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INTRODUCTION

The elucidation of the problems of carbohydrate
chemistry depends on our knowledge of the simplest units.
From these units, the monosaccharides generally and the
hexoses in particular, we can build up a econtinuous
framework to include many of the familiar poly-
saccharides.

Following the researches of Fischer (1) on the
stereochemical structure of the sugars, it is now
generally accepted, largely as a result of the work of
Haworth (2), that hexoses exist as six-membered rings,
involving the linkage of one oxygen étom and five carbon
atoms. These investigations required the study of many
sugars and their numerous dgrivatives. with problems
both chemical and stereochemical. It is in the light
of such discoveries that investigations of the more com-

plex carbohydrates are undertaken.
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The disaccharides, which are the next simplest fomrm,
may be theoretically considered as two hexose units, con-
densed by the elimination of a water molecule. By the
Haworth method of complete methylation, with subsequent
hydfolyais and careful examination of the scission pro-
ducts, the common disaccharides have been allotted for-
mulge which account for the majority of their properties.
Thus maltose is considered to consist of two o~
glucopyranose residues, linked by the redueing group
of one unit to position four of the other; that is,

4-ol- glucopyranosido~-glucopyranose. Lactose, on the
other hand, is understood to be a condensation produect
of glucose and galactose, or simply a glucoside of
galactose. These compounds are in every way comparable
to the methylglucosides, which exist similarly ind-and
/3-forms.

In several cases, these disaccharides are themselves
scission products of the much more complex poly-
saccharides. Starch, for example, can be hydrolysed by
enzyme action to give an 80% yield of maltose. Such
degradation products throw a great deal of light on the
constituents of these complexes, and also on the type of
linkage uniting the hexose units.

Rapid progress has been made in the past decade on
the structure of the best known polysaccharides. The
results of these researches, chiefly by Haworth (3) and
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co~-workers, have been to offer indisputable proof that
these complexss are built up of long chains of mono-
saccharide  residues, united by glycosidic linkages.
The molecules may, by this theory, exist as true chains
with two terminal groups, or the possibility exists
that the units mgy be linked together to form a loop,
either with or without side-chains.

Furthermore, these macro-molecules may be built up
of only one type of monosaccharide, or there may be two ormore
distinct types. It has been found that starch (4) con-
tains only ol- glucopyranose units, while xylan (5) is
understood to consist of xylopyranose (93%%) with an
arabofuranose residue (6%) as the terminating unit.

The earlier work on the molecular weights of poly-
saccharides was done by physical means, of which the
most notable was the application of Staudinger's vis-
cosity method on solution in m~cresol (6). From X-ray
methods (7), also, the dimensions of the crystallographiec
cell may be calculated, and from a knowledge of the
density, the molecular weight may be estimated. The
ultracentrifugal method of Svedberg (8), whieh he applied
to proteins, has also bLcen used to determine the
molecular welght of cellulose.

lMore recently, however, a chemicsl method of assay
has been evolved by Haworth (3). This involves the
complete methylation and hydrolysis of the polysaeccharide,
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examination of the scission products, and isolation of the
terminal units of the chains. Since in a straight chain
this terminal residue will have only one linkage belonging
to the macro-molecule, it will obviously be different from
the other residues, and the proportion of it in the
hydrolysed methylated polysaccharide will give a clue to
the chain length. By this method the molecular size of
many polysaccharides and polysaccharide degradation pro-
ducts, e.g. starches, glycogen, inulin; levan, xylan,
cellulose and cellulose dextrins have been elucidated,

and although there is a certain amount of controversy
regarding results, and their direct applicability to the
unsubstituted polysaccharide, definite macro-molecules of
fixed length appear to have been established. The mean
length of the two starch dextrins, according to Haworth
and Mips Plant (9), is eight and twelve glucose units
respectively, while ‘inulin. (10) is calculated to consist
of thirty fructofuranose residues.

The evidence, however, by no means points conclusive-
ly to the fact that all the polysaccharides exist as
straight chains; there is still the possibility that
certain of the more complex may be in loop form. Alter-
natively, there may be side-chains or branched chains.
Recent work on glycogen (11) illustrates this new com-
plexity: each macro-molecule is represented as a chain of

eighteen (and alternatively of twelve) 4-a-glucopyranosido—

o B -



glucopyranose residues, Joined to another chain by a link
between a reducing terminal unit and a hydroxyl other
than that in position four. This does not exclude the
possibility of a continucus main chain of oi- glucopyranose
units, linked between positions one and four in a loop,
and having other similar units linked as side-chains at
intervals, since about the same proportion of dimethyl
glucoses as of tetramethyl glucopyranose can be isolated,
although this may simply be due to incomplete methylation.

It will be realised, therefore, that some of these
polysaccharides are exceedingly complex, both in the
methods of linkage and the diversity of their products.
One of the most complex is agar-agar.

This is the name given to the polysaccharide which
constitutes the stems of certain marine algae, of which
the group Florideae or red algae are the most common.
They grow almost exclusively in tropical waters, and have
a characteristic lecaf-like growth and upright thallus.
When purified, agar-agar is widely used in pharmaceutical
and bacteriological work.

It has been studied, generally in a physical way,
since the middle of last century, and a considerable
amount of work has been done on its gel-forming proper-
ties. Hardy (12) showed that the liquid phase of the
system asgar-water is a solution of agar in water, while

the solid phase is a solution of water in agar. The
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phenomenon of gel-formation is due to the attempts of the
macro-molecules to go into solution, and the resistance
offered by the inherent linksges, This characteristic
of agar must be accounted for by any formmla which
attempts {o portrsy the residue-linksge system.

The extireme complexity of agar is revealed by the
wlce veriety of sugerg which the early workers claimed to
have isoleted from it. In 13859, it was shown Ly Payen
(12) to contaln figalose",; or d-galactan, as its basie
prineiple.s Fe claimed that this galactan, or couposition
of anhydro-galactose units, gave agar its gel-foruing
property, and assigned to it the empirical formula
CgH1p0se  Horin (14) obtained from geloaé both mucic and
oxalic acids Ly Nhydrolysis with dilute aitric acid. | In
1882, most of the work already done on agar was repeated
by Greenish (15), who claimed the separation of no less
than seven carbohydrates, including arabinose and xylose,
Tollens (16) atated that he had erystallised lactose and
a mixture of glucoses from agar by treatment with dilute
scids. The presence of pentoses was reported by Czapek
(17) and Reichardt (12), fructose by Seber (12) and Matsui
(20), while Furuchi (21) has reported uronic acid.

The position was made much clearer in 1929 by Ludtke
(22), who, by the study of hydrolysis products, concluded
that agar contained 34 - 40% of d-galactose. Further
progress resulted when Pirie (23) isolated hepta-acetyl-
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dl-galactose by acetolysis; this indicated that a
derivative of l-galactose was present.

An advance was made in 1933 by Percival znd Sim (24),
who prepared a chloroform-soluble acetate by suitable
treatment. This brcught agar into line with the other
complex polysaccharides, and when Percival, Munro and
Somerville (25) succeeded in forming methylated agar from
the acetate the way was open for the application of the
Haworth method of methylation and hydrolysis. This
resulted in the isolation by Percival and Somerville (26)
of a new trimethyl d-galactose. This was identified as
2+4:6-trimethyl-ol- d-galactose, and they calculated that
d-galactose comprised no less than 55 - 60% of agar.

A feature, unique at the time, was that this showed that
in one portion of the agar molecule the d-galactopyranose
units were linked betweecn positions one ard three. This
linkage has since been found in damszorn gum (27) and in
the galactogen of the edible snail (28). More recant
work still has resulted in the identification of 3:i5-
anhydro-l-galactose. (29, 30)

There have also been various conflicting views pub-
lished regarding the sulphur content of agar. In 1929,
Neuberg and Ohle (31) detected the presence of sulphuric
acid when agar was hydrolysed, and claimed that the
sulphate group played a part in the linkage of the

molecule. gamece and Isajevic (32) considered that the
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sulphuric ester in agar would bear 2 relation to the gel-
forming property although this view was later denied by
Takahashi and Shirahama (33) who suggested the following
formula for gelose. RLRI—(D-SOQ-O)H; ¥ denotes metals
chiefly calcium. They perfomed a series of experiments
on the hydrolysis of agar by superheating with water in
an autoclave, and they held that the two carbohydrate
residues (R—Rl) were the cause of gel-formation. Their
results showed that after various times of hesating agar
lost its gel-forming abillity, and they considered that tone
due to the fission of those fragments (Rnal), not to the
disruption of the sulphate linkage.

Lately, Neuberg and Schwietzer (34) have obtained
a 90% yield of slmost sulphur-free material by shaking
sgar with water: ¢his substance can form a gel exactly
as crude agar. Since nelther acetylated nor methylated
agar contain sulphur, its importance ian the msin portion
of the polysaccharide apuears to have been overstressed.

The agar employed in the following experiments was
washed with water for several days, and is therefore
the water-insoluble portion.
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PART I

THE PARTTAT, HYDROLYSIS OF AGAR.
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INTRODUCTION

Several workers have studied the solubility of asgar
in water at various temperatures and concentrations.
This followed naturally from the interest shown in its
gel-forming properties, which have been examined fairly
thoroughly.

A number of experiments were carried out by Fellers
(1), with a view to sterilising and purifying sgar for
bacteriological purr 2s. He found that small concen-
trations of sodium hydroxide (5%) and hydrochloric acid
(2%) inhibited gel-formation, after heating for fifteen
minutes at one atmosphaie pressure in an autoclave.

Most of the lster work, however, was done on the sulphur
content, which was generally held to have some relation
to the gel-formation, exactly as phosphorus: was formerly
regarded as the cause of the insolubility of the amylo-
dextrin portion of starch (2). This view was supported
by Ssmec and Isajevie (3), who regarded agar as gelose
sulphate, and assigned to it the formula (0631005)57

80,1, claiming that rupture of the sulphate linkage
resulted in the loss of gel-farming«ability. Various

& attempte were made to isolate the free "agar acid" by
dialysis methods, notably by Fairbrother and Masbtin (4)
and Hoffman and Gortner (5) who agreed in sllotting to it
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the formula H-O-SOE-OH, where R was a large polysaccharide
residue. Hoffman end Gortner calculated its molecular
welght to be about three thousend, and stated that the
gelation of sgar was the gelation of a salt, not of a
complex polysaccharide.

In 1931, the position was reexamined by Takshashi and
Shirshema (6), who conducted a series of experiments on the
effects of high temperature and pressure on an agsr-water
mixture. They found that by autececlaving the mixture at
1500 for varying times, they could destroy the gel-forming
power, and divide the agar into two portions. Both frag- -
ments, when isolsted, resembled azsr in appearance, but
one of them was soluble irn eold water. They called the
insoluble portion "hydrato-kanten-5" and decided that it
was a simple polyssccharide. It dismsclved in hot water,
forming a sticky precipitete when cooled; 4t did not
reduce Fehling's solution, and on oxidation with con-
centrated nitric zcid it gave mueic and oxalic acids.

They elaimed that it wea one of the principal constituents
of agar, and that its fission from the molecule was the
cause of the loss of the gel-forming ability of the agar.

The water soluble norition (hydrato-kenbtemA) appeared
to be much more camplex. It contained both sulphur and
caleciun, and they suggested for it the formula Ri(O-Soa'G)e
Ca: by electrodialysis they isolated from it a free acid,
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which they e¢alled "kanten acid™. They therefore allotted
to gelcse the fommula R'Ri(o-aoa-o)ﬁ, where M denctes
metals, that is,éﬁ&i(O*Soa-u)H. thus opposing the view
of Samec and Isajevie, that the sulphate group was the
esgential link in the molecule.

It appesred to be desirable to abtempt the isolatvion
of thesa‘éﬂandn):portions. determine if they are funda-
mentally different in construction, and get some indication
of their respectiive molecular weights. The possibility
exigts that the solubility of A is due to the comparatively
small size of its molecule, evidence of which would be found
by examination of its scetylated and methylated derivatives
by viscosity methods. Purthermore, by hydrolysis of the
methylated derivatives of & and A, isolation of the scission
products, aad comparison of the & and A\ fractions with each
other and with those from nethylated agar, evidence should
be obtained as to whether these polyssccharides have any

inherent structural differences.
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EXPERIMENTAL

Powdered agar (100g.) was washed ten times by decanta-
tion with distilled water (100l.) and filtered. The agar
was placed in a covered beaker with distilled water (3l.),
and the mixture heated in an autoelave for 5 hours at 130°
and a pressure of 30lbs. per square inch. The autoclave
had previously been calibrated by the use of substances of
known m.p. in sealed tubes. (Benzoic acid, m.p. 121?,
succinimide, m.p. 125’, o-tolidine, m.p. 129. all melted.
Urea, m.p. 155 and malonic aeid, m.p. 153° did not melt
under these conditions.) On cooling, the mixture consisted
of a jelly-like preeipitate, a brown liquid, and a small
amount (2'0g.) of residve. The gel was separated by
centrifuging, end purified by redissolving three times in
hot water, cocling and centrifuging. It was then dehydrated
by alcohol and ether, and the powdered product (40g.) kept

in a vacuum desiccator over calcium e¢hloride.

