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STUDIKS Ul GALACTANS WiITH SPHCIAL RuFshuwiCl TY AGAR.

ANIRODUCTION,

YAgar-Agar" ies the name loosely applied to a class of
‘commercial gel~forming carbohydrate products, extracted from
the red algae'of the family Rhodophyceae. The name was
originally a lialayan term mesning "seaweed®, and was .
restricted to the edible weed Zucheumsa spinosum, whicﬁ
flourishes abundantly near the South Sea Ialands( ) in Japan
the subsgtance is known as "kanten", meaning "cold sky&,
since froegt is necessary for its preparationga) Two further
gsynonyms, Sauvageau's "gelose", and "Japanese isinglaga“.
‘are deacriptive of its characteristic gelling prepertiaa.
Sources n:vﬂnnnlx‘

Before the 1939~46 War, Japan supplied nearly 95# of the
World's agar, and between 1930 and 1940 maintained an average
:production of 2,476 metric tons per annum, Since th@
‘largest importers of Japanese agar during this periodfwere
‘the United Stateg the United Kingdom, Cermany and Fraﬁca.
jthe industry declined very rapidly during the VWar yea&s, 80
that in 1945 only 170 out of 536 plante were warkina,gand
production had fallen from 2,934 metric tons in 1940 to 716
metric tons in 1945'%) 1

Among the nations allied ageinst Japan the United States
had the only sizeable existing agar induatryss) This &ndustry,
"established in Tropico (now Glendale) California, nad been
unsuccessfully competing with the Japanese production}sinee
1920, but at the outbresak of War the industry was gresatly

expanded/
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expanded and reached a pesk production of 165,954 1lb, per
annum,

The need for aEar for vital bactericlogical work in
preparing protective vaccines for their armed forces was met
in other countries in a variety of waye, from the production
of & high grade agar to the boilirng up of unidentified red
‘seaweeds. which happened to be locally available. Sauth
Africa, India, Russia, lialaya, Ceylon, Portugal, Spain, Italy
and fSire were among the countries which made smgll quantities
of agarsé) China began an industry but the area was subsequently
cut off by the Japanese. New Zealand, Australia and Britein
iset to work on the botanical aspects of the agar problem as
well as on the making of a high grade product. It is clear
from the diversity of methods and materials employed in these
icountries that the constitution of comumercial egar assumed
an even more heterogeneous character during this peridd, and
:the following table, showing weef@ utiliged by various nations,

exemplifies this point,
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Species of Seaweed used in Jdzpan

Manufacturers Botanical Kanufacturers Botanical

Term Name Term Kame
Gelidium Gracilaria
amansii Imx conferveides
G, Pacificum Gr. gigas
G, divaricatum Gr. chorda
G. Crinale Ogo Gr. compressa
G, Eiatulum Graulana
Tengusa G. Pusillum Blodgetti
G. Subfastig- Gruulana
tigtum lichenoides
G, vagum Gelidi
Pteroecladia linoides
capillacea ;
Pt, tenuls
Pt. densa Ceramlum rubrum
Pt. nana Igisu Cer. Doydenii
Cer, crassum
Gelidialla
acerosa Gelidium
Oni Gelidium subcosgtatum
Japonicum Hirakusa G. tenue
G, planisculum
Toriashi Acanthopeltes
Japonica Hucheuma muricatum
Bu, gelatinae
Kirinso BEu, amakusaensis
Ego Ceramium Bu. crustaeforme
Hypnaeoldes
Itaniso Ahnfeltia
plicata

Species of weeds useds-

In America:- Gelidium cartilagineum, Gracilaria confervoides,
Gelidium arboresceng. Gelidium ruedifrons, Gracilaria
foliifera. Gelidium densum, Gelidium ramuliferum,

In Britains- Chondrus crispus, Gigartina stellata.

In Australias- Gracilaria confervoides, Zucheuma muricatum,
Hypnea musciformis, Pterocladia lucida.

In New Zealand:-» Pterocladia lucida.
In Russia:~ Abufeitia plicata, Iridaea and Fhyllophora.
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Utilization and Industrial Applications of Agar.

In addition t0 its inclusion in the staple diet of the
Japanese and Chinese populastion, who regard it as a great
delicacy, commercial agar is a valuable industrial colloid.
sany of its applications may be ascribed to its strongly
hydrophilic nature snd to its high gel strength,

It is curious and interesting to note that the eastern
.iraces apprear to obtain more nourishment from seawesd products
than peoples of the western hemisphere, who are unable to
assimilate algal proteins and aarhohydrateasls) Thie nsy bve
due to the Japanese technique of preparation of algal food
which involves partial fermentation, thus breaking down the
constituents to some extent, Another interesting explanation
ie due to E,J. Ferguson Woodsz) who suggests that the indivicdual
"Japanese, since he is fed on seaweed from infancy, may develop
an intestinal flora which is capable of dealing with algal
material, However our western deficiencies have been turned
to good account in the use of agar as a bulk-producer in
certain types of breakfast foods and special bakery products
for vietims of constipation,

Agar has many other uges in the food industry, It is
ugsed to stabilize icings and ice~cream and in making chiffon
pies, meringues and fillings. It ie used as a thickener
in jams and sauces and in theconfectionery trade for the
production of jelly candies and marshmellows., lialted milks
and acidophilous milks are stabilized with agar, It is
incorporated in fruit cakes and some types of bread to keep
them moist, In the wine and vinegar industries agar actis
as a fining agent. Kayonnaise and some vegetable pastes
often contain agar as the stabilizing agent. The camning
industry/
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industry makes considerable use of agar for such commodities
‘a8 cammed tongues, galantines, canned rabbit and poultry, and
in other foods where appearance is improved by a firm) white
jelly, or where it is desirable to remove excess moisture from
the meat while retaining it in the can. Agar has definite
‘advantages over gelatine in canning practice since it is usual
to heat the cans at 230°-240°F, and 7-10 1lbs, pressure for
‘over an hour. At such temperatures and pressures ge;atine
tends to hydrolyse, and consequently does not set on ¢ooling.
Agar is not hydrolysed appreciably under two hours at 266°F,
and 261b, pressure, Moreover, gelatine melts and reﬁains
’1iquid in the vicinity of 779F, while agar sets betweén a7¢
‘and 122 F. and does not melt until 176°-203°F. 1In the tropics,
where temperatures of 90°F are usual, agar is obviousiy much
preferable to gelatine. A further point in the favour of
the use of agar is its greater stabllity to acids, Agar is
;relatively stable to a pH of 4.5 st boiling-point, anﬁ lower
in the cold, whereas gelatine tends to break down bolbw p.6.
‘This is important in packing acid foodstuffs such as fruit
~Juices. ‘
| The medical uses of agar are many and varied. lany
laxatives consist of 1iquid paraffinjgs a base, with pgar,
' benzoiec acid or lactic acid, and possibly gum acaecia or gum
itragacanthsv) Although in some of these preparations agar is
Jused a8 a laxative, it is usually present in too small
amounts to be effective for this purpose, and it mai@ly acts
" as an emuleifying agent, An interesting use in medicinal
preparations is in "eeal-ins® for pills, a type of coating
which regulates the rate of solution of the capsule, and

consequently/
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consequently the time of its opening, The agar is added in

jtiny varticles and distributed in the waxy msterisl of the
!coating; By virtue of its water absorption, agar assists

pn the release of the coated medicinal preparation in fht'dosired'
:placa. Agar is also used in the coatings of certsin geLtian
Niolet capsules employed in the treatment of infection with

Oxyurisg vermicularig, It is sleo a congiituent in a

Preparation for the tregtment of Coccidiecides infection #n
chickeus, Un account of its anti-coagulant proverties tgar
ie used in surgicsl cressiags and in greaseless dressinghe.

The best-known use of agar is in the preparation of| solid

hicrobiological culture media, and ze sucn it is an

indispensable material in the routine sanitary analyses pf

iwater and milk,. I1ts iwportance in public heslth work and in
medicszl and scientific resecurch is so significant that,
during World War II, the United StatesGovernment hsd to
eontrol the supply of agar so that the nation's health wpuld
not be lampaired by lack of this seaweed colloid,
| AgsT was first used as a base for bacteriological media
in 1881 by Dr. VWalter Hesse( ) It was found that gelating,
which had been usad previously, has several drawbacks,

' 4. It is difficult to sterilize, owing to ita hydrolysie

at aterilizing temperatures, and it cannot be incubated Pt 37°¢
|

(98°F), the optimun tempersture of most human pathogeniJ bacteria,

2. ALleo it is licuified Dy 2 number of common bacteriaZ,

|
ineluding many »f those occurring in the human intestine,

. 4. Agar has none of these drawbacks. It is certainly

liquified by = few beecteria of marine or soil origin, but

‘these organisus have an optimum growth temperature below

25°¢/
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‘2500 (78%°F), and are not pathogenic to man., Silica gels
are displacing agar for some bacteriological uses, but must
be prepared bvefore the bacterial inoculum is introduced,
fwhereaa agar can be mixed with the bacterial suspensions,
If bacteria are sown into an agar medium they will pr&duce
colonies, which are held stationary and can Ye counte&. This
is the principle used in "plate counts® or "viable counts".
fCertain vaccines are prepared by growing cultures of the
%required ergani smg on agar surfaces with suitable nutfients,
;and thed washing off and formelizing the growth. Agar is
épreferable to broth for this purpose because the growth on
%agar ie on the surface, and little food material is washed
Off with 1t, This is desirable since protein from the
jnutrient in the medium may produce a reaction (anaphylexis)
Ein the patient, Again, agar is used for counting bad¢teria
fin milk, water, sewage etc., and as a substrate in theé
diagnosis of scarlet fever, meningitis, and meny other
disespes. Agar also possessaes certain growth factor& which
‘promote the growth of organiaéaz( ) It is probably fér
lthat reason that Itano and Tsug{ll)find that Agg&g&ggﬁgg
chreococcum. Bacilius gubtilis, and Sgecharomyces gg;gzigggg-
grow better on lower gmde agar.

In scientific laboratories agar serves as an embedding
!madium for microtome sectioning, as a vehicle in the étandard
‘Avena test for plant growth hormones, and as a eoagulént
for barium sulphate precipitation. It is used in so@e
types of pH determinations, studies in diffusion, eleétro~

chemistry and research on the properties of gels and soles,

In/
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In agriculture agar is useful as an insecticide
aetivator and carrier, Sharp suggested the use of ggar
a8 a dispersion medium for nicotine sprays, and found that
;one part agar to five hundred by weight gave these sprays
{three times the normal lethal effect. Agar is also used
for making coatings for nitrogen bacteria cultures for

15)

ggricultural purpoaess and it has been recommended ﬁhat
shredded agar should be incorporated in small smounts in
tobacea, to retard excescive evaporation of mcistura.

Agar is extensively used in prosthetic worﬁ as the
bagsic material in most dental impressiom compounds., For
this purpose the hysteresia (lag btetween liyuifying and
setting tomperatures) is used, The concentrated agar
solution is heated to liquify, placed in the cavity, and
hllewed to set, A low setting point agar is prefersble for
this purposas 2) In highly critical work, agar-based
compounds are practically the only materisls used.
| Kany greaseless cosmetics, including creams and spaps,
have an agar base, and it has been incorporated in some
brands of toothpaste and hand-lotions. Nanufacturers of
ghoe stains have utilized agar in their products, and the
raw weced ig used in Australia for glazing upper lesther,
In the textile industry abar is used ss & size, and as a
thickener in the dyeing and printing of textiles., In the
paper industry it is used for waterproofing and for
duplicator rolls, and ig the emulsiyying agent in many
ﬁater paints,

The electrical industry employs agar in welding fluxes

and,/
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and in the drawing of tungsten lamp filaments, for which a
lubricant of agar gel and powdered graphite has been found
more efficient and more economical than “aquadag®.

Agar has also been ugsed in the electroplating of 1ead.
and in the manufacture of marine storage btatteries.

Although agar alone is unsuitable for use in certain
iphotagraphic materials because of its tendency to stiék to
gelatine, and its insolubility in organic solvents and
;alkalina solutions, the esters of agar are soluble infa
number of organic solvents, and can therefore be empl&yed a8
coatinga or backings for photographic films, from whiqh they
may later be removed by means of alkali. Thege backings
keep the films flat, and may ke used to carry coloured
;materiala for minimizing halation, Photographie film has
Ebeen made from aqueous solutions of agar treated with;
iformalaehyde. and it was found that these need only
one-eighth of the thickness of gelatine £11ms{36)
: The building industry has tenefitted from the use of
agar in films for windows, and as & constituent of high-grade
adhesives for the manufacture of plywoods. The regidual

weed from agar extraction plants has been processed far

lwall-board.

‘ The above survey of the industrial uses of agar éivea
some indication of the versatility of this collold. The
jmlative importance of the many epplications listed may to
-some extent be gauged from the following table published

'in an article by Tseng(lv)in 1944, which shows the uaﬁ"
of agar in the United States about that period.
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Industry ib. per snnum,
Laxative 100,000
icrobiology 100,000
Bread ete, 100,000
Confectionery 100,000
Dental Impressions 75,000
leat Packing 50,000
Emulgification 50,000
Coametics 25,000
¥iegcellaneous .

6503000

It is clear that this seaweed colloid is of consﬂderable
economlc value, and it is important to review the we thods
whereby it is extracted in order that some Judgment m&y be
made of its homogeneity and state of purity for-uae in these
many fields, ;
Commerecianl Harvesting, dxtraction znd Purification Metgoda,

(1) In Jepen,
There is a Japanese legend which tells how a mountain

peasant entertsined an Emperor to a choice banquet of sesweed
Jelly. Excess food had to be thrown out - an unprecedented
act for the impoverished peae’nt! During the night 1& froze
on a shrub, and later, as it thawed, the jelly ccllaps?d, the
water drained away and only a shrunken papery mass rempined.,
#he ingenious householder found that on heating this with
ﬁater and cooling the solution, the original Jjelly wae
restored. In this way, ssys the legend, arose the
éreat agar industry of Japen.

In Japan, to this day, operations are conducled mﬁch
like those credited to the mountsin peasant, kLany kinds
of seaweeds are used, each with its special purpose, and to
bbtain a uniform produet it is considered necessary to blend
seaweedsz from different areas, and of different varieties.

