6"'ml,
5 hours 2.6 ml.

Baryta concentration increased to 10"

22 hours 2 ml.

Oa acidification with HjjSUj (to coago) the precipitate

could be centrifugea off, leaving a dark pungent smiling
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saXutitm# Ylel4, after co&oeatratlog aad preclpltetloa with
aleohaX, {luoladlng ash)#

A similar hyarolysia at 88“ showed a reduoiug figure

3#5 ml# N{O % after six hours which fell to uear
zero oversight# Ifehliage ahd tW Iwaaoff teste aegative#
Thé soltttioa was rotieatad wim baryte at 80" ma worked
up aa before#

250 recovery of organic material (with 320 aah)#

C'] *30 (10 aqueous solution* cloudy).

Baryta hydrolysis at 100" yielded a very viscous
degraded product#

Acétylation of baryta treated material®* aeoordiag to
procedure given* yielded a small quantity of hard material
Ole = 1&0#

5 gm# was methylated with Me"SO" and lia® at room
temperature* very little solid separated out on dialysis#

Total yield 300* containing Ba3(%; 130 CaWt

MTHILATIUB # Wiu HOLYSACmAMm.

wly”amhmride miim methyl sulphate and

Preliminary experimentm#

Crude sodium salt fom carbohydrate* precipitated into
alcohol and centrifuged* was used without further treatment,
eftg* drying#

M aterial corresponding to 6.2 gm# dry dialysed organic
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material was swallea to a gel with water euid ceth”latea

at room temperatare with 89ii ml. SO* MeOR and 140 ml.
MegiO*, using the apparatus shewa in diagram 1. the
reageata were added slowly, through the two tap fuaaels, ia
tenth portions at hourly interrais; a steady stream of
nitrogen was passed into the flask through the tuhe. A,
and the mlrture was stirred rigorously, At the end of
ton hours, any methyl sulphate remaining was hydrolysed

by heating on a boiling water baih for 45 minutes, with

slow stirring, The carbohydrate darkened oa treatment

with alkali, more so on heating. After neutralizing
with the product was dialysed against distilled
water for -5 days. ihe dialysed solution was

concentrated at 45° and then remethylnted setreral times,
using gradually reduced quantities of reagents with
addition of acetone.
Second méthylation, as first.
%ird to fifth méthylations, 240 ml. 8(* lieCM,
100 ml, Keg30”, 80 ml. acetone.
3lith end seventh méthylations, 220 ml. 80" IkcH,
90 ml, Meg9%, 120 ml. acetone,
The appeerenoe of the product and its insolubility in
water did not appreciably alter after 4-5 treatments.
Uie final dialysis was allowed to run for 17 days and

oa concentrating to dryness 1,7 g. of a light yellow
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powder was obtained* which was extracted three times with
boiling chloroform.

Yield* U.27 gm.; me,

Methoxjrl figures were estlEiated by the semi-micro
Zeleel method.

Factors causioK loss of rriaterial.

Material must hare been lost during the dialyses*
concentration of dialyj*tes from two méthylations showed
that there was a steady small loss of organic s”*iaterial, and
that m)st of the aodima sulphate was dialysed after
56 hours with distilled water* changed every eight
hours.  Hence* except for purification in the last stages*
lauch sliorter dialysis times were employed (see account of
final method employed.)

tlhhe action of cold and hot 30" teCM was investigated,
A 2 solution of the carbohydrate in llece was stirred
vigorously” in an atsiosphere of nitrogen” at room temperature”
for 10 hours, followed by 1 hour oa a boiling water bath.
dt the tiiaes indicated aliquot portions were withdrawn
and neutralised* and the reducing power determined by the
willstatter hyixsLolite method as iiodified by Baker and
Hultou [63], Ais is not as accurate as later HK>difications
using cai'efully buffered slightly alkaline conditions
e.g. [53] agig was further complicated by the fact that
iodofona could be detected after titration, however ciianges

ia iodine uptake give au indication of the liberation of
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reducing groups.

ours at
20° in 26 H |g- ® H 8]

ml. 10 1£ gm} 0.1 0,314.0 i.~ .4 4,7 4.6 4.4|8.0il.5:|1.4

Hours at 100" la % 1 ilO hr. at 20%ia air.
ml.% 0 %gia”" 2.4 8,0 14,8

Ketfiylatiott was repeated, omitting the hydrolysis of
Me&3%, only about 25" of the 50" HgS% required for complete
neutralization was added before dialysis (except for
seventh leethylation) and losses were visibly much less,

16 dry product was extracted with CSCISjEtCHs {10 tl,

Yield, lo"a 0Ma 26",

She residual material was treated with the sasa solvent
mixture to which concentrated HCl was added until,after
faking and standing, a faint acid reaction with moist
Congo red paper was obtained.

Yield, 16%,

Alcohol extracted a further 16”7, and the residue
had become swollen and green coloured. On standing, the
dry material very rapidly absorbed iwlsture and the methyl-
ated carbohydrate was damp at this third extraction stage,

The residue was dried; yield, 52%; (ble, 18%,,

Overall yield, 707,

Acidified Eton was then used for extraction of material

suitable for further treaWent.
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jikfegt of warailag aialiAog metterlatioa.

A trial experiraeat in which the material was wan~d to
40' ia the later stages of trethylatioa, (6 treafeaeats),
gave a good yield of material of Okie, 24", Tko méthylations
were carried out siiuultaneoasly with identical conditions,
except that one was given six 10 hour treatments at room
temperature, and the other six, 7 hour treatments, (except
the first), at temperatures increasing from 30° (second
treatment) to 40° (fifth treatment).

10 hour méthylations 49* yield ke

%ere was uo significant difference in tee colour, etc,,
of material during the two procedures, the alight difference
in yield and ®e is possibly due to alcohol extracting
«are material of lower $§ (Me, owing to the presence of
moisture, in the first ooso.
Variation in tiie number of treaWants.

After four méthylations, product of (S, 19" ”*obtained.

After six méthylations, typical methoxyl figures for
alcohol soluble material were:-

--------- —1
Batch v A% VI VII VIII

J/em 24 26 23 20 20
p Yield 47 35

After seven méthylations products wite 253;% and 22,6js,
(ée were obtained, a sample of the latter, after working

up, was given two more treatiaeuts, the product had 22,8'i
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We with iS%i loss. lu general mterial waa given seven
ti'eatuzeuts, particnlarly as the larger scale procedure,
used after leethylatioii VII, did not mem to give as good
yields of soluble material.

Rotation -10 -13 {C=8% in HgO,

cloudy solution)

At this point, chloroform extraction of material, for
metliylation by furdie reagents, was used, and the eietiiyl-
ation procedure was only modified in minor ways, described
in the next section.
jPinal laeth-vlation urocedure.

Crude sodium salt, precipitated into alcohol, was
centrifuged and the moisture and ash content estimated}
it was ground up to a smooth gel with water, using about
1.5 ml. water for 1 gm. dry weight of organic material,
Eor IS giti. material 670 ml. 30|S Ba(Xt and 250 ml. Meg3%
were run ia slowly in tenth portions at hourly intervals,
the mixture was well stirred and nitrogen passed into the
flask. The product was dialysed in '"Cellophane'" tubes
or bags, to remove sodium sulphate; it was necessary to
rock the bags mechanically for efficient dialysis.
Distilled water, renewed tvjlce, after E and than 8 hours,
waa first used, this removed much of the free alkali, it was
then possible to dialyse against fast running tap water
overnight witbout serious precipitation of calcium carbonate

or sulphate on the membrane, and finally the solution



Y

i;*o



60.
Was dlalyseii agaiust distilled water for Uiree hears.
Ia later treataeats the reactiou mixtare was heated; for
the fifth to seventh wethylatlons, flowing distilled
water was used throughout dialysis to avoid coatamiaatioa
with inorganic material from tap water,

The resulting solution was neutralized, if necessary,
and concentrated ia vacuo at 45°, Much frothing occurred
when aqueous solutions of polysaccharide were concentrated;
the apparatus shown in disg. B, was found suitable for
removing water from large volumes of such solutions.