Hydrsto-kanten-4.

This substance was a light, greyish-white powder (ash,
0:-5%). It was slightly reducing to boiling Fehling's
solution, and gave a positive Sehwanoff test (7). (For
this test, a few crystals of resorcinol are added to water

(2c.c.) and concentrated hydrochloric acid (2c.c.). A
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small smount of the substance (lmg.) is then added, and

after heating the mixture for 30 seconds a precipitate

appears. This preecipitate is readily soluble in cold

aleohol. Control experiwents must be done concurrently.)
Eydrato-kanten-8 was soluble in hot water and formed

a gel on ecocling (0-03g. in S5c.c.). The iodine number

by Bergmann and Machemer's method (Rer. 1930(§§|316) was

2'47, corresponding to a molecular weight of 8100, assuming

that each macro-molecule had only one redueirng group. The

iodine number of washed agar, by the same method, was 1' 25,

corresponding to an apparent molecular weight of 16,000.

gxdrato—kanten-l.

After removal of the hydrato-kanten—é, the brown solution
was evaporated at 400/15m.m. to 500¢.c., and poured into
alcohol (2l.). The white precipitate was filtered, and
purified three times by dissolving in water (50c.c.), and
precipitating. The substance was then dehydrated by alcohol
and ether, and dried in a vacuum desiccator over calcium
chloride.

The product (17g.) was a light white powder (ash 2 -5%).
It was reducing to Fehling's solution, and gave a positive
Sehuanoff test. It was soluble in c¢cold water and did not
form a gel. The iodine number was 5-89, corresponding to

an apparent molecular weight of 3400.
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Evaporation of the solution, after separation of Hydrato-kanten-)\.

The alcohol-water mixture was evaporated to dryness, and a
erisp, brown residue (25g.) was obtained. It was reducing
to cold Fehling's solution, gave a positive Sehumnoff test,
and the iodine number was 56'8, corresponding %o an apparent
molecular weight of 352. Found: E*];4 - 14-5°1n water (c,1-0).
This iodine number, and those relating to similar substances
which will be gquoted later, must be accepted with reserve,
owing to the formation of iodoform. This may be due to the
adsorbed alcohol, (despite rigorous drying at 100 /15m.m.
over phosphorous pentoxide) or to the presencc of some de-
composition product. It is clear that some highly redueing
substances are present on account of the fact that the
material reduces cold Fehling's solution, and the apparent
molecular weight calculated from the iodine number may have

no significance.

Acetylation of hydrato-kanten-$

The powdered substance (45g.) and pyridine (250c.c.)
were heated at 7d'for 3 hours. Acetic anhydride (250c¢.c.)
and pyridine (100¢c.¢.) were added, and the mixture heated at
76' for 15 hours. After standing for 40 hours, the brown
solution was poured down a thin stream of water into cold
water (91.). The product, when dried, was a brown powder

(48g.). It was purified three times by dissolving in
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chloroform (25c.c.), filtering and precipitating in light
petroleum (500¢.¢.). The brownish powder (470g.) was then
precipitated in three fractions: fraction (i) was a brown,
friable glass (6g.), fraction (2) a white powder (24g.)
and fresction (3) a white powder (Sg.). %hen deacetylated
by alkali, each of these fractions formed a gel with water
(D:-05g. in 3c.c.). %

rootytased™ co [ r‘ in CHCly M g ¢.  Apparent ¥.¥.
Agar 36- 4 -32-1 (¢,1'0) 0-343 0-336 29,400
Prac.l. 341 -33.3 0-125 0427 8,400

2. 360 -32.5 0158 0-428 10,600

5. XS -31-8 0-131 0-a15 9,100

“he acetyl content was detsrained by dissolving 0-2g.
in acetone (50¢.c.) adding 01N NaOH and back titrating with
0-1R 112304 after 4 hours.

The apparent molecular welght was calculated by
Stsudinger's formula (T = C-M-K,) with K = 10~ ard reckon-
ing the repeating unit as '[065702(@0:3-033} J. agar
acetste (0-0336g.) was dissclved in m-cresol (10-00c.c.).
The mean time of flow, T,, at 20-0 , of m-cresol (7:00c.c.)
in the viscometer was 404'6 seconds; the mean time of flow,
.’1’., of the selution (7-00c.c.) was 543 -2 scconds.

S Tyly - THt = 1343

- Specific viscosity, Nap. * Q-343

.rl. a = 0' a: X 1'){)0 x& = 29 .-4:)'::)l
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Methylation of Acetylated Hydrato-kanten-§.

The powdered substance (25g. 035'00. 36'0%u[?33¢, - 32'6 )
was dissolved in acetone (300c.c.) at 40 , and treated with
dimethyl sulphate (125c.c.) and 30% sodium hydroxide (325c.c.)
in one~tenth portions every ten minutes at 55-. The
temperature was finally raised to ?0° for 15 minutes, and the
yellow powder filtered off. The methylation was repeated
three times with the same quantities of dimethyl sulphate
and alkali. The product was then extracted with chloroform
(2l.) and precipitated in light petroleum. It was purified
twice by dissolviag in chloroform, filtering, and re-
precipitating. The white substance (17g.) was then precipi-
tated in three fractions; fraetion (1) was a brownish
powder (3-1g.), fraction (2) a white powder (7 0g.), and
fraction (3) a white powder (6-9g.).

%(J(JII5 =4 %4 in CHCl; ng c. Apparent M.W.
Methylated . P
Agar 32-1 -92 (6, 1 0) 0-266 0°3489 15,500
Frac.l 32-0 -79 0-172 0418 8,400

2. 33§ -80 0-168 0-441 7,800

2. 32-1 486 0-152 0-418 7,400

The apparent molecular weight was calculated using

Staudinger's formula, and reckoning the repeating unit as
[663702(00H3)5].



Hydrolysis of Methylated Hydrato-kanten:.

The powdered substance (9 5g. 0035, 32-1%,E¥l§4 y = 85)
and 2% methyl-alcoholie hydrogen chloride (250 c.e.) were
refluxed at 80 . The substance dissolved after 4 hours 6
and polarimetrie readings were taken at intervals; [ ;4,

+ 3.2 (4 hours); + 137 (10 hours); + 16'6 (14 hours);

+ 21-2‘(18 hours); + 23-5'(20 hours); + 24-5°(22 hours,
Constant value.) After neutralisation with silver carbonate
and evaporation of the solvent, the yellow syrup (8-96g.)

was distilled at O-O4;.m. ,

14 14
Fraction. Bath Temp. m woc, [} in GHCy  Weignt.
1. 110 - 120 solidified 511 + 67 (¢, 1-0) 2 '87g.
2. 145 - 150 solidified 47.3 4+ 37 2.26g.
% 175 - 180 1-4671 401 - 16 0-81g.
4. 180 - 210 1-4674 402 =17 0-25g.
5. 210 - 240 14725 44-4 - 25 1-43g.

Residue 1-26g.
Fraction (1) b.p. 110 - 120 . When recrystallised from
light petroleum this fraction (2-8lg.) had E&]é“ + 108
in water, (¢, 1-0) and m.p. 63" . It was therefore
identified as a mixture of the ot and 3- forms of 2:4:6-
trimethyl methylgalactoside, as isolated from agar (8)
Mixed m.p. with suthentic specimen, 620 .
Fraction (2) b.p. 145 - 150° s This fraction was extracted

eight times with boiling petroleum (b.p. 60 - 80 ), and



gave a soluble portion (A) and an insoluble portion(B).

(A) was recrystallised three times from petroleum and the
trimethyl methylgalactoside (m.p. 65’? removed (0-66g.)

The residual syrup (0-48g.) had 5%1;4, + 20’ in chloroform
(e, 0'4) and OGH5, 28%. It was methylated twice with
silver oxide and methyl iodide and distilled at 120}/
0:03m.m. %o give a clear, mobile syrup. (0-45g.)

Found : n]]f’ 1au98; Bt L, OCH;, 52°5%.

From this portion, a crystalline solid settled out on
standing, which by rotation (IE*-]D , + 85o in chloroform)
m.p. (82b) and mixed m.p.(Bé) was identified as 2’ 4-dimethyl-
.3:6-anhydro— 3 —-. methyl-1l- galactoside (0-10g.), the
presence of which in agar was already known. (9.10). The
residual syrup had EOCI;Q , + 31 in chloroform and OCH
40 2%. A '

(B) had E*J;q 3% i OCH;, 40-2%. It was ASSI T skl
twice with silver oxide and methyl iodide and distilled at
ladu 0-03m.m. %o give a clear, mobile syrup (1-15g.), whieh
had an, 1- 4488, [ﬂﬁ];&+ , + 20 , and OCH, 53-0%. A
small amount (0-02g.) of 2:4-dimethyl - 3:6 anhydro- /3 -
methyl- 1- galactoside erystallised out on standing. The

15 ° :
residual syrup (1-1llg.) had Ei]D s +5 and OCH5' 56%

5!

Fraction (3) b.p. 175 — 180 . This fraction was extracted
in the same way as the previous fraction. From the portion
soluble in petroleum, trimethyl methylgalactoside m.p. 630

ey



(0+11g. ), 234 dimethyl-3:6-anhydro-A -methyl-l-galactoside
MePe 83 (0-0 69,'.) and a clear, mobile syrup (0-19g.) with
E:LJ + 37 and OCH,y 56-1%, were obta:lned. The

1nao_1uble portion (0O-45g.) had E’{IixE y = 29 y OCH_, 40 3%,

and on methylation gave a clear symp'with n;“4 y 1-4462,6q 7 14° "
+21 4 and OCH,y 52-1%. This syrup in turn yilelded

23d=dinethyl=3:6=anhydro=a3 -methyl-l—%alactoside (0-08ge )

and a clear, mobile syrup with E"Cl y +2 , and OCH; ,56-7%,

Fraction (4) beps 180 = 210 . ‘I'hia fraction was insoluble

in light petroleun, 10:1 methylation it gave a clear, mobile

syrup (0-23g.) with n; , 1 4500, Ed] + 97 s and OCH; , 54%.

Fraction (6) Dbepe 210 = 240 . Uaing Staudinger'a formula,

and reckoning the repeating unit as [6657%(00}{3 ):;’, this

fraction had 7, 0-015 (cy0-449), corresponding to an

apparent molecular weight of 700

Hydrolysis of Fraction S,

The brown, viscous syrup (1l-03g.) was refluxed at
80 with 2% methyl-alcohole hydrogen chloride (30c.c.);
Polarimetric readings were taken at intervalsj [o] J]';“L, -
28° (O hours)s -5o (1 hour)y + 8°(3 hours) +16‘ (4 hours)s
+ 26 (5 hours); + 28 (6 hours. Constant value.,) The
resultant yellow syrup (0°86g.) was distilled at 0-08m.m,

40

Fraction. Bath Temp. n%“ eighte.
1. 110 - 130 1- 4690 0-16g.
2, 130 - 150 1- 4690 0-15¢g.
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Fracticn. Bath Temp. n, Weight.
%, 150 - 180  1-4654 0-06g.
5. 180 - 240  1-4742  0-O4g.

Residue 0-42g.
Both fraction 4 and the residue resembled the original
substance (fraction5) very closely in appearance.

Fractions 1 and 2, which partly sclidified on standing,
were extracted with petroleum together and the trimethyl
methylgalactoside m.p. 63 (0-25g.) separated. Fraction 3
was insoluble in petrcleum and was methylated together with
the insoluble portion from fract}ons 1 and 2. From the
clear, mobile syrup (0-12g. niq, 1-4550) 2:4-dimethyl-

3. 6- anhydro- 3- methyl- 1-galactoside m.p. &3 (0-10g.)
separated out. This indiecated that fraction 5 consisted
of approximately two parts trimethyl methyl -d-galactoside

m.p. 63°and one part anhydro methyl-galactoside m.p. 85’.

Composition of Methylated Hydrato-kanten-§.

Fraction. Trimethyl methylgalactoside Anhydro - Clear
m.p.6% . E?ﬁgyagglaetoside Syrup.
2-8lg. = Py
2. 0-66g. 0-12g. 1-48g.
He 0-1lg. 0-l4g. 0 -56g.
4, - - 0-238.
5. eale. 0-35g8. O-l4g. 0.0%g.
5:93g. 0-40g. 2-:30g.
Percentage 4%-8 4-5 257

Calc. from 8.96g.



Reautoclaving of Hydrato-kanten-d.
Reautoclaving for 2)% hours.

