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anamination of a v/a teg-soluble Polysaccharide

frost J^l^lp&onia lastriata.

Introduction.

Pie Occurrence of da lac tan dulohuric Vetera.

fftilik© the highly developed land plants, which employ

cellulose as their wain building material, the seaweed®

elaborate a number of different structural polysaccharides.

An algal cellulose has been examined by Pereivai and lioes (1),

who isolated it in ©mall yield from Qionarus criaous. but the

amount present is not significant. Instead of cellulose,

the red seaweeds contain various ga lac tan sulfuric esters.

These have galactose aa their main sugar component, and con¬

tain varying proportions of sulphate. The polysaccharide

from Gjgartina stallata contain® ca.24$ sulphate (2), while

agar, the polysaccharide fro® the helldim® sop.. contains less

than 2$ sulphate (3).

Haas (4) noted that the ionic reactions of free sulphate

ion were not obtained, and with Huaaell-Jail® (5) suggested

the basic forJshia l*0„S0g»OM# where H is the organic part of

the molecule and If is a metal. the metals foihd were calcium,
0

sodium and potassium., with traces of iron and magnesium (6).
This formula accounts for the loss of half the total sulphate

content, as SOg, on converting material to ash. In arriv¬

ing at this conclusion, these workers studied a number of sea¬

weed?, and among these was ffolvoiohonia faatl«iata.(&). They



obtained a mucilaginous solution by heating the weed with

water for 1 hour at 105®. The carbohydrate sulphuric ester

was obtained in 20% yield, and after prolonged dialysis gave

ih® following analysis.

hah content 3 13-95}®

Sulphate content (by hydrolysis) « 21>65$

Sulphate content (by incineration) » 8• 63f:

The ratio of sulphates is nearer 2*5:1 than 2:1, but no

precautions were taken to prevent reduction of sulphate to

sulphide during incineration.

The elucidation of the carbohydrate part of these com¬

pounds was held up for many years because little was known

either of the methyl ethers of galactose or of the behaviour

of simple sugar sulphates. Many of the possible galactose

methyl ethere have now b@m synthesis®© and their properties

established, so that th© worker can identify the products from

the methylafion of polygalactose. Progress has also been

made in the field of monosaccharide sulphates.

The Hydrolysis of Monosaccharide 3ulabates.

.Duff and Percival (?) have shown that monosacchsride

sulphates readily hyarolyae to form 3:6*anfcydro derivatives, if

this is possible. They found that methy 1 -fj-galac to py rano s i ue -

6-sulphato (I), which has a fro© cis hydroxy! group on Cj, gave

methyl«3:6-anhydro-$0<»galactopyranoside (II) on baryta treatment.
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Fercival (8) then went on to demonstrate that furanose

sugars showed similar reactions. I;2-Xsopropylidene-gluco~

furanoa8-6-3ulphate (ill) was readily hydrolysed toy alkali to

give a mixture of 1j2-isopropy1idene-3:6-anhyuro glucofuranooe

{I?) and 1:2-iaopropylidone-gluoofuranose (V).

He concluded that sugar sulphates, unlike the paratoluene

sulfonates, did not form ethylene oxide rings on alkali

treatment. But this view was later modified (9) when it was

shown that barium 3-raethyl-1:2»raonoacetone-glucoitminoae<-6«

sulpnate (VI) could be hyurolysed to give 3-methyl-l :2-mono-

ac@tone-5:6»anhydroglucose (VII).

V

** 3 m



.o.

K

W o—crt«t

¥11

further work by Huff (10) resulted in the discovery that

hydrolysis of a sulphate group could take place if there was

an adjacent free trans hydroxy! group available. In this case

a Salden inversion of the sulphate-carrying carbon took, place,

as during hydrolysis of p-toluene sulphonates. Thus, 2:3-1:6-

dianhyuro-p-H-talopyranoae (IX) was forced by alkaline hydrolysis

of 1:6-anhydro-p-J-g&lactos®-2-©ulpnate (¥111).

The aulohate groups of the polysaccharide sulphuric esters

so far examined do not nydrolyse at all readily under alkaline

conditions, and tills ha© been used as evidence that none of the

structural requirements for ready hydrolysis, mentioned above,

can be present In these molecules. If it is assumed that the

sulphate groups are in such a position that no anhydro derivatives

can he formed, then the number of structural alternatives is

generally reduced.

H

¥1X1

A _



the Oligosaccharide from Iridaea laminarlaides*

the first carbohydrate ethereal sulphate to be examined

in detail was that isolated by Bassid (11) from ^ridaaa

larainarioides. The total sulphate content was found to be

34*5 - 3?*2y», which corresponds approximately to one sulphate

group for each hexoae residue. Galactose (§3*2$ as mucic

acid) was the only sugar identified in the hydrolysis products,

the chain length of the molecule was found to toe six galactose

residues. A chloroform-soluble product (Olfe » 20.0^) was

obtained on me thy1st! ion with sodium hydroxide/diiaethyl sulphate

followed by silver oxide/Wthyl iodide, but no methylated sugars

were identified after hydrolysis. This was followed by

glycoside formation, when the main product was a dimethyl methyl

galactosid®.

According to Bassid, the sulphate groups were removed

from the extract by hydrolysis with sulphuric acid {O.Bh) at

65-70® for 5 hours, leaving a galactan (galactose * 95*S£,

yield « 40^1). a similar product was obtained by hydrolysis

with barium hydroxide (Bjtf), and ther© was no evidence of

anhydro sugar formation.

Mori {12) also investigated the mucilage from Iriaaea

laminar!oldeg: he noted that it contained a substance giving

Sellwanoff*s reaction. On methylation and hydrolysis 2,4,6-

triaethyl-3-galactose was obtained, snowing that the link was

at Gj, and G3. Hie purified mucilage was also treated with

trityi chloride in presence of pyridine, when the product con¬

tained a maximum of ea.5$ trltyi rauieal, while a sample of

- £> -



trityl starch prepared similarly contained 67$ trityi radical:

this suggested that the sulphate group was attached to posi¬

tion 6 in the sugar residues.

The Polysaccharide from ,.41&ea edulis.

Another galactan sulphuric ester was investigated by

Barry and Uillon (13), who obtained it from ^ilsea suuiis.

attraction with dilute hydrochloric acid followed toy preci¬

pitation in alcohol yielded a fibrous solid, ©no this was

purified toy di&lysis. the sulphate content (12.0$ in the free

acid) is equivalent to on© sulphate group on every fourth or

fifth anhyurohexos© unit. Galactose {60% as mucic acid)

appeared to be the only sugar present.

On the basis of periodate oxidation results the following

formula, in which ©very fifth link is 1:6, v*a,$ put forward.

The galactars ethereal sulphate was oxidised with periodate,

the reaction toeing complete in 6 hours, and on treatment with

phenylhydrazine acetate one molecule of glyoxaloeazone was

- 6 -



obtained for each five galactose residues. As only on©

galactose residue in five is attacked by parioo&te, four

links out of five must be 1:3. If the sulphate groups are

attached to the same galactose residues as are attacked by

the periouate, and if they are attached at C4, which would

account for their resistance to alkaline hydrolysis, then

these galactose residues must be joined by a 1:6 link: this

leaves ins adjacent hydroxyI groups on C2 and C3. If, how¬
ever, the sulphate group® are on the 1:3 linked galactose

residues, or on the unidentified part of the molecule, then

the evidence shows that one fifth of the galactose residues

are linked 1:4 and not 1:6.

Indeed, later work (14) on a degraded sulphur-free poly¬

saccharide acetate obtained by acetylation of the mucilage

with a sulphury1 chloride - sulphuric acid catalyst showed

that 2,4,6- and 2,3,6-trirsethyl galactose were the only tri-

foethyl sugars obtained after aiethylation and hydrolysis, so

that 1:3 and 1:4 links only were present. liie presence of a

uronic acid was also reported.

The structure of CarrageenIn.

The terra carrageenis includes the hot and cold aqueous

extracts of Chondru^ SaMMI sad Olgartlna atellsta.

Aqueous extracts of ifoondrua criaoua have interested

chemists for many years, the first extract having been prepared
more than a century ago (15). Besides galactose, Haas and

Busaall*',Veils (16) stated that fructose was present, on the

- 7 -



basis of the positive Sellwasoff test. Glucose was identified

by the production of glucosazone after removal of fructose

with strong hydrochloric acid, anu also by the presence of

potassium hydrogen saccharate after oxidation of the extract

with nitric acid and separation of the raucie acid formed fro®

galactose.

Young and 3ic@ (1?) claim to have obtained 2-keto-h-

gluconic acid aa the di-isopropylideno derivative, and also a

methylated 2-keto-gluconie acid fro® the methylated polysac¬

charide. Repetition of this work by Dewar and Percival (2)

using the extract fro® ('itmrtimi stellata. and by Johnston (18) '

using the Ghortdrus cxiaoua extract, yielded no ai«isopropyliaene-

2-keto-gluconic acid. These workers found no evidence of the

presence of glucose in carrageenin. '

The raain structure of the polysaccharide from Ghana rua

crisoue was elucidated by Buchanan, Percival and PercivaX (19).

Galactose, estimated a® the methylphenylhydraaine, was found to

make up 38^ of the molecule, end examination of the syrup remain¬

ing after removal of galactose showed the presence of a trace of

glucose, detected as the osazone, and no fructose. The Brtderick

reaction, however, showed the presence of' 2@-22$£ ketoae.

Mathyiation by the Haworta method (20) did not remove the

sulphate groups, and did not go to completion ((Me « 14*5^).

fh& rate of hyarolysis was not comparable with that of gaiacto-

caralose (21), a poIygaiactofuranose, ana the polysaccharide was

therefore assumed to be a poiygalactopyranose. The hydrolysis

- 8 -



products included 2,6-dimsthyi- and 8*nonomethyl*J*galaotOBtt,

and thus positions 3 and 4 are available as the site of tie

sulphate group. A 3-eulphate would hydrolyse readily under

alkaline conditions to glva a 3:6-anhyar® derivative, and

this was riot found to be the case. The sulphate was therefor®

concluded to be on C4, and the following formula was advanced
for too main structural component of the polysaccharide.

The a-linkage is based on the positive optical rotation of the

polysaccharide and its methylated derivative, and the fall in

rotation on hydrolysis.

A similar polysaccharide was obtained by J#war and Percivai

{2) from the related seaweed (Heartina ateilata. a methoxyl

content of 18*2^ was obtained, and examination of the hydrolysis

products yielded 2,6»di«ethyl«0-galactose and S-aonomethyl-D-

galaetose, as in the case of the extract from Chondrua criaoua.

The polyaacchuriue was una!aected by treatment with periodic

acid for 2 days (22), but oxidation took place on prolonged

treatment, on® repeating unit (M. ft, « 400) taking up 1 -1? mo I.

periodic acid in 11 days and liberating 0*47 raol. formic acid in

33 days. This suggested that the repeating unit contained 3

adjacent hydroxyI groups.

CHxOH

OH
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Johnston and Percival (23) obtained a partially degraded

polysaccharide of lower sulphate content by treating the

qhondrua criaous extract with oxalic acid, and after methyla-

tion and hydrolysis of this fragment they were able to

isolate 2,4,6-trissethyl-D-galactose. This confirmed the

presence of the 1:3 link. A fraction which was resistant

to treatraent with methanolic hydrogen chloride was also

examined; this contained only 1»8$C sulphate, and after me thy-

1st ion and hydrolysis 2,3,4,6-tetraffl8thyl-b-galacto$e and

2,4,6-triaethyl-I»-galaetos@ were among the products isolated.

2,4-Di®ethyl-I3-g&lactoa© and trim©thy1-D-xylopyranoae were

also found. It was considered probable that this part of

the molecule was resistant backbone, with branching involving

cl* c3» a»d Cg, tout the evidence is not conclusive.
Some attempts have been made to remove the sulphate

without breaking up the carbohydrate part of the molecule.

Haas and Husael-fella (18) obtained only 20% removal of sulphate

groups by treatment with sodium hydroxide (3£) at 110° for 16

hours, ana their treatment with dilute acid was not successful.

Dillon and 0*Go11a (24) obtained two sulphate-free

acetates fro® the acetolysis of carrageen extract with acetic

anhydride and sulphury! chloride, but this method is only of

limited value, a® extensive degradation occurred. Galactose '

was the only sugar present in the sulphate-free end products.
Johnston (18) isolated an extract showing sulphatase

activity from Gibbula cineraria, but after 5-14 days at 50° this

removed only 30£ of the sulphate groups from the polysaccharide

from Chondrua criaous.



The Structure of Agar.

The main features of the structure of agar were

established by Percival and Somerville (25), who methylated

the polysaccharide and examined the hydrolysis products.

They obtained 2,4,6-trimethyl-D-galactose (65$) as the

principal product, showing the presence of 1:3 linked D-

galactose residues in the molecule. The other component was

considered to be a 3:6-anhyuro derivative. Ihis view was

supported by Hands and Peat (26), who identified the fully

methylated reaiuue as 2,4-dimethy1 -3:S-snhy dro - (3 -h-methy1

galactosiue, and it was confirmed by the subsequent synthesis

of the ensntlomorph (27), On the basis of hyurolyaia results,

Duff and Percival (7) suggested that the 3;6-©nhydro rings

might have been formed from galactose-6-suiphate components in

the molecule during the manufacture of commercial agar, or even

in the plant itself.

The following formula for agar was put forward by Jones

and Peat (28).

This was based on the isolation of an acid fraction 'A* by

fractional precipitation of methylated agar. It was found to

- 11 -



contain on® carboxyi group in every ten anhydrohexose units.

After complete raethylation, the material was hydrolyaed, and

tetramethyl-O-galactoae and the methyl eater of 2,5-dimethyl-
3: 6-anhyPro-L-gulaetonic acid, {XIII), were isolated from

the products.

H

XIII

The presence of this acid was explained by atmospheric oxida¬

tion of an aldehydo galactose derivative during dialysis:

these aldehyde forms occur readily in 3:b-anayuro sugar®,

because the hydrofuranoi ring is more stable than the pyranose

ring (29). The isolation of 2,S-dimethy1-3:6-anhydro-L-

galactonic acid indicates the presence of a 1:4-linked L-

galactoee residue in the polysaccharide. This acid was also

obtained fro® the acetolysis of methylated agar (30).

Jones and Peat show the sulphate group in position 6,

from which it is supposed to b© removed with formation of the

3:6-anhyuro compound, possibly during caethy lation. Percival

{3} pointed out that this formulation require© 1.85* sulphate,

whereas the agar isolated from various weeds consistently

contains less than Q*b% sulphate. The required methoxyl con¬

tent would be 42f: methoxyl, while 3b£ methoxyl is the highest

figure obtained experimentally. The proportion of trimethyl

galactose isolated, the presence of dimethyl galactoses and

the absence of any end group are also unexplained.
~ 1 C* _



Evidence obtained by Araki and his co-workers does not

support the formula proposed by Jones and Peat (31)• Araki

found that the carbon to hyarogen ratio in agar was 7'63,

compared with 7*14 for starch, and also that the molecule

only contained 21$ hydroxy1 group© available for acetylation

or saetbylation, "which suggested the presence of a considerable

proportion of anhydro sugar. Confirmation was obtained by

the isolation of two fragments: complete aoth&nolysis of agar

with methanolic hydrogen chloride gave 3:6-armydro»L-galactose

diraetnyl&eetal in 17-20$ yield (32), and partial methanelyeis

gave 45-50$ of the dimsthylacetal of a disaccharide which

Araki calls agarobiose {35).

