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INTRODUCTION.

The occurrence of ethereal sulphates among
products of animal origin ie not uncommon, but_it
would appear that Haas and co-workers (1), working on
Carrageen or Irish Moss (Chondrus criaﬁus). were
the first to prove the existence of carbohydrate
esters of sulphuric acid among plant products.

Carrageen or Irish moss is a dark purple,
branching, cartilaginous seaweed, which ie found
on the coasts of Northern Europe and North America.
When dried and bleasched, it forms the Irish Moss
of commerce, which is being used extensively as
8 thickener of Jjams and jellies. It is also claimed
that it has value as a food-stuff in diseases of the
lunge and general weakness., Carrageen is used in
many patent medicines and is also applied as a 8ize
an& for the stiffening of ailk.

Various views have been put forward from time
to time concerning the composition of Carrageen
mucilage. The diacordanp results obtained in the
early days, were mainly due to the fact that, while
gsome investigators worked on the weed as such, others
examined the aqueous extract. In all cases the early
workers contented themselves with hydrolysing the
material 'ith mineral acids or oxidising with

nitric/



nitric acid. Bente (2) found that, on heating the moss
with acids, laevulinic acid was prepared., Fltickiger
and Obermayer (3) showed that oxidation with nitric
acid gave mucic acid. Haedicke, Bauer, and Tollens
(4) examined the effect of hydrolysis with dilute
acids and succeeded in isolating 2 g. of a orystalline
hexose from 500 g of the weed, This hexose gave a
good yield of mucic acid and it was therefore
conocluded to be galactose. These workers also
gtated that fructose was present on the basis of a
positive Seliwanoff reaction and the fact that
laevulinic acid could be obtained on hydrolysis of
the moss with acid. On further examination of the
hydrolysis products of Carrageen, Mither and

Tollens, (5) obtained a Blight "furfural reaction"
with aniline acetate after hydrolysis with hydro-
chloric acid, which indicated the presence of a small
quantity of pentose or methyl pentose. More
evidence was given for the presence of fructose by
the isolation and identification of a phenylhydrazone
of methyl hydroxy furfurel, which according to
Lintner, DH1ll and Xiermayer (6), indicsted the
presence of fructose. Glucose also appeared to be
present.

Working along these lines, Tollens and his

pupils/



pupils have sh@wn that the Carrageen polysaccharide
contains galactose and fructoee residues, the
latter in such quantity as to induce Tollens (7)

to place Carrageen among the fructosans, without,
however, assigning to it any definite formula.
Sebor (8), on the other hand, went a little further
in expressing the opinion that Carrageen muoilagp is
a complex carbohydrate produced by the combination
of galactose, dextrose, and laevulose residues,
together with a small quantity of pentose as an
impurity.

It has long been known that Carrageen on
incineration yields a considerable amount of ash
consl sting largely of calecium sulphate, Although
it was found impossible to reduce the ash content
by dialysis; the possible significance of this fact
escaped all investégators until comparatively
recently. In 1921, Haas and Hill (1) showed that
two distinct fractions could be obtained by the
aqueous &xtraction of the moss, and in the same year
Haas (9) published a method of separating the two,
together with a systematic investigation of one of
them. He found that, while one extract was readily
soluble in both cold and hot water, the other was
readily soluble in hot water, but only sparingly
soluble/



soluble in cold water, The method of extraction was
based on this difference and was on the following
lines. The hand-picked weed was washed once or
twice with cold water and then soaked in distilled
water for 1 hour. The aqueous exiract was then
filtered, and, on evaporation to dryness, the filtrate
gave a residue, which was referred to as the Cold
Extract or C.E. The remaining weed was washed
sontinuously for several days and, after squeezing

out and drying, it was warmed on the water-bath

with water. The resulting solution, after filtraztion
and evaporation, yielded the so-called Hot Extract or
H.E. The distinctions between the two extracts were
confined to physical characteristics, such as the
different solubilities and di fferent gelatinizing

| powers.

Haas (9) also showed that the two extracts had
uigh seh contents, the C.E. having 21.6% and the H.E.
averaging 17.6%. These figures could not be
reduced, even an prolonged dialysis. A systematic
investigation of H.E. was then made and the following
facts were discovered:-

1) The ash was found to consist largely of
calcium sulphate.

2) The calcium could be cuasntitatively precipitated
from an aqueous solution of the H.E. using ammonium

oxalate/



oxalate and the estimations, so carried out, agreed
well with those made on the ash.

3) No precipitate of barium sulphate could be
obtained on adding barium ohloride to an aqueous
solution of the H.E. until hydrochloric acid was
added and the solution boiled for a few minutes. A
" copious precipitate was then obtained,

4) The sulphate in the ash of H.E. wae half that
obtained after hydrolysis of the H.E. |

This showed that it had the gsner%% ggopartiea
of an ethereal sulphate and Haae assigned the following
general formula.
/0 . 802 N+ T
"

0.80_0
2

Ca

7

It can be seen that, on ignition, half of the
sulphate would be lost as sulphuric acid and this
accounts for the difference obtained in the sulphate
content of the ash and that obtained after hydrolysis
of the H.E. _

R.(0.802.0)2 Ca 2K20 = R(OB)2 3380‘ CaSO4

Haas and Hill also noted that both the C.E. and
H,E. contained nitrogen, but the form this took in
the compounds was not specified.

Russell-Wells (10) made a comparison of the two

extracts/



extracts both as to their organic and inorganic
constituents. Using the Cold Extract (C.E.), a
similar series of results to those obtained by
Haes working on the H.E. was obtained and thus the
same general formula for an ethereal sulphate was
assigned to the C.E. Russell-Wells found that the
ratio of sulphate after hydrolysis to the sulphate
in the ash was elightly more than the 2:1 ratio
found in the case of H.®, This could be explained by
the assumption that some of the sulphate was combined
with ammonium ins tead of calcium. She found that the
C.E, ocontained calcium and ammonium radicals and that
the ash contained besides calcium and sulphsate,
8odium, potassium and traces of iron. The ash of
H.E. 8180 contained these radicals, but less sodium
and potassium and more calcium thsn that of the C.E.
Unionised magnesium was fous® in both extracts. A
comparison was mﬁde beiween the organic constituents
of the two extracts and it was found that more
mucic acid and less oxalic acid was obtained from
8.E. than from the H.E. Russell-Wells also found
that pentose units were presgent in both extracts
but to a greater extent in C.E.