The finely powdered substance (20g.) was autoclaved
for 2% hours at 130 with water (400c.e.) The resultant
thin gel was centrifuged and the solid produet purified three
times by dissolving in hot water and precipitating in
alcohol. After dehydration by aleohol and ether, the
product was a greyish-white powder (8g.). It was slightly
reducing to boilling Ffehling's solution and gave a positive {
Seliwanoff test. The iodiune number was 6°10, corregponding
to an apparent meclecular weight of 3, 300. This substance,
“hydrato-kantan:&u formed a gel with water (0-08g. in 2¢.c.)

!
. Acetylation of Hydrato-kanten-$ .

The powdered substance (5g.) was acetylated with
pyridine (45c¢c.c.) and acetic anhydride (35c.c¢.), by the
same process as for the acetylation of hydrato-kanten-§.
The purified product was a white powder (3-8g.), which, on
deacetylation with alkali formed a gel with water. The
substance was dissclved in ehloroform and precipitated in

light petroleum into two fraetions, both of which were

white powders. 10 +
4 :
Fraction JCH,-CO. X1y in M, M Apparent M.W.
1.(1-5g.) 37-8 - 35 (6, 1'0) 0-090 0441 5-900
2.(2-1g.) 38-0 - 30 0- 087 0-412  6-100
.'-

Calculated according to Stauddinger's equation, and
reckoning the repeating unit as [?6H702'(0-GO-GH ) ]
LAl a6
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Evaporation of solution, after separation of Hydrato-kanten-d .
A small portion (15c.c.) of the brownish solution was

poured into alecohol (100c.c.) There was no precipitate.
The entire solution was then evaporated down to dryyess,
and a erisp, brown residue obtained. [é-zg.[}#]ga .+ 1'0°
in water (c, I Oi] . The product was reducing to cold
Fehling's solution and gave a positive Seliwanoff test.
The iodine number was 35-4, corresponding to an apparent

molecular weight of 565. (Iodoform was present.)

Reautoclaving for 4% hours.

Powdered hydrato-kanten-8 (20g.) was autoclaved for
4% hours at 130 in water (400c.c.) No solid remained
after this length of time, and the brown solution gave no
precipitate in alecohol. The solution was evaporated to
dryness at 55715:n.m. and a crisp,brown residue (14g.)
obtained. Found: [«] , + 11- 9 I waber. (4, 10}
The iodine number was 50-2, corresponding to an apparent

molecular weight of 398. (Iodoform was present.)

Estimation of free galactose in the above degradation products.

A small amount of the substance (0:35g.) was dissolved
in water (10c.c.) and methylphenylhydrazine (0-5g.) added
in alcohol (10c.c.) After addition of 50% acetic acid
(0:lc.c.), the mixture was shaken and set aside for twelve
hours. The galactose methylphenylhydrazone was recrys—
tallised from boiling ethyl alcohol, in which it was soluble

= 25 S



with aifficulty.

Substance. Crude Recrystallised
product. product.
Galactose 0'03g. O0-038g, 0-036g. Mepe 188"

0-35g« 0°47g. 0-45g. Nepe 188
Residue/2% hours. 0-35g. O0-005g. 0-:005gs Mepe 188
Residue/4d hours. 0-35g. 0-01g,. 101 meDe 188
Residue/ Agar. 0:702e 0.005ge 0-005g. mMmepe 188
Free galactose in residue from 2% Lours period = 1-0%,
and from the 44 hours period, 2 0%.

Free galactose in Agar residue = 0-5%

The dry, crisp, brown residue (11-0Og.) was
dissolved in acetone (250c.c.), and dimethyl sulphate
(55cece) and 30% sodium hydroxide (l43cece.) added,
Since a reducing sugar was present, half the usual
one-tenth portions of alkali were run in during the
first three additions, The neutralised solution
was extracted with chloroform (1500c.c.,) and the
methylation process repeated three times, After two
methylations with silver oxide and methyl iodide, the
product was a crisp, brown substance (7-1g.)

The methylated product (7-1ge.) was dissolved in
chloroform (20c.c.) and precipitated in light petroleunm



(600cec.) The precipitate, (6:5g.) when dried, was a

" light, crisp, yellow substance. (Fraction Aes) The
petroleun-chloroform mixture was evaporated to dryness, and
a small amount (0blg.) of a yellow syrup was obtainede
(Fraction B, ) Found for (B): OCH_, 525 [«] “4 + 81

14
in chloroform; n% s 1°4630,

Iydrolysis of Fraction B.

A portion of this substance (0-1l5g.) was hydrolysed
for 3 hours with 7% su.lp; wuric acid (1l0c.c.) After refluxing
the final product ( Eot] s +24 ) with aleohol (3ce.c.) and
aniline (0-5ceCe)y a small amount (0°'005ge.) of a ¢rystalline
substance was obtained. By the mepe (195 ) and aixed
mepe with an authentic specimen (195 ), it was identified
as 2833436~ tetramethylgalactose anilide. If an
approximately quantitative yield of the anilide is obtained,
the percentage free galactose in the original product by
this method is 2%.

Hydrolysis of Fraction A.
The light, crisp, yellow substance (5:2g.) was

methylated again with silver oxide and methyl iodide.

Pounds [“]_ - 8-2 in chloroform (c. 1-0), OCH,, 35-3%
T]Sp. 0-021, (c,o-397) corresponding to an apparent

molecular weight of 1,100 by Staudinger's equation, reckoning

- 09



the repeating unit as [06H702 (OCHB )3] This substance (5-0g.)
was refluxed with methyl-alcoholic hydrogen chloride

(200cecs ) at 8’) . Polarimetric readings were taken at
intervals; E{l s +3 (1 hour); + 5 (2 hours);

+11 (4 houz*s); +12° (6 hours); =+ 14 (7 hours. Constant
value.) The resulting yellow syrup (4-63g.) was distilled

at O-0OCmene %

14 14
Fraction. Bath Temp. 1), %0CH, [«], in CHCL, YVield,
s 9 120 - 125 1-4577 501 +76 (g, 0-4) 0702
2, 130 - 140 solidified 51-0 + 74 0-91g.
3 140 - 180 1 4640 411 - 310 0-64ge
4, 150 - 180 14700 432 - 17° 0-15g.
Se 200 - 240 1-4720 439 =219 0-67g.

Residue 1 50g.
Fraction (1) partly solidified on standing. The

mobilf 4port.ion (0-15g.) was decanted. OCH,y 49-1%3

14°
[-—dJD y t 75 in chloroform (¢y 0-4); np , 14570, The
entire fraction was therefore trimethyl methylgalactoside
mopl63°o o

Fractions (2), (3) and (4) were extracted with petroleum
together, The soluble portion gave, trimethyl
methylgalactoside m.p.63 (O- 1.Cg.) and a colourless syrup
(0-15g. )y with E‘] , + 35 in chloroform and OCH,y 56 4%e

R



The insoluble portion gave 2:4-dimethyl-3:6~-anhydro= =
nethyl-l=galactoside MeDe 83 (0-22g.) and a cclourless
syrup (0-10g.) with Et:":l" 5 2 in chloroform, and
OCH 5 561

Fraction (5) resembled fraction (5) from the hydrolysis
of methylated lydrato-kanten-$ in appearance, boiling
point; methoxyl content, retation and refractive index,

Cpmposition of Fraction A.

Fraction. Trimethyl Anhyydro "~ Clear
methylgalactoside. methylgalactoside, SyTUDe
m.p.63 2 m.p- 83"

1. 0 '7(3- - e

2’3’4’ : 098- O 328. O'zsg.

Se calce 0'188. Q- O?g. Qe 018.
1 972 0°:39g« 0-26ge.

Percentages 42°6% 8-4% 5-6%

calce. from 4'6%.

The powdered substance (14g. ) was heated with
pyridine (70c.c.) at 70 for 3 hours. Acetic anhydride
(70cec,) and pyridine (30c.C.) were added, and the mixture
heated at 70 for 15 hours, After standing for 40 hours,
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the brown solution was poured down a thin stream of water

into cold water (20.)¢ The product, a light, brown

powder (16g.), was purified three times by dissolving in

chloroform, filtering and precipitating in petroleunm.

Tt was then precipitated into three fractions; fraction (1)

was a brown powder (4:6g.), fraction (2) a white powder

(4:72+)y and fraction &2) also a white powder (4-4g.) +
%CHzco [*1,  in CHCl;. M, e.  Apparent iLW.

Acetylated 364 = 32-1 (¢, 1'0) 0°343 0°336 29,400
Agare

Fraction i. 387 = 45.1 0-077 0-410 5,400
S, 07 =22 0-053 0.368 4,100
3¢ 410 =~ 369 0-062 0-437 4,100

+

Calculated using Staudinger's formmla and reckoning the
repeating unit as [063702 (0-c-0-=;‘:f43)3] °

Jethylation of Acetylated hydrato-kanten- X\ . o

The finely ground product (10g. CH;CO, 408, [*] = 40
in chloroform) was dlssolved in acetone (200cec.) and
methylated with dimethyl sulphate (50c.c.) and 30% sodium
hydroxide (130cece.) This process was repeated three times,
After extraction with chloroform and precipitation in
petroleunm, the purified product (4-5g.) was precipitated
into three fractions. Fraction (1) was a brown, friable
glass, which, 'when dissolved in chloroform and precipitated,



formed a brown powder (l-lg.); fraction 2 was a white
powder (l-5g.) and fraction 3 also a white powder (1-5g.)

(-]

Ciby i
%OCHS. ' D in CHCld . T] sp Ce Apparent lMeWe
Methylated : >
Agar. 32-1 -92 (e, 1'0) 0-266 0349 15,500
Fraction l. 325 -100 0-115 0-452 5,200
2, 34-5 -80° 0-082 0-446 4,200
5 3. 350 78 0-081 0-401 4,100

Calculated by Stauginger's formula, and reckoning the
repeating unit as [CgH, O, (OCH3)5]

The powpred substance (9-0g. OCHgy 34-1%; [&])3784"
in chloroform) was refluxed at 80 with 2¢¥ methyl-
alcoholic hydrogen chloride (250c+Ce)e aPolm':lmet.ric
readings were taken at intervals; [o] ]g, 3 (1% hours);
#6 (3 hours); +16 (7hours); +18 (9 hours); +20°
(10 hours); +21 (1lhours. Constant value.) After
neutralisation and evaporation, the yellow syrup
(8-15g.) was distilled at 0-0Cm.m.

R
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Fraction. BatheTemp. n, OCH, in CHCl,y. Yield.

1. 110-120 golidified. 50-2 470(,10) 3-31g.
2. 145-150 1-4674 47-1 +38 1-60g.
3 175-180 1-4680 46-3 «37° 0-40g.
4. 180-210 1-4700 404 «37° 0-38g.
5 210-240  1-4770 43.2 25 0 55g.

Residue 0-83g.
Fraction 1. bep. 110-120.

This fraction gave on recrystallisation 2:4:6-
trimethyl methylgalactoside m.p.&?: (3:28g.)
Fraction 2. b.p. 145-150.

This fraction was extracted eight times with
light pelroleum, and gave a soluble portion (A) and an
insoluble portion (2).

(A) gave finally trimethyl methylgalactoside m.p.ﬁsg
(0-308e)y 234-dinethyl-336-anhydro=-s-nethyl-l-galactoside

mepe 83 (0-06g.), and a colourless syrup (0-30g.) with
[] ;4 s +30 in chloroform, and OCH,, 56-0%

(B) gave finally 2:4-dimethyle=3:6=-anhydro-g=-mnethyl=l=

galactoside m.p. 83 (0-08g.) and a colourless syrup (0-85g.)

with Ed-]gf y @ in chloroform, and OCHS. 57 *1%e

P e

Fraction (3) bepe 175 = 180, The soluble portion
of this fraction consisted entirely of trimethyl
methyl-galactoside m.ps 63 (0:1€gs) The insoluble portion

e o



gave finally 2:4-dimethyl-3:6-anhydro-p-methyl-l-galactoside

14 o
(0-02g.) and a eolourless syrup (0-13) with EGLJD g = 4
and OCH,, 54°7%

Fraction (&) Depe 210 = 240, This fraction resembled
fraction (5) from the hydrolysis of methylated hydrato-
kanten-4 in eppearance, boiling point, methoxyl content,

rotation and refractive index.

Composition of Nethylated Hydrato-kanten- X o

Fraction. Trimethyl Anhydro Clear
methylgalactoside methylgalactoside  syrupe.
Mepe 63° mepe 83°

i. 3288 - -

Ce 0308« 0-148. 1-15g.

Se 0168 0:02ge 0-21g.j i

4. - 0+25g. 0+13g.

S5.calce. 0:38g 0-15g 003
4.12g. 0-56g. 1-52g.