Agarobiose (XIV) was shown to 'be 4-0-D-galsetasiao-3:6-

snhyu ro-J>gaIac t o 3 e. Methanolysis gave almost equal amounts

of 3:6-anhyuro-L-galactose uimethylacetai and methyl-^galactose,

and raethylation followed by ©ethanolysis gave 2,3,4,6-t®tra-

methy1-methy1-D-galactoaiue and 2,5-di»athyl-3:6-anhyUro-L-

gelactose dimethyl acotal. Araki suggests that agar is made

up of repeating agarobioae units, but he is careful to point
out that no complete structure can be formulated, since some of

the constituents are unidentified.

ifhil© It seems probable that 3:S-anhybro-L-g&Xaetos© is on©

XIV

• IS



of til© constituents of commercial agar, it is not toy any

means certain that this unit is preformed in the plant;

that remains a matter lor further investigation.

- 14



Examination of a ex-soluble Polysaccharide from

Polyaighonia fmatigiata.

attraction of the Polyaaccnarida..

Add Extraction.

Air-dried Polys Aphonia fastigiata (10 * 25 g.) was

extracted by a counter-current method, each batch being soaked

for 24 hours in hydrochloric acid (0»1S, 3x3 1.). The

solutions (ca. © I.) were filtered through muslin and poured

into ethanol (16 1.) to precipitate the carbohydrate, which

was removed by centrifugtog. This solid was dissolved in

water (1 1.) and the solution dialysed against running tap

water to a *Cellophane* bag for 7 days, when it was free from

sulphate ion. The solution was evaporated in vacuo to a

©mall volume and the viscous mixture obtained was poured slowly

into ethanol, when the material was precipitated as a fibrous

whit© solid.

The method of drying the polysaccharide used throughout

this work has been that of allowing the freshly precipitated

material to stand in ethaxiol for 24 hours, in ether for 24

hours, and then in a vacuum desiccator over phosphorus pentoxldo.

Samples for analysis have been dried over phosphorus pentaxiue

for 3 hours at ©0® and 15 ram. pressure.

The yield was about 20jl of the dry weed.

15



hater ^traction.

ffolyslohonia faatireiata (100 g.} was allowed to a tana

in water (1-B 1.) for 7 days, during which time the solution

became acid (pH 4) and free sulphate iorsa were produced.

The polysaccharide was isolated as described above in only

Z% yield, and had similar properties to those of the acid

extract.

The material used for t e investigation has therefore

been prepared by th® mora efficient acid extract ion.

Properties of the retract.

Lassalan.a'a feat.

The extract contained sulphur, but no nitrogen or halogen.

Ho iodine colour was observed on addition of iodine

solution to a slightly acid aqueous solution of the poly¬

saccharide .

■F eh ling' e Solution.

So copper complex was formed on addition of fettling* e

solution to a solution of the polysaccharide.
*

Pot1caI dotation.

It was not possible to measure the optical rotation of

the polysaccharide in water, because the solution wa® too

cloudy.

Ash Content.

Tie ash content of the polysaccharide mm found toy heating
a sample of the material (100 mg.5 to constant weight in a

platinum crucible.

— 16 -



Percentage weight of ash 9 15•©$.

Qualitative analysis showed that the ash contained

sodium, potassium, calcium, and traces of iron and magnesium.

aulohato content.

The total sulphate content was ©©timaied by hydrolysis

of a sample (100 rag.) with hydrochloric acid (2M, 10 c.c.}
for 5 hours at 90®, precipitation of barium sulphate in

presence of picric acid, and filtration through a fine-grained

filter paper. this paper was incinerated in a platinum

crucible and the residue treated with sulphuric acid to

prevent errors due to reduction of sulphate.

Total sulphate content - 80^ 9 20*42$
The sulphate content of the ash was estimated in a

similar manner. A low result was obtained unless any sulphide

in the ash was oxidised to sulphate; this was dona by heating

the ash in a nickel crucible with sodium peroxide before the

determination.

■Sulphate content from ash - S04 » 8 *60$
Sulphate from ash after oxidation - S04 » 10*54$

Methoxyl Content {34}.

The polysaccharide was analysed for mothoxy! by heating

a sample with hydriodic acid and phenol, when methyl iodide

was formed; this was collected in bromine-potasslura acetat©

solution, where iodic acid was produced, and the latter was

estimated volursetrically by titrating tha iodine liberated

from potassium iouiae with sodium thiosulphat®.

Methoxyl content - 01&& « 2*1$

- I?



Oxidation ^sxperlmente.

Perioaate Oxidation of the Polysaccharide (35).

The polysaccharide (100 mg.) was shaken in the dark with

sodium met&psriou&te (0*25!f, 25 c.c.) in a stoppered bottle,

and a blank solution was also shaken. Samples (5 c.c.) were

withdrawn from each bottle after 24 hours and 48 hours, and

the periouate consumed was estimated by the method of Floury

and Lange (36). The samples were diluted to 50 c.c. and 10

c.c. portions were treated with sodium bicarbonate (1*5 g.),

aodium arsonits (ea.O'lS, 20 c.c.), and potassium iouid© (1 g.).

After standing for 1 hour, the solutions were titrated with

iodine (o *18) using starch indicator.

There was no difference between the litres taken for the

polysaccharide solution and for the blank, showing that there

is no periodate uptake.

teaMiaMi&a&mjb&%&s,£&(37).
The polysaccharide (100 tag.) was allowed to stand over¬

night in the dark with sodium hydroxide (8M, 2 c.c.), water

(260 c.c,5, orthopaoaphorie acid (I, 6 c.c.) and iodine solu¬

tion (0*1M, 2*5 c.c.) in a stoppered flask, the stopper being

moistened with potassium iodide solution (1OJf). Sulphuric

acid (S, 45 e.c.) was then added and th© mixture titrated with

souiuai thioaulphate (O*02SS), using starch indicator. One

gram of polysaccharide was found to be equivalent to 0*307 c.c.

0*111 iodine.

If the molecule has a reducing end-group, and if this

alone is responsible for the reaction with alkaline hypoiouit®.

- 18 -



this result indicate® a chain length of ca. 145 units.

Hyurolvaia of the Polysaccharide,

sulphuric Acid Uydrolyai*.

Th® polysaccharide (0*268? g.) was dissolved in sul¬

phuric acid (IS, 50 c.c.) ana the solution heated under reflux

at 100® until there m® no further change In optical rotation.

Some charring was observed. The flask was cooled at suitable

intervals and samples withdrawn for examination in the

polarimster. The specific rotation was calculated on the

basis of the concentration of polysaccharide in the original

solution.

Tim® in hrs. 0 0.75 1*75 2*75 3-75 4-75 9

[u]|7 -50*26° -3*63° +3*63° *7*25° *10*68° *13*06° *13*06°

Chromatographic ixaraination of the Hydro l.vsate.

. Tne hydrolyaat© was neutralised with barium carbonate and

all solid material removed by filtration. Any remaining ions

were then removed by shaking the solution and washing® con¬

secutively with 8kmb«rlit@tt resins IB-100(H) and IE-4B for 30

minutes. After evaporation in vacuo a syrup was obtained,

[a]jj7 * *21 *1°. In a similar experiment, the polysaccharide
(0*8325 g.) yielded the syrup (0*4288 g.), £<x)j7 « *23*6°.

The syrup was spotted onto a chromatogr&ai paper with

standard® of galactose, glucose, xylose and fucoso, and this

waa developed with butane!-ethanol-water solvent and aniline

oxalate spray (38). Galactose was shown to be the major

- 19 -



constituent of the syrup; sqhi© xylose was also present, ana

a sugar which gave a spot similar to that of fucose but which

was shown by subsequent investigation.to to© 6-methyl galactose,

Ka-jhtharesorcinol Teat.

Ha® syrup (5 ®g.) was aiaaolved in water (5 drops) ana

alcoholic naphtharesorcinol {l%§ 0*5 c.c.) was added followed

toy water (0*5 c.c.). The mixture was heated on the.water-

bath for 3 minutes, cooled, ana ether {0*5 c.c.) added. a

blank was run concurrently. &o mauve colouration was produced

in the ether layer in either case, showing that uronic acid

is absent.

MJtimUs&M. &mm*
quan titative Pa oer Qhroaa toMraoto.

Quantitative chromatography was used to estimate the

amounts of sugar® in the oyrup (39). The syrup (0*4288 g.)
was dissolved in water (to 10 c.c.} and the solution (0*027

c.c.) transferred to the centre strip of a chroMatogrsa paper.

Til© side-strips of the paper ware also spotted with the

solution, and the paper was suspended in a trough of toutanol-

ethanol-water solvent for 66 hours. Th© aiae-stripe of the

paper wore developed with aniline oxalate to ahow the location

of the sugars, and the centre portion was then cut into

horizontal strips each containing one component of the mixture.

These were ©luted with cold water (40) and the sugar content

of the eluatea estimated toy the periodate methou (41); after

heating in a stoppered tub© for 30 minutes with sodium raeta-

periouate (0*3M, 1 c.c.) the solutions were cooled, excess

- 20



periodate Ion was destroyed by addition of ethylene glycol

(I c.e.) and the formic acid produced sas titrated with

carbonate-free sodium hydroxide (G-Oilf) using methyl orange
%

indicator. A blank was run concurrently. k typical

estimation gave the following results.

galactose 6-MethyI -8a lactoag xylose

Vol,0*012418 HaOH 1*175 c.c. 0*234 c.c. 0*121 e. e

/.eight of sugar 0*62© rag. 0*141 sag, 0*056 aig.

Proportion in syrup 45*30$ I2*l5f 4*85$

Proportion of syrup accounted lor * 62*30$

Galactose + 6-metoy1-ga1ac to s e 38 57 *4B$

estimation of Methyl Pentose.

The fucoae content of the polysaccharide was determined by

the method of Cameron, 2©ss® and Percival (42). The material

(40 sag.) was hydrolysod by heating with 1M sulphuric acid (2

c.c.} on the water bath under reflux for 4 hours, and the acid

neutralised by addition of solid ©odium bicarbonate, an excess

(l g.) being added. The sugars were then treated with 0*5M

periodic acid (17 c.c.} in the presence of" alanine (0*5 g.),

0*ih sodium araenite (14 c.c.} and liquid paraffin (2-3 drops).

A rapid stream of nitrogen was employed to sweep the acetalde-

hyue formed by oxidation of the methyl pentose into two

absorption tubes containing solium bisulphite solution, where

it is absorbed as a complex. The excess bisulphite is removed

by titration with iodine solution, and the combined bisulphite

then liberated by addition of solid sodium bicarbonate and

estimated by titration with 0*0118 iodine.
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In a typical experiment.

Methyl pentose in the polysaccharide 3 1*3$

•iatimation of Galactose » 6-Hethyl-Salactose.

The proportion of galactose * 6-010thyl-galactose in th©

syrup from hydrolysis was estimated by means of th® 1-methyl-

l-phenylhydraeonee of these sugars {43). the syrup (Q»8?58

g. 5 dissolved in water {10 c.c.) was treated with l-saethyl-

1-phonylhydrapine (2*5 g.) and glacial acetic acid (G*3 c.c.)
in absolute ethane! (10 c.c.). The mixture was kept at 3b0

for 16 hours and 0® for 48 hours, when pale yellow crystals

were obtained. .After filtration through a sintered glass

crucible, washing with ice-cold ethanol (5x4 c.c.) and

oven-drying at 90® for 30 minutes, th® product was weired

(0*6961 g, ). - This consisted of the i-methy1 -1-phenyIhydra.-

zones of galactose and 6-methy1-galacto s a; calculated a®

galactose, these sugars form 58*0^ of the syrup.

Th© mixture melted at 163-4®, while authentic D-galactose

1 -mathy 1 -1 -phonyIhydrazon© has sa.p, 186®.

The liquid remaining after the removal of the crystals

was extract®*! several times with ether, and the aqueous

solution evaporated to small volume in vacuo. Th© brown

mixture was extracted with water and the extract treated with

charcoal on the -water-bath under reflux, filtered and evaporated

in vacuo to a brown syrup. This was examined on the paper

chromat©gratai xylose was the principal sugar constituent, but

there was still some galactose and a leaser amount of 6-methyl-

galactosa.
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Derivatives of DX.-0alactose

Preparation of Penta-aeetyl-Dh-CIaiactose l-Meth.yl-l-unenyl-

t*4)-

Tli© mixture of 1 -me thy l-l-phenylhydrakonee already

obtained (0*69 g.) was dissolved in hot pyridine (10 c.c.5,

acetic anhydride (3 c.c,} added and the mixture kept in the

dark for 3 days. To© solution was poured into ice-cold

water (100 o.c.) and the yellowish precipitate removed by

filtration. This was treated with elhanol and charcoal

under reflux on the water-bath for 10 minutes, the solution

filtered and the product reerystaiiised several times from

ethanol. A whits crystalline product was obtained, m.p.

112®, [a]^ 0® (c, 1*7 in calorolorm): found 0 * 55*6$,
H » 6» 2%, H « S * » Penta-acetyi-D-galactoss 1-methy1-1-

phenyIhydmzone has m.p. 139®, [a]?,® +27• 3®: C25%0®10%
requires C = 5&.9%*, H * 6*151', K * 5*7^.

At tempted Preparation of Hon ta-acstyI-DP-Oa lactose (45).

The dry polysaccharide (10 g.) was treated with an ice-

cold mixture of acetic anhydride (40 c.c.} and concentrated

sulphuric acid (6 c.c.} for 2 hours at room temperature, and

the mixture was then kept at 35° for 66 hours with occasional

shaking. The black mixture was passed through a sintered

glass funnel and the residue (4 g.) washed with acetic acid

(20 c.c.). The filtrate and washings were poured into water

(300 c.c.} containing hydrated sodium acetate (35 g.) and

some pieces of ice, and the mixture was stirred and left over¬

night* It was then concentrated in vacuo almost to dryness,
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water {250 c.c.) added and the mixture again concentrated,

the regaining solid was extracted by shaking with chloroform

(50 c.c.) and water (50 c.c.), and the chloroform solution

evaporated in vacuo. To© residue was washed with hot water,

dissolved in ethanol (30 c.c.) and the solution heated under

reflux on the water-bath with a little charcoal. After

filtration and cooling, a hard ayrup separated. This was

recrystallisod 6 times from ethanol-water ana 4 times from

sthanol, when white crystals were obtained, ®.p. 131®,

CH5GO * 45*®^. Kepta-acetyI-hL-galactose has m.p. 132°,

CH3OO 3 61 • 2$.
A further attempt was tmii® using the residue (4 g.) from

the first acetolysis, but this was also unsuccessful.

