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Extraction of sisal flesh with hot water afforded g polysaccharide which

was referred to as water-soluble polysaccharide.

Extraction of the solid residue with ammonium oxalate aqueous solution ylelded,

after prelinminary purification, crude ammonium pectate.

Attempts to sepsrate the neutrsl suger components from the ammonium poly-

galacturonate were unsuccessful,

Perfodate oxidative studies on the purified anmmonium pectate showed the uptake
of 1 mole of oxidant per ammonium anhydro-galacturonate unit, The periodate
oxidized anmonium pectate was tsola:ed{[x]n = - 33.80. in water). Reducation
of this oxypolysaccharide with potassium borohydride afforded a polysaccharide
l[d]n = & 4O . 2') which upon hydrolysis showed chromatographically the

presence of galacturonic and threonic acids as maln components.

Purifiecd ammonium pectate was methylated, Partial methaenelysis of the highly
o

purified and methylated methyl pectate ([d]n = ¢+ 212,5 1in chlorofornm) reduction
of the small molecular size fragments thus originated with lithium aluminium
hydride, and hydrolysis, ylelded a mixture of methylated neutral sugars, the
fractionation of which afforded

2:3:4:6 tetra=0-nmethyl=D~galactoase

2:3:4 tri=0O=methyl=D-=galactose

2:5:6 tri=0O=methyl-D=galactose

2:3 di=0=methyl=D=galactose

2:4 di=0=nethyl=D=galactose

2=0=-nathyl=D=pgalactose

2:3:4 tpri=0-nethyl=L~rhamnose
S:4 di~0=methyl~L=rhamnose

These were characterized by the preparation of erystalline derivatives; iIn
addition there was evidence of the presence of 2:6 di-O=methyl=O~galactose,

3=0=methyl=D=galactose, and 2:3:5 tri-o-nathrl-t-a;abtnoue.

The chain length of the back~bone of methylated methyl pectate was calculated
from the amount of 2:3:4 tri=O=methyl=D=galactose and 2:3 di~O=methyl=D=galactose,
plus mono-methyl~galactoses recovered from the fractionations It was shown to

1ie between 94 and 97 units, —

Use other side if necessary.



7« Pectic acid was converted into the ethyleneglycol and propylenaglycol esters.
The latter had a molecular welght of 37,200, corresponding to a D.P. of
166=170 units.

8. Repeated reductions with potassium borohydride, alternated with esterifications,
afforded a galectan ([«] g * 2&6.703 showing a molecular weight of 22,000 =
224300, corresponding to a D.P, of 138 = 140 units, The zpproximate composition
of this galactan was as follows:

D-galactose: 82.0 |

]
D=galacturonic acid: 6.0 %
L=arabinose: 645 %
L“rhamnose: 3.6 &
D=glucose: : 2.0 &

9« Perlodate ozxidative studles on the galactan showed the rapid consumption of
one mole of periodate per unit of anhydrohexzose, Isolation of the exypolysaccharide

{[t*]D = 4 u5.5°) and hydrolysis gave threose and galactose as main components,

10, Methylation of the galactan gave a product {[a] p v 17?0, water) which was
hydreolyzod, The resulting mixture of methylated sugars was fractionated on a
cellulose columne: This showed the precence of

2:3:5 tri=0O=methyl-L=arabinose

2:3:4:6 tetra=-0O=methyl=i=galactose

2:3:6 tri=0o-methyl=D=galactose

2:4 di=0=methyl=iD=-galactose

2:3 di=0-methyl-D=galactose
which were characterized by the preparation of erystalline derivatives,
Evidence of the presence of 2:6 di=0-methyl=D~galectose and 2=0=methyl=bD=

galectose was esteblished by means of chromatographlc techniques.

11. 8Saveral attempts to fractionate the water soludble polysaccharide failed to

give a homogeneous waterial.

12. The l1solation and identification of 2«0=nethyl=D-xylose and 2~0-methyl=L=fucose

fronm the water soluble polysaccharide is reported,
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AGAVE 815A8LANHA, & plant native to Central Ameriee, was fipst put inte
culsivacion in Yucaten for the production of fibre. 1In 1893 1t was
introduced into East Africa by Cernong estsblished in Eenya, Hosasnbique
and Angola, and ¢t also flourishes on o larite gcale In Dragil, Halcl,
Jave and other countriea.

It 48 o plant belonging to the Anarylliidaccae fonfily with a large
rosetie of thiok fleshy leaves and & stout centfal sten,or bole, which
is hard, ond usually short, The leaves, which spparently spring fron the
root, have o spiny morgin, and they usucliy terminate in a sharp point.

The growth of the plant i slow ond it culuinates In the single
blossoning after o poriod of fron five o0 ton years depending on she

vigour of the individual, the sichness of che saell and the olinate.




then the plant f& sbout to flower & tall, pole~ifke stem develeps fn the
consre of the loaf=rosettey besring pultiferous short, tubular blgons.
puping thoe growth perfed the plant stores the nourishaent 1% neods to
bloon, and &% the time of Lhe very rapid developament of the filowering sied
there 318 a rush of sap o the bese of the apike. Pinally o2 the frufts,
which wiil generste new fndividuale, ripen, the parent plant dies,

The amount of fibre and tow extracteble from the leaves io
approzinateldy only three per cont of tho welight of the noterisl as it
entors the eatracting nachinery. Rouphly ninsty per cent of the weight
of the fresh plant 18 water, and there §s a proportion of from twoe Lo thres
per ¢ent of sugerd and ccida in solutlion. The pemaining three te four
per cont consiats of fleahy waste = o ﬁaruannasc spproxinately equal to the
yield of marketuble fidbre. A vaeriety of naturel produsts are obtalned f{ron
this waste uaterisl through apprepriate nenipulation congisting for the
Bost part in extractions with the ald of different solvents and solutions,

4n fnfcial extreetion made with orgenic solvents leads to the lsolatfon
of an inmportant group of pigments such oo ohlorophyll, zenthophyll and
corotencs os welld o8 of & waz with ¢ high selting point, 7This oxteract
represonts bevween five and six per cont of e slsal waste.

4 further eztraction with eiher Dot or cold water = preferably the
foraer « produces o solution contalning organic setds (maelic, efirle,
succinic ..d , gclucosides and saponires, uvaeful for their application in
the pertlial pynthesis of cortisenc, and finally water soluble poly-
saccharaides containing gelacturonic acld, aa:e&#‘ao. glueose, arsbinose,
gyiose, rhamnofse, 2+*nethyl=xylose togother with other methylated sugerd in

snall gmounts., The peréentapge of the conpononts of this eztrast



constitutes 20 & of the dry wagte.

After the extraction with water which brings some pectic nsterials
also inteo selution, the insoluble colciun, kron and wagnosium peoatates
can oasily be renoved by seans of hot oxtiroctions frouw the Tfleshy residue
with solutions of inorgenic salts thuc elininating the metallie fons
through the formation of further fnsoluble salss and freeing the soluble
pectates, The weight of these extractoble pectates pepresents
approxinstoly 15 ¥ of the dried flesh.

The residue after these extractions conalsts of celliulose, heui~
celliuloges and 3ifgnin, representing sbont 50 « of the original gquantity
of sigal wsetoe. 1% §8 o sultable raw oatopial for the nanufacture of
vanilliin, catechel and other iuportoat chenfcals suel as furfupeldohyde

and celljuloge eaters.



4 group designation for those complex solleidal

carbohydrates which ¢xist §n plonts snd are conposed
of ¢ large number of snhydrogoalacturonic acid units,
the carboxyl group of which may be conpietely or

partially esterifiod with methanol or forming sailts,

The woter=-inscludlie parent peetic substance which
eceure in plants and which, upon restericted hydroliysis,

yields pestinic aoido.

The collofdal polygeolicoturonic asefds sontalning &
by no megns negligible proportfon of methyl ester
groups, copable, undor suitable conditions, of foraing

gels with sugsr and acids

A water-soluble poctinie aeld of varying methyl ester
content, with differont degresa of neutralization,

capable of formiag gaih wish sugar and acid.

The pectie substence couposed of colloldsl poly~
golactureonic aetd and cossentially Tree fron methyl

eater groups.



QECUBRENCE. SUR BILI0LOUY O LECTIC SUSSTLUCEDR

Footie substances ocour fn a3l plant material , and eapecielly in
the prisery cell walls and interccilular layer, belng alse found in enell
quantities in the secondary walls, o8 well as in tho sap of fruit cells
cither §n solution or colleidal suspension.

Fectic materielc are sbundant particuliaply in soft tiscues conposed
sainly of primery wails, with ¢ high woter content at & stage of rapid
growth (fruite and roous 10 (2D

buring the process of llgniffcstion It #s usual for poctic substonces
contained fn wood to decrease, and they &r'e almost negligidle fo the

(5 In the inner bopk of trees such a8 spruce, however,

{4

mature wood,
10 & of pectic compound 1a to do found, ¥hen fruits become over~vripe,
the quansity of pectlic substances tends 2o diminish to the point of
disappearence owing o ensymic hydrolysio.

The investigatlion of the distribution znd chenical charscteristices of
tissue conponents by separation of the vurfous structurol colenments is
the most suitadble mothod leading to information on the rolatlionship
betweon morphology of the cell and 1o chomical roriﬁtlou. The study,
tavolving stalning feohniques, though 86111 n uee, 8 not veory relfable
since the poagent mosy used for thio purposs = Rutheniun ped = £5 not
speeific. Poctic acld and rectates are stained by the reegent bt peotin

() (8s ope rormatton o ved colosr secns to

is not stained appreciably.
be deopendent upen carbozyl groups In ¢ froe state, 8o thot othey uronie
aeld=contalining polyssccharides, such as henlcelliuloses, gums, otoe, are
atained by this reagents On the other hand the reagent, oven In dilute

solutions, cauoes tho cosgulation of the protoplesm, oell nuolel and gthor
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¢oll components, which, once coaguluted, ore mtained red by the resgont.
This intepferes with the dotection of pooti¢ bLodies, though the colour

‘?’t ‘8}- on.r

produced by the non=poctic subatances fadea on heating.
boasie dyes can be used t0 dobest the poctic substonces {(pethylene bite,
safranin weel

”la mature cells, the greater port of the iaterior, & single, large
cavity, the vecuole, i filled with vater conteining a great varlety of
diseolvod or dlsporsed gubstancese. There 1a doubt 8@ to whether the pectic
subatonces dispolved fn the cell sap are formed in this sap, being the
prinary sourcs of wthose substances, or whether on the contrary they are
originated In the cell wells ond in the niddle lemella ond decoue dissolved
during the ripening processe Al all events, there is eovidence that guch
a dicoolution dees occur when the tisauo maplupes and dislintegrotes as ecan
be observed fron the ppotic substances in o state of transition to de
found fn the tissues.

This solubiliicy in the cell sep would appear te be gaverned in pert
by the degree of mothylation, and one ooy suppert this assumption by
reforring to the presence of pectinic acid in & high degree of methylation
tn the cell sap of strowberrles and respbeprien.' 'O

Ascording to histolegloal work $¢ would seen that the primary cell
walls laid down in nithosis, and the youngest and thinest cembium walls,
are, in part sl least, pectic in naturs, while the middie lamella of
later tissue hues been regarded ag belng conpoged of o pectic substance.
larr"" and Balley claln thet the wall of & well developed cell consists
of three principal layersy

1+ Tho middip lamella or interccilnlar subatsnce which i forned

fron the coll plate during nithofils end is shered with adjacent



eelle. The naln component of this leger is a pectic
gubstance which appears to bo o misture of easlclum and

U120 otnted out the emiatence of

sagnesive pectates. teliah
sbundant calcfum and megnesiun in the niddle lanells.

2¢ The prisapy wall, which ig forned from the cansdblal wall,
comprises cellulose, hewlcollulones, lignin ond pectic
naterislo,

3. The secondary wall,which may connlst of peveral nones, 1o
capable of growth by epposition and not by estension, 1ts
coupenents are cellulose, hensicelluloses and 1lgnin.

The pestic substances of the niddle lomella are deposited in o

single or o double layer by pilasma nenbraned, and sccording to Alltu‘{”

they undergo changes in form, cuantity and physical charscteristics during
the development of the plant, fThe fntercollular spaces are filled by the
socretion of pectic gsubstaences frou the adioining cellis when they sre in
nay of their completion, thus inereasing the muss of the viddie lanmeiles
The oiddle lamella may be absorbed, 4t lcast psrtially, by the rest

of the waila rttuh“&g

has suggested that during the division of the celis
the protoplasmatic cell plate splita fo fors the plasna nembrane of the
two daughter cells, end the substance 15 secreted between these two .
oenbpanes to becone the aiddle lamella. Tupper=Caroey and P!lyablir“sg
wore of the opinfon that the middie lamella of o meristomatic tissuo,
thought prisapily poetic, was not exclusively so, since considerable
variation wos oboerved both In staining rocotions and in tho case of
extroctions

These variations in the appearence of the middlie lamells are

(D

explained by Donper 88 being governed by sorresponding variations In



the saleiun contents The 1oosening of cells and softening of the tissues
of the plaat during the overripening and cencscence of the fruite may Lo
retarded by an escess of galeium fons which maintain the pectic compounds
in & s031d and jnsoluble form. This fact hoo spplication fn improving the
tezture of stored and cennedfrults and vegetables uhieh epe hardened by
the addition of & solution of salefunm chioride. The presense of ealefus
foas in hard wators nsy be She eewse of the hardening ozperienced by
vtgttailtn during bolling with this ocort of water.

The funstion of the pectates fn the intercellulsr layer is not very
well knouwn, but many workers suech ad rayan!'a} concluded that they were o

type of cement binding the cells together, and giviang firnness to the

tilssves while the oells are in nesd of 1%, dut subjected to further ehaages

during which the prigidity was greatly roducad, ‘..‘lfﬂ

suggested that tho
hydrophtiic colloids of the middie lomells and the celil wall Serve as &
noans of water irenslocation, this movenent of wmater belng governed by

differences in wetoresbgorbing espacity. There 12 1ittlc doudt that
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peetic substancon 46 play some role in water pelations,
The suggestion that the siddle lamelin 1s composed entirely of

(15 cennos be malatasined 5o the ovidence indfcates thad the

protopeotin
constisuent fnsoludle pectic material is very similsr in propertics and
sature to calelus pectate.

There 1o sone evidence that pectlic subslanses are assoclated with
protein and cellulose. Whether the proteln is only an incrustation In
the pectic bodies or whether there $2 ¢ choemical linkage between then
iz not kaownes 10 Some csases IS i¢ nocepsary to renove the prosein with
hypochlorite or ensysic procedures befere the isolation of the pectic
substancese

?he use of solubflizies as the only nocans to the characterfsatlion of
pectic natorialo in tho middle lamella 12 hordly sufficient to establish
thelr noture.

The prisary cell wall, on the contrary, fs richer in typical
protopectin, end noarly all the avaeiledble pectin froo apples snd clitrus
fruits 818 contained In the primery welis of parenchynous cells,

The peetie substances fa the prisary wails undergo changes similar
to thosoe of the middie lomella. The staining resction with ruthentun rod
ghoms, within tho ocell wall of growing tissues (applel) , o uniform
diseribution n!_paatt; substances, whilie when an advenced stage of
development hog been reached, the poetic subastances appear irregularly.
buring the sencsconce of the tissues, the cells beceme loose, the tissues
turn goft foilowing the separation of collis, and the cell walls beoome
thinner and thinner, Ouping the couprse of these changes the pestie

substances in the oell medbrane show charcctoristic structures uander the

staining procaessce with ruthenivn red. Thege structures decroase however
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both ia sige and sunboP as the sengacence of the tissue goes On.

As protopectin 18 siways found in the closest of asscciation wish
cell mall constituonts, and especlally with cellulose, I% has been
susgested that 1t was combined with ls glucane Cross and Bevan
supparted this Ihnerro“7a' fome sonfuaing ooncluaions have bdeoen drewn
fron the Troctment with Cohweltmer solution of son~iignified vissues
eontaining protopecting, wihoreby the cellvlose I8 dissolveds The fate of
the protopectin after sueh Sreatment §o ¢ matter for sous discussion,
for some workers naintained that i¢ yencined a8 a ¢vlourless mendbrune
while others stated that 1% was dipsolived simultensousiy.

#hen ane consideora the very high olkelinicty of Shuis roagent and
the known gsuseeptibilisy of she pectin molocule Lo asikeli, IU 18 haraly
to be expected that any very helpfuil Information could be obtained through
it uae.

Protopectin 18 also, in von Fellenberg's opinion, & pectinvcelluless
compound forned by iiakeges Letween & carboxyl group and & collulose with

(18 carre nede & similer statenent in obsesrving

the elinination of water.
that protopectin from different pisnt tispues showad considerable veristions
in behaviour towords hydrolysing cgonta. ’

1t s possible that thoe retention of pectin In en fnsoluble fora f¢
duo %o mechanical difficulcles of pensiretion, but Carpe, on the sontrary,
hap demonstrsted the solubility of this type of peetin in hot diluted
actds pueh ap HCY 7100, oxalioc acld 0e5 ¥, sumonium oxalate, and alse
through prolonged treatment with hot water as Bhrdich predicted,

l!pe"a’ gave sone experimental evidence in support of the concopt

of protopectin oo & peotinv¢eilulege conplex. There iz no direct evidense
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to pafintetn the ideas of protopectin's Delnpg buflt with sevorasl melaculos

of pectie scid 1inked with meSallfe ipon through the carbesyl groups,' o) (29

The observation that peetin glives, together with apall amounts of ipon,

e thiok gelastinous precipitate, fncoluble in water, §& the only basis for
thia sesumptions Menglein developed this fdea, postulating that protopectin
is formed by the assosiation of polygalocturonic acid chains onong then=
selves, and perhape even with cellulose, czolusively through ecalefun

(aa)

1inkages. The transfornation of protapectin inte soluble postin o

due £0 & naturaelly occurring ensyne taroaapaﬁtla:an).(asi
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% has been honown for o long tizg Shat this compleox gonsistas of
polygelessuronic sofids, galactan and aradan, end that the relationship
betweon these thres polysaccharides 18 vory e¢lose, the methods invelved
§n their geporation bdeing tedious and not always easily sehloved,

28 pectic substances occur fn different forms, the methods for thelr
extraction are veried sceording %0 the past of sthe plent to be eztracted
and the proportion of admized matericle present.

The first step to take fs that of the fnactivetion of the onaymes
which accompany pectic substances ond a0t upon thems This may be schieved
by rapid heating or by siicing the plant tissue into o large volume of
botling aleohol, the suspension being boiled again and allowed to stand
far & period of twmenty four houra, Thiz Trestuent posoves fPee sugars,
sapening, wazes ond pighents,

The waterial is thon disintograted into particles of snall sise

(19 The

which facilitetes the further extraction of pectic compounds.
soluble pectis materials contained in the cell sap of fruit can be
exgtracted by prossing the plant tiasugs and ¢ollecting the Lfquid whieh
eontaing noarly all the soluble peetinic acid. Another wvery eofficient
way of extrasting the soludble pectic compounds f8 an extrotion with cold
water fron the disintegrated plants. The insoluble pectstes and protopectin
are partislliy extracted by hot water, but the long periods of hoeating
required cause depradatian and loss of the Jeilying propertics. .
Dilute acids have boon used for the estraction bringing cbout sone

degrodetion as woll as de=esterificction. The saids uvsed for ihis pupponc

gre hydrochloric {0.05 0 a6 90' for four houprs) , oxslic, 0.5 ﬁ.(as’ uhich
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15 highly effective In removing the Metslllc jons causing the Insoludbility

(26)

of pectic conpounds, phosphoric, and sulphurous acid,.

27

Alkalics as well a8 tholr carbonates apre used for oxirection put

they produce dogradation and degsterificstion as valnnvtsas’ among other
workers,has pointed out. More convoniont ig the use of salts whieh
elininate the colofunm and nmagnesiun fono by forming nore insolubdble salts
through a doudble deconposition. sunonium oxalate i¢ the selt most
frequently used for the extragtion of insoludble forms of peetiec substances.
(23) 5 (30) 4 (30,

Difticulty in purificetion ariscs co to whether pecting are physicel
nintures of polysacsharides or whothor they consiot nainiy of highly
conplex polysacsharides, the constitutlion of which wvaries from source to
gourae., The romoval of gtapreh i3 achieved by the use of anylolytie ensynes,
shile protoins are elinineted with proteolitic enszymes. Their use is of

{32 fopr the clariftoation of pectin selutionsc,

great ioportanco £n fndustry
falts and organic ecids presont in pectic noterials nay be removed by neans
of dialyefz againat 0,01 ¥ HC1, but this has she digedvantoge of long

treatnents dupring which the pectic subotoncos underge dnsrccaslon.‘3’}

tlectrodialyals is nore ll’f!ticn!tm

if thio vethod fs employed after o
prolininery purificaetion by precipitating with ethanel,

The avaflabliiity of lon exchange agents makes the removal of fnorganic
waterisls a slople eperetions The use of amberlite IR 120 (H) end anberiite
1 48 (GH) reduces theoah content o about 04,05 ©s The solution of pestic
naterisl to bo de~sshed, highly diluted (0.1 = 1 ) 13 treated first with
Amberlite IR 120 (H) and then with Amboriite IR 4D (0), allowing sufftcient

tine of contact singce the action of the onion~resin is pather l!ﬁlo"s}
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discovered that some Or noat of the arabons snd gelectans
which ogour with the vt§§l¢ subateonces pay be removed by extraction with
70 % aleohols The relstion between She purity of the presipitates and the
eaauintiutlaa.nc aleochol used was not clear in Ehrilehta yﬂbljeailqulg

(32 showed that the lower the ethanol congentration

Sehnefdor and Doeck
employed for the parittnatlia of pectinic aclids, the more adaized non~poctic
nnttrlaﬁ will remaln unprecipitated.

in tnb pt&uipt;atlnn of pectinie ccids with 50 ¥ alechol there is 2
pamstui tvanslouitlen of pectinio acide os the lower nalecular oises noy
be soluble in suech a eénncatrnslta. In ordor to obtain floculation of
peetinic actid by the acdition of aloohol, snsll anounts of fnorganic salte
pust be present as pectinie scld tonds to ronmsin cellofdally dispersed.
Calejun chloride §8 especially efftciont in thia way and only traces of
this salt contained in the ordinary water used gives rise o rapid
floculations 1If 55 © aleohel is employed In the precipitasion of pectinic
geids, the precipitate 18 easily handled and flitration is reasonably
efficiont,

The absorption of sugars by the precipitate s very weak contrary to
that of traces of scids or salts, but if 0,0t ¥ aydrochloric soid 18
contaltned In the precipitation mimture, the absorption is diminished and
the ash content decreases.