Percentage. 50°6% 6.9% 18+6%

calc. from 8+:15g.
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Heeutoclaving of Fydrato-kanten= A _.

The powdered product (1l0g.) was dissolved in water
(200cec.) and heated at 130 for 1} hours. A portion was
~then precipitated in alecoholy when dried, this precipitate
gave an iodine number of &.87, corresponding to an apparent
molecular weight of 3400, which was identical with the
value found for the original substance. The solution was
then autoclaved for a further 3% hours, making 5 hours
in all. Precipitation in aleohol (1,5.) gave a white
powder (7-1g.), "hydrato-kanten= }' o" The iodine number
was 17-0, corresponding to an spparent molecular weight of
1,200,

]
Acetylation of Hydrato~kantens )N &
The finely ground substance, (5-2g,) was acetylated

with pyridine (46c.c.) and acetic anhydride (32CeCe)s

The purified product (3-4g.) was precipitated in petroleum
into two fractions; fraction (1) was & grey powder (O-:8g.)
and fraction (2) a white powder (2:5g.)



4 t

1
2 ot L] &

Fraction, %CHCO. G ]D in CHC1, M dos gfn%?mnt
L 40-0 Y 0-073 0417  §000
24 44-1 - 37  0.087 0:433 2500

The constants of fraction (1) are similar to those of acetylated
hydrato-kanten~ A .

Calculated by Staudinger's formula, and reckoning the

repeating unit as  [C 1,0, (0:COCHy).,]

+

ipitation

'I'fm alcohol-water mixture was evaporated down to
dryness, and a erisp, brown residue (2:0g.) obtained,
with [%] ;4 v = 12:2 in water (cy 1+0)s The iodine
number was 62:9, corresponding to an apparent
molecular weight of 318, (Iodoform was present.)

No galactose methylphenylhydrazone could be prepared

from this residues
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2 by _the Rast Method.

A small amount of the substance (0:0lg.) was
weighed into & small tube with freshly sublimed camphor
(0-108.) The tube was sealed off, immersed completely in
an o0il bath at 180 , and the temperature at which the
first erystal appeared was noted.
The mepe of camphory under these conditions, was 172- 2,
MaDe Depressione Apparent MW,

Acetylated Hydrato-kanten-4 . 169-1 31 1,352
Acetylated Hydrato-kanten=\ . 160-6  2:6 1,202
Acetylated Agar. o7 X6 2,011
Methylated Hydrato-ksnten-$ . 169-5  2-7 1,309
Methylated Hydrato-kanten- A . 170-7 1.5 1,362
liethylated Agar. Ingoluble in camphor.

The substances are apparently degraded at the high
temperature,

. 26 -
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1 i

denotes the apparent molecular weight of the
substituted derivatives from viscosity measurements.
The values of M quoted for acetylated and methylated
hydrato-kanten-§ , acetylated and methylated
hydrato-kanten- A , and acatylated hydrato-kanten- § .
are the mean values of their various fractionsj

for acetylated hydrato-kanlen= )J the value of
fraction (2) is quoted.

denotes the apparent molecular weight of the
unsubstituted polysaccharide caleulated from the M
values, the repeating unit being reckoned as (CgH, 0Og)e
denotce the apparent molecular weight of the
polysaccharide, calculé.t.ed from the iodine number.

l‘ﬂv. Ho. Mi'

Acetylated Agars 29,500 16,600 16,000
reetylated hydrato-kanten- § . 9,400 7,800 8,100
Acetylated hydrato-kanten= N o« 4,500 2,500 3,400
Acetylated hydrato-kanten- § o 6,000 3,500 3,300

Acetylated hydrato-kanten- )\'

Methylated Agar. 15,500 124300 16,000

liethylated hydrato-kanten= § « 7,900 6,300 8,100

Methylated hydrato~kanten- XN « 4,600 3,600 3,400

QT -
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DISCUSSION.

The work already done on the partial hydrolysis of
agar, by Tekshashi and Shirshama, (G) indicates that the
agar molecule can be broken down into two distinet portions.
The portion insoluble in cold water, hydrato-kanten- &
regembles agar in its physical properties and the
Japanése wprkers concluded, as a result of their
investigations, that the former is a simple polysaccharide.
As proof of this, they produced evidence that it had a
small ash content (0-5%), it could be hydrolysed to yield
reducing sugars, and on oxidation with nitriec acid gave
mucic and oxalic acids. On the other hand, they foiind
that hydrato-kanten-A,the water soluble portion, contained
sulphur (SO, , 3-6%) and caleium (2%), so they claimed that
this fragment contained a sulphate linkage.

since the agar employed here in the preparation of
" hydrato-kantan-8 and A had been thoroughly washed, it
follows from the work of Neuberg and Schwietzer (11) that
it is almost entirely free from sulphur. The two
degradation products, therefore, can contain exceedingly
little sulphury, a fact which appears to oppose the view of
Takahashi and Shirahama, namely, that hydrato-kanten- X is
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not a simple polysaccharide like hydrato-kanten-é, but
contains a sulphuric ester linkage, The ash eontent of
the hydrato-kanten- § isolated here is very small (0-5%),
while that of the hydrato-kanten- A (2-7%) is much lower
tian the value found by Takahashi and Shirshama (7-8%)

The hydrato—kanten-l fragment must be some essential
part of the agar moleculey and not just a degradation
product of the insoluble hydrato-kanten-d , since further
hydrolysis of this insoluble product does not produce more
hydrato-kanten-A . Assuming that each molecule had only
one reducing group, the iodine number of the latter
indicates an apparent molecular weight of approximately
3,400, or about 21 anhydro-galactose units, if the entire
molecule is regarded asbelng composed of these residueé.
This is known not to be the caseybut it is a conwvenient
basis for calculation, This value (34400) is less than
nalf that found for hydrato-kanten-4 (8,100, or about 50
anhydro-galactose units) Agar, itself, by this method,
gives an apparent molecular weight of 16,000, or about
100 anhydro-galactose units. Whije these molecular
weights may not have any absolute value, comparison of
the results shows that the hydrato-kanten-§ molecule is at
least twice the size of the hydrato-kanten- X molecule,
and about half the size of the agar molecule,
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The phenomenon of gel formation, which may be
observed in solutions of sgar and hydrato-kanten-§, may
be due to some system of cross linkages in the maero-
molecules. If such a complicated system exists, some
of the linkages in agar must be ruptured by hydrolysis
at 130', and it may be expected that the component parts
of the two fractions isolated will not be strictly
identical.

Bvidence of small differences in these fragments
is obtained by the study of the products obtained by
acetylation and methylation. ‘'/hen acetylated or
methylated hydrato-kanten- § is precipitated in three
fractions, it is found thatq"%?c fractions are a little
different from each other in,rotation and ecetyl or
methoxyl content, although they bear a close resemblance
to the values found for the similar agar derivatives,
Viscosity measurements, however, carried out by
Staudinger's method, using the fommlaqsp = CoX Iy with
X, = 107", indicate that the spparent molecular weight
of agar acetate (29,400) is about three times that of
acetylated hydrato-kanten-§ (mean value of fractions 9,400).
Reckoning the repeating unit in the acetates as

[c.5,0; (0-cO-Cy),) , the values for the unsubstituted
polysaccharides are 16,600 and 7,300 respectivelye.
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The acetylated hydrato-kanten-\ fractions have higher
rotations and greater acetyl contents than agar acetatej;
the apparent molecular weight fron viscosity measurements
is 4,500 (mean value), which gives a value of 2,500 for
the unsubstituted ploysaeeharide. This is soméwhat lower
than the value from the iodine mumber estimation (3,400),
but the methylated derivative has an apparent molecular weight
of 4,500, which corresponds to 3,600 for the unsub-
atimtéd polysaccharide, reckoning the repeating
methylated unit as |C,H,0, (0CH,),].

An attempt to determine the moleculap weights of
these acetylated and methylated compounds by Rast's
method was unsuccessful, With the exception of
methylated agar, the substances dissolved in camphor
at 1800, but the results indicate that the macro-molecules
are degraded at the high temperature.

If either of these frogments in turn are axxto;-
claved for a time, the molecule is still further
degraded, Hydrolysis of hydrato-kanten= 8§ for 2% hours
at 130  produces a substance, hydrato-kanten-$ , which
has an apparent molecular weight of 3,300 by the iodine
nunber methods Acetylation and preecipitation into two
fractions gives products which have greater acetyl
contents than acetylated hydrato-kanten-é 3 this
indicates that further linkages are ruptured, and
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the molecular size decreased, Viscosity measurements
-show an apparent molecular weight of 64,000 for the
acetate (mean value), from which the unsubstituted
compound can be reckoned as 3,5004 this is very
similar to the value found for hydrato-kanten- \ , but
this fragment is essentially different in that it is
insoluble in cold waterj moreovery, it forms a gel when
the solution in hot water is cooleds It therefore
appears that although the molecule may be approximately
of the same size as the hydrato-kanten- ) moleculey, the
linkage phenomenon which prevents solution still
persists, as it does in normal hydrato-kanten~ & .
Autoclaving hydrato-kanten~ & for 44 hours at 130 , on
the other hand, dezrades it still more extensively, as
no water insoluble portion remainsj mno hydrato-kanten= \ ’
however,is formed.

The hydrato-kantem= A\ fragment appears to be more
resistant to further autoclaving., A period of 2% hours
at 130° has no effect, but after 5 hours a part of the
substance is degraded. This new product, hydrato-
kanten-):, has an iodine nuuber of 17-0, which
corresponds to an apparent molecular weight of 1,200,
Fraction (1) of the acetylated product is very similar
to the normal acetylated hydrato-kanten- N fractions in

rotation, acetyl content and apparent molecular weight,

e .



but fraction (2) has a high acetyl content (44%) and an
.appamnt molecular weight of 24,600, which corresponds to
1,400 for the unsubstituted polysaccharide, It
thersfore appears that the hydrato-kanten-X molscule is
more resistant to rupture than the hydratoekantern-$
molecule, since it is not complete )y degraded by
hydrolysis for five hours at 130, It would seem that
they are differently constructed; and the lstter product
apparently coniains the type of linksge concerned in gel
formation, which appears to be falrly easily ruptured.
No mention is made by Takahachi and Shirshama
regarding the subsiance which msy be obtained by
eveporation of the aleohol-water mixture, alter fil-
tration of the hydrato-kanten-\ , elthough the yield is
about 25% of the original material. This crisp, brown
substance reduces cold Fehling's solution; and has &n
iodine muber of 56-8y corresponding to an apparsnt
molecular weighi of 3352, Iodoform is produced during
the estimationy so that the apparent moleculsr weight
had probsbly no significancej moreover, since the
substance is reducing to cold Fehling's solution, there
mgy be more than one reducing group per molecules Very
few :mbétamea, apart from ascorbic acid, are known
. which reduce cold Fehling's solution; gluco-reductone(l4)
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has this property, so that similar highly reducing
substances may be present in this residus, A small
amount of galactose methylphernylhydrazone can be
prepared from this residue( galactose 0'5%), so that
galactose residues must be in a position to be split
off from the macro-molecule.

Similar substances are obtained by evaporation. of
the solutions emploved in the amtoclaving of hydrato-
kanten= 4 3 the residue after the 2% hour period had an
apparent molecular weight of 565 and contained free
galactose (1%), whereas the residue after the 4% hour
period had en apparent molecular weight of 398 and free
galactose(2%)e In both cases iodoform was produced
during the estimation of reducing power., In the saue
way, the residue obtained after the autoclaving of
" nydrato-~kanten=\ had an apparent molecular weight of
318 (iodoform being present), but no galactose methyls-
phenylhydrazone could be prepared in this case. All
thess residues reduce cold Fehling®s solution,

It is already known that agar contains both d- and
l-galactose, and it was desiraeble, therefore, to
attempt the isolation of esachy in the form of their
derivatives, from hydrato-kenten=4& and X, and thus
determine if there is any essential difference in thelr



chemical cmosiﬂom. This was attempted by the
hydrolysis of the methylated derivatives, "
| The only definitely identified products isolated
by the hydrolysis of methylated agar are a mixture of
theotand3- forms of 2:4:6~trimethyl mat?rwl-&galactoside
(8); and on further methylation, 2:4-dimethyl-3:6-anhydro
A ~nethyl=-l-galactoside(2)(10). In the case of hydratow
kanten- § and X, the methylated derivatives were heated
at 80 under reflux with 2% methylealccholic hydrogen
chloride. The former product was more resistant to
hydrolysis, since it took 22 hours fo%the specific
rotation to reach a constant \ﬁ}ue ([d]p, +24'{;), while
the latter took 11 hours ([*], 421); this may, however be
accounted for by the difference in solubility, since
methylated hydrato-kanten- & took 4% hours to dissolve.
After neutralisation, extraction and evaporation, the
resulting syrups were fractionally distilled, and the
scission products examined.