She twaperature of the heating bath, B, was brought to
40-45° and the bolthead flaahs”vacuated before solution was
run into the flask, D, through the tube, A; the rate of
entry of liquid was adjusted by the screw clip, G so

that it v.as approximately equal to the rate of distill-
ation and liquid did not accumulate ia 0. fhe receiver
was cooled by a fast spray of water.

Much of the organic m terial settled out as a gel
from the solution to be concentrated and was centrifuged
off in order to avoid heating it, it was added to the
concentrate for further B®thylatiou, sufficient 60"
lleCH solution being used in methylating to compensate for
the water present, After foiur treatmnts, siuch of the
organic material separated out very coi% letely and by
adjusting the height of the siphoning tube A, could be

left in the vessel of solution to be concentrated and

was not separated by centrifuging, m@ product was
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re-methylated, seven tiiaes in all; gradually iaoreasiag
amounts of acetone were used, the quantities of Eathyl-
ating reagents were reduced and when the reaction mixture
was warmed on a water bath, additions were saads at 45
instead of 60" intervals. Quantities of reagents used

for the repeated méthylation of 14 gm material are

shown in the following table.

ml 30" Ma2l ml Iml Acetone temperature Onratioa
600 250 ' Boom 10 hr.
530 225 50 30 - 10 "
530 m £25 100 40 7"
360 150 100 40 777
360 150 150 40 777
275 - HE 500 40 7"
275 112 BOO 40 "

After the last méthylation the solution was dialysed
against flowing distilled water until it gave a negative
reaction for sulphate (this took about eight days), and
was concentrated to dryness at 40-45°, benzene being
added to remove the last traces of water, solid was
extracted four times by boiling with GH(Og under reflux,
using 300 ml. neutral, 300 ml, » A ml 200 ml, acidified
solvent, (concentrated HCl added until faint positive
reaction to moist congo-red paper after standing),

CHClg was removed ia vaouo with good aeration so that

aiiy free Hd was driven o ff.
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$he product was a light browa glass, difficult to
recKJve from the flask. By preecipitatiog the product
from ooueeatrated CHGIg solutlou aad triturating with
petroleum ether a st*.Ite powder was obtained more easily,
The organic content of the residues was also assayed ia
some cases, The yields given below show variation, there
is a tendency for higher yields to correspond with lower
methoxyl figures, as would be expected, the yields have
been corrected for known losses, e.g. due to cellophane
leaking ia dialysis.

p Qv A Yield $ overall yield.

XIII 29.9 19
X71 27.8 10 50
XVII 29.7 . 15 85
XVIII 24 30 100
XIX 31.5 12 85 1
XX £3.,4 20 90 Jl
XXI 35.1 12 50
m i 24,7 (separate Ratches)
£3.6

Properties of methylated material, soluble ia acidified
Chloroform. ' ' "

{Yellow white powder)
-27 (C=0-63, in CKGIlgjj ash, slight
positivée reaction for nitrogen by sodinrs fusion*

Mettolatcd material inaolubla ia acidified chloroform.

The” residues had a high ash content of 22-
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£0 gia were dialysed against H'/60 liAc for 7-| days and
distilled water for 8 days; oa aoutrsliziag with
and working up 14 g product with 11,4" ash waa obtained,
a'urthcr dialysis yielded material with 10.5" ash;
Ca, ES;i;, 10,6%; C% positive.

SJie material was a green-brown mlour and contained
nitrogen. M\e 2.88§.

QVe, 17.2;:; organic sulphate 138§,

Croaio acid estimation (see indicated one
-COUH group present in 1010 g.

It was not possible to prepare asolution suitable for
measurement of rotation as the material did not form a
homogeneous solution except at very low concentrations,
Farther laeth-vlatioa of residues.

Material which was insoluble in EtOE was E*thylated
twice with l-legSQ”, 50$ fiaOH and acetone, at 40°,

Extraction witti.acidified FEt(SJ yielded material of 19" (BC
Thus further treatment yieldf% little more soluble
product but there is uo appreciable lucreasc in content.

Material which was soluble in £t€S was extracted with
CHdg (for siethylatioakLth Mel, AggQO); the residue
(soluble ia-EtCHi, insoluble in (EICig; 8, 0=0.63
lu K(H) was submitted to further méthylation with

but tills was not. satisfactory. There was
mudti darkening during méthylation, there vas loss oa®

dialysis for removing end material could not be
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extracted from isagSO”" in good yield by the use of
orgaaio aolveuts* The ueoood),imtho4 yielded a product
of 22,3%
PaFtMxjBethylntlon. usia® matkvl iodide and allyeg oxide.

Alcohol soluble material. A, 21§ 07, was used, it
was not appraoiably soluble ia methyl iodide and so 2g
waa refluxed with 4 ml MOH 4 ml Mel and 3 gm AggQO, the
condensor boiog closed by a mercury trap. 3ie azthyl
alcohol was dried by the magnesium methylate method,
methyl iodide was freshly distilled from Cedk. and silver
oxide was freshly prepared and dried in vacuo at 45°.
Four quantities of 1 gra, AggO were added at two hourly
intervals and then 8 ml Mel mra stirred ia, for the mixture
was almost solid. After refluxiag for a further tiiree
hours the mixture was extracted with dry CHClg and the
extrect dried with Mg80".

Yield, 458; €»?, 258§.

Further extraction with MeOH yielded dark material
containing Ag,

A was extracted witii chlorofona, yield, 60$; (Me, 23.58,
and methylated as before; yield, 728$; Olfe, 29,08, readily
obtained oa QIClg extraction. In this case the fraction
insoluble In CM(g is also preserved. The products from
both experiiaents were combined and treated twice more in

the same way giving a product witli C8fe, 298; yield 828.



The relatively large increase in methoxyl figure
ou one traatmeat with Mei, Aggli suggested the formation
of methyl ester, 0,73 g, wns reflaxea with 20 ml,

S$ bmryta %t- @0-65° for 3 hours and the product
distilled carefully» The first mi, of distillate
oootaiued %eOH (smell) and gave a strong positive test
for MeOH by oxidation to B(HO followed by resorcinol
colour test for HGHO

Dilute Hgaw was added to the residual mixture until
it was ueutral to coago red. Extractioh with CHClg gave
0,67 g. (928) material 85,48 0" . cwitaiulag a very
little haS%.

The methoxyl figure of this product, by comparisou
with that of the starting material (23.5%) iadicated that
there was some méthylation other than esterificatiou.

9gm. quautities of CEUB soluble material (ash
4,0 were each boiled with 30 ml. inel, +4 g, AggO for
& hours, + 4g. Ag"O for £ hours, +4 g. AggO for 2
hours, +10 ml. Mel and 4 g, AggO for 2 hours, +4 g.
-iggO for 2 hours. Total heatlog time ten hours.