Harwood (11) subjected the C.E. to a physico-

chemi cal examination with a view to throving some

light/



light on its constitution. This author showed

that it was strongly ionised in solution and its
conductivity at infinite dilution was found to be

of the same order as that of calcium sulphate and

from this he concluded that the colloidal ion of the
C.E. must poesess a mobility similar to that o: the
sulphate ion. His results were in. favour of Haas's
view that the extract was a calcium salt of a sulphur-
ic ester but as to the basicity of the acid, the
physical evidence was contradictory.

In a further paper Haas and Russell-Wells (12)
investigated the hydrolysis of Carrageen mucilage.
Thie was the outcome of an attempt to isolate the
carbohydrate complex free from sulphate. It was
found that conditions which favoured the separation
of the sulphate from the H.E., involved the complete
breakdown of the carbohydrate complex. For a long
while, it had bcen known that the mucilage lost its
gelatinizing power when heated with dilute acids
such as lemon Jjuice or vinegar. Hass and RBussell-
wells found that if a 2% solution of H.E. was heated
at 80° for 45 minutes with 0.15 N sulphuric acid
the resulting liquid had acquired reducing properties,
but contrary to expectations, this was not due to

the production of free sugar, but to the formation of

a/



& non-dialysable product, which proved to be an
ethereal sulphate, The solution, obtained after
hydrolysis, was found to contain two ethereal
sulphates, which could be separated by dialysis, The
residue left over after dialysis was shown to contain
galactose, fructose and pentose, The dialysate
gave colour reactions for pentose and fructose dbut,
on oxidation with nitric acid, no mucic acid was
produced showing the absence of galactose. It did
not reduce Fehling'es solution till after hydrolysis
and was optically inactive.
The presence of glucose in Carrageen had been
~ poetulated by Sebor (8) and subsecuently by Muther
and Tollene (5), on the basie of the analysis of the
silver 8salt of a presumed saccharic acid. This was
an inecbnclusive plece of evidence as the silver
content of silver saccharate is clearly the same
a8 that of silver mucate and this result provides no
real evidence for the presence of glucose, A8
both the dialyssate and the residue gave the Seliwanoff
test for ketose (evidence on which presence of fructose
wae based), Haas and Ruseell-Wells (1l2), destroyed
the fructose by hydrolysing with 8% hydrochloric
acid both the dialysats and the residue until a
pr7itive Seliwanoff test was no longer obtained,

The /



The resulting soluti onaaf:nz;e treated with phenyl-
hydrazine and the residue,gave glucosazone. This
eould only have been obtained from glucose (or
mannose ). Potassium hydrogen saccharate was also
isolated from the potsssium salt of H.E. after the
micic acid, formed by the oxidation of the H.,E. with
nitric acid, had been removed, A further attempt
wes made with various stirengths of sodium, potassium
and barium hydroxides to hydrolyse the sulphate from
the carbohydrate complex without degrading the latter.
A8 in the case of the acid hydrolyeis, it was found |
that any attempt to pemove the sulphate resulted in
a complete breakdown of the carbohydrate portion to
simple sugars. In the case of the alkali hydrolysis,
however, it was found that a quantitative sepuration
of sulphate could not be effected even on boiling
direotly with 57 sodium hydroxide for 6 hours.

On the ground thsat the {ractionation of the
extruct, a8 suggested by Haas, appeared to be
artificisl as neither of the fractions C.E. or H.E.
appeered to be pure chemical compounds, a Canadian
investigator Miss M.R. Butler (13) adoptedadifferont
procedure of extrsction and obtained a so-called
stamdard extract. This was obtained by heating the
moss, washed free from chloride, with distilled

water/



water on the water-bath and the filtered extract was ¢«
concentrated and precipitated in alcohol. A whito,
amorphous powder was obtained with an ash content
averaging 18.6%. The ash waes found to contain
verying quantities of potassium, up to 12%. Butler
found that the ratdo of the sulphate after hydrolysis,
to the sulphate in the ash was nearer 3 : 1 than the
ratio found by Haas in his investigation of H.E.

(9), viz., 28.3% for the sulphate after hydrolysis and
11.6% for the sulphate in the ash. Thie suggested
to her the possibility of there being three sulphate
groups in the molecule, only one of which was
retained in the ash, and the following possible for-
-mula was sugeested.

L
T

S0 .
0.80, o\
2

0.80 .0

By dialysing a 1% solution of the extract
againet a frequently changed solution of potassium
chloride until the dialysate gave a negative test
for caloium, Butler prepared a potsssium compound
which, on incinerating, gave an ash of practically
pure potassium sulphate. 1In the same way the
ammonium salt was prepared. The pot assium compound,

dialysed/
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dialysed agrinst a freguently changed solution
of calcium chloride, gave & pure calcium compound.
The analytical figures for this preparation differed

very greatly from thoge of the originsl extract and,
from this, she concluded thot Haas's assumption,

that the origimal extract was wholly a calcium salt,
or even chiefly so, was false. By examining the
pure potaseium and calcium compounds, she found

that the ratio 2:1 of the sulphate after hydrolysis
' to sulphate in ash was re-astablished. The fact

' that this ratio was nearer 3:1 in the case of the
original extract was explained by saying that the
extract probably consisted of a mixture of calcium,
potassium, and ammonium ethereal sulphates,

The sulphate content of the pure potassium
salt was 28%, On the basis of the formla
n(o.soa.o.xlz, the molecular weight (presumably of the
gimplest unit) would be 685 or that of the carbohydrate
portion 415. Based on the formula R(o.soa.o;zls
the molecular weight would he 1030 or that of the
carbohydrate portion 625. Butler stated that the
nature of the compound indicated thet it was more
complex and this led her to suggeset the follow-
ing alternative formulae a8 representing the

constitution.

[a(o.so,.m«:)z]“ [n(o.soa-OK)a] _



It ie clear, however, that the formulation a.o.sog.o,x.
would on the above basis give rise to a 'molecular
weight' for R of ca. 200 which would be more clesely
in agreement with R as s monosaccharide residue.

Nelson and Cretcher (14) pointed out for the
pelysaccharide isolated from Macrocystis pyrifera,

that the results for such ethereal sulphatea could
equally well be explained by a formula rapresenting

& c¢hein of haxose units each carrying one sulphats

recsidue, In any case the original idea of Haas
0.80,.0
",
R\o a was in all probability esdopted for
.80 f/

2
convenience on account of the divalency of caléium

and the objections to it raised by Neleon and
Cretcher seem to rest on & misunderstanding as to
the nature of R.

In a later paper Miss Butler (15) has
investigated the nitrogen content of Carrogeen and
it was found that the amount of nitrogen present
in the polysaccharide complex was dependent on
the amount originally present in the plants, viz,
13% bf the total. Repeated precipitation failed
to reduce the nitrogen contsnt of the extract.