Tt is found that 2:4-dimethyl-3:6~anhydro~j3-methyl-
l-galactoside and the mixture old andp-forms of 2:4:6-
trimethyl me.t.hyl-d-galactoaide already known to be present
in methylated agar, (an he obtained from both the hydrato-
kenten- & and - Nderivatiwes. It is difficult to estimate
the amounts exactly, and the results must be accepted with
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reserve, since a laborious extraction process is
required, and the third product, a clear, mobile syrup
(S) of varying compositionyhas been shown to contain
some of the anhydro-galactose derivative(i2). Another
factor is the presence of a large amount of high boile-
ing point material; an equilibrium appears to be attained
during the hydrolysis, after which no further hydrolysis
occurs. Four fractions below 210° (total 6-31g. 68%) can
be distilled after the hydrolysis of hydrato-kanten-$ ,
then a £ifth fraction bep.210-240 is taken (1-43g. 16%)
The residue, however, (1-26g. 14%) is very similar in appearance
to fraction §, and it is doubtful if its chemical comp-
osition is very different.

This fraction 5 may be hydrolysed further by treat-
ment 29 methyl-alcoholic hydrogen chloride, and small
yields of 2:4:6-trimethyl methylgalactoside (29%),

2! 4=-dimethyl-3: 6-anhydro-/3 -methyl-l-galactoside(1ll: 5%)
and the clear, mobile syrdp (S) (2-3%) are finally
obtained, The residue (49%), again, is very similar
in appearance to fraction 5, and it is probable that
its chemical composition is very similar,

From the amounts of the various substances actually
isolated, the product from methylated hydrato-kantenwé
is found to contain 2: 4: 6=-trimethyl methyl-d-galactoside
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43 8% and on further methylation 2:4-dimethyl-3:6-
anhydro-3 -methyl-l-galactoside 4 - 6% and S 25-7%. The
products obtained after a similar treatment of
methylated hydrato-kanten-\give somewhat similar values,
namely, 2:4:6-trimethyl methylgalactoside 50-6%, 2:!4-
dimethyle3: G=anhydro-3-mnethyl-l-galactoside 6-9% and S 13 6%,
lioreovery since S has been estimated to contain sbout 15%
of the anhydro-l-galactose derivative (12), the quantities

of this compound from the methylated derivatives may be
calculated to be 8:-3% and 9-7% respectively.

Furthermorey if the whole of fraction 5 and the
residue from the hydrolysis of hydrato-kanten-§ is
calculated as trimethyl methylgalactoside, dimethyl-3: G-
anhydro-nmethyl-l-galactoside and S in the proportions
found by the hydrolysis of fractionS, values are
obtained which are probably nearer to the true composition.
lethylated hydrato-kanten-d thus yields on hydrolysis
trimethyl methylgalactoside 60-3%y and on further methylation
2:4=dimethyl-3:6=-anhydro-g-methyl~l-galactoside 11 1%
and 3%27:%; the proportions of the products obtained
‘after a gimilar treatment of hydrato-kanten-\ are fairly
similar, namely, 65 5%, 12-9% and 139'8% respectively.

If the estimated amuount (15%) of the anhydro-l-galactose
derivative in S is added, the values for this substance
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become 15-2% and 15°'9% respectively.

It will be observed that the amount of the anhydro-
l-galactose derivative in the two fragments is very
similarj on the other hand, hydrato-kanten-\ has a
larger amount (5%) of the d-galactose derivative, and
a smaller amount of S, - the composition of which is so
far unknown.

No tetramethyl galactose could be isolated from
either of these hydrolyses. It appears, therefore, that
these hydrato-kanten- § and =\ products either have no end=
group, or the end-group is not a galactopyranose residue,
The examinati?n of a more degraded product was therefore
undertakeng” the product actually selected was the residue
obtained after autoclaving hydrato-kanten-4é for 44 hours,

This crisp, brown residue was methylated and the
monosaccharide portion (2%) was removed by precipitation
in petroleum. The methylated product (fraction A),
which by viscosity measurement had an apparent molecular
weight of 1,100 ( cfs iodine mumber method, 398 for the
ummethylated product), was hydrolysed with 2% methyl-
alcgholie hydrogen chloride, and the fractions examined
as before. The composition of the product was found
to be trimethyl methylgalactoside 42-6%, and on further
methylation, 2:4-dimethyl=3:6=-anhydro-p-methyl=-1-
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galactoside 8-4% and S 5:6%. Calculating for
complete hydrolysis of fraction § and the residue as
before, the values become trimethyl methylgalactoside
70:-2%4 S 8 0F and the anhydro-l-galactose derivative
18- 6%, or 20-8% by reckoning the amount (15%) in
solution in S, The meximum amounts of theése substances
derived from the methylated products can be seen in
the table.

Hethylated Methylated lMethylated

Agare Hydrato-  IHydrato- A,
(12) kanten- ¢ kanten- )
Trimethyl
methylgalactoside. 62:1 60-3 65°5 70-2%
Dimethyl anhydro-
l-galactoside, 11-6 15-1 15-9 20-8%
Se 26-0 23-0 16 -8 20

No tetramethyl galactose was found in this fraction

Ay although if the chains are very long, the amount of
the end product formed would necessarily be small, and
since only a fairly small amount of fraction A was
available, the end product may have escaped detection.

The apparent molecular weight, however, (1,100, or § =
6 methylated anhydro-galactose units) appears %o indicate
that the molecular size is comparatively small, so that
gome form of ring combination may be present even in
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this more highly degraded producte.

During the investigations on the hydrolytic products
of methylated agar by Percival and Somerville (8), and
later Hands and Peat (9), no trace of tetramethyl
galactose was detected, and it would appear that if sgar
exists in straight chains, the end-groups are not normal
galactopyranose residues. It may be that the hydrato-
kanten- & and - )\ﬁ'mlents exist in the molecule as chains
which are cross-linked in such a way as to close the ends
of the chains entirely, and to cause the phenomenon of
gel formation. On the other hand, no recognisable
end product has been isolated from either of these frag-
ments, and it appears that they,also, do not exist in
terminated chains,.

It is possible from geometrical considerations
for six galactopyranose residues, united by -linkages
between positions one and three, to form a closed ring
(8)y and it may be that such a ring exists in these
molecules, Since fraction A, by viscosity measure-
ment, has en apparent molecular weight of 1,100,
which is approximately six methylated anhydro-
galactose residues, there is a possibility that this
loop is present in the structure of the agar molecule.

There may be, also, rings containing 3.6-anhydro=li=-
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galactose residues as well as d-galactose residues,
and sinece from Part II there is evidence that a galacto-
pyranose residue mgy be linked to a 3:6-anhydro-l-
galactose residuey these anhydro-l-galactose residues
may be important links between the d-galactose unitse

They are clearly fundamental building stones in the
structure, since 2! 4-dimethyl=3. 6~anhydro-3 ~methyl=
l-galactoside has been found in all the fragments
examined,

Another consideration may be advanced regarding
the linkage of the l-galactose residue. It may be
linked in positions one, three and six to three
d-galactose units, and on hydrolysis, the 3:G-anhydro
ring may be formed by union of the third and sixth
carbon atoms. From this reasoning, it is also
possible to postulate 1:3-and 1l:6-anhydro ringsj this
latter ring, however, has been shown by HeCreath and
Smith (13) to be opened by treatment with acid, However,
it is much more probable that the 3 G-anhydro ring
exists as such in the agar moleculey; on account of the
low methoxyl and scetyl contents of the derivatives.

The possibility exists that the sgar molecule
may be composed of a large muber of fairly small rings,
which are interlinked in a complicated manmner, and on
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heating at 130° a characteristic fragment is split off,

This latter fragment, hydrato-kanten- N\ (about one
£ifth of the whole molecule) does not have the type of
linkage concgrned in gel formationy, and on autoclaving
for a further period the most degraded product which
can be precipitated from water has an apparent molecular
weight of 1300 (mean value), which is approaching the
basic size of the postulated rings. This system of
rings may also contain short side chains at intervals,
which could account for the small amounts of free
galactose which are split off, or the system may contain
some substance which is at present unknown,

Thereis, however, alsoc the possibibity of a
combination of the above constructions. The hydrato-
kanteh products may consist of long chains terminated by
loops, which would account for the lack of an end-group,
or loops may be spaced along the length of a terminated,
and perhaps branched, chain,

If branched chains are present it should be
possible to isolate methylated monosaccharide residues
containing less than the normal number of methyl groups,
e.g. dimethyl galactoses (15). Although this has not
been doney it is quite likely that substances of this
type are present in the higher boiling fractions. On
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account of the subsequent methylations required o
isolate the 2:!4=dimethyl=3:6-anhydro-3 -methyl-l=-

galectoside no direct evidence for this view is
aveilsble, but the mobile syrup S will contain these
substances in the fully methylated state.

Hany tentative structures can be advanced to account
for the physical architecture of the agar molecule by
considering the properties of the above compounds, and
it is apparent that the polysaccharide is exceedingly
complexe Further study will be required before
any approach to a more detailed structure of the agar
molecule can be attemptede
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SULTARY

Washed agar can be partially hydrolysed
by heating with water at 130: as shown by
Takahashi and Shirahana.

One of the products, hydrato-kanten- )X ,
is soluble in cold water, while the other,
hydrato-kanten~ 8 , has properties very
similar to those of agor. Further autoe
claving of hydrato-kanten-$ doss not
produce hydrato-kanten- X, so that these two
substances are distinetive fraguments of the
agar molecule.

Other degradation products are alse
obtained by evaporation of the solutions
employed. These products reduce cold Fehling's
solution and therefore contain some exceedingly re-
active substances.

The agar molecule is found to be about
twice the size of the lydrato-kanten- & molecule
which in turn is about twice the'size of the
hydrato-kanten- N molecule. The apparent
molecular weights by the iodine munber method
agree closely with those calculated from

viscosity measurementse.
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Further autoclaving of hydrato-kanten- & for
24 hours results in the formation of a more
degraded, water insoluble product, with approx-
imately the same apparent molecular weight as
nydrato-kanten- X\ . Autoelaving for 4% hours
degrades it completely to the crisp, active residue.
Hydrato-kanten- X is more resistant to further
hydrolysis by autoclaving, but after heating fo_r
S5 hours at 130° a water soluble substance can be
isolated, with an apparent molecular weight of 1,300,
Although the hydrato-kanten products differ
in physical properties, their chemical compositions
are fairly similar, and resemble that of agar.
Hydrolysis of the methylated derivatives gives in
both cases 2'4:6-trimethyl methyl-d-galactoside,
and on further methylationy 2!4-dimethyl=3:6-
anhydro- -methyl-l-galactoside and a clear
mobile syrup. Tt is clear that they are both
complex polysaccharides.
No tetramethyl galactose was isolated by
the hydrolysis of the methylated hydrato-
kanten products ar,\oefx’ more degraded product.
Therefore, either the end-group is not a
galactopyranose residue, or these substances do

not exist in terminated chains.
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INTRODUCTION

It is well known that degradation of the complex
polysaccharides by chemical means does not give rise to
products of equal chain length. These scission products
vary in length from the familiar monosaccharides and
disaccharides, to the much more complex dextrins which
may be almost equal in chain length to the original
polysaccharide. In 1932, Haworth and Machemer (1)
brought forward evidence that cellulose breaks down pro-
gressively to cellodextrins which have chain lengths
determinable as (06)25’ (06)24——-— (06)10‘ Starch
also gives rise to a variety of dextrins. Haworth and
Miss Plant (2) have examined starch dextrins with chain
lengﬁhs of eight and twelve units respectively, and also
an &X- amylodextrin which is two thirds of the length of
the starch molecule. The latest work on glycogen (3,4)
indicates that it may contain chains of eighteen and
twelve units respectively, depending on its origin, while
inulin (5) is known definitely to consist of about thirty
fructofuranose residues. These chain lengths were
determined by Haworth's method of gravimetric assay of
the terminal units.

It is also of interest to examine the positions of
the linkages between the monosaccharide units, since the
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residues may be joined to each other in either K-or 3-
forms. For stereochemical reasons, the method of linkege
determines whether the mascro-molecule shall exist in long,
atraight threads, or whether thisc is spatially impossible.
The simplest linked compounds, the disaccharides, have
been studied in this comnection. In 1926, maltose (6),

a scission preduct of agtarch and glycogeny was proved to
be @d-glucosido-glucoéa, that is, two glucopyranose units
Jjoirned by an L -=linkage. Similarly, cellobiosc (7), the
_ disaccharide Trom cellulose, was found to be /3 -glucosido-
gluceoge; thus chemically similar to, and stereoisomeric
withy maltose. By the study of models, it is obvious
that cellulose molecules may form straight chaing, while
the starch molecules cannot; and because cf the

ol -~ linkages take up a zigezsg form,

Prom these conceptions, it may be sald that starch,
cellulose and glycogen are analogues of the simplest
glucosides. It was necessary 1o prove, however, that the
disaccharides preexisted in the macro-molecules, and were
not formed by secondary reactions durdng hydrolysise
For this purpose, it was desirable 1o prolect the remaining
lydroxyl groups in the polysaccharide by some process such
as scetylation or methylation.