The pxoducts were extracted with GECig etc* ia fa®
usual way, and retreated with the same quantities of
reagents,

Third treatment; field, 14.38 g.; tSle, 29.7$

Fifth treatment; Yield, 13.2 g, 79%; ONe, 29,88, ash 4,1"
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I.e. (mw, 318. ccarecting for ash.

Thus the meQOioxyl figure did not se@a to be
sigalfleaiitly Imwea”d after three or four metl*letiohs
with lurdle reagents.

Properties of fully methylated CHClg soluble polyaaeoharide.
Pale yellow solid, (#e, 31%; ash 4*1§ (ha, Ca, 8%,
trace of %1)
Analysis C BG.%; H, 7,&68; 2,4"1; corrected
fur (weiler and atraass)
= -34 (C =0.4% iu CHClg
looio sulphate 0.48. Hrouie acid, 1 g.e. (O
Total sulphate 3 in 2150 g,

Although it. seemed uullkely that protein would persist
through the methylatiou procedure, which involved prelouged
alkali treatineat and dirilyses, uo positive evidence for
the presence of smUio sugar iu the polysaccharide end
difficulty iu removing thelast tz%ees of protein have
been found by another investigator [4c]. Accordingly
tests for protein were carried out on the méthylation
product.

Biuret test, negative. After hydrolysis with 20$
HCl on n boiling water bath for 6 hours the resultant
solution was boiled with ciwrwel, filtered and neutralised;
uiiAiydria test, negative. After hydi*lysis with 35$
kaOH oa a boiling water bath for 12 hours the solution
was charmaled, filtered and neutralized; a slight

positive ninhydrin test was obtained.
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immmoijmis e mmriMm kOLiéiACcnAEim"

Dry MeOH coutaiaiag dry HCI gas was used for metbsuoly-
sis, the methylated polysaecdiarlde readily formed a
(cloudy) solution in this solvent. Inell expwiimnts
exits were closed with % traps.

The solution was boiled for the times specified,
and after cooling any remaining HCl was neutralized with
dry, freshly prepared AggCC”,  The solution was filtered
off through a I», 44 filter paper, which, retained mudi
of the semi-colloidal silver, and the residues izre
further extracted with I"OM.  After drying with
the solvent was evaporated and the jaroduot extracted with
ether.

11 hours heating ia ileCH, HCl {2.58} gave a hard
white solid product, indicating very little breakdown,

47 hours heating iu MeOK Hd (4%) gave s dark
viscous product, "4, in amll yield.

60 hours heating gave 41/, yield, and 60 liours, 66$
yield of ether soluble material. As Hd waa evolved
during Bjothanolysis further quantities were passed into
the mixture at ~lo hour intervals. It was not possible
to follow rotations as the material *ms very dark coloured
at this stagO and heating was not further prolon”d.
Much of the acid was removed by aeration at ”35' before

treatment with AggC%.

from

Material was recovered /AgCl etc. in good yield ( -
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aad «ras treparatea into etbar soluble and lamluble
fi'aobioas. !£M black insoluble residue eoutaiued
which could be precipitated by %8, there should be ao
free organic acid present at this sta“ie to retain Ag
es salt, but possibly a ee”"ez was formed with
nitrogen containing material whitdi was isolated in this
fraction, 'ihe methozyl content of the etWr soluble
fraction was 41-48 ¥ when material. Cite, 50 f, was used,
an Increase ofCKe™» consistent with eztensive breakdown,
3ie rotation was positive (+20) as ecapared with a value

-20 for ttie starti% material used in a particular
experiment.

At this stage any acidic material would be present
as methyl ester, the ether soluble fraction was therefore
treated with 3" baryta at 45 -SO” for 3 hours; O*
was passed into the solution to precipitate excess
Ba(QH)g as Ba(COg and after filtration the solid was
washed well with hot water. The aqueous extracts were
concentrated and dried well by distilling with dry benzene,
leaving a whitish, aztremely viscous solid, This
material ««ts extracted with dry ether for r”ooval of
glycosides; it was important that the ether contained
no water or alcohol or Barium salts were partially
dissolved, and contaminated the glycosides.

Salts wore converted to ester by boiling gentl.y with

Meftli, Hd (If>i) for 8 -5 hours, neutralizing with
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AggOOg fUld extracting with MeoH| the extract wvsas
dried wi# and tieOH removed. ihe product
contained traces of Ba toad A§ salts hut could he freed

froBi these by €H<3.g extraction.

Methanolysis I (trial) II  IIIA 1 IIIB 1\
f, cm
starting material 24 30 27 2~ 29 30
not Ittrdied , iI
Heating, i
time. IIP, 47 60 81 j 60 66
A field
ether sol. 9 66 « 6 41
"fl cm 40 41 8 | 43.8 m
ﬂ V { i |
% Yield ‘
glycosides % 35 28
p 'em 43,7 H'O
% Yield
ester m 16 7 8
p OVE m 33.8 37.8 40,6
p Yield, : 17 40 58
residues
{Ag removed)
'p CSe 32 32
Iin rotation Starting material
I -12
11 -20

éther soluble product
I 25
IT 20
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In I. alcohol extracted 74” of the residue, and
this fraction contained a crystalline 4g complex

19»6yi (Ve

im&NQAfIOH 1i %im ailYGoNoas.
jfractioiM tion.

The glycoside fractions from s®faiaaolyses II and
IIT were fractionally distilled in vacuo, using a small
elaisen flask with spiral condenser in the aide 1li*
(diag. 4), lecqperatures recorded fey the tiiersios”ter
in the flask are not significant as boiling points
since “rate of distillation was slow. Refractive indices
were measured with an Abbé Refractometer.

The glycosides from IV were fractioaeted in the
apparatus shown la diag, o, in which the receivers could
be changed without lowering the vacuum. After a
preliminary rough fractionation ttie mixture was
refractionated by distilling most of the first fraction
before adding tdie second, as indicated. Addition of
fractious involved washing ia with ether and removal

of solvent.



Ctlyoosiaes II and III

Rrao. pres- Bath  Flask
sure “C
wmn 1%

A 1. 0,12 100- 56-

104-
106
IA 2,:0.08 115- 67-
m - 74
118
A 5:0.09 133- 80-
35 84
A 4.0.08 1140- i
;1 105 |
A a0.051158-
o m
A 6,; Flask allovzler(;ilfo
Hosil
due.l i

Yield

0.633 43.6

0.880 43.6

2.495 41.6

0.138

G;ia

M M
5780 5461

1.45C®

1.4524i1 38 474 1.2

1,4586 50 56.5 1.3

latei“iediate drop.

0.520 40.01 1.4641 66 80.6 1.4

0.053

0.273

A positive Sehiff reaction was given by fractions A2 and A S,

only a very slight reaction was given by AS.



UlycoBiiie® IV#

jeres8ure throoghoat botii distillations 2 x i%.
Fraction Bath 1 Yield ;
'C g. '1
1. 115 - 120 0.8600
2. 110 - 124 0.m»?
8. 140 - 144 0.3013
4. 148 - 152 0,3057

At 148' crystalline material formed in side arm of

distilling flask. Residue was allowed to r«aeia in flask.