The mode of occurrence of the nitrogen was Ulknown.

Since/



S8ince the discovery that the polyssccharide of
Carrégeen was an ethereal sulphate, several of the
marine algse have been shown to contain ethereal
sulphates of polysaccharides., Hass and Russell-
Wells (16) obtained evidence of the existence of an
ethereal sulphate grouping ih Laminaria spp. and
Bird and Hsas (17) showed that this grouping also
exists in fucoidin, which is a water soluble carbo-
- hydrate, first named snd isolated by Kylin (18)
from various species of Laminaria 2nd Fucus. A
corresponding water soluble carbohydrate was isdlated
from Macroeystis pyrifera by Hoagland and Tieb (19)
and lster this was shown to contain an setheresl
sulphate grouping by Nelson and Cretcher (14).

Bird and Heas (17) described the extraction and
purificetion of fucoidin from Laminaris epp. They
extracted the weed by sogking in distilled water and,
at first, Xylin's method of purification by pre-
cipitation end re-precipitation with alcohol was
used (18). It was found, however, thut, with the
gradual removal of the saltis, precipitation became
more difficult and therefore, this method was aban-
doned in favour of purification by dialysis. The
completely dialysed substance was precipitated in

alcohol. The product, on incineration, was found

to/



to have an ash content of 30.93% which was found
to be mostly calcium sulphate. The calcium was
shown 10 exist in the original substance in the
ionised condition, as it could be quantitatively
precipitated by the addition of ammonium oxsalate
to the aqueous solution of the extract. On the
other hand, this aqueous extract gave no reaction
for sulphate ion. Further evidence for the
presence of an ethereal sulphate grouping was
obtained by comparing the figures for sulphate after
hydrolysis and the amount of sulphate contained
in the ash,
Amount of sulphate obtained after hydrolysis
= 30.33%
Amount of sulphate contained in the ash
= 15.10%

0f the carbohydrate portion of fucoidin, very
little is kxnown. Kylin (18) described the presence
of methyl pentose and thie was confirmed by Bird
and Haas (17) by the colour reaction of Rosenthaler,
and by the isolation of an osazene m.p. 170° - 1739,
from the products of hydrolysis of the material with
3% sulphuric acid. The preparation from Fucus spp.
of the methyl pentose fucose, was first described
by Gunther and Tollens (20) and by Votodek (21),
and/
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and by Clark (22) who hydrolysed the entire weeds
after a preliminary soaking in dilute acid. Bird
and Haus (17) also obtained evidence of the presence
~of a uronic acid to the extent of 7.3).

Fucoidin has also beep nreapared from the droplets
exuded from Laminsria digitsta in air, by Lunde,

Heen and Oy (23). Analytical dsta on the material
indicated that it had the general formula R(0.80g.0M),
in which R was a carbohydrate radical containing 60%
of fucose, Neither uronic acid nor pentose was
found in this case. M ie chiefly sodium, but some
potassium and very smll amounts of calcium and
magnesiun wofe found to he present.

The only recorded instance in which an attempt
has been mﬁde to determine the structure as distinct
from the composition of the carbohydrate portion
of one of these ethereal sulphates, ie given by
Hassid's work on Iridese leminarioides (24) and (25).
The plante, after thorough washing with alcohol,
were extracted with water for several hours on the
steam bath and then, after filtration, the filtrate
wag evaporuted to small volume and precipitated in
aleohol. The precipitate was obtained in the form
of & snow white powder, after filtration and drying.
Proof was obtained of the %#he presence of a sodium
ethereal sulphate grouping from the following

experimental/
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experimental data:-

1) The sulphur in the ash (5.8%), was half the
sulphur obtained afser hydrolysis (11.5%).

2) The aqueous solution of the extract gave no
positive test for sulphate with barium
chloride.

3) The substance can be dialysed free from
godium by the electrodialysis method of
Greenberg and Greenberg (26).

4) A quantitative analysis on 50 mgm of the
ash obtained on inecinerstion gave the follow-
ing figures:- 34.8 mgms sulphate, 13.5 mgm
sodium, and 1 mgm each of caloium and
magnesium. These figures are in close
agreement with the assumption that the ash
is mainly sodium sulphate.

In order to find the units making up the organiec
portion of the molecule, Hassid hydrolysed the
material using 2% sulphuric acid (24). The
hydrolysis product, a syrup, was inoculated with a
crysatal of galactose and, on standing for several
daﬁa. crystals sepsrated out, which fomed a
phenyl-osagzone melting at 194-196°, corresponding
to galactose phenyl osazone. A quantitative
determination showed that galactose was pepesent to
the extent of 54.2%. Pentose and uronic acid were

shown/
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shown to be absent and from this it was concluded
that the carbphydrate portion of the ester, was
made up solely of galactose units,

In the second paper (25), Hassid describes
the acetylation of the sodium sulphuric ester of
galactan (the name given to the extract) using
pyridine and acetic anhydride. He obtained a
product of acetyl content corresponding to a diaoatyl
compound . It was also found that the ethereal
sulphate grouping could be removed, without destroying
the carbohydrate complex,by 0.5 N sulphuric acid.
Alkaline hydrolysis, using 5% baryta solution, gave
a product which appeared to have undergone some
decomposition and the yield of free gslactan was not
80 good.

Hassid then succeeded in methylating the sodium
sulphuric ester of galactan by the method of Haworth
and Learner (27) and obtained, after two further
methylations with the Purdie reagents, a product
described as the dimethyl ether of the original
sodium sulphuric sster. The hydrolysis of the
fully methylated substance was effected with 27
sulphuric acid at 105-110° for 7 hours. The
product of hydrolysis was reducing and did not
yield a precipitate of barium sulphate on boiling
with/
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with hydrochloric aocid and adding barium chloride.
In this way & methylated monosaccharide was
isolated containing no sulphate residue. The
methylated monosacchuride was then converted into
the glycoside, and a crystalline dimethyl-methyl -
galactoside of unknown constitution was isolated.
By methylating the galactan, prepared by aeid
hydrolysis of the original sulphuric ester, he
obtained a methylated galanctan, The methoxyl
content of this corresponded with that of a tri-
methyl gelactan. On hydrolysing this compound,
Hassid obtained on distillation an uncrystallizable
syrup corresponding to a trimethyl galactose. No
osazone could be prepared from this and it was
therefore concluded that poaition 2 wss occupied by
a methoxyl group. On oxidation of this trimethyl
compound with bromine water and then with nitric
acid, a substance described as sn arabodimethoxydi-
methytglutarate was obtained. The fact thsat he
obtained this dimethoxy compound proved, provided