The presence of maltose in the atarch molecule, apart
from its hydrolysis by the use of enzymes, was indicated
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in 1921 by Karrer and Negeli (8), who isolated hepta-
acetymaltosidobromide from starch by the action of acetyl
bromide. This view was proved in 1931 by Haworth and
Pereival (9), who succeeded in degrading trimethyl amylose
at room temperature with acetyl bromide. One of the
products of degradation was a disaccharide, which on
oxidation and hydrolysis gave tetramethylglucopyranose
and 2:%.5:6-tetramethyl- y- gluconolactone. The disaccharide
was therefore ldentified as octamethyl methylmaltobionate.
A similar series of experiments proved that maltose was
also preformed in glycogen.

The object of the experiments carried out here was
to attempt the isolation of a disaccharide by the degra-
dation of methylated agar by acetyl bromide., It is known
from the work of Percival and Somerville (103 that agar
contains a linkage in position three of the gselactose
residue, so that it ought to be possible to isclate a
disaccharide or trisaccharide containing this linkage.
ﬁvidenca would therefore be forthecoming as to whether the
galactose residues are linked as a series of units, or
whether a disaccharide, composed of galactose residues,
linked in positions one and three, preexists in the molecule,
or whether the galactose residues are linked together by
some intervening unit.
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Preliminary "xperiment I.

The methylated agar (5g)
employed in this trial experiment was prepared by the
method of Percival and Somerville (9). The reaction
was carried out on two portions of methylated asgar
(3ge in chloroform 45c.c. and. 2g. in chloroform 30c.C.)
and acetyl bromide (9ce.c. in chloroform 1l0c.c. and Gc.c.
in chloroform 8c.cC.)y in small flasks fitted with
calecium chloride tubes, After standing fo:* 12 hours
with occasional sheking, the contents of each flask
were poured into ic2 water (200c.c.) and chloroform
(15cece)3 the chloroform layer was washed with dilute
sodium bicarbonate solution and ice water until free
from acid,. The chloroform layer was dri_ed over
anhydrous sodium sulphéte, and on evaporation to dryness
at 80715m.m. gave a yellow syrup (4!{&.) which was
reducing to Fehling's solution and ?ont.ained bromide ions,
This product was refluxed for 12 hours at 78 with dry
methyl aleohol (75c.c.) and silver carbonate (10g.), and
yielded a light yellow syrup (3*2g.) which was free from
bromide ionse
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M a Ne

This substance (3-2g.) was dissolved in acetone
(50e5c.) ond methylated at 35 , and later at 65 , with
dimethyl sulphate (30c.c.) and 307 sodium hydroxide
(70cece)y which were added in one tenth portions at ten
minute intervals. The mixture was cooled to O y made
slightly acid with dilute sulphuric acid and extracted
with ehloroform (14 ). This methylation process was
repeated; the chloroform extract (2-0g,) was
methylated twice with silver oxide (20g. ) and methyl
iodide (S50cecs)y ard gave a colourless, mobile syrup
(1-8ge« 00113, 49%) which was fractionally distilled
at 0-03m.n.

14 14
Fraction. Bath Temp. n_ %OCH, [#], in cHC1, vield.
1 130 - 140 1-4509 60 + 23 (cy 0-4) 0 61g.
2. 160 - 170 1-4606 &8 +22 0108,
3. 190 - 200 14654 46 8 0- 07g.
4, 220 - 230 1-4760 40 +0° 0-21g.

Residue 0-8ge OCH,, 38%.
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Fraction 1. bepe 130 = 140.

A small amount (0°03g.) of a crystalline substance
was obtained fz;om this fractione By the m.p. (46 ) and
rotation ([oL] +19 in water,) it appeared to be :
2:3:4:6- temmewl-ﬁ-mewlgalactoside (mepe 45 [ac]
+20 in waters, )

Hydrolyels of fraction 1.

The remindef of the fraction (05453.) was hydrolysed
with 7% hydrochloric acid. Polarimetric readings were
taken at intervalsj [d.] e +28 (0 mins, ), +36 (30 minse ),
+ 40 (45 mins.), +44° (60 mins.), +47 (75 mins.)

+ 50 (90mins, ), +53 {115 mins. ), +54° (120 ming, Constant
value, )

Anilide Formation.

The neutralised product, on boiling under reflux
with aleohol (Sce.ce) and aniline (lcec.) for 2 hours at
90", gave a crystalline anilide (0-'4g+)e By the m.pe.
(196" ) and mixed mepe with an authentic speeimen (1960),
it was identified as 2:3:4.6-tetramethyl galactose anilide.
Founds C, 61-7; Hy 8:0; OCH, 38:8; N, 4 6%

Cale, for C H ON. C,61-8; Hy 8:05 OCHy 39:95 T, 4:53

The small amount of high boiling fraction was probably
due to an excessive time of contact with the acetyl bromide,
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12 by t 2
vethylated agar (6g.) and acetyl
bromide (1Sc.c.) were allowed to react at 15 for 5 hours
15 mins. and worked up in the same manner as abo¥e.

The final product,(3-4g. OCH,, 46%),was fractionally
distilled at O-0O3m.m,

° °
Fal
Fraction. Bath Temps 1=  [o]>  4n CHCL %OCH, Yield
: D D 3
130 = 140 1-4541 +31 (e, 0-4) 61 0-40g.
24 170 = 175 1-4553  +26 58  0-302.
36 190 = 220 1-4656 2+ 2 54 0-16ge

14
Residue 2-4g. [<] , * 0 ocH_, 445

The large amount of residue indicates ‘that the time
of reaction was too B}mrt.



The reaction was carried out on four portions of
methylated agar (4g. in chloroform 40 e.c.) and acetyl
bromide (12 c.c. in chloroform lSc.c.), that is, 16g.
of methylated agsr in all. After standing for 8 hours
the produet was poured into ice water; and on neutral=-
isation and extraction with ehloroform as before, gave
a thieck, yellow syrup (18g.) which was reducing to
Fehling's solution and contained bromide ionse.

This product was dissolved in ether (500c.c.) and
shaken with silver carbonate (25g+) and water (l1l0c.c.)
for 50 hours, until the solution was free from bromide
ions. The silver residues were extracted with boiling
ether, and the combined ethereal extracts gave a brownish
gyrup (13g.).

Oxidation with bromine.

The syrup was dissolved in ice water (500c.c.)
(insoluble portion 3g.) and barium benzoate (16g.) and
bromine (2c.c.) added, and the mixture kept in the dark,

After standing for 3 days, and adding more bromine (2c.c.)
the solution was non=reducing. Sodium sulphate (9g.)

was added to precipitate the barium, and the bromine
removed by aeration. The solution was made slightly



alkaline with sodium carbonate and concentrated to

150c.c. at 45/15mem. Acidification of the cold

solution precipitated more benzoic acid, the last

traces of which were removed by extraction with ether.
The filtrate was again made alkaline and concentrated

to 70CeCe

liethylation.

Acetone (200ec.c.) was added to the mixture, which
was methylated at 35, and later at 65, with dimethyl
sulphate (30c.c.) and 30% sodium hydroxide (70c.c.) in
one tenth portions at ten mimute intervals. The methyl-
ated mixture was cooled to O., acidified with ice cold
dilute sulphuric scid, and extracted with chloroform
(1500c+Ce ) e The aqueous layer was made alkaline with
sodium carbonate and evaporated to dryness at 45:’15111.::1.,
and the residue extracted with boiling aleohol{l500C«C.)e

The mixture of sodium salts obtained from this extract,
together with the extract from the chloroform layer, were
 methylated with dimethyl sulphate (40c.c.) and 30% sodium
hydroxide (l07c.c.) as before. The chloroform extract

gave a yellow, viscous syrup (5g.), which was methylated
twice with methyl iodide (45c.c.) and silver oxide (30g.).

The resultant brownish, mobile gyrup (4-6g.) was fraction-
ally distilled at O O5m.n.
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14
Fraction. Bath Temp. %OCH 5 EO‘-JDin CHCl3z Vield.

T 100-150 1-4490 55  «12°(e,0-4) 0-9g.
2. 150-180 1-4512 54 -1z 0-2g.
3. 180-220 1-4697 46  -21 2-5g.

Residue 0-.8g.

Fraction 3 gave a positive Seliwanoff test, indicating
the presence of a ketose or an anhydro zldose residue.
Tt wes remethylated and distilled at 210-220/0-03mems
14701,
Founds C, 52-43 H, 7-93 OCH y 48:93 COOCH; y 13-9%.
Cale., for %9%4%.1‘ Cy 52:13 Hy 7-83 OChy 4 49°83

COOCIp y 13:5%6
Hydrolysis of fraction 3.

A portion of this fraction (0-9g.,) was heated at 100
with 5% sulphuric acid (20c.ci.4l, ;:olarimetric rea;dings
being taken at intervals: [%) =20 (O mins.), =11 (60 minsi)
=5 (120 minss), +1 (180 minss)y+6 (120 minse), +11° .
(30% mins.), +14 (360 mins.), +15 (420 mins.), +18 (460
mins, Constant value.)

The solution was neutralised at 50 with barium carbonate,
evaporated to dryness at 40/15mim., and dried with alechol
and benzene. The white, solid residue was extracted with

ether (500c.cs), which on evaporation gave a yellowymobile
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syrup (0'4ge)e Yield, 82% of theoretical.

Anilide formation. |

The syrup was heated under reflux at Qoofor 2 hours
with alcohol (Scec.) and aniline (lec.c.); on cooling a
crystalline substance (0-2g.) was deposited. By the
MeDe (196‘:), and mixed m.p, (196) with an euthentic
specimen, it was identified as 2:3:4:6-tetramethyl
galactose anilide, The mother liguor was evaporated to
dryness and a further amount of the substance obtained,

(Total yield 0-25g.) No trimethyl gslacticse was obtained,
as the anilides

The dried barilum salts remsining after the ether
extraction were dissolved in water (50c.c.) and acidified
with dilute sulphuric acid. The solution was then
adjusted with barium hydroxide to contain a very slight
excess of barium and evaporated to dryness. 0On extraction
with boiling ether (800c.cs) no syrup was obiained. The
residue was optiecally insctive.
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Experiment 4.

The above experiment was repeated, metlyylated
agar (44g.) (in eleven portions of 4g.) and acetyl bromide
(132¢c.ces) {in eleven portions of 1l2c.c.,) being allowed to
react for 74 hours. The final product (6ge.) af'ter the
oxidation and methylation processes as described sbove was
fractionally distilled at O- OSmem.

Fraction. Bath Temp. nl; %0CH4 E*]lzm CRCl; Yield,
e 106-125 1 4506 53-2 - 2-19g.
2. 125-140 14498 530 ~8(e, 0-4)1 642,
3. 145170  1-4556 " i 0-212.
a, 1854220  1-4734 a7.5 “h 1-108.

Residue 0-60g.

Fraction 2. bep. 125-140,
After standing for several weeks in a refrigerator,

crystals were observed in this fraction. They were
separated on a porous tile, reerystallised from light
petroleum Lepe 60 - 30 (0-9g). The Mepe wWas 46;

E°‘JD in water (e, 0'4)y 420
Found: C, 51 64; H, 8 663 OCH,, 64-3; COOCH,, 19-6%.
Cale. for C H,, 0,3 Cy 51425 H, 8 585 OCHy, 66 -43 COOCH;,21%e
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Found for fraction 4: C, 52:53 Hy 8- 03 OCHzg,y 47 53

COOCHgy 12-5%e These figures show it to be very similar
to fraction 3 of experiment 3,

A portion of fraction 4 (0 63g.) was heated at
100 with 5% sulphuric acid (20c.c.), polarimet.ric readings
being taken at intervals; I:OCI -8 (O mins, ), +5 (30 mins.),
+10 (70 mins,.), +13 (130 mins,. ), +‘16 (160 nmins. (:onstant
value). The neutralised product was evapora_t_.ed and
extracted with ether as before, and a yellow, mobile
syrup (0-3g.) was obtained, from which 2:3:4!6—t§trametm'1
galactose anilide (0-2g.), m.p. and mixed m.pe 196: was
prepared. Yield of 2:3:4:6-tetramethyl galactose was
88% of theoretical.

on of Ac ion
The residue after ethereal extraction was dissolved

in water and adjusted to a slight excess of barium with
dilute sulphuric acid and barium hydroxide. The
solution was evaporated to dryness, and the ethereal
extract gave a small amount of a colourless syrup (0-09g.),
which was acid to litmus. On addition of chloroform,
a white crystalline substance formed in the syrup. This
was filtered off, and the remainder of the syrup left for
one wesk in a refrigeratorj after this length of time the
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entire portion had czvstallis_ed. The white erystalline
solid (total yield 0-08g.) was acid to litmus when
dissolved in water, and contained no barium,. The MeDe
was 158 and [«] g-sa 8 =»-65-6 after 24 hours, in
water (¢, 0°2).
Found: C, 46-163 H, 7-01; OCHgy 28%e
By titration, 1 litre N NaOH was equivalent to 206g.
Cale. for C H:HOEz Cy 46G-63 Hy 6° 83 001'53, 30%e
1 litre N NaOH is equivalent to 212g.

e



RISCUSOION.