IFraction Bagl(lj S Y}eld f p Me a

B,1 106 - 106 0,233 49.1 1.4503 (26° >
:Added frae. 2 1

B.2 110 - 115 '0.055 Intermeitiate
Added 5 &4
. B.3 115- 0.619 45.S 1.4562 (25°)
| 122 - 130

B.4 144 - 148 0.199 51.3 1.4633 (18°)
i. B.S 158 - 168 0.045
1 B.6 170 - 175 0.10 44.7
Hesidue 1.094

A positive Scliiff reaction was given by fractions B, 3 and
fl, 4; only a slight reaction, after 24 hotars,\ms given by
B, 6, iths lower fractions were investigated by hydroly-

sing and attempting to prepare derivatives from the
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partially methylated rednclog sugars. lassés oa
hydrolysis were heavy where the presence of aahydro
con“ouad was aagiieated by the Sohlff reactior'l éild the
isolation of the dialtrophenyl hydrazone of laevulic
acid in one esse, also agreed with aahydro derivatives
being present initially, -

The hydrolysis products vfere also investigated by
the partition paper ctooiiatogrephy technique, SMs
method of analysis was developed by Oousden Gordon and
Martin for mixtures of amino acids as obtained from
proteins and peptides, extended to free sugars by
Partridge |[ss] and to methylated reducing sugars by
Hirst et al, [5d] . It involves placing a spot of the
solution to be analysed, about 8 cm,, from the top of
a strip of filter paper {ahatraan lio. 1)| the paper is
then hung vertically from a trotxgh containing a m ter-
seturated organic solvent, see diag. 6, with the top
edge of the paper iBViiersed in the solvait, md passing
over a support, 3, to prevent capillary siplioning. 2ie
whole is enclosed in a sealed glass vessel so that the
atmosphere is maintained saturated with w»t®r and organic
solvent vapours.

A sharp liquid front advances down tfe paper and the
different constituents of the sugar mixture also move

dom at varying speeds and hence become separated into

discrete spots, their relative positions depending on the
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type of solvent mixture need, fhese positions may be
detected by drying the filter paper after the
ciilTomatogram has run for a suitable distea.ce, and then
spraying with an appropriate reagent* in ti® present
¥erif alcoholic silver nitrate jsol-atioa was used, and
the paper redded at 100° for3-S siinutes,

She separation of the different sugar derivativea
depends mainly on the differences in partition
coefficients, since partition of each solute takes
place betiiecn *mter bound by the cellulose end the
organic solvent moving over the cellulose surface.
Adsorption plays some, but a mndi less significant,
part. In general the most satisfactory solvents
are those which are only partially misciiiB wiaa Tmter,

For a given solvent Biiiture,

R, values of solutes, where by constituent
Distance imved by solvent front

remain practically constant and may be used to establish

the constituents in a mixtxctQ once they have been measured
usin” known oogyjounds. Hirst et al* [56] found that Rp
values of sugars varied somewhat with the distance moved and
they use more constant Kg values to characterize

sugars and methylated derivatives

Distance moved by constituent

Distance moved by tetramethyl-i-glucose

A spot of 10" tetrafficthyl-B-glucose is run alongside
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the spot of solution under luvestlgation (A and B in
diaiS* o%*)
Hg values of the coustitueata of the lov”~r glycoside
fractious were measured using the &mm solvent mixture as

these iuveotigators™

itfasMaaJt*

A smitple of fraction B, 1. was hydrolysed by treateeut
with 0,1 followed by MHOI as #ho%m”" the hydrolysis
was followed polarimetrioally by cooling to room
temperature (BO") at KUOWU time iatenrals and imasuriag
the rotation of the soliiiicu*®
increaaod to II,
0O ~S 1 ii.S 2.5 2,5 3,51 5
TH 3S.4 39.341.3 |45,1 41,5 42,5 41.5 41,6
A fter 5,5 hr, heating j*chllugs reaction positive (8 at 70°)
HCl vis removed by passing the solution down a column of
resta "dcmoidite Ihia realm was found to be satisfactory
for the removal of HOI used for the hydrolysis of a
mixture of tri» and tetra-methyl fmthyl glucosides, The
product was taicea up iu ether to rmmve traces of
iTisterial from the resin.
Yield, 95;.; *me, 4B,0"; +46.2
Chromahyarol”sisjproduotj”,
Solvent1 4C" a-butanol, 10 ethanol, 49;. water, 1., aimmaia,

Cprayj 10, solution of fuaooaiacal silver nitrate.

A "0y4L.spot f a 10" solutiom of tetramethyl glucose was
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used for refarenoo compouad and spots of a
n~20~ aolutiloo of product was used. Ruas were
made for 20 hr. mt 18°C.
fhree ooaatitusats were iadicated” la, lb, Ic¢c, with

the followiug Rg values;-

la , % 0,82
Ib % 0.86-0,87
Ic Re 1,01

eItic Hg value of lb varied over the wide reage
0,854-0,88 but cousisteat values fox la aad lo were
obtaiued, ith© Rg value of 1,01 suggested that
2{3j4-triiaet}iiylrhamosd waa 2*%3*%4%6-10trasiethyl-
galactose aad S;4-dIB®tJiyirh8maose are qw>ted [56] as
showing Eg values of 0,88, Additional chroRiatogrtans were
then ruii with a third spot of tetraDJsthylgaiactoso solution
in order to compare the position of this coBq)Ouad with 1b.
2:3*4 :6-te tramethylgalactose was faster moving th©u lb,

From the relative lateas!ties and areas of the silver
ultrato spots, las;lb:1c¢ is roughly 2*2:3.
preparation af 2i8i4-% imeth2lr% Gmose” *illda”?

ciaco chromatography indieatod that trimsthyl-
rhamnose was present, 00,1268 g. was extracted with
petroleum ether at room temperature in order to separate it
to some extent from tiie two other sugar derivatives;

Yield 0,0723 g,, 573, Shis product was refluxed for

S hr. with 0.031 g. dry freshly distilled aniline and
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5 ml. ItOE. /iftt.r removal of solveat aad trltaratlom
wltil petrolema ether a crystalline i“oduot waa obtained,
which formed feather-11k© crystals over the wails of the
flask.

Yield, 0.03B g. crude, slightly discoloured product;
m.p. 107-109°.

iroduct recrystallized from alcotol:etherspetroleum
etherts ItltB, fluo white needles; m.p. 110°; the product

did not depress the m.p. of Btrlmethylrhm m ose

euilide; W A-13O(0.3ﬂ1]£meA C, 64.Q;j 11. U s5.15;
{«Oiler and Strauss); Theory 64.1" 8.B4, 4.98, 55.1.
3?”ractlon £.

AE. H'gf=61+62 {C=2.4iuH oA\

A sample of fraction AB was hydrolysed with 0,1 D
and B HCI as shown, the hydrolysis being followed

polarimetripallye

0.1 4BCL (CI~* 3. In i; HCI
(hri 0.5 1 1.5 3 O 1 14 335 6.5 8.7
w:lﬁo 56.7 55.7 51.7 55.0 55.4501) 51ja51.E 47 46 47
ﬂ” 50.0 57.9 60.4 67 60.5 60.5 51 47 47,5

After 11 hrs, heating,ifehling’s reaction positive (10' at
60’ ). The product was neutralized with BaCOg, tai“en down to
dryness in vacuo and extracted with ether.

Yield, 60*-, after 0.1 MHCI treatDient; (product on

smbsequent treatment with H HCl recovered in 81;- yield).
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.aie, 33.57. WIr-+103 H"-+106.
freptat®u of*AnilidGji*

0*100 g* of tiie hydrolysed fraction was treated with
0*060 g* freshly distilled aniline and 4 ml. alcohol and
boiled for B hrs., after cooling, triturating with
petroleum ether, and allowing to stand for B days, e
crystalline product was obtained, me product was
triturated with cold alcohol filtered and washed with
a little petroleum ether M.Bt 1E6-1B7\ Yield BO mg,
{1st crop) 0,134 g. treated 0,070 g. aniline gave 50 flog,
(1st crop)xa.p, 129-152", The anilide was recrystall! zed
from alcohol petroleum ether (1,1} wvdiite needles
lst crop m.p. ISO ; 128" (Me" 22.54% 2nd crop m.p. 127 ;
ee. B3.7;a.