This/
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f?his blending produczs an agar with a low setting point and
fviacosity, and a high gel strength, It is also important
}o regulate the harvesting season since seaweed from the
&irst growth collected in kay and June has a greater Jgar
%cantent than that of the second growth. The follewiﬁg table
ﬁndicatea the most desirable proportions of various w%eda in

(1)

one tatch for agar extraction. §

§ Japanege Group Name Percent Pounds

Tengusa 45 225
Oni 10 50
Toriashi 5 25
Ego 10 60
Ogo 15 75
Igisu 5 25
Hirakuse 30 20

L0 £02

T b

The seaweed is gathered by fishermen and their familaea
mnd by deep-gea divers. The method of gathering dep&nds upon
Mhe local customs, the depih of the water, and the fonmation
Pf the ocean bed, Generally seaweed growing in shallow water
ha gathered either by means of long-handled rzkes, vith which
&t is scraped off the roek, or by the labours of women divers,
bho operate to a depth of 30ft,, with goggles as theiﬁ only
bechanical equipment, In gathering seaweed from rac%s where
Rhe ocean depth is greater than ten fathoms, men dive#a,
bquipped with diving apparatus, are employed. The qgality
%t weed from shallow waters is inferior to that from dhe
haeper beds, and a fairly turbulent environment produ%ea the
beat growths, |

After collection the seaweed is spread on bamboo racks

ﬁlong the beach to dry, and to partially bleach by ﬁhq action
bf sun and rain, The dried material is stored in baﬁns in

a/
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a similar manner to that adopted for hay, and is then
trangported, by rail, to the mountain processing areas, where
:advantage is taken of the frosty nights and c¢lear sunny days
of December, January and February, when most of the processing
is carried out, Ideal weather conditions include freezing
at night with the temperature at -7°C or -8°C, and clear
sunny days with light southerly winds, Strong winaa:would
blow dust and soot onto the drying colloid resulting in an
impure produect.

On arrival at the processing plant the dried weed lg
placed in cement bins, standing in a sunlit position, and is
covered with cold soft water at a temperature below 10°C,

The material is stirred frequently, in order to free it from
stones and shells, and to give it the maximum ex@oauré to

the sunlight, which coupleies the bleaching., This preliminary
soaking continues from twelve to twenty four hours, depending
on the variety of the weed. |

‘ After soaking, the weed is washed and pounded wiﬂh
;mallets to soften it prioxr to extraction. Washing machines
have been employed, but do not provide sufficient mechanical
ieruahing for the harder weesds, Extraction is then cgrried
iaut in wooden tanks heated by wood fires. The water is
ialloweﬁ'ta boil before the weeds are added and the hard
weeds are the first to be extracted. When boiling i#
resumed, after the addition of the hard weeds, sulphuric
;acid is sdded to help treak down the cell walls and to bring
‘the pH to the regiom of 6.3. During the subsequent
simmering the softer weeds are added, and the whole material
is extracted for twelve hours, The plant is run on a

#"feed-back" principle and dilute licuors from a previous
‘bateh/
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‘batch are added to each boiling, Prior to the last war, it
was customary to add two pounds of sodium dioxide to the
‘tanks to assist the bleaching, This was usually added
:ahortly before the extraction was completed, ’
. After extraction the weed is allowed to settle in the
tanks and the mother liquor is dipped off and strained through
20 mesh cloth filters into sloping collection tanks. = Here
it is ngain allowed to settle, so that impurities sin# to
the bottem and the clear jelly can be drawn off into
debydration trays. These are stacked and left in the fields
for two or three weeks to freeze and thaw alternately, until
the moisture content has been reduced to 22%, and mon% of
ithe impurities have been drained away. It is then sdrtad,
:testad, and graded for home consuupiion, or export. The
yield is about 2F of the dried weight of seaweed,
lodernisation of the Japanese industry has been attemﬁted,
‘but in view of the supply of plemtiful cheap labour iﬁ
Japan, it was not found to be en economic proposi tiony
2. Industrial Proceasing in ihe United States. |
’ In the U.S.A., however, mechanization of the aga?
extraction processes was inevitable, sinee climatic
‘aanditions in California, where the first industry in the
UsSe was started, were not conducive to the natural field
dehydration of the jelly.

Thus the U,8, industry is mow equipped with pressure
‘steam digestors, large filter predses, shearing machines,
- artificial refrigeration tanks, rotary ice crushel and filters,
special hot-air dehydrators and all the peraphernalia of a

modern/
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modern factory., Yet the basic item - the raw materigl - is
much less carefully chosen than the heterogeneous, buﬁ
Palanced mixtures of Japan. To quote from an articlé by

Robertson on the "agar Industry in Californias'i2)

"Tﬁs agar
industrialists are at a loss to identify some of the @ess
offered for sale, It ie likely that there are varieiies
quite wnknown in Japan®,

PEYSICAL AND CHEMICAL PROPERTILG,

It is now desirablc to examine some of tue physigal
and chemical propertiee of thie indiscriminate extrae#.
| In the disgussion of the uses and manufacture offagar
many of its physical propertics have besn mentioned, = The
most iwportant of these, gelation, hysteresis, and syneresis,
have aroused considerable interest among physical cheginta.
;and bave been the subject of much research,

. Gelution,

Krishnamurtélgieliaves that agar is a lyopkilic ¢olleid
which is capable of dispersion in water to give nagatﬁvely
{charged micelles, or particles, each of which is an f
iaggregation of agar molecules, Petween these he supﬁosea
;to exist a true solution of agar in water, hach of ihe
micelles is surrounded by a hydration layer of water
molecules held by electrostatic attraction, He suggests,
that when an agar sol is cooled the true solution becomes
supersaturated, and the agar molecules condense on the outside
of the hydrated micelles. The aggregation of these éomplex
‘structures is thought to congtitute the gel. Bungeﬁberg
de Jonégo)believes thgt kelation occurs by the direct£

sggregation of the micelles, and subseguent redistribution

of/
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‘of charge.

Some evidence supporting Krishnamurti's theory hés been
provided by studies of the Tyndall effect in agar Eeli by
%Hatschekggl)and by the work of Lipatov and Eorozavsgs} The
‘latter workers claim to have separated agar into a soiuhle
or "poorly associated® and an insoluble or "highly aaéociated*
ifracticn and to have shown that the former exercises §
‘stabilizing effect on the letter during dehydration and
gelation. Gelation and the swelling are stated to reside
in the insoluble fractionm. '

Takahashi and Shirehamb®’)found that the treatmeat of
‘agar in an autoclave at 130°¢ gave two distinect degra#atiun
products - ”hydratq,kantenug“ which formed a gel withﬁvater
and *hydrato kanien H " which was soluble in water, Pércival
‘and Thomson repeated this work but could find no aignificant
difference between the fractions after scetylation ané
imethylation. Additional degradaiion may however have occurred
during this process,

‘(b) Hysteresig,

‘ Some work has been domne on the hysteresis of aga? but
the results admit of considerable variation in behaViéur
%d@pending on time, concentration and previous hiataryi
‘Banegii and Ghoah(23) found that it was possible to i
~completely eliminate the hysteresis effeect if severalgdaya
~weére allowed to elapse between ﬁalting and setting of agar.
thoﬁh(24) could find no regular correlation between ;
‘concentration and hysteresis in = given time interval, but
showed that the phenomena could be considerably reduc?d by
added electrolytes. This is to be expected im a lyobhilic

collold.
(e)/
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(e} Syneresis,
| Syneresis ie considered to be due to s decresse in

surface area of the interral phase, the cause of which is not
known, It usually ie accompanied by a transfer of saﬁte

from the gel to the syneresis liquia!®®) Tnis faet is utilizes
#n the freeze~thaw technique for the purification of aéar.

{(d) Viscosity. |

| many viscoslty measurements have been made on aga? and
its derivatives, but these Tigures shuw a wkde diversity,

gnd obviously depend upon the previous history of the

ppecimen under inveatigation,

Historicnl Survey of Agar Cuemisiry, |

With a few notable exceptions, all the workers wh; have
investigated the chemical composition of agar, have ut#lized
the commercial material, which, as we have seen,‘is of a very
@eterogemecua nature, Congequently, it ia not surpri%ing
Fhat the reported congtituents of the material have be&omc
#1diculously nunerous, and although recently much exeeilent
&ork 0f 2 more discriminating nature has been carried %nt, a
satisfactory solution to the'atructural problem has nai
yet been offered, It is, however, of interest to review
the advarces made in this study, which has excited the?
interest of chemists since 1859,
Egzlx Work,

In that year Payen showed that agar contained a
structural principle of anhydro gslactose unita, to which he
essigned the empirical formula Cglljp0s. ie called this

gsubstance "geloge", and believed that it wes similer t@

pectin/
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;peotin, and gave to sgar its characteriatic gel-formiﬁg
properties. Anderson has classified agar as an "aeid"
hemieellulose, which fills up the cellular tissue in the
algae. and is thus similar to pectin in its physialogzcal
function. He has, however, been careful to note that
soma *acid"® hemicelluloses give only sugars on hydroljsia.
-so that the fact that agar has not been proved to conﬁainva
uronic acid does not preclude it from thise claa&ifica#ioa,
| Reichardt{39)yas the mext recorded worker. He identifﬁed
»ths carbohydrate principle as "parabin® - a aubstanae‘whieh
‘had already been found in carrots and beetroots. This
material. he believed, contained pentoses and methyl ﬁentoses,
an& had the empirical foxmula C3oHo5013.
; The empiricsl formula of Payen was supported by ﬁaner‘ﬁl)
who identified the carbochydrate residue as a galactan alrea&y
obtained from lucerne geeds and ceytain non-starchy planta,

and for which the formula Cg H3005 had been 9roposed.5
Greenish(sa)obtained no less than seven earbohydﬁates.

ineluding glucose, arabinose and xylose, by various tﬁeatmenta
of agar. Fe found that the original materisl was nox-
}reducing to Fehling's solution, and that the hydrolyséte was

not fermentable by yeasts. He favoured the formula 4.0531005.320.
f In 1880 Morrin{® ) treated "gelose* with dilute mitric scid
'end detected oxalic snd mucic acids in the hyérelysisiproduats.
| This was the basis of the estimation of 3% galaat@se

in agar, which wes Teported by Kenig and Battela‘sg)in 1895,
.Thie figure was later(1929) substantiated by Ludtke(40)
(30-40%). In addition to the mueic acid method he also

estimated/



=18«

estimated the gslactose as the mathylphenylhydrazone.:

The multiplieity of sugars suggested by Greenish and
Reichardt received ample support from later workers, 1In
§1900 Seber(4l)eenfirmed Reichardt's pentoses, and in iné
Takao(ed)and Mataui(éz)again reported pentose sugars, aua
showed the rresence of a ketose in the molecule, A nranic
aeid was siated to be present by Furuichi{(40)gn 1027, Tut
this was later denied by Ludtke, 192¢, and by Taxahaahi snd
Shirahama(44) Ludtke(40)nad reported a ketose and :
laevulinic acid among the hydrelysis products of agarJ
| Heanwhile, Leroide and Tassidy(sg)in 1906, had oypened
up a mew field in the search for the constituents of dgar,
.by reporting the presence of traces of arsenic in the
ématerial. Fellars$33)in 1916, no doubt correctly aa&ribed
ithis to the presence of arseniec in the sulphur dicxidé uged
ffcr blesching, but the element hunt had already won mdre
workers. j

In 1913, Forbes, Beagle and Mensching, had furthér
}complicated the position, by reporting the detection df
gsulphur, calcium, magnesium, sodiwm, potassium, chlorﬁae and
'phasphor}us in sgar. Later workers added boric a@idsaﬁ)
?zine‘sﬁ)iodinefﬁv)iran. aluminium, manganese, phospho¥ic

‘45)to the list of impurities, or

‘acid and carbonate
;constituents, in the agar molecule,

' Research on the Chemical Significance of the Azar Gel.

: It is clear from the above review that, up to the
jseccn@ deeade of this century, the constitution of ag£r~agax
vhad appeared to be of the utmost complexity, end eaah%piece
‘of fresh evidence had only served to complicate the position.

The/
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The most characteristic and economically important feature
pf agar - its gelling power - was the subject of several
of the early theories on its struc%grg? 48, Qgﬁgo}irst nttempts
at some comprehensive correlation of the evidence were made
in 1921, by Samec and Esigevie“ﬁ)and Keuberg snd Ohle(4?)
who, working independently, put forward the fellowing theories,
Neuberg and Ohle showed that agar contained organically bound
Eulphur, since hydrogen sulphide was evolved by bacterial
action, and sulphuric acid was set free on hydrolysis, Sameo
and Ssijevie put forward the consistent theory that agar-agar
ﬁaa a sulphuric ester of gelose, just as smylopectin was
a phosphoric ester of the amyloses, and that the high |
Viscoaity of agar was due to the relatively high concentration
ef the sulphate ion. They later ahowed(48)that the chief
glectrolyte in agar ash was sodium pulphate, This co?ld
ﬁot be removed by electrodialysis from the untreated aear.
6n sutolysing agar the sulphuric acid was dialysable bﬁt the
solution would no longer gel, o that a causal connection
between the sulphur content and the gelling power of agar
ﬁas deduced. ‘

This deduection was questioned a year later by
Fairbrother and mastin(49)who showed that agar breaks down
in the presence of even dilute acids, and that almost sll
the eulphur is liberated as sulphuric acid during tais
#ydralysim They analysed agar ash and found in it ealecium
sulphate, magneeium sulphate and silica, as well as traces
Bf other galts. They showed that the calcium was replaeeable

by other metals, and claimed that by heating agar alternately
with/
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with dilute hydrochloric acid and with water they had
Eproducea en almost ash free material which did not geiatinize
Eafter reheating and ¢ooling. On the basis of thesge étudiea
‘they suggegled that sgar was the caleium szlt of an aﬁid
sulphnric ester, end that the asgh-free material was tﬁe fres
agar aclid, which underwent sutohydrolysis on heating, 80
that the resultant muterlel was no longer eapatle of formlng
a gel. THoffusn and Gortner'®)found that the calcxum could
ba removed by electrodialysis, and that subseguent
‘ueutralisation of the free ager-acid resulted in the ﬁurmatien
of a fimm gsl. They stated that the setting of agar[was the
Egelation of a salt, not that of a complex polysaccharqde.
: However, during this tiue, evidence was appearing that
agar consisted of two polysaccharides. Im 1912 Cran 952)
working with bacterizl cultures, showed that one portﬂon of
gagar, which was used as a nutrient by bacterie, produ#ed a
sviolet ¢olour with lodine, whilst the remainder gave ﬁo
colour reaction with the same reagent, |
’ As mentioned above, Takahashi and Shirahama(ﬁa)ahawed
,1&hat on treating agar with water in gn autoclave at L£O°C
two distinet degradation products were obteined, Oné of
ithese, ”hydrato—kanteng", formed a gel with water, contained
10._:.':575 gulphuriec and no uronic acid, “*Hydrato-kanten §“ was
jwater polutle, contained 2,17 salphur and 2z small qua#tity
iaf a pentose, Both fractions were sz2id to contain 3?«39%
‘of a carbohydrate, On the basis of these experiment# they
suggested, for gelose, the formula B, - H_ - eo.soz.opm
_where 1I denotes metsls, chiefly calcium, and they believed
%that the linkage of the two carbohydrate residues, E, §and