The use of gcotone fn the procipitation of pectinic scids fron solution

(0

was roeconmended by Hilton. 4 solution of pectinic acld (0.1 ¥) and

ecetone added with efficient agitation of the solution until a 50 ¢
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concentration ie resched glvea exesllient resulis and the welght of pectle
sold, 1f the presipitation i repested, d008 NOt decroast. Propanol=2
in place of asetone has atoa.prcptnuu. 48 well os the saldlng out of the
solutions oy She sloctrolysic deposition by moans of o cOpper=tin
‘u’“,tﬂi (39

the tiltvatinn of these preoipitates is beat carried out thpough muslin
or any other sopt of cloth, and 16 15 Inportant o drpain and oguaesze the
precipitates in order to fpoe than fron the large quantity of solution they
holds

The proposed puriricastion of p#ﬂt!n solutiona through preciplitstions
with the aid of setallie salte cennod bo effested unless the amount of
erebans and gelectans present 18 very snell end provided there s neo
covegistense of othor aclidic polysscthorides that say precipitate as well

wo

g8 netalilic selts, Precipitation of pottin by collelidal ection
based on the noutralisation oF electric cherge of colloids, aluniniun
sulphate snd amuonia form o gel In the solutioen of pectine The charge
of the aluninfum hydroxide particle ncutralises the peetin charge thus
causing 2 precipitation and rendoring the tiitration or centrifugation
possibles The operation 10 capried out ot a pi of 4.0 = 4.2 and the
congentrations of the rosgents are those enpiricelly studied to produce
a ninioun viscosity. The aluminium §s cliuinated by converting 1t into
the aloohol goluble chlorfde through the washing of thoe precipitate with
alcohol eontaining hydrochlorie acid.(41) Copper salts have been used
for the sane purpose, & very ssell soount of coppesr sulphate being
necessery in order to induce precipitesion. Celofus galte sre used o

when the pectic substonces ere extraectod fron the insoluble pectates.
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The recovery of the peotic seld 18 effovted by several washings
with sloohol containing 0,05 ¥ hydrochloric sctd, until free from caleiun
fons, Asmoniuc ogaliete in the mwaaica aosunt can be used for the
removel of the calefum Froo these precipitetes, In this case no eclds are
necussary, thus peducing the poessibilitica of degradation,

ifrat and Jﬂtll‘w

propared & pectic acid by Shese procodures, the
equivalont wolght of which = 185 = wae very clese to the theoretisal
value ~ t_ﬂ =, LaSer on, Hiret roported o preperation of pestic sctd
pupified through copper and calofum galts, then further purifications by
nethods as yet umtl-ubu‘m « and tho equivalent welight of this
preparation was closer to 176 and showed upon hydrolysis Degalacturonic

@cid only.
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Buring the ninetesnth eontury no definite echemicel conception
prevailed conceraing the strugture of pectic materials oxeept that thoy
wore releted Lo the carbobydrates snd hod the elementary composition
typical of those compounds. DB. Tollans and f.4, Tromp 4o sqaafﬁa; aasuned
that & carbohydrate contalning cardboxyl groups was present in pestic
sudbstantede aaoﬁagsuaih’i in 1911, reporied the presence of an ugronic
acid §n sugar Doets, though shought 0 bo gliucuronic aclid. Ia 1N7

(46)

Auaren’ notod the gesurrance in lemons of oan fsomepr of glusuronte acid

4

and in the sene yeer fhriich  pointed outn that pestic pubstanoes were

somposed principally of emhydregalacturonic aside Pischer and Nerts' *0)
deseribed the rascemic acld = gelasturonic =~ as an aldehyde of nmucle asid,
Salacturonic assid s o compunent of nany natural substances such oo
guns, suoilages and some hemtcelluloges, though She most important source
fs %0 de found in pectic substances.
Apparently D=Calecturonic acid ccours in naturel pectic compounds

49 gone luded by measuring

only in the pyronoside fornm ag Hopell and Link
the velocity of the acid hydrolysis of a »ngthyl=Degalacto~pyranossdurontio
scid and pestio oeoid,

German workers were the First to approach the study of the strusturs
of peetic aclid by using the technigques of the cellulose chomistyy,
denonstrating thet pectie acid has & long chaine Henglein and B#hﬂ'ld!l‘so}
prepared nitropectin by reasction of peotin with fuming nitric acid (1.52 ds)
at 0° ¢ en¢ they found that nitrepectin bohaves 1ike nitrecellulose.

The tcnafle atrength of films noke of nitropectin 18 greater longitudinelly

then transversaily. Accordingly the nolecules secen to be elongasted,
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£¢ tho ssme time, JEight wag throun upoen the seans of linkoge

between the galacturonic scid units which, eccording te the properties of

the nitroderivatives must be simiiler Lo that in celiunioses Porallel evidence

cuane fron Levene and Zprelder

59

who attoeked she problem from onother

sngle by using the pertodie acid oo vxidant of the glyeol groupings sceoerding

to the Sechnfgues of talaprade. Thoy oxidined polygalecturonic acid with

peviodic acid, climinating the excess of onidant with ethyleneglyeol and

separating the inorganic fons as dariunm Salts.

The oxidised pectic actd

was hydrolysed, iud there followed an oxidation in order to tranafors the

sidehydic groups into acid.
0 {=) tartaric ccid,

untse effcetod botweon the cerbona ¢

The final identifiadle produst was

2

The clesvage of the glysel groups in the galagtuponic

ondg 03 lgaves some uncertainty ag to

the carbone which are engaced fn the giycoesidic iinkege tch or csi since

there 10 a simflar possibility of vbnuintﬁa # (=) tarsaric scid Crom the

pyrancae or furanose forn of the galacturonie acid uvalts.

B
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a partislly degraded pectie occid either hrough the treatnent with
noshanolic or agueons hydrogen chioride Ia order t0 free the pectic ecid
from she aduized arebans and galactanse

fipst, Jones and Smith used dinethyl ouiphate snd godium hLydpoxide
as roagontys for methylation, alse the thaliiua galts of the polyuronide
and methyl fodide by taking adventage of tho relatively astdie charaster of
the hydrozyl groups in polysacsharidec. In any of those procedurss the
methylation wes scsompiished by several Pupdiets treasments,' o ¢ 58) (5%
The final product, & fully methylated nolhyd pectaote, was sudbjected to
hydrelysis by moans of sethancliic hydrogen shleridos The neshanolysis
alzture sonalsting of methylated mothyl glycesides was resolvad by
fractionsl gistiilation, 411l the above nentioned workers obtained
nethyl 233 di=g=nmethyi~d~gelacturonoside oethyl ester as o repsating unit
in zethylated pectic aeid, but all of thon fulled 5o separate from the
nethanolysis product any methyl 2:3:4 trisg=nethyleD=galacturonoside
methyl ester which would correspond to she end group, The finding of the
furenose fora of methyl 2:3 divg=unethyl~Dwgalacturonoside methyl ester
by anna‘w in the methanolysis products of methylated peoctic scid wes
interpreted by Jones and Deaven' > ' gs due to some transforsations
which say cecur during the pm;nu of methylation since drastic conditions
are used in this operaticn. The most probable explanaticn £s thet dusing
nethonolysia the equilibrius between the two tautangric forms 15
eastablished, lcading in this way to tho nmisinterpretction of the results.

(L3) (53)

first and Jones charactericed the methyld 2:3 diefenethylep~

galacturonoside methyl ester through o soriea of stepss
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A8 o Tinal produet di=Qwnothyl=i(s+} torteric acid was obtained and

eharacteriseds Ouith end Luaann‘ 52)

charasterized the methyl

213 di=penothylisd=galasturonoside methyl cater by hydrolysis ond oxidation

to 2313 diwgenethyl nuele aclid which was covparesd with the asuthentic product
obtained by synthesis. ¥Yhey concluded, singe Shey were uasble to find eny
mothyl 2:3:4 triwgenethylebegalscturoncside nethyl sster, that the moleculs
pither 8 so long that the anount of the end group is prectically negligidle,
or possibly that the nmolecule formo o loop fu which DUh ends are linked
togeshers The resson for this Fallure ©o feclate ony amount of the end
group resides in vhe lack of sccursey and gelootivilty in the nethod of
separation which Shey used for the resolusion of the mizture.

Fractional distililation does nol supply & parfect resolution, less
85§13 when the proporuion of the and group f8 very small,

flels (dootoral thesis) used formic acid as hydrolysing agent, and
the mizture of sugars was resclved in & ¢ollulese powder columm, but the
nizture of methylsted galacturenic scids forng did not give suesesaful
results In the ipclatlion of any tri=d=oetlyl~twgelecturonic sold. The
wethyletion with Haworth'ec pecgoents Involves & great degradetion ia the
case of pectie scids The cnount of the end group therefore fncpeases
relatively, and the previcusly meantioned workers' lack of suceess in the
igolation thereos! i3 inesplicable. .

Fapthor evidones with regard to the neons of linkage of the golacturonic
acid units In pectic acid hap been given by Jones and MM! 56 457 who
degraded enzpulcelly pectle seid fros opple end obtained triuronides end
dluronides, whish were subjected o cabelul lavestigation.

The digelacturonte seld fsolated by theose workers was transformed
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inte the orthofornste by shaking with ethyl orthofornmate in cbsolute

methanol and & few drops of concentrated hydrochlioric assid, The orthoformate
group protects the froe peducing sidebydic group and hos the advantage of
being free fron attack by the lithiun siuvminium hydrides The carboxyl groups
were then coterified with ethersal seiusion of diesosethene at 0° ¢, and the
opthoferncte cethyl ester of thiz di=~golacturonic acid mas reduced with
lithiuve sluminiun hydride in tetpa~hydrofursn. After the hydrelysis of

the misture, they obtained L~0vdspegulabtopyrancosyl~b=galactose which wae

CHPW L]
WO O u ™
] L 1.0
AN 0 W '
M MO u\pu

identified by comparison with the authentie Gﬂlﬁlllncisnr Phese workers
established in this way, without gny Goubs, vhe pyranosidic structure

of the galseturonfe scfd unita of pectic scid as well as the O linkoges.
The triuronide woo converted inte the nethyl glyeoside methyl eater by
refluzing with methanolic hydrogonohloride and subjected to reduction with
potasaing boron~hydride which tpansforns the oster groups into alsohol.
The roduced material (methyl glycoatide of o trigalactoside) shewing o high
rotasion (a1 e + 190, indteative of I iinhages betwoen the gelectose units,
wes methylated with dimeshyl sulphete and podium hydroxide, followed by
Fupdiets troatments, resulting in a fully mothylated trisscsharide which
was hydrolysed. The breckdosn products were geparated in & collulese
column and characterized by obtaining orystalline derivatives., The sugers

soparated were 2131416 TotpacQenethyi=Degalactose, 2:13:6 tri=Q=ceihyli~D~
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galsctose and 236 divgemethyied~galectose, in she relatvive proportions of

1 8 143 s 4 respoadivolyes The foolation 6f these sugars suggests either:

) that the Sriasscoharide %8 of the 2abPanchedwchain type wiieh on
hydeolyails should furmish 1 mde of totrasgenmothyl=degaleetoas and 2
moles ¢f Uri-g=sothyl»Dwgalastose, or

b} thas the trisaccharide is of the Lresched chain type whieh should give
2 woles of tetra~f-uathyl=degalactoss aud | @mole of diwg=methyled«=
galactose. The deviation of she ratiogs of the pespectivn sugars
{fron 1 ¢0 2 and fren 2 to 1) found, nay be due to the formstion of

boric oaters, Or some steric feoctor Loading $o fnoonplste methylation.

Beveral attonpts to reduce the labile carbdoxyl group have been
carried out in order to aveld the difffouity encountered fn the
@ethylation and the decarboxyistion which takes plaece during hydrolysle
of the sethylated nataerfal and alters the rosults of the sethylation
studies. .:._mm and wi.‘ " used copper chronite as o catalyst and
hydrogen ot 17580 ¢ and 3500 pounds per sq. Ineh of pressure, during oz
hours, and they claifmed to have obtuined & methylated galaetan. MNolt
{doctoral thests) pepeated the experiments, verying the conditions, and

failed to obtaln any characterizable produss.
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snothoy approach to the atudy of the structure and shape of peotic
actd invelves tho use of physical nethodu.

Hearly ell the physical scessurengnts of the propertios of pectic
coumpounds have been carfied out on preperations containing up to one third
arsban and galacten, but the ezperiscntol ovidence has shown that the
prominent properties of pectin (gelation, filo formation, high viscosity,
etes) are derived from the galscturonan chain snd that the other polye
sacchapddes act mataly co dfluvents,

Bcuuar‘7’ pointed out that fn dealing with pectie materfals several
fooctures nust be borne in ainde

1. Peotine are hydrophilic collolds which possese a high
negative chargo varying nith the auader of frae carbdoxyl
EPoUps.

2+ The naexinun bonding betwoen chaing occurs when calofun
ions are shared between carbozyl groups fpon different
chains and the nunber of corboxyl groups has rosched
ita maxinun, 08 fa the case of colcium pectato,

3o Fectin sols differ fron the typlical hydrephilic sois in
that they are couposed of larger perticlos,ossentially gel
freognents. This furnisho® an ezplanation in the case of
the procipitation of pectins fros solution by dehydrating
agontse

4s Dilute solutions geen to bo nolecular dispersions, since

they yield emupoctod oamytic dota.
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Meyer and Mark suggested shat goloeturonan conteins o linear

baokbone « suggestion whieh was later confirmed by X=ray diffpoctive date

through the work of Henglein and Bo!‘mnldergtm Aptbury and Bolh.m" and

more recently, of Palmer and sm&am.m’m“‘” t6a)
The latter group of workers Interproted the X~pray diffrection pattorn
cbtained fron orlented fibres of sodiun pectate and they cencluded that
the cheln of galactuponste walts hes the configuration of & three=fold
serew gzie, the fibye fdentity period contefning three golacturonate unitoe
The esperinental dats fyom birrefringencc, sedimentation, diffusion and
viscosity studies on various pectin derivetives show that peetinie seld
moleculos are rod-shapods
G8NOTIC FRESSURE nessursuments provide 2 nethod of stuyding the
phystso=chenfosl Dehaviour of solutions of pecsing, 2g pectic subatonces
ere usually accompanied by dissolved impuritics, comumenly electrolytes,
oven when corefully purified, shelr renoval fsef eatrene inmpoptanse for
they produce errors in the neasurenente, The use of nendbranes which ere
parneeble to the digpereion medium of well sa3 to slectrolytes disiniches
the source of srper bub does not alintnate it. fdaon used snmall
eollodion bags for this purpose in apple pectinie agid, Schaelfder ond

Pei ﬁ“b!“s’

sade osnotic measuresents on dlalyesd ssorile solutions of
pectinie aseid and obtained values corrocponding to aclecular weights in

the range of 30,000 = 40,000, but thosa woriars did not plece much relfence
on the volues obtained due to the pospibility of assosietion of pectinic seld
nolecules in woter golution, Thege vuinen, obstained by the Same suthors
fros the aisre and acetyl derivetives of pectin, oro, according to them,

the true nolecular woights, ranging fron 30,000 0 100,000 depending on
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the source of the pestinic aeld end the derivative nseds The trana~
fornction of nltre~peotin fnto agotyl=gectiin does not change the melesular
watght of the saunples.

Owens, Maelay and tQto“ﬁ,

reported oonotic pressure nassurenents on
both postinic scid and pectin proplionates, claluing that the preparation
of these dorivatives does not degrade tho pestic noleculs. The average
moleculor welght caloulated fron the obacrvad osmotic pressures ranged

£r0n 504000 $0 100.000. Voilmess' o0

showed by means of theo osmetic pressure

meesureuents that the alkeline de-estorification of pectin was

assoupanied by depolymerisation even in an ouxygen free atuoaphore. A48

pectic sclid ftsedl wae not affected sifnflarly,; Vollmert suggested shat the

degree of depolynmorisation depended upon the percentage of mathoxyl groups

present in the polysaccherides The volues for the molecular welghts of

tho native apple and flag pesting = 140,000 and 100,000 = foll Bo 504000

and 80,000 respectively when the subatances wore de-eaterified. This

behaviour was thought te be due %o the spilitting of the acetal iinkags

of the gelacturonic acid under the (nflucnce of the eater carbonyl group,

fhe results obialned Tor peotiv substeoncss by ecsamotic mothods are far

from peliable as misute lmpurisies have & groct influence, and the ssmotic

behaviour of colloldal solutions deviates nmarkediy frem §doal solutions.
ULTRACENTRIFUGE oecsurenents ave rogerded by nony workors as the

wost depondadble means of determining the size of large moleoules,

The high gpeed vitreeentrifuge dovaloped by svedderc'®” sad nis

collabepators produces flold intensitics up %0 & niliton Simes that of

gravity and records the messurenents of gsedimentation egquilibriua or

velocity in o centrifugal fleld oblalned fon up 00 150,000 Pepebs
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The first observationsy on the behaviour of pestic solutions in

168 who used

vitracontrifuge wepre reporsed by Te SVedierg and He Gralen
Juteos extraeted feon various frults end 111y buldbs without fupther
pupification. The rosults i(ndlcated nolecules of csyumetrioal shapes
or strong hydrations The approsimate nmolecular weighta of peetinie
actids fron the julce of opplez, posra, end plums were in the range
254000 = 354000, while the orsnge sibede guve LH0.000 = 50,000,

(6n) prapared pectinle seids by ¢ nunber of different methods,

saverborn
and subjected Shem to heasiag for two hours ab 94° ¢ fn 0.05 ¥ eulphuric
asid in order to observe the effect of partiel hydrolytic degradation.
Pron the sedimentation curve of lewmon pectin, Savaerborn noted that it
was unusuelly pofnted dndicating the prosonco of a great cohesion anong
the structursl componsnits of the nacromolecule and preventing the
ogcuprence of normel diffusions The saue §s fndicaked by the steadily
fnepeasing values of the sediventatiosn congtants upon decreasing the
pestinic actd concentration.

The apparent welght =~ molecular =« depended wpon the pil end the method
of extroction, for the difference in bDehaviour betweon the water and acid
extraoted samples fg rather striking. The free pectins from plant jufces
Bave o considersbly highor value of molecular weight (200,000 = L00,000)
than those oxtrsoted even with mild resgents {(60.000) . Tiselius and
!anxm‘m reported scae observations on the behavicur of beet pectinio
aclid solutione fn ultrasenteifuge. The proparation of this pectinie acid _
contained 5648 © uronic onhydride ond 8.2 ¢ methoxyl content, and 4t
indicated clongated molecules in the ultragentrifuge. The molecular

welght calculated (90,0000 §2 within the same range ae tho values glven bY
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Saverborn for opplie and leomon albedo pectins. Saverborn stoted that,

on seoount of charge effocts, at concentpations of 0.3 %, pectinic egids
will hardly sediment, and in some cases such 88 those with acid end neutral
apple peeting, the substance hod not cong off the menfacus even after

four hours of run §n the ultrasenterifuge ot the mazinum spedds The veleelity
of sedimentation fn the presence of sloctrolytes i greater. At lower
soncoentrations {0.05 ) the seodinentetion becomes peasurable even in water,
The same authoy effected measurenents of the sedloentation equilidrium
{16,000 repenie) by choosing a sultadlo low previtetionsl field in which a
sgate of equilibrium fa resched when Sthe anount of substance sedisenting
through o unis area at any polnt of theo colld i3 equal to thet diffusing in
the oppesite direstions Fron suah mesgurenents aversge wolecular welghts
were coleulated to be in the range of 40,000 » 93,000 for apple, beat

and eitrus pectins, whilch soppesponds with those calenlstad from
sedinentation veloelty and diffusion pecsurements.

By VISCOMITAIC FEASURENENTS, Sobnelder snd co=workora' >0 (oo {7
doternined the avercge nolecular weights of nisrompectin and ascetyl=pectin.
prepared In order to avold the anomalous behavicuy due to oharge effects
oFf the ungudstituted polysacchartdes. They found that both wethods gave
agleoniar wolghte is the renge of 30.000 #» 100,000, wmeasurenents indicating
that there wes 18%03¢ difference in sise Detween the two derivatives,
Naedey and ceswoskers' I who studied the viscometeic behaviour of
citrus and opple pottin in 0«115 U HaCl ae o function of the pi and
tomporature found molecular welghts of 23,000 = 71,000 and thelr moanmre~
nonts depicted the behaviour of the peotin nolecules ao rigid rods in the

goiutiona

The relationship between methyl cotor content and viscosity was



peportad by von num:u”” and other workers, but their statements
would mot seem %o be of great fmportande 28 the viscoslty may drep without
@ chengo in tho mothyl ester sontent 4o Hyers snd amr‘“’ have shown.
Hany factors 40 indeed InGerwens in tho viscosity negsuronsnts in the case
of pecsic substances, and the velidity of noleculsy weight detormination
by this sethod 18 sltogether gueationablie, oven If such data confors to

128) s spetasr and sady'™® peported thet

& given equations Voiluert
de~eaterification of pectin LY seid or gnzyues alse brings obout degradation
as in the case of alkaline dewestorification,

Geterification of the pecting with diosomethane st low temperatures
waa said vo cause 1ittle degradetion and Cho ¢oters formed spe sujtedle for
vigcometric determinations $n oquma&:ﬁﬂmg{w’

Boler and oomm‘ ™ esleulated the velue of 200,000 for the molcculer
welpht of e sanple of epple peectinic seid, aanmuﬁ celeuisted
fron viscosltics’ noosurenents the moleculer weighte {aversge) of 67.000,
69000 and 62,000 for connorsial somples of apple, lemon and begt pecting.

(66 on eno

fhe determinations made by Cwens, Uecliay ond co-workers
fatrinate viscosition of o sories of poctinie acids lead these authors to
coneiude that the polyuronide chefn o not affected in §Sc 2lexinility by
ensynic renovel of the methozyl groupls. |

Hore significance may be attachoed o molecular welght deteraninstionc

bagsed on the vissosity of nonevagueous solutions of various dtﬂutlna."m
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These twe pelyssceharides foru part of the pectin complex snd the
resolution of the mizture 18 sonmehow laburious end not alwaye efficlonts

The proportion of those twe polysscohapides in She pectic paterials
15 variable and dependent upon the Ssurce used for shelr extraction,
There 18 no conerete evideneo as to ubother thoy ave otteshed Lo the
polyuronide chaln or form o physfcel nisture.

Herris and nuanh"ﬂo pointed oG, &85 ¢ Pesult of thelr wmork, thet gsone
araban oend galactan present in pectin noy ccour froe as ballast, while ¢
portion of the nolecules ia chenteally atteehed o the palacturonsn.
Bpolser, fady and ﬁ!:iat’s’ sade & sinilar statement when they found that
after dissolution of leose dallest in 70 ¥ aleehel, substanticl amounts of
gelactan and argben remain cnd require, for thelr removel, conditSons of
acid hydrolysis. ©ron the sctivation eonsrgy favoelved in this hydrolyats
(104500 cal.) they cosumed thoet she Linkons of these two polysscsharides
Lo the galacturonen ohoin was Shrouigh ester bond (18,000 cole e Prom
electrophoretic nobilisy weasuroments evidence i withdrown fadicating thot
these polyasccharides ere in sone woy togothor forming ¢ whole. 10 fo
possible that some araban and galacton are attached to the polyuronsn
chain by ester 1inkages.

The golasten 13 resistent o @ildd hydrolysts with 0,05 ¥ sulphuric ascid,
while the araban is completely degraded. Doth polysaccharides are
precipitated with high concentrations of alcohel (70 #) but aeme quantities
of them may be coprecipitated with pectin ot lower concontrations. By
careful choice of the sourse of pectin 1% waea posaible to 1s0lase arsban

and gelantan, in cach case their proportion belng sbnoraciiy high.