Oirorostoiir*j*T of iiydxolis*dj".

Procedure, as for fraction B .1,

Three constituents were indicated with the following
Hg values

Ba % 0,61
2b Hg 0.82
20 Hg 0.87

A Chromatogram run with 2;5:4;6-te tramsthylgelactose
for CHMaparison showed that this compound was faster moving
than 2o. 2iSi6-trimethylglucose aad 2:S:6-triiBethylmaaaose
are quoted [56/ as showing; Hg values of 0,81; there 1is

evidence from the work of D,it.Hardy that Diannose is not
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present in ITlva poXyeacoharide; spot Eb did move at
the same rate as EtBiG-trituethylglucose In two
ciiTomatogrmas, rtm for coii®arison, but mveua slightly
more slowly in a third.

Fraction 5.

Fraction A3 became yellow after standing for about

two days,

A3 "-0 65 Jsg;+73 {C =5,7 in %0)

0.1 s4 liC 1 (C - 2.8 1J % S %
S1lin© (h r) IA 0.5 1 1.75 2.75 5.25

M L 6 8 ,3 *7 0 , 4 74,3 75.5 75 .5 8 6 .8 C onstant duriiig

. 3 hors. hoeating.
T77.7 s0.0 s2.5 83.4 55 4 J|96.8
Fehlings i*eBOtioa positive after 5 hr. hyarolysls,
The product was worked up as fraction A2,
Yield, ulfp after 0,1 HCI treatment, product oa

subséquent treatment with MEg5% recovered in 91y yield,

9

%e, 30%, A (B

AJULjNde, fori?iatioa was attempted but only a amall acomt

of very soft crystalliiie material was obtained on

standing, which was lost on triturating with alcohol or

petrolom ether,

j[solatiou of i“evullc .
By extracting tiie Barium salts, remaining after

ether extraction, with warm water and adding a solution of
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2;4-dialtrophenyl hydrazine In iid, a small movut of
yellow precipitate yma obtained. This was raoryateillizad

from OHClg, m.p. EOS'™. Mixed m.p, with the same

derivative of laevulle acid prepared from cane sugar, EO05%.
Megnler of A3, was determined oryoscopically in
benzene,
0.1200 g. in 17.50 g. C,showed a depression of fz Pt
of 0.161' s M.Wt. 212,
Further meth.vlatlon of Fraction A3.

1,032 g. fraction A3 was refluked with 3 ml. mi1+1.0 g,
fresh dry AghO; 0,5 g. AggO was added after two hours,
0.5 g. AggO-»-£ ml T#1 after four hours heating, and
0,5 g, A”O after six and eight hours heating. The
product was extracted with CHClg, the extract dried wifai
MgSo4, and solvout distilled o ff.

Ist treatment, yield 0,986g, 53.5"(me

3rd " 0.914g, 55.46" 7
4th 0.840 g, 56.4~ 7
5th * 0.652g, 55.9°

The product was di8til].6d in vacuo, using a small
flask with wide side arm and no fractionating coluBm;
0.523 g, main fraction was obtained, Bath 7 96-101°/
0.21 em, Hg. The pale yellow residue in the flask

was not volatile at 140°.

gl.4432; me, 86,2;,
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Sydrolxs”Sj,

C=12.1 in 0.1 K HCI.

litme (3ir), 0.25 0.5 1.25 E.O1 4.0 e¢.S' S]
93 1935 193 93 93 Elj
Yield 58"1 {Hydrolysis of methyl tetramsthyl glucoside
gave 84" yield) 43.9" C*,
-119 W2rg- 110 (C - £.8 1n Btce)
=1B9.0 (C =0.8 in HgO)
Formation of %ilide from methylated fraction A3.

0.10 g. was refluxed for 3 hr. with 0.06 g. freshly
distilled aniline in EtOH, A fter removal of solvent
a small amount of crystalline product was obtained.
Mpt crude product 165°, after trituration with alcohol
petroleum ether (1:2)

Oiromato”r*hy”of j*» and fully re thylated A3" after
hYlrolysis*.»

Procedure as for fraction B.l.

Three constituents v/ere indicated in fraction A3, with
the following Rg values,

3a Rg 0.47 (trace)
3b Rg 0,62
3c Rg 0.82

A fter méthylation the following Rg values were obtained.
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3Pa Rg 0.89-0.91 (trace) *

3Pb Rg 1.0
3Pc Rg 1.01 (main)

Thus rhamnose and glucose are present although
the third spot does not correspond to any value
quoted for a fully methylated sugar likely to be
present, neither is it due to a trimethyl galactose

(2:3:4-anilide, m.p. 168°).

Fraction 4.

Fraction B4 was investigated since this showed
a rise of methoxyl figure, suggesting some separation
of a more completely methylated biose, which was not
apparent in the first fractionation, A. iVlso
crystalline material formed during the preliminary
fractionation at bath T. 144" On triturating a
sample of fraction B4 with dry MeOH a small amount
of crystalline material was obtained, m .p.,after
draining on porous tile and reorystallizing once
from methyl alcohol, chloroform (1 : 1), 44745°.

Fraction B4 became yellow on standing for 24

hours.
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Sydroljiais”®
In 0.2 N HCI (¢ =1.3) In N HCI
Time, hr.:0 ! 0.£5 0.5 1 1.75 2.75 » 0.5 1.5

- 196.8 95 89,2 96.5 3.6 95 93.5 935
She product was worked up as fraction IB, using
"de-acidite" B.
Yield 75;" containing a little material from resin.
Clirpmatofrap” of E~drol”sis_j)roduftjs
4a Rg 0.54
4b Rg 0.74
4c Hg 0.86-.87.

93.5
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immriQATIOM of Emm feactiom *

Acidic material, after separation as Barium salts was
eaterifled with MeOHHCOL (1*57J, HCl was removed by
aeration and Ag"CO”"aad the ester extracted with MeOH (p,69)

A oample of the ester fro?n methanolysis II was
converted back to Barium salt by refluxing %ith 4 baryta,
Uie solution vms bailed gently aad 7 0.5 ml. distillate
collected which contained MeOH (oxidation to ECHO and
reBorcinol colour test). The solution was made just acid
to a>ngo, concentrated somewhat at 40°, and extracted with
CHCls. A dark yellow viscous syrup was obtained orvle,
i.e. O.El g. 18& OPm 0.094 34 ' mie 0.066 g. £3~ 0"

Ba salt ” Ester B Free acid + MeOH,

Frhcti£11Al d4stilj£tion.