8 pyrenose ring structure was assumed, thot one

of the methoxyl groups was on the primery alcohol
grouyp in the trimethyl galactan. If a 1:6 linkage
between the galactose units was present, then Hassid

argued that a trimethyl galactose, with ne methyl

group/
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group on position 6, should have been obtained on
hydrolysis of the fully methylated galactan, On
subeequent oxidation of tls trimethyl galactose with
bromine end then nitric aocid a trimethoxy glutaric
ester ghould have been obtained insgtead of the
dimethoxy glutaric ester actually obtained. On
this argument he rejected the 1dea of the linkage
between adjacent galactose reeidues involving
positicn 6 in the nﬁhydro-galnotoaa unit., The
linkage between both of the first carbon atoms of
the individusl galactose units, whatever that may
imply, was exocluded on the grounds that s trimethyl
compound would have been prepared on methylating

the godium sulphuric éatar 0of galactan, instead of
the dime thyl compound prepared. The l:2-linkage
between the galactose units was removed as a
poseibility by the fact that no asazone could bhe
prepared from the *rimethyl galactose, prepared by
the hydrolysis of the fully methylated, sulphate free
galactan showing thut one of the methoxyl groups
occupied position 2. This is, to some extent, a
dangerous argument since an osazone may have been
formed which wes soluble in the reaction mixture

end in any case a dimethyl gseluctosazone should huve
resulted (of. the isolation of 4:6-dimethylgalactosa-

zone/:
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zone from 2:4:6-trimethyl gelsctose (28)). Assuming
the usual pyranose structure for galsctose, the idea
0f a 1l:6-linkage was rejected. This left only two
poasibilities, the l:3-linkage and the l:4-linkage.
Hassid discarded the former on the ground that it
had never been discovered in a natu?ally ocourring
subetance, whereas the latter is common in many
naturally ocecurring polysaccherides, Since that
time, however, the l:3-linkage between g:lactoge
units has been found in eger by Somerville and
Percival (28), in dameon gum by Hirst and Jones (29)
and in gum arabiec by Smith (30).

The position of the ethereasl sulphste grouping
was left in doubt but Haseid gave the prohsble
position a8 that of the sixth carbon atom in the
galactose unit. His argument was that the sixth
carbon atom would protrude from the ring and the
steric position of groups attached ﬁo this atom
would tend to give them greater sctivity than groups
atteched to other atoms, Haseid determined the
molecular weight of the so-cslled sodium sulphuric
ecter of galactsn by the micro-chemicsl method of
Rieche (31) and from this,he deduced tmt the éhain
length must be approximately equal to six galactose
sulphate units and he gave & temtative structural
formula but it is clear that it must be accepted
with/
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with reserve.

?H
H OH

O HO C H

|
: f——o————
?n
GHZOBOEONa

e, —_— n

where n = 6 (approx.).

It can be seen from the foregoing that very
little is known as to the structure of the carbo-
hydrate portion of these ethereal sulphates and,
with the exception of Hassid's work on Iridese
laminarioides, no attempt hae been made to determine
the linksges involved in making up the complex
molecules, An attempt has been made in the present
investigation to help to remedy this deficiency by
a study of the polysaccharides obtained from Carrageen.,
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Preparation of Carrageen Extracts.

A mpodification of the method described by
Haes (1) was used. Instead of two extracts, however,
three were prepared as follows, The moss (300 g.)
purchased in 5 1b. lots from a well-known firm, was
washed twice with cold water and then, after
draining, steeped in water (5 1.) for 1 hour. The
extract was then filtered through muslin and the
filtrate concentrated a% 50°/20 mm. to 300 c.c. It
was then sdded drop by érop to ethyl alcohol (1 1.)
with mechanical stirring, to yield a fibrous, greyish-
white precipitate. This wes dehydrated in fresh
alcohol, filtered, washed with ether and finally
dried in a wacuum over csleium chloride. This was
the Cold Extrsct 1. or C.E.I. (25 g.,). The
remainder of the moss was again washed twice with
water, and soaked in water (5 1.) for s further 24
hours. The extract so0 obtained was concentrated
and precipitated as described sbove to yield Colad
Extract II (C.E.II 40 g.). After washing in
running water for 7 dsye the moss was trancferred
to muslin bags, and the extraction was then continued
in water (10 1l.) on the stesnm bseth., After 6 hours
the agueous solution was ramoved and fresh water

was/



was added. This process was repeated twice. The

combined extracts were concentrated to 300 c.c. as
already described for C.E.I., to yield the Hot
Extract (H.E.) (90 g.).

Investigation #f the H.E.

The H,E. was non-reducing to Fehling's solution
and after solution in hot water set to a rigid gel on

cooling. In dilute solution, however, the optical
rotation could be obtained.
[<];+63° (8, 0.3 in water),

Ash Determination.

After drying over phosphoric oxide in a vacuum
at 98-100°. about 1 g. of the H.E. was wei ghed
acocurately into a tared silica crucible and
incinerated. After the last traces of carbon had
been removed with nitric acid and further ignition,
a few drops of sulphuric acid were added. The
crucible was then heated first gradually, finally
strongly to remove the excess sulnhuric acid. The
treatment with sulphuric acid was repeated to
constant weight. The ash content so obtained
averaged over six experiments 18.7%.

It is noteworthy that the ash content of the
H.E. was not reduced after 6 days' dialysis against

running water.

Analxais/



Analysis of the Ash.

A quantitative anslysies for sulphate, calcium,
potassium and sodium was made., The ash (ca. 0.2 g.)
was dissolved in dilute hydrochloric acid (2N). The
solution was filtered free from a slight amount of
insoluble residue and made up to a 100 ¢.c. in a
standard flask, This solution was used for all
the following determinations, The determination of
potassium and sulphate was made on 40 c.c. of the
solution. Since potassium was to be determined
a8 perchlorate (inaccurate in the presence of
sulphate) the sulphate was first removed by
precipitation as barium sulphate and determined in
this way (2). The potassium could then be estimated
without interference (3). Caloium was determined
volumetrically (on 10 c.0.) by precipitation as
calcium oxalate, filtering and after redissolving the
precipitate in dilute sulphuric acid, the solution
was titrated with standard potassium permangsnate (4).
The sodium was determined on 5 c.c. of the original
solution, as sodium zinc uranyl acetate (5). The

resulte are tabulated below:-

Ash H.E. (calc. from
Ash).
S0 66.6% 12.5%
K4 2.5% 0.48%
Ca 29.9% 5.6%

Na 1.0% 0.19%



Determination of sulphate in H.E.