The deliwanoff Test (46).

The polysaccharide (100 rag.) was heated with hydro¬

chloric acid (21, 10 c.c,) for I hour at 90®, and the solu¬

tion (0*5 c.c.) treated with alcoholic resorcinol (2%, 2 c.c.).

A clear red colour developed, while a blank remained colourless

and a sucrose solution which had bean■warmed with hydrochloric

acid {108, 0*2 c.c.) gave a dark red colour.

The solution was tested again after 5 hours hydrolysis,

when only a pal© red colour was obtained.

The polysaccharide therefore contains a kotos© or

anhydrosugar which is destroyed during mineral acid hydrolysis.

24 —



Oxalic Acid Hydrolysis in an Inert Atmosphere.

Preliminary Hydrolysis.

1) The polysaccharide (1 g.) was dissolved in oxalic

acid (Q*5M, 100 c.c.) to give a cloudy solution. Tills was

heated on the water-bath under reflux at 100® in a current

of carbon dioxide. Samples (1 c.c.) were withdrawn after

0*5, 1, 2,3,4,5,7 and 24 hours and placed in the refrigerator.

The samples were then heated to boiling with hydrochloric

acid (1QM, 0*2 c.c.) and treated with alcoholic reaorcinol

(2/r, 2 c.c.). The colours obtained increased to a maximum

in 7 hours hydrolysis, but the colour obtained after 24 hours

hydrolysis was much paler than the maximum. The darkest

colour obtained was less than that produced by can© sugar

(5 ®g.}.

The ketose or anhydrosugar is therefore decomposed by

prolonged treatment with oxalic acid in an inert atmosphere.

2) The polysaccharide (2 g.) was dissolved in oxalic

acid (0-5N, 100 c.c.), and the mixture heated under reflux

on the water-bath for 7 hours in a current of carbon dioxide.

No charring occurred. The solution was cooled, neutralised

with barium carbonate, and the residue filtered off and

washed with water (3 x 25 c.c.). Ihe solution gave a cherry

red colour with hydrochloric acid/resorcinol, while the

barium carbonate residue gave only a pale pink. The filtrate

and washings were evaporated to dryness in vacuo at 40° under

carbon dioxide and the resiuue extracted with boiling ethanol

(3 x 25 c.c.). The ethanolic solution was evaporated to a
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syrup, and this gave a positive Seliwanoff test in the cold,

while the residue gave only a slight positive reaction on

heating.

A paper chromatogram of the syrup, run in hutanol-

ethanol-water solvent and developed with aniline oxalate,

showed all the products obtained from the polysaccharide by

sulphuric acid hyuroiysis, and in addition a diffuse brown

spot of Tig O*43 and a yellow spot of Bp 0 »?9.

Hydrolysis of Baron Gulactan.

Larch galactan (1 g*) was treated with oxalic acid

(G«SK, 100 c.c.) at 100* unuer reflux for 7 hours as des¬

cribed above, and samples (1 c.c.) were withdrawn at inter¬

vals of one hour. these were heated with hydrochloric acid/

resorcinol at 100® for 2 minutes, but none gave even a trace

of colour.

Large Gcale Oxalic Acid Hydrolysis.

the polysaccharide (40 g.) was heated with oxalic acid

(0*5$, 500 c.c.) at 100° for 7 hours in a current of carbon

dioxide. The mixture was neutralised with calcium carbonate

in the cold, and the hydrolysate filtered through a fine paper.

The residue was washed with water (3 x 100 c.e.), and filtrate

and washings evaporated to 200 c.c. in vacuo in a current of

carbon dioxide. This solution was filtered and than extracted

with ether (5 x 50 c.c.) to give a yellow ethereal solution.

The evaporation of the aqueous layor was continued almost to

dryness and the residue extracted with athan©1 (3 x 100 c.c.).

The ethanol solution was evaporated as before to give a brown

syrup.
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Identification of the Rther-»aoluble Material as 5-Hyaroxy-

methyI"Furfural.

The yellow ethereal solution was evaporated in vacuo

under carbon dioxide to remove ether and water* and the

resulting yellow syrup dried overnight over phosphorus

pentoxide in a vacuum desiccator.

Weight of syrup » 0-8558 g.
pry | o

j)j a 1-5533. [a]j « 0° (c, 2-0 in ethanol).
On cooling in solid carbon dioxide, the syrup crystallised

to give colourless needles, aa.p. 27-5°. The substance was

chromatographically pur© and had Rj, 0-77 in hu tan o 1 -© thono1 -

water solvent; with aniline oxalate a yellow spot was ob¬

tained in the cold and this darkened on heating. Diphenyl-

araine-trichioracetic acid and urea oxalate sprays gave dark

grey spots.

The liquid had pH 4 (pH paper), but did not liberate

carbon dioxide from sodium bicarbonate solution. It restored

the colour to Schiff*a reagent, gave a bright red colour with

aniIine/hydroch 1oric acid, dark red with x-esorcinol/hydrochloric

acid, maroon with 0-naphthol/concentrated sulphuric acid, green

with liiache's reagent (diphenylamine in sulphuric and acetic

acids), and no colour with ferric chloride solution. a

positive iodoform reaction was obtained on heating with excess

iodine solution.

The p-nitrophenylhyurazone was prepared by heating the

syrup (0-117 g.) with p-nitrophenylhydraalne (0-247 g.), ethanol

(5 c.c.) and glacial acetic acid (0-05 c.c. ) under reflux for
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15 minutes to give a dark orange solution. the product

was obtained by addition of water, and recrystallised twice

from aqueous ethanol to give dark red crystals, ra.p. 185°,

C « 55*2$, H » 4 *4j£. Other compounds were also obtained.

The dinitrophonyIhyarazone was prepared by heating the

syrup (0*127 g.) with etiianol (12*5 c.c.) and 2,4-dinitro-

phsnyIhydrazin® (0*255 g,) to boiling, allowing to cool

slightly and adding concentrated hydrochloric acid (0«25

c.c.). So colour change was observed. The mixture was

boiled for 2 minutes and left to stand overnight, when

orange crystals were obtained. The product was recryata I'¬

ll sod twice from ethyl acetate to give brick red prisma,

m.p. 176°, C « 47.7^, H = 3*2%t JS » 18*5$.

Th© properties of the ©ther-soiuble material and

5-hydroxymethyl-furfural are compared below.
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Rther-aolubie
Fraction.

5-Hyuroxymethy1
Furfural

mm

Melting point 27.5° 31-5° (47)

Refractive index 1.5533 (20°) 1-556 (36°)

Specific rotation Zero Zero

Dische reaction Ore en Green (48)

Seliwanoff reaction Sea Red (49)

8-JSaphthol colour Maroon Dark blue

p -N it ro phenylhydraaone D&&P red,m.p. 185® Deep red,®.p. 185°
(49)

Analysis C » bb'2%

H « 4»4$

C « 55.0$

H s 4.5$

Din i t r© pheny lhyd razo n© Brick r©a,m.p.l76° Deep red,in.p. 184°
(50)

Analysis C « 47.7$

H * 5*2$

E « 18*5%

C « 47•!%

H » 3-3$

N * 18»"6%

The remainder of the material (ca.l&G mg,) was distilled

in vacuo at 140° to gi ve a pale yellow oil, and the ultra¬

violet absorption spectrum examined using a solution in ethanol

containing 1-788 mg ./litre,. The molecular weight was taken

as 126*1, and when the molecular extinction was plotted

against wavelength a curve was obtained similar to that of

5-hydroxy®©thy!-furlural in water (hi).



 



Maxima obtained ® 15,050 at 280 <yj--
& * 1,551 at 228 **ys-.

Figures lor 5-hydroxymethyl-furfural £ 38 10,500 at 285 **)«.■
£ = 3,620 at 228 ryx.

It was not found possible to use an aqueous solution

in the present work, as the oil was not completely soluble

in water. The difference in solvent could have caused the

slight shift of the maximum from 285 n>o. to 280 and the

lower figures obtained were probably due to the presence of

impurities.

The ether-soluble material was therefore 5-hydroxymethyl-

furfural.

2e-^ration of toe buaarson a Cellulose Column.

The syrup obtained by oxalic acid hydrolysis (p.26} was

divided into two approximately equal parts. One part was

heated under reflux with mixtures of ethyl acetate-acetone

containing proportions of ethyl acetate decreasing from

90$ to 10$, but no separation of the constituents was ob¬

tained in this -way.

The constituents of the remaining part were separated

on a Cellulose column. A column 85 x 2*7 era. was prepared

as described by Hough, Jones and Wadman (52), and this was

washed with water, with butanol, and then with 1:1 butanol-

light petroleum (b.p. 100-120°) saturated with water, the

solvent with -which it was intended to uevelop the column.

The syrup was poured onto the column and the solvent allowed
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to flow down from a constant head reservoir. The liquid

issuing at tne lower end was collected in tubes in portions

of ca. 4 c.c. by means of an automatic turntable (38).

The contents of every tenth tube were evaporated and

examined on the paper chroma togram. The contents of those

tubes which contained identical sugars were combined to

torn fractions, and these were evaporated (under carbon

dioxide in the case of Fractions I to III) with acetone

washings of the tubes, or water washings in the case of

Fraction VI.

The proportion of light petroleum in the butanol-petrol

mixture was gradually reduced from 50$ to 50%, and after

2,000 tubes had been collected the solvent was changed to

butanol half saturated with water (53).

His following fractions were obtained.

Tubes Fraction 5E 2s weight

41-190 I 0.77 0.7725 g.

191-300 II 0.57 0.73 0.0699 g.

301-930 III 0.36 0.43 0.3775 g.

931-1870 III—»IV 0.1170 g.

1271-1500 IV 0.18 0-2528 g.

1501-1920 IV—>V 1.0549 g.

1921-2180 V 0«15 0-2267 g.

2181-2830 ¥1 0.07 2-7955 g.

Total weight of fractions ■ 5-6667 g.

The weights given are those of the fractions after
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purification. fraction I was purified by filtration only,

and the remainder by water extraction followed by filtration.

All were dried by heating at 40-45° in vacuo for 2 hours

over phosphorus pent-oxide. All lly and Uq values quoted are
based on chromat©grams developed with butanol-ethanol-water

solvent.

The column was finally washed with water (1 1.}. The

water wash gave a positive reaction for sulphate ion after

heating with hydrochloric acid. It was not examined further.

axatfllnation of the Fractions.

fraction I.

Weight- 35 0*7725 g.

Fraction I was examined on the paper chromatagraia and

found to be 5-hy u roxyme thy1-furfura1. Since this has

already been shown to be present in the hydrolysate, Fraction

I was not examined further.

^teUon II.

Weight « 0*0699 g.

Fraction II was chroma tographically pure, giving brcwn

spots of Ry 0*57 with aniline oxalate. It had a positive

Seliwanoff reaction and gave a light green colour with

.Dische's reagents. It was not further investigated.

Fraction'II is probably an intermediate formed in the

decompoaition of Fraction III to give 5-hydroxyraethyl-furlural.

Fraction III.

Weight * 0*3775 g. [a]*8 - 0°
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fraction III showed brown spots of R$ 0*36 and

Hq 0*43 with considerable trailing when it was examined on

the paper chroma togram. The rate of travel was comparable

with that of a dimethyl hexose, but Fraction III was found

to have a negligible methoxyl content. Analysis of the

syrup, which was not further purified, gave C s 45 *9%,

I! a 7*3$. An anhyhrohexoa® requires G 55 44*4$, H s 6*2%,

ana a hexoa© C 53 40*0$, H » 6*7.

A portion of the syrup (ca.10 ;ng.) was treated by the

standard dersethylation procedure. The sample was heated

at 100° for 5 minutes in a sealed tube with hyurobromic

acid (48$ v/v, 1 e.c.}, when charring took place. The

mixture was diluted Immediately with water (10 c.c.}, the

acid neutralised with silver carbonate, silver removed with

hydrogen sulphide and the resulting solution reduced to a

syrup. A paper chromatogram gave a spot identical with

that of a galactose standard and one corresponding to 5-

hydroxymethyl-furfural, with two large diffuse intermediate

spots.

Colour reactions also showed that this fraction decom¬

posed with production of &-hyuroxymethyl«furfural: a red

colour was obtained with Celiwanoff'a reagents, a pale green

with Dische,s reagents, and a bright red with aniline/

hydrochloric acid.

Methylation of Fraction III (54).

The syrup (ca. 300 tag.) was heated with methyl iodide

(4 c.e.) under reflux for 7 hours, protected by a calcium
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chloride tube, silver oxide (2 g.) being aduad gradually

over the first 6 hours. The solution was decanted through

a filter paper, and the residue extracted with chloroform

(2x5 c.c.) followed by methanol (2x5 e.c.}. Tne solu**

tion and extracts were evaporated to dryness in vacuo and

the methylation repeated until the raethoxyl content of the

syrup was constant. Chloroform (3x5 c.c.) only was used

to extract the residue after the first recovery.

After 2 raethylations, weight « 0*1576 g., DM© ® 29*7$.
H 3 w 3 0-1344 g., " a 41.9$.

4 « a 0*1325 g., " = 41*8$.

Analysis of the methylated syrup gave C * 45*3$,

H « 7*5$.

Dime thy 1 -me thy 1 -anhydrohexos id e has C * 52*9$, H » 7*8$,

0Me a 45*6$.

An attempt was made to crystallise the product from

eth&noi-water, but this was not successful.

The glycosidic saethoxyl was hyurolyaeu by heating the

syrup with sulphuric acid (0*1N, 10 c.c.) unuer reflux for

3 hours on the boiling watar-batn (55). The acid was

neutralised with barium carbonate, the solution filtered

and evaporated to dryness, ana the residue extracted with

acetone (4x3 c.c.). Evaporation of the filtered extracts

gave a yellow syrup, weight ® 22*8 tag, QMe « 34*7$.

Dimethyl anhydrohexose has OMe ® 32*6$. A paper chrozaato*

gram showed a trace of 2,3,4,6-tetramethyl-gaiactose,

identical 'with a standard, and a pink spot of % 0*95.
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From this evidence it was concluded that Fraction III

was most probably 3:6-anhyu ro -CL -ga 1 ac t.o s e.

Fraction III—>IV.

Weight ® 0*1170 g.

This traction was shown on the paper chroraatogram to

be a mixture of fractions III and IV. It had OH# « 5*2$,

and gave a faint Celiwanoff reaction and a negligible

Dische reaction.

Fraction IV.

Weight « 0*2526 g. [a]*8= +25-2° +10*2° (c, 1*3

in water, 24 hours).