éﬁi , was the main factor in the gelling of the material.
Three/ :



-2l
(64)

a similar separation of agar, by simple extraction wiﬁh watery

Three years later Neuberg and Schwietzer repqrted

<at room temperature, They obtained a soluble portion which
made up 104 of the total polysaecharide, and eontained most

of the sulphate residues (57 sulphur) of the eriginal
,material. The insoluble portion (80%) was almost sulphur-tree
and behaved similarly to the untreated material. §

| Kost of the following work was carried out on washed
%industrial agar, which was presumed to consist mainlyjof the
insoluble portion of Neuberg and Schwietzer, |

Recent Work on Chemiesl Strueture,

Piriesss)in 1936, was the first worker to make s serioua
study of the chemical as opposed to the physical atrneture of
éa.ga.r. Previous workers had held the mechanism of t4e agar
§ge1 a8 the primary motive of their inveastigations. ?irie
attenpted to degrade agar by chemical means, in orderéto
ginvestigate its organic constituents more carefully. i He
experienced great difficulty in his attempts to acatyiate
the material, but succeeded in acetolysing it with acétic
anhydride and sulphuric acid., From this experix)zef”tuﬁ? ) —
obtained erystals of hepta-acetyl-D,l~galactose, ahew%ng

_that a portion (127) of the galactose in agar exiated}in the

L - form, He found, however, that if he first hydroiyaed
the agar, and then acetylated, he could only get crysfala of
the penta-acetyl-D,L-galactose, He explained this r¢su1t
by postulating that, in agar, the D.L, galaclose occuxred
au the aldehydic or straight chein modificztion, and not in

_;the usual pyranose ring form, He confirmed the prea?nce

io:/

}
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bf L - galactope in the agar molecule by feeding galactose-

Frainad yeasts on the hydrolysis products of agar, tut

?ielda were low and wnsatisfactory (0.87). .
(58)

|

1 In the same year, Pereival sné Sim, working iu

#dinburgh. had succeeded in zcetyleting agar with acetie

bis

Enhydride and pyridine, and had obtained s chloroform poluble

produet (OAe 397), which ¢ontained no sulphur., Zy treatment

Df this materiel with caustic soda and dimethyl sulpaat

plmnraneous dezeetylation ond methylation was affeetedg and

| .
F chlorocform soluble materizl {(OMe 28%) was obtained(

e

h{E8)

#hia was kydrolysed with 87 sulphuric acid, and methanplysed

{
with methyl slcoholic hydrozen chloride to yleld = syrup

distilled under reduced pressure to give three fracii

trimethyl methyl galactofide (657) which was proved to
comparison with an authentic sample synthesised Yy D.J

to be a ketose derivative, From this evidence Perciv

4
Somerville esuggested that the maln unit of agar was ¢
of D-galsctdpyrancee units linked Ty positiens 1 and 3

atrongly negative rotations of acetylated and methylat
agars they deduced thet P -linkages must predominate §
structure, The stereochemistry of such en arvangemen

necegsitnted aseribing to agar » structure comprising

f
!

zig-zag chein, or a closed looy of six units,

furtuer/

of carbohydrate glyeosides. This syrup vase fractionaily

B}

firstly, an opiticelly inective mobile ester (16%) which was
e
recognised as methyl/lsevulinzte, sscondly a crystallqne

be

the 2:1416-trimethyl derivative by oxidation methods, and by

. Be11!59)

and fiaally a syrup (147) which appeared from its reactions

al end
cupri sed

’at

ithat time a unique linksge in a natural produect. From the

ed
n the
%

&

The unidentified syrup from the sbove experiment# was
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é (60)(61)
further exgmined by Forbes and Percival. Afterx mathylation,

fthey were able to ehow that it was a 2:4~dimethyl-3:6-anhydro-
iolwmethyl galactoside, and by comparison of the phyaiéal
constants of their material and a synthetic sample of 214~
dimethyl-516-ankydro o/ -methyl D-galactoside, they showed that
?tha material obtained from sgar was the enantiem@rpheﬁs
%L—derivative. The low acetyl and methoxyl contents éf agar
Eacetate snd methylated agar suggested that the anhydrénL-
%galactoae was preformed in agar, and since further j
smethylatian was required to produce the dimethyl dari?ative,
it was adjudged to be linked by at least two points in the
‘molecule, ’

: Simultaneously with the above~mentioned experimemta of
‘Forbes ard Percival in Sdinburgh, Hands and Peat in Birmingham
had been inveatigating the syrupy residue fram.methylated agar
hydrolysatas, and had independently reached ithe same 3
conclusien as to its identityssz) Thus it would seem to be
\firmly eatablished that, after methylation, a ﬁsﬁnanhydro~
Lugalaetsae derivative could be isolated from sgar. j.'sf.f&:xetlhe:—'
this was preformed in the original molecule, produced during
mathylatian, or elaborated by the plant itselfl during growth,
'from.an originally simpler constituent, remained undebidea.

; During a series of interesting experiments in 1941,

Duff and ”ercival(ﬁs)ahawed that a 3:16~anhydro ring cnuld be
;fcrmsd by alkaline treatment of methyl galactaaidens—aulphata,
i;amuzl this led to new speculations concerning the formation of

‘an enhydro sugar in the agar molecule, which, in its hative

atate, was known to contain & small proportion of sulphur.

When/
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| When the presence of an anhydro-Legalactose cerivative
in egar was first detected, it was held to form consistent
fevidanee with Pirie's isolation of hepta acetyl-b,L~g$1actose
;fram the material., However, in 1942, Percival and céttrell(64)
‘showed that the acetolysis of 3i16-anbydrow J-methyl-—mi-
isalaetopyranoside gave the same D,L-galactose derivative,
fand that the racemigation was due to a rearrangement in the
sﬂ@c&al syunetry of the gelsctose series.
; Aun exiensive invegtigation of the properties of these
%3zﬁmanhaara sugars was carried ouvt by Haworth, Jackaep and
smita{®)yno found that, owing to the stereochemistry of the
%syatam, tiie Js;6~-anhydro-ring was more resistant to attack
%than the pyranose sugar ring, which could be opened qﬁite
ieaﬂily to give the free aldehydo~form of the 5t6~anhy&rou
galaczoae. This evidence, together with that eanc@rﬁing
ﬁthe formation of snhydro-rings from falactose aulphates. wvas
\utilaxeu in 1942 by Jones and P@at$6 )in their attampt te
formulate a definite structure for the agar molecule.
‘ These workers'66/igolated 2:5-d1methyl~3:6~anhydxo~L~
ggalgctaﬂic acic from methylated agsy, which had been éialyaed
;1n acid solution, remethylated, and hydrolysed. ‘ They
?sugaesteﬁ that this was produced by atmogpheric oxida&ion
fnf the anhydro sugar, in its sldehydo~fornm. At the pame time
{Pereival and Thomson also isclated this asecid, by the ;s.cetolysis
' of wethylated agar followed by oxidation, methylationi and
hydrolysis of the mixture of disaceharide esters prad&cea~
EThiﬁ offered certain proof that the 3i16-anhydro L-galactose
residues were linked through C(4) to the main earbon chain,

| During/
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During these investigations both pairs of workers sought for
a non~reducing end group of tetramethyl galactose, but were
pnable to datect any significant quantity of this sugar.
? As a result of this etudyssa)Jonea snd Peat propobed
for agar a structure made up of repeating units of nine
D-galactopyranose units, linked in a chain through positiana
bne and three, terminated by an L~galactopyranose residue
linked through 0(4) and eayrying a sulphate group on 65,
whis L~galactose residue was envisaged as the prasu:sap of
the 3:6~-anhydride,
i Various objections have been made to this s;mpllfied
atructure. These have been mainly based on the eatimated
Bulphur content of natural agar, wiicn is far too low te
account for the 1,85 sulphur required by the Jones—Peat
&tructure. Barry and Dillon(ﬁq)found only 0,36% sulphur
in Gelidium latifoliwnm agar, and PerciVal(sa) recorded
figures of (0.43 & 0.474) sulphur for agars from g_gglggggg

#ongervoides, and Gelidium erinsle, Earry and Dlllonlalso
ﬁought to prove thal the aphydroegalactose was not an t

krtefact but a constituent of the agar molecule, by
demonstrating that the original polysac¢ar1de was invulnerable
to attack by periodic acid. However, Percival kas po#nted
but(sajthat there is no evidence that the sulphate groupa
temainzng in agar after isolation, are situated on Cg nf the
L~galactcse residue, They could equally well be satuated

pn Czs and still hydrolyee to yield an enhydride, whilbt
previdint no ol -glycol grouping to react with the peribdate.

; Thus the precise gignificance of the anhydra—galactose

i
residue/
i

|
|
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residue and the relationship, if eny, between 1% and the
sulphur content of the agar molecule, have not been ‘

satisfactorily settled.

Original Aims of the Present Work, |

The present investigation was undertsken with thé
intention of using a purified extract of a single speéies
of an agar-bearing weed, in contrast to the eszrlier w%rk
on the commercial product, which hag teen shown %o beiaf
very variable compoeition. Ey using the modern tech&ique
of chromatogrephy it was hoped to obtsin s more accuréte
separation =nd estimption of the exrected enhydre eug#r
constituent, »nd to thus determine more clearly its 1
relationehlp to the strueture of the polyseccharide, #oth

before and after methylstion.

: |
‘ ~ |
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I. Work on the Unnmethylated .xtract,

The material used in these investigations was prepured

from specimens of vashed,tleached Gelidium lgstifoliumg bty

agueous extraction vithout the gddition of zcids or bieaching

cgents, Thus ity te rssumed that the polysacchizrides

obtzined sre not artefzcts tut constituents of o unigue
cellevyull materiel,

astinmetion of Julphur =nd Iitrogen in the Jxtrpct,

Sulphur determinationeg »n saupleg of the extrazct
incicated that, slthough ihe crude wotericl often contelned
1, of sulphur, it vsas poscitle by prolonged dislysis to
reduce this figure to a winimum of 0,367 sulphur, for a
representstive soumple, Attempts were muée to reuove this
residual sulphur, by treatment with sodium hydroxide, | under
metnylation conditions, tut thege vere not successful,
Since the fully methylated moterial does not contain pulphur
it nust be presuumed tiuzt one treatment vith clksli is
insufficient to remove this residual percentcge.

Tsengsl) spesking of ugar, defines it 2s “the dried
worphous gelstine~like non-nitrogenous extraet from
Gelidiuvum znd other red clgc€ee...." liovever, nitrogen

estiwctions on the extrrct from Gelidium lstifolium, showed

a constaut proportion of this element, vhich, in terus
of protein, zmounted to over 5., of the original material.
In zn zrticle in "Advinces in Ccrbohydrate Chemistry"®,

Stacey(“}discus$es the properties of & class of "muco

polyssecharides containing up to 1. mitrogen vhich is not

prescnt/
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present as an amino sugar congtituent.® He considers that
the nitrogenous constituent is a "vestigial remnant®, a
protein, in combination with the polysaccharide, possidly
‘originating from polysaccharide aynthesizing engzymes, The
physical characteristics of this class of}material are
interesting. Thelr aqueous solutions show a very high
viscosity and they tend to become insoluble in water after
intensive drying. Saponification treatment is usually
required to remove the protein before a normsl solution is
obtained, Partridgesa)("ﬁature" April 1950), suggests that
galactoge, or any sugar, may form an N-glycoside with amino
sclds, leading to a brown or yellow colour on heating with
alkali (Sugax/Pro%%g&(%ggggg%ézé%fect). These K-glycosides
yield 5 hydroxy-methyl-furfuraldehyde on heating with dilute
minersl acid., They also give a colour reaction with

dimethyl amino benzaldeliyde,

cHa CHNHR HOCH——CHOH .4 CH——CH e
HC|0H |(|;0H Svbst-ances,
HOHCCH  C=CHNHR  HoHC( CHNR
4 / \o/c

HCOH 4+NHR HCOH

| | g
H°C|H ~H,0 HOTH /x\‘rs \o J[

—CH
HCOH HC.ON CH—C

l ' HOHL I l CcHO
H.0H 2~ /
CHon CHa \O

With thege pointe in mind the algal extract was

+ NHR,

submitted to various tests. Its phyeical properties, of
very high viscosity, and tendency to insolubility after
dehydration, seemed consistent with those of typical muco-

polysaccharides/



' polysaccharides.

- jand the gel appeared to

uethyl-furfursldehyde,
Fercival znd Somerville

Gu‘mp(a)(?)).

fvrfuraldehg‘t.

be broken,

fpurple colour with para-dimethyle-szimino benzaldehyde,

snd bty preparation of the naphthylamine derivative,

On warming the polysaccharide gel with 304

sodium hydroxide, & deep yellow colour developed immediately,

It gave the charsdeteristic

S~hydroxy-

wetnyl-furfuraldehyde was isolated from the polysacchgride

nydrolysate by chloroform extraction, and was identifiled Ly

L¥

comparison of its properties with those of = synthetid specimen,

Although

it is possible to produece 5-hydroxy-methyl-furfuraldeliyde

from hexoses, by treatuent with dilute mineral acid, it is
unlikely thaet this mecheniam was responsible for the production
from the algal polysaccharide, since specimens of purg hexoses,

hydrolysed under identical conditions, produced no S-Hydroxy-

Laevulinic acid hzs been repgrted

suong the hydrolyels products of commereial agar (Ludt

(3))‘

cHo' HCo" cHo H.coOH
| +
HCOH D — co
CHo CooH
Heon H CHa Intesrmolecular l
- O
l Acids o tow __HoH__ Hy — g CH
HCOH H HaSQ  CH, I Oxidation I
I | CHa Reduction. C Ha
HCOH ¢ — o) l
| | co )
CH,0H HCOH HL OH | !
Ha¢ OH Ha
Hexose S‘H:‘d-roxy
methyl

.ke(4)

It is possitle that this is

produced from Sehydroxy-methyl-furfurzldehyde (Fummerer and
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It is interesting to note that Le-galzctose wahich lias

nowv been shovn to cecur in the 2lgal polysaccharide (see

Eelow) also vecurs naturclly in a mucopolyssccharide of
ex tvuc/l‘
rnivel origins- the mwedin of Ielix pomntiz, from whic% the

free polyssccheride is isolated vitin 30, potussium hydroxide
(ze11)(6)
Attempts to hydrolyse the protein present and anclyse

The

the @mino aeids by chromatogrsphy vere not successful,
only ocmino sncid vith an Rg value corresponding to that found

(0.62) is tryptopime, tut this acid ie norially aestrbyed

by mineral weid cnd the syrup feiled to react to the
tryptopuane~zldehyde test vith foruslin, sulphurie acid
rnd mercuric sulphnate.