= 33 -

The preparstion of arsban through saparation of the poetin and
galactan 1g norsally diffjouls, dbut good Pesulés mey be obtalned when
the proportions of arasban §a the plant tisoues are high. 4n exanple

h&s been provided in peenuts (srsehis hypogeo)with sthe a8d of whieh

giret and Jonea' W (TRHBOMIBNI(B2ILON | o iou out she Sovessigasion of

fus strusture.

ta this case the gelacten gentent ig very smell, aithough 1ts compiote

remevel fron the cyrude sraban {8 tedious, The procedure followed by the

shove mentioned morkers 18, briefly @

Fatrection of the 0f) with orgonftc solvonts, vemovel of protein
by eztragtion with 10 ¢ solution of sodiunm ehloride, sclubilisstion
of peotin contatned wisth 0.2 ¢ potasaiun hydroxide soilusion,
precipitation of the peetin complez by neutralisation and sdditien
of aloohsl,

The erude pectin contalned 40 ¥ arvadban and was extracted with
70 % aloohol for several woeks., The oxtrasted material was recovered
by evaporstion of the solwent. & Furthor extraction with pyridine
sontalniag & # water carried out on this feolated matertal diasolved
enly the avaban ond galsctan, Tho pessiution of this nizture was
schigved by ecetylation, soparation of the scetates by aifferences
of asolubilitien end de-soetylation,

The seperciion of araban in othor frifts in which the porportion of

araban 15 not 8o high §o nore difficult, In Shese casea, rosolution of the

conpiex mizture fs nccomplished by Caikting advantage of the solubildties of

the nethylated derivetives, af well as the rote of nethylations Araben

is eaafly methylated in strong olkall, pectic seld being lergely destroyed
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under these uéudsulana. and goloscben 19 nethylated slowiy. The methylated
areban s goludle in ether while the aarﬁﬂapﬁnalag'anrivutt of galactan

i3 nots Anothor intoresting observation helpful in the separation of araban

fa that when solutlions of pectin containing araban are hooted with alkalies
the proportion of araban ineresses owing So the degradation of pectic nnid.{ﬂh}
Vaprious gtructures of apraban have been proposed, based on methylation

studies, The repoating unit of ono of then $s shown bolow:

1
=

"
Possible structure of araban (after Hirst and Jones).

—————  —— e e e

The proportions of Z=mono=geoethyl~Lwarebinose, 213 di=g~nethyl=i~
arebinese and 2:3:5 tei=Q=pethyl-L=arabincse = approzinately fdentiecal =
leads to the conclusfon thot arsban 1s budit from & chein of
eradinofuranose units linked through positions 1 = 5 {a), and helf of
these units have & side chaln composed of one arabinofuranose uniu.ltnked
0 the dack=bone (wain chain} through carbopa 1 = 3¢ {a).

The woll known lability of arabans towards scids bringing ebout the
hydrolyats of the polysaccharide ¢ven under very nild conditions indicates

cloerly the furanocss nature of i8s arabinose unita,



Sennelider and rrintah!‘ssg puggested that the failure to obtafn the
nitrated aprsban duping nitration of pectin was due to the hydrolysis
expertndnted by the polysaccharide during the process. The high negative
rotation of this polyscecharide suggests that she type of i1iankage involved
in fte structure 15 of the ¢ sort botween Sthe Learabinose unita.

¢he prepseretion of o gelastan in ¢ pure state ?ron the pectin comploz
is novo ¢iffdoult %o ochieve than that of aprsbans The only fruit in which
& galsetaon could be isolated in o suffislient state of purlty was the seed

0 SOV oesh sstrastion of the pestis

of white lupin (Lupinus aldu
conplex, two precipitations fron the agueous selutien with nethanol,
followed by precipitation of the peetic cold with the ald of celeiuvm fone,
the crpude galacton was nethylsted by Honulesy n!oﬁéﬂnst‘QSl. The nethylated
galectan waa separated fron the araben algo methylated by dissolution in
ether o which tho 1atter is conpletely soluble.

The methylated gelasten has o spocific rotatfon of = 17° whieh s
indicative of D 1inkeges. The hydrolysis of shis material, requiring
drastic conditdons = long heating with § ¢ NC1 » gave 2:3:6 tpi=genethyle
P=galectoss and 2531410 tetpa=genethyli«begalactose in the preportion
100 = 120 to 1, which suggests that the polysaccharide has & 1inear chain

of palsetopyranose units iinked through corbons 1 = 46,

OH

100 H HO
Galaetan of peetie substances
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Regonsiy Jones and cu-m” publiabod the Pinding of a gelactan

extracted from the strichnos pux vonica, the rotation of which
() » « 69 » 2, indicates thal sone of the llinkeges present are of ¢
type though some brenehing ecours in the polysssshapide. Dut this does
not aeen to have o close relotionship with she galecton faclated from
LBpinus sibug, The preportion of methylated sugars isolated offer
hydroiyete of uhc sethylated galactan is oo follows: Q:3:4:16 tetrasg=
uma-»aémuus 2:3:6 trivg~mothyl~d~galactose: 2:6 di«Q=nmethyl~
b=galastose: 2:4 di=gwnethylrD~galactose: % 5 24 5 3 3 1.
Concerning the volationship botweon gelactans snd pectic acids,
some workers' °0 7V sosumed that tho latser would de desived from the
forner by oxfdation of the terminal prisary slcohol group in saeh
golagtose unlts 1% 1o clear from The structuges put forward for pectic

esid, gelsotan and aradban, that the converaion of one polyssccharide into

snother 13 not possible unless & previous hydrolysis aud rearrangotent
{43)

take plage.

Prom the hydrelysis of pectic substances some other sugars have been

(92) 18010%ed fron vanie bast 0-:-::““.‘

isolated. Chplich and laensel
This sssumption wop doubted by the pest of the workers in the pectin ficld.
Rertess pentioned the low uronie content in sueh prepurations, indicative
of heterogensity or low purity of the pectic preparations,

Xylose was veported to forn papt of the pectic group of polysaceharides



by Daves’

9 | and n 1926 sheaten and sehubore'®™® gesortved zyiese as o
couponont of flas pestise Wowris, leter on,'°® Ju & mere highly
purificd preparation of the same pectin, 4id not ceafirm the presence of
this sugars, Oenongwgesethyledexylose hog baen, recently, separated in

smsll gquantities from pectic ma-mn‘m
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Uniess otherwise stated s

Eysporstiong were carried out ot 450° under rodused Fressure.

Seppies tor spolypss were dpried at 60° overenight ta vecus over
phosphorus pentoxide.

Agbs The quenticy of ash was determined by ignitien to constant
welight of & welghed guantity of the materiel in o silice op

plesinun epucible.
nere carpied outl by o nicro=nodification ef the

Zoisel nmethod,

g were perforned by treating samples of the sateriol

(S8e 50 = 900 nmge) &n secled tudes with ¥ gulphurle scid for four
nours et 100°. The hydrolysstes were neutrelized in the sold with
barfun earbonete end She filtrates evaporeted to syrups which wmere
dofonised by repected concentration and estrestion with alcohole
the Bydrolysis cen be carried out with hydrochloric acid of the
sane normality nsing silver cerdbonate for the noutrelisation.
Deseshylarions wero carried out on purtly wmethylated derivatives by
treoatuent with hydrodbromic or hydroledic ecid fn o sealed tube
at 100° tor $ ~ 10 ninutes, followed by neutralisstion with siiver
carbonate and delonisation of the filtrate by alcohol extraction.
The fyree sugars prodused were idontifiod ¢hromatogrephically.

dhy was perforsed on vWhatnban s‘ 1 fi1i%er peper using

the following solvent aystens {(v/v) &

4 ) butan=l=0l : bencone : pyridine : water {5 : 1 3 3 : 3

upper layer.



£ ) Gutenei~cl : othanol s water {4 3 ¥ ¢+ 5 Upper layer.

£ ) ZDutan~Z-one, hall seturated with water containing ¥ % smunonie.

) ©vehy: sooetate 1 scetio acid : water (3 ¢ 1 ¢ 3 Upper layer,

£ ) Butonel=ol ; atetic asld : water (4 2 1 ¢ 8 Upper layers

E )} uthyl scetete @ pyridine : water {90 : &4 ¢ 3)

§ ) cethyl scotate : asetic seid : formio acld : water (18 ¢ 3: 1 : &)

Shrepatesrepdy 9f. netbylatsd sugers wee carriod out in solvent D, and

ua velues refer to the rate of novemont relative to 2,3,4,6 tetresg-
methyl~b=glucose in that selvent, iy ta the rate of npvewvent
rolative to the gsolvent front,

Fapers were sprayed with gseturaled snilfne axslaete selusion end

the spets develeped at 120°, ;

Saper Sonophoresis wes sarpied gut 1n borote buffer at pil 10 ot o
potential of 500 volts on & watepecsoled spparatue. After running

for foupr lours the paper was alr dried and the sugars locatad by

anfliine oxalate {+ S5 i scetie s2id) apray at im".

Sp3Ieal. FOLasions were observed as 18 5 2°,

s were odtalned for identification
of the augaer dy refluzing an alooholis solutien of freshly dissilled

aniline with the sugar for half an hour, protsetiag the reaction flask
fron the light by eovering 1t with o black papere Longer heating
ceouses darhoning of the reaction nlxturc. After allowing the

mizture to co00l, the orystallipe product was recrystalliscd fron o

suftsble solvent.

gids were nade by the oxidation of the

sugsrs with bronine weter, followed by eliunination of the exeoss
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exidant by bubbling nitrogen through the soluticon. The hydrodromic acid
forped was neutrslised with silvar corbdonate, The aplnttan wag then
£41tored and treated with U,8 o froo the aldonte asids Agsin tho
solution wap fllitered and evaporated 3o a syrup, continuing the
nesting in veoue ot 100° for twe to three hours to lsetonise the
aclide Thi2 cuan Do sccomplished &iso by distiliing the ascid in
high vacuun in & cold finger.

The crystelliine lactones were recrystallized from sultable

solvento.

The lactone wos Srected with dry methanolie

solutfon of gnmonia id the cold. The solvent was evaporated by
blowing afr into the [lask and the gonide recrystellised.
Sorimerion of urenip 80ld 2003008,
Jodonesric sitrotion, This wethod appliicadle to acids with digsociation

constants of abous 10 °

gen be used with pectic selds 4 sanmple of
frocse~dried postic scid or free acld fora of a polysacsharide

{02 = 045 go) wes dissolved In 20 mle of water end this solution
wos uized with 140 ge of potassiun lodide, S mls of 3 ¥ potassiun
fodate and 25 wls of 0.1 § sodiun thlesnlphate, The nixturs was
ellowed to stand from fifteen to thirty oinutes and 1% was then
titratod with D0 4 fodine solution. The rosults mey be calculeted
in Serms of neutralisation equivalent,

(en

The sethod used by Eaye and Eent wao

applied in the cstimation of urenic acid fn pectin and poly=
ssccharides contained in Sisal successfully.

The culibration of the curve was carried out by preparing standard

golusfons of pecrystallined O=glucurone in such a wey that 2 ni, of
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eny solution sontained an amount of Deglucurons in the range O = 10
sicponoles, The precrystallisation of Deglusuronc wod effested in
ethanod (96%) . allquots of cooh solution (2 cecs) wae diluted with
water (1 Sede) and mized with o freshly preparsd eolution of hydro=
sylamine {1 cece oF 2 ¥ hydrozylonine hydrochloride and 1 cece Of
345 1 sodfun hydvoside) . AfSter four minutes at ool temperature the
solutions were troated with NCL (3434 M, 1 0.04) and ferric chloride
(0«37 1 40 Got M RO, 1 Gete) e The resulting orangevbrown solutions
were shalten under veduced pressuprs (12 nm,) feor 30 seconds to renove
disasolvaed gases aad thon transferred $0 the celle of an Uniecam 8.0,
500 spectrophotoneters 4 blank sclutlon wag prepered ag above but
using water in place of Deglucurone solution.

After conpensating for the absorption of the bdlank solusfon {freshly

propared in ocach case) the values of log I./1I for the glucurone

solution ot Eﬁ@sﬁ and 3&750 ware read off, The following results
were obtained
Bla Ledes Singyrose Llueoss
fazse  Fspm e Tam
151 Oe5 - 0.91 0.89 e Outl
1e32 7e5 et 079 1.24 Cl12
14216 Ge9 070 0469 Te0 W00
tal3 Gals 0467 0635 Ced 0406
0494 Ge3 0460 055 De25 0405
et 5e6 058 Ol - -
075 be2 Qa S0 Celis - -
0.56 3015 Qeli0 0e305 o .
0405 243 Ga30 0215 - *
037 2ol De265 Da215 i »
0e203 a5 0420 IS AL * b

D104 0.58 - 0,063 Ld -
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in opdar to correut the adbsorption of the aldehyds group (oxine)
pregant fn the glucuroenec, anether pet of resadings with solutions of
Beglucose wore taken, fallowing the soene procedure an above, and the
readings wore substracted fron those of the Peglucurone at B””.
Felyscceharide (2 » 3 ngs) wes heoted ot

1007 with sothenolfc MCR (1#2 %, Gf Gete) 40 o Soaled tube for
30 ninutes, 4fSer thes time tho contonte of the tube were added o
water (247 Ca0s) » Uhe resgents clded as before, and the reoading at
nan’o noteds Then this velue was futorpalated In the curvs.
8. (37e0d sstor of oeldic polyssechoridess

The seldic polysacoharide wes converted inte the giyool eater by
(98)

reanting with othylens oulde In water golution.
4 welghed coount of the driod und purificd glyeol ester was

sudjected Lo saponificution with e wecsured snount of 0.5 ¥ selution of
sodiun hydroxide and the mizture wae sllomsd to stend 1o stoppered flasks
for seversl houps to couplete the ssponifications The ﬂm:u.u; sodfun
843t of the polysscoharide was thea precipisated with aleohol, filtered
o0, washed with 2 1istis aloehold, wnd the rilirates were celletteds

Titration of the excess of svdlun hydroaide with seld gave the
equivelent woighy value of the polysccoharide glycel ester.

In an alfquet of the nmeutralized filtrate, the amount of ¢tiylenc=

glyeol proscet wes deterained by periodete uptoke I the vEBel Woye
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This wos corsied out Dy the Lemiecux and Dauer mthen.‘m The asyrup
{1 = 5 nge) woo dissolved in 0.5 N sodfun metaperiodate solution (0,12 nll)
and naintatned ot o ror ene houp. uthylone glyocol {2 = 5 ng.) was added,
the solution wos worsed o roon Semperature and, after five minustes, sede
alkaline to phenoiphtalein with 0.5 I sodium hydroxides The product was
ezanined ehronatographically in solvent J. The results obtained for sonc

standard gsugeprs wePo a8 follown:

S3ser B,
213 di=0=nmethyl=D-galactose D466 Crey

0.78 Broun

0,07 cray
21 di~ompethyl~Degalaetose 0a37 Pink (unchanged suger)
216 di-o=nethyl=Degalactose 0et5S bBrililant yeliow
Z=genathyli~aldozos 0415 Prtlliont yellow
J=0=2ethyi=glucoge 035 #ine ped
Y=0enethyleDencanose 0.60 ‘Broun
G=0=nethyi=D=galactose 0465 Diffuse yellow

Thie was carricd ous by the hypoioedise nlt-hﬂ_.‘ o

The quantitative cstimetion of noutral sugars was carried out dy

(ton)

Sonogylite tochniguen. 1t was appiied %o the cluates ¢of the paper

ehronatography seporation of gugars, oo in the ¢sse of the hypofodite

ustmtnm‘ e



EE3BACRION OF BI04k PLESD

Froctions of 1 kge of Sisal flesh wore oxtrocted with water (6 1it.)
at 90° for 3 nours. The extracts were filtered through a eloth and the
plant resfdue wop extrosted twice nore under siniler conditions.

The eztracts were combined, contricfuged fn o Sharples sentrifuge
and coneontrated under redused pressurs to 1 iitre at 4o°,

This solution wis poured, with stirring, inte equal volume of
seetone, and & precipitate separated gnd collected by centrifuging.

The precipitate was rodissolved 1n wator (200 nle) and peprecipitated
with the sanse volume of acetone, washed successively with 60 © aqueous
acetone, dry ccetone, aleohol and ether,

The powdery golid was [inally frosd fron traces of orgenic solvents
in & vacuun desjcoater. The yield was 20 g of polysaccharide,
4oh contont 5 17.2 ©.

Pros now onwards this polyssccharide will be roferred to as water
soluble polysaccharide.

After the romoval of the water coluble polysaccharide contained
in the sisol flesh by meons of het woter, the materfal (2 kg.) was
extractod five tises with 10 litpes (oach Sine) of 0.5 ¢ solution of
envonfun oxelste by heating at 80 = 90° for two hours. The oxtracts
were concentrated to o small volume {2 1. under roduced pressure at &6‘.
and methylated spirit (2 = 3 1,) was added to the solution of ammoniun j
pectotes The gelatinous asolid separcted was Sheon filtered through o
puslin eloth and gqueesed as dry a8 possible. The solid wes washed with

55 # methylated spirit and agein pressed dvy.



The solid was digeolved in mnater (2 ¥ solutlion),snd calcium ehloride
solusion {5 7)) wag added until no smore 8011d was precipitateds The solild
was seperated by filltration through ¢ cloth and pressed drys Then 1% was
woshed with water and freed from the washings as much a8 possible.

4 esnple wun hydrolysed and the chromatographic emasination showed
the presence of rhonnose, mylome, arabinosc, galactose and galsoturonic
acids The s0lid was suspended in water and o siight emcess of sanoniun
ozalate wes sdded to the suspension. The whole wee thén hested at 80°
for one hours The sclution wes freed fron the calelun ozsalate preciplitate
by filtration and dialiysed against dlotillod water until no positive
test for oxalic acid was obtalned with diphenylonmine, MHydrolysis on
thia solution showed that sylose wos premoved, but the ather sugars still
renaineds Another precipitation as the calelum galt of pectic acid,
followed by conversion into amnmonfun Soit by trestment with samonfun
osalate and dialysis, gave 100 ge of crude poctste (ammonfun) when the
asolution waa freeme~dried. Hydrolyals and chromatographic esenination on
& spall sample showed that rhamnose, srabinose end galactose, plus
gelacturonic acid, were present, & Scuple of cumonjunm pestote was
dissolved in water (2 ¥ selution) and pessed shrough a column of Amberiite
reain IR=120 (H) , and the solution of froc pectic scid wae finalliy freese~
dried.

(al, = 339. e = 0.5?&':‘& in waters
Ureonic ascid anhydride content : @ 771 2 (dy decarboxylation) .
Equivalent wolight = 232,08, equivalent to 75.6 £ of Uronic acld

anhydride.
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Crude apmonium pectate {20 g.) wuas suspended in wmethylated spiris
(450 ni.) and sodiun hydseside (10 gl),dissolved in o snaell smcunt of
water, was sddeds The misture was selataimed at 0° for 4O hours with
occasional shaking. The sodid wes then filtered and thoroughly washed
with methylated spirit (50 ¥) thriee, 500 al. each tinme, and shaken for
one hour. Chromstographic esamination of e hydrolysate of 50 nga of
material showed galactose, avadinose, rhaonose and galasturonic acid.

fwo preclipitations from aguoous soiution were carsied out on the
sbove mentionad saterial in order to ollninote araban and galastas, Sodiun
pectate was precipisated from 2 # solution wish the sace volume of
pethylated apirit, rodissolved in wotor, and popreciplitated with soetonc.
The precipitate was filtered through & cloth and pressed dry to obtain an
. almost compact cale which was treated with aleohol (95 ©) followed by
scetono. 1t pendored a white powder which was dried in a vacuum desiccator
ovar 9a65 for two days.

Chronatographic exanination of the hydroliysis of o smsll sample showed
the same sugers as before.

The preprecipitated sedium pecteto wos extracted Swice with 50 ¢
bolling othanol for one hour, The insolubls meterial wes dissolved in
water and to this solution calejum chloride solution wes added. 4 white
591 of caleium pectete was separated end filtered through nuslin, This
precipltate wes gonverted into the anzoaiun salt by treeting an aquoous
suspension with snnonium ozalate, 7The filtrate wes dlsliysed S0 remove
inorganic gselvs, and the solution wes docolousised by nmeans of the addzﬁiea

of e few drops of sodium hypochlorite colution. Concentration and
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froeepe~derylng gove sononiunm peotate in tShe form of g bright, white and

fluffy soltd.

ta1, =+ 213° o« 0,626 & 1n water.

Uronte acid snhydride content s = 752 % (by decarbexylation)
Chropategraphic ezunination on hydrolysis mizture gave galactose,
araiinnss. rhannose and golacturonic nmeld.

This pauple of amdonlum pectute wes uUsed for methyletion studies.

(B} (102

To a solution of asmomium pectate (25 gl 1a water {1.2 1,) the
same volume oOf agueous solution of cetyltrizeshyl smmonfunm bronide (10 1)
was odded with stirrings 4 white precipitete appesred lumediately, and
it weo centrifuged of 7 and waabed wisth waler several times o romove
adharing polysacscharides, The precipitale weas then Srested with seetic
aeid (5M) with stispiag for five hours, The aixtupe wes poured fnto o
large volune of ethanol, and the preciplitate was renoved at the centrifuge
and woshed with ethapol~acetic acid, sthanol and finally ether, dince
the polysaceharide contained some adhering cetavlion, an asgueocus solution
was shaken {ar two hBours with Amderlite resin (8-120 (H). The resin was
separated from the polysacchapide sugponcion by filtering through s
pusitn cloth and the filtrete was Freome~dried o give pectic acid,
Heeovery : 20 e
[o;:ln @ . 3!5° e @ 004 ¥ in water {(onmmopniua salt)

Urenic seid anhydride content: = 79.0 & (by decorboxylation)

Chropatographic oneningtion of the hydrolysate of o small ganple gave
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rhasnose, arablinose, galactose and galoctupronic esold, indicating that

1istle apperent fractionation had occurped.

€rude chmoniunm pestete (R0 g.) wes dissolved in water (1 litre)
and acetone (1 1itre) wes added with stirring.s The resulting gel was
filsered through & cloth, redissolved in weter, and a further
pregipitetion was corried out in the woy proviously fndicated.

The precipitate was extroctod twios with 50 % othanol (1 1itrs)
under reflux for one hours The fasoluble matertal was flltered,
dlesolved In water, and the solutien was Tlitered through Cellite and
freose~dried.

Rocovery s = 15 Q.

(al, = & 3!3' ¢ ® 1.045 2 In wobers

1]
Uronle acid anhydride content i = 74400 ¢ ogquivalent to 79.7 £ in the
fres poetic acid.

Chromatographie exenination showed galactose, arebinose, rhaunose and

galacturonis acld.
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LERIODASE VERAEE. QU _ANDOUINIL BECTATE,
Asponfun pectate {(al = o 213%) (0.6743 ge) wes dissolved fn distilled

weter (100 nls). To Shis sclution 0,25 ¥ solution of sodiun metaperiodate
{25 nk,) was asdded end the nmisture diluted up to 250 wi, ia a graduaste
flask., & blank with the same emount of sodiun metaperiodate was run
parallel. Samples of 5 ml. wers withdrawn from time to time and & known
snount of stendard solution of ersenite 0.09986 N was added after the
previcus addition of 1.5 g« of sodivn bicorbongtes & solution of potassiun
fodtde (1 mle. 20 @) was then added ond tho mizture allowed to stand in the
dark for 15 minutes before the back titration with stendard fodine
solution (0.1000 ) and gtereh as indicotor.

oporating In o ainilar seoner with the blank, the differance detween
fodine titres of thoe azmoniun peetade selution and the Dlank was
equivalent to the anount of anmonliun pectate which had been oxidianed,

The following %oble shews She resuits @

Iige loding g% Wﬂg-m i
(Reuzs) 8k 49398 Ul -G938654rONASS. S0BYs
530 Q75 24537
8,00 Ce?9 0568
22445 0.89 0.64
27405 0493 067
30450 099 0,71
46400 1403 0401
70,00 P09 06856
93,00 120 0.864
1h5.00 fe3l 0e964
7100 1.40 1.000

314,00 ta51 1.00
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Amnoniun peetato {[a]n e 3 21&“’ {20 ge) wos dissolved 1n water (1 1.}
and uﬁuﬁ petaperiodate (27.5 g wos cigaolived in water (1.1 1itres).
From this last solution 100 ol. wers withdrawn for vas as a blank, ond
the romaining 1itre of perlodate solution was mived wish the solution of
anponius pestates The mizture wes 0.1001 1 in relation 0 Sho nmesaperiodate
and 0,05 ¥ to the ssmonfun pestate, The nixtupre was kept in the dark, and
the eourse of the reastion followed titrinmctrically.