Chromatographic examination of Fraction IV showed it

to toe chromatographically pure. It gave brown spots with

aniline oxalate, slightly slower than those of a fucose

standard, but identical with those given by 6-methyl-

galactose (Rq 0'18). Fraction IV had a methoxyl content
of 16*1# (C7llx40g requires 0M© 3 16*0^), and on demethyla-

tion galactose was the only free sugar produced.

The syrup crystallised after standing for two weeks,

and after washing with ethanol on a porous tile colourless

crystals were obtained, m.p. 113-116°, mixed melting point

with authentic 6-methyl-D-galactos®, m.p. 118-124°,

6-lethyl-C-galactose melts at 128° (56).

The osazone was prepared by mixing Fraction IV (150 mg.)
with a filtered solution of phenylhydrazine hydrochloride

(500 J»g.), hydra ted souium acetate (1 g.) and souiura bisul¬

phite (100 rag.) in water (3 c.c,), and heating the mixture
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under reflux on the boiling water-bath for 3 hours, when

yellow crystals separated. The mixture was filtered, and

the crystals washed with cold water (5 c.c.) and reerystal-

lisea twice from ethanol-water to give yellow needles, ra.p.

201-202°, undepressed by admixture with an authentic specimen

of S-methy1-D-galactosesone, m.p. 204°. analysis gave

OMe « 8• 5J<£, C « 61 *lj£, H * 6«5^ and B ■ 15-2$, while

cl#24°4i34 ^aqdires OMe a 8*3$, C » 61*3^, H « 6*5$ and
H « 15*1%, Comparison of the Ji-ray powder photographs of

this osa-aone and authentic 6-methy 1 -J-galactoaa^one prepared

from synthetic 6-ra©thy 1 -galactose showed them to be

identical: this proved unequivocally that the osa^one

prepared fro® Fraction IV was 6-methyl-galactosaaone.

An attempt was made to prepare the corresponding phenyl

osotriazol© (57). The oaazon© (30 tag.) was mixed with

water (3 c.c.), isopropyi alcohol (3 c.c.) and copper sulphate

(150 tag.), and the mixture boiled under reflux for 1 hour.

The solution was evaporated to small volume and the product

obtained as a dark oil: this was treated with charcoal and

recrystailiaed twice from ethanol-water to give a dark

orange powder, hi.p. 136®.

Since Fraction IV is a monomethyl galactose giving 6-

raethyl-galactosazon© with phenylhydrasine, it must be 6-

methy1-galactose: and since 6-methyl-D-galactose has

Eajf 3 +144° -» +77° in water, while Fraction IV has

[a]ij8 3 *25*2°-» +lo*2°# Fraction IV must be a mixture of
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6-methy1-D-galac tos e apd 6-methyl-L-galactose, with the

D-fona present in excess.

Fraction XV —»V.

Weight 38 1*0549 g.

This fraction was shown chromatographlcally to contain

6-ta©thy 1 -galactose and xyloaa, ana the methoxy 1 content

{OfM » 8• 5%) showed that those two sugars were present in

approximately equal proportions.

Fraction V.

Weight * 0*2267 g.

Fraction V was examined on the paper chromatogram and

found to be a mixture with xylose as the principal con¬

stituent. The presence of B-xyiose was established by the

preparation of the dibenzylidene din©thylacetal (58).

The reagent (1*25 c.e.)t containing benzaldehyde and

methanolic hydrogen chloride, was added to Fraction V and

the mixture left at room temperature for 7 days with

occasional shaking. The crystals which formed were filtered

off in a sintered glass crucible and washed with water (200

e.c.) ana aiethanol (40 c.c«). The white solid was recrystal-

lised from eh Iorofaria-light petroleum (b.p. 40-60°) to give

colourless needles, m.p. 209° undepressed by admixture with

authentic D-xylose dibenaylidene dirnethylacetal. It had

[aljjj® ~ -6.2° (c, 0*6 in chloroform), while the authentic
compound has si.p. 211° and -9° (c, 1*2 in chloroform).

Fraction VI.

height = 2*7955 g.
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Fraction VI was chromatographically pure and gave

brown spots identical with those of a galactose standard

(Hg 0*0?) when developed with aniline oxalate. The syrup
was crystallised fro® w&ter-methanoi, and two crops of

crystals were obtained.

The first crop (ca.l g.} had a.p. 154-5°, undepressed

by admixture v»ith authentic i)-galactose, and 35 +H2®
—» +?s«4° (c, 1 *99 in water, 22 hours). D-g&lactose has

a.p. 167® (59) and [a]|° » +140°-* +81-7°. The 1-methyl-
1-phenylhyurasone was prepared as already described (44);

after recrystallisation fro® ethanol, colourless plates were

obtained, a.p. 178® (deccap.), undepressed by admixture with

authentic i)-galactose i-methyl-l-phenylhydrazone (m.p. 186°).

Analysis gave C = 55*0^, H * 6*9j£ and I « 10-3#, while

Cl3Hgo05&2 requires C ~ 54H « 7-Of and M ~ 9-8%.

The second crop of crystals (ca. 0»5 g.) had m.p. 145°

and aero rotation. Optically inactive galactose has been

prepared synthetically (60) and was found to have m.p. 140-

142®. X-ray powder photographs of tuiia material and of

authentic 2-galactoae were found to be identical, showing

unequivocally that the second crop of crystals consisted of

galactose. Since it had aero rotation, it must have been

DL-galactose. DL-ftalactose l-methyl-i-phenylhydraaone was

obtained as colourless needles, m.p. 173® (aecornp.).
The remaining syrup (1*2 g.) was found to have aero

rotation.
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Fraction VI is therefor© a mixture of D- and L-galactose:

the specific rotation of the first crop of crystals shows that

the I>~form is present in considerable excess.
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Attempted ilemoval of tine Sulphate Group,

Ilvdrolytic Methods,

Action of Concentrated Sulphuric Acid (61).

The polysaccharide (2 g.) was ground to a fin© powder

and shaken with concentrated sulphuric acid (5 c.c.). A

sample (ca. 50$) was withdrawn after 24 hours and the

remainder shaken for a further 22 hours. The black mixtures

were cooled in ice, neutralised with sodium hyciroxiue (30$),

crystalline sodium sulphate was filtered off and the solu¬

tions uialysed for seven days, after which they were sulphate-

free. The material was worked up in the usual way when a

black powder was obtained. About 20$ of the material was

recovered, and sulphate determination gave the following

tigures;

Material used - SO^ « 23*5$
After 24 hours treatment - = 28*0$

48 M * - « 34-3$

Action of Concentrated Alkali.

the polysaccharide (2*184 g.) was dispersed as far as

possible in sodium hydroxide (81, 50 c.c.), and the mixture

heated at 60° on the water-bath under reflux and protected

by a calcium chloride tube. A blank was run concurrently.

Sample© were removes for sulphate estimation after 2, 4 and

8 hours, ana for hypoiodite titrations after 0*5, 1, 2, 4

and 8 hours.

The samples for sulphate determination were obtained by
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shaking the solution ana decanting a portion (5 c.c.) into

a measuring cylinder. These samples ware dialysed and

examined as usual, when the following results were obtained:

After 0 hours treatment - SO4 » 26.5$
" 2 » « - » 19.1^
» 4 » w - ■ !?.«$

8 " " - « 18'2%

The samples for estimation of reducing power were with¬

drawn with a 1 c.c. pipette, tut owing to the sticky nature

of the mixture and the fact that it was not at all homogeneous

a large error was involved, and this is reflected in the

results. The method of estimation was similar to that used

toy Inglis and Israel (37). Instead of a phosphate buffer

solution, phosphoric acid (111) was added to the already

alkaline solution. The conditions of Inglis and Israel were

reproduced as far as possible toy mixing phosphate buffer

solution (25 c.c., pH « 11.4) with water (6 c.c.}, and to this

mixture a few drops of indicator (B.3.H. 11-13) were added,

when an orange colour was obtained. The proposed experimental

conditions were then reproduced toy ailuting sodium hydroxia©

(81, 2 c.c.) with water (250 c.c.), and this mixture was

titrated with jftosphoric acid (d) using B.D.H. 11-13 indicator

until th© colour was identical with that previously obtained,

i.e. pH 3 11*4. The volume required was 6 c.c.

Th© 2 c.c. sample removed after 30 minutes heating was

therefore treated with water (250 c.c.), phosphoric acid (U,
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6 c.c.), iodine solution (0*115, 2*5 c.c.), shaken and

acidified with sulphuric acid (S, 45 c.c.) before titration

with sodium thioaulphate (Q»0244?$2). Trie 1 c.c. samples

removed after 1, 2, 4 and 8 hours heating war© treated with

half quantities of these reagents. Blanks were treated

similarly.

Time
JfagSgOg required Difference

c.c./c.c, soIn«Blank Sample

*N» 7.93 cc. 7*67 cc. 0*13 cc.

0*5 hour 7.01 • 2-30 « 2-36 "

1.0 « 3.05 » 1-27 M 1.78 H

2-0 " 3*27 w 1 -06 " 2.21 "

4.0 H 3-88 " 1.91 n 1.77 w

8*0 n 4.21 " 2,26 M 1.95 "

Treatment of the Acid Form wljh lon-djwChanite Resins (62).
file polysacchariu© (10 g., SO4 « 24-4^5 was dialysed

against dripping hyurochloric acid (0«1H) for 3 days,

followed by distilled water for 4 days, when the solution

was chloride free. The solution was shaken overnight with

'Amberllte' ia-100(H) to remove free hydrogen ion, filtered

through muslin, and the volume made up to 1 'b litres with

distilled water. This solution was heated with 'Amber-lite'

IH-IOO(H) (12 g,) for 6 hours at 45-50° with mechanical

stirring; the rosin was then removed by filtration and the

solution examined for sulphate ion, Mo precipitate was
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observed on addition of hydrochloric acid and barium chloride.

A blank experiment was treated similarly.

The solution was divided into two parts. One was

shaken overnight with * Araberlite' IB-4B to remove any free

sulphate ion, neutralised to phenolphthalain with sodium

hydroxide (0«1M), evaporated and worked up in the usual way.

Sulphate content - SO4 ® 20*8%
The second part was uialysed against distilled water

(2 I.}, which was then evaporated in vacuo to 50 c.c. volume.

A portion (5 c.o.) was tested by I'olisch's test; alcoholic

a-naphthol solution and concentrated sulphuric acid gave a

violet ring, showing the presence of carbohydrate material.

Another portion (5 c.c.) was tested for sulphate ion, when a

cloudiness was obtained! a similar result was obtained by

treating the blank solution in the same way. After further

dialysis, the solution in the dialysis bag was examined in the

same way as the first portion.

Sulphate content - SO4 « 27*8^.

Reductive Methods.

Reduction of the hater with Sodium In Liquid Ammonia (63).

The ammonium salt of the polysaccharide (10 g., S04 » 24-4%)
was prepared by dialysis against running ammonium hydroxide (u)
for 4 days, after which a prouuct (8 g.) was recovered which

had ash » 6.9$.

This material (1 g.) was ground to a fine powder and dis¬

solved aa far as possible in uioxane (15 c.c.) - water (50 c.c.),
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and dioxane (60 c.c.) was added slowly when the polysaccha¬

ride was thrown out of solution as a loosely-aggregated

precipitate# Diazomethane (1 g.) in ether (50 c.c.) was

added to the ice-cold mixture, and the whole allowed to

stand overnight. Sxeess diazomathane was removed by passing

nitrogen through the solution for 90 minutes, whan a neutral

solution was obtained. A sample was heated with sodium

hydroxide on the water-bath under reflux for 10 minutes, and

then a distillate (5 c.c.) collected. The presence of

methanol was shown by treatment with a red-hot copper spiral

followed by addition of resozcinol and concentrated sulphuric

acid, when a red colour waa obtained in the acid layer. A

blank on dioxane was done simultaneously.

The polysaccharide (2 g.) in dry dioxane (20 e.c.) was

treated with uiazomethane (2 g.) in dry ether (100 c.c.).

Excess diaz©methane was removed in nitrogen, ana the volume

of the solution reduced to 15 c.c. under nitrogen. The mix¬

ture was transferred to a vessel having a side arm and fitted

with a mechanical stirrer, and the apparatus immersed in

acetone and solid carbon dioxide in a Dewar flask. Liquid

•raraonia (200 c.c.) was added, stirring commenced, ana sodium

added gradually in small pieces. Stirring was continued for

30 minutes, when the intense blue colour disappeared, then

ammonium chloride (? g.) was added and the mixture left to

stand overnight. After the ammonia had evaporated the mixture

was dissolved in water and dialysed for six days, when all

chloride ion had been removed. A white fibrous product was
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recovered.

Weight recovered - 1*6 g., SO4 » 23*4$.

Lithium Aluminium Hydride deduction (64).

The partially methylated polysaccharide (2 g., OMe « 9*6$,

SO4 » 24*7$) was treated with a slurry of lithium aluminium

hydride (2 g.) in dry dioxane (100 c.c.), and the mixture

heated on the sand bath under reflux protected by a calcium

chloride tube for 8 hours. Excess reagent was neutralised

with water, the acidity of the solution taken to pH 1 with

sulphuric acid (is), and the mixture dialysed to remove aluminium.

The acidity was maintained at pll 3 until no precipitate

appeared on allowing it to drop to pH 7 (10 uays), and dialysis

then continued for 4 days, after which sulphate ion was absent.

The material was recovered and sulphate determined.

./eight recovered ■ 1*2 g., SO4 = 24*8&, Ash « 15*5%'.

This material (1*2 g. } was treated with a slurry of

lithium aluminium hydride (2 g.) in dry te trahyurofurana (100

c.c.), and the mixture heated at 65°G. under reflux protected

by a calcium chloride tube for 15 hours, excess reagent neutra¬

lised with water, and dialysis and recovery carried out as before.

Weight recovered « 0*7 g., SO4 » 27*6^.

Couium Boroh.varide heuuction (65).

The polysacchariue sulphate methyl ester was prepared from

the ammonium salt with diaaomethane, as already described.

This product (2 g., Olfe = 8*46^; S04 * 24*4^) in water

(25 c.c.) was stirred to give a thick solution, and was cooled
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in an ice-bath. Souiurn borohybribe (0*2 g.) was added in

snail portions over 90 minutes with constant stirring and

cooling, the solution being kept at pH 3-4 by addition of

sulphuric acid (h) as necessary. The mixture was then

neutralised with souiisa hydroxide (M) and dialyaed for 7 days,

after which borate ion was absent, as shown by a negative

mannitol-bromocresol purple test. The product was recovered

in the usual way.

height recovered » 1*8 g., SO4 « 24-1$.

lianev Klckel deduction.

Soaium hydroxide {26 g.) was dissolved in water (100 c.c. ),

and the polysaccharide {2 g., SO4 53 24 *4£) stirred into the

solution. The mixture was hosted at 50 + 2° throughout, and

nickel-aluminium alloy {2 g.) was added in small portions over

1 hour with constant stirring. 1h© reaction mixture was left

overni£#it protected with a soda lime tube, and then shaken for

48 hours in a stoppered flask. The solution was diluted and

acidified to pH 1, inorganic ions were removed by dialysis and

the material worked up in the usual manner.