Curourtogr:phie gsezreh for the snhydro Sugar in the sxiroet

oince much of the recent controversy om tue siruciure

of the merine polysrccharide "ggar®™ has centred on thg sutject

(73(8)(9)

of the preformntion of 3i6-znliydro-gulactose, it seceued of

consideratle interest to stteupt to identify this sugdr
swong the hydrolysis products of tune unmetiylated

Polysaccharide, by paper chroustogrzphy. This, howeﬁer,

led to unexpected couplicationse. It wes found that thougch
aniydro sugars of the nydrofurasnol type, sucit as 3316 jzhydro
glucose, grnve clearly defined spots on y paper chrcma#ogram,
solutions of 3il~cnhydro-galactose produced an indefinite
lgtre. X extending sluost twoetairds of tie length of t#e
gsolvent flow. Intensive purificotion from sults by |
pyridine extraction£14)and with the sid of ion exchan#e
resins, 6id little to locslise the sugar on the chromgtogram.

laworth/ ‘
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Haworth, Smith, and cc»workegéu)(ll)haVe investi%ated
the stability of the dicyclic systems in anhydro sugaés of the
hydrofuranol type, and they conclude that the hydrofu%anol
ring assumes the character of the principal ring, to whieh
the sugar ring (pyranose or furanose) is subsidiary. P'eat(lz)
swassrizes their conclusions as followsi=
*The combination of a 336-anhydro ring znd a furanoqe ring
in glucose or mannose represents a étable, strainléas

structure; in galsctose, however, the establishment of the

two rings is steriecally prevented. Where it is nqgt

possikle for the two five membered rings to exist together,
as in galactose, or 4smethyl glucose, =n zlternative

‘strainless form is the open chain aldehydo-form," |

i

In the light of these facts it was thought possiltle
that the 3:;6-znhydro-galactose, if it pre~existed in Jgar,
was oxidiged to the 3J:6-anhydro-galaetonie azcid duriné
hydrolysis and chromatography. On this assuﬁption
chromatograms were run in the solvent recommended by Lugg
snd Overell(ls)for sugar acids, but little localisatidn of

the streak was obtzined. A pure sample of the 336~anhydro-

gzlactonie acid was prepared and this wus run in an agidic
solvent with the agar hydrolysate; on development wi+h
bromophenol blue toth specimens gave disperse yellow %treaks.
Thus it appears to be very difficult to identify 3:6—$nhydro~
galactose by paper chromaztography under the usual conditions.

Existence of L-galactose in the Extrzct.

It has been proposed by Jones and Peat(ls) that

Legalactose existe in the structure of unmethylated commercizal

"agaxr®/
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"agar" as a sulphate ester linked through Cg4. It haé been
previously noted that in the purified polysaccharide isolated
from Gelidium latifolium there‘ia insufficient sulphun to
account for this, but it was decided to investigate the

poeegibility of the existence of L~galactose among the

hydrolysis products of this polysaccharzde.
A proportion of the totesl galactose present in t&e
polysaccharide hydrolysate was lsolated as the methlephenyl—
hydrezone, and from this materlal the penta-acetyl deﬁivatzve
was prepared, This compared exactly with a synthetic
gpecimen prepared from pure D-galactose in all respects
save rotation, The rotation of the material isolated from
the polysaccharide hydrolysate indieatéd the presence of
8457 of the L-derivative, This point is of eonsiderihla
interesat since Le-galactose has alsc been detected in ﬁhe
hydrolysis products of other carbohydrate extracts from
the red algae(lé)

liethoxyl Estimstions in the sxtrect,
During the isolation of S~hydroxy-methyl furfurasldehyde

attention was drawn to the persistent occurrence of spots
of high Rg value on the developed chromatograms. This
observation injitiated an investigation of the possible
methoxyl content of the unmethylated polysaccharide. | These
methoxyl estimations were carried out very carefully yith
rigid controls amd there is little possibility that thej
were erronecus, However, no explanation can yet be pffered
for the determined methoxyl content of 1,57 of the
unmethylated, purified, polysaccharide.
Fraetionation/
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EFroctionation of the ixtract.

br, ¥, Igherwood, of the Low Temperaturé Research
Station, Cambridge, hés developed an interesting theony
concerning the polysaccharides of plant cell wallssl7) e
suggests that each polysaccharide contains only one sugar
(not including zldotionic scids) and that if arbitrary
fractions of the polysaccharide material from a plant eell
wall are selected and hydrolysed, then each sugar in the
hydrolysié products represents only one polysaecharide,
unless there'is evidence to the contraryy for example,
in pear cell wall both eellulose and starch give glucose
in the hydrolysate,

This.theory served as a useful working bypathesiavfor
experimenis using the Tiéelius electrophoresis technigue in
separating the polysaccharide constituents of arbitrany
fractions extracted from pear eell wall materiasl. It
clearly cannot be applied to plant gums since Hirst, ﬁt
slia, have shown that this class of substanee usually
contzing seversl sugars.

Since gzlactose, glucose and xylose oecur among the

hydrolysis products of the 2lgal polysaccharide, on this

theory three separate polysaccharides might ve supposed to
exist in the extract, =nd it was considered of interejt to
attempt to separate these postulated conatituents.
Partisl fractionation was achieved by continuous
repeated extraction of the algae with hot water. GSxamination

of three fractions produced in this way indicated considerable

varistion in the proportions of the canstituent sugar?, vihich

veared/
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apjeared to indicate the existence of at least three
polysaccharides. Further evidence in support of thip view
wae obtained from an examingtion of methylated agar.
Although xylose occurs in the unmethylated material it does
not appear among the hydrolysis products after methylption,
Glucose, however, does appear as umethylated derivatives, tut
the gulactsn, which appears to be the primary polysactharide
! component could be freed from the glucosan by fractiohal
precipitation of the methylated material.
In support of this assumption of the primary importance
of the galsctan, it is interesting to note that galactens

are very comumon gs congtituents of the species of red algae

which have been examined up to the present time, Tth ocour
in sll varieties of Gelidium, and in sdl other specieps such
as _Fteroecladla snd Gracelaride which nave been used in the

(23)
production of commereisl agar, Dillon found that tEe chief

constituent of Dilsen gdulis and of Junontisa incrgas% a was
s gsalactan sulphuric ester, and investigation on extracts of
Lhondrus_crispus and Gigariina stellatn also led to the
identification of a galactan sulpﬁuric ester. According to

24 .
Easaid& the polysaccharide from _Irideg laminariodes contains

a galzctan sulphate and work now in progress atfﬁdinQurgh on
extracis of Polysyphonia fostigiste indicates that once agein
galzctose and sulphur play an important part in the
polysaccharide siructure,

In contrast to this unanimity of opinion concerning
the basic importance of galactan sulphuric esters in |these
structures, 1ittle mention has previously been made of the

presence/
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presence of significani quantiiies of xylose and gluc#se
among the hydrolysis products from these sources, - th
chromatographic evidence indiecates their presence in ?ast
of the "agar producing® algae, and in the case of the weed
under investigation, CGelidiwm lgtifolium, derivatives of
glucose have been isolated and identified from the
methyléted extract,

It was'hoped to achieve qualitative fractionation of
the wmmethylated polysaccharides by means of the Tiselius
electrophoresis apparatus, and during a visit to the Low
Temperature Regearch Station at Cambridge, an attempt was

made to examine agar electirophoreticslly. However, owing

to the mechaznical difficulties of dealing with a polyfaceharide
vith strong gelling tendencies, little satisfactory information
was gained on the homogeneity of the material by thia’msthed.
Periodate reactions of the sxtract,
Barry and Dillon(zz)studied the action of sodium| pars
reriodate on "egar", znd by measurement of the periodate
uptzke they came to the conclusion that nc terminal groups
containing the o\ ~-glycol grouping existed in sgar, asng that
the 3:8~anhydro sugar was therefore probably prefo:ma#.
These periodate experiments were repeated with the in#entien
of estinating any formic acid libeiated. Uging sinilar
guantities to those employed Ly the Irish workers, th
findings of Earry and Villon were confirmed, since th%
solution remained neutral during the twelve days of the
experiment, and attempts to assess any non-reducing end
groups bty production of formaldehyde in this solution were
clso of mo avail, However, in the light of later

experiments indicating the presence of one per cent of end
group/




group, the weight of agar used was increased ten-fold and
some Yeaction was obtained after 24 hours shaking. buring
a further 36 hours agitation, the solution was found to be
neutrsl and remained neutral during the remasining seven
days of the experiment, A calculation based on the only
obtainable reading indicated an end group of 0.,87%, which
is in fair accord with the value of 1% obtained from
fractional extraction experiments, but in view of the
unusual behaviour of the polysaccharide under these

eonditiuna, this figure should not be regarded as

entirely reliable, i
Chromatozraph Search for AnhydroeGalactose, {

Since the presence of derivatives of Ssﬁnanhydro+galactose
has been definitely established among the hydrolysis #roducts
of methylated commercial agar, it was of some importa?ca to
verify whether 3:6~anhydro-galactose could be detecte?
chromatographically emong the hydrolysis products of éxtraets
from other algame used in the production of commercial agar.
Although many algse from various sources were examineh, no
clear indication of the presence of 3:6-anhydro-galactose
was obtained, Several of them contained the streak-producing
constituent previously mentioned, and the presence of

galactcae,'glucoae and xylose among the hydrolysis prepducts,

was slmost universal,
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IL. WORW ON T wwThYLATSD oXURACT,

The polyeéccharide was methylated by the standar§
techniques of Haworth and of Purdie and Irvine, and a‘methoxyl
content of 387 ﬁg§robtained for a representative sample., This
figure is very low for s galacten of straight chain
configuration, znd lends support to the postulated existence

of a Ji16eanhydro~residue in the molecule. The methylsted

- - S

waterial was wethanolysed, hydrolysed and the mixture |of

. !
partially methylated sugars thus obtained was separated by
partition chromatography on s cellulose columm,

Partition Chromgtography of jlethylated Sugars,

The results of the first of these column separations

indicated the existence of 8% of tetra-methyl galactoge end

!
group in the methylated polysaccharide, This eviden%e was
not supported by periodate experiments en the anmathy‘ated
material, and was contrary to the findings of other warkers
on commercial afar. Two later experiments in which e
column separation was repeated, failed to reveal any gf the
21314:6-tetra-methyl galactose, so it must te concluded
thnat some degradation occurred during the methylation |of this
first quantity of material, and that the end-group found was
therefore an artefact and not part of the original
polysaccharide structure,

The quantitative estimation of the Z2314:6-trimethyl
galactose waa’complicatad by the presence of 2Z:3:6-trimethyl
glueose, from which it was not possible to separate the
galactose derivative under the conditions employed. The

dimethyl/
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dimethyl galactose derivatives present suffered from similar
contzminations with dimethyl glucose, Since separstijon of
the mixtures of sugars after hydrolysis was impractiesl,
further attention was given to the possitility of removing
the glucose containing msterial from the methylated
polysaccharide by physical methods, It was found posgsible
t0 obtain & glucose free material by repeated fractional
precipitgtion of the methylated polyssccharide, and by
additional methylation the methoxyl content of this frmction
wag raisged to 40,1%. On hydrolysis it appeared to comsist
entirely of 2:4:6-trimethyl galactose units, but a structure
on these linee would require a methoxyl of 447, It was
thuerefore decided to repeal the technique of previous
workers on a sinall sample of the materizl, by methanoclysing
it and attempting to isolate an anhydro sugar by fractﬁonal
Gistillation in high vascuum, On distillation only 214:6-
trimethyl-methyl Mk galsctoside was identified in a yield
corresponding io 72% of the original material. The :Esidue

appeared to be at least partially decomposed into S«hydroxy-
wethyl furfuraldehyde. In ordey to avoid the produstion
of this substance, a further attempt to isolate an aro
sugar from the methsnolysis products wam made on a laxger
seale by fractionslly extracting an aqueous solution of the
methanolysed polysaccharide with petroleum ether of twe
distinet boiling point ranges. Again no anhydro sugar was
eteeted, but the interesting observation was made af‘the
existence of a proportion of fully methylated galactose in

the first of these extracts, This extraet was therefoore

hydrolysed/
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hydrolysed and examined by quantitative chromatography

L
»

The proportion of tetrs-methyl galactose was datermingd a8

21-23% in this fraction, giving a figure of 17 for th

polysaccharide as a whole, This may be compared with a

figure of 0.87% obtained from periodate experiments ox the

unme thylated materizl, sstimations of trimethyl galJctoae

vased on fractional extraction followed by fractional
digtillation gave a figure of 687 as compared with 72
obtained from the simple distillation experiments,

toth these experiments, a non~distilling residue remai

which has not been fﬁlly investigated, so that absolute

figures for the proportions of constituent sugars cann
be given, but it appears extremely unlikely that this
particular agar from Gelidium lstifolium contains any
the znhydro sugar found in the commercial preducts,
On the present evidence it is impossible to posty
any'completely substantiated'structure for the polysad
from Gelidium latifolium, but it seems likely that it
polyner of D and Legalactose units in the proportion ¢
10:1 linked through carbon atoms one and three,

similaxr to the structure proposed for commercial agar

1542 by Jones snd Peat'1®) However, the sulphate content

in

ned

jot

of
jlate
charide

is a

£

Thi? is

in

of this polysaccharide is too low to allow of one sulphate

residue on each Legalactose unit as proposed in the

Jonesg-Peat agar siructure.

It is also suggested that the polysaccharidz contains

about 1% of end group giving a chain length of 100 uni

and molecular weight of about 16,000, which is in fai3

agreement with that calculated from the viscosity of
methylated/

ts

o
3
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uethylated agar (My = 15,500) and with the value of
16,000 caleulated from the iodine number of the

unsubstituted polysaccharide by Pereival & Thamaonsg)
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BXPSATHENTAL .

Collection and Preparation of the Algae,

A second semple of the same algase was collected ty the
due to iliss Smith, of the Institute for Seaweed Resear

Gelway, for their assistance in the identification of

these gpecimens.