0.40 g. aster from mé&thanolysis II11, 37.8y, dtio, %ms

fractionally distilled, mslag a “m1l distilling flask with

wide side arm and no fractionating coltmn, C.1S6 g,
main fraction was obtained, bath T 146°/0.20 %,
40,2;: e 1.4628, M =+4 9 . There waa an

appreciable residue, aoi volatile below 180"

The ester fraction froia methanolysis [? was obtained
similarly and then reconverted to Barium salt and
re-estorifled in order to remove glycosidas more completely,

After re-esterificatioil material was recovered in poor

yield (51;;) but part of the product crystallized on
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ataading for 6 days, «
mrodgot.
Mpt ortide m aterial 118\
% t after recrystallization from alcohoi/petroleum
ether 118-119%

Rotation. The product was apparently Insoluble in

water, aac .0 optical activity could be detected la aa aqueous
solution after standing over this crystalline material*
A positive iodoform reaction was given,
me, 09.8".
Attempted preparation of amide,
A solution of 0.063 g. distilled ester in 8 ml. dry
140(H was saturated with dry and le ft at for 3 days.
Oa removal of solvent a syrup wee obtained, . The
treatcteiit was repeate and after prolonged standing at
E° there was not sufficient crystalline material to
isolate, but amide formation had taken place, since after
repeated evaporation with Me(M to drive off free Mg, the

product yielded 11% on heating with baryta.



A+
r->.
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UROmG ACID ESTIMATima.

The uroiiic acid (or keto glyoonic acid) contents
of the fully methylated and chloroform insoluble
fractions of methylated polysaccharide were estimated
by distillation with HCIl, according to the procedure of
Dickson et al, [57], ihe apparatus was modified
{Diag, 71 by the use of all glass Joints where possible,
and the C% absorption involved oa introducing baryta
in the original method was elieduated by the use of an
enclosed siphoning arrangement for drawing baryta into the
burette from the resevoir, iC, by the three-way tap, J,
connected to a pump, to the atmosphere and through a soda
lime tube to the burette,

A stream of air, freed from 0% by passage through the
soda lime towers AA, was drawn through the apparatus by a
water pung> attached to the safety vessel H, The sample,
containing 0,3 g. uronic acid was placed in the reaction
flask C, with 100 m1, 13,IS*"? HCl and jiorous pot; the
height of the oil bath, B, was adjusted so that the
acid level was Just below that of the oil, fhe air
stream was passed for about twenty laiautes, and then
heating of the flask commenced, Ahen the acid boiled,
approximately £0 ml, 0,2 H baryta was run into the
absorbing tower G, filled with glass beads, and the rate of
air flow incroascd. The base of 0 was flanged outwards,

and the upward air stream prevented the baryta running
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into the Bucixiier flask, F, !0ie trap, D, containing

aniline, removed furfural end the trap E, contaixiing

silver nitrate solution, removed any HCI not re fluxed

back by the condenser, or removed by FhAH£.
Heating was continued for 5 hr, with the temperature

of the oil bath maintained at 135-140* and the air flow

adjusted to 2-8 bubbles per second. At ikm end of

this period the tower was washed down with COg ,frea

water and excess baryta titrated with 0,1 Ii HCl in an

a U30sphere of nitrogen, using phaaolphthalein indicator,
The chloroform ixisoluble material was boiled with

a little Ip HCI to remove the sttiall amount of free

carbonate present and the acid concentration then made

up to 13,15” before estimating uronic acid.
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Hesuits.

HCI 0.0970 m.

Direct ti- ml baryta ml HClI Iml HCI

tration, used 1in required sC%
ml HCI = tower to neu- !
10 ml barytii tralize,'

Blank estimation

£4,78 10,0 24.70 0,08

£4,78 10.0 £4.71 0,07
Blank correction =-0.08 BRI HCI ml Hca s ccfe 1 1ic 1

corrected
Cor blank Si gBl

Ctoeck estim ation on galacturoaic acid
0.1986 g 24,78 26,24 43.41 £1,51 108
(%eoretlo@]1 106)

i'ully metiiylnted material (corrj for astil

0.5610 g.j 24,78 19,97 43.71 5.63 10,0
0,4314 g. 20.83 19.04 35,50 4.12
0.5005 s. 20.83 20.32 37,39 4,86

CHClglasol. material (corr: for ash)
0.849 g. £0,83 34.34 67,51 17,48 20,50

*'2150 g. i1isthylated material (3(*"OMe) contains 1 g,e, COCSI,
i.e. 1 acid group per 9 (methylated auhydroheaKise) units.
.. 1006 g. GHGIg insoluble material (19; ORIle) contains

1 g.e, COOH, 1.e. 1 acid group per -5 units.



89,
AimiimiohtsiB.

Autohyirolysis of a 0,5; solution of acid form polysacc-
haride, pH 3, was carried out on a boiliag water bath in
B nitrogen atiaosphere, fh© hydrolysis was followed by the
development of reducing power, using the hypoiodit*
titration Bisthod of Baiter and Hulton [43} aad polarimetrlcally
when the solution had cleared sufficisitly. Both methods

indicated that a steady state was reached after 43-50 hr.

heating.
SCime (hr,) m 1.25 0.25-14 :20 32 40.8 43.25 50
W Slio 72 R 59 147 m  -36
ml. o.lh Ig ) t Fo--
! 6,5 15,3 58%2 55.£ 55,

Tbe rssuitiiig aolatloii \ma jellow brovm m# ooataiueG a
light-weight brown suspeaaioa. It was cottceatratea to about
one third volume in vacuo at 45° in 1%; a little CaSO"
was precipitated, the solution, containing £.1 g. organic
m atter, v/as dialjsed against tliree 500 ml* volumes of distilled
water over a period of £1i days. During this time the
lijaterial inside the dialyser darkened considerably, The
dialysetes were concentrated at 45“ in % and gave a positive
naphthoresoroinol reaction for uronic-acid, there was no
marled reaction from the non-dialysable m terial, although its
dark colour made results inconclusive, -Aliquot portions of
both fractions were boiled with HCl to assess the distribution

of methyl pentose and uronic acid (and/or pentose).
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i'wCwel ana cigttol.furfural EgtiiaaU<pia.
all-glass apparatus used is shomi in diagram s.

A sample of the material under investigation, containing

0.02 g. L-rhBmiom tma placed in the 100 ml. round
flask together with 20 ml. 15.154 HCl, saturated wiiii
%Cl1 . fhe flajG* was immersed in an oil hath to the
level of the liquid and a steady stream of nitrogen was
passed through the apparatus before and during toe
heating periodj the nitrogen inlet® 1, did not dip
below the surface lu order to avoid blocking.

The oil bath was heated to 170-175° and maintained
at this temperature, Vhen the contents of the flask,
boiled 30 ml, 13.15 HCl, saturated with J%Gl. was added
through the tap funnel, three more similar additions were
made at 15 irlmito intervals and the liquid boiled for a
total of 1| hours. During this time the voltuw stayed
in the range 2C,50 ml.

The rate of distillation was not fast enou#i to
further shorten the heating time; increased heating
time did not yield increased weights of phloroglucide
precipitate from a fixed quantity of rhamnose hydrate,
%e liquid refiiaiaiog in the flask was only slightly
discoloured when rhamaose was used and eontrained much
solid HaCl,

Phlorogluciaol solution was prepared accoarding to
Browne & f£erban [7/ , 11 gm AnaleR phlorogluciaol
was dissolved in 300 nl. boiling 12 HCl and poured into
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1200 Ril 12~ HAI after standing at least a ViBRBk the
solution was filtered before use.

10 ml phloroglucinol solution was added to the
distillate and the total volume made up to 130 ml with
13.15" HCl, if necessary. The solution darkened and a
precipitate formed slowly, it was filtered off in a
Grade 4 sintered glass crucible after standing for
24 hours. The precipitate was wa“ed, using 50 ml
water, dried in an air oven at 100" for an hour and
weighed.

There was a negligible blank correction.

The precipitate was then extracted with ttoee ¢ ml.
portions of 96" alcohol at 60% toe crucible being heated
in a beaiier iiomersed in a water bath at suitable
temperature.