The H,E. was oxidised by fusion with a mixture
of sodium peroxide and sodium carbonate, The
fused mase was dissolved in water and the sulphate
determined gravimetrically as barium sulphate (6).
(80, 23.8%).

Complete Hydrolysis of the H.E.
A method was sought wheredby the H.E. could. be

completely hydrolysed with the removal of the
sulphate groups and degradation of the carbohydrate
portion to simple sugars. The H.E. (3 g.) was
hydrolysed on a boiling water bath with 2N-sulphuric
acid (100 c.e.) for 3 hours. The hot solution was
filtered to remove inorganic salts and, after cooling,
neutralised with barium carbonate in the presence of
charcoal. The solution was filtered and evaporated
at 50°/16 mm. to give a syrup (2 g.). Ex15232.4°.

(€, 0.5 in water). A portion of this syrup (1 g.)-

was treated with nitric acid (6 c.c., 4 1+15) and the : !

golution evaporated almost to dryness on the steam
bath, On dilution with water and leaving to stand
overnight, crystals separated m.p. 213°, A mixed
melting point with an suthentic specimen of nficic
soid (m.p. 213-214°) showed no depression, indicating

the/



the presence of galactose in the syrup. The amount
of galactose present was determined by the formation
of galactose methylphenylhydrazone., The syrup (0.90 g.)
was dissolved in water (30 c.c,) and an equal volume
of alcohol was ddded. To this solution methyl-
phenylhydrazine (1.5 g.) and glacial acetic acid
(0«3 0.c.) were added. The solution was left to
stand for 24 hours at -39, Crystalline galactose
msthylphanylhydrasongjgﬁh deposited, and was re-
orystallised from alcohol (m.p. 187°)., 1In a similar
experiment 1.563 g. galactose methylphenylhydrazone
(m.p. 188%) was obtained from 1.004 g. galactose.
Calculaeted amount of free galaotose in the syrup
23.3%. In these estimations the galactose
methylphenylhydrazone was dried over phosphoric
pentoxide in a vacuum for several days.

In an attempt to raise this value, another method
of hydrolysis was carried out. The H.E. (3.093 g.)
which was dried over phosphoric oxide in a vacuum at
98-100°, was hydrolysed with 3% aqueous oxslic acid
for 20 hours at 98-100°. The solution, after cooling,
was filtered free from residue (0.53 g.) and, after
neutralising with calcium carbonate, was filtered and
evaporated to a syrup at 50°/16 mm. (2.46 g.). This

syrup was dissolved in water (30 c.c.) and alcohol

(30 c.c.)/
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(30 ce.¢.), methylphenylhydrazine (2 c.c.) and glacial
acetic acid (1 c.c.) were added. After 48 hours at
-2% galactose methylphenylhydrasong:;ga obtained, .
corresponding to a gelactose content of 46.4% in

the syrup, or 36.9% in the H.E. Several of these

estimationsg were carried out with similar results.

Typicsl Preparstion of the ‘Galactose free Sggggﬁ
After washing the galactose methylphenylhydrazone

thoroughly with water the remaining sugars in the
filtrate and washings were recovered according to the
method of LUdtke (7). The combined filtrate and
washings were eveporated to 20 ec.o. Alcohol

(30 o.c.) and benzaldehyde (3.5 c.c.) were added and
the golution boiled under & reflux condenser for 5§
hours. The solution was then cocled in ice for 15
houra, filtered, the precipitate thoroughly washed
with water, and the alcohol removed from the filtrate
and washings by evaporation. The aqueous solution,
80 obtained, was extracted with ether, decolourised
with ehercosl and evaporated to dryness at 50°/16 mm.
to give a eyrup (1 @.) i.e. 32.1% of the original
H.E. [«]J'?s’.v" (€, 1.0 in water). All the apecim;em
of ‘eelactose free syruﬁ“prepafbd in this way had
similar properties. The Seliwsnoff test for ketose
was positive but the Bredereck test resulted in the

development/
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development of a green coloration; whereas with
fructose a dark blue coloration developed quite
eacily. The syrup was reducing to Barfoed's
reagent, appearing to show the absence of a disaccharide.
Attemptes to form mannose phenylhydrazone (which
separates out quite easily in the cold) failed. The
pine splint test for digitoxose and other 2-desoxy
sugars was negative, The syrup wag also tested

for pentose by obeervetion of its action on aniline
acetate after hydrolysis with 12% hydroculoric acid.
S8light evidence of the presence of furfural in the
hydrolysis mixture was obtained, The amount of
pentose present was estimatved according to the

method of Marshall end Norris (8). Accarding to
this estimation there was & small proportion of
pentose (2.4%) and methyl pemtose (1.27%) present

in the‘halactoac free syrupt

Osazone Formation.

The %alaotoaa free qyru; (L g.) was dissolved
in water (25 c.0.) and pure phenylhydrazine (1.5 g.)
mixed with glacial acetic acid (3 c.c.) was added.
Sodium bisulphite (0.1 g.) was added sccording to
the modification of Hamilton (9). After 75 minutes
at 95-100°, an impure osazone was obtained (0.25 g.).
- .On further heating a second crop was obtained (0.05 g.)
very pure crystals (m.p. 205°) resembling glucosazone
in/



in erystalline form could be obtained from the first
erop by washing with pyridine and alcchol. Mixed
m.p, with an authentic specimen of glucosazone
(m.p. 207-208°) gave m.p. 203-204°. The main body
of the osazone wae recrystallised from alcohol,
pyridine and water to yield a product m.p. 206-208°,
Mixed m.p. (with glucosazone) 204-206°, Mixed m.p.
(with galactosazone, m.p. 195-196°) 190-195°. Prom
this it was concluded that the osagzone consisted

mainly of glucosazons,



Methylation of the H.E.

An attempt was made to acetylate the H.E,
using pyridine and acetic anhydride with a view to
subsequent simul taneous deacetylation and methylation.,
The H.E. (5 g.) was shaken with pyridine (100 c.c.)
for 1 hour at 80°, but showed no sign of dissolving.
After cooling, a mixture of acetic anhydride (50 c.c.)
was added gradually with stirring. After 3 days
at 80° the H.E. remained sppasrently completely
undissolved and on filtration, and pouring into water
no precipitate was obtained. Many attempts to
acetylate the H.E, varying the conditions, were
abortive.