Sulphate content • 19 • 5^

This is comparable with the sulphate content of material which

had been heated with souium hyuxoxide (8Jf) for 2 hours at 60°C.

(304 - 19 •l£f).

«
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Acetylation and £?®thyiatlon of the Polysaccharide.

i

Acetylotion of the Polysaccharide (66).

The polysacchariu@ (2 g.) was dissolved in water (30

c.e.) and dry pyridine (120 c.e.) was added. The pyridine-

water azeotrop® was distilled off in vacuo until 30 c.c.

solution remains®, when all solid was scraped down into the

liquid. Acetic annydrids (25 c.c.) was slowly added to the

water-cooled flask, and the mixture was shaken well and stood

in the dark for 2 days, after which the solid gelatinous

product was removed by filtration. It was dissolved in water,

dialysed for 5 days, and worked up in the usual way.

The acetyl compound was insoluble in acetone, chloroform,

and etaanol, and aispsrsed in water to form a cloudy solution,

so it was not possible to measure its optical rotation. After

heating with hydrochloric acid (2h) it gave a precipitate with

barium chloride solution, showing that it retained the sulphate

group.

The acetyl content was determined by allowing the material

to stand overnight with sodium hydroxide (0*lS, 10 c.c.) in a

stoppered flask, and titrating the excess alkali with hydro¬

chloric acid (0•05N) using phenolphtaalein indicator.

Acetyl content - COCH3 » 2?»0jC.

Haworth .-Tetn.vlation of the Polysaccharide (20).

The polysaccharide (10 g.) was dissolved in water (100 c.c.)
and treated with dimethyl oulpnat© and souium hyuroxid© (30^)
with mechanical stirring. The amounts of reagents used for
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each methylation were as follows:

15 c.c. dimethyl sulphate }
) 8 times at 30 minute intervals.

42 c.c. souium hydroxide )

10 c.c. dimethyl sulphate }
I 8 times at 30 minute intervals.

18 c.c. souium hydroxide )
The reagents were added dropwiaa. After two methylations

the liquid was neutralised with glacial acetic acid, dialysed

for 7 days, and the solution evaporated to araall volume in

vacuo. Samples were worked up in the usual manner after 4 and

then 6 methylationa, and the methoxyl content determined.

After 4 methylutIons - OMo « 20*7%

6 raethyiations * OMe * 20*8^

The methylated material was acetylated and the acetyl

content determined.

Acetyl content * COCHg - 1 "X>%
Methoxyl content - QM© 3 19>9%

Sulphate content - SO4 3 23*7$.

Methvlation by the Id aula Ammonia Method (67).

The dry polysaccharide (6 g., 8O4 3 24«8&) was stirred

with liquid ammonia (300 c.c.) in a vessel which was kept at

-80® by immersion in acetone-solid carbon dioxide mixture in

a Dewar flask. Sodium (1 g.) was added in pieces over 45

minutes, and 15 minutes more were allowed to elapse before

methyl ioaiue (6*8 g.) was added, after which stirring and

cooling was continued for 90 minutes. The treatment was then

repeated, the temperature being allowed to rise to -38° over
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the last 90 minutes. Ammonia was allo»»©d to evaporate and

the residue was dialyaed for 9 days, after which the material

was worked up in the usual way,

Methoxyl content - OM© - 9.6?;

Sulphate content • S.O4 13 24*7^.
A further attempt was mad© using a raouified procedure.

The polysaccharide remaining from the previous attempt (4»8

g.) was stirred with liquid ammonia (300 c.e.) in an apparatus

fitted with a mercury-sealed stirrer and having a plugged

side-arm. So cooling agent was employed, so that the reac¬

tion proceeded at -38°C. Sodium was added ©x»ar 1 hour, then

methyl iodide was added and 2 hours were allowed for the

reaction. quantities used were aa follows:

I 0*8 g, sodium 5 »4 g. methyl iodide.

XI 0-8 g. M 5-4 g. "

XII 0-7 g. " 4-6 g. » M

IV 0*4 g. » 4.0 g.

After evaporation of the ammonia the material was

recovered as before, anu it was found that

SXsthoxy 1 content - OMe 35 11 «4j£.

It did not appear to be degraded.

Hydrolysis of the Hethylated Material.

Oxalic Acid Hydrolysis.

The methylated polysaccharide (10 g., OMe « 21<7$.

8O4 = 23*0$. Ash - 16»8j£) was dissolved in oxalic acid (0«5M, ,

250 c.c, ) and the solution heated on the water bath under reflux
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for 24 hours in a stream of nitrogen. It was not possible

to follow the optical rotation of tha mixture, as it was

very cloudy. A grey powder finally separated out; this

was filtered off from the orange solution using a fine paper,

washed with water until the washings were oxalate-free, and

then washed with methanol.

Weight of residue » 1*2516 g., SO4 « 2*3$, OMe « 0*4jS.

the hydrolysate and water washings were neutralised

with barium carbonate, and the solid was filtered off and

washed several times with boiling water. The liquid was

then evaporated to dryness in vacuo, when a dark brown

viscoiis syrup was obtained, weight = 8*818 g. this was

dissolved in water (100 c.c.), heated under reflux on the

water-bath with charcoal (0*8 g.) and filtered through a

fine paper. The filtrate was evaporated to dryness in vacuo

ana the resiuue taken up in dry methanol (50 c.c.), the mix¬

ture again filtered and the filtrate evaporated to dryness.

Last traces of methanol were removed by evaporation with

beaaera©.

.veight of syrup * 8*1080 g., 8O4 - 3*8$, OMe = 21*1$,

[ujj7 53 *10*3° (c, 0*4 in water).

Chromatographic examination of the Hydrolyaate.

the syrup was examined on the paper chromatograrn, when

faint spots were shown. These had Hj, values of 0*75, 0*55,
0*37, 0*17. Chromatograms run with standards showed that

these spots were probably tetrami.*thy 1 galactose, a trimethyl
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galactose, a. dimethyl sugar in large quantity, and two mono-

methyl sugars or free sugars.

Isolation of a Sugar hulpnate (68}.

The syrup (8*108 g.) was dissolved in water (30 c.c.)

and this solution was passed through a column of *Amberlite*

IR-lOO(H) (25 g.) to remove cations. The speed of flow was

adjusted to 7 hod volumes/hour, and the syrup was washed

through with water (200 c.c.). The eluate from this column

was passed directly through a column of *Amberlite' I HA-4 00

(30 x 1 cm.), and the issuing liquiu was collected.

tiie column of 'Amberlite* I3A-400 was then disconnected

from the other, and was washed with ammonium hydroxide (150

c.c., 4$0 at a rate of 5 bed volumes/hour, the alkalinity of

the eluate being followed by testing a sample every 5 minutes

with BDH 9011 indicator. The colour of the indicator gradu-

ally changed from pink through yellow to grey, and after 50

minute© the oluats gave the same violet-grey colour as the

ammonia solution used.

Baritan hyuroxide solution equivalent to the sulphate con¬

tent of the syrup (0*4B# 8 c.c.) was added to the eluate, which

waa then evaporated almost to dryness in vacuo: the mixture

remained neutral. The residue was dissolved in water (25 c.c.),
wartaed with charcoal and filtered. The solution and washings

were evaporated to dryness in vacuo.

Weight of residue - 0*4113 g



Identification of the Methylated dugar Sulphate.

Ifethylation of the auaar bulahate (54).

The residue (0*4113 g.} was dissolved as far as possible

in methyl iodide (5 c.c.) and methanol (0*2 c.c.)» the mix¬

ture being heated on the water-bath under reflux protected by

a calcium chloride tube for 30 minutes. A sample of the

solution was withdrawn for a paper chromatogram, ana this was

run in ethyl acetate-acetic acid-water solvent, but insuffi¬

cient raaterial had dissolved to form any spot at all on devel¬

opment with aniline oxalate.

The main mixture was treated with silver oxide (2 g.) in

ecaa.ll portions, additions being made over 6 hours. Heating

was continued throughout and for 1 hour after the last audition.

The solution was decanted through a filter paper, and the

residue extracted with chloroform (4x5 c.c.). Solution and

extracts were evaporated to dryness in vacuo to give a yellow

syrup (0*0565 g.). The residue in the reaction flask was

extracted with methanol (3 x 10 c.c.}, the extracts added to

the syrup already obtained, and the mixture evaporated almost

to dryness with chlorofoxta and rease thy la ted in the same way.

feight of syrup 3 0*0755 g., OMe « 40*1$.

The weight of syrup removed for methoxyl determinations was

ea. 15 mg.

The syrup, which was now soluble in methyl iodide, was

methylated again, and the syrup recovered.

./eight of syrup ® 0*0469 g., OMe = 40.0j£.
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Hydrolysis of the Methylated Sugar Sulphate (8).

The methylated sugar sulphate (40 mg.) was heated under

reflux on the water-hath with souiurn hydroxide (2.75U, 3 c.c.)

for 4 days protected hy a ooua lime tube. The brown solution

was neutralised to pH 8 with hydrochloric ©eid (2K) and pre¬

cipitated salts were filtered off and washed twice with water,

the solution was evaporated to dryness in vacuo, benzene being

added to remove traces of water, and the residue was extracted

with chloroform (3 x 5 c.e.}, The extracts were evaporated

in vacuo and a syrup obtained (7*3 rag.) *

Estimation of the Sulphate Content.

The residues obtained from the hydrolysis of the methyla¬

ted sugar sulphate were mixed with water (50 c.c. ) and hydro¬

chloric acid (10J3, 5 c.c.), when a bulky whit© residue

remained; this was probably silicic acid. The mixture was

heated at 90® for 8 hours to hyurolyse the remaining sugar

sulphate, and this converted some of toe silicic acid to silica,

which was identified toy the white skeleton it formed in a

micro-cosmic head. The remaining gelatinous precipitate was

filtered off and washed twice with water, but no further attempt

was made to recover any sulphate ion which was entrained in the

precipitate.

The sulphate content of the solution was then estimated

in the usual way.

Sulphate content of sugar sulphate - SO4 » 18*6%.

Sulphate content of fully methylated

hex©3© sulphate - SO4 « 29*1$.
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Identification of the Methylated 3uear.

The syrup (7*3 rag.) was dissolved in sulphuric acid

(4?*, 1 c.c.) and the mixture heated on the water-hath under

reflux for 9 hours to hydrolyse the methyl glycosides. It

was not possible to measure the optical rotation either before

or after the hyaixilysis, because a cloudy mixture was obtained.

The mixture was neutralised by shaking overnight with a small

quantity of *Amberlite* IB-4B, and the solution and washings

evaporated to a ayxup in vacuo.

The syrup obtained was investigated by paper chromato¬

graphy, when it was found to contain two sugars. One moved

identically with 2,3,4-t rime thy1 galactose (2$ a 0*64} used
as standard, when papers were run in butanol-ethanol-water

solvent and in benzene-ethanol-water solvent and sprayed with

aniline oxalate, 2,4,6-Triraethyl galactose (2q « 0«67)
travelled faster than the unknown sugar, ana 2,3,6-trimethyl

galactose (HQ s 0*71) is known to travel even more quickly.

The second sugar in the syrup moved on the chromatograms

identically with 2,3,4,6-tetramethyl-galactose (2^ 0*68) used
as standard. It was not possible to estimate quantitistively

the relative proportions of these sugars on the chromatogram

papers, but they appeared to be present in approximately equal

amounts.

Separation of Methylated Sugars.

4acovery of the Methylat aiL*Hg&rB,.

The solution collected below the column of 'Amberlite'
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IIIA-4C0 (p. 51) was passed through a column of 'Ataberlite*

XR-4E (24 g.) to remove chloride ion, with which it was con¬

taminated, and the column washed with water (150 c.c.)•
The neutral solution and washings were evaporated to dryness

in vacuo.

Weight of syrup * 5*196 g.

Preliminary Separation oa a Cellulose Column.

The methylated polysaccharide (l»5 g., OMe K 19-9$} was

hydrolysed by heating on the water-bath under reflux with

oxalic acid (0*5W, 100 c.c.) for 24 hours, the solution

neutralised with calcium carbonate followed by ion-exchange

resins IB-lOO(H) and IB-4E, and the neutral solution evaporated

to a syrup. This was washed through a cellulose column as

described previously (p. 30). The solvent was changed grad¬

ually from 1:l-butanol-light petroleum (b.p. 100-120°)

saturated with water to a ?:3-butsnol-petrol mixture saturated

with water, without affecting the separation;

Five fractions were obtained from 3;150 tubes, and as

no sugars were found in the following 650 tubes the column was

washed with water (1 1;) to give a residual fraction. This

residual fraction was found to char on heating at 35°, to be

acid to congo red and to contain sulphate ion.

Separation of the sugars in the dulohate-froe dyrup.

The methylated sugars (4.990 g.), from which sulphates had

been x'emoved (p.51 ), were separated on the cellulose column as

described above. The following fractions were obtained.
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Tubes Fraction % Rq Weight

41-95 I 0*88 0*97 0 0367 8

96-210 XI 0*87 0*96 0 3279 g

211-500 III 0*88-0*76 0 1462 g

501-730 IV 0*67 0 3350 &

731-905 IV-»V 0 0554 g

906-1225 V 0.44-0*41 1 2379 g

1226-2030 VI 0*41 1 7073 g

2031-2800 VII 0 4921 e

The column was washed with water (1 1.) and the

washings added to the final mixture.

Total weight of fractions « 4*3585 g.

Percentage recovery of syrup « 86*96^

The weights given are those of the fractions after

purification. The sugars were purified toy treatment of

the aqueous solution with charcoal anu 'Filter-eel' to

remove wax-like material, evaporation to dryness in vacuo

and acetone extraction of the residue. The process was

repeated where necessary, as in the case of the final mix¬

ture; this was obtained as an acrid dark brown product,

which gave a yellow syrup after several treatments. The

fractions were dried toy heating at 40-45° in vacuo for 3

hours over phosphorus pentoxide.

Examination of the Methylated Sugars.

Fraction X.

height = 0*0367 g. OMe » 9*1^.



Fraction I was a yellow syrup. ' It was cnromato-

graphically pure ana had Uq « 0*97. 1© re a colour was
obtained with aniline/hydrochloric, acid. A positive iodo¬

form reaction was obtained in the cold.

The syrup remaining after these teats {15-20 asg.} was

dissolved in ethanol, and a fine suapension of 2,4-dlnitro-

pnenylhydrazine in athcmol (0*2 c.c.) and a trace of hydro¬

chloric acid were added« The mixture was heated for half

a minute, cooled, and-water added, whan a dark orange

precipitate was obtained. This dinitrophenylhydrazone was

recrystallised to give a dark orange product, m.p. 78-9®.

This fraction was probably a sugar breakdown product.

Fraction II.