The experiments carried cut in this section, in
the attempt to isolate a di-~ or tri- saccharide from
methylated agar, are similar to those of Haworth end
Pereival (8), who succeeded in isolating a maltose
derivative from trimethyl amylose and also from
methylated glycogens

The procedure consists of degrading the
methylated product by contact with acetyl bromide,
oxidising the products with bromine, and methylating,
so that a mixture of methyl esters is produceds In
the case of trimethyl amylose, one of the products
is methyl octamethyl maltobionate (which can be
hydrolysed to 2:3:4:6-tetramethyl glucose and
2:3:5: 6-tetramethyl~y-gluconolactone) and it was
hopedy in these experiments, to isolate a similar
typical di- or itri- saccharide composed of galactose
residues, Furthermore, since it was known that
galactose residues in agar are linked in position S5 (9)
it was thought possible that such a disaccharide might
contain a linkage between positions 1 and 3.



It is possible to degrade methylated sgar, mixed
with chloroform to form a thin paste, at room temperature
(15" ) by contact with aecetyl bromide in chloroform
solution,. Trial experiments were necessary to determine
the time of reaction to give an adequate yield of a
fraction boiling about 180/ O-OGmem. which is the bepe of
the corresponding maltose derivative. Preliminary
Experiment 1 indicated that after 12 hours the yield of
what appeared to be monosaccharide (fractions (1) and (2)
was sbout 70% of the distillable product, while fraction
(3), which appeared to have approximately the comnstants
of the desired di- or iri- saccharide, only accounted
for 7% of the product distillable below 23{;/ 0- O3memn,
on the other- hand, a time of reaetiocn of 5% hours, as
in Preliminery Ixperiment 2, gave a very small gmount
of distillsble product and = large amount of residue (717),
so that the reaction time was cbviously inadequate. The
monosaccharide fraction of these experiments was proved
by hydrolysis and anilide formation to contain a large
proportion of 2: 3:4:G-tetramethyl éalactose.

Bxperiment 3 gave a satisfactory yield of a fraction
bepe 180 = 230/ 0-03mem, (697 of distillable product, 16%
of starting material) which resembled the methyl
octamethyl maltobionate. This fractiony, however, had
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a methoxyl content of 492%, whereas for a methylated

disaccharide composed of the methylated derivatives

of a normal galactopyranose residue and a galactonic

acid residue, the vslue should be 58%y and for a

trisaccharidey 54%« A eclue %o the composition of

this substancey however, was provided by the fact that

it gave a positive Seliwanoff tesi, indicating that it

contained a ketose or perhaps an anhydro aldose residue,

since it was known that 3:6~- anhydrolgalactose

derivatives (11) (12) are obtained from methylated sgar,

it was thought that a di- or tri- saccharide containing

guch a residue might be present, and accordingly the

. required constanis were worked out and compared with the

analytical figures for fraction 3. It was found that a

formula for a disaccharide based on a structure such as

figure A page 75 gave values which correspond very

closely to the resulis of the analysise

Found for fraction 3: Cy 52-4; Ly 793 mHB, 48- 9%
COOCH, 3 13- 5%

Cale. for C; H,,0,,8 Cy52-1; Hy7 93 s 4983
COOCE, » 13- S

To cobtain evidence for this slructure it was necessary

to hydrolyse the product, and isclate the respective

componentse
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Aecordingly, a portion of fraction 3 was hydrolysed
with 5% sulphuric acid, After neutralisation with barium
carbonate and evaporation to dryness, the ethereal extract
gave a yellow, moblle syrup, which was identified by means
of its erystalline anilide as 2:3:4:6- tetrametiyl
galactose (figure B page 75)e« This proves that the
compound contains a normal galactopyranogse residue, which
is linked in position 1; this tetramethyl galactose could
not have been due to an incomplete separation during
distillation, since it is elear that the free reducing group
had been removed by oxidation and that all the methylated
sugars were present as esters. This tetramethyl
galactopyranose must thersfore have been liberated by the
hydrolysis. The possibility that the substance was a
trisaccharide with a central galactopyranose residue
appears to be ruled out by the analytical data, and by the
failure to isolate any of the known 2:4.6« trimethyl
galactose anilides The quantity of teiramethyl galactose
obtained also indicates that the product was mainly
a disaccharide.

The aeid portion of the compound should have been
present as the barlum salt in the residue after
extraction of the tetrametlyl galactose with ether,

On neutralisation, however, no acid product whatever
could be extracted and it appears that either the
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postulated acid anlydro- galactose residue (figure C page 75)
is broken up by the prolonged treatment with acid
(460 mins. at 100“) or some other residue unstable to acid
is present. In this comnection it is significant to note
that hydrolyeis or 2'4d-dimethyl- 3.6~ anhydro« methyl-
d - galactoside, and 3:6~ anhydro-<-methyl= d - galactoside
is accompanied by a drastic loss of materlal, so that it
apprears that these derdvatives are disrupted by acide
Furthermore, on additlon of iodine and alkali to the cold
solution, iodoform is produced; it is highly propable
that this is due to the presence of laevulinic acid,
although a sufficient quantity to do confirmatory tests
has not yet.been obtained.

~ This experiment was repeated (ixperiment 4.) under
approximately the same conditions, with a view to obtaining
a further quantity of the disaccharidey, and repeating the
hydrolysise A larger quantity of methylated agar (44g.)
was employed, and the reaction was allowed tc proceed for
7% hours. After oxidation and methylation, four fractions
ware separated by fz*aétional distiliation,

After standing for several weeks at --t‘: y CIystals were
obgserved in fraction 2. The crystals were separated,
recrystallised from petroleun, and by the analytical
figures, the substance was shown to be the fully methylated
straight chain ester, pentamethyl methyl- d - galactonate
( [otjgé, +20 in water).
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FPounds C, 51 643 H, 8 663 OCHa, 64- 33 OOOCHS, 19-6%

Colce for Q X, Q: C, 51425 H, 8-585 OCH, 66-43
COOCHB, 217

This compound does not gppear Lo have besn deseribed

previously.

Fraction 4. of IExperiment 4, had spproximately the
same constants as fraction 3. of the previous experiment,
althoxfp the specific rotation szf considera.oly different

[°‘J , = 4 compsred with [}]° , - 22 ) Furthermore,
alﬂwugh the time of reaction waDs only 30 minutes less
than in Experiment 3, the yield of the fraction b.pe
180 = 230° was much smaller (21% of distillable product,
2-5% of starting meterial,) Analytical figures, however,
were almost identical with those of fraction 3. of
Experiment 3.

Another point of difference is that fraction 4. was
completely hydrol,,rsed after 160 nminutes at 3.00. (cef'e 460
minutes at 100 for fraction 3.) to give almost the sama
final specific rotation ([oL] +16 compared with L_°§|
+18 s 2:3:4:6- Tetramatmrl galactose was proved to be
present and isolated as before as the crystalline anilidej
no 2:4:6-~ trimethyl galactose anilide wes obtained,
indicating sgain that the substance was not a
trisaccharide,

In this case, however, the mixture of barium salts
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gave, on neutralisation, a small yield (0-09g.) of a
yellow syrup, which was acid to litmus, and which was
erystallised later to a white powder. (0-08ge) This
substance (E:L];4 - 63-8-» -65-6 in water)contained no
barium, and was readily soluble in cold water to give

an acid eolution. The analytieal figures indicate

that it may possess the structure shown in figure C page 75
Founds Cy 46:23 Hy 7-03 OCH3, 28%e

Cale. for CBHM- s Cy 46-63 H, 6-83 OCHB’ 30%e

This substance, on solution in water, appeared to titrate
as an acid rather than as a lactone; one litre of normal
sodium hydroxide was found to be equivalent to 206g.,

the theoretical value being 212g. The methoxyl content
(28%) appears to rule out the possibility of the original
fraction 4, being a trisaccharide composed of one

anhydro- galactose residue linked to two normal
galactopyranose residues, since the monomethyl anhydro
galactose residue isolated from such a compound would have a
methoxyl content of 16%. Although up to the present
only a small amount of this acid has been isolated, it
appears that a disaccharide composed of a normal galaclose
residue and an anhydro- galactose residue (figure A ) may
be present in the acetolysis products of methﬂated agare
Although in figure A the linkage is inserted between
positions 1 and 4., no evidence is available so far to
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determine if this linksge, or a linkage between
positions 1. and Sy or positions l. and 2., is correct.
since derivatives of 3:6- anhydro- 1 =galactose have
been isolated from agar (11) (12), it is assumed that
this anhydro ring is present.

It is difficult to bbtain reproducible results by
this method of acetolysis, but there is no evidence at
the moment oft': : c‘l):lf Sr::?zr-1 Ciirff saccharide composed
exclusively of galactopyranose residues, since if this
were the case it would have been expected that a
tetramethyl galactonic acid would have been isolated on
hydrolysis of the disaccharide fractions Loreover, the
poor yields of the high boiling fraction obtained prevent
large amounts being available for hydrolysis,

It is possible that the linkage betwcen positions
1. and 3., which is considered to be present in agar (9),
is relatively unstable on hydrolysisg so that only
chiefly monosaccharide units are obtainods  The
isolation of the disaccharide (fraction A.) indicates
that in the agar molecule a normal galactopyranose

residue is linked to an anhydro-galactose residue.
The poor yields (2°5%) of this substance which are

obtained, indicate that it only accounts for a small
proportion of the agar molecule,
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Se

4o

liethylated agar was degraded by contact
with acetyl bromide at room temperature.

Pentamethyl methyl - d - galactonate,
which does not appear to have been
described previously, was obtained, after
oxidation, from the monosaccharide fraction.

A small yield of a disaccharide has been
isolated, This agppears to be composed of
an anhydro-galactose residue and a normal
galactopyranose residue, On hydrolysis,
2:3:4:6-tetramethyl galactose is obtained,
and a small yield of what appears to be the
dimethyl anhydro-galactonic acide The
results are difficult to reproduce.

There is so far no evidence of the
existence of a di- or tri- saccharide
composed of contiguous galactopyranose

residues,
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PART III

THE ACETOLYSIS OF AGAR BY CONTACT WITH

ACETIC ANHYDRIDE AND CONCENTRATED SULPHURIC ACID.
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LINTRODUCTION

The presence of d-galactose in agar has been proved
by several workers, notably Lddtke (1), who isolated
galactose methylphenylhydrazone from hydrolysed agar,
and Percival and Somerville (2), who prepared a trimethyl
d-galactoside by hydrolysing methylated agar. In 19%6,
however, Pirie (3) claimed to have isolated heptaacetyl-
dl-galactose from agar by catalytic acetolysis, thus
indicating the presence of l-galactose. This heptaacetyl-
dl-galactose had been synthesised by Micheel (4) in 1935.

In addition, Pirie prepared galactose methylphenyl-
hydrazone from agar by Liidtke's method, decomposed it
with acetaldehyde (5), and by the use of galactose-
trained yeasts he isolated small amounts of l-galactose,
corresponding to 1°'6% of the dl-galactose. The yield
of dl-galactose from the acetolysis of agar was about
7+2%, so he claimed that at least some of the dl-galactose
preexisted in the molecule, and that it was not all formed
by secondary reactions. Recently, the presence of 1-
galactose in agar has been proved by the isolation of
derivatives of 3:6-anhydro-1l-galactose (6,7). It is
known that dl-galactose occurs in Chagual gum (8) and
quince gum (9), while Anderson (10) has isolated 1-
galactose from flax-seed mucilage.

Since the heptaacetyl-dl-galactose must exist in the
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open chain form, Pirie advanced the view that at least
some part of the galactose in agar occurred in the
aldehydic form. He found it impossible to prepare
heptaacetyl-dl-galactose fram derivatives of galacto-
furanose and galactopyranose by ordinary acetylation
methods, but by the method of Wolfrom (i1l) he succeeded
in preparing the heptaacetyl derivatives of d-galactose,
d-glucose and d-mannose, and also the hexaacetyl
derivatives of l-arabinose, l1-rhamnose and d-xylose.