5 ul, of the misture were withdrown evepy 8 n.ma and titrated as
usual, and gquivalent trectoent wes epplied %o o alallar asount of the
blank solution. When, after four doys, tho theoretical uptake had been
reached, the u&tn of oxidant was destroyed by the addition of ethylene
Biyeol, The ntulw. wos concenticted to 200 nl, under giminighed prossure
ond dialysed until froe from inopganic noterial = state tested by reaction
with potapalun 1odlde end ao0ld, starch bDelng enployed ag an indicator,

The solution was further conosatyrated vnder raduced pressure to 150 ml.,
and the oxypolysaccheride precipitetod through the addition of a large
oxcess of ethanol, The white precipitatod polyssceharide wes washed with
aqueous ethanol, sleohol~other ond finclly with other. ?rsces of orgenic
solventa were romoved In vacue. The yisld wes 16.7 gs The materisl
redused FeRling's solution and amwoniacal silver aitrate.

(a1 e 33.8° @ @ Le8 % in water,
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Feriodate-oxidined sonenfun pectate (¥ g.) was dissolved in water
{25 nl.) , and fso~nigotinylhydroside (0.75 £« In water (10 mls) wes edded,
After 2C hours &t Poos tenpercture, the umizture was scidiffed with scetic
seid end & yelliowish solid gepapated out,

The precipitate wes filtered off, washed with water, sleohel aad ether,
and finally deied in vasuo ever réas. On stending for 15 houre moeve the
solution yielded mere precipitate, which was treated as befere.

Bacevery : 142 Qo
Hitrogen content: found 13.4 &, ealeuloted for one glyced fission per

anhgdro=golacturante acid vait : t346 O.

Parlodate~oxidiged anmonium pectaty {1 g4 wes disselved in water
{12 m1,) . and thicacnicardagide (1 g In water (10 ml,) was added.
Aftar stending ot poon tempersture for 24 hours, the cixture wes acidified
with ceetie celd end allowed te gtand for o further 24 dhours, fThe
precipitate which eppesred wae filtored off, washed with weler, slsohol
and ether sugceselively, and drfed fn vaeno,
Recovery @ 1.1 s
Hitrogen contents feund, 1642 ¥, celeulated for one gliycel fiseton pey

enhydro=galecturonic gelid unis ¢ 15.9 U




Periodate-oxtdised conontun pectate (14 g« was dissolved in water
{150 nl.), and potassiup borohyderide (0 g.) in water (50 mil.) wes added
with stirringe When the bubbling ceased, the nizxture wos neutrelised
with seetie scid eand poured Into & large volume of ethanol, The
precipicated polysoscchuride wag washed with cthanel So pouove tne potassiun
agetate whieh 18 soluble, and the doric actd was eliminsted by successive
ovaporations with swmall portions of wmethanol in vacue. The dpy materisl
§oolated weighed 11.0 ge

Thies naterial wea dialysed fn dintillcd water in order to fractionate
1%, and after three days, 4 g. of 1t rensined lnside the diaiysis bag (4) .
and 7 g. had poogsed into the distilled water. The latter were Fecovered
by concentrating the solution ot low pressure (B).

Praction {4} showed :[a) @ » 51.9° o % 1,07 7 1n weter.

rrastion (D) showed s(o]_ = « 30.0° @ & 2,174 % in water.

)
Hefther fpruction reduced the Fehiingts solutione
Chronatographic exanination of fructiona {4) and (B) using golvent

4 and eniline ozalate apray showed 3

o Zrowm strong setdte matortal
02 Drown Vory weak Galagtose
tell Yellow swrong Threose

18 Brountsh Hedlun ?



in polvent § :

0 Droumn terong Unhydroitized naterial
0e35 Red-orange sereng Galactuponic ascid
0488 Yellowish rweak trithronie aclay

123 Broun sgrong Throonic acid

240 Tellowlish voal Glyceric aclad ?

24 Yellowish Very wesk ?

pitferent aproys (sodiun moetaporiodate + boneldine, poteasaiua fodide »

potassiun todate » stapeh, silver nitrete) weps uged for detecting the
non reducing counponenta In chrouatograme which were developed In solwent §
sontaining D=golaocturonic acid, D~throonic and glyceric sold as standoprda.
In all cases the presenco of these three acida in she hydrolysate wes
cont i rned.



7435 280N £188k
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Hothyl sulphate (500 ml.) end sodiun hydroxide (230 ge) in wmoter
{350 n1) were ocdded to a gtirred solution of annoniun pectate {20 g.)
fin wator (350 nl.) , under aitregen, the Seupersture being kept below 56'.
Three further additions of reagents were carried out under sinilar
conditiona., Tho resotion nizfure was then noutralised with scotlie acid and
dielyscd asgainat running wator fron SLhe Gaps The sclution was concentrated
to o ssall volume and four furthor cdditions of reagents wore carrisd out,
The oisture was noutpralined, dielysed, and the solution concontreted Lo
& Peducud volunme to give partiaslly methylated sodium pectate. Hethoxyl
dotercination was performed on the frogse~dried material obtained from
10 ml, of solution,

Hethoxyl content : found =~ 22,6 I Olta.

The solution containing the particlly methylated sodiuve pectate
was veduced to dryness under diminished presstre and the posidue wos
extracted with nethanel to remove nettral nethylated polysaccharides,
The solid residue wae dimsolved in water (1 ) and this solution was
passed through o coluan conteining Auberiite rosin IR=120 (i1) to remove
sodiun fons, The solution wes neutralised with silver ozfde and
avaporsted 8o deyness undor reduced pressure ot 30°. The stiver ssits
were ground ¢o & Fine powder and Chen voflused with nethyl fodide (150 ul.)
condalning 5 ¢ dry methanol., #Silver oxide (50 g.) woa then added 18 5 .
purtions over & poriod of four hours, and the refluming continued feor o
further four hourse. Another Purdiets treatment under similor conditions

wes carried out, aftor which the ctliver salts were separusted at the



= 55-

eontrifuge, extractod with ehioroforn gnd alcohole. The solvents were
evaporated to give & orisp solids Another Pupdie's treatment was
adoinistereod to tho s0lid, the fsvlation of which was carried out as sbove.

Recovery t 105 = 1140 go

[a] ®» 1910 o = 0463 % in chiorefom,

tiethozyl content : 3P4 7 Oite,

Uronle sofd determination: Di-0=nmethyli=nethyl-R=gelecturonate
anydrides 67.15 ¢ corrosponding to Uronlc acld snhydride in froe
polyascceharide ¢ 6745 i

figdrolystla and ehronatographic excnination on Shis matericl, using
solvent § gove the following spots :

3y £olene Lnseneivy Erobgble ldentity
0400 Pink gepong Uronic acids

067 Reg=hrown Weak tri~0=Ne®Calaatone
0496 fed Hoak Tatpoa~0=Neo Celactose

Using solvent § for doveleping the chronatogrsns

A Lodex Intenalsy Erobeble Identity
0400 #ink strong Uronic acids

04,26 Piak Hediun 2=G=iig Calee

0u47 Pink Hedfum 233 di~0~ilo CaU
0459 Pink weak ' 23314 tpi=0elle Gel
0.9% Rod Woak tetPa=D«ie Calactose
% Mg = Hethyl

°% 0aU = Galectuponic acid,



Fully nethylated nmethyl pectate (J ge) wes dissolved in ehlorofora
{50 m1,) end to thia solusion portions of petwel esher (ho° = 60%
{5 or 10 mls) were added, There resulted o turdidnesa, and o floseulent
precipitate seporated outs ThEs was contrifuged, separated from the
supernetant, woshed with petrol ether cnd finslly deied in vaces over
paraffin wax. 7o the supernatant iiguld a new pertion of peteol ether was
added and the whole procoss repeateds roursteen frastions wave collested in
this way, the woights of whieh are rocorded In the Sable below, Sogether

with petations and uroniec aclid osntonts 3

£reesiop  Legred sShe Usiebs taly
1 15 227 + 209° 0.2 ® -
2 8 8s - B -
3 5 20 - - -
4 50 - e -
3 5 56 - - -
6 10 118 $ .0 - -
7 10 694 s 21® 0e5 % 815
8 10 209 - - -
9 10 140 - - -
10 10 140 + 197° 0425 -
14 10 130 + 187° 045 -
12 10 25 - o -
3 10 12 - - -
" o 600 » 177 048 98.8

Total 11250l 2884 ng.
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The sothylated methyl pectate, which i3 fnsoluble in o vizture of petrol
ether !hn° = &0‘3 ond chlopoforn (23 1) {(concentration : 2 1), was used

in subisoquent gxporinents.

itethylioted nechyl pectate (fractionz 1 So 12) was disselved in ethonol
{50 nl.). Sodiun hydroxide (2 g.) in & fow ©il. of water was added, and
«fter & few tiinuten’ ptirring thoe mixture was placed in Che pefigerator
for elght hours. The msthyiated sodiun pectate, in the form of ¢
gelatinous procipitate, wos separated ot the centrifuge and washod
theratughly with glcohol untii free from alkail, then with scoetone, and
ether., The washings wore disscarded, sud the s0ild was dissolved in
water (250 mle) « The eolution was then paseed through a column containing

Amberiite resin IR=120 (f) ond neutraliged with silver oxide. The silver

202t of methylated poatic sold was gonvaerted into the methyl ¢ster by
refluxing with seshyl lodide. The methyl coter wae subsitted So ene
Purdiets treatuent and isolated §a the usual way a8 o ori8p 0038d welghing
15 Be

Hethexyl content @ 40.3

Uronie aclid anhydride content in free polyseocharide : 90,5 2 by
the Neye and Rent method,

tal , =« 202,8° ¢ @ 0.4 % In chloroforn,
Chronatogrophic examingtion of this naterind using solvent J gave

evidence of Swo apots :



3‘ go3 g 3 o3
0,00 pink aareng Uronic aclds
0.94 rRed veak Tetra=0=ie galactose

Folly nethyloted methyl pectate (Olte ¥ = 39.2 ©) (1 g wos dissolved
tn water (20 pl.) and pobessiun bovehydride (1.5 g4 1n water (10 mil)
pas odded. The mizture wed stirred for ten houps, thew acidifled with
acetic acid and-defoniged by troctuent with Asvbeplite resine 1R~120 (1)
and IR 45 (OH). tThe solutlion wes concontrated to a syrup under redused
prossures The syrup was oxtrocted with chlopeforn and the eztracts were
evaporsted So give o yellowish glasay solid.

Recovery ¢ Oub e
ggulvaiens weight deterninastion ¢ 846 correopending to g uronic acid

snhydride {gi~O=nethyl=~) content of : 2het %s

(2)

fuily vethylated nethyl : pectate (6 g was dissolved fn water (100 ml,)
and potassiun borehydride (3 ge) wos sdded in soall portions with stireing,
The miztupe wos sllowed to stand for two days at room Semperadurc.

At the end of this perfod, the nizsusre wus aeldiffed with ascetie aeld
and three additions of Haworth's poegents wepe carried out usder nitrogen
with stirring. Che product of mesthylcticn wes isolated by diclysis 1n o

cellophane bag agoafnst digtilled water. The solution was congentrated
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under reduced pressure to give o glasey 90lid which was portially ssluble
in acetono op aleohol, The agueous solution of this golid was passed
shrough & coluns contelning Amberlite resia IA«120 (H) and then poured
fnto o large volume of scetone. The white precipitate which separated
was collected at the centpifuge, dissolved In a 1ittle water, and the
solution freese~dried. Freotiop &

POCOVErY ¢ 240 Ge

?he aeotonic colution op supernstont wes sYoporated at room temperature
under edused pressure and the pesjduo Takea up in o 11ttle waler,

thio solution wes freose~drieds LPaciion s 0 recovery : 2.5 Bo

Kelshy

Sbkriride.
{Lres polygs)
& 221 & 450 L5e7 454 ©
ake2 % 565 3862 1 ket ¥

()

Fully sethylated mothyl pectute (242 ge) was reduced with
potassiun bovohydride (1.0 gs) in 30 2 squoous oethanosl at rogn tenpereture.
the aixture wes cllowed to stand overaicht, and then treated with Amberifte
reain 1a»120 (H) fan order o remove potasajus fons, The solution gontalning
partislly peduced methylated pectic sefd und boris actd woe neutpalised
with silver ozide. After contrifuging, the solution was evaporated teo
deyness under peduced prosaure, the residus was taken up in o 1i6tle
sothanel end refluxged with sethyl fodide (30 nl.. The solivent was
vemovad by distiilation and the silver sclts by disacdving the residue

in methanel and centrifuging. The polution containing tho mothyl ceter

of & partislly vedused and nodhylated pectic seld wes reduced with



potaastun borohydride 58 dDefore. Fhe sutirs process was reposted once
more. Rocovery 1 1.7 8.

Equivalent welght : D95 corresponding o 24.9 # of uronic aslid snhydride

in the freoc polysaccheride.

(9} (10l

Fully ufswhtcd mothyl pestate (S.2 g} waa added %o sn fcoweold
sclution of petasafun borehydride {0.25 ge) end soldiun (0,002 g in
dry pothenol (30 nl.) placed tn & cenfeal Flagk fitted with o nagnotic
stirrer and geleiun ehloride tubes The stirring wes continued until the
nothylated methyl pectate went fnto gelution, The contents of the flask
were then slliowed to stand at roonm tonperature feor 10 hours, The aleohol
wes e¢vaporated with ¢ strean of afr, whils the pecidue wos dissclved fn
woter, and thie solucion wes passed through o cclumn containing snberdite
reain I18=120 (M)« %he solution end cluctos were freoce~dricd and the
solid residus wag dissolved fn nethanol ond evaporeted under reduced
pressures This treatuent with methancl was vepsated until ac pesitive
test for boric 203d with turmeric poper woe obtalmed. The cquecus solution
of the residue was passed through & columo gontaining ¢ mestury of resing
Anbordice (R=120 {0) ond Duolite 24 {5 mi,), the Jiquids bdeing concentratoed
%o & thick syrup under redused pressurcs
Recovery : 1.8 g

Uponic scid anhypdride contont @ 55,0 % (by the Zays sad Zont method) .

Fully nethyloted nethyl pectate (2.2 g) wes dissolved in Stetpahydro=




- 61 &

furan (150 sl.).and fithion sluminiun hyderide (0.5 = 047 84} in o fow
wls of the same solvent, was gdded. The mlzture wag reflumed fav ene %0
two houpss The solvent was pertially rocoviéred after allewing the
reaction mizture So stapnd fop two hours. The contenta of the flask were
gooled and ethyl scetate (20 mi.) wes sdded dropewise Shrough the refilup
gondenser, iHhen the violeat ovelution of (oo ceased, the solvents were
renoved under reduced pressurs and water (50 ul.) was cdded to repleece
thom. 10 order to igolate tho seduced, partially sethylated pectic ccid
{galacton) verious procsdures wers toed unsuccessfully to obtain a

charactapistic product.

4} The alominiun hydpopide wes estrocted with aleohol.

Recovery : 0s7 8o (ayeup) (a1 o » 45° @& § & 1n water,

0
B) The solid uizture of polyssccharide and asluminiup 83lts won extractod
with divethyifernenide, the extracts were evaporcted in vaeue ( 1 mn.)
and the residuc oxtracted with acotonec.
Rasovery : 049 go (brown symup) (o] & . 1% ¢ = 12 weser.

¢} ¢ho aluninium salts wera ontractod with nvbutoncl. Tho solvent was

ovaporated and the residuo dissolived in wator. The solution was flltered

and heated to 100° 1a order to fiocuiste the partieily sethylated

polysaccharide, which was filtered and dissclved in water. 188 solutisn

was freese~drieds
Rocovery 1 0u6 G (00230 (0] =+ 787 &= 0.9 % in water.

D) The aquaons seepension of the solid 5slts was shaken with an excess
of Amberiite resin In=3$20 (H) for one hour, the solids recoved by
filtravion, and the solution evaporated under reduced prassure ot »°.

Reecovery ¢+ 0,07 8. Ialﬁ & 2 ka° ¢ e 1,0 € 1n water,
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Fully sethylated nmethyl pectate {1 g«) was dissolved in formic scid
{10 nls, 98 ©) and refluxed on 2 beiling water dath for ton hours., The
solvent was ¢vaporated under reduoed pPressure, water was asdded to the
syrup and thon evaporated, Thls treatneat was Pepested twioe in order
to pemove traces of formic acid. The vepiduo 1eft after the final
avaporation wag dissolved in a few 0. of ¢ methsnol=acetone nizture
(1 : 10) sad ehis selution was cooled ot 0O° and poutrslised with an
ethereal solutlion of diasonethanc, then allowed %o stand in the wrefrigerator
for wwelve houra. The solvents were renoved under reduced pregsure end
the resulting eyrup was vefluxed wish 50 ni, of 1 1 methaneliec hydrogon
ehloride for soven hours. [6 was thon nouvtralined with an ethereal
solution of diesemethans, She solution being concentretoed in vasuo.
The syrup was digsolved in anhydrous ether {50 nle) and lithium eluminiva
hydride (1.2 g) woee added, The refiuxing of She sigture was carpied out
ever & period of four hours. After cooling the confents of the flask,
ethyl ageetate (10 mi.) was added to destroy the escess of 1ithium gluniniun
hydride. Wator was then added, the nisture wos acldificd with & sulphuric
eclid, and aluniniun fons were precipitated with bariun hwml_aa golution.
Bariun and 4thiun fons were removed as carbonates by passing ¢o, through
the solution end by centrifuging. Evaporation of the selution ylelded o
gyrep which wes eutpacted with bolling chigsroforn., ELlinination of the
solvent in vocuo 1eoft 2 syrup which wos refluxed with nethanolie hydregen
ehioride and reduoed with 1ithius gluminiun hydeide o seoond time, oé above,

fecovery : O.41 g



Chronatosraphic exanination of the sSyrup in solvent § showed the

follewing spots ¢

3& Lolour Iptensity  Erebobig 1dentisy

Olt2 Beown Heal sono=O=nathyl galactose
Q447 frown Very strong 233 di*0=~nethyl galsctoss
0467 Brown ifealt trivo=nethyl galastose ?
0e?6 Rod brown Yool tri=0=nethyl galactose
0.9 fed Weak tetra~O~ne byl galactose

Puliy sethylated methyl pesotaeste {2 g« {(lal

§ .. 2106, Olie & = 42,0)
was dissolved in dry methanol (40 mls) , ond methenolle hydregen ehloride
{10 nl. 25 2) wes edded, rosulting in a solution which contained 5 5 of
iCle The miztupe was pleced in o Carius tube and scaled, The tube was
maintatned at 115° for elghteon houss. After cooling the sontents of the
tudbe, they were noutraliged with dry silver tarbonate, The silver salts
were renoved by filtratfon, and the solution wes taken to drynees under
reduced pressure. The sypupy residue wes dissolved In 4Py ecetone, snd
the solvent evaporated in vacug. Tho sdditien of dry acetone was repvsted
a8 well as the filtration in order to eliminste She collofdel sfiver pels
whieh 8 copgulaved iIn that way. Pinally the solution wes eveporated and
drted to oonatont weizht.
Recovery 1 1459 &
Beductign: The syrup wss dissolved fn dry tetrshydrofuran (50 mll) end

o solution of Lithium sliuninine hrdride (0.7 ge) in tetre

hydrofuran (15 nle wes added droprwige through the reflug condonser,
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Afver atonding balf s hour of roon temporeturd, She misturs was heated

in o water bath for a further hell hour, and then ¢ooled. The excess

of reducirg agent wos destyoyed with ethy? acetate of ter pecovering wost

of the tetrehydrofurens Water wes then added t¢ the reaction sizture and

the solvents clinineied under reduced preseure, The SUers wore P

with dey aootenc fron the selid reatduse '

ResoveEy + 14bS G <

Dyupelysies The syvupy matertsl left sfter the eveporation of the solvent
was pefiuxed fn § § hydvochloric seid (15 mis) for four hours

in ; boiiing water bath, after which the solution wes neutralimed with

silver cardbonate, and defonised with fon~pmchange restns,

Rocovery s 1419 B

Chronatographic exomination of the syrup tsing ul‘vim £ es mobile phooe

gave the following spots 3

5, gelovr lptensdty  Lrobable 18easity

0404 Brown nedtun pono=0=netiyl gelactose
Ce203 Broun red Yory strong 2:3 di~0e-methyl galestose
0377 ned Hediun tri-o=sethyl galactose ?
Va7 fed tteal tri=0=nethyl galagtose
04751 Yollouw ' ussk ¢ di~o-methyl rhannese

0984 Ro§ veshk tetra~0=nebhyl galectose
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{Lepge seale exporinent on a product made fron commercisl sodium pectate)

Pully methylated wethyl pectete (6 p.) , divided into two batehea of
three graubos cach, was subjected to nethanolysls for seven hours in a Cariusg
wibe with sethenolie hydrochloric acid (50 nles 5 %)« The temperaturs in
the oven in which vhe tubes were plsced was selateined sd 118°. 4% She end
of the heating period, the contents of the tube were ¢ooled, combined snd
noutpalised with an etheresl solution of digsomethane, The resulting
solution wes oveporated down to & Syrup under reduced prossure.
Rocovery s 454 ge

Saponification of the syrup was csrried out in agueous solution of
sodiun hydroxide 150 ml., & 9), heating tho resction miztupre in & watop
bath at 60° for two hours. The fully methylated velatile nouteal
glyconides wore removed Pron the alkaline solution by continuous extiraction
for 24 hours with petroleun ether t4o” » 66% . the gugars contained fn
the petrol other selution wore recovered LY evaporation ot rool
tenperature in vacuo.
Recovery : 0.0711 g. Exacrion g«

The aqueous allkuline solution wog passed through columna containing
Auboriite resing IR=120 (i) end In=4D (ON), The cluent was evaporated
st 30° 1o vocue.
Recevery ¢ J.513% g Epsgkion D

The actdie maderisl absorbed fn the resin Amberlfite fa=4D (OR) was
eluted with N sodium hydroside ond the free s6id pregenerated jomediately

with Asberiito resin Ir=120 (#). Tho asguoous gelution wos then concentrated



t¢ a syrup, which was ssterified with an acetonovether (1 5 10) solution

of disuomethsnca

Recovery ¢ O.7725 ge¢ [ragtion Ce

Ergesion 4 : This froction wos hydrolysed with & HOL for four hours
over a boiiing water baths The solution was aesutroliged

with sllver carbonate, fi1%ored and evaporated %0 & syrup.

Recovery 3 55 age

Chrometographic exanination in solvent § showed 13

B, B Solour lasenaisy

0.62 0e58 Pink Weak teri~0~mothyl gelsctosc
Ou 7t 0463 ned teai tri~0=nethyl palactose ?
el 073 Drown orcuge Nediua ¢

0a92 081 Red gtrong totravO=Rothyl galactone
099 088 Pink ved Gerong ?

1403 Gu91 Gray Hediun tei~0~nethyl srablinose

Proaction 4 wes not exsained further.

Erscsioen . : Chromstogrephic eseminotion of the hydroliysate of this

fraction, using selvent £, gave the following results :

36 .33 fe3euy Jatsasisy Zrohable ldsarisy

] 0 Fiak g%rong Uronfc asids

0«10 Cetb Brown weak di=0-methyl galactose
Ce53 0.45 Red broun ffeak tri~0~nethyl golactose 7

D78 fu65 Brown orange Nodius %
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Erocsion ¢ : Emeuination of this frection showed that no neutral sugers

wore pregent fn its hydrolysuto.