./eight ■ 0*3279 g. OMe - 32*3$.

Eg.]*7 = +8*4® (c, 0*7 in water)
® +11 *7® (c, 1*2 in ethanol).

Fraction II was obtained as a yellow syrup with

refractive index I)-^7 - 1*4743. On standing, it crystallised
in needles, rn.p. 79-80° after tiling. An attempt to re-

crystallise the material from ethanol-ether was not successful.

Demethylation gave galactose as the only free sugar.

The material was examined chromatographically and gave

a pinkish spot with aniline oxalate; this had 1<j « 0*96 and
was similar in all respects to that obtained from Fraction III

of the syrup from the unmethylated polysaccharide by methyla-

tion and hydrolysis (p. 34). The Seliwanoff teat gave a red

colour, which developed slowly over a period of 1 hour.
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Mo crystalline derivative could toe prepared. An

attempt was raad© to prepare toe anilide toy heating the syrup

(150 mg.) under reflux for 3 hours with etoanol (1 c.c.) and

aniline (150 mg.), tout no crystalline product could be

isolated.

The preparation of the 0-raethyiglyeoside was also

attempted (55). Fraction II (50 sag.) was treated with

methanolic hydrogen chloride (I£, 2-3 c.c.) at room tempera¬

ture, and the mixture was subsequently heated under reflux

on the water-bath for 1 hour protected by a calcium chloride

tube. Mo crystals were produced, even after to® solution

had been evaporated in vacuo and the syrup exposed to

hydrogen chloride gas. The syrup was dissolved in ether

(2 c.c.), neutralised with silver carbonate, and the solution

filtered and evaporated in vacuo, out no crystals were

obtained*

The properties of Fraction II, and those of 2,3,4,6-

tetramethyl-D-gelaeiose and of 2,4-dimethyl-3:6-anhydro-D-

galactoae are tabulated below.
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2,3,4,6-tetra- 2,4-Dimethyl-

methyl-h- Fraction II 3:8-anhyaro-D

galactose (69) -galactose(55)

Analysis C a 50-8^ C » 50-7^ C « 50-5$

H a 8 °b% H » 7-8$ H« 7 -4j£

iethoxyl OMe » 52 OMe « 32-3^ OMe a 32-6$

Refractive Index (0)1-4682 (13°) 1-4743 (17°) 1-4830 (17°)

Halting Point (a) 72° 78-80° 112°?

ftG(butano i -so Ivent) 0 *88 0-96 m

Seliwanoff Test • ive +ive +ive

Specific dotation
(water)

+118° (15°) +6-4° (17°) +24° (16°)

From this evidence, it was concluded that Fraction II

was probably 2,4-di®athyl«3:6-arihyurogalactoae: no alter¬

native could be suggested. Since this was derived from

the same material a© formed Fraction III of the syrup from

the unmethylated polysaccharide (p. 33), it was surprising

that it was not optically inactive: the small positive

rotation might have been uue to the presence of a small

quantity of 2,3,4,6-tetraraethy1-D-galactose, and this would

also have contributed to the low value obtained for the

refractive index. The failure to form crystalline derivatives

was probably connected with the presence of both optical

isomers.
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Fraction 1X1.

Weight 3 0*1482 g. OMb « 23*6$.

Fraction III was a brown syrup giving a bright pink

colour on heating with Ssliwanoff•s reagents. The paper

chroma to grata showed two constituents: on® gave a spot of

Eg 0*88 travelling identically with a 2,3,4,6-tatr&m©thyl-
galactose standard, and the other a pinkish spot of Rq 0*76,
with considerable trailing.

• A partial separation of these two sugars was obtained

on a thick paper chromatogram. Water-washed Ahatman Mo.3

paper was used, and the centre- and sia©-atrips were spotted

with the syrup (ca. 80 sag. on two papers). Butanol solvent

was allowed to run down the length of the paper, and the

side-strips war© developed to show the location of the sugars.

The centre strip was cut to give two pieces each containing

most of one of the sugars, and these were #luted by suspend¬

ing th®m in a flask in which water (15 e.c.) was heated

under reflux. The solutions were evaporated to syrups,

purified by acetone extraction, and the extracts evaporated

and dried in the usual manner.

Fraction IXIA.

Weight a 0*009® g. 0!£& * 44*0$.

A paper Chromatogras showed that this portion of the

syrup consisted largely of 2,3,4,6-tetraiaethyl-galactose,
and after data® thy la t ion with hy a rob ramie acid, galactose was

the only free sugar present.
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Fraction IXXI.

Weight = 0-0442 g. OH© * 25-3$.

This portion oi* the syrup was also investigated

chromatograohicaliy when it was shown to have 2,3,4,8-

tetramethyl-galactose as tine minor constituent. Demethyla-

tion gave no free sugar other than galactose. The fact that

the raethoxyl content (OMe « 25-35) was larger than that of

the original fraction (028s « 23•851} was due to part of the

low-siethoxyl constituent feeing lost through trailing.

The identity of the major constituent, which had llQ
0*76, was not established, "but the colour obtained with

Seliwanoff's reagents and the low methoxyl content of

fraction III suggested that it was a ra<momethyl-3:6-anhydro-

galaetose (Oil® » 17-65), in which case it mads up ea. 75 5

of fraction III, An attempt was made to prepare the osazone,

tout a crystalline product was not obtained.

Fraction IV.

.Veight a 0.3350 g. 0M& » 33-45.

[a]|? s ^52-4° (c, 0-7 in water).
Fraction IV was chromatographically pure and travelled

at a rate identical with that of 2,4,6-1rimethyl-galactose

(Rq ® 0-67) in butanol-othanol-water and henaene-ethanol-water
solvents. There was no trailing and no sign of separation.

Hemethylation gave galactose as the main product, and

also a spot corresponding to 5-hydroxym#thyl-furfural, when

the syrup was examined on the paper chromatograra. The syrup
4

deposited some crystals on standing, at.p. 88-90° after washing
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with acetone on a porous tile: attempts to crystallise

the material from solvents were unsuccessful.

A crystalline anilide (70) was obtained by boiling the

syrup (100 rng.) with aniline (0*06 c.c.) in ethanol (2 e.c.)
under reflux, protected by a calcium chloriue tube for 3

hours. On coaling, a felt of needles separated, and re-

crystallisation from ethanol gave colourless needles, aup.

157-8®, undepressed by admixture with authentic 2,4,6-tri-

methy1-D-galactose anilido (m.p. 179®), but depressed to

145-7° by admixture with 2,3,4-trira9thyl»J-galact08e anilide

(ta.p, 167°). A second crop had m.p. 159-160®. Analysis

gave 0M& s 31*3/?, C » 60-5%, H « 7-6$ , and M » 4-7$

while 015H23O5H requires OMe « 31*3$, G * 60.6$, H » 7.7%
and I « 4 • 7$.

The corresponding amide was prepared by treating the

syrup (100 rag.) with bromine (0*2 c.c.) at 35® for 5 days,

removing bromine by aeration, neutralising with silver car¬

bonate, removing silver with hydrogen sulphide, evaporating

to a syrup and treating this with methanolic ammonia at 0®

for 6 days. A partially crystalline amide was obtained,

0Sfe * 24*5$; the syrupy crystals were washed with ethanol

on a porous tile, when colourless plates were isolated, m.p,

159-161®. 2,4,6-Trimethyi-D-galactonainide has OMe « 39*2$

and m.p. 167° (25).
The amid© gave a negative .Veerraan test (71). bo

precipitate of hydrasouicarbonaraide was obtained when it was

treated with standard hypochlorite solution (0-5 c.c.) at 0®
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for 2 hours, excess hypochlorite destroyed with sodium

thiosulphata, and aouium acetate and semicarbazide hydro¬

chloride (100 mg.) in water (0*& c.c.) were added. This

showed that the amid® had position 2 substituted.

This evidence indicated that Fraction 'IV contained

2,4,6-triraethyl-galactos® and some other constituent.

2,4,6-Triraethyl-D-galactose (72) has OSfo « 41*9$, m.p. 102-

105®, [u]fP*9Q*4° (equil. in water), and does not give a

positive Soliwanoff reaction. It was not possible to draw

any conclusion about the amounts of D« and L-sugar, but

there was no reason to suppose them to be different from

those of the other fractions examined.

The other constituent must have b®en responsible for

the positive Seliwanoff reaction and for the production of

5 -hydroxyna© thyi-furfural during d em® thy lat ion. It must

have travelled on the chroma togram at the speed of a tri-

raethy1-sugar, and yet have had a comparatively low metnoxyl

figure, since a trimethyl-sugar has 0M& * 41*9$, and fraction

IV has QM© a 33*4$. These properties correspond to those of

monoae thyl-3:6-aniiyurohexo&e, which has GMe - 17*6$: thus

Fraction IV probably contained ca. 35$ of a raonomethy 1 -3:6-

annydrogalactoa©.

Fraction IV—>V.

Weight * 0*0554 g. QM© « 20-8$.

This fraction was a brown syrup; it gave a light pink

colour with Saliwanoff' a reagents, anu whan examines on the
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paper chromatogram it was shown to be a mixture of fraction

IV with a constituent which caused a trail from Hq, 0• 6? to
a point of Eg ca. 0*4.

It was not examined further.

Fraction V.

Weight * 1 *2379 g. 0M« - 25*9^»

Fraction V had a positive Seliwanoff reaction.

Chromatograms developed with butana1-ethanol-water solvent

showed spots of Eg 0*41 and Uq 0*44, moving identically with

2,4-dimethyl-galactose and 2,6-dimethyl-galactose. A

chrcmatograra run in banseue-ethano1-wat®r solvent showed

spots corresponding to these two sugars, and also a third

spot between them which had not separated completely.

The mixture was separated by preparing the petrol-soluble

2,6-dtraethy 1 -3:4-isopropyl idene-methy 1 -galactoaid©. The

methyl glycosides were formed by heating the syrup with

methanol ic hydrogen chloride (!£', 25 c. c.}, under reflux

protected by a calcium chloride tube, to constant rotation

(4 hours). Trie solution was neutralised with diazom©thane,

filtered and evaporated to a syrup (1*0699 g.). This was

dissolved in dry acetone (50 c.c.) and the solution shaken with

anhyarous copper sulphate (5 g.) for 6 days. The mixture was

filtered, the residue was extracted with dry acetone (3x5

c.c.), and the solution ana washings were evaporated to a syrup.

This syrup was extracted with light petroleum (b.p. 40-60°,
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4 x 10 c.c. followed by b.p. 80-100°, 3 x 20 c.c.). The

total extracts were evaporated to give a colourleaa syrup

(0*4785 g., Fraction VB) and a yellow syrup (0*3835 g.,

Fraction Vh) remained,

Fraction VA.

The yellow syrup (0*3835 g.) hadTj» 1*4696 and OMe «
35*5$; it did not crystallise. The glycosidic raethoxyl

was hyurolysed (73) by heating the syrup under reflux for 6

hours with sulphuric acid (&, 6 c.c.). The solution was

neutralised with barium carbonate, filtered, and the residue

washed with water (2 x 10 c.c.) and acetone (2 x 10 c.c.).

Solution and washings were evaporated in vacuo and the

residue was extracted with acetone (3x5 c.c.}. The ex¬

tracts were filtered and evaporated to give a syrup (0*3017

g.). This had OMe * 24•9$. A paper chromatogram showed

the presence of two sugars, moving identically with 2,4-

diiaethyl-galactose and 2,6-dime thy1-galac to s e used as stan¬

dards: visual estimation suggested that they were present

in approximately equal amount®.

The syrup gave no colour with deliwanoff's reagents, but

had a positive iodoform reaction on warming, due probably to

the presence of laevulinic acid.

Fraction VB.

The petrol-soluble material (0*4785 g.) had Y}^ « 1*4664,
OMa « 35•2% and - +16*6° (c, 1*4 in chloroform). The

syrup could not be crystallised from light petroleum (b.p.
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40-60°), but it crystallised partially on standing to give

colourless crystals, m.p. 46«50® after washing with light

petroleum on a porous til®. 2,6-Dimethy1-3:4-isopropylidene-

raathyl-galactosid® has OMa - 35°Sf': the a-forra (72) is a

liquid with^§°» 1*4550 and [a]|° « +155° (c, 1 in water),
while the p-form has been obtained as needles, m.p. 56-7° and

[aljj = -4*46° (chloroform) (74).
An attempt was made to remove the isopropylidene group

by heating the syrup in acetic acid (5^, 4 c.c.): after

heating at 100° under reflux for 4f hours, the solvent was

removed in vacuo and the residue taken up in acetone.

Filtration ana evaporation gave a syrup (0*2234 g.) which

still had OMe * 36*2^' and 3 *17*3° (0*9 in chloroform),

while 2,6-dimethyl-p-methyl-galactoside has OMe 3 41*9%' gad

Cu]p7 « -23*3° (c, 5*95 in chloroform). Bell and Williamson
(72) also found that it was not possible to obtain a crystal¬

line methyi-g&l&ctoside by hydro lytic removal of the acetone

residue.

The syrup was hydrolysed by heating under reflux on the

boiling water-bath with hyurochloric acid (M, 4 c.c.) for 6

hours. The acid was neutralised with silver carbonate and

silver removed from the filtered solution with hydrogen

sulphide. The dark liquid was evaporated almost to dryness

and extracted with acetone (3 x 5 c.c.), and the extracts

were filtered and evaporated to a syrup (0*1675 g.).
On a paper chromatogram run in butanol-ethanol-water

solvent, this syrup gave a spot iuentical with that of a
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2,6-dimethyI-galactose standard, while a chromatogram run

in bensene-ethaaol-water showed a trace of 2,4-dimetfayl-

galactose as well as the spot corresponding to 2,6-dimethyl-

galactose. The syrup was found to have OMe « 29 .Q$, and

demethylation gave galactose as the only free sugar formed.

Attempts to crystallise the syrup from solvents and by seeding

with authentic 2,6-dimethyl-D-galactose were not successful.

An attempt was ma&e to prepare 2,6-dimethyl-galactonic

acid phenylhydrazide (75), hut a crystalline product was not

obtained. The sugar acid was prepared by bromine oxidation

of the syrup (80 mg.), followed by neutralisation with silver

carbonate, removal of silver with hyurogen sulphide, and

recovery of the product in the usual manner. Laetonisation

was effected by heating til© syrup at 120® and 0-5 mm. for 1

hour, and the lactone heated under x-eilux for 6 hours with

phenylhydrazine (0*08 c.c.) in dry benzene (2 c.c.) containing

a trace of ethanol. The ayrupy proauct could not be crystallised.

The px*eparation of an aniliae was also attempted; the

syrup (40 mg.) was allowed to react with aniline (0.03 c.c.)

in ethanol (1 c.c.) for 3 hours at 60®€. A small quantity of

crystals was obtained, a.p. 196-8° after washing with ice-cold

ethanol; this was probably impure 2,4-dimethyl-galactose

aniliue (m.p. 213°). The remaining syrup could not be crystal¬

lised, although a variety of solvents was used.