Using rhamnose, the precipitate was light brovm in

colour and was soluble In 96” alcohol except for a very

sm**l ilar .er residue (-1; ), Using araUiuose, the phioroglacide
precipitate was blac® and partly soluble in alcohol (-lu-),
u-ider the conditions spool led. The alcohol extract was dar”
greea in colour, he appearance and solubility of the
phloroglucide precipitate from j>-gr”*lacturonic acid was
3ir.ila.r to that obtained when using arabinose,

xa appearance, the phloroglucile precipitatefrom the 1lllva
polysaccharide was 1liKe that obtained when using arabihose,

but a greater proportio . of It was soluble in 9bf alcohol.
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Results
Mhbss of - Mhass of Proportion lasol
rhamose hydrate, .. phloroglucinol ppt" in 9% Etmi at 60"

0.01764 .. 0.00996 gAman of
4 results.)

0.03296 . . 0.02145 g.(imean of 1%

4 results.i
/. H =1.352? + 0.00452

H 1.273? >0.00418 vimre E* = mass of anhydrous
rhamixose.

0,02194 g. L-rhamnose hydrata gave 0.01320 g. ppt.,
la agreement with this expreselon (0.01320 g, ppt. from
0.2190 .. ..., ... .. hydrate).

0.02052 g. ijiTablaosa gave 0,01620 g, ppt. 10~ soluble
la alcohol,

Estimations on“a“atohy”drolysia “roducjts”

2.1 g. carbohydrate material present before dialysis.

1.Ul g. carbohydrate® naphthore”rcinol reaction,
positive.

On distillation with Hd of this material gave
0.05158 g, phlorogluciaol ppt, 0.02154 g. insoluble in
96" alcohol at 60" indicating

0.365 g,, 36", methyl pentose =44 ml. 0.1 MIg

0,27 g., 27% pentose, or

0,34 g.. 34;.,, uronio acid =3 ml. 0,1 i Xg

Total reducing power of dialysate -56 ml. 0,1 Ig,
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This discrepancy is probably due to the fact that
the fragments hydrolysed from the macromolecule are of

the di (and tri?) saccharide order.

This solution, which had become very dark, was
concentrated; smiipies were used for boiling vdth HCl and
the rest worked up to a herd dark solid by trituration
with alcohol and ether. Yield 0.85 g., allowing for
sarapliag; there were known losses on working up,/-estimate
1.0 g. non-dialysable material.

On distillation with HCl of this material gave
0.01363 g. phlorogluciaol ppt. 0.(X)204 g. in2 1. in 96"
alcohol at 60% indicating

0.38 g., 38y methyl pentose

0.06 g., ¢, pentose or 0.06 g., s”. uronic acid.

Rotations and calculations of * are all based on ash
free organic carbohydrate material.

These figures are approximate as the distillation of
standard mixtures of methyl pentose, pentose and uronic acid
with HCl v/as not investigated” and for calculation they have
been assumed to distil Independently, OOz estimations for
assay of uronic acid were not performed. But the results
show that -5C%j of the carbohydrate is broken dovm to
dialysable fragments on autohydrolysis and that this portion

contains practically all the pentose or uronic acid whereas

the distribution of methyl pentose is not significantly



different in the two cases.
The instability of the residual u”acro molecule
after autohydrolysis suggests that it would not be

suitable for méthylation.

DISCUSSION OF STRUCTURAI FEATURES.

Tlie following results, obtained by D.M.Hardy on the
purified polysaccharide [41], are also considered
Total SQ" in sodium salt, 16.3”"; on ashing Ha salt alone,
30" retained, 1£.3'*".X
After baryta hydrolysis,
Total 30* in sodium salt, 13.8”; on ashing Ha salt alone,
30" retained, 9.4%.
Free acid polysaccharide, Equ.Wt., 386; 44 g. (O from
896 g.; reaction with 1 g. mol 10% by 820 g., formic
acid liberation very slightly positive.

The sulphate content of purified starting material
as used for méthylation, 142"% and the above, indicate

1 SO+ group to 3 (16.3") to 4 (13") units (unit - anhydro
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hexose); results varied on different batches, probably
owing to small differences in extraction procedure.

The 13 SO+ content of methylated material insoluble in
GH(3 , shows no change compared with the starting
material, allowing for the introduction of 17.2" (Me,
there is therefore no concentration of a sulphate
containing polysaccharide in this portion. The almost
complete absence of sulphate and evidence of anhydro
structures in fully methylated material suggests that
some sulphate removal has occurred during méthylation; fAt
losses on hydrolysis of glycoside fractions giving a
Schiff reaction are compatible with the original AN
SU: ester units having given a corresponding amount of
anhydro derivatives. But it is difficult to reconcile
this with the retention of most of the sulphate on heating '
with baryta, and the absence of any Seliwanoff reaction
from the products. Possibly during méthylation breakdown
occurs (also indicated by dialyaable fragments, p.63)
making available a suitably situated -OH group for
anhydro ring formation; -SG4 on (¥ renders galactosidle
groups labile (p.7).

The uronic acid in the polysaccharide appears to
occur in 1 in 4-5 units (protein”will introduce a
significant error in (g estimations) and the quantity of

uronic acid in insoluble methylated material is only
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slightly less, 1 in 5 units (P.sg). The ratio of
SO: to (AOH agreet”™ with the 804 figures, X,on P.94,
In the fully methylated material only 1 in 9 units
yield (@ with HCl, allo?/ing for introduction of OVk,

Thus the insoluble material does not .appear to be
significantly different from the starting material i.e.
if the latter were a mixture of polysaccharides, no
particular component has been fractionated. Consequently,
as overall losses on méthylation are not heavy { *""15%),
the soluble, completely methylated product ( * 20”) must
also be related to the starting material; it is degraded,
SO+ has be n removed and -half the uronic acid lost,
possibly by fissure at point Ain a part of the structure

of the type
A

A
' Hexose | Hexose
Uronic-Rh, 4 SO (or Uronic 1 So4 )
(lost on
dialysis)

It is not possible to decide whether all the units which
carried sulphate form anhydro structures. The difficulty of
removing sulphate makes it impossible to compare methylated
de-sulphated material v/ith these products.

Of the other constituents 3746 appears to be rhamnose
(p. 92), confirmed in other work of D.M. Hardy; nitric acid
oxidation indicates that only a small proportion of other

sugar is glucose or galactose, or their corresponding uronic
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acids; glucose is confirmed by chromatography, but

if significant quantities of galactose are present it

must presumably be as sulphate,

so linked to SO and

other residues that SO is not easily hydrolysed,

A possible repeating unit could be 3 hexose sulphate,

2 uronic acid, 3 rhamnose, andlother sugar, M,Wt,, 1624;

Eq.Wt,, 333; Q% from 812; SO

rhamnose 30,3 of acid®W

; A

Q Fraction, B1
O  B.Pt.(bath) 106
H0 aw 49.1
M
SN 0,7 -
%{f after hydrol, 42
o "o hydrol ! 1,4503
Rg values
after hydrol.
o 0,82
i A 0,87
I 1.01

117
43,6

33,5

1.4524

0.61

0,82
0,87

, 16.6~ of HaSalt;

A3 =AS fully
Kmethyltd
135
41,6 56.2 51,3
30,0 43.9
1.45861 1.4432 1,4633
n- |
0,47 (tr
(tr) 0,54
0,62
0,74
0.82
*0,86-0,87
0.9 (tr~
1.0

1.01

The more volatile constituents are similar in

fractionations A and B, but significant differences appear

in the 130 -140" b.pt. region,

second fractions show a

rise in p OVk and chromatography shov/s different

constituents. As there was very little evidence for

pentose in earlier work of E.D, Johnson and now xylose
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has been detected by D.M.Hardy, it seems probable that
spot Rg 0.74 is due to 2 ;3-dimethyl-r-xylose
(Rg = 0.74 [56] ).