; ¢+ Pragtions B and ¢ were conmbined, and

the mizture was trested wiih nethenolic
hydrochioric acid (50 ni. t 9) for five hours under reflius, The solution
was noutralised with dry siiver carbonate, filtered and oveporsted to &
syrup which was digsolved in setpehydrofuran (50 nll . To this solution,
pigoeed fn o flask risted with o reflux gondengser, & solution of ifthiun
alupinion hydride (1.0 g.) in tetrabpdrofuran (10 nl.) wes sdded droprwise.
The recction nizture wos hosted over o bolling water bath for one hour
after having boen left to stand for Lol on hour ot roocn Teaperature.
After dostroying the eomcess of 1ishiun gluminium hydride with ethyl asetate,
the solvonts wepe rouoved, ond water was added to the piszture. The water
was thon evaporated in vaouo, and the reacction produst recovered by
extraction with goetone and dry methonol. Tho solution wes Saken to
dryness and disselved in dpy sethonol in order to eoliminate the aluaminiun
hydroxide. Pinally the syrup was dissolved in water and tyoated with
Amberiite 18=120 (), and the solution evaporated in vacuo at 30°,

Recovery : 40794 G

Buydroliysls ¢+ The sywrup thus obtained was hydrolyeed with ¥ sulphupic wscid

for six hours over o bolling water bathe. The brown solutien
was thon neutrelised with barfun carbonale ond filtered, and barium fong
were renoved by troatuent with Amberlite resing.

Recovary : 3.7847 a.



LBACSICUATION OF ILIDILAZED SUGARE

the nixture of methyleted sugars 1oolated aftor hydrolysis (3.7047 G

waes frastionated on o eellulose colunn {70 % 3.5 en.) , methylethyl kebteone

swo thirds satupatoed with water containing 1 7 susmonis bolang used as an

olusnt. Foupr fractions mere cellectod:

Ergetion ZIpbes Jelehs.

1 a.
De
Ce

i! o,

i

1¥ a.
Do
Ce
d.

Totol rocovered:

- {nged
i= 0 Ghet
19~ 28 76248

29= 21461
80=157 22349

wasghings

341945 g

35

1 a0
088
078
angf
0400
F@c”
0472
0464

0.50
Qb
0e5
O34
0.25
0.2

SLeolour
Yellaow

Yoliow
Orange

fod
Yollow
Qrange
oroun
fed
Drown

Hrown

Hpown
Oroun
Broun
Drown

Exobable. ldentisz

Tri=0=nethyl rhamnose
Di=Cenethyl srhaunnose
A

TetprarO=ngthyl galoptose
pizonmethyl rhannose

A

ri~0=nethyl galactose
Tri=o=nethyl gelastose
Di=O=~nethyl galoctose

213 di~o=nethyl galectoags

2:3 di=0-nethyl galoctose
di=~0=nethyl galoctose ?
ftono mothyl galactose
Hono methyl galactose

e Bl.5 # recovery.

EBACTI0N. 1 was refractionated on thick paper using solvent 2,

Ereation 1o. R, ® 1.0 (16.1 mge) wos fdentifled as 2:3:4 tri=o=-

nethyi~iLerhsunose by ozidation to the corresponding

gidonic eclid, ond the rformation of the phenylhydpasnide :

MePo s 175 = 177°

o (108

futhontic speciment has an HePes 1 .
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Erscsion 1h: l‘ & 088 (1847 nge) s wus identified by the fornetion
of the laatone of 3:4 di=0-nethyl=le=rhannonic seid:
BePe t 76 = 78°%  Cofes 76 = W7, e
Lrochion lgs ns # 0,78 (2940 nge) s Donmethylation of this sugar (4)
B6ve galactose,
ERASSIQN. 13 (762,80 mgs) ©This frection was hydrolysed with ¥ HCL for six
houra on & belling water bath. After neutralisation with silver corbonete
and wapa:;anm of the solutfon, 619.0 ug. were recovered and frectionated

in & coiluloss colunn (70 ¥ 2.5 ei,) LOIng a8 an eluent n=butanol, two thirds

saturated with water.

sbe  gubes  Yelshs B,  Sedews

fractiop (88s)
8 1= 78 6546 0428 Tellow  di~0=methyl rheonose
b 79« 94 48.2 0458 Yeliow di=0=nathyl rhasnose
2
0e73 orange '
. D5=310 1249 0a73 dprange 4
Ce70 ted Drown tRi=0=-nethyl gelactoge
de fii=120 Be? Ca70 Red tri=0=nethyl galactosc
G 121=449 112.0 j 070 figd brown tri=~O-pothyl galectose
0463 Brown tp1=0=nothyl geloctose
fe 150189 2777 Vel froun 213 di=0~pethyl galactoss
gs 190=290 1146 !e.&'ﬂ Brown 2:3 di=0=nmethyl gelactoso
030 Broun di=~0=nethyl gelactéss 7
Be 231=329 6045 '!o.ac Brown di=0=nethyl galactose 7
0a26 Drown nono=tenethyl gelactose
e e

Totsl recovered : 590h42 ng. oguivalent to o 96 © recovery.
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Ib'?a-

B, 0a88 (656 Bg)

(0], = ¢ 18,88° €= 1755 tn wators

Oxfdation with bromine water of this fraction ylelded
the lactone of 3:4 di=0=-nethyl-t»srhasnonic asctd, which
was reeryatallised frou coetone=petrol othor.

fMePo ¢t 76 » w’. guoted in the literature : 76 » ‘ﬁ"-.‘mﬁ’
., 0,88 and 0473 (45,2 nge) , wos refractionated in
thick paper using solvent 3, ond the relative proportions
of the components &t deduced fron the welight resoverad

on elution of the ¢hrosatograns were &a follows:

334 dieo=nethyi~L=rhannose “8 s 080 5 Bge
A ‘ﬂ = 073 H0 vg.

Ry ® 0e70  (12.9 nea)

?he meln sompenent of this frection was the sugar (&)
siving en orange colour with aniline oxalate upray
{bright yellow under U.Va 2Mght) . 1% wag used for
donethylation expariponts whileh showed the presence of
galoctose only. !u cubsequent experiunents 1t showed,
upon hydrolysis 2:3 die~0=nethyivbegalactose.

' Ce7 (D47 ngel cryotolliged on standing, and was
recrystalliged fron aloohol MePe: 75 = 'N’.» An Zeray
powder photograph, usin: the erystalline sugar, showed
fdentity with 2:3:4 tri=O=~ngthyl=Degalactoss.

ua e D7 and 0,63 {112 nge) «

Uenethylevion gave golactose.

ehronatography, using solvent £, indicatéd three compononts,



£xagsion 118+

Exsssion 115+

Ersezion 11b:
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the welghts of which weve detesmined by the hypoidite

Sk “i 100)
B, Ssdewr leensity seichy

063 Pink ped 2:3:l trieO-nethyleD=galsctoss 19.3 ng.
055 Brows 2:3:16 tri=O~nethyl-i=galactose BG.6 ng.
0.45 BSrouwn tri=g=nethyl gelactose ? Bet Hgs
freatment of the syrup with aniline gove o nizture of
H=phenyi=giyeseylanines fron which & amell anount of
23314 triecegethyli~ii=phonyi~D=galoctosyionine sould be
tgolabed. MePer 163 = 16587,

2316 epi~O=mathyi~ieghlactoss was fdentified
chropatographioaily by comparisen with the suthentie
specinon,

a‘ # 0,40 (2777 Bge) » was characterised os

233 die0enothyl=D=galactose by 1ts conversion inte the
hﬁt@tap#nd:ia nephenyirgelactosylanine, MHePes 153 195".
R, ® D40 and 0,38 (1140 nged

Chronstograns developed in tol!tna g. using this fraction
and suthentic specinonts of 31h di=0-methyled=galactose
and 2:3 d1-0*nethyisd-gclactoss, showed the identity in
the travelling retess Dezmethylation geve eniy gelactosv.
ag = 0,40 ond 0,26 (60.5 Bg.)

two nain components wore travelliag at the samg rate o8
2+ and 3~0~nethyl=D-galoctoses {0.26) togethor with traces
of another suger (0.40) « Chrosatograns were pun in

n~butsnolvethanol~untor { 10«35} snd gprayed with
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o T ow

pespialdine hydrochloride, Three spots appeared in the

ehrenatogranas

R .. w 1427 Yellow green sorreaponding to
e Begenethyl=D" 501465650,
R e 173 Furple sorreaponding %o
galastose aeOmnethyl~Dogalactosc,.
R“;”“‘. s 2,24 Furples snidentiftied.

The firet two compononts are present in fearly the suve
proportions as inferred 7ron the chropatogrens. The third
ts prosent in essll quentitles.

R, * Dol = 045 (241481 go)

chronatographie exsuination of this rreotion showed it

to be nearly pures 215 di=Oenpthyli=b~goloctosd.

ux¥ 5 & at.a’ e = 0.493 7% in water.

Hethoxyl contens: 12044 7.

fupther ovidence as to the ldentivy of this frection was
ascertained by the conversion of the sugar into the
sorpesponding Hephenyi=galactosylaunine.

Hedting pedns: 153 = 155°. The suger was transforaed
into the corresponding aldonic ecid with bronlne water,
whish ylelded, following loctonisation end treatment with
ugthanolic samonia, 2:5 disowuethyled=galsctoncantide

MePes 139 = 146°, undepsessed on adufxztore with sn suthentic
specimen.

!a & O0uby 036, 025, 042 (22345 mgs)

s standing this frostion partially erystellised. The

erystals were separated on 2 tile, &nd veorystallilised
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fron ethanel and proved o be Z=0rnethyl=d=galactoge
HePos 155 = 196°, ized noper 154 « 156°,

Periodate onidetion of the original eyrup and chromato~

(99)

graphy of the oxidation products gave evidense of

the prosenceé of 2=o=ncthylebw~galactose by the yellow gpot

R, @ 0,22 {golvent ) due to meshoxy malon=dialdehyde,

f
and of J=U=pmethyli-Depgolitctoss by the wine red apot
u‘ @ 0.4 of 2esethyl+b=gyicue,

Sunmayy of the fractionation of methylated sugars [rov roduction and

hydrolyais of mothylated methyl pectatoet

(R.Ja208) boles
23334 tri-O-nethyl~nhamnece 1641 - 18,1 0,077 a8
314 di=o=methyi=Rheunese 1847 9140 109.,7 0872 348
A {(Yelleowm orange uspot) 29,0 6742 962 0.463 340
28314 tri=O=nethyi~Calactase s+ 502 30,2 Ge136 Ced
21316 tri=0=uothyl=Calactofie ..« 2042 9042 0406 267
(0.64) incompletely identifted ... 3641 3641 04162 1,1
233: di=0=pethyi=Gelactose 216644 300.0 24664 11.870 703
3sh di-0=nethyi~Calactoss 7 22e3 158 375 Qa3 1.8
none~aethyi=taloctose 1784 7040 8hB.b 1,282 85

Totald 25L30.9 659.9 31308 15.147
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Hethylated nethyl pectate (5 g4 wos partielldly methanolysed with

$ ¥ methenolic NC1 (100 ml.) fa & Cerius tube st 100° for & period of four
hours, The contents of the tube were noutralised with dry silver carbonate,
and filteped, after which the selvent waz evaporated under reduced presaure
to & eyrup which was dissolved In tetprahydrofuran (150 nls) . The solutlon
was refluzed gently in o water bath whilo o solutien of 1isthiunm aluninfun
hydride (2 go) in tevrabpdrofuran (50 al.) woe added dropewise through the
refiux condenser. After pvefluxing for one hour, the nizture was sllomed to
stand for two hours ot room teaperature. The excess of reducing sgent wse
elininated with ethyl coetate, weter wos added to the mizture, snd the
golvents eveporated in vacto. The resldue was extraocted soveral tinmes with
acetone and aleohol and the extpacts wore evaeperasted to deynessd, Hater was
then edded and the solution was treated with sAmberlite rosins Ine120 (B)

and IR &b (O}« The solution was evoporated ncar to dryness, and the
residue hydeolysed with 0 HCL for five hours on o boiling water bath, Aftor
nputpeligaston of the nixvure with silver corbonate and troatuent with Bas.

the solution was evaporated to & thick gyrup which contafned nethyleted

sugars.

fecovery 3 3.6611 g

CIHYLASED SUSARS 7The syrup coataeining the methylated
supaes wos fractionated in a celiuiose
colunn (70 2 3.9 en,) by using nethylothyilketone tworthirds saturated with

water o8 en eluent, After colleeting 249 tubes and washing the coluon through
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with water the recovery wes 3.2379 g« equivalent to 68.3 %,
Only one fraction (tubes 90 = 170) ;, which proved to be pure
213 dte0enethyl=d=galectose (1.9981 ge) , wes charscterized.
01, =« 6o° ¢ » 0.63 5 In waters
Hethoxyl content: 29«9 %
Treataent of this sugoer with aniline furmished the
213 diecnethyisu~phenyleDwgalactosylonine M. 154 » 15587, nized
HoPo: uBGRABEEds
The ronaining tractiona, whish were niztures, were coubimed
(142398 g4} end refroctionsted in a cellulose golusn (70 % 245 e¢nd) with
n=butenol and petral othor (100=120%) (30: 70) os mobils phesee

The followming table gives on gocount of the feactionation:



Lracticn Jubes Upishy
REPY

1 t= 25 8246

2 26= 60 134541

3 61~ 80 18.9

4 81-120 16.0

5 129=145 2047

8 146-220 49.7

7 229=294 La.0

8 295419 85,1

9 hao=4kY4 17«7

10 Lh5=500 5649
11 501~535 5549
12 536-580 G4t
13 581625 3844
14 626=670C N
15 671=725 20 .0
16 726=776 1245
17 777868 « 319.6

washings

-

1,01

tﬁciﬁ

0.90
0492
0e92
008

090
086
D50

Pe80
0.88

078
078

!ﬂ-?ﬁ

072
0470

Q.72
046

De76
0484

064

0650
0456

050
Seh2
088
Qe 70
Geli3

( 0.38
Bl
0425

s 9l9ns

Yollow
Syey
fod
Red
figd
Yoilow

fed

Yellow

Doun

ged

Yelisw

Sprange yellow

Orange yellow
Orsngs yellew
fRed brown
Brown

red

Red Lrown
Brown

Brown

Brown

!ﬁm

Redish

Droun

Crey browan

Yoeilown (traces)

Bpown
Red brown

fediah {traces)

Syey Drowm
Droun

3

Legpsbie Ldanzisy

Tei=o=nethyi=rhannose

tri=0=webayivarabinose
!ntra*&-msih:l-unzaa&oea

Tetra~G=na thyi=galsctosy

Tetra~U*nethyl=galectose
Di=O=pethyl=rhannose
Tetra~O=nethyl=galactone
i=G=pathyl*rhannose

213 div0-nmeshyli~golectose
Tetra=d-nathyi=gainctose

Di~0=nathyl=rhaunose
A

&

A
Tristenathyl~galactose
Trisg=netiyl=galactose

Tri=0=methyl=gelectoss
Tri=0~aothylegalactose

Tri=o=ngthyl=gelogtones
epi=O=methyl=galoctoge 2

Tri=0wnythylegalactose 7
2313 di=o=nethyl~galastose

2:3 di=O=nethyl~galsctoge
234 dai=o-methylegolactone

2:3 di=0o=nethyl=galactose
Unknown
pi=0=nethyi*rhannose
TrisOvnethyi~galactose
Unknown
bi=0=nethylvgalactose 7
Unknoun

2=0=pethyl=gelactose
3=0~nethyi~galactoss

£.0.5.8.3 « ¢ + « 101052 ~ equivalent o an 81,5 & cecovery.

{Loss in fraction NWo, 7 due to an cleotricael out
which papralysed the surn=table)
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fLras s ion. i “n e 1,01 (2246 8g.)

(0] = » 2%48° ¢ = 0.2 % In uater,
Authentie 2:3:4 tri~O«pethyl~Levhamnose 3 Ia:n ® @ a$° tnuﬁ!w'ﬂ
Domethylation geve rhannosc.
One attenpt to maks the 2:3:1h tri~o=nsthylelecrhamnonolactone in erder

tc ovtain the eryotaliine derivative proved unsucceasfel.

P.2.8.8.5.0.0.0. 2. unso.”meo.sa {13441 nga)

laln a3 &6;?” ¢ & 1,6 ¥ in water,
Denethylatien perforsed on this fraction indisated the presence of

arobinose and galectose.

The optical rototion corresponds oo o nixture of:
2:3:5 tri=g=ngthyl~i=apabinase { {a]n & - 39;5') bl

2:3:416 totro~O~methyl~dDegalactose ([ ] g * IW.S’! (109

5044 GBle
8347 tge

LA88490. ¢ B o092 (189 m5)

aly »'s 108° ¢ = 0,18 ¢ in water.
Fethoxyl content: 49.8 9,

The suaar wus characterised by conversion inte the 2331416 tetpravo~
nethyi=nNephenyi=i~galactoaylsnine [He.Ff.: 187 = 190“;
166 = 191°,

fined MaPat

foa8.3.4.00. b R =092 0nd 0,08 (16.0 ngs)

(aly 84,70 @ % 0.8 % in woter,
Domethylation gove gvidence of galectoss and rhodnese derlivatives.
The optigel rotation corpresponds to ¢ nizxture of 3

2:3: 416 tetra=O=pethylede=galactoge ([C] g v 1ﬂ9.5°3 (109 6.0 0o

3:4 di~0~nethyl=Lerhacnose ([ p e 18457 1 10,0 uge



Erps 0 308 5.1 ue-u a9y 008 ond 0650 (20,7 mga)

fhis frection was refractionsted on thick paper
(Benzend: ethanol: waterse: 169:47:115 end the propertions of the different

conponsnts were obtained by the Aypelodite nethed' 00,

28588 Helghe in fraction

2:31h26 totru=oenmethyl=Degalactons Sob DG

3k di=0~nothylsL=rhennose 1.4 mge

2:3 di=0»pothyl=pegalactoge et mg.
Lraetien. .b.: RS = 049, 04,00 and 0,78 (40,7 ngs)

The mizture woeg rosolved on Shick papesr using
bensenssethanoiswator (1691473195

The proportions of the asugers were cotimated by the hypoiodite

nm“uwm $
Ssgar Helgbs dn Tractiop
23314306 tetpo~O=nothyl~D=galactosd 16.1 ng.
314 die-nepothyleLephannose 29,0 nge
{0,78) Buger & . bely mge

The Rephgnyirglyeosylaninge of the fotra=Demethyl=D=galsctose was

prepered, the melsing polnt of which was 129 = 191°, Authentic spsctaen:
190 » 194°, (11O (11D

The di=o=methyi=L=rhonnose wos fdentifiod as the 3:4 di=0~nethyleL=

rhonnose by fonophoretic ezanination on fiiter paper.

EE8.8.5.0.0 000 B % 0.7 (420 uga)

ccun-.az&&“ ¢ = 038 & 3n woter,

Upon denethyletion thia frection showed golastoses The celour of the sugar



with aniline oxalate sproy is orange beown, and bright yellow under
ultraeviolet light. Upon hydrolysis with 1 HEY for four hours, this
fraction gave 2:3 di=U=nethyl=~D=galactose snd some nonouethylgalactoss.

{Chromatogranhy in solvent B} .

fr o8 50.0.0...0.1 l‘ ® 070 ond 0472 (95.1 mgs)

(aly @ & 363 39 ¢ = 1.9 % in water.
Upon demethylation thti fraction gave galactose. ‘the proportions of the
two components wore ¢aloulated from the rotation: | .

R, ® 078 (Bugar A) - a1y e e 32%° sos 8645 s

{118)

R, = 0,72 (2:3:6 tri=OenethyleDegalactose) ((o] = o 80% ese Do mpe

g
Attenpts to charscterise She 2:3:0 tri~0=methyledegeloctoso were

unsucogasful,

Edfe$o8ud 8Bt B ® 0470 (1747 550)
(0] @« $1142° 6 ® 0,356 % 0 waters
Hethosyl contents 40.5 5. ) I
The 2:3:4 tri=o=nethyi~N=phenyl=nD=galactesylanine was prepared for

fdencsiflcation purposose H.Fe: 163 = i_ﬁ-ﬁg- Higed .t et unchanged.

L.re8.3.4.00. .10 ga = 0,72 and 0,69 (4649 ng,)

[ p®* a;.sﬂ ¢ = 0,61 & in waters
Nethoxyl contents 30.7 %
Preperation of the 24316 tris0o~ngthyl=Degalactonclactone geve &
eryotalliine polid HPer 08 = 99' aftar two sublinmatjons.
SBe 197 = ”Q,“'IB) ‘_”o, um_

The apiiesl rovation corresponds to 2 nigture of:
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a,mm

R = 0a72 {2:3:6 trivo=nothyl~oegalactoss) ((a) p** o eeslit o7 Hge

R_® 0,69 {(2:¢314 tpt=O=npthyl-Degalactoss) ([a)

4 5 € & ‘HﬁnS‘)“u, see Ge G

Lressloen. 3l R » 0e76 and 0464 (53.2 pgs)

Ecclpnu 86 = 2° ¢ = 049 % in water,
Demothylation on this fraction geve galuctoses

The propoytion of cech of the two ¢onpononts was sscertained by hypetlodite

esstnation’ OO  {solvent $he
n‘ # 076 (2336 tri=o=methyl=begalactose) 2445 nge
! " = .64 (ori=O-nethyl galactese 7) {incompletely identified) 28s4 g

Lres rien.  J2 n, ® 072 (treces) , 0.60 and 0.50 (648 ngs)

Two zoin conmponents were present, Lopcther with
traces of 2:3:6 tri~0-methyi~dwgalactose., Demethylation showed that this

frasation contoined galactone dorivatives., Resolution of the nisture on paper,

in solvent £, and hypoiedite uttaﬂim“w of the gsugars gave @
n‘ = 0.65 (inconpleotely fdentified) 45,8 Bge
u! ® U450 {213 4i=D~nethyi=D=galactose plus 19.0 Bge

256 di=o=methyl=D=gelactose 7

(99)

Chronmotography of the perfjedate oxidation products was sonsistent

with the presence of 213 and 216 Ai=0=nethyl=D=galactones.

£.r8.s.8.1.00.. 031 R, =08 (38:.4 ngad

a1, = + 83.5° ¢ = 04,67 1 tn woter.

o

fhis freotion showed, upon chromatographic ezamination in solvent 0 ¢
ns ® 0428 (214 di=O=pethyl~D~gelsstose)
ka e 0,3 (2:3 di=o=methyl~b~galactose, possibly with some 2:6 di=o-nethyl

a‘ @ 0.45 {traces of dissccharide 0.70)
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Periodate onfdation of the nmizture and chronatographic exaninatien

of the eztdation produsse’??

using solvent J, gave the characteristic
canary yellow spet indicating the presence of 2:6 di~0=pethyl=d>galactose,
pilug unshanged 2:4 and 2:3 d!Wt&ﬂ galactoses, plus the pattern of apots
corresponding to the latter, 1T was possible %o prepere and seperate fron
this mixsure the 2:& &fvmwtwn-mwzmsuuwmmm by taking
sdvantage of 1ta relative fnsolubility In compurison with She otheprs.