The only dimethyl methyl galactosiue which can & rm an

i30propylid©ne derivative is 2,6-aimethyl-methyl galactoside,

since a pair of cis-hydroxyl groups is required. Fraction VB
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was isolated as the isopropyliden© derivative, and chromato¬

graphic evidence also indicated that Fraction VB was 2,6-

dim©thy1-galactose, although this was not proved conclusively.

The difficulty of crystallisation was probably due to the

presence of 3- and L-sugars. Fraction VA appeared to be a

mixture of 2,4-dira©thyl- and 2,6-disnethyl-galactose.

Fraction VI.

Weight « 1-7073 g. OMe » 28-9$.

[a]^7 ® +41*1° (c, 0-7 in water).
Fraction VI crystallised readily into needles, out was

obtained as a yellow ayrup after drying. It was ehromato-

graphlcally pure, and gave a spot identical with that of the

2,4-dimethyl-D-galactos® (Eg® 0-41) used as standard. .Vhita

needles, ra.p. 103°, were easily obtained on recrystallisation

from moist ethyl acetate. 2,4-Dimethy1-3-galactose mono-

hydrate melts at 100-103® (76). The syrup had a negative

Seliwanoff reaction. 3©methylation gave galactose as the

only free sugar.

The lactone was prepared as described by Smith (73).

Bromine oxidation, neutralisation with silver oxide, removal

of silver with hydrogen sulphide and evaporation gave a syrup.

A sample was aistilied in high vacuum (0-001 mm., 150° bath

terap.), but the distillate did not crystallise. It was found

to have [a]])7 3 +S8-8® —> +12-4® (c, 0-6 in water, 22 hours).
The corresponding amine was prepared by treatment of the lactone

with methanollc ammonia: the product was treated with charcoal
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and recrystallised several times from ethanol-ether to give

crystals, m.p. 185-6°.

The anillue was also prepared toy heating the syrup (100

mg.) with aniline (50 rag.) and ethanol (2 c.c.) under reflux

on the water-hath for 3 hours. A crystalline product was

obtained, ta.p. 213° after recrystallisation from methanol; a

second crop had ra.p. 210®.

These results are tabulated below.

Fraction VI 2,4-Dimethy1-galac-
toa© (73)

Monohyurate - m.p. 103° 103°

analysis C 38 43-1% C - 42* 5/f

H - 8-2$ H * 8* 0%

Syrup - methoxyl OH© = 28-9^ OMe a 29*8%

Rq (butanol-solvent) 0*41 0*41

Demethylation prouuct Galactose Galactose

Specific notation ■s-41 • 1° (HgO, 17° ) +87*5°(H20,28°)

Lactone-specific
rotation

*58 *8®-> +12'4®(H20,
17°)

+100°—>+62°(iI2Q,
18°)

Amide - ra.p. 165-6° 167°

Anilide - m.p. 213° 216°

analysis G * 59 '2>% C = 59-4JS

H » 1*2,% E a 7*5%'

$ ■ 5 *0% X ~ 4•9%

From this evidence it was concluded that Fraction VI was
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2,4«dimethyl-*galactose. From the optical rotation it

appeared that ca.2b$ of the material was present as the L-

isomer, and ca.75Jf as the i)~ isomer.

fraction VII.

Weight ® 0*4921 g.

fraction VII had a negative Seliwanoff reaction. It

was examined chromatographically and found to contain 8

sugars, none of which was a me^or constituent. Spots were

obtained corresponding to 2 dimethyl sugars, 3 monomethyl

sugars, galactose and 2 oligosaccharides or sugar sulphates.

These sugars were probably products of' undermethylation or

demethylation, and fraction VII was not investigated further.
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anamination of a Water-soluble Polysaccharide from

Polysiphonia faatigiata.

Discussion of Results.

Properties of the Carbohydrate.

Tii© polysaccharide isolated from Polyaiphonia faatigiata

was separated faro® inorganic material by dialysis, and was

halogen-free. It was also nitrogen-free, so that it was not

contaminated with protein, and no starch was present, as

shown by the absence of any iodine colour. It did not form

a copper complex.

Galactose was the principal sugar present, but some

xylose was also found. It is improbable that xylose residues

form part of the carbohydrate sulphuric ester, especially in

view of the fact that this sugar is lost during methylation.

Xylans are known to be present in some marine algae: the red

seaweed ?hou.vmenia palmata {77,78) contains a polysaccharide

which gives xylose as the only sugar preoent on hydrolysis,

and methylation studies have shown that it consists of 1:3-

anu 1;4-linked xylose residues.

The Methoxvl Content,

the polysaccharide was found to contain methoxyl, but the

exact figure {2%) has little significance in view of the

experimental error involved in the estimation. this is

equivalent to a msthoxyl content of ca.3$ in the organic part

of the molecule, or approximately one methoxyl group in every
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six anhydrohexoae units. It was traced to the presence of

6-methyl-galactose, which was isolated from the hydrolysate

by separation on a cellulose column; the sugar was identified

by its physical properties and by the preparation of t he

osazone, which was crystallographically identical with 6-raethyi-

D-galactosazone.

This is the first instance of a 6•methyl sugar being found

in nature. Slippery elm mucilage contains 3-methyl-D-g&lac-

toas (79), wnich is the only methyl aldose known to occur in a

polysaccharide. The only other methyl sugars which have been

found in nature are those of the cardiac glycosides, and these

also have the methaxyl group in the 3-position; they are 3-

methyl-D-fucoae (digitalosa), 3-methyl-2-deoxy-I}-allos©

(cy.iaroee) and 3-methy 1 -2,6-uiueoxy-D-&Hose (olleandreoae) (80).

One naturally-occurring methylated uronic acid has also

been found. This is 4-methyl-D-glneuronic acid, which occurs

in mesquite gum (81), Aspen Wood Hemicellulose (82), and Beech

Wood Hemicellulose (83). Mams and Castagne (84) found some

evidence for the presence of a methylated uronic acid in Wheat-

straw Hemicellulose, and later work (85) suggested that this

might be substituted in the 2-position.

The Sulphur Content.

The polysaccharide contained sulphur as sulphate, which was

not removed by dialysis and gave no orecipitate with barium

chloride. The total sulphate content varied from 20$ to 25$ in

different samples, which is equivalent to approximately two
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sulphate groups to every three anhydrohexoss units, while the

ash content varied from 16$ to 18$ of the material. The

sulphate content of the ash was half the total sulphate content

which is the case in a compound of formula E.03020M, where E

is organic and M is a metal.

The sulphate group could not he removed to a significant

extent either by hydrolytic or by reductive methods. Treat¬

ment of the extract, with concentrated sulphuric acid increased

the sulphate content, while'treatment of the acid form with a

hydrogen ion exchange resin {which may be considered to be

tne equivalent of treatment with a strong acid) had little effect.

Treatment with alkali at 80° caused an initial loss of ca.

20$ of the sulphate content, accompanied by a marked increase in

the reducing power of the mixture, after which there was no

further change. The end-product did not appear degraded, al¬

though the alkaline solution took on a yellow colour which

gradually darkened. The increase in reducing power may be

connected with the labile constituent of the polysaccharide, and

does not necessarily represent a large-scale break-down of the

glycosidic linkages. It is possible that only 20$ of the

sulphate groups are in a position from which they can be removed

with anhydro-ring formation, and the increase in reducing power

is due to subsequent scission of the pyranose ring in the anhyuro-

resiuues. It is significant that the 20$ loss uia not occur on

acid treatment.

Attempts to remove the sulphate group by a reductive fission

were carried out in both aqueous and anhydrous media. Bo
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appreciable effect was produced by treatment of the extract

with sodium in liquid ammonia, followed by ammonium chloride

as proton donor, or with lithium aluminium hydride in dioxane

or tetrahyhrofurane, when the partially methylated polysac¬

charide was used. Sodium borohydride in water did not cause

any loss of sulphate from the polysaccharide, and Baney nickel

in sodium hydroxide resulted in a 20% loss, which is of the

same order as that caused by sodium hyuroxide alone.

If a aulphate-free undegraded polysaccharide could have

been obtained, ana the structure determined by the methylation

technique, then these results could have been compared with

those obtained for the sulphatod polysaccharide, which does

not lose sulphate during methylation in the cold, said the

position of the sulphate groups would have been established

unequivocally. This has not proved possible.

Oxidation of the Polysaccharide.

The polysaccharide did not react with sodium metaperiodttte

in 48 hours, showing that there were no a-glycol groups in the

main structure (86). This is the case in a l:3-linked hexossn

when the sugars are in the pyranose form. The reaction time

of 48 hours should be sufficient; the periodate oxidation of

the polysaccharide from Jdllaea edulia was complete in 6 hours

(13), and that of alginic acid in 24 hours (87).

In the case of alginic acid, periodic acid was used, and

1*1 moi. was reduced for each equivalent of alginic acid: the

reaction proceeded rapidly during the first 2 hours, and was more
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than half complete by the end of that time. More recently,

periodate oxidation experiments have been conducted under con¬

ditions which were more nearly neutral. Esparto grass xylan

(35) oxidised with souium periociate took up 0*96 mol. in 24

hours, 1*15 mol. in 48 hours, and 1*28 mol. in 72 hours.

In a hypoiodite oxidation, the polysaccharide reacting

with iottine was equivalent to one reducing group in ca.145

anhydrohexose units, but it is by no means certain the reac¬

tion is due to the presence of a reducing end-group. Even if

it were, the method is not always reliable for substances of

high molecular weight.

Hydrolysis of the Polysaccharide.

Hydrolysis of the polysaccharide with sulphuric acid (M)

at 100° was complete in 5 hours, with a change in rotation

[aH7 = -50*3° —> +13*1°. Hie rate of hydrolysis doee not

correspond to that of galect ofurano se residues, and the negative

rotation of the extract, which was positive after hydrolysis,

indicates the presence of 0-1inks.

A syrup was recovered from the hydrolysis products after

neutralisation. The yield was ca.50$ by weight of the poly¬

saccharide hyurolysed, and it had [a]^7 s +23*6°. Examination
on the paper chromatogram showed the presence of galactose,

6-methyl-galactose and xylose, and quantitative estimation

showed that the syrup container 45 *3J& galactose, 12*2$ 6-methyl-

galactose and 4, >9% xylose, a total of 62*4$.

Galactose ■* 6-methyl-galactose was estimated as the 1-raethyi-

- 75 -



1-phenylhyuraEone, and was found to form 56*0$ of th© syrup

(calculated as galactose); if the proportion of galactose to

6-methyl-galactoae is taken as 3:1, then the figure becomes

57 '2% (galactose + 6-methyl-galactose), which is in excellent

agreement with the figure of 57*5$ obtained by paper chromato¬

graphy. The 'galactosQ-free* syrup which remained from the

estimation contained xylose and some galactose and 6-methyl-

galactoae, but no other sugar.

The amount of methyl pentose present in the polysaccharide

was negligible, as shovm by perioaate oxidation followed by

determination of the acetaldehyde produced.

The nature of the habile Constituent.

The fact that only 80*70$ of the syrup consists of

galactose, 6-methyl-galactoee and xylose, and there are no

other stable sugars present, indicates that th© molecule con¬

tains a labile constituent. Similar results were obtained

with carrageen!n (19,2,23). It must be this labile con¬

stituent which causes the positive Seliwanoff reaction given

by the hydrolyaate, since the red colour is due to the presence

of 5-hyuroxytnethylfurfural (47): this cannot be formed from

xylose, which has only a 5-carbon chain, and hydrolysis of

larch galactan, a polysaccharide containing 1:6- and l:3-linked

galactose (68), under similar conditions showed that it was

not produced from galactose.

Ketoses give a positive Seliwanoff reaction, but no

ketoses were identified on the paper chroma togram, and no
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methylated ketose derivatives were isolated after methylation

of the polysaccharide and hydrolysis of the product.

The production of 5-hydroxymethy1-furfural was later

confirmed. The polysaccharide was hydrolysed with oxalic

acid in an inert atmosphere, the mixture neutralised in the

cold to avoid epimeriaation (89), and the hyurolysate extracted

with ether. Evaporation of the extract gave 5-hydroxynaethyi-

furfural, which was identified by its physical properties, by

the preparation of the mono- and dinitrophenyihyurazones, and

by its ultra-violet absorption spectrum. The precise amount

isolated is not significant, since the substance is not stable

in acid solution, but enough was obtained to show that it was

formed from a major constituent of the polysaccharide.

The other products of this hydrolysis were separated on

a cellulose column (p. 30). Fraction I was 5-hyuroxymethyl-

furfurai. Fraction III was the source of the 5-hydroxymethy1-

furfural, as shown by a positive Seliwanoff reaction. This

sugar travelled on the paper chroma togram at a rat© comparable

with that of a dimethyl galactose, though it had a negligible

methoxyl content; this is what would be expected of an

annydro sugar, which also has 3 free hyuroxyl groups. Treat¬

ment with hyurobramie acid gave galactose, which showed that

Fraction III was related to this sugar.

The syrupy Fraction III did not crystallise, and had zero

rotation, so that both and L-sugars were present. On

methylation with silver oxide and methyl iodide, the maximum

methoxyl figure which could be obtained was Oil© * 41 : a
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tetraraathyl methyl hexoside has OMa = 62-0%, while a dimethyl

methyl armyurohexoslue has OMe = 45 •&%. This methyiglycosiue

did not crystallise, although crystalline 2,4-dimethyl 5:6-

anhytiro-p-rfiQthy 1-D-galactoaiue has been obtained (29): this

was probably due to the presence of both h- and L-forms. On

sulphuric acid hydrolysis, a product of GM® - 54•1% was obtained

which is comparable with the figure for a dimethyl anhydrohexose

(OMe * 32*6^).

The Properties of 5:6-;miiyurci;aXacto3e.

tiie molecule of 5:6«*anhydrogalactose, in which a pyr&nose

ring and a 3;6-anhydro ring are present together, is a strained

system, and as the formation of a furanose ring is sterically

prevented the molecule exist© predominantly in the open-chain

form. This structure contains a free aldehyde group, and is

probably the starting-point of the breakdown to 5-hydroxymethyl-

furfural: a possible intermediate is the l:2-enediol.

Haworth and W. G. Si. Jones (SO) postulated the formation

of glucose l:2-enediol as the first stage in the breakdown of

glucose to 5-hydroxymethy1-furfural, as shown below.

Uoevvt- • CHOW -CHO

CM — CH
II II

HO-CH — CH OH

HOCH.-C C CHO HOCHtCH C —CWOH
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This hypothesis is supported by the fact that mannitol and

gluconic acid are not transformed into furan compounus (9l);
in the case of ©annitol there is no possibility of an enolic

form, and its formation from gluconic acid may be difficult.