Pnd then carefully sorted to ensure that the sauples did

Eot contain fronds of other nlgae such as Chaondrus crilspus

r Corallins sp. The washed weed was sun-btleached fo

Specimens of Gelidium corneum (var, latifolium) ﬁe

re

obtained through the Msrine Piological Station at Xillport.

author nwar Mutton Island, Galway Bay, Bire, Thanks are

ch,

liugselburgh, and to Miss De Valera, of University College,

The weeds were well weshed to remove sand and shelle,

hen days kbefore extraction, Samples of the washed, bleached

Feed were analysed for ash and sulphur content. Specimens

Were analysed again for sulphur after two weeks dialysis

Esainst running tap wvater.

cimen I: 9.8. ashy l.4%4 Total Sulphur, 0,57% Sulphur after

} dial
ecimen II; 9.27% Ash, 1.3 Total Sulphur, 0,54) oSulpk
i dl al]

trgcetion gnd Furification of the rolysaccheride,
The prepared weed (40gm.) was softened by sosking
Lold water for 4 hours. The weed was then boiled vigH

yslis,

ir after
ysla.

in

brously

n tap water (3%00ml,) for two hours, and allowed to siTmsr

n the electric hot-plate for a further 16 hours, as

yeeommended in the Japanese agar lndustry(l) The solu

ion

Yaa cooled slightly snd pressed through muelin into a Targe

+rysta1n sing/
|

|
1
|
!

|
|
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fcryatallising digh, which was immersed in an ice/salt
freezing mixture overnight. The following day the fyozen
gel was aliowed to thaw on wire gauze, This material
proved unsatisfactory since the metal diaeclauréd the,
product, snd in subsequent extractions muslin was subgtituted
in its places It was also found, during a series of
!experimental extractlions, that syneresis was most cozjlcto

if the treezing temperature was less than -59C, and the
frogen gel was partially crushed before thawing, Drying
temperatures of over 20°C turned the polysaceharide brown
and resulted in » rather horny materisl, which was difficult
to redissolve, After several preliminary experimentg it
was found possidble to produce s colourless, transparejt
material by the above technique, in = yield of 337 (a
welght) of the dry weight of weed extracted, koistu7e.

esh and sulphur estimations were carried out on |

representative samples. '
Founds- Sgmple I: Lioisture 5%, Ash 4,7%, Sulphur Q.5%.

tant

Sgmple I1: licisture 4%5, Ash 4417, sulphur ¢.51F.
Molsture contents were obtsined by drying to con

weight at 60°C, in vacuo, over phospiorous pentoxide. Ash
contents were determined by incineration in a platin
crucitle. Sulpaur estimations were carried‘out by heating
with hydrochloric acid or by igniting the material Wish

sodium cartonate and sodiwn peroxide in an iron cruciIle

followed in both cases by precipitation as barium sulphate

|and weighing, _ l
i The syneresis liquors were evaporated to swell volume

(20ml,) under reduced pressure, and tested for polysagcharide

vy/
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by the addition of abselute alcohol (60ml,), A small
Eprecipitate wes obtained‘which~proved to be of négligibia
weight (0,03gu.) on drying, The remaining liquérs w#ra
anaslysed for sulphate, ,
Found:~  Sample I: 0.47% sulphurp §am21e il: 0.49% Sulphur,
Purifiestion of the Polysaccharide (liethod II), | |
A more dilute solution (weed 20gm,) in water (500ml,)

wes used for tuis extraction, vhichk was carried out exactly

Eae before. After extraction the dilute liguors were
filtered through glass wool directly into absolute =zlaohol
(1000ml,) which was vigorously stirred. Attempts wexe made
to coasgulate the gelatinous product by high speed centri-
sfuging, but these were unsuccessful., 1t was found
keeessary to add another 1000mli, of absolute alcohol o
harden the precipitate, before filtration was possiblg.
The product was & coarse white powder which was obtained in
a yield of 257 (dry weight),
Found:- Meisture 435, Ash 4,7%, Sulphur 0.87%.
The high sulphur appeared to be due to the lack of

purificetion by syneresis, The comparatively low ash to

sulphur ratio can be attrituted to the finer filtering
bedia. This purification method appeared to pbssess Bo
%dvantagés over the freeze-thaw technigue, and was very
Extravagant in solvents,

&ttempted Removal of Sulphur by Dialysis,

? Samples of the polysaccharide (Sulphur content O.PQ%)
|

tere dialysed, in cellophane bags, ageinst running tap

ater, for 8 days, at a concentration of 27. At thiﬁ

|
bnncentration/

{
{
i
!
| i
i !
i i
{ i
‘ !
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concentration a gel was formed, which became increasingly

weak, owing to dilution during dialysis, Some agar (10%)
mppeared to Pe lost during this process. The residusl
material, after drying gsve the figures:-
Found:- Agh 4,07, Sulphur 0,46%.

To eliminate the possibility that inorganic sulphate

as umechanically held Yy the gel during dislysis, a sipiler
Eroceas was carried out using extremedy dilute solutions
{Oe47), which did not form a gel., After ten days diclyeis
under these conditions, Ash 3,8%, Sulphur 0,32, was found,

Attemvted Removal of Sulphur by Alksline Treatment,

The polysaccharide (0,98gm,) was dispersed in water

(46ml,) containing sodium hydroxide (13.8gi.).  The

olution was vigorously stirred, znd graduslly neuiraljised
;y the dropwlee addition of concentrated nitric acid ([L6ml,)

ver a period of ten hours. These conditions imitated

hose of a methylation without introducing extira sulphur

nto the constituentis, The residual polysaccharide was
recipitated frowm solution by the addition of a large excess
Bf alcohol (250ml.), filtered off, dried and radissolved
in édistilled water (400ml.) to give = ncn-gelling dilute
solution, This precipitation technique was used to oid
colloidal materizl which might retasin inorganic sulphur,.
The dilute solution was dialysed for five days agaiust
running distilled water, the solution was evaporated under
reduced pressure, and the residue was analysed for sulphur,
A sulphur figure of 0,347 wss found, which is the saue as
that of the untrested polysmccharide after dislysie. [Blank
controls/
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controls were xun'iu aonjunctibn with thia exmmiimmntgana
with others of a similar nature which varied slightlyim
technique, Ko sulphur was detected in the reagenta.i
Protein mstimations on the Polysaecharide, |
; Protein was estimated by the Kjeldahl technique.E A
Eaeries'of estimations was carried out in each case wi

control tlauka, A typical set of results is shown bélow,

Sanple Alicali (0,0565N) % %
Tor back titrstion (mle.} MNitrogen Yrotein
; §155.1mg.) 5.0 0,82 5.1
II1{291.24mg., ) 4.2 0.86 5.4
Elank I 7.4 - -
Blﬂn-k II 71-4 To- -

LUCO PULYDACCHARL LG DusTs ,

{1) A sample of the polysnccharide was hested with 3

-

ceustic soda solution for a~ few minutes, 1 deep yellow
colouration w~s produced, =nd the solution zprcared to have
doast its characteristic gelling properties,

(IX) A sample of the polyssacchuride wngs subjected to

intensive drying at 60°C, under reduced pressure,  Un

attempting to redissolve this mcteriel in water congiderable
bifficulty woB experienced, YPor this resgcn zll semples
ﬁere normzlly used with z known moisture content, and Were
hot completely dried, unless the experiwent involved other

enhydrous reszsgents.

(I1I) On warming = asmple of the polysaccharide with ara

dimethylemine btenzsldehyde, a pink colouration, wns prpduced.

(IV) A sample of the polysaccharide, on treainent wit%

¥illon's reagent {mercurcus nitrate and mercurous nitrﬁte}
;

i

favq/
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|
i
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i
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gave g white precipitate which did not turn drick red on
waInming.
(V) The xanthoproteic test with concentrated nitiic acid
was carried out om the polysaccharide. A vhite precipitate
was8 obtained which turned yellow, and finally orange 6n
addition of ammonia,

Search for amino pcids among the Polysaccharide dero;xggg
: Products,

I
The dialysed polysaccharide (100mg.) was hydrolysed

for 4 hours, at 959C, in 2N sulphurie acid (loml,), ;The
solution was neutralised with barium carbonate and centrifuged
to give a clear, supernatant liguid. Two samples of this
liquid were run on a one dimensional paper chrcmatogr&m for
28 hours in a collidine/water solvent, un exposing the
dried chromatogrsm to unitras-viclet light two distinct.
fluorescent spots were observed, On development witﬁ
ninhydrin only one clesrly defimned spot of Rg.0.62 end
greenish«tlue in colour was obtained, A test on a aémple
of the liquid used on these chromatograms showed no purple
colouration with formalin,

Complete Hydrolysis of the Polysacecharide with
gulphuric sAcid,

The dialysed polysaccharide (10mg.) was heated with

N/2 sulphuric acid (0.5ml,) in a sealed tube at 859C, for
4 hours, After neutrslising the solution with Parium
\carbonate it was centrifuged, and the supernatant liqﬁid
was applied to a chromatogram with controls of pure samples
of galactose, glucose and xylose, On developing the paper
‘with smmoniacal silver nitrate, distinet evidence of the

presence/
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pregence of all three sugars wag obtained, An indefinite
gstreak, extending two-thirds of the length of the solﬁent
‘front, was also observed. Another chromatogrem of tﬁe
‘polysaccharide hydrolysis products was run, with an

addi tional control of 3:;6-anhydro-D-galactose. A sinpilar
8treak to that obtagined from the hydrolysis products of
the polysaccharide was obeerved from this control sugar.

Production of a Salt Free Sample of 336 Anhydro-D-Gal g tose,
316-anhydro- i ~-methyl-D gslactoside (0.3168gm. ] qas

hydrolysed at room temperature for 16 hours, with 0.1ﬁ
sulphuric acid (30ml.). The solution was neutraliseé.
filtered and the filtrate evaporated under reduced préssure
to yield s pale yellow glass (0.2980gm,}. This was |
&ediasOIVe& in distilled water (10ml,) and passed
consecutively through anion and cation resin exchange%
colurms. The solvent was removed under reduced preas@#&
End the colourless gless thus obtained was placed on g
paper chromatogram ss before, This salt-free sye cimen
Still produced a disperse sfreak on the paper after ’
development, A pure gpecimen of 3:6-anhydro~glucose gave
a well-defined spot under the same conditions.
‘ ration of 336-Anhydro Galaetonic Acidg

The salt-free 3:d-anhydro galactose (0,2gm.) was 3
dissolved in distilled water (5ml.) to which was added
bromine (0.5ml,) and lead carbonate {2gm.). The mixture
was gently agitated for 16 hours, the bromine was remo%ed
by vigorous seration, and the lead btromide was filtered
off. The residual lead was precipitated with hydrogen

sulphide/
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sulphide and the solution, after filtration. W s

('It':lco{ wifl /7/0(4 ogen 8“[,06
neutralxsed with silver oxide, filtered and evaporaxed
under reduced pressure, to yield a colourless glass (0 lagn.).
Ehis glass was acid to Congo Red and did not uryatallgao on
boaling. Chromatographic examination, wusing aniline @xalata
as developing reagent, revealed an indistinet brown suear
whxch was notl appreciably localised by the usge of acid&e

Bolvents and sprays.

Chromatogrsphic Testg,

Samples of the polysaccharide nydrolysate were
¢thromstogrammed in butanocl/ethsnol/water sclvent, and é
developed with a solution of diphenylamine trichloracetate,
Galactose, glucose and xylose showed up plainly as blué
gpots, and no streak was visible, but a ¢lear yellow sﬁot,
RG 0.90, appeared before the paper was heated. |

th;gction of the listerisl, Rp 0,90, from the :
folysaccharide Lxdrg;xggte, 3

The dialysed polysaccharide (50gm,) was hydrolysed

éor 8 hours at 80°C, with N/2 sulphuric aecid (25Qm1.),i The
#olution was filtered and the brown residue was again ;
hydrolysed with N/2 sulphurie aeid (50ml.) st 80°C, for a
f;rther 12 hours, after which time wvery little solid ma@ter
f?mained. After filtration the solution was neutralised
and evaporated to s small volume (30ml.) under raduuedi
pressure, After a second filtration to remove auspan&ed
ﬁatter the solution was evaporated to give a partially?salid
suger mixture (40gm.), Rotation [J]”z 42°(c, 0.3 in water).
Successive portions of this hydrolysate (10gm.) were
dissolved/



Eiasolved in water (20ml,) and extracted in a eontinudus
éextraotian apparatus with chloroform (150ml,) for. 48 #aura.
The total chloroform solutions from four such extractions
#ere combined and again extracted with chloroform {20@m1;),

to free the regulting syrup from a scummy deposit, & golden~
yellow glass (R32gm.) was obtained, which could not b&
pryﬁtalliaed. Yield: 3.3% 4 of the hydrolysed palysacchariae.
Founds- €, 53.%/s Eydrvogen, 4.1%.

| Cale. for CgHgOg1 C,57.1%; H, 4.6%.

;nvegt;ggtion of the Chloroform Extrascted Syrup,
: The material was spotted on = paper chromatogram with

galaatose controls, run in butanol/ethanol/water sclveut and
ﬁevelopad with diphenylamine trichloracetate, Yo galactoae
ﬁas detected, but two yellow spots, Rg 0,90 and Rg 1.05.
appeared before the paper was hested, '

The syrup was reducing to Fehling's solution, and gave
pnaitive reaotions in the Selivanoff and iodoform teats.
Rotatton Jol]'e -6° (e, @.1 in chlorofom) |

Attempts were made to separate the two conatituen&s of
the syrup on a cellulose column, using s solvent of 50%
Vutanol end 507 (100-120°C B.P.)petrol, saturated with
water, at theae were not successful, |

Ex_gggg“;_n of 5-3hloroéﬁethzl-?urfurgldehyde(2)
Cane sugar (30gnm,) diesolved in distilled watexr (Eoml.}

Waﬂ stirred with carbon tetrachloride (250ml,), end hygregen
phloride gas was bubbled through the sol@tion for one ﬁour
bt foom tempersture, and a further four hours at 40°ﬁ,%w1th
pddition of carbon tetrachloride to maintain the volume of
ihq/
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the solution at 250ml, The resultant liquids were allowed
io settle for 12 hours, the carbon tetrachloride layer was
then separated off and dried with sodium sulphate. The
Byrup was again treated as above, The combined carbon
tetrachloride fractions, from the two treatments were
geutralised with sodium bicarbonate, dried with magnea#um
sulphate, and evaparsted under reduced pressure to yield

B white, waxy solid (5gm.).

Preparation of S-Hydroxy Methyl Furfuraldehyde!?)
The S-Chloro-methyl furfursldehyde (5gm.) was boiﬂed

For five minutes with distilled water (50ml.),  The sblution
was éxtracted five times with ethyl acetate, the combi?ed
extracts were decolourized with charcoal and eVaporateh
under reduced pressure to yield a golden glass (3gm.) ?hich
dld not crystallise on cooling,

Found:~ C, 52423 H, 4¢3b.

Calce for Cgliglxs C, 57.13 H, 4.8%.