_ As acetylation had failed, it was necessary to
turn to direct methylation. Segeral methods were
attempted, but a modified version of that used by
Baldwin and Bell in the methylation of galactogen (9)
was found to give the best results. The H.E. was
dissolved in water (60 c.c.) anl mechanically stirred
at 609, Dimethyl sulphate (120 c.c.) and 40%
potassium hydroxide (360 c.c.) were added in §th
portions at intervals of 2 minutes. Subsequently

dimethyl sulphate (80 c.c.) and 40% potassium
hydroxide/
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hydroxide (160 c.c.) were added in 4$th portions at
intervals of 10 minutes, Tha temperature was
raised to 80° for 60 minutes and the so lution
cooled, neutralised with acetic acid and dialysed
in parchment bags against a rapid stream of running
water, until free from sulphate (8 days). The
dialysed solution was evaporated at 50°/16 mm. to
yield a scaly solid (7.7 g.) OMe, 9.,2%. This was
dissolved in 40% potasesium hydroxide (30 o.c.),
stirred at 55° in the presence of acetone (50 c.c.),
and dimethyl sulphate (60 c.c,) anmd 40% potassium

hydroxide (150 c.c.) were added in 1/10th portions
.at intervals of 10 minutes, The solution ﬁas

heated at 75° for 1 hour, freed from sulphate by
dialysis and worked up ae described above to yield
a solid (7.6 g.) OMe 12,1%. Two further methylations
failed to increase the methoxyl content beyond 14,.2%.
Methylated H.E. was obtained as a hygroscopic
80l1id, which was dried over phosphoric oxide in a
vacuum at 98-100° before snalysis., The ash )17.7%)
was found to cohtain calcium (19.9%). Sulphate
was detefmined by oxidation as already desoribed for
the H.E. (p. ). (80, in methylated H.E. 27.0%).
Attempted acetylation of the methylated H,E.
The /




The methylated H.E. (3 g. OMe 14.1%) wae
dissolved in water (80 c.c.) and pyridine (100 c.c.)
was added. To the homogeneous solution obtﬁiqed
a mixture of acetic anhydride (50 c.c.) and
pyridine (50 c.c.) was added, the solution was
heated at 70° for 6 hours and allowed to stand for
24 hours at 18°., The gelatinous precipitate
obtained, was filtered and dried (i g.).

(CHzCO nil; OMe 14.8%).
Hydrolysis of the methylated H.E.
The methylated H.E. (7 g.) was heated with

3% aqueous oxalic acid (100 c.c.) at 98-1002 for

20 hours. The solution 80 obtained was neutralised,
after filtration and cooling, with calcium
oarbonate, filtered and evaporated at 50°/20 mm, to
yield a syrup (5 g.) OMe 16.8%; [}{E;BB° (e, 0.3
in water).

Acetylation of the hydrolysis product.

The syrup was dissolved in pyridine (50 c,c.)
by warming at 60°. To the cooled solution, acetic
anhydride (25 c,c.) was sdded and the solution
heated at 98°-100° Zor 30 minutes, After standing
for 72 hours at 16° the solution was poured into
water (500c.c.) and the aqueous solution, together

with/



with the syrupy solid which separated, was extracted
four times with chloroform (1 1.) and the extract
washed with dilute sulphuric acid (250 c.c.), then
with a saturated solution of sodium bicarbonate

(100 ¢.c.) and finally with water. After drying
over anhydrous sodium sulphate, the chloroform
extract was evaporated at 50°9/16 mm. to give a

syrup (6.6 g.).

Fractional distillation ofﬁ;cotxlated Byrup.

The acetyleted syrup wae introduced into a
small distilling flask and distilled in a high
vacuum, the operation being carried out as quickly
a8 possible, in order that the syrup might be
exposed to a high temperature for a minimum period.

The following illustrates the separation effected.

Bath Temp. OMe Yield
132-1400/0,03 mm. 13.0 0.39 g.
2. 165-180%/0.03 mm. 15.2 3.46 g.
3. 190-200°/0.03 mm. 9.3 1.0l g.

The second fraction was submitted to a

further distillation with the following result.

Bath Temp. OMe % Yield
2a. 165-170°/0.03 mm. 18.5 2.75 g.
2b. 185-1959/0.03 mm., 9.6 0.47 g.

Oogglnte/



Complete methylation of Fraction 3.

To & portion of the syrup (0.54 g.; OMe, 9.3%)
dissolved in acetone (10 c.c.) and water (6 c.c.),
dimethyl sulphate (15 c.c.) and 30% sodium hydroxide
(35 0.0.) were added in small portions at intervals
of 10 minutes, During the first three additions
at 359 the dimethyl sulphete was kept in excess.

The remainder of the reagents were added at 569

after which the solution was heated at 75° for 30
minutes before extracting the reaction mixture with
chloroform (1 1,). After weshing with water, the
extracte were dried over anhydrous sodium sulphate,
filtered, and evaporated to yield a syrup, which

wag given three further mathylations after Purdie's
method. The syrup was dissolved in methyl iodide
(16 c.c.) and four additions of silver oxide (4 g. in
all) were made at intervals of 60 minutes, the
solution being kept at 50° for 7 hours. The nixture
was then filtered and the reaidun extracted with
acetone, After the third methylation the solvent
was removed to yield a syrup (0.15 g.).

The glycoeidic methoxyl residue was removed by
dissolving the syrup in 7% hydrochloric acid (5 c.s.)
and heating at 98-100° for 2 hours. The solution

was neutralised with barium carbonate, alcohol (50 c.c.)

was/



was added to precipitate barium salts, which were
filtered off add the solution evaporated to dryness
at 509/16 mm, The residue was extracted three times
with ether and from the filtered extracts a syrup

(0.11 g.) was obtained on evaporation.

Preparation of 2:3:4:6-Tetramethyl Galactose Anilide.

The anilide was prepared from the above syrup
(0.11 g.) by heating with aniline (0.05 g.) in
algohol (10 c.c.) at 90° for 1 hour. On cooling
white needles separated which were filtered and
recrystallised from aleohol (0.05 g.; m.p. 192-193°),
A mixod-molting point with an suthentic specimen of
2:3:4:6-yetramethyl galactose anilide (m.p. 192°)
showed no depression.

Osazone formstion.

A specimen of the monomethyl hexose scetate (0.42 g.
OMe 9.3%) was descetylated by Zemplen's method (10).
The syrup was dissolved in chloroform (2 c.c.) and
sdded to a solution of sodium methoxide (0.1 g. sodium
in 1 c.c, methyl alcohol). The mixture was kept at
12° for 3 hours. After neutralisation with acetiec
acid (2N), the solution was extracted with water and
the aqueous layer extracted with chloroform. The
aqueous solution (20 c.e.) after addition of phenyl-
hydrazine (0.35 g.), glacial acetic acid (0.7 c.c.),
and/



and sodium bisulphite (041 g«) was heated at
98+~100°, After 45 minutes follownq by cooling,
an osazone separated which was filtered and the
heating continued, A second crop was obtained in
ghis way after 3 hours.