In fraction Bl, 2 ;5;4-trimethyl-u-rhamnose is
definitely present, confirmed by anilide, to the extent of
50* from chromatography. The second constituent is
probably 3:4-(or other)dimethyl-l-rhamnose; 3:4- is the
only dimethyl rhamnose investigated, A high proportion of

rhai nose is in agreemcu" wit/, tne iethoxyl
conte.it, increase in the positive sense oi rotallm in
w.eter as compared with that iu organic solvent, and
the changes i rotation ou hydrolysis [U?, 58], The
observed value or n”is high for trimstl.yl- plus
Bd i me i G tnyl-rhamnosede plus other i'ul’y methylated
50w r. hut the presence of trimsthyl-hexose wo"Id
accou it for the observed high wvalue of U;.. TrimetUyl-
glucpse lucms probable from chromaiography, spot Rg
'-.82, and this constituent is present in A3, which
gives lul y methylated glucose on treatment with
fux*die reagents. Irinethylglucose would also, con-
tribute the ad:itianal positive rotatdry power
shown by this fraction as compared with rha uose
derivelives alone.
Physical constants of the pure me thylated

glycosides under considérai ion are shown overleaf.



“OMe P-,af ter
af %Lr h “hydrol
hycirol

50~ 2 s3s4-methyl trimethyl-b-rhamnosid€ 56 45 1.4415 20
25* 3:4-me thyldirae thyl-u-rhamno side 45 32 1.45 19

25% 2 ;3:6-methyltrimethyl-j>-glucoside 52 42 1.4583 70

541
Mixture 52 41 1.45 42
figures agreeing well with those found. Thus a
rhamnose end group forms -5% of the glycosides. She

probable 3:4-dimethyl-l-rhamnose has been obtained from
various mbcilages where 2-i>-galacturonido-L-rhamnose occurs
eg, [5J ; oxidation by Brg, for the isolation of
3 :4-dimOthyl-L-rhamnonolactone has not yet been tried.
Although its properties all suggest material more
fully methylated than dimethylhexoee, the anilide from
fraction A2 was similar to the dime thylgalactose anilide,
m,p, 130% prepared by Robertson and Lamb [61], and thought
to be the 2;3-dimethyl compound. Since the anilide from
A3 purdied had a m.p. corresponding to 2 :3:4-trimethyl-T)-
galactose anilide, it seemed that galactose was present.
However authentic 2:3-dimethylgalactose anilide has now been
synthesised by D.J. Bell and does not possess the
properties of the compound obtained by Robertson and Lamb;
neither can any evidence of dimethyl hexose in A2”or
tri- or tetra-methylgalactose in A3 purdied,be obtained

by chromatography, 2 :3-dimethylrhamnose and 2:3;6 trimethyl-
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glucose do not form crystalline anilides, so that the
anilide from A2 is probably not a mixture, confirmed
by lack of fractionation in repeated crystallizations.

Rotations of A3 before and after hydrolysis indicate
the absence of significant quantities of di- and
trimethyl-L-rhamnose, in agreement with the absence of
spots Rg 1,01 and 0,87 on chromatography, Rg 0,82 is
presumably trimethyl glucose and one of the other
constituents is a rhamnose derivative since rhamnose is
indicated by chromatography after complete méthylation.
The properties of fully methylated A3, except rotation,
suggest that it is mainly methylated rhamnose, but as
tetramethylmethylglucoside is present there must also be
a fully methylated compound with high positive rotation.

In B4 the constituent Rg 0,86-0,87 is probably due
to the same trimethyl glucose, persisting through the
other fractions, Rg 0,74 is possibly due to 2:3-dime thyl-j>-
xylose, quoted Rg 0,74 [56] , xylose is known to be present
in the carbohydrate [4] . The rise of * OMe at this
b,p, suggests fully methylated biose; Rg 0,54 is not due
to dime thylhexose or monome thylrhamnose, (Rg values of
this order quoted)for the ~ (Me of B4 is too high. It is
more likeljj to be due to unhydrolysed biose, but fully
methylated sugar should appear from hydrolysis of this
constituent.

Since there are many methylated sugars (e,g, dimethyl-
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rhainaose other than 3:4) which have not yet been
investigated by paper chromatography, other
conclusions concerning the glycosides are possible
and none ivill be reliable until comparison with
authentic compounds has been carried out in more than
-one solvent mixture.

Concerning the anhydro compound, a tiethylated anhyd ‘-
glycoside (B,p, -90" ) or corresponding dimethyl acetal
(B,p, -110") could be formed on methanolysis” both being
likely at the strength Hd used, if the structures are ¥
comparable with 3:6-anhydrogalactoses [20], Dimethyl-
acetal would shov/ a higher f, OMe and fall in ~ OMe on
hydrolysis than is found; a monomethyl3%6-anhydro-methyl-
hexoside seems probable, ouch a structure would be
expected to give the corresponding aldehyde compound on
0,1 H and hydrolysis, without extensive decomposition,
but oxidation can easily occur and may account for the
losses during the hydrolysis of fractions A2 and A3,

The crystalline material of the ester fraction could
be a dimethyl-anhydro-hexonic ester (39,14 OMe) although
the galactose compound of this type PRO0] does give an
aqueous solution vjith positive rotation; a methylated
saccharic ester is not 1likely. The properties of the
distilled portion suggest a mixture of the methyl esters

of methyl-mono- and di-methylhexuronic acid {39,4% OMe)

but not fully methylated compound. Physical
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constants do not permit of any distinction to be made
between glucuronic and galacturonic acids, The
undistilled residue is probably a bionic ester (fully
methylated rhamnobionic ester has 49,5% CMe).
The fractions of the fully methylated material not
so far investigated cannot have very much lower methoxyl
content and are probably merely less completely hydrolysed.
It is not possible to draw conclusions as to the
structure of the mecro molecule, A repeating unit might

be of the type :-

Uroq}c - Hiiamnose - Hexose SOu (?)

A
2 Glucose y
Rhamnose - or - Uronic - Hiiamnose - Hexose S0 (Q)
I Miose e »
C B

A ? HeXOﬂe 3Q4

fragment A being lost in dialysis by fissure at X during
Me”~cO”,NaOH méthylation,A biose fragment is probable

owing to the known stability of links of type W, this
making possible a loss of o0* from P with formation of
anhydro structures e.g. by liberating C*-OH if C*-D80gH were
present. After methanolysis,B wuld yield uronic

and biuronic acid, 6ome of the link Y might be broken
during extraction with acidified CEd” , but subsequent
conditions are not those in which Q would be expected to
form an anhydro structure. The rhamnose end group and

methylated glucose and xylose and biose come from C, In
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view of the isolation of galactose by M Georg [39] the
hexose, PQ, is possibly galactose.

It is not possible to reconcile this structure, nor
even the methylated fragments (if and £:3:6-
methylated compounds)'with the periodate uptake of the
polysaccharide; the rhamnose end group should give
significant quantities of HGOOH which was not found [4]]
If links Wand Z are 1:3- and not 1:4- the theoretical
periodate uptake (£ molecules) is in better agreement

with that found.
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