HoP ot 208 » musﬁo £f: t20s = 3“.-,%} {119)

Eoifofub o9 bt R = 0.72 {traces) , 0450 and 0s42 (310l nga)
(a1, = s 81.2° ¢ @ 0.43 © in water,
Traces of 2:3:6 trivO-methyl=Dwgalactose were discovered with the principsl
sonponent of this fraction m‘_ 0.50) » This wee identiffed by preparing
the 2:3 di=o*methyl=n=phonyled-galsctosylenine Here: 152 = 1547,

Sf: (153 = 1549 01N

Eres s lop 15 ng & 0488, 0470, 043 anad 038 (2640 vgs)

The naln compononts fn this fraction were the
sugars with K . 2+08 (divowmothyl rhasnose) ead 043 (214 d1*0=pethyl-
galactose 7). Poriodate oxidation and chromatography of the oxidation

pumu‘m gave the yplesl canary yellew spot indicative of & 2~0-pathyl

sugars

Ezoninotion of this frection $n solvent £ goave the following spots:



33 Lolour Iptensisy ldensisy Yisual .
1,00  TYellow steong D i=0=ne thy i=rhannose 2
0.48 Red brown Hediun Tri=o*nethyi=galactose 1
0421 Red asrong 2314 di=0*nethyl~galsctose 2
D16 DProunish HMediun Unknown ]

g.r a0 b 8 00 A6 Qa o Ot (12.85 nge)
the principsl component waa the sugar with B ™ Gelit,
A small troce of o component whieh gave mothoxy-salon dialdebhyde upon

periodate oxidation was present:

P ELS. 533 0.0 10t ns 2 0425 (319.0 nge)
Exanination of thiaz fracction in butanol=ethanoli=water

{10:3:5) and prenisidine 001 spray, geve thrce spota:

178 Purple teyeng 2ecengthyl+galastose 1.5
1l Yellow ©trong 3=0=nethyl=galactose {
1400 Fuprple frages Galactone ses

gxoninetion fn methylethylkaetono:acetic scidswater (9:1:1) , satuprated

with boris acld, gsve the same spots 4o shove, Hhe o o? whigh

galactoges
are 2-o=methyl=geluctose 3.17) and S~O=scthylvgalactoss (2437 .

Feriodate ozidation of the sizture end echpomotography of the oxidation
products In solvent § gaeve two spote:

& yeliow (osenary) spot correspondling to nethozy=malon dieldehyde and
indicotive of 2~0=nethyl sugars

& dark brown one, corresponding to the degradation of o J=O=nmethyl augar.
Beparstion on thigsk papeor,; using tho second solvent, gove 2=0=wothyl=i=

golactose erystailine miged with sonme ayrup. The cprystals mere sepapratod



= 0% =

on & Silae HePer 150 = 15&’3

Eatimation of the proportions was corried out by the hypologite acznqéwﬁ

on one atpip of the chronatogran,

2=g=nathyli=~D=galactoss 192.2 nge
3e=0=nothyi*d=galiactosne 113.4 uvg.
Galsatone 1h0 Bg.

D UG i

YE2UTY. EECTATES

Suger foiven i Column 1 fokel Medea D
21,287 (% 6.50)
2e:3s4 tei=0*nethyl=l=~rhanaose - 2246 277 G134 0,80
2:3:5 tri*O=nethyi~tearaebinose 5044 61.0 0.322 2s12
2:3:4:6 tetpoeienethyl-Degalactons ~ 130.1 15946 0.676 Lelib
334 di=0=nethyleLerhannose - 5940 2ol 0.376 2440
Suger A - 132.9 162,08 0784 Ge80
25316 tri~O=nethyi=bD=golactose = 701 970 0436 2,807
2331l tri=O-nethyl~bogalactose = 2249 2841 0.126 0403
(0.64) Snconpletely i1dentified sugep « 752 B0.0 0.360 2437
233 di~0=pethyl=D=galootose 1998.1 38.5  2041.7 94768 63462
2316 di=o=nethyi~d=golectoss,
2:3 di=o=nethyi~d=galootose - 6640 8140 0389 2456
2:4 di~0~npothylsD=galactose
a=0-nmothyl=~D=galactose - 19242 212.,0 1.092 7e18
3=0=nethyi~begalactone - 1134 135.2 0717 be72

D OE.8.0 + + s 5 o 0 8 ¢ w5 v o8 68 0 s a0 341633 g 15,180
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S8TERICICATION OF PECTIC Ac1D wizy Exuxuens.ostos'®”

Ethylene oxide (100 nl.) was added to o suspension of postic acid
{33 gs;Uronie ocid annedrtdn_eanients T540 2, Lzz% s & aiso. BATCH P) 4
in water (330 nl.) , ond She sixture was shaken for nine da?a &% roon
temperatures A4t the end of shis periocd, the esterification was conplete
with the formation of & viscous solution end the chenge of the pii fron
2 to 7. The glycol ester was recovered by precipitation with aeetone, ond
the gelatinoug precipitate was weshed with accotone~aleohols MEnally f& was
digsolived In water ond the solutton wos Croegso~dried.
Recovery ¢ 39 ge
[ft£ e+ 1942 5° e = 0,586 ¢ 1a woeters

Uronie scid deternination:

o coptent: 651 & = ogguivalent to 78 © in free

33 welt

{docarbozylation)

pelyssocharide,
Sguivalent weight: 263 equivalent to G640 ¥ uronie seld enhydride in
the glyeel coter, and 7.7 © in the free
polysaccharide.

7.5 % uvronte ccld enhydride equivalent to 80.9 ¢ in

the free polysaccharida.

SESCRIFICATION OF PRCIIL _GCID VITH PROPYLENE OKIDE
Purlfied poctis actd frem DATCH ¢ (la] , « 2137, uronte secid anhydride

content: 74.06 % as cmmonium peotate) to the amount of 5 g. was suspendad
in water {50 ml,) , and prpprxenn oxnfde {15 Bls) wap added. 7The mizture was

shaken fn & stopperad bottie for eight days until the solution was neutral.
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The fsolation of the cster wag garvied out a8 fn the cose of the
ethyleneglycol esters
Recovary t 7 e

(2]« » 168 3 2% ¢ » 0.093 © in water.

1 '_ e G

Bronis _scld an 3t 6147 &y corvesponding %o 78 © in the
{decarboxylation

free polysoccheride.
Slyeod sptinmatiop: 63.5 5 uronic scid anhydride, corresponding 0 79.7 O
in the Zreo polysaccheride,

on thic eater by ultrscentrifuge nethods

gave o value of 37,200« Dogrec of polyuerization : 168 = 170 unita,
’s

Ba 145510 De2,8810 s % 8.6,

Gthyleneglyeel pectate (11 g wes disselved In water (250 =1.)
contatning glycerel (4.9 gu)« Tho solusion was cooled to 0° and potassiun
borohydride (3.5 g4 in weter {20 51,) wes sdded with stirriag.

The migsure was ellowed Lo stond overalght. Inorganic salts were
renoved by pessing the soluten through columns containing Amberlite
rosins IRA=L00 (ON) end In=120 (1) , &o2 Sho goiution, freed fron fnorgenic
tons, was then freese~deied, fThe pelyssecharide was washed with alcohol,
rediassolved in water and freege~dried cgain,.

Regovery : 73 &.

The peolysaccharide was esterifiecd by the same procedure &8 shove
uging the corresponding emount of ethylenc oulde.

The glyeol sster of this partially roduced pectic aseid showed:

[r;,;b & & 3&7‘ ‘@ ® 063279 in water.



gnbr 104 @ (Roye and Bent method) equivalent

20 1943 0 i tho free polysscchapide.
After repeating the catepificasion and the reduction with potassiun
borohpdride, throe times, the uronic seid cnb@dride content was:

@y 1244 © (Raye snd Hont methed) in the

free polysaccheride,
fwo further ssterifiontions and reductions wers carpied out, and the
product was fasolated.
[G1g & @ 248470 @ = 14297 © in weter.
DF: 5.0 ¥ (decarbosyistion)

§406 © (Baye end Zent vethod
S«7h #f {Baye and Eent method)
The resevery of pelyssceharido woe § gu after 8ll these sories of
reductions and esterifications,.

) oi shig galazetan waz carvied out by

ulsracentrifuge nethods, giving sthe Coliowing resultss 22,000 » 22,300.
Begree of polymerisation ¢ 138 = 40 units,
seteb2s 0™ st ntt’s ¥e s
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Sunpt 1013

Galectan { [O.Ilb

19,41 nge, and ribose (3,07 mgs) were hydrolysed with ¥ sulphuric scid for

= » 247°, uronie ceid anhydride 3 6 #) to the amount of

four hoursg on & beililng water baﬁh.l The hydreliysate wes neutralined with
bariunr garbonate, filtered and evaporated in vacue to & syrup, which was
spetted on chromatographic papers The ohronctogrens were doveloped in
seivent § for Forty hours. The sugers wore ¢stinated by Somogyits procedure

tollowing the teochnique déscrided by Hirst and anwuorknru."°°’

S gﬂ,ﬂ,plllﬂﬁ .lﬂgﬂaﬁg.ﬂﬁlﬂl ,Jasai.Lnnai ::::::fgz i

D=piboses 5002 De1255 "9-477 ave
‘3‘“ 05‘19 see
Degalactone ai,sn. 06,1386 !2¢!8 75.5 7748
24 -_Ml fh?’f 77.?
184 Oe22 8.8
L=rhomnoge fe10 ’ 041507 }0‘17 %426 kg
1.05 0elb he2
Pglucose 0. 63 01153 IO.ﬂﬂ 240 8.2
0.55 0.10 2458

Degalacturonie Acid anhydrfde .+ + » + ¢ v & ¢ 5 s 4 b 8 4 6 v e e s G40

b=galastoge cttached to Dewgalacturonis scid
forping aldobiourontic 2C8ds « + o w ¢ & & « & 4 & & 8 8 e85

e i v

ERBEET 6 % a % 5 0B FEEDE&EENE TR DS S SRR 102.3
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Another fet of titragions was corricd out, without using ribose ac o
reforense, caleulating the percentager whilst bdearing In nind the faoet thet
the aldobiouronic ocids orfpginated duping hydrolysis conssituts sbout
1145 & of the polysaccharide (as calotleted fron the uronic seid content

of the polysaccharides).

Sugex Jp.8 . Esstor Lubydres Jﬂﬁﬂmﬂﬁ
A TR
Degalactese 3346 D.1386 L6850 a7
L=arabinose a0 0.1228 0,388 : Gl
L=phannose 1e5 0a1507 Qet81 30
p=glucose Q-ﬂ Oe1143 0103 i0

Pegelacturonis @old 4nhydride + o « o 2 » 4 5 s 6 0 s 0 b 640

Pegelactose attached to Degalacturonic soid
a8 sldoblouronis GEEE o & & & & ¢ 4 % 4 os 8 8@ 55

i

?‘_‘aziltiil.#tt‘b.vili&-'l.“ll ,’.h%

The reoults of the first set of titrotiong are o 1ittle Lizh as aono

destrustion of the reference w.aar took plese during hydrolysis.
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Golactan (043595 go) (22,18 sililneles of anhydrohenose) wepe dissolved
in water (10 mls) end 0,25 i aolution of sodiun munwtuah (40 nidd
wad ad8ds & Disak wa pun peralied with & siwijer smeuns of netepswiedets
solution, Both ﬂuuéna wore kepd fn the dark -anﬁ 1 ol, ssoples wore
withdrawn at suitable Intervals. Sodiun biearbonate (i g.) , standard
solutien of arsenite { 5 ml. and 20 ¢ solution of potassium fodide {1 nll)
were added in the indlicated order S0 the sanples. After allowing the niztures
to stend for fiftevn ninutes in the dark, shey were titrated with atondard
golution of lodine (0.09068 1) weing etoreh es an Indfcator.

Tine (hess) Todine {s5ld) Held, upsake a “"”ﬁ JA= Boles

R
p= nolde snhydrohexose ;e noles

2 Qo6 42437 G953

5 VeB8 43436 0975
9 V.89 434895 Qe590
as VB3 45485 1.032
56 D495 bGeT77 140885
75 De96 §7431 14066
145 1a02 50427 14133

_ ._ A _

The oxygalacton wes recovered fran the solutlon containing Inorganie
selts by destroying the excass of pericdats with ethylene glyeol and
garpying out diaipsis zgalinss distilled watedy. Aﬂ& concantrating the

renaining golution, the oxypolysaccharide was precipitated with acetone,



redissolved In & 1ittle water, precipitutsd again with acetone, separated
at the centrifuge, washed with scetone~ether and ether, finally teo be dried
in vacuo.
The white powder recovered weighed 0.1 g
(a1, * + 45e8° ¢ = 0.967 % In watar.

fydrolysis weo performed on o 118tlo of this naterisl with ¥ Sulphuric
aofid for four hours In & bolling wetor both. Chromatographie czaninstion
of the hydrolyzete in solvent } showed: Chrecse and gelactose as the main
couponents, snall soounts of erythrose sad trsses of sylose, arabinose and

rhetnose.

0. 9ALASTAL. UISH_J0031COTINYLIYDRAZIDE

The ozy=galoctan {90 mge) In o 1ittle water was Sreated with
faonfconinylhydranide (150 nge , and the alzxture was clliowed to stand for
48 hours, The complex was precipitated with o 1ittle potassium lodide and
the supernatant after centrifuging off the precipitated complex was taken
to dryness and extracted with nebutancl. The resaining powdery moterisl
was weshed with aleohel~other, and ether, and finally dried in vacto.
Regovery : 100 ng,
disrogen content: Found: 11,9 % Required for 1 glyecol fissions

10,5 #
Per hezese unit: 14.15 &
The nitrogen c¢ontent suggests shat 80 26 % of the sugar residues

were attecked by poriodate.
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rarticlly reduosd pectic celd (L go) IECL%)u “ 3#7’8 Uponic acid
anhydride = 19,5 ) was sethyleted with dinethyl sulphate (160 ol, x 5
and godiun hydrozide (70 g 2 5§ = 30 £ golution) , under nitrogen. &fter
adding the last portion of peagents the nizsture wag stirred for five hours,
1% was then pertielly neutralised {ph 8) end heated to 80 = 90°, stnee ao
poiysaceharide soparated, the aolution was cooled and dialysed te ronove
inorganic salts. The solutien remalining in the cellophane bdag was con=
gentrated to 250 wlé, and troated with Anmberiite pesin IR 120 (A) to give
a solution of the free seld of a particlly nethylated polysaccharide.
Thie wap neutralised with silver corbonoto, then gvaporated undey reduced
pressure at 30°. The derk silves salts wers ground and Sreated with methyl
fodide together with & 1ictle dry mothenol under refliux for half an hour.
More methyl fodide wus sdded (150 nls) end siiver oxide (2 g.) wes added
at intervals of fifteen oinutes for & period of siz hours until it toteled
50 g« The solvent was seporated fron the silver salts at the centelifuge,
and eveporcted under peduced pressure to pgive a erisp yellowish solild.
The silver salts were extracted with hot chlereforn and the extrachs
evaporated. The érisp soltd wascoubined with the one previously fsolated,

Rocovery: 5.2 ge Olie @ §1,3 2.4

The nethylated polysaccharide (5.2 Co) was Qissolved in tetrahydros
furan {150 nl,) and & solution of 1ithiun sluninfun hydride (3 g« In

tetrahydroturan (100 nls) weap added dyop*wise. The pmizture wae refluxed for
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one hour, the excsss of 2ichiunm aluninfun hydeide being destroyed by the
asgdition of ethyl acetate. Water was then asdded, and the aupernstant
1iquid wos concentrated.

The imsoluble residue was extracted with alcohol and the extracts were
taken to dryness. The reaidue of the evaporation wascombined with the
one obtained frou the supernatant liquid, This conbinatien, containing
the polysacchapide and some inorgenic 2olts, wae trested in aqueous selutien
with Amberlite rosing IR 120 (B) and the solution was meutralised with
gilver carbonate., After talking 1t o dryncos, the s03id pesidue wes tulce
treated with nethyl fodide (150 nl.) and allver oxide (50 g
Tsolation of the nethylated polysaschoride gave Lel ge
Hethoxyl content: 42,5 #.

4 further troatuent with the methylating reagenss was adainistered to
this natericl, but the msthoxyl content wss not increaged,
Recovery 3.8 g«

(a1, s 1772 17 g = 3,02 % In water.

B

[ay w e 158 2 2% ¢ = 3.17 % in ehlorofors.
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Pully methylated galsctan (3.5 e} was hydrolysed with o miztupe of
sethanol (75 ml.) and hydrochloriec ascid 20 (75 mls) in @ bolling water
bath under reflux for five houpse. The nethanel was then evaporated under
reduced prossure ot 30° and replaced dy water.

The refluxing wses santinued for ahfat further aourig at the end of which
the solution woe coolod and neusrelised with silver carbonaté, filtered,
evaporated in vacuo to 2 ayrup end taken @p with dry methanol.

Afver filtration eliminating a8ll thoe coaguiated silver salts, the

golution was coneentrated to a syrup and dried in vasuo to constant welght,

flecovery:s 3.1850 g.

L ASTAN HXDROLYSAS
A geliulose column {75 8 3.9 o) was uged for the fractionstion of the

nigture of methyleted sugars,

The eluant sas petrel ether (100=120% 7 nebutenei (70 / 30)
setupated with waler. The syrup obtolined &n the previous hydrolyals
(341250 g} was placed in the colunn with the sid of & few nl, of pebutanol,.
The following table showe the welght of the affferent fructions and thelr

conpositions



Prectiop ZIubes
] §~ 15
a i6= 25
3 26« 30
4 31= 45
] ko= 65
6 66~ 90
7 91+165
] 166=200
9 201=350

10 331=440

(£ washinge

Total recovered 271647 nge

“ Gl =

Haighy .33
1400 Pink rod

20.0

43545

104408

11946

L9086

278.5

5242

211.3

2641

1844

e S o N A

098
‘1.02
0490

CeB9
093
0.86

029
0a96
Laia?

093
0.01

pﬁ‘ﬂt
4
079

G.65
[ 0.73

D.06
0470
0467
061

102
0,89

{0.85

Ge72
Ga53

Eﬁc?ﬁ
G851

3

0e72
0ot
P32
D2l

Colous

Pink red
Grey

Fink red
Grey

fled
Pink’ red
érey=rod
Red

Red
Bronn
Red
Brown

{wracen)
Brown

{traces)
Brown

{traces)
{traces)

{traces)
ftraces)
fed

B o
Dronn

{iracen)
Brown

{traces)
fted
Broun
nroun

= aquivalent

Red

ned

oronn
Drouts

Pink red
crey red

aroewn

Unkaown (&)

Unknoun {4)
Tri~0=nothyi=arabinose

Unknown (4)
fri~0=nothyi~irabinose
Totra=O=nethylwgalactose

Unknown (A)
Tri=C=pethyl~aradinoso
retra~O=methyl~galactose

Tetyg=t=nathyl=galectoss
Tri~O=pethyl~gelactoss

TetprasOsungthyi=galactose
Tri~0=nethyl~galsctooe

TetravO=nethyl~galactono
Tri=0epethyl=galactose

Tetra~0=nethyl=galactose
Tei~o=nethyl~galactose
fri=0=methyl=galactose 7
Tri=0=~pethyl=galactose 7

Unknown
frisO=nethyl~aradinese
Tetra=0=nethyivgalactozse
eri~0=nethyivgalactose
Bi=0=nethyl=galactose

fpi~0=nethyl=galactose
Di=d=nethyl galactose

?ri~0~nethyl=galactose
Di~O~nethyl=galsctose
Di=0=nethyl=galactose
Hone=nethylvgalactose

Co an 87.2 £ pecovery.
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E.rs.e. 8 3.00..1 Bs e 0,90 = 1,00 (2040 nge)
This fraction, upon hydrolysie, yielded

238316 tpri=0=pethylvDogalactose, which wes fdentiffed ehronatographiceliy.

g.r s s ton . 23 L 1402 and 0,98 (43445 wg.)
Pomethylation gave argbinose and galsctose.
This froction was hydrodysed with N HC1 for five hours, and chromatographic
exaninution with solvent B indlcated the presence of three apots:
[ ] . & 0495 (OCrey blaskl 21315 trieo=usthyl~L=arabingse
N e Ds9 (Red) 2331416 tetpa~Oemethyl~i=galactose
aa e 0.72 (uroun) 2:3:6 tri~o=nethyi~D=galactose.
The weight of cach component was sscertained by separation on paper

{benzens: ethanols water : (169:47:18) ) and hypolodite eatimation on o

ateip of tho chromategsans’ 0

TrieO=methyleL«aprabinese 110.4 mie
fetravO=nothyl=d~galactose: 9769 ngs
Prieo~nethylenegalactese ¢ 210+2 pge

The sugers were eluted fron the thick paper, and the following
eryoteliine derivatives wers propared:
21315 triv0enethyi~Larebonanide Hel s 137 = tss“. Nixed HePes unchanged.
2131446 votPe=O-nethylsiephenyleD=galactosylanine M.P.s 194 = 196°,

2:3:6 tpi=0enethyl~D+galactonolactone HePot 97 » ’8‘; Nixed H.Fotunchanged,

Lrassloen. B b = 099 = 093 end 0,80 {1058 nga)
tf:r,J° ¢ 52 - a" 6w 3.42 ¢ in water,
The syrup wos hydpolysed with ¥ HC2 faor four hours, and chromatographic

exenination of the vesulting syrup showods



R, * 093 (CGrey black) Tri-o-methyi-L=arobinose
., 0.89 {red) TotrarO-methyl-n=galactose
] . ® 0e73 (Drown) Tri=o=mothyl=begalactose.
the weight of each component was abtained from the hypelodite

sethod’ 100

using She sane aﬂnm cs for the pmiéua fractions
213:5 epi~o=meshyi~L-arabinese 3 520 mge
2: 51416 tetre=Oepothyled=galactose 234 mge
21318 tri=0=sethyl=D=galactose 3 10846 ng.

The presense of tei=Oenethylsl~crabinose wes confirmed by the
prop&ﬁ!loﬁ of the 2:3:5 tﬂ*o-u-thﬂ-é-anbamuu HePot 137 t&e'.
nized ﬁ.?.u 137 = 139°%,

The 2:3:6 tpi=O=nethyl=t=galactonoluctont was obtained for fdentification

purpoOsSEs. HePuz 97 = 99’- Mized H.Fe: unchangod.

Lrs s 85 3. 00 b B, 0099, 0496 &RE 087« {11546 ng.)
(an, =+ 47 2 1° 6 = 0,592 % tn water.
Damebthyiation of the nixture gave grabincse and galootose.

Hydrolysie was carried out on this fraction with I BCL for four hours.

chronatographic exanination and hypoicdite cstination of the emmun“w’
gaves

Rs e 0495 (Dlochk grey) 2155 tpt=DenethyleLearabinose 207 Ole
® a® 089 (Red) 2131416 tvetre~0=nethyixd~galactosse 19.9 0o,
R g™ 0.73 (Drown) 213:6 tri=o*nethylsD=galactoss 7040 nE,

Er.8.8 8 4 0.0 5 Ra ®m 093 and 0401 (49846 ng.)

{aln @ 88.3" ¢ = 3.6 % In water.
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?he npain couponent of this Trostion was the suger with na s 0401,

Depothyiation of the miztupe gove g£oloctose.

The weight of edeh componsnt was ealodlated from the rotations.

2135436  tetpacO~nothyleegalastose (a1 , = » 109.5%) (109) 38,3 6g.
2:3:0 trievspothyl=bD~galoatoss t[a,]b & ¥ ﬁ@') (118 560.3 2o,

the principel component woo idontificd as the 2:3:6 cri~0-nothyl~D*
gelootonoleetone MaFer 96 = 99°, undepressed upon adnixture with

authentic spovimen.