The erude first erop (0.08 g.) had a negligible
methoxyl content (meps 170-176°)s After two
recrystallisations from alcohol, pyridine, and water,
the melting point rose to 189+191°, not depressed on
admixture with an authentic specimen of galactosazone

 (mepe 1924194°), The second crop was similar to the
first, giving galactosasone on recrystallisation from
aleohol, pyridine, and water,

A portion of the monomethyl héxose tetraacetate
(0«5 g«) was dissolved in nitric acid (3 ceCe § 4 1.42)
and the solution evaporated almost to dryness at 70°,
No trace of mucic acid was found after dilution.of the
solution and standing fnr_24 hours, although under
identical conditions galactose pentaacetate gave a

good yield of mueic acid.

The specimen was a pale yellow viscous Byrup,
reducing to FPehling's solution,. n;P1.4593i
Found OMe 18.5; @ale, for Ci,Hzs0p OMe 18.67.

A portion (0.5 ge) was subjected to complete
methylation as previously described for Fraction 3.

One/



One methylation with dimethyl sulphate was carried
out, followed by three treatments with methyl iodide
and silver oxide, and the product waes hydrolysed
with 7% hydrochloric seid to remove the glycosidic
methyl group. The resulting syrup (0.20 g.) on
treatment with aniline (0.10 g.) and aleohol (5 c.c.)
gave an anilide {0.20 g.) m.p. 191-192°, Mixed
melting point with 2:3:4:6~tetramethyl galactose
anilide (m.p. 192°), 190-191°.

Osagone formation.

A pd" tion (0.51 g.) of the dimethy) hexose

triacetate was deacetylated by Zemplen's method

as already described for the mono-methyl hexose
tetraacetate., The first erop (0.06 g.; OMe 7.4%)

was obtained after heating st 98-100° fcr 1 hour.

After filtration, the heating was continued for
another 14 hours and a second crop was obtained

(0,03 go; OMe 7.6%). On prolonged heating (8hours

in all) a third {0.01 g.) and a fourth erop (0.01 g.)
was obtained. The first crop, on recrystallisation
from aleohol gave a pure erystalline osazone m.p. 199-201°.
Mixed helting point with an suthentic specimen of
6-methyl gelsctosazone (m.p. 200-201°) 200-201°,

Mixed melting point with galactosazone (m.p. 194-1959),
165-178°.

Analysis; Found OMe 8.0; Calc. for monomethyl
galactosazone; 0193240‘54 OMe, 8.3%.

This crystalline osagone was also obtained on

reorystallising/



=40 =

recrystallising the other three cocrops from alcohol.
The above result was confirmed by snother

similar preparation. The dimsthyl hexose triacetate

(0.5 g.) gave four orops of osazone (total yield

0.1 g.), which all gave 6-methylgalactosazone on

recrystallisation.

The Changes in rotation during Glycoside Formation.

A portion of the dimethyl hexose acetate (0.25 g.)

was deacetylated using Zemplen's method. The
aqueous solution was evaporated to dryness and
the residue dissolved in dry methyl alcchol.
Sufficient dry methyl-alcoholiec hydrogen chloride
was added to bring the concentration of hydrochlaric
acid in the solution up to 1%, allowance being made
for the sodium precent,

E‘]:Pin 1% methyl-slcoholio hydrogen chloride
(C, 1.1) + 43% (5 minutes) + 32° (19 hours), + 23°
(256 hours), + 9°(41 hours), +2°(3 days), -9° (4 days),
-21°(6 days), -27°(7 dmye), constanmt value;
Glycoside Formation on Authentic 6-Methyl Galactose.

[oi].:oin 1% methylslcoholic hydrogen chloride (€, 1.0)
+54.0° (5 minutes), +50°(30 minutes), +34° (90 minutes),
- +18°%(2 hours), -6°(3} hours), -28° (5 hours), -40°
(6% hours),



-] =

(6% hours), -51°¢8% hours), -57°(21 hours), constant
valpe;
glxoosiafe Formation on Galactose.

(o{]i;o in 1% methylalcoholic hydrogen chloride

(€, 1.1), +556°(10 minutes), +45°(20 minutes), +30°
(45 minutes), +15°(2 hours), 09(5 hours), -50°(24 _
hours), eonstant value;

Glycoside Formation on Pentaacetyl Galactose.

The pentacetyl galactose (0.50 g.) was treated
as described for the dimethyl hexose acetats.
[vq:?in 1% methylaleoholic hydrogen chloride (€, 1,8)
+1008(5 minutes), +91°(1 hour), +4°(19 nours),
-88%(48 hours), cons%tant value.

Attempted Lactone Formation.

A portion of the dimethyl hexose acetate (0.39 g.)
was deacetylated by Zemplen's method, wnd the aqueous
solution eveporated at 50°/16 mm. to dryness. The
residue was dissolved in weter (6 c.c.) and bromine
(2 c.c.) was added, the solution being maintained
at 35°. Tests were made at frequent intervals
with Fehling's solution but even after & days the
solution was still reducing. This unexpected result
was twice confirmed.

Attempts to degrade the dimethyl hexose with

concentrated/



concentrated nitric acid according to the method of
Haworth, Hirst, and Stacey (10), with a view to
isolating identifiable products such as d-or i-

dimethoxy succinamide proved unsuccessful.



Methylation of thorgalactoao Free erupf

The syrup (4 g.) prepared as already described
was heated at 80° with 3% dry methyl-alcoholie
hydrogen chloride (150 ¢.c.) until it was non-reducing
to Fehling's solution (6 hours). Considerable
decomposition took place. The aolution was
neutralieed with silver cerbonate, filtered, the
residue extracted thoroughly with water aund evaporated
at 509/1 mm. to yield a syrup (1.64 g.). This
syrup failed to orystalliee even after inoculation
withox=> and(& -methylelucosides. The glycoside was
dissolved in acetone (30 6.0.) and methylated at 50°
using dimethyl sulphate (25 c.0.) and 30% sodium
hydroxide (55 c.c.) in the usual way. The solution
was heated at 75° for 1 hour, ccolsed, extracted
four times with chloroform {600 c.c.). The extract
was washed with water (100 c.c.), dried over anhydrous
8odiurn sulphate and svaporated to yield a syrup
(1.0 B.). This was subjected to a furfher methylation
uging methyl iodide (25 c.c.) and silver oxide (6 g.)
and hesting ot 50° for 7 hours. After filtering,
the residue was extracted 4 times with chloroform
(100 c.c.) and the combined filtrates were
evaporated to drynees. The syrup obteined (1.1 g.)

was/



-l -

was subjected to 3 further methylations with methyl
iodide and silver oxide to yield s syrup (l.l g.).
Distillstion of the Methylated ‘Galsctose Free Syrup.