He concluded, therefore, that his acetolysis method

did not open the oxygen ring of normal galactopyranose.
Although %olfrom and Christman (12) have reported that
galactose methylphenylhydrazone is a derivative of
aldehydogalactose, Pirie could not prepare heptascetyl
galactose from it by acetolysis.

By hydrolysing agar with normal sulphuric acid for
two hours, and acetylating the product, Pirie obtained
ol- pentaacetyl- d-galactose and a pentaacetyl-dl-galactose,
which he stated to be in the X-form, but no heptaacetyl
derivative. On the other hand, agar which had been
mildly hydrolysed (one-tenth normal sulphuric acid for
forty minutes) yielded heptaacetyl-dl- galactose on
acetolysis in the usual way. He therefore concluded
that in agar dl-galactose exists in a form other than
the furanose or pyranose forms, and that heptaacetyl-dl-
galactose could be isclated only if acetylation preceded
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complete hydrolysis.
Pirie's method of acetolysis was earried out here
with a view to preparing the heptaacetyl-di-galactose,
and examining the effects of methylation on the other
products formed at the same time, and if possible,
isolating from them a typiecal disaecharide or trisaecharide.
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LPERILOITAL

The agar employed in this experiment was dried
at 1000 and 1l5m.m. pressure with frequent shaking,
The reaction was carried out in four portions (15g.
agar with acetic anhydride 60 ce.c. and concentrated
sulphuric acid 9 c.c.) that is, 60g. in all of agar.
The ice-cold mixture of acetic anhydride and sulphuric
acid was added to the sgar in small flaBks, fitted with
air condensers, The mixtures were shaken, left at room
temperature for one hour, then heated at 38 for twenty-
six hours with occasional shakinge, After this length
of time, the solutions were black and viscous. The
four solutions were filtered through a sintered glass
fumnel, and the residue wasked with normal acetic
acid (120 CeCele [The residue (16-4g.) was chocolate=
brown in colour, and formed a rigid gel with water,
(O-0Bgein 3c.c.). The acetylated product gave CIIB- COy
35-6 and [X]25 =32 in chloroform, so that the
residue had all the properties of untreated
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agar.]

The filtrate and washings were poured into water
(1800¢c.c.), containing sodium acetate (140g.) and ice
(100g. ). On standing for two hours, with occasional
stirring, a putty-like solid separated out from the brown
solution. The mixture was distilled to dryness, neutralised
with sodium bicarbonate solution, and distilled to dryness
again. The mixture of sodium sulphate and syrup was
dissolved in water (200¢.c.) and chloroform (400c.c.).

The chloroform layer was separated, washed with water,

and distilled to dryness. Hot water (1200¢.c.) was added,
and the syrup shaken to an emulsion. When cold, the

water was decanted from the thick, yellow syrup, which

was dissolved in hot alcohol (160c.c.). This solution

was almost completely decolourised by heating with char-
coal at 75' for three hours. The solution was then
filtered, and distilled to dryness. The product was an
immobile, slightly yellow syrup (36-1g.). Founds GH5'CO.
56 - 9%; [3*];5 + 21-3° in chloroform (¢,0°4 ).

The syrup was dissclved in hot alcohol (160c.c.)
and placed in a refrigerator. No erystallisation took
place. The solution was then evaporated to 80c.c. and
kept at --5° for seven days, when crystallisation took
place. The white crystals (5°0g.) were filtered off,
and recrystallised from ethyl alcohol.



Heptaacetyl-dl- galactose.

After 6 recrystallisations and drying over phosphorus
pentoxide at 100 / 15m.m. for 2 hours, the m.p. was 124 .
(ef. Pirie). No amount of purification could raise the
m.p. to Pirie's value of 132 .

Foung;o CH;+CO, 60:8%. C,oH,g0,, requires CHj<CO,
61-1%!?‘]D , ¥ 0.00° in chloroform. (d, 1°0).

Methylation of heptaacetyl-dl-galactose.

An unsuccessful attempt was made to methylate the
heptaacetate (076g) with dimethyl sulphate (4c.c.) and

%0% sodium hydroxide (llec.e¢.) in presence of acetone (1l5c.c.).

After two such methylations, a small amount (0-21g.) of
acetone-soluble syrup was isolated. This syrup was
methylated twice with silver oxide (lg.) and methyl iodide
(Se.e.). The product so formed did not distil at 156°/

0+03m.m. pressure, and charred completely.

Methylation of residual syrup.

After removal of the crystalline heptaacetate, the
<@
mother liquor was evaporated at 35 / 15am.m. to a syrup
(33g.) - o
E* 15 o
Found: CH,* CO, 53-4%; J,7, + 22:4 in chloroform.
(e, 0-4 ). Methylation was carried out at an initial
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temperature of 46’, dimethyl sulphate (165c.c.) and 30%
sodium hydroxide (425c.c.) being used in the presence of
acetone (300€.c.). The temperature was raised finally
to 65.; the solution was cooled, neutralised and the
product (20g.) extracted with chloroform (1500c.c.).

Found: OCH,, 44°1%. The methylation was repeated with

’
the same quzntitiea and the product (7.-1g.) extracted.
Found: 0033, 47+9%. The substance was then methylated
three times with silver oxide (15g.) and methyl iodide
(40c.c.), and yielded a thick, yellow syrup (6+6g.).

' Found: OCH ’ 54'0%. This syrup was subjected to frac-

tional distillation at O-Q4m.m. pressure. ,

: 15 15
Fraction Bath Temp. n ocH,[4]” in CHC1, Velght
1 85 - 90 1-4431 2256 2 0% (e, 0+4 ) 0-12g.
2. 120 - 130 1-4536 56-1 +16-0° 3.40g.
3. 155 - 165 1- 4574 59-0 + 153 0-31g.
4. 185 ~ 220 1-4869 417 - 2:8 . 0-91g.
5 220 ~ 270 1 4892 414 - 3.2 0.71g.

) Residue 1-10g.

All these fractions gave a positive Seliwanoff test. By
the rotation, methoxyl content and boiling point, fraction
1. appeared to be methyl laevulate, but the high refractive
index indicates a contaminant, possibly a furfural deri-
vative.

Fraetion 4.was remethylated with silver oxide (3g.)
and methyl iodide (15c.c.) and distilled at 0:02m.m. pressure.



15 15
Fraction Bath Temp. ng 0CH [, in CHCl; Weight
1. 140 - 155 1°4751  44-7% + 11-1 (G, 0-4') O-06g.
2 160 - 180  1-4954 331 + 10-7 0.21g.
3 180 - 220 1'4932 376 - 26 0.20g.
4 220 -~ 200 14860 421 ~ 2.5 0-35g.

Residue 0 -08g.

All these fractions gave a positive Seliwanoff test.

Q
Acetolysis for 44 hours at 38 .

The method used was similar to that of the previous
experiment, except that the reaction was allowed to proceed
for 44 hours at 380.

Dried agar (15g.) gave heptaacetyl-dl-galactose
(1-2g.) and a syrupyresidue (6 -0g.). The residue of un-
chamged agar was 1-6g. The putty-iike solid and brown
solution, obtained by pouring the filtered reaction mixture
into water, were worked up separately. The heptaacetate
was isolated from both portions, and the resultant syrups
were similar in composition. [?ound: CH3 co, 57 0%3
l?"fl15 +21-1 before, and CH,- €O, 53-8%; (], + 22- o
after, the removal of the heptaacetate{]

Methylation gave a yellow syrup (0-66g.) which was
distilled at 0-O3m.m. pressure.

R



e’ e

15 15

Fraction Bath Temp. ny Zﬁoo::ﬂ3 7 in CHCl, Weight
%s 122 - 128 1-4508 583 + 15'1 (8, 0-4)) O-13g.
2. 188 - 165 14518 579 « A9 0- 09g.
3, 180 ~ 235 1-4699 47-3 + 10-0 0-30g.

Residue O -1lg.
All these fractions gave a positive Seliwanoff test.

Acetolysis for 2 hours at 45 .

Dried agar (15g.) was allowed to react with the
acetylation mixture for 2 hours at 450. Unchanged agar
(4-5g.) was recovered. No heptaacetyl-dl-galactose could
be isolated from the reaction mixture. The resultant
syrup had CH; CO, 37-9% and E*]DS, + 25-1 in chloroform
(g 1-0).
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When agar is acatylated by the pyridine-acetic
anhydride method, the acetate so formed may be
hydrolysed by alkali to give a subatance which
forms a rigid gel with water. This substance
has all the properties of untreated agar, and it
is therefore elaimed that no degradation takes
place on acetylation in this way. Illore drastic
methods, however, such as the acetyl bromide method,
or Pirie's method (3), do result in the degradation
of the moleculey the amount of degradation depending,
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within limits; on the time of reaction.

If the acetyl content is tsken =& a guide to the
composition of the products from Pirie's method, it is
observed that & short time of reaction, e.g. two hours at
45, yields a product containing 37-9% acetyl, whereas if
the reaction is allowed to proceed for twenty-six hours
at 38°, the acetyl eontent is 53:4%, al'ter removal of the
heptaascetate. It is apparent,therefore, that th2: residue
from the short term acetolysis contains more complex
carbg:hydrates than the residue from the longer teru,

Increasing the time of reaction to forty-four hours
at 88° appears to make little difference to the acetyl
content, either before or after the removal of the heptao-
acetyl-di=galactosa. The acetyl content of the product
of the fort&*-fwr hour period is 57.0C% before, and 5387
after, the separation of the hsptaacetate, whereas the
twenty~six hour method gives 5707 and &34 respectively.
These results, however, may be affected by tha presence
of gnall amounts of the heptaacetyl-dl-galactosecs

If these acetylated syrups are methylated and
geparated into fractiocne in a high vacuumy, the maethoxyl
contents and refractive indiges of the fractions from
the different a:q:ar:!.men‘bs may be compareds The forty-
four hour method gives fractions which vary in refractive
index from :%f;’ A 4508 to np 1-4699, and in methoxyl
eontent from 58 3% to 47 3% 3 the twenty - six
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hour method, on the other hand, gives a fraction (fraction
5) with a refractive index as high as nés 1-4892 and a
methoxyl content as low as 41°'4%. Redistillation in-
dicates that these fractions may not be homogeneous;
fraction 4. of the twenty-six hour method on remethylation
and distillation yields four fractions which range in re-
fractive index from n;5 1-4751 %o n;S 1-4932, methoxyl
content from 44-7% %o 32;1%, and in rotation in chloroform
from E‘*];s +11 to E"JD - ‘50. All these fractions from
this method show a positive Seliwanoff reaction, indicating
that at least some of them contain the 3:6-anhydro-
galactose residue, or a ketose residue. The time of
reaction, naturally, has a direct effect on the state of
degradation of the products.

There is no evidence that any of these fractions
contain an appreciable amount of di- or trisaccharide:
by their high refractive indices and low methoxyl contents
they appear to be more complex carbohydrates. By this
method, then, no disaccharide can be isolated from agar
to compare with cellobiose, which can be isolated from
cellulose. The low yields obtained after the Haworth
methylation processes appear to indicate that some products
are destroyed by the strong alkali; the failure to
methylate the heptaacetate, moreover, indicates that the
alkali is also destructive to the terminal aldehydic group.

The time of reaction has an effect on the yield of
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heptaacetyl-dl-galactose. No heptaacetate could be isolated
from the two hours acetolysis at 45.; the yield after

, twenty-six hours at 38° was 5% and after forty-four hours,
8%. It may be that some part at least of the heptaacetate
is formed by secondary reactions, such as the decomposition
of the 3%:6-anhydro-l-galactose, since shown to be present

in the molecule (6,7).

Although Pirie could not prepare heptaacetates by
~acetylation of the normal hexoses or their derivatives,
Freudenberg and Soff (13) in 1937 succeeded in isolating
small amounts of heptaacetyl-dl-glucose from o-methyl-
glucoside tetraacetate by acetolysis with an acetic
anhydride - acetic acid - sulphuric acid mixture. Micheel
(4) prepared heptaacetyl-dl-galactose synthetically from
tetraacetyl aldehydo-d-galactose-6-iodohydrin, and he
postulated that the breaking down of an intermediate
cyclohexane derivative gave rise to equal amounts of the
d- and l-heptaacetates. Furthermore, although Pirie
claims that at least some part of the galactose in agar
exists in the open chain form, there is no evidence of the
aldehydc galactose derivatives when agar is hydroiysed by
other means, such as the hydrolysis of methylated agar by
methyl-zlcoholie hydrogen chloride.
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SUMMARY

: 5 A heptaacetyl galactose has been prepared from
agar by Pirie's hethod. It agrees in rotation and
acetyl content with Pirie's compound, but the melting
point is eight degrees lower.

2. After separation of the heptaacetate, the re-
maining products were methylated, and the fragments

exemined.

B Ho methylated di- nor trisaccharide could be
isolated from the methylated reaetion products.
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