.L8.8.5.0.8.0...83 R, © 091 and 0,79 {278.5 nge)

{a]‘ = 4 sa.a" ¢ = he?7 # In water.
The nlishil of beth tauﬁbnnu%n werd caleuluted from the potation
233: 436 tetparOsnethyl~i=galacteas (o] g e 10‘9-9’) 1109 178 nge
25316 trtmu&twv@*saum@ (ol , =& &e_"i the 260.7 Bge

B
fhe 2:310 tri~o=*nethyli=dDe=galactonolsctone was prepared

HeP ot 90 » 99‘. undepreased upon admizture with suthentie specinmen,

Lrss.b.0.0.0..0 ug = 0,85 and 0.73 (70647 uge)
[l g ?9.#“ 6 = 4482 & in water.
The conmponent with as « 0,895 wos present in traces, as wes deduced {rom
the chronatogrophic examination of the nixture.
Donethylation on this froctien gave only galactose,
The 2:3:6 trie~t~pethyl=d=galactonolactone was prepared H.P.: 97 = 9#‘.

Mimed HaPat unchanpeds.

E.bs.8.85.0.0.0...8: n‘ o 006, 0075, 0,67 and 0,61 (52.2 mgs)

The meln coumponent in this fraotion wos the sugay with

Rs o Ou7he



Pengthylation gave galactose, and periodate ouldetion and
saponification of the formyl eaters, followed by chronatographic exaninction

using solvens J gave the sgue conpenents unchanged,

P.2.6.9.5.4.00 .91 R, ® 1,02 = 0,94, 0489, 0485, 0s72 sad 0,53 (21143 20

The naln componont fn this froction was the suger

with as @ 0534
Domethylation gave gelactose. Perlodate oxidation and ehromatographie
ezenfnetion of the ozidation products gove the yellow spovs correspending
to methoxy=nelon diasldehyde and Indicative of 2+6 di~0-methyl suger, plug
the spots corresponding to the unchanged conponents (ag e 0e5%, 0478, Cu01
and 1,01},

Reselution of the mixture was garried out on thick paper, using selvent
Lo Nypolodite sotination on one strip of the chromatogran geve the

compononts fn the following proportions. The actuasl weightz in the fractien

were caleulated from thea:

33 Eredeoble ldendity Ysloht
0e51 Di=genethyl~golactoses 12046 ng.
0465 Tri=0enothyl=galactons ? 10.8 vg.
0e72 Tri=0*nethyl=galsctose 2148 ng.
0.85 Tetra*o=uathyl=galactase

0.94 tri=O=nethylwarabinese 48.6 ng.
1,01 Yellow apat

After extracting the Aifferent components from the thick paper, only
the conponent az = De51 was investipgateds 18 resulted o be s mizture of
di=o*nethyi~galaotoses. Chromatogrephic exesination in solvent £ for

thirty~six hours showed the presense of 2:3 di~Oempthyl=D~galactose and
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22l givOenpthyli=o=goloctose. The fect that this fraction gives the typleal
canary gellow &pot on periodate exidavion and chromatographic exeanination
of the oxidation producta suggested The oxlstence of 238 di=0=nethyli=p=
galactose, but 1t wes not possible o igolate any, or to prepars any
derivative of this sugure The 2:4 di=0~nothyi-ti=phenyl=dD=galactonylanting
was obtatned {M,s 207 = 208°) by reccting the mixture with eniline, The
two conponents could bLe separated portially by differences in the

selubility in etherepotrel other sizturos,

Lrasrien. 303 a‘ = 0470 and Geb1 {2649 mge)

Lo‘¥ s s 8241 2 2° € = 0,52 & in water.
The main Qaapouuan of this fraction was The sugser n‘ o 045t
Demgthylation showed galactase, and periodate ozidstion end
ehromatographic examination of the oxidotion produst gave uht-txpSenx
canary yeliow gpot correspending to methyoxy nalon dialdehyde, indientive

of 2:6 di=0*methylvgalactose within the nisture.

Erast it on I R, * 072 (Sraces) , Oubl, 0432 and 0484 (1844 nga)
Demethyiation on this fraction showed galactose,

Foriodate oxidation and chronmategrephic ezaninatfon of the oxidation products
gave the yellow spot charactevistic of 2«0=nethyl~malonodisldehyde, indicative
of 2+0~methyl or =6 di~O=nethyl sugars Chrosetographic excninastion of the
syrup with stendards of 2«0=~zethylei«guloctose and 2:4 di=Genethyi=d=
golacteose showed the fdentity of sheir travelling rates.

e estication of the sugurs by hypolodite wes carried out owing to

the poor separetion obtatned in BThe chrouatogirans,
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2:3s5 trimo~nethyl arabinose 20049 By 1,087 8.93
2131436 tetre~O=nethyl-galectess 197,53 ngs 04835 6.86
23356 tei=~o*methyl*gaisctosu 19183 mge  8u650 7110
0e64 (tri=O~nothyi~galactose?) 108 nge 0,086 et
Di~g=nethyl=galsctoses 31540 vge 1.507 12,38

2654143 nge 12,165
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& 1 ¢ solution of the water soluble polyssccharide (10 ge) was
passed through Amberiite fon ezehange restng (IR < 120 (M) end IR 4p (om) )
to pomove fnorganic selts. The solution was neutraliped with comonis
and coneontrated undor reduced pressure ot &ﬂ“. afinf which the polysaccharide
was preeipitated with seinnno; pPiglysie of Bhe agueous consentrated
sointion of the polyssccharide in o cellophane beg sgainst distilled woter
geve o solution uhich, after freese~drying, yielded 6 g of purifiecd
polysaccharide,
Agsh content 3 0.7 1 (2a sulphate)
tal) e s 55° ¢ 0.108 % in waters

fydrolyste of o fow nmiiligronnes showed in the chromatogpsns the
oxtatence of galacturonic acid, geloctose, clucose, arcbinode, ZYiose,
rhaunose and a sugor travelling faster then rhannose tpru#ahly a nethyl

sugars)

Purificd watar=solublo polysaccharide {200 nges) wss hydrolysed with
005 1 BCL in a bofling water bath under reflux,

Sanples of tho solution were deawn off every half an hour, and they
were neutralised with Deriuc carbonate and filterede The filtrates were

congentrated to & syrupe Chromatogrephic czominaticn of the syrups showed:

$ime 0.5 1 18 2 2.5
Abours)
Svger Cap Are Gap Are Cas Are Gay Ap; fhe OCa3 AP Rhe

4 further hydrolysis was perforned using 0.0t ¥ oxellc seid fo plece
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of hydrochioric acid 3

iive Ced 1 1.5 2 245 3
Sbours)

Buger aArsl{trecos) Arve Are A, Ars Ga; Are

Hater solubdle poly=

saccharide (B ge) was
dipsolved in water (800 nl,) , and the solution was froed from fnsoluble
vaterial by centrifuging. To this solution emmonfun sulphato wes added
in portions of DO grammes with stirring to help dissolution. 1% was then
centrifuged o seperaste sny precipitatod polysacchapide, snd the sane
operation was ropoated until the congentration of camonfum sulphate reached
70 £« A% concentrations of 50, 60 and 70 o omuenius sulphste, & elight
praoipitation gcourred. Tho total amount of precipitated polysscchoride
was approzinatoly 0.9 g. Chromatogrephic exanination of the hydrolvsates
of these fraoctions showed that the same sugars wers present in approsinately
the sane proportions < goalactoese, glucose, crabinose, aylose, rhannose,
plus o pink spot further than rhaBnosc.
The roumaining solutlon was dislysed against dlstilled water until

free from inorganic salts, then frecze~dricd.
Recovery : 5.5 g

| An electrophorssic neasurenent was sorried out on this material
by using 0405 ge of polyssscharide dlosolved in borste dbuffer pii 10,
{10 ni.) iIn the Antweilor micyoolectrophoresis apparatus (1,5 oa, 35 v,

i0 ninutea) . 1t revealed a single sysoetrical peak.
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24 B0 ACERQHE ¢
Ccrude polyscecheride {20 go) wes dissolved fn water (400 mlJ),

and acetone (400 mi.) was added with menuasl stiering. The precipitate
uhich appeared was centrifuged off and washed with sgueous acetons {55 )
several tismes, and finally dissolved in water and frooze=dried,

?9 the supernatant of the provious cuntpifugation, acetone (200 nll)
was added, and the preeipitate was seporated, washed with ecetons (65 o)
and 3te squeous solution was frecme=dricd. Erogrion 2

To the supornatant after the romoval of the second frastion
nore acotong was added until o concontyation of 75 = 80 & wes reachoed,
The precipitete was treated in the gane way as the pravious ones.
E 3003

Tha welghts of each fraction cro tubulated bolow, &8 wall ag
thelr optice? rotations. The golutione used for this purposs wore
decolourdised with & few drops of sodiun hypochlorite solution.
EXos3ign.3 (50 5 scetons) 1 1he? Ge laly @ o 7442° © © 04108 &
Eraction 2 (60 ¥ ascetene) ¢ 245 g laly == 18.6° o = 0J214 8
Lrscrign 3 (75 # scotons) 3 o3 Ge [aly =@ 5742° ¢ = 0170 1

Beternination of the uronic meid anhydride content on fragtion §
wee carried out by the Heye and Xeat nethod,

Uronte acid anhydride content : 31.9 &,

£)..Ersesionssion of Ih saseherdde wish CETATLON ¢
2055490, 1s0leted tn the provious experiment, was used for

this frectionation. Polysaccharide (5 go) wos dissolved in water (250 nl,.) ,

and an agueous polution of Caotavion (250 nl., 5 #) was sdded with stirering.
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The precipitate wiich appesred was seperated ot the contrifuge, washed with
water and dissolved in 2 ¥ agetic acid (20 mid, oThis solution was poured
inte a large excuss of aleohol end the precipitate wes successively washed
wish asleoholwscetle aeid, ealeohol, other, aad shen dried in veouo.
AEroevaen.b i)«

& solution of borato buffer pll = 10 (250 mis) wag sdded to the
supernatant of the centpifugation, and tho precipisate was soparated =
again by centeifuging = dissolved in 2 § scetic ascid (100 ml.le This
solution was poured into o lepge volume of aloohols The precipitate was
wached in the sane nanner 88 proviousdy. Wa},.

the supernatant was neutralised with acetic cecid and concentrated
under roduced pressure $0 150 mi., ond this solution wag poured inte a
lavge volune of slcohol. The precipitate was Lroated as hofore.
¢ pastion & 31*

The table below shows the characteristica of thease precipitotes:

Ay &e Ooli ge 35.3 & Gas Giug Ap; Ry 2’h; 2y
A, . 57° 342 ge 2he5 Gas Oles Aes Kyi Rhs DMKy
by - 140 Go 2241 % Bay Glug AP; Ry: Rhs 2HEp

Anothar batch of watapregolublo pelysaceharide was fractionated
in the scme waye Ton grasmes of polyscocharide were used for this purposte,

and the following table shows the rostulte of she fraectionation 3

® & = no pototion could be read due Yo cloudiness.



n‘ P 8al Ea b 3 P Gaj Clu; Avy Xy; Rh; 21y
9, & 16 o 265 1 Ges Glu; AP Zy: Rhg 2Ry
By + 16° 340 g 2842 Oas Gluj Aw; £yi Rhp ANLY

{* & » no potation could be road due to cloudiness)

Frections l‘ and n' wepre coubined, &8 were ha. l.,, 53' a,).
Chronatographic examination on the hydrolysetes of these fractions
showed thet the asae sugers were present in spproxfustely the save

proporeion.

water=soluble polysesehortde (1.0374 ¢a) (1ol & + 7he2®) was
- digsolved in H. nzaa,‘ (100 nl,) , and the solution was hested fn o bolling
water bath, undor pefluz, for four hoturs. Neutrsligation was corrled out
wth darfun gardbonate., After flltreting and washing the inorganie salts
with wator, the solution was concentioted under reduced pressure to drynosu.
The weight of the hydrolysic produst was 1.7016 g (041253 g. was put
eside for use In chromatogprans). The rencindor wae deied in & veesum
desiccator until constant welght $.5763 g.

The vaterial (1.5763 g wea dlosolved ia 10 ml. of distilied water,
end the solutien wae sboorted In & fow graomes of woshed cellulese powder,
The oixture woas then carefully freoese~drieds The fluffy powder was
suspended in o 1ittle busaned, and the suspension quantitatively transferrod
%o the top of o cellulose powder coluting 4 plsge of cotton wool was

placad on tap.

The ¢olump wos developed with nebutaonsi, half sstursted with water.
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gz different fractions were eolleosed in this wey, snd one further

fraotion was obtatned by ¢liution of tho column with waters

L] t= 4 2~0-nothyl zyloss
2=0+uothyl fucose
tri=G=nethyl hozoge 7

2 ha « 57 LeRhaonose

3 58« T D=xyivse

4 T3 =~ 105 L=arebinose

5 106 = t4S P=Glucoge + DeGalactose
6 he = 270 De=Galactose

7 - Bartun Golacturonate

g ragc tion 1 Chronatographic cxanination of the sypup in

aolvent B showed the presence of throe souponents:

30 Josepsisy

030 = 0akS Purple aerong {a)
085 = 0452 Tellow Heak (3.3
070 = 0,76 fled Very woak (e}

the main component was sapapated in o Tiiter sheet byusing solvent J,
and chromatographlically 10 travelled at the game rate ag 2«0=nethyled=
xyleses Paper lonophoregis emaminasion and comparison with suthentic
2=0=npethyl=D=xyloce and I=O~nsthyl=D=xyilose showed i%s identicalness with
2e0engthyieDeayicosse The other couponchts were exemined later with a
lapger coount of hydrelysatc.

Eras s ion 2 (105.2 nge) On standing, the syrup erystaliised



- 107 =

fn arborescent FORNB.
[al =+ 846" ¢ 1.0 % in weter after 24 hours.

The suger travelled st the same rate as LeRhanunose in solvent .
fdent ity wich LeRhaunose was ascertained by the prepopation of the
bensoylihydragono. About 50 mge of thia suger were dissolved in water (2 nll)
and Shis solution was trestod with on olooholic solusion of bengoyihydranine
{10 mle 5 ) 4 ond the mizture wes kept ot roon Senperature for twe days,
and then ¢ooled in the refrigerator ot 30 for a furthor day. %he
erystalline product was filtered, weshod with fcowcold sleohol, and deied
at 100° for 30 minutes.

Melting polnt ond oized molting point : 100 = 101%

z g ‘ ﬁ l l g,a.,,,.,a_ tﬁa? 3&"
[alp a s w.s’ ¢s O 1 In water.

The conponent of this fraction trovelicd 4t the sanme pato as D=gylose
in solvent S. The bensylidene~dineshyiccetul derivative was prepared for
the purposes of fdentifications One ml. of sesgent, prepared by nizing
froshly redistilled bemsaldehyde (40 ©i.) ond nethanolte RNl (20 al,)

(245 4 Dy volun¢l and methanol (120 nll) . was allowed to resot with the
arfed aysup (0.04 ge) in o steppered flosh for soven days at poon
tonperature with vocasional shekings 7The erystalline produst separated
wos £iltored off, washed successively with water (15 ols) end methanol
{4 nl.) and driecd. Respystallifpetion wos garried out frou chioroforn-
potrel etaer (40 = 60%) .,

Melting potnt and mixed melstag petns : 210 = 211°,



E.p8.05.0.0.0. 4 (202.3 ogl)

(0], @+ 106° & & 840 & $n water.

D

Chronatographic eganination showed that thieo suger trovellisd at the
same rate a8 the suthentic Learadbinose., 7The preparation of the
bensoylhydragone, in the msanner previously indloated, confirmed the
prosence of Learebinose in this fractions

Melsing potnt: 105 = tsm“; mizod neloing poingt: 185 = 139'.

Er5.8.8.3.0.0...0. (25949 nge)
This fraction contained some gelactoso topother

with glucose. The ratio of both sugers was deternined by pelapimetry.
The sugers were sSeparated on filver papor by using solvont f.

D=glucose was cherasterised by She formation of the peunitrophenyle
hydrasone in agueocus solution conteining & drop of acetic cold. The
derivative eryotallived out as & mags of yollow erystals which molted
at 166=185°, nized meiting potnt: 183=105°,

The epecific rotation of D=gliucese was obtafned ofter separating the
D=galactose: ialn “ s 57:4° ¢ o 146 5 in water.

Weight of D~gluccse present in this freotion: 235.0 nge

uelght of P=galactose proesent ia this fruction: 64.0 ng.

£.ras s ton 6 1130.6 nga

‘03]’ 2 @ Mo ¢ 2 13 % in water.
The neshyl«li=phenyihydranone was prepared by dissolving the sugar in
water (1 ml.) end adding ¢ 1istle i=nothyl=i~phonylhydpasine sulphate snd

sodium aseetatés The nisture wos kopt for 12 hours at 3‘5" and then cooled
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to 0° for & further 12 hours, The cryotals were collested &nd
recryetollined fron waker,

Helting point: 187 = 1&-9" undepreassed on adutxture with suthentic specinen,

Er8.8.5.3.0.0. .0 {0.665L gl

This fraction was prosent ags the bariun salt,
bariun fons wore removed fron the agueous solutfen of Chis froction by
using Amberiite In=120 (N).

[aly, = e 84.5° ¢ = 1,7 & In water, afvor detonising,

The 2,5 diehlorophenyihydrasone wes prepased by aising, fn equal ssounte,
the acid end the 2,5 diehlorophenylibydrcsine in sethanol with approzinately
0.3 & of ﬁaunos .
aothanol had bolled away. 4 2i6tle ether was fumediately added to remove

The whole was heutod ovor the water both ontil the

the excess of hydrasines The product was reorystallised fron dioman.
elting peiat and nized meiting potas : 179 = 101°,

Pusther evidonge of tho presente of Degalacturonic cofd In this frection
wae ascertained by the conversion intc nmucic aecid by oxidation with
bronine water.
melting point end mized melting peints 205 = 206°,

Chronatographic esamination of the ayrup in solvent § showed sone

traces of an aldobivronic actid together with D=golactuponic soid,.
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2#=0=pethyli»ti~2yiose 271 D165 2,23
L=phasnose 10842 0.643 8,67
Degylese 54647 0a313 be22
L-arabinose 202.3 1435 10.23
D=gluecoss 23549 131 17.%70
p=Calsctose T T | 14081 14460
bBarfun Degalooturonate 66544 24543 34430

TOTAL RECOVERED ¢ T,4772 ge = equivolent %0 & 93.7 © recovery.
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Crude waber solubdble pelysaceharide (10 g4 was hydrolysed with
# sulphurle acid (500 ml,) for six hours In & bolling water baths After
noutraiisation with darium corbonate, the golution wss delonlsed and
toncentrated to a syrup under reduced prosaure., The syrup was plased

in & shareoal column made id o Dechnor in the way described by P. aAndpows,
€96} d '

fho elution woo carpried out with woter until zylose and rhannose

Le flough and De De Powell.

began to come out of the eolumn, whercupon the eluent was changed by
aquoous slcohol of dlfferent concentrations in order to coliecct the
methylated sugers. Fractions of 500 ni. were collected and evaporated
under reduced pressure. They wepre oxacined chromatographically.

4 fraction {(14) was collected conteining rhamnese, o nethylzyicse
and sone other pethylated sugas travelling faster then sonomethyl zylese
and showing & greentsh yellow colour with the eniline oxalate apraye.

Its components wepe sepsarated on filter papoer using solvent § es mobile
phape. After cludtling the atyips of paper, 55 nge of tono~O=nethyiede
gyiose (A) end 16 mge of another methylatod suger (b) were obtained, and
they were reeryetallised from aleobol.

Ydensification wan carried out oo follows:

Bugor (4) travelled ot the same rate as 2~0-mathyl xylone and was
tdensified as o eryetelline sugar. Nolting potnt: 132 « 134°%; mized
melting point with suthontic specimen: 131 = 133'.

(aly = 343 2 1% ¢ e 0.25 % tn water.
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Coumparisen of an ¥*ray powder photograeph with she authentic specinen
shomed fdontity with 2=O-pethyl=Deurlona.

Ozidation of a few nge of the sugoer with sodium meteperiodate and
oxidation atoppéd before the hydredysis of fornyl estors shomed OO
ehronatographicslly She exissence of nothony=nmalonwdialdehyds by the lenon
spet tn‘ : 0.22; selvont P} efter sproging with oniline oxalate. & sisfiler
result wes obtained with the suthentic Z«=0=nethyl=Dwxylose under the sane
conditions. 4n attenmpt %o prepare the orystalifne anilide proved
unsuggeaaful.

Sugar LBl wes identified as the 2=0+methyi=i=~fucose as follows:
[al s ** &5.:#‘ € 2 036 % In wator,
welting point 154 = 150°; mixed selting petnt: 155 = 159°,
n " in solvent B: 0,49 = 0,53 {green yollow colour with aniline oxclate
sprayl .
An X=pay powder photograph was identical with the authentic specinen.
Furthor evidance of the presence of & 2=uethyl aldose was shown by
poriodatd oxidation as mentionod ghove., 4 lenon pellow Spot wne obfalned

Indioating the formstion of meshoxy malonsdisddebyse. -
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Fraations 11 and B, from the fractionation of the water solubdble

]
polysaccharide with Cetavion wore coubined to fovn fraetion "1, Practions

Boe a,. nz and a, were sigilarly combined to constizute frastion 117,
These two fractions, *1° and "11°, were oethylated soparately following the

procadure deseribed fop 91¢,

Eroas bt it on, 21r (L6 ge) wap dizsolved in water (50 ml.) . 4 solution
of thallfup hydroxide (36 g.) in water (200 mls) wes
then scded, and the pesuiting suspension was frecme~dried at poom
tenperature. The powdery meterial wes rofiumed with methyl fodide until
the yellow suspension was no lenger cikalines The solution was separated
from the tholliusm fodide a4t the censrifuge aad she selvent evaporated under
reduced pressupe. The thallium 88184 were oxtracted several times with
sthanol, and then with water,s Upon cvoperation these extracts left 2
arisp yelliow solid which was combined with the s0lid vesidue remaining after
eveperction of tho zewhyl fodide solutiuvns The neterdinl was trested twice
oore under the seue conditions with thallium hydroxide solution and sethyl
fodide, finclliy to be foolated by extraction with ¢hioroforn and aecetono,
and by evaporation of the solvents. Two FPupdie’s trestments wera given to
thig partiolly sethylated polyssccharids in the usual way, 1.5 g being
‘recovered at the ond of She eperations
(alg ® + 34 2 4° ¢ = 0,946 ¢ in ehloreforn,
Hothoxyl sontand:  43.1 2.
Urenic acid anhydride contents 19,1 ¥ (by decarvoxylation)

2046 & {by the Kaye and Zent method
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E.reotion . %11t was methyleted In the gewe way as fraction "IV,

Aftor one Purdiste troectmont, the methyletad
polysaccharide was fracticnated by precipitetion with petrol sther fron
ita ebloroforsie solutfan (50 mls) The followming table shows the

different fractions together with thelr chavructoriatics

in.cic), endydride s S s3ber

{gecarhoxyiation) Sdded (ala)
1 tel « 28 514° 0.y 1507 hoa2 75
2 242 « 284% .82 1249 b1 48 150
3 1.2 « 824¢% 1tas 1343 4341 200
b 046 o ¥ a8 1566 b3e9 225
5 043 » 18° 1402 1642 4640 250
6 12 syrup - - " o0

This fractionasion as well op Ghe previous ones, shows that the
poiysacoharide is not homogeneols, the soparction of the differeans componcnte
being unsuccessful owing to the close sinllarity of their physiesl and

chemiesl propertica. These studies were disecontinued,
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The plant was extrasted successively with water and with squoous
solution of ammonium oxslate. The former extrgcts & polyseccharide which
is reforrod to as water-soluble pelysacehapride, and the latter brings the
pectic substences into solution, The oxtracts from the peetic matericls
wepe conventrated., centrifugated &n o Oharples super~centrifuge, then
diglysed against discilled water o give o solution of orude ammonfum pectate
which was shown, upon hydrolysis, to contein galectese, arsbineee, rhapnese,

sylose, togethor with galactureonice acid.