A sample of this material was run on a chromﬂxogrém .
with a sanple of the chloroform extract from the polysgccharide,
and on development with diphenylamine tgichloracetate ﬁath
gave icentical yellow spois of Rg 0.90 and Rg 1.03,

ration of the -Neophthylamine Derivative gg(a)
b-Hydroxy lMethyl Furfursldehyde,

(1) Using the Chloroform extracted syrup, |
The purified syrup (0.2gm.) was dissolved in ethyl-
#cetate (10m1,) andlﬁ ~Naphthylamine (0.3gn.) was added with
a emall quantity of anhydrous potaseium carbonate (0.1lgm.).
Tde mixture was boiled for :&If\minutea, filtered and the
My :

O\

filtrate/



filtrate evaporated under reduced pressure to give a light
brown solid. This was redissolved in benzene and reprecip-
iitated with petrol (B.P.100-120°%) to give a yellow salid
(0O.29gm.)., After five successive recrystallisations from
petrol (B.P,100-120°), yellow wedge-shaped crystals were
obtained (0.21gm.), melting point 129°,
Founds- C, 763 H, 6,155 N, 5.86%.
Cale. for C3gHyzOp3 C, 813 H, 5.5} X, 5.6%1
(11) Using the synthetig specimen,

The glass (0,7lgm.) was dissolved in ethyl acetate
(30ml,) and treated as above with /3 naphthylsmine (lgm.)
and anhydrous potassium carbonate (0.3gm.). After working
up yellow wedge-shaped crystals were obtained (0,.8lgm,)
m.p. 130°; m.mp., with (1) above 129°C.

Founds~ C, 753 H, 5.9 N, 5.227.
Cale. for Ci1gH12023 C, 813 H, 5.5; N, 5.6%.

ttempted Remoy of Galactoge m the Polysazecharide
Hydrolysis Products.

The residual syrup (2.9gm.) from which the S5-hydroxy-
methyl furfuraldehyde had been extracted, was dissolved in
distilled water (60ml.). /oL, s 43°(e, 0.3 in water).
fo this solution was added redistilied assymuetric methyl-
phenyl hydrazine (12.5gm.) and glacial acetic acid (1.5ml,)
in sleohol(50ml.). The mixture was warmed at 30°C for
20 hours and then allowed to stand at 0°C for a further 24
hours. On filtration large pale yellow crystals of
galactose methyl-phenyl hydrozone were obtained (1.03gm.).
The filtrate was evaporated under reduced pressure to a

volume/
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volume of 20ml. and a further crop of oryetals was ,
isolated, The combined yield of galactose methyl-phenyl
hydrazine was (l.24gnm.) giving a figure of 27% for |
galaetObe‘Ln the originql syrup. The yellow erystals
were recrystallised from aleohol after decolourizing with
charcoal. Glistening white crystals of sharp m.p. 190°
(with decomyoa;tiog) and [;égﬂl o® (e.‘o.a in pyriding)
were obtained, _
After isolation of the Qecénd crop of ciystals ih;
filtrate was bailed underx rafl&x for five hours with the
pddi tion of redistilled benzaldehyde {(0.20ml.) in absolute
alcohol (50ml.}. The mixture was cooled in ice for 15
hours and the benzaldehyde mathyl-phenyluhydiazcne was
precipitated by the addition of digtillad water 30ml,
The residual liquors were evaporated under reduced pressure
and the solid thus obtained was éxtracted several tilmes
with chloroform, The residﬁe. after thi§ extraction, was
dissolved in water, decolourized with charcoal and'again
evaporated under reduced pressure to yield a pale yellow
syrup. This was reducing to Fehling's solution and gave
negative results when subjected to the iodoform and Selivane~
soff reasctions., On chromatographic analysis it was found
to contaln xylose, glucose and galactose., The streak~
producing constituent appeared to be still present., The
experiment was repeated on this syrup in an attempt to
remove the galactose, but even after this further tresgtment
$he material was not chromatographically galactose-free.
Attempted |

A portion of the syrup (O.5gm.) dissolved in distilled
water/

stimation of Glucose Present,
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water (16ml.,) was treated with sodium acetate (0.3gm.) and
phenyl~-hydrazine hydroechloride (0.5gm.) for five minutes
at boiling point, No precipitate was formed, On
standing overnight an amorphous powder was deposited which
appeared to possess the characteristics of galactosazone,
It was produced in too small a yield (30mg.) to invite

further investigation,

Attempted Column separation of the Congtituents of the
“Gelactose ¥ree®" Syrup,

An attempt was made to separate the constituents of

the above syrup on a hydrocellulose column, using a
butanol/ethanol/water partition solvent and a tracer
dyestuff, llethyl Red Rg 0.38, to follow the progress of
the sugars. This did not prove satisfactory and ne
appreciable separation was achieved. The attempt was
repeated using a partition solvent of benzene (10 parts)
pyridine (30 parts) butenol (50 parts) and water (30
parts). In this case no dyestuff indicator was used

ag it was found to give a stresky effect in this solvent,

No separation of the sugars was achieved,

’ 4
Preparation of Penta-scetyl Galasetose Methylphenyl hxgrggogel

(A) Using gslactose methyl-phenylhydraszone prepsred
from the Polysaeccharide,

The galactose methyl-phenyl-hydragone crystals (160mg.)
were dissolved in pyridine (2ml,) and acetie anhydride

(iml.) was added. The mixture was allowed to stand at 0°C
for 48 hours, subsequently filtered and the filtrate
poured into ice-water (25ml,)., The pale yellow precipitate

was/
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was filteréd off, rediseolved in alcohol and decolourized
with chareoal., It was recrystallisged four times from
aleohol to give glistening, white, rhombic crystals (115mg.);
microscopic mp. 137.5%.
[ "e 21.7° (¢, 0.2 in chloroform).
Found:- C, 53.63 H, 5.7; ¥, 5.61%.
Calc. for CozH3oNo0i08 C,55.85 H, 6.03 ¥,5,70%.

(B) Using the Synthetic Sample of Degslactose liethylphenyle
' - hydrazone,

This semple (130mg.) was dissolved in pyridine (i.Sml.)
and treated with acetic anhydride (0.75ml,) under identical
conditions to those used in (A). After isolation and
purification, pure crystals were obtained (154mg.)}
microscopiec mp. 159.0". &lpy; 26.2° (¢, 0.3 in chloroform)

Foundi~ C, 53.83 H, 5.73 N, 5.6%.
Cale. for Cpalizglp0103 C¢55.83 H,6.03N,5.70%.

no=-Gu ne S te in Attempted %etectiog
_ of 316 Auhydyo Gzlactose,
A solution of amino-guanidine (0.1%) in 5OZsulphuric
acld was warmed with the following materials which all

gave the reguired red colouration.

1. Authentic 336 anhydro L~galasctoside.

2. Gelidium polysaccharide hydrolysis products.

3. Pure Galactose. _

4. Hydrolysate of B,D.H, Agar.

be Hydrolysate of Ahnfeltis Agar.

This reaction is clearly too general to be of analytical
application,

Methoxyl Estimations on Unmethylated Polvsacecharide,
Two methoxyl estimations were carried out on samples

of/
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of the purified polysaccharide., Blanks were run with
these but showed no preecipitate.

Resultss~
51/41&,[" ‘
Zstimation Wt, og Pglzggcgh&ria t,ox —tryl xog_;,n(g ﬁ_ﬁ_ﬁ_ej_r_l_m_
1 9.72 nmg. 1.14 ng. 1.5
b 84 , 10,32 mg. 1.37 mg. 1.7

‘% larger scale estimation was carried out in conjunction
with a bl&nk-

Begult:-
Stlve -
Wi, of Polyssccharide Wt, of edbxl Jodide Z Methoxyl
©1.54 mg, 6.85 mg. ' 1.05

tempted Frzetionation of the Polyssecharide

Gelidium latifolium (20gm,) which had been carefully
washed and bleached was extracted for two hours at 100°
with distilled water (100ml,)s:~ Extrset I,
‘The residue, after filtration, was agaln extracted for
one hour at 100° with distilled water (50ml.)s- Extract II,
This residue, after filtration was extracted for a third
time for four hours at 100° with distilled water (50ml,):-
Extract III,
The three extracta were then examined for sulphate, and ty
quantitative chromateography for the three sugars, galactose,
glucose and xylose. The 1at£er anglyses were rendered
somewhat inaccurate, by the presence of the usual straak

on the paper, btut may be used for comparative purposes.

Fraction Weight Sulphate Galactose Glucose Xylose

I 5.75&. 0.704 after 68% 14% 12%

11 1.0 USIE® e r sy
' U, o

111 0.4gm. 1.0%4 314 517 167
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A sample of the polysaccharide was dried with alcohol,
and then with ether, and it was noticed that a portion of
the material (cireca 27), was soluble in the agueous aleohol,
and was reprecipitated by the ether, The material was
isolated as a vwhite powdexr very sparingly soluble in cold
water, (Solubility Ca SO4 is 0.2gm./100ml. at 18°C),

After hydrolyeis vith 2, Sulphuric seid, for two hours,
at 85°C, only xyloee, and glucose, could te detected

chromatographically.
Partisl Hydrolysis of the Polysaccharide with Oxalic Acid,

The purified polysaccharide (1Ogm,) was hydrolysed for
twelve hours at 85°C, with N, exalic acid (100ml.).
Chromatographie investigation of the neutralised extract,
phowed faint dissccharide spots, galactose and glucose, a
1ittle xylose, but the usual indefinite streak was not
ﬁresent.

An attempt to methanolyme the polysaccharide with 24
wethanolic hydrogen chloride, for four hours, at 80°C, was
not successful,

ttempted S ation of Congtituent Polysscchsrides by (6)
: Tiselius Klectrophoresig Apparatus;

2% solutions of sgar, in K and K/10 caustic soda, were
found to be partially gelled after centrifugation, and'were
thus unsultable for use 1n‘the ﬁpparatus. Solution was
attempted in ¥ and 2¥ solutions of both potassium and
l1ithium hydréxidea, without success, A golution was ﬁade
up in glacial phosphoric aeid at room temperature, After
shaking for four hours, this was found to be fairly fluid,

end on dilution to four times its volume with water, gave

5/
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a clear solution, However, on investigating the free¢
sugar concentration, with the Somogyi reagent, the po;y-
‘1saccharide was found to be considerably degraded, The
‘experkment was repeated at 09C, in an attempt to avoild
degradation, but at thia temperature the polysaecharide
would not go into solution, even after 36 hours shaking.
iIn a further attempt to obtain a non-gelling solution,

of the intact polysaccharide, a 27 solution of the material
was warmed until fluid, and 604 of formic acid was added
to it, The whole was rapidly cocled to 0°C. The |
resulting mixture remsined clear and fluid, with no eigns
of discolouration, but investigation showed that some
degradation had agaln occurred, Glacial acetic acid in
50% concentration, under the seme conditions as the formic
acld, was not so efficient in preventing gel formation.
Ures and formamide were used in 507 concentrations, in
‘attempts to break the gel, but were not really effective,

The experiment weg therefore abasndonned,

End _Group Investigation by Periodate Oxid tion!?) (Formie
- e e

The purified polysaccharide (0.401gm,) disperaedﬁin
distilled water (10Oml.) was shaken in diffused light with
potassium periodate (0,4551gn,) for 24 hours., A blank

sanple was similarly treated, Both samples were centrifuged
and & portion of the supernatant liquid (10ml,) wae treated
with ethylene glycol {lml,) end a few drops of methyl red

in order to titrate them with 0,1 N, sodium hydroxide.

Eoth the blank and the polysaccharide semple were meutral

end both remained neutral during 12 days aglitation.
Periodate/
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Periodate Oxidationi- Formaldehyde Investigation,
Samples from the above periodate exidation, taken from

the polysaccharide suspension, and the blank control, were
tested, after 4 days, for formaldehyde, together with a
true formaldehyde control soclutiom. The solutions were
centrifuged, the excess periodate was destroyed wi th d;lute
hydrochloric aclid, and sodium arsenite solution, and to the
liguids were added, two crystals of potassium ferrieyahide,
recrystallised phenyl-hydrazine hydrochloride (O.lgm.) and
concentrated hydrochlarid acid (Imi,). Xo ;ig; colour was
observed in the blank solution, or in the yolyﬁaschaxide
solution. The formaldehyde control reacted normally.

in the original periodate eiperimeﬁts the quantity of
meterial used was based on the erronsous figure of &% of
end-group ocbtained from the first eoclumm separation of
methylated agar. A seéond experiment based on the assump-
stion of 1% end-group was carried out as followmi~
Specially purified agar dried at 60°C, weight 4.1004gn,, was
placed in a dark glass bottle with O,5gm., eocdium meta
periodate, potassium chloride (2gm.) and distilled water
(150m1.). A blank control was similarly afranged. The
botties were mechanicelly shaken for 24 hours, then 10ml,
portions of the supernatant liquid were withdrawm, treasted
with ethylene glyecol and methyl red, and titrated with
standard ceustic soda. The tlank control remained neutral
end the agar required 0.882ml, of 0.0111lF caustic soda to
neutralise 1t., The Pottles were ghzken for a further

36/
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36 hours but on withdrawing samples sgain they were b#th
found to be neutral, A calculation based on the only
available figure was therefore made as followa.
Normality of formic acid w 9—{-2—% x De9ik T
Molecular weight of anhydro residue = 162,
Equivalent of formic acid « 0,0087
per anhydro residue
4 end group = O 8%%{

Chromatographie Invegtiggtion of Polysaccharides from
VYarious Algse, : |

Algae from various mources, which have been utilgsed

in the production of commercial agar, were extracted,%the
; |

polysaccharides were hydrolysed, and the products of |
|

hydrolysie were exsmined by paper chromatography. The
;following table indieaters the results of these inveatigations.

Algsae Source Gelling Galactose Glucose Xylose
- : , quer .
Grsecilaria
- econfervoides Plymouth Good + + +
Gelidium
- erinale Ayrshire Good + + 4
Ahnfeltia :
“plicata Northumberlsnd Feirx + + -+
Eypnea '
- musciformix Australia Good + + -
Laurencia _ :
. 8Pe | Australia Good + o+ b
Gracilaria
confervoides Austrslia Good + & 4
Gracilaria j
speciosun Australia Fair + + '
Euchejna *
speciosum  Australia Fair + "
Eucheuma . -+
“murecatum Australia Poor + +
Gigartina : . +.
“stellats Galway,Eire Good +
Chondrus * e
" erispus Galway,Eire Good £
Pterocladia * +
8D, New Zealand Tair + .+
Degmerentia + -
‘°f° . Aberdeen Poor + +
Polysiphonia . 4




Bl

 Methylation of the Palzggccﬁgr:dg(e)(ﬁgm)

The purified polysaccharide (9.2gm.) was dissolved in
warm water (300ml.) and to this solution was added sodium
%hydroxide (138gm.) in water (160ml,). The mixture wéa
ivisorously stirred at room temperature and dimethyl sﬁlphate
;(lzﬁml.) was added, dropwise, to the solution, over a period
éor ten hours, After completion of the sddition, the viscous
1iquid was neutrelised with 157 sulphuric acid, and made
;slightly alkaline with 2N caustic sodsa. The alkaliné
hixture was boiled for ome hour, at $5°, on the water bath.