Wo1from (92) has also discussed the formation of 5-hyuroxy-

m®thyI-furfural from hexosa©; he suggested that an intermediate

a,,$-unsaturated aldehyde was formed by loss of water at Gg and

C3 in glucose reacting in its aldehydo -form.
The formation of 3:6-anhyurogalactose from a sulphuric

ester (galactose-6-aulphate) is a nucleophilic displacement

on carbon, the first stage of which is the appearance of a

carbonium ion: the displacing nucleophilic group is the

hydroxy! present on carbon 3 of the sugar molecule. Thus the

reaction can only be accomplished by alkaline reagents, and

there is no known experimental example of hydrolysis of a

sugar ester by acids which gives an anhyuride.

The Presence of 3:6-Anhyuro-galactose in the Polysaccharide.

In the present work, an acid extraction was followed by

an acid hydrolysis, ana there was therefore no opportunity

for the formation of anhydroaugar from sugar sulphuric esters.

The anhydrosugar isolated from the hydrolysate must have been

present as such in the polysaccharide, ana since no other pro¬

ducts were isolated in any quantity except galactose, 6-methy1-

gal&ctose, xylose and 5-hydroxymethyl-furfural, it is suggested

that this anhyuros!;gar forms the remaining 35-40$ of the organic

part of the polysaccharide, and further that it is 3:6-
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anhydrogalactose.

This hypothesis explains the fact that the polysacc¬

haride could he methylated rapidly with Haworth's reagents

to give a methoxyl content of 22%, hut that this could not

he increased to the maximum of 28$ expected for a hexosan

with 2$$ sulphate content# this analysis (OMe * 22$, 8O4 »

23$) correspond® approximately to a molecule in which one

monomethyl anhydrohexose residue and two dimethyl hexose

sulphate .residues form the repeating unit.

The Presence of L-Oalactoae.

Acetylstion of the galactose l-methy1-1 -phony 1-

hydrazone prepared from the polysaccharide yielded a product

with zero optical rotation, and analysis showed it to toe

pmte-acetyl galactose 1-methyl-I-phenylhydrazone. As the
r OA

corresponding compound from 3-galactose has l&3^ 58 +27•3°
(44), the product isolated must have been the Dh-mixture and

so the polysaccharide must contain tooth D- and L-gaiactose.

An attempt was made to prepare hepta-acetyl Bh-galactose,

tout it was unsuccessful. This is not surprising, as it was

later shown that neither of the reagents employed (concentrated

sulphuric acid and acetic anhydride) effected the removal of

the sulphate group. In any case the value of hepta-acetyl-

Dh-galactose preparation as a proof of the presence of I»-

galactose is questionable, as it ha© been prepared under similar

conditions from 3:6-anhydro-p-roetfeyl-D-galactoside (93).

Chroraatographically pure galactose was prepared from the
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polysaccharide by hydrolysis and separation of the products on

a cellulose column. The syrup was crystallised from w&ter-

methanol, and the equilibrium specific rotation of the first

crop of crystals (*73-4° compared with +81*7° for ©-galactose)
showed that the principle component was ©-galactose. The

second crop of crystals had aero rotation and a.p. 145®, which

is not very different from the value of m.p. 140-142° obtained

toy Fischer and Hertz (80) for a synthetic galactose of zero

rotation. An X-ray powder photograph of crystals from the

second crop was identical with one of authentic ©-galactose:

this method is unaffected by the presence of optical isomers,

unless a racemate is formed, and the result proves unequivo¬

cally that the second crop of crystals consisted solely of

galactose, which is thus shown to toe ©©-galactose. No race-

mate is formed. The l-rsethyl-l-phenylhydrazones of the two

fractions were also prepared.

Anomalous optical rotations, along with low melting points,

were obtained throughout the v^ork. In general, a ratio of

approximately two ©-galactose to one ©-galactose may toe con¬

sidered to occur, since out of the 2-8 grams of galactose

isolated one gram was largely ©-galactose and the remainder

consisted of the ©©-mixture. With regard to the 6-methyl-

galactose, a comparison of the equilibrium specific rotations

of 6-rne thy 1 -©-ga Ia e t o e © (+77°) and the 6-methyl-galactose

obtained (+10°) indicates a ratio of ©- to ©-isomer of 9:7.

Tire 3:6-anhyurogalactose isolated had zero rotation; if the

remainder of the molecule consists of this sugar, this is
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equivalent to one D- and on© L-anhydrosugar residue in each

repeating unit of six ressiuu.es.

The presence of L-galsetose in the polysaccharide is not

unexpected, as it has been reported in agar (28) and carra-

geenin (23), and also in snail galactogen (94) and flax seed

mucilage (95).

The Isolation of a Sugar Sulphate.

After methylation and hydrolysis of the polysaccharide,

an aciaic sulphate-containing fragment was isolated by means

of ion-exchange resins. Complete raethylation, followed by

hydrolysis of the sulphate end glycosidic groups gave a mix¬

ture of 2,3,4,6-totramethy1 galactose and 2,3,4-trimethyl

galactose. The tetramsthy1 sugar was probably formed through

deaulphation during the raethylation process, but the 2,3,4-

trimethyl galactose could only have been formed from a methy¬

lated galactose-6-aulphate: the other possible source, a 1:8-

linked biose, is eliminated by the method of isolation. Since

the amount of 2,3,4-trimethyl galactose obtained was less than

0*1/* of the products of hydrolysis, it only shows that some

of the sulphate groups are attached to the 6-position of

galactose residues in the polysaccharide*

Although ca.40 mg. methylated sugar sulphate was treated

With alkali, only ?»3 tag. sugars was obtained by chloroform

extraction, of which ca.4 tag. was 2,3,4-trimethyl raothyl-gal&c-

toside. Since the whole of the tstraraathyl methyl-galactoside

would be extracted by the chloroform, and the unhyurolysed sugar
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sulphat© would not, it may bo concluded that cs .35 rag. fully

methylated galactose sulphate, on hydrolysis 'by £-75 a alkali

followed by acid, gave ca. 3*5 mg. 2,3,4-trimothyl galactose

in 84 hours, or ca.15^ of the theoretical yield. This is

comparable with the results of Parcival (8), who obtained 12#

hydrolysis of barium 1 ;2»monoaceton« glucofura.nose-3-sulphate

by heating at 100® with 2*63H ©odium hydroxide for 47 hours,

the only product being l;2-monoacetone glucofuranose: in this

case formation of an anhyd.ro ring is statically prevented.

Percival and Soutar (96) found that barium diacetone galactose*

6-sulphata resisted hydrolysis by 2B sodium hydroxide at 100°

during 6 hours, while a barium u-raethyl galactosiao sulphate

yielded a crystalline anhydro methyl nexoside after 5 hours at

100® with baryta.

The Products of Methylation ana the Structure of t.ae aJolysacdhar id®.

ghe Main Structural Units.

The products of hydrolysis of the methylated polysaccharide

were separated on a cellulose column, and ca. of the sugars

recovered were found to consist of dimethyl galactose. This was

principally 2,4-dimethyl galactose, which was identified by its

physical properties, by its crystalline anilide, ana also by

oxidation to the corresponding galactonic acid followed by

preparation of the crystalline amide.

Positions 3 and 6 of these molecules must have been protected

during laethylation. The stability of the polysaccharide to
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periodate oxidation indicates that the glycosiuic link occurs

at position 3, so that position 6 must be occupied either by

a further glycosidic link or by the sulphate group. If there

were a second glycosidic link at position 6, the whole structure

would be highly branched, ana approximately equal quantities of

dimethyl and tetramethyl (or dimethyl aniiydro) sugars would have

been obtained. Since this was not the case, it appears that

the sulphate group occupies position 6 of most galactose

residues; but there may be some l:6-linked residues -with the

sulphate group on position 3.

The isolation of both 2,4-dimethyl galactose and a gal&ctose-

6-sulphat© indicates that the main structural unit of the poly¬

saccharide is l:3-llnked galactose-6-sulphate (dvix).

XIX XX

The amount of sulphate in the molecule (25%) was approxima¬

tely equivalent to the amount of dimethyl sugar obtained.

Some of this dimethyl sugar originated as 6-methyl galactose,

and 2,6-dlmethyl galactose was isolated as its 3:4-isopropylidene

methyl galactoside. Thus the 6-methyl galactose probably has a

sulphate group in the 4-pasition in the molecule (XX). Since

Percivai and Soutar (96) have shown that there is no great
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difference in the rates of acid hydrolysis of various sugar

sulphates, it is probable that none of this minor constituent

remained after hydrolysis of the methylated polysaccharide.

In this instance it appears that the sulphate group is

attached predominantly to the 6-position of the galactose

residues, but that some residues have the sulphate group at

position 4 with atathoxyl at position 6. In neither position

could any anhydro sugar be formed while position 3 was

occupied by the glyeosidic link, so that such a structure

accounts for the stability of the sulphate groups to alkaline

hydrolysis. In carrageenin, the sulphate occupies the 4-

position only, while no evidence is available to show that the

sulphate groups of the polysaccharide from Iridaea laminarioidea

occupy any but the 6-poaition.

The Loss of Monomethyl 3;S-Anhyurogalactoae.

Hydrolysis of the methylated polysaccharide yielded 8*1 g.

syrup. After treatment with ion-exchange resins, only 5*2 g.

syrup was recovered, a loss of ca.35^. This is far outside

the mechanical error involved, ana is compatible with the

postulate that the syrup contained ca.30?' or 2*4 g. mono®ethyl

3;Q-anhydroga1actoss, or its breakdown products. On separation

of the constituents of the syrup recovered only traces of mono-

methyl 3;8-a«hydrogalactose were found. This suggests that the

monomethyl 3:6-anhydrogalactose was decomposed almost completely

during or after hydrolysis, and the products removed by the resins.

It is important that in the present work 2,4-dimethyl 3:6-

anhydrogalactose was recovered in significant amounts after
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treatment with ion-exchange resins. This ia believed to "be

due to the stabilising effect of substitution in the 2-position,

which prevents the formation of the l:2-en@diol (p. 78). If

this were so, then the man©methyl derivative which was lost

would be 4-methyI 3:6-anhydrogalactose, in which the 2-poaition

ia free, and the 3:6-snhydrogalactos® in the polysaccharide

would be joined by 1:2-1inks.

The methylated 3:6-anhyuro-L-galactose derivatives which

have been isolated from agar (28,31) show that these units are

linked at positions 1 and 4, and the i:4-iink has been con¬

firmed by the isolation of the 1:4-linked disaccharide agaro-

biose by Araki (33).

The S|ze and Vnooe of the ilolecule.

The polysaccharide assumes a fibrous structure when it is

precipitated in organic liquids, a property generally associated

with linear molecules. hTo special evidence df branching was

found: the dimethyl sugars isolated correspond to the presence

of sulphate groups, and the mon©methyl sugars can be accounted

for by demathylation, or more probably undermethylation. The

structure is strengthened by calcium cross-linkages, which may

also have other functions.

The chain length of the molecule can be estimated from

the amount of end-group isolated. The bulk of the non-reducing

end-group consisted of 2,4-dimethyl 3:6-anhydrogalactose (4*1#
of the total hydrolysate), and there was also a small quantity

of 2,3,4,6-tetramethyl galactose (ca.O»3#). Thia gives a

figure of I end-group in every 23 units.
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Mi«gr Conatituents.

Small quantities of several sugars were lounu. 'fne

presence of two different amnomethyl anhydr©sugars has al¬

ready been discussed, as has the occurrence of 2,3,4,6-tetrs-

tnathyl galactose.

Soma 2,4,6-trimsthyI galactose was also present. This

sugar was identified a© its crystalline uniliua, and an amide

with a negative Wmmm reaction was also prepared. The

isolation of this sugar confirms the presence of 1:3-1inked

galactopyranose unit®. Its formation may be due to some

desulphation during the extraction of the polysaccharide from

the plant.

The repeating Unit.

While it must be stressed that the structure of the

polysaccharide from Polys! phcrn la iasti^iata lias not been

established. It is possible to postulate the approximate

constitution of the repeating unit.

All the evidence available suggests that the molecule

is built up from unit® containing the following sugars:

2 B-galactose-6-sulphat© residues

I L-g&iaCtose-S-aulphate residua

1 6-a®thyl galactose-4-auipbat® residue, either jj-

qt L-isomer

1 3:3-anhydro-D-galact08« residue

1 3:6-anhyu ro-L-gala c tos e resiaue.

The relative order of these six monomera in the repeating
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unit is not established, because no oligosaccharide fragments

have been isolated* Galactose residues are connected by

1:3-1 inks, and 3:©-amiydrogalactoss x-eaiuues may be connected

by lj2-links.

Much further work will be necessary before the structure

of this polysaccharide is finally elucidated. The best

hope of progress in the field of galactan sulphuric esters

remains the discovery of a method for removal of the sulphate

groups without breakdown of the molecule; if this could be

achieved, the whole problem would be greatly simplified.
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jpiafaination of a rater-aolubie Poly sacchariae from Polyaiphonia

faetigiata.

swmar.

1. a polysaccharide having the properties of a gaiactan
e

sulphuric aster has been isolated from Polysiohonia faati?:iata.

2. It has not been found possible to remove the sulphate

groups without breakdown of the polysaccharide.

3. The polysaccharide was not oxidised by perioaate.

4. The polysaccharide had & mothoxyl content of ca.2^, due

to the presence of 6-raethyl galactose residues in the molecule:

this sugar was isolated and was identified as its crystalline

oaaeone, which was crystallographicaily identical with an

authentic specimen of 6-methy I i)-ga lac to aazone.

5. The hydrolysis products of the extract contained galactose

(45/f), 6-methyl galactose (12$) and xylose (5^), but no other

identifiable sugars.

6. Trie galactose isolated from the hydrolysate was fraction¬

ated, and yielded a ©L-mixture indistinguishable from authentic

©-galactose by X-ray crystallography, thus establishing the

presence of ©-galactose in the polysaccharide.

7. A partial hyurolysis in an inert atmosphere gave 5-

hydroxymethyl-furfural as one of the principal products.

8. Partial hyurolysis also yielded a substance having the
properties of 3:6-anhydro-©L-galactos@, as far as these are

known.

9. The polysaccharide has been methylated, and tne principal

product after hydrolysis of the methylated derivative was
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2,4-dimethyl galactose.

10. Tne hyurolyais products also contained a significant

amount of another dimethyl galactose, probably 2,6-dimethyl

galactose.

11. Some 2,4-dim@thyi 3:6-anhyarogalactose was also present.

12. A small quantity of galactose-6-sulphai© was isolated.

13. Tn@ evidence suggests that the main structural units of

the polysaccharide are 1:3-linked galactoae-6-sulphate and

6-methyl gaiactose-4-aulphate in a ratio of 3:1.

14. It is suggested that the remainder of the molecule is

made up of 3:6-anhydrogal&ctooe units.

15. aid-group determination indicates that the repeating
* unit of tne molecule contains 23 units, but no eviaenc© is

available as to the sis© of the molecule itself.
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ihiamination of a Water-soluble Polysaccharide from Polys iphortia

fasti&lata.
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