The concentrated solution contalning camoniun pestate plus the pessibie
gelactans and orebans which usually acconpany pectic conpounds wes treatsd
with an equal volune of ascetone or aleohol in order t0 elininate the former.
Aunsoniun peetuate was precipitated fn the fors of & slightly coleured gel
which was pressed dry and redissolved In water to form 2 golution of
approxisately 2 . This wes treated goveral times In the sane way &8 sbove,
and it was not expected that galactose and arabincse would appear on the
chronatograng upon hydrolysis since It has been found §n othor eases that
galactan end crsben components of pectic subatonces ore scluble in 45 = 50 &
acetone or aloohol.

A8 no effective separation of polygnccharides wes achioved with thig
progedure, froctionation was nstimpsee $hraush the precipitation of the
calefun seits, Lven after pepested precipitotion, the isoleted seidie
polysaccharide still gove noutpel sugera upon hydroliysis, It has been

suggeated that nentral polyseocherides are adttached vo pectie acld through
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(78) The sispl pestic matericl was therefore treated with

ester linkages.
sodiun hydroside In order %o bDring sboud the saponification of any such
esterss Yot after this troatuent the acldic polysaccharide still gave
arabinose and galactose upon hydrolysic.

snother mothod of fractionation whioh has proved uselul in other
eala:(102)nas employed to resolve the mizture of polysaccharides, with the
aid of the Cetavion complex. Cetavien (cetylisriugthylanmonium bromide)
precipitotos the seidle polyssooharides fron the dilute solutions of their
alksline salts, and treatment of the procipitate with acetic aeld (5 M)
regencrates the polysaccharide. Deternination of she optical rotation
and the uronic acid anhydride eof the polysecchoride, 28 well zs8
chropatographic ezamination of the hydrolysates, revealed scarcely any
change in the recovered naterielts properties and composition throughout
all these puriffcations, Subsequently sissl cmunoniun peetate obtatned
from the crude materisl, following two preliminary precipitations with
aeetone from 148 asqueous solution, were twice extrescted with belling
48 = 50 % aqueous ethanol. The extrapted material wes shown to possess
the samo properties os the highly purificd somonium pectate after repested
precipitationa, [l = » 203°, uronic ccld snbydride conbent: 74406 %,
equivelent %o 79.7 & in the free pectic acid.
The sleoholle oxtracts were evaporated under reduced pressure to o orisp
selid. Chromatographic egamination of the hydrolysate indicated the
presence of the genme sugsrs as in purificd smmonium pectate (galactose,

apabinose, rhaunose and golsetupente acid) . The opticel retation

{tal s* 159 & a’:. and the uronie scld anhydride content (56.6 ¢ fn the
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froe yﬁlviananarldn} were conpidepebly lowep than the correaponding values
in the anponfun pectate, '
Fron none of Lhese o:pu!!naﬁzn wos % possible te obtaln & pure
polypaiacturenie acide 1% $2 not yel clcsr whether these neutral sugers

are constisuents of sinsl pecsie aeld or physicslly assoeisated pelyssceherided.

Periodate oxfdation studies on smnsoniun pectate showed that of tor
314 hours the pﬂtraaaehariﬂn conguned iaiehuir nore than one mole of sodiun
metaperiodate por unit of asnmonium anhydvogalacturonate. The periodatow
oxidiged snmonfun pectate wes isolsted ( ey #:® 33.8%) and reduced with
potessiun borohydrides fThe reduced material had (0] = + 40 % 2%, ang
upon hydrolysio with § uaaéb it gave galacturonic aoid, threonie acid
end traces af glyeoric seid vogether with small quantities of unidentiffed
substances. Threoni¢ ac!d would sosuill from 1:4* linked galacturoniec
asld units, glyeoris scid fron the nonereductng end groupa, while
gelecturonie acid would apise either £Pom the fncomplete oxidation or fron
golocsuronic acid unita present as branching points in She nolgcule.

These results are conslstent with what might be ezpected from o t1:4* 1linked
polygeiacturontc ascid of the type known To be present In pestic substances.
The recction between the poriodate~oxidised aanmonium pectate and
fsonicotinyihydraside or thiosentearbaside furnished complozes, the nitrogen
contont of whitch (13,4 % for the fsonicotinylhydraside conplex, and 18.2
for the thiopenmijcardeside) would indicete thab nearly cll the galasturonic

acid units hod been attapked by petloduto.
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sasonive peetate was methylated under the conditions normally used
with Baworth?s rosgentes The fsolation of the partially methylated matericl
after one set of treatpents wae carried out be means of dislyela thus
renoving all the iserganie salte ag woell oo low molecular-welght carbo~
hydrates rosulting fron the degradation of the pectic molecule.

Evaporation under 4iminishod pressure pove o poartialily sethyloted sodiun
Ivou-:a.n. which wap ropeatedly extracted with aloohol and scetons in oprder o
remove any neutral methylated pelysaccherides Upon evaporation these extractio
left o sesidue which was nothylated by two Lreatmonts with Pupdie’s Pongents
to give & product having ol & & 10,27 tontorofors) with o unnlc_ aetd
anhydeide contant of ai._t e Chropatogrophic exoninasion of the hydrolysate
{solvent 2) indicated the presence of d¢iv, tri~, tetra~O=nethyl gelactoses,
tri=0=nothyl arabinose and di=0*methyl rhonncsc.

The particlly sethylated sodiun pectate wes then transformed fante
methyl coter with the aid of énvu aalta, and She ester was Sreated with
silver oxide and nmethyl fcdide in ordor €0 bLeing cbout the completion of the
wethyliation.

his process resulted in & producs having [c ] = + 191° (enlorotorn)
with & methoxyl content of 30.4 7, wiich was sudjected to frastionstion
by precipitation fron its ;hlaratum-tc solution with petrol eother tho=60") .
fhe fractions soludle in ehloroformepotrol ether (1 ¢ 2) were disearded, for
although they contained nesrly 100 © of uronlc acid sadydride (di=0=methyi,
mothyl ester) 4 their solubilicy fn sueh o composition of solvent suggestoed
that they were of amall molecular sise. 7The fractions 1 = 12 (Gee page 56)

were used fopr further expericonts after o prelininary purificotion fnvelving



aikeline saponification, extrsction of the sodium salt with ergenic solvents
0 renove sny neutral methylated polysascchoaride, and reconversion into the
meshyl ester. These series of procesces gove o nethylated nethyl pecketd,
(0] o+ 292457 (ehlororors) with & vethoxyl content of 40.3 £,

D
Chronstographic exanination of the hydrolysste products showed the persistant

presence of neutral methplated sugers.

8ince the hydrolysis of pectic acid and its methylated derivative
can only teke plece with diffliculiy and 18 soooupanied by consideradle
deconposition (decarboxjiation, forncetion of furan derivatives, cte.) ,
artention wos direeted togurds methods for the reduction of the cerbosyl
group to prinary aacaabﬁ. The aewtral polysaceharide odteiaed in this
penner wes expected to under¢w hydroljysic withoud any difficulsy, Heny
attempts to reduce nethylaeted methyl peotote were made by adding & solution
of iithiun aluainive hydeide in Setrahydrofuven 30 & golution of the
methylated polyasecharide in the sane solvent. It proved fmposaible to
obtein any cheracterizable produst froz these reductions.

The iselation of & partly reduced polyssccharide drought nmore
satisfectory results sfter reduction with potasstium Dorohydride of the
wethylatéd nethyl poctates Different conditions were used for the reduction
but in eoch cene o S50 = 70 £ redustion wos cohfeveds Attenpts to
renethylate the pertially redusced polysccohoride falled to incresse the
nethoxyl content, possibly due to the fomation of boric esters., Siniler
difffculties have been encounterad by J. U+ We Jones gnd co~workers (58}

in the mesthylation or'trlsaGQharldna derived fron the ensymie degradetion
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of pectic acld and reduced with potsssiun borohydride.

gontroled hydpolyels of pethylated nethyl pectete in formie eofd (907)
snd reduction with 1ithium cluminfun hydride of the hydrolyeis products
after conversion into the methyl glycoside methyl eaters pielded ¢ sixture
of methyloeted sugars amounting 80 43 s The prineipel component of thia
nizture was jdentiffed chronatographically o8 233 di=oenethyl=Dwgalactosce.
It would arise fron the backbone of 1:4' lfnked galacturonic acid units In She
poctie acld molecule. MHomonethylgplactoses, tri= gnd tetpa~Owmethyl
pgalactose were alse present in smollor proporstions.

This esperinent showed the poasibility of reducing the mothylaeted
galaeturonic ascid reaidues to nethyloted gelactoscs follewing hydrelysis
or after converston of the nethylaeted methyl pestate inte low molecular
frogments. Accordingly nethylated methyl pectate was subjeoted to partisl
nethenolysis with noshanolie NE1 in & poaled suve at 100 = 148° for & fou
hours. 4After the neutralisation of the contents of the tube and evaporation
of the solvent, the syrup wes digasglved in dry teteahydrofuraen and reduced
with 1ithiun gluminiun hydeide fn the nornel wey. Extpraction of the
redueod methylated oatepiel and hydrolysis geve o nizxture of noathylaoted
sugars which wes fractionated in a cellulome ¢olunn, This process was
practised on Ywo samples of nethylated methyl pectaetes One of them was
ebtained froa connercisl sodium peotate {(sissl) and the other was soponius
pectato extractod from sisal waste with asnonius oxalate, (Ealn s & aso.&°.
nethoxyl content g3 42.0 ¥, and UIJD o & 9!3-5‘. noshoxyl contoent 1 4043 ¢,
respectivelyl .

The folliowing sugars were chopacberised fron the first saople of

nethylated mekbhyl poctate 3
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gugars found and charscterised by eryoteliine derivetives:

23131l tri*0=nethyi~Lerhounose «ee &0 2:3:L Sri~o=pethyi~Lephamnonophenyl
hydrasides

334 d1=0=pethyl-L=rhomnose see 08 334 di=O*nethyl~L-rhepnonolactonts

2:3:h vpieO=methyl~D=galactose see 08 2:3th LrivOenothyl-Hephenyl=oe
gelactosylanine and crystaelline sugar,

253 Al=0enothyl=D=galactose  ..e 48 213 dieOenethyleNepheonyl=d-galscto~
ayianine

gnd 2:3 di=0e=pethyl=D=galactonanidc.

a=Qepethyl=Depolagtose ses OO OPystalline sugar.

2:3:4:6 tetra~O=nethyledegalactone cnd J-O=nethyl-D=galactose were
fdentifted chronutographically.

The mefn component of the hydrolysts products wes 2:3 dieO~mothyl=d»
golactoge which would be formed fron the 233 di~0-nethyli=degalacturonic acid
sethyl ester unfts of methyloted wothyl poectate. sinflarly non=redusing
gelscturonic acid end groups would give rigse to 2:3:4 tricO=nethyl~D~
galactones 17 2l} the methyleted galoctoses arise fron galacturonic acid
residucs in pectic aeld, the result would indlcate that there ig ¢ne
noa=peducing group per 97 units. (Sone, ot lesst, of the monomethylgelactoses
artoe from incomplote methylation or denmpthylation durlag hydrolysis) .

The following sugars were charactorized as eryatalline derivatives
froum the fractionation of the hydrolysic produsts of the second semplo of
pothylated nethyl pectate obtalned fron the extrsction of sisal waste with

ssooniun oxzaleto
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25314:6 totpavO=nethyl=D=galactose sa.e¢ 68 the corresponding ti=phenyl«

fialoetonyianing,
213:4 tri=genethyl~b=galactose wse &8 the corrsaponding W~phenyl=
galactosylonino.
2:3:6 tri~0=nethyi~b=galactose ase 08 the lactonc of the sarresponding
: aldontc acid.
213 di=0=pethyl=d=galactose see G2 the Uephenyl=galactosylenine,
2:h di=0=mpthylwd=gelactose sse 02 the tNephenyl=galactosylaonine.
g=g=nethyl=b~galactone ssa o8 orystalline augar,

In addition ﬁhrauntﬂsvanhlé.cnd sleetrophoretic evtéonae indtecated
the presente of 2:3:i4 tri-o-pethyl~L=phaunose; 334 di=0=pethyleLerhannose;
2:3:5 tri=o~neshyl~i~arabinose; 2316 disoensthyl~D=galoctose and
3=0*nethyi=D~galactose.

sgein, in thia mixture of methylated sugers, the nain somponent s
the 2:3 di~O-nmethyi*degelactose, and If one considors the Bononethyl~
gelsetoses to hove arisen from galesturonic asld restduss iIn peetie ascld;
there 12 one non=roducing group (2:3:54 tri=O=uothyl~Degalactosc) per
94 unlts. Sineo the results ylolded only a small proporstion of non*
rodueing groups in the methylated polyscesharide, 18 mey be sssumed that the
monone shylgalactoses are the result of insomplete methylation or demethylation
during hydrolysis rother then brenching points.

The following mothylated sugars :

213:436 tetracOwnothyl~degalsctose
2:6 di=o=nethyli=0d~galasotose

233319 tei-O=nethyl-l~arabinose
2:3:4 eri-Oenothyi~L=phannese

3:4 di=c=nothyl*i=rhannoge

sust arise from neutral suges peffdues in the nethylsted polysasscharide, bus
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1t 18 not yot possible to indloate thefir struotupal significance.

Pestle setd can be esterified In cqueous solutlon by uaing ethylens
oxide or propylenc oxlde ss esterifying wnaonsu.‘”‘ On stirping the
suspension of pootie acld and ethylene ozide Tor eight or nine days the
mizture becsue viseous ond She pi dropped fren 2 to neutral as the
uur-inutﬁn became eouplote at the cnd of this peried. The eaters were
recovered by frecse~dryiang the sclution, washiog the pesiduc with aloobel,
redisgolving she material in water endé reese~dpying the solution onte ooro,
The uronic acid anhydpride contont §n thie othylene and propylens giycol
gsters correaponds b epproximately 70 ¢ 4n the free ecidic polysacoharide :

a

« + 168 2 2¥ pospeetivery.

[aly ® ¢ 194 & S” gnd (0]

This was carried out on the prepylong glyeol pectote by ultre=»
eentprifuge methods, 7The messurements Indfcated that the molgcular meight
wag 37,200, which coprresponds Lo o degres of polynerisation of 168 » 170
unitss (S e 152107 D258 10 '8 e 046)

The esters of poctic gold furnish o suitadble and easily obtained
saterial for the reduction of pectic scid o galasetan. Reduction with
potasstun poredgaride’ ''P 1129 15 no¢ norsally complete stnce the reagest
gives rise to aclkaline solutiona which cause the gaponiriection of the cators

end the fopmation of the potossium salts of the sold which cannot be reduced
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By the reagent. In opder to nininise soter hydrolysis giyecernl wes tdded
to the resetion nixture., This naintaine the pil of the solution at about
8 by forning glyceroboric aclds, stronper thun boric itaedf. The redustion
was carpried out §n aqueous solution ot a‘, he problen of the isolation
ef the reduged polysaccharide wee reselved by the use of amberiite resins
IR=120 (H) end ;nn-aoe (o)« The forner ronoved sli The potessium lons fron
the solution, nﬁh latter the boric acids, This strong alkaline resin was
seleoted because of 1te rapid sctlon and efficliency even with such weak acids
as dorics slthough reducing sugars are degraded by etrong basic resins,
it 12 uniikely that significent degradotion cocours during this trostnont as
the potensisl reducing group of the polysaccharide hos been redused to
galactitol during the reduction of the cster groupss The same oould be guid of
the aofdic resin. 1% 15 unlikely that & short treatnment with cation-exchange
resins fn the cold would gouse the hydrolysis of the pelysaccharide,

after the firat eateriflication 1t was possidle to fsolate the polyester
by precipitation from the aqueous solution with acetone, Affer peduction, howe
sver, the poliysscsharide neoded higher concentrations of asotone for 1te
precipitation, sspecially when glyeorol was pregents 1In such cases the pely«
sacehoride was best isclated by freese~drying the solutlion aftér the renoval
of inorgonic salta. The residue pemeining arfter this operation was Pendepdd
fnpupe by the presonce of glycersl, wiich wes removed by woshiang the poly=
saccharide with ethanol, dlseclving ¢ in o 1ittle water and freeng=drying the
solution againe 7he uronic sefd anhydride contont after she first reduction and
re~estepiffestion was 1844 %, which corrosponds o 19.3 ¢ in the free poly=

saccharides This neans thut the reduction wao 5.7 © of the theoretieal
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valug. By repeating tho reductions with potassiun borohydride after
revoaterification threo tines more, the uronic acid anhydride content wee
prought down 5o 12,4 U (reduction 3246 )« The whole process was repested
twico mere whes the uronic assid enhydride content was 5.0 €0 640 8

(0] e+ 24647 10 aster), This polyssccharide differed completely fron

9
fta parent pectic acid in viscosity, solubility, precipitadilicy with orgenic
soivonts, e3¢ Ultre centpifuge messupsnents on this polysscecharide {gelactan)
showed & molectular wolght of 22,000 = 22,300, correspoading te a degree of
polymerization of 138 = 140 ualtes (0 = 142 % 90 05 D = Lad x 10 '3

¥ 0.6,

The persontage composition of this polysacoharide wes obtained by

vsking use of the Somogyi'e teshafque., The resulte are tabulased below 3

lesn velue
b+~galactoss 8240 ¢
Learabinose 645 0
L=rhannose 346 %
degliueose 240
pegalasturonse aoid 6e0 %

A consumption of ono mole of gsodiun metaeporiocdate per anhydrohezose
unit of the gelactan was reached after twenty houps. The periodate~oxidised
galactan {[(C] p** &5»5‘ in uativl was isolated and upon hydrolysis, it
showed shromatogfephically the presenco of threose and galectose as ite maln
¢onponents, The oxy~galasctan ifsontcotinyihydraside conplex wes ebtelned,
thes nitpogen sontont of which (1045 « 119 ), sinee the peguired nitrogen

content for one giyeol fisston per anhydrohemose unit ta 15.15 ¢, suggeste
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¢het only 80 2 6 ¢ of the suger pesiducs were attocked dy periodate, 1t is

probable, however, that this vealue §s low.

In order S0 obtain o fully methyloted gslssten a partiaslly reduced
pectic seld {uronic scid enhydride s 18.4 %) was ueed for nethylation,
carried out in the usual wey acsording to Haworth's procedure. The particlly
methylated polysaccheride was iselated by uneans of dislysis, sonverted inte
the methyl cster through silver ssltss This methylsted mothyl sater was then
reneshylated wish rupdie's reagents. The fully methylated nmethyl ester
polysaccheride was reduced fn Setra~hydrofuren with 1ithiun aluminiun
hydrides The fsolation of the partfslly nethyleted gslactan presented no
diffieultien eco In the case of the reduction of the methylated nethyl
peatates It was voadily soluble in orgonie solventss Tho residus rensining
after eveporation of the extracts wus methyloted by two treatnents with
Purdio's reagentse A& further treatuont wisth the samo resgents did not
inereass the methoxyl content of the polyssccharide (42.5 W)

(a1, = s 1772 1° 1n vaten .

The methylaeted polysascharide was nhydrolysed with B HCY, and the
nizturo of nethylated sugars originated wos frectionsted in a cellulese
colunn using nebutanolepotrol othor (100 = 120°) (30 = 70) ss eluent.

?he following sugars were eharsetorised:
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2:3:5 tei=o=nethyl~Learabinose ses &8 23315 trieoencthyl~l~arasbonanide.
233:4:0 tetrav0~uathyl~D=galactontess 48 H=phonyl=glycosylanine.

2:5:6 tpi=0=nethyri=b=galoatons ese OB 21316 vri~0O=pethyli=D=galactonaicctons.

234 diso=pethylsDegalactose ses 05 H=phenyl=glycosylanine.
2:3 di~c=nethyi=b=galactone sve 0B NHephenyieglycosylanine.
2:6 di=o*nothyli=Degalactose sae Chrongtopgraphically.
2~o»nethyl=D=galacsone ses Chronabogrephically.

It 12 clesr that the principal eccuponont of this mizture
{2:3:6 tri=o*nothyl~Degalactone) srices from f-4' iinked nmethylated galactan
forned, as deoseribed, from & polysaccharide contatning t=4' galacturontic
scid unite. It has been observed thet crobinose occurs only as the
233:5 trienothyl other, and no ovidonce has been obtained as %o the presence
of di= or monovnsthyl=ieapsbinose. The arsbinose residues, therefore, cannot
arise from an araben of the type found in other pectie subatances, but nust

be linked to the polysocobaride based on golectese or goleoturonic aefd uvnito,

The orude water~goluble polyssceheride fsolated from the water
extractions of the 8issl wonte wae frocd from inorganic salts and other
fnpuritics by wsesns of severcl procipitations with scatone from the
agueous solution. Troatuent with smberiite resing IR=120 (H) and
indd (on) , noutpalination with ammonic and dialysies of the concentrated
solution gave & product with an ash ¢ontont of 0.7 # {as sulphate) .
(ol & 5% .

Upon hydrolyslis this neterisl gavo : galestose, glusoss, arabinoge,



- 88 =

wylose , rhemnose, plus two unidentified sugara.

1314 hydroiysis with 0,05 § HCY. or 0.0% N ozalic ecid showed that

the arabinose is casily removed under hydrolytic conditions which cause

very 1i8tle degradation of the other gugars pressnt.

Frostfonation of this water-solublo polysaccharide was carried out with
different procadures,

|°& Pragtionation with anmonfiuln sulphato wes unsuccessful, a8 none, oF vory
itttle polyasscobaride wos precipitated during the whele process,

2% Proctionation by precipitation with z2octone gave threo frections which,
although difforing in the opticel rototions, presented, upon hydrolysis
and ghromatogrophic ezanination, the sene sugers oo mentioned abovo.
The rotations of these fractions are quoted for comparison:

2208390 1101 =+ 74,2° vuponic scid enhydride content : 319 1)
Ersssdon (01 = = 18.6°

Erostion (01 = « 47.2°

4 fupther froctionation was attenptod with Cetavion, but aithough
the difforent fractions showed different uronic acid enhydride contents,
they gave the same sugers upon hydroiysis.

Water«soluble poliysaccharide ‘[a]z? & 7&.&'} wos hydrolyzed and the

following sugars were soporated and $dentifioed 3

2«0=nethyli=D=gylose sss by lonophorests

L= shonnose ses 08 Donsoylhydrazone
L=arabiness eee 08 bensoylhydrasons

Degyloae sse @8 bonzyliden dineshylacetsald
beglucoge eees Q8 pealtrophenylhydrasone
begelactose ess 88 Temethyl=tephenyle~hydrasone

D=galactuyonic occld sse 0B nuclic acld and 2,5 dichlorephenylhydrasono,



= {09 =

The fdentification of the medhflated gugars wos achieved first by
hydrolysing 10 ge of crude water-goluble polyssccharide, then by
froctionating the mixture of gugare on & chareoal column,
plution of the column with weter renoved nest of the unmethylsted sugars,
snd the colusn was Shon eluted with nixtupes of water » alcohol.

4 froction contelning the mothylated sugers was ocollected and refractionstod
by meens of chponatography on Shiek peper, uelng solvent J. Idensiffsetion
of the components invelving feray powder vhotogpaphe, optiesl rotations,
pelting points of the eryataliine sugers snd periodate oxtdation and
ehromatography of the ozidaticn products gave evidence of 2=0*nethyled-zylone
and 2e0ene thyl~L-fucose.

These sugars have been found 2180 in the polysaccharides contained in

plun leaves,' Po! {120
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