ﬁ flocculent grey precipitate appesred, which was filﬁered
foff through four layers of muslin. On washing the péeciy-
iitate with hot water, to remove godium sulphate, it ﬁecame
very slimy and difficult to handle, The washings weﬁe
boiled up and centrifuged to give more of the grey prgeipitate;
The total s0lid was dissolved in acetone (200uml.), sodﬁum
hydroxide (138gm.) in water (250ml,} was added and thé
mixture was agsin methylated with dimethyl sulphate (lzﬁml )
for ten hours, st room temperature. The acetone was xamsve&
pnder reduced gressure, the material was neutralised, hade
jaa.li.lr.a:l.i:w, and filtered, to give a grey stringy matariai.

This wae again methylated in acetone, snd the product was
reprecipitated from a 1:10 mixture of aslcohol and chlaroform,
with 1ight petroleum b,p. 60°- 80°, The white powder thus
obtained, (8.7gm.) was dried, and its methoxyl content
determined, as 31.3%, However, the material smelt st?ongly
of acetone, and it was feared that further methylation in
this solvent might lead to undesirable addition prodac%a.
Therefore,/ |
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Therefore, after a second reprecipitation, with light:
petroleum from.dloxan y the partially methylated polytacc-
;sharide was combined with a second sample, which had ;
received the treatment moted below, f
| Kethylation of the Polyssccharide (Method II) |
The purified polysaccharide (7gm.) was subjectedito

double methylation. without intermediate isolation Of
the produet from the agqueous zolution. In this way,éthe
vmechanically difficult stage of methylation was avoided, and
'the product, a white powder (6.6gm.) was combined with the
jpuxified material from lethod I, Further methylations, by
jthe Haworth technique, were carried out, using dicxan;as
‘the initial solvent for the partially methylated material.
It was found necessary to distil the dioxan from sodiwm
prior to use in order to remove undesirable aldehyde ?
constituents. After six further methylations, the m@terial
‘was 1solated as a white powder, vhich was considerah1§
‘contaminated with sodiym sulphate. It wase partially
‘purified by precipitation from chloroform solution wiih
glight petroleum, and was then dialysed ln aqueous sus%ension,
fagainst_running distilled water, for 7 daye. A port§on of
jthe total product (8.2gm.) was examined for ash, sulphate
fand methoxyl content.

Founds- Ash, 0,243 Sulphate, 0,055 Olle, 35.1%.
‘Purdie Methylation{®)of the Pertislly Methylsted Uaterial,
‘A, Small Scale Irial Experiments ‘
‘ Partially methylated polysaccharide (lgm.) was refluxed

with methyl iodide (1Oml,) and dry silver oxide (5gm.) was
added/ |



-65-— )

sdded in portions, over a period of 25 hours. The addition
of 107 of dry methanol was found of assistance in keeping
the material in solution. After eooling, the mixturé was
filtered, the residue was extracted five times with hot
chloroform, and theae extracts were added to the filtrate.
Further Soxhlet extracts of the residue were made, but the
total yield was only 887, After purification, by reprecip-
titation from chloroform with light petroleum, the material
showed -~ Ash, 0,213 Olie, 36,7%.

Purdie methylations were then carried out on the bulk
of the material, using the same technique, After four
Purdie methylations, the material was purified by reprecip-
sitation, and dialysed for 6 days, against running distilled
nater, The dislysed material was dissolved in chloxoform,
the solution was dried with anhydrous sodium sulphate, and
fractionally precipitated with petroleum (b.p. 40/60°), to
yield the following fractions. Mble varisfen m (dJo of Frachons,

Fraction Weight Methoxyl Sulphate Rotation g8
[T %E -L:Ig_:n CiiCis)
I 3,96 38,1 - [L]-839(c,0.84) 0.18
11 1.04  35.4 - [4]°-56%(c,0.54) 0.22
111 0.23 31.6 - [J\J;°-29° 0)0.84 0.28

¥ethenolysis and Hydrolysis of Fraction I,
Fraction I of the methylated polysaccharide (3.2271gnm.)

was methanolysed for 70 hours, with 2% methanolic hydrogen
chloride., During the last 30 hours of this period, 1t is
probable that the observed changee in rotation were due to
the 4~/§ equilibrium, and that the methanolysis was complete
after approximately 40 hours ( [{]." - 579). The solution

vas/
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was clarified during this period, by the addition of 107

of chloroform, The resultant liquid was nagtraliaedlw;th

gilver earbohate; filtered. and evaporated under reduced

pressure, to yield a palé yellow syrup (3.7631gm.). This

syTup waé hydrolysed for 12 hours, with N/2 hydrochloric |

acid, to give a solution of constant rotation [(]”« 46.2°

{¢y 0.2). The solution was neutralised with silver

caibonate, the exceka siiver removed with hydrégen au;phide,

and the ligquid decolourized with a little aniﬁal charéoal.

It was eVaporatéa at 35° under reduced pressurs, to give

a pale yellow, partially crystglline, solid (2.9550gu. ).

Faper Chromgtogfgphx of iethylated Polxsaéchg;;gg Hydrolysate.
A emall gquantity of the methylated yolyaacehaiide‘hydre-

tlysate was chromatogrammed, with sppropriate control sugars,

in buianol/ethanal/water solvent, and after drying the paper,

was developed with a saturated sclution of aniline oxslate,

The following sugars were detected,

§§ Probable identity of constituent,

0,92 een 5 Hydroxy. Methyl Furfurasldehyde
0.88 e 23131416 Tetramethyl Galactose
0,80 = eue 23316 Trimethyl glucose

087 = aee 231416 Trimethyl galactose

0.5 ..o 3316 Dimethyl glucose

0.40 ore 234 Dinmethyl galactose

Separation of the lethylated Constituents on a
Cellulose Column,

. Doms,
A chromatography colum(20)$3;3 X,40 rucled from

powdered cellulose, obtained by the fine milling of
Whatman No,1 filter paper clippings., Before use this
column wag thoroughly washed with water, butanol, and with
the/
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the chromatographic solvent, (504 n. butanol, 504 petxol
(100-120? b.p,) saturated with water), The petroleum ether
had been previously purified from unsaturated compounds, by
shaking for 12 hours with conecentrated sulphuric acid,
neutraglising with solid sodium hydroxide, and fractional
distillation in the required boiling point range.

The partially erystalline sugar mixture (2.9550gn.) was
dissolved in distilled water (3ml,) and the solution was
placed on a plug of cotton wool, on the top of the cellulosge
column, and covered by s similar plug, to minimise back
diffusion of the material, 60f% n-butanol and 507 purified
petrol 100-120°b.p. (100ml.) was run through the coluﬁn,
before the water saturated solvent, in order to aveid the
voseible formation of a two phase system, The solvent was
then run through the column, 100ml. were allowed to flow
through without fractionation, the eluate was then collected
by means of fraction cutter which changed the cclleetibn
tubes at regular time intervals. The liquid from every
tenth collection tube was evaporated, and the residue was
applied to a paper chromatogram, with an appropriate control
sugar for identification. The following table indicates

the progress of the separation.
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Chromatographie Analysis Weight after

Tube Number
- Purification
100ml. (mot - -
fractionated)
l - 60 " Fraction I
60 « 80 S~-Hydroxy methyl
: furfuraldehyde 0.,1448gn,
80~170 2:334:6 Tetramethyl
' : galactose 0.2580gm, Fraction II
170 -« 200
200 - 230 2:3:16 Trimethyl glucose 0.1179gm. Fraction III
230 - 310 23356 Trimethyl glucoase
. 23436 Trimethyl galactose 0,5290¢gm, ¥raction IV
310 - 320 234316 Trimethyl galactose 1.5163gm, Fraction V
320 - 600 336 Dimethyl glucose
500ml. solvent 2:4 Dimethyl galactose 0.1040gm, Fraction VI
500ml, water Total =
2.6700gm,
% Recovery =
90,47

Tubes containing homogeneous samples were combined, and
evaporated under reduced pressure, to give impure syrups,
These were purified with *Filter-cel" and charcoal, and
again evaporated, to yield the weights of purified material
shown in the above ¢olumn, After tube 600, a volume of the
solvent, 500ml., was run through the column without fraé¢tion-
sation.
and extracted with 500ml, of distilled water, These two

extracts were evaporated with tubes 320-600 as shown above.

Bxsmination of the Fractions,

Broction I,
This fraction was & pale yellow syrup which

appeared to be chromatographically pure and represented 4%
of the methylated hydrolysate,

solution, and gave positive Selivanoff and iodoform tests.

1t/

The column was then removed from the tube, powdered,

It was reducing to Fehling'se
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It gave a yellow colouration in the cold with diphenylamine
trichloracetate -&ﬂf°. 0°{(e, 0.1 in CHClz)j OMe, O%.
Rg in butanol/ethanol/water = 0.91; Yound: C,54.1; H,4.4%.
Calc. for 5.Kydrexy~mathylﬂfurfuraldehyde (033603)3
¢, 57.13 H, 4.&%.'

Fraection 11, : -
This fraction appeared omn the chromatogram to

éontain»a trace of 2:4:6-trimethyl-D-galactose, but was
’predominantly 2;3444G-tetraméthyl;nhgalactose {Rg 0.88).
?hysicﬁl data 1ndicated congiderable imyu:itiai.
‘[gly :?95°(ej 0.6 in water) (2:31416-tetramethyl galactose
has 119%); Olie, 42¢, (& tetramethyl-hexose required 52.6%).
The material could not be induced to erystallize by sededing.
On distillation in high vacuum it yielded 0.,1997gm. of
partially cerystalline 2:3314:16~tetramethyl-D-galactose,
Ciie, 51.083 /2], - 107%(e, 0.9 in water) mp. 70° |
Found: C, 51; H, 8.5%.
Cale. for Ci1oHoplOgs; €, 50.93 H, 8.48%.
70mg. of the sugar were boiled under reflux with 25mg. of
redistilled aniline and Zml, of absolute alcohol for
2 hours. After removal of the solvent the residue was
recrystallised from dry ethyl acetate to give the cryatalline
anilide (40mg.) mp. 195%; m.mp. with authentic Z2:3:436~
tetramethyl-D-galactopyranose anilide 193°,
[LLZ?~?2°(G, 0.8 in acetone).

Foundy C, 61,03 H, 8,13 N, 4.3%

Cale.for CpgHog0gNs C,61.8; H, 8,05 ¥, 4.57.
The residual material (45mg.) after distillation of the
trimethyl galactose was hydrolysed by boiling for 2 hrs.

wi th/
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‘with SN hydroechloric acid and the hydrolysate worked up to
give 30mg. of pale yellow syrup which by paper chromatography
appeared to be a mixture of 214:6-trimethyl galactose and
the tetramethyl galactose in approximately egual prdportione.

No meparation of these sugars was attempted.

Fraction 111, ,
On recryetallisation from a mixture of light

petroleum and ether, white crystals were obtained of
mp. 82%, Gﬂe,'4é;1%; mixed mp, with authentic 2:3:6-
trimethyl gluecose 81°C, |

Eraction IV,
| ‘ This fraction (0.5290gm.) had a methoxyl

content of 40,17 and was completely cryetalline[l[l:2a98°

() 0.3 in water), mp. very indefinite 80-90°C, Paper
chromatographic analysis showed it to contain two conatite
iuents corresponding to 21316 trimethyl glucose (Rg 0.80)
and 23416 trimethyl galactose (Rg 0.67). Attempts were
made to separate these two sugars by fractional distillation,
by chromatographic elution from a narrow cellulose column
and by methylation followed by fractional erystallisation

but these methods were not succesaful,

Fraction V, .
This main fraction of the hydrolysate (1.5163gm,)

egquivalent to 56% of the total recovered, was partially
crystalline and appeared by paper chromatographic ana.lysia
to be pure 2:416~trimethyl galactose., However its methoxyl
content was 3?%; where a trimethyl hexose required 41.3%.
Rotation of this fraction [Ql;“: 50° (e, 7.5 in water).
Attempts were made to purify it by recrystallisation from

petroleun/
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petroleum ether and 0,1383gm, of ciyatallina material were
obtained Olie 40.77 and mp. 99°- 200%C (later raised by
further recrystallisation to 103°C; mixed mp., with auﬁhentic
234316 trimethyl o -R-galactose 9?00) [ljgi 100° (c, 1.0 in
water) falling to 60%., This is at varisnce with that for
21416-trimethyl J -D-galactose [, : 93° (e, 0.9) (equilibrium
value), Analysis Found:- C, 48,03 H, %303 | |

Calc. for CgHia0g5 C, 48,73 H, 8,1} Gie, 41.8%.
2:4:6-trimethyi methyl-Degalactoside was obtained in
quantitative yield by treating the crystals with 0.7
methanolic hydrogen chloride followed by neutralisation end
removal of the solvent, After recrystallisstion from
light petroleum the produet had mp, 64%C [ol]pl’ 89° (¢,0.5
in water). Again this rotation is lower than that of a
pure specimen of the galactoside [Qlfi07°(e,0.4 in HgO0).
¥ixed mp, with the authentic specimen 5890.
i&manon~cryatallising syrup after the extraction of thé
crystalline 2:14:6 trimethyl galactose weighed 1.2655g@;
it was expected that if eny monomethyl enhydro sugars Qere
present in the hydrolysate, they would be contained inﬁthis
fractzaﬁ a8 chromatographically they could be reasonab}y
expected to behave as trisubstituted hexoses, Therefbre
it was hoped by methylation and fractional dietillations to
separate any such constituents, The syrup was twice
methylsted by the Purdie technique in 10ml, of methyl
ieéide with the addition of Sgm, of silver oxide over am
@eriod of 24 hours, The mixture was filtered and the
reaidue repeatedly extracted with hot water., These

extracts/
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extracte, together with the filtrate were evaporated under
reduced pressure to yield a pale yellow syrup (1.383m;).
This syrup was fractionally distilled at O.5mm, pressure
to give two fractionsi- (1) b.p. 69-71°C, white erystals

(2) b.p. 101-104°C, white waxy material.
Fraction (1) had mp. $4°C and OMe 51.1%.
Fraction (2) had mp. 72°C and OMe 51.2%.
Bince the methoxyl contents agppeared to ecorrespond cldsely
to that required for trimeihyl methyl galactoside (Q&Q 52.5 ),
a small gquantity of eaech fraction was hydrolysed and ‘
examined by paper chromatography. Only 23416 trimethyl
galactose could be detected, Therefore the Purdie meihyla—
ttion was repeated on the combined fractions, the syrﬁp was
extracted and redistilled under reduced ypressure to give
two fractions:~ .
Fraction (1) b.p. 98-102°C (at O.lmm,) white waxy material
3 mp, 71°C ode 51.0°C,
Fraction (2) Not dletilled yellow syrup; OMe, 51l.37.
Portions of fraetions (1) and (2) on hydrolysis snd
chromatographic investigation ghowed only 2:4:6 trimethyl
galactose.,

Frazetion VI (from column) 5
This fraction (0.1040gn,) was &

pale yellow syrup (Oile 29.8%7) which could not be crystallised
and appeared to congist of a mixture of dimathylvgalacﬁonea
and dimethjl glucoses, In view of its complex natnre; this
mixture was not further investigated as attempts to separate
the constituehta on a émall chrematographic column had

proved unsuccessful,
Further/
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Furiher York on Chromatographic Separation,
A second chromatographic separation of the methylated

hydrolysate was attempted om a syrup having Qﬁé 38.2%‘and
‘£21?250°(e. 0.2 in water). A considerably 1onger column
was used, 2.5ems, x 65cms..vi§ an attempt to effect mome
‘aaparatiqn between the math&léted glucosés and galactoses,
but owing to some mechanical defects in the packing of this
column the flour became irregular and little separation was
obtained after the elution of the 2:3:8~trimethyl gluéoae.
No fully methylated galactose was detected. A third
attempt at chromatographic separation was made using a
long column (2.5¢ms. x 65cms,) of hydrocélluloee in the
hope that this might show a grester variation in adsorption
between glucose and galactose derivatives than the cellulose
previously used, However, nc improvement was obtain@d as
is shown by the following table of results. Original
weight of syrup, 1,400gm. Ii will be noted that again

no tetramethyl galactose aﬁpeared among the hydrolyuib

productas. |
Tube Numbex Chromatographic Analyeis Height
70=-11G 2:316=-trimethyl glucose 20mg,
110-240 233316-trimethyl glucose

214s6-trimethyl galactose ) 0.1614gm,
240-340 214:6~trimethyl galactose 1.0192gnm.
340~ 360 21416-trimethyl galactose

3316~-Dimethyl glucose 0,1127gm.
360~480 S:16-Dimethyl glucose

214~-Dimethyl galactose . 0,01093mm,

Tot&lo .e Lg 312622;

% Regovery = 9%%.
Further Purification of Liethylated Ager,

Sinee no success had been obtained in attempts to

separate/
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separate the glucoge and galactose derivativea after
hydrolysias of methylated agar, further efforts were made to
eliminate the glucose containing fraction from the methylated
Polysaccharide,
logm. of the methylated agar (OMe 38,2%) were dialysed for
10 days against running distilled water. The mixtura was
evaporated, dried at 35°C in a dessecator and diaaolvéd in
dry chloroform from which it was repeatedly fractionally
precipitated with 609-80°C b.p. petroleum ether to give
finally three fractions of fine white powder. |
Fraction As 1.96gm, Fraction B: 7.74gm., Fraction C: 0.121gm,
Hydrolysis, followed by paver chromatographic examinaﬁion
of these fractions indicated that fraction A contained the
ususl mixture of methylated galactose and glucose deriﬁatives.
Fraction B appeared to contain only dimethyl and trimethyl
Ealactoses and Frection C showed only trimethyl galactose.
A methoxyl estimation on this fraction showed Okie 40.1%,
the higheat figure yet obteined. FPraction B was meth&lated
4 times by the Purdie technigue to give 6.21gm. of a white
powder Oile z 39.1%. This was dissolved in chloroform and
repeatedly fractionated by precipitation with petroleum ether
to give two fractions - Fraction Ds 0,8Ugm., snd Fraction Es
$.20gm, Fraction D had Ole 38,87 and appeared to contain
both trimethyl and dimethyl galactose on hydrolysis and
chromatographic analysis. Fraction § had Olie 40.17 and
showed only trimethyl galactose on the chromatogram.
Therefore fractions C and E were combined to give 5.32gn.
of methylated agar Clle 40.1% and appearing to consist entirely

of 234:6~trimethyl galactose residues.
Investigation/



Investigation of Methxlgted Polysaccharide by Methanolysis
foliowed by High Vaguum Distillation,
Methylated ager (OMe 40,1%) (0.78lgm.) was heated with 2%
methanolic hydrogen chloride for 40 hrs. The solution was

neutralised with silver carbonate, filtered, treated with
hydrogen sulphide snd evaporated to give a pale yellow syrup
0.723gm. This syrup was distilled under reduced pressure
(0,03mm, } and the distillate collected in a vessel, cooled
in solid carbon dioxide. Almost all of the material distillel
at 98-100°C to give a white crystalline sugar .(0.55@11.%}, Olle
51.06. Trimethyl methyl galactoside requires Ole 52,5 and
Rﬂf2-107°. The rotation of its distillate was ﬂﬁuq 929 and
mp. 60°C, m.mp, with authentic 2:416-trimethyl methyl D-
galactoside 56°C,

Authentication of 2:4:6-Trimethyl methyl galsctogide,

The erystalline sugar (0.5gm.) was twice methylated
with methy) iodide and silver oxide. The residues were
extracted in a Soxhlet extractor, evaporated and distilled
in high vacuum to yield 0.32¢gm. of a colourless syrup; This
was hydrolysed for 2 hours with 7% hydrochloriec acid, the
fully methylated sugar was isolated and treated with aniline

to yield O,2gm. of crystalline tetramethyl galactopyraaase
anilide mp. 190°¢C, /] "68%(c; 0.4 in acetons), m.mp. with

authentie specimen 189°C,

The residue (0,l4gm.) after removal of the trimethyl
galactoside was a dark brown solid Olie 40%7. It was ﬁroposed
to methylate this and attempt to distil any dimethyl énhydro
sugax/
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‘sugar wiich might be present. The materisl was therefore
methylated twice Ly the Purdie technique, extracted with
chloroform in a Soxhlet and the resulting syrup was again
subjected to high vacuum distillation at 0,03mm, A fery
emall quantity of white waxy material distilled off at 100°C
and was collected in solid COp, This was recfystsllised
from 60-80° b.p., petrol and appeared to be more triweﬁhyl-
methyl galactoeide. The reeidue in the microdistillation
apparatus was s dark brown solid,AL7 *12%{(¢, 0.4 in 63815)
wvhich gave a strong Selivanoff resction and appaared.qn
chromatographic examination efter hydrolysis to be maﬂnly
?5-hydroxy methyl furfuraldehyde and 2:4:6 trimethyl gélactose.

Fractional Extraction of the Methylated Pelxgacchgridg
after wethenoclygis,

Lethylated agar (Oiie 40.1%) (4.54gm.) wase heatadifor
24 hours with 2% methenolid hydrogen chloride, neutraLxsed
and the resgidues extracted with chlcroform in & Sozhlet
apparatus end worked up to give 4,24gm. of a pale yel;ow
syrup, This was dissolved in 20ml, of distilled water. A
Qm&ll regidue of undissolved material, 0,l2gm., temain@d;
presurably the methenolysis had not been quite completk.
&he solution was continuously extracted in a “Quickfiti&
Quartz“ liquid extractor for several 4-day periods, fi&at
with 38-40%C b.p. petroleum ether, followed by 60~ao°c§b.p.
petroleum ether and finally the solution remaining was
evaporated, this giving three fractions. ‘
Fraction I: O «1848gm,.; FPractionm II: 0,7926gm.} Fraction IIX:

2.,84T4¢gm,

Hydrolysis of portions of each fraction followed by
chromstographie/
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‘chromatogrephic examination showed that Fraction I apbeared
‘%o contain a emall percentage of tetramethyl galactose in
‘sddition to the trimethyl galaéto#e. | ?raction 11 wa#
entirely 214:16~trimethyl gelactose and Fraction III conteined
‘dimethyl galactose end trimethyl galactose, | ‘
‘Iregptment of Fraction III,

‘ This fraction was distilled in high vacuum (o.Oamm )

éto yield 0,.8460gm. of crystalline trimethyl methyl galactoside
grecrystalliaed from petroleum ether, mp, 72°C [QL”’54?(0, 0.2
;in watex). The residue of 2gm. of dark brown solid gave no
Selivanoff test and was subjeeted to three furthery hiéh vacuum
distillations to yield a further 1.27gm, of trimethyl methyl
jgalactoside. Thege were recrystallised and combined}with
‘the first distillate and with fraction II from the extraction
experiment to yleld 2,90gm, of crystalline 2:436-trimethyl
methyl galactoside from 4s24gm. of originel syrup, 1.¢. 68%.
iThe regidue in the cdistillation apparatus was examined
chromatographically and appeared to contain more of the
‘2:4:6~trimethyl methyl galactoside, but this could no§ te
ramcved by further distillation, :
2£2§h.__3 of FProection I, (from the liquid extraction experiment)
‘ It wae decided to hydrolyse this fraction and estimate
the tetramethyl sugar by quantitative paper chromategraphy.
The syrup (0.1348gm.) was hydrolysed for 12 hours wztﬁ N/2
sulphuric acid, neutralised with barium carbonate and worked
up to give 0,1273gm, of free sugars, These were treated
with "Amberlite" regins to remove ionsg it was found.

necessaxry/
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necessary to repeat the resin treatment several timea!

before non-sireaking chromatograms were cbtalned, I&cse

|
chromatograme indicated the presence of trimethyl gal

etose,

tetra-methyl galactose snd small amounts of teilra-umethyld

glucose and dimethyl galactosse, It is suspected that

the lattier was produced by demethylation during hydrolysis

as it seems unlikely that it would be extracted byi58«40°b.p.

petroleum ether, The estimations were carried out by
method descrited by Flood, Hirst & Jones, J.C.3. 1543

167¢, and ithe following results were obtainedse

Hl.of Paper Corrected
Thiosulphate Coxrrection  Velume
Tetrag-ile-Glucose .70 U406 2,76
Tri-ike-Galactose 8.36 0.12 B.408
Tetra-iie~-Galactose 9017 C.06 9,29
Di-kie~-Galactose .25 0406 2.25
Water Blank $.77 - 9,77
Paper blank 9.71 - 9,71

Ignoring the Tetramethyl. glucose

Ietra Gg Di Ga o
Tri Ga - 3% T oa = °%

fetra Golsctose _ o3, 87
Total Sugars 2185

Syrup under examinetion = 4,87 of the total weight of

wethanolysed sugars.

% Tetrs in total weight of methgnolysed sugars
A _second estimation gave the following resultss-

Percentage Tetramethyl Gelactogse in hydrolysed syru

the

4

Ratio of
{odine uged
.01
1,29
0.48

0,46

is 2%

Therefore percentage in Total methgnolysed sugers is 1,17,
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NTAL WORK,

lethods for the small scsle extraction and purification

of an agar from Gelidium Las#tifolium were evolved,

The polysasccharide thus obtained wasz analysed for %dh,

sulphate, organic nitrogen znd methoxyl content.

Attempts were made to remove the sulﬁhate'by prolonged

dialysis, and Tty treatment with alkali, but a asmsll
Percentage remained in the polysaccharide,
The polysaccharide was completely hydrolysed with

gulphuric acid, No asmino acids were identified in

the hydrolysate, Pgper chrougtography indicated the

Presence of galsctose, glucose and xylose in the
hydrolysate, There was a disperse indieation of

another surstance,

A ssall percentage of S-lydroxyl wethyl furfursldeliyde

was isolated from the hydrolysste by liquid extract

ion

with chloroform, It was identified by preparation of

the /3 ~Yaphthylanine derivetive and comparieon wi

an authentic sample.

Attempls were wmade to remove the galactome from the

hydrolysate with methyl phenyl hydrazine and to
egtimate the glucose present as its ozazone but the
were not successful,

Preparation of the penta-azcetyl devivative of the

gslactose wethyl phenyl hydrazone indicated that 107

of laevo-galactose was probatly present,
An attempt to separate the free sugars, in the
polysaccharide hydrolysate, on a cellulose column

wag unsuccessiul,

th

ae
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10,
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12,

L3,

14,
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Preqipitation technique indiecated the poseidble
existence of more than one polysaccharide in the
original extract, tut an sttempted geparstion of
these by eleetrophoresis proved impractical.
Periodate oxidation experiments gave some evidencea
of the pregence of about 17 of end groun in the
unuethylated polysaceharide,

The polysaccharide was methylated to give a materi

al

contalning 387 methoxyl which, on subsequent hydrolysis

and analysis by paper chromastogravhy, appeared to
contain fully and partially methyleted derivatives

of galactose and glucose.

The geparation of this material by partition chro

to~

tgraphy on a celluloge columm yielded an appreciglie

vercentage of fully methylated galactose, but thi

wasp

not confirmed by subsequent experiments, 2:3:6-Trimethyl

glucose and 2:4:6-Trimethyl galactose were separated and

identified but accurate estimates of proportion co
not be made owing to the difficulty of separating
8imilar derivatives of glucose and galactose,

A new sample of nethylated agar was prepared and

uld
clogely

analysed in a similar manner by partition chromatography.

A longer column was used in an attempt to improve
separation, The results were the same as those o
first separation except that no fully methylated
galactose was obtained.

A third atienpt at separation was made using hydro
in »nlace of cellulose, but the results confirmed ¢t

the second separation.

the
£ the

celluloge

hoge of
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16.

17,

18,

19,
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A partisl fractionation of the methylated polysacdharide

was achieved by fractional precipitation and a material

vith a methoxyl content of 40% was obtained. This

avpeared to contain only 234:6-Trimethyl mebhyd gglactostée.

re ldﬁes,

Fractionation of this material by high vacuunm dis‘ 1lation

of the methanolysis products gave only the expeot?d 23436~

trimethyl methyl galasctoside and sn unidentified
The methanolyseis products of the methylated polys
(Oiie 407) were partially separated by fractionsal
extrsction with petroleum,

One of these fractions (Fraction I) appeared to ¢

a swall proportion of fully mathylated galactose,

Fractions II and Iil yielded 60% of crystalline 2

trimethyl methyl galactogide and further guantiti

of this material remained in the residuszl syrup bﬁt

could not be separated by distillation,
Fraction I was hydrolyesed and snzlysed by paper
chromatography. It was found to contein 227 of

tetrame thyl galactose giving a figure of 1% of this

sugar in the original methanolysed syrup.

On this evidence no completely verified structure

be given for agax, It is suggested that the pol

tharide is a polymer of U and L galactose in the
of 10:1, linked through carbon atoms one and thre

It is also suggested that the polyssecharide cont

about 17 of end group giving a ckain length of 10

and a molecular weight of atout 16,000, The rol
e inorgenie nitrogen and the small proportion o

me thoxyl/

*esidue.
%ccharido
?i quid

+ntain

b4 36~
¢s

can
yeace~

ratio

e

%ins

b units
g of

i
: 4
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?20(60:1'@ 'd)/ |
methoxyl groups in the unzethylated polysaccharide
| cannot be indicated on the availatle svidence, |
. ¥o anhydro sugar residuss have basen detected in
' ' this polysaccharide. |
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