The syrup was distilled in & high vacuum ase

follows: -~
Bath Temp. OMe % n® Yield
% 100-1109/0.03 mm. 56.8 1.4452 0.27 g.
N 110-113°/0,03 mm. 49.6 1.4502 0.13 g.

After the removal of theze fractions the bath
temperature was raised to 160°/0.05 mm. but no
further distillation took place. The operatiorn was
therefore discontinued and the raesidus, a viscous
syrup (0.60 g.), wase rcmbthylated using methyl
iodide and silver oxide (6 g.). The product agave
OMe 23.3%., A smll portion of this ayrup on
boiling with 2N hydrochloric acid fsiled to reduce
Fehling's solution, The further investigantion of
thies Ifraction was discontinued owing to lack of
material.

Examination of FPraction 1.

To the colourless syrup (0.23 g.), 5% hydro-
chloric scid (5 c.0.) was added and the solution
neated at 98-107° for 3 hours. After neutralisation
with barium carbonat& end addition of alcohol to
precipitate barium salts, the solution was filtered

and/
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and evaporated at 50°/16 mm. The residue was
extracted four times with ether and then evaporated
to give a syrup (0.2 g.), which failed to crystall-
ise, A portion was dissolved in light petroleum bp 60-80°
and sllowed to evaporate in air, The syrup,
obtained, failed to crystallise even after inoculation
with a crystal of tetramethylglucppyranose.

A portion of the reducing syrup was subjected to
anilide formation in the ysual way. No crystalline
anilide could be isolated.

Examination of Fraction 2.

Fraction 2 was evidently incompletely methylated
80 that the colourless mobile syrup (0.12 g.) was
sub jected to a further methylation with methyl iodide
(10 c.c.) and silver oxide (2 g.). The product
obtained (0.11 g. nj 1.4484) was hydrolysed with 7%
hydrochloric acid for 5 hours at 98-100° (stronger
treatment than that accorded to fraction 1). All
attempts, to corystallise the reducing syrup obtained
(0.09 g.), failed.

A second attempt to methylate the galactose
free ayruﬁ\and isolate identifiable methylated free

sugars was carried out without success.



Hydrolyses of the H.E., with Dilute Acids.

Attempts were made to hydrolyse the H.E., with
varying strengths of mineral and organic acid. Using
very dilute acid it was found that a great change could
be brought about in the nature of the solution. From
being gelatinous and non-reducing, the solution
became mobile and strongly reducing. The specific
rotation decreased and became constant. The H.E,
(0.3 g.) was dissolved in an aqueous solution of the
acid (60 c.c.) and heated at 98-100° the rotation
being observed at intervals. It was found that

Eijggboo (initial value) fell to Fx]giﬁo (constant
value). Ueing N/10 aqueous qxaiio acid this change
was brought about in 75 minutes, with N/20 sulphuric
acid in 45 minutes, with N/75 sulphuric acid in 3
hours, and with N/100 sulphuric acid in 5 hours.
Hydrolysis of the H.E. with N/75 sulphuric acid.

The H.E. (2.43 g.) was dissolved in N/75 sul-
phuric acid (100 c.c.) and heated for 3 hours on the
water bath at 98-100°. The solution, after filtration
and cooling, was neutralised with barium carbonate.

The filtrate was evaporated to 20 c¢.c. and added drop
by drop to alcohol (500 c.c.). A white precipitate
was obtained, which was filtered, dehydrated in fresh
alcohol/ |

P _
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alocohol, washed with ether and dried in a vacuum
(1.45 g.). Henceforth this will be called fraction
A. The filtrate and washings were combined and
evaporated at 50°/16 mm. to a glass, (0.45 g.).
(Fraction B).

Examination of Fraction A.

Fraction A was purified by re-precipitation

from aqueous solution in alcochol and was finally
obtained as a hygroscopic, white powder, which was
reducing to Pehling's solution and gave[x%)+-32.4

(¢, 0.4 in water). On boiling with hydrochloric
acid and adding barium chloride a copious precipitate
of barium sulphate was obtained. The ash content
was determined in the same manner as thet used for the
H.E. and was found to average 18.9% over 6 deter-
minations., The sulphate content of fraction A was
determined by oxidation as already described for the
H.E. (804, 27.9%).

Hydrolysis of Fraction A.
Praction A(thoroughly dried over phosphoric oxide

in a vacuum at 98-100°, 2.68 g.) was dissolved in 3%
aqueous oxalic acid (100 c.c.) and heated on a boiling
water bath for 20 hours. The solution was filtered,

cooled, neutralised with calcium carbonate in the

presence/
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presence of charcoal, filtered, and evaporated at 509/
20 mm. to yield a syrup(l.88 g.). The galactose
content was determined by formation of galactose
methylphenylhydrazone as described previously (p. _).
The syrup (1.88 g.) gave galactose methylphenyl-
hydrazone (1l.77 g.) corresponding to a galactose
content of 60.1% in the syrup or 42.7% in fraction A.
Preparation of Galactose Free Syrup.’

The filtrate and washings obtained after the
preparation of the galactose methylphenylhydrazone were
evaporated to 20 c.c. and treated according to the
method of Liidtke (7) to recover the galactose free
syrup as slready desoribed for the H.E. (p:i29).

Yield 0.48 g.; 25.8% of the syrup or 17.8% of
fraction A.
Attempted methylation of Fraction A.

Fraction A (12 g.) was dissolved in water and
methylated ae previously described for the H.E.
The mroduct after the first methylation (7 g.) gave
OMe, 14.1% and that obtained after the second
methylation (3 g.) gave OMe, 14.9%. This method was
abandoned owing to the poor yields obtained for which
no reason could be assigned,

drolysis



Hydrolysis of Fraction B.

Fraction B was reducing to Fehling's solution

and gave E¥1§21.9. A trace of galactose was

found in thelﬁyrup but no evidence for the presence
of other free sugars was obtained. No precipitate
of barium sulphate was obtained on addition of
barium chloride until after boiling with 2N hydro=-
chloric scid. Praction B (0.4 g.) was dissolved

in 3% aqueous oxalic acid (25 c.c.) and heated at 98-
100° for 20 hours., The solution was filtered, cooled,
and neutralised with calcium carbonate. After
filtretion, the solution was evaporated at 50°/16 mm,
to a glaes (0.32 g.). The galactose content of thie
product was 33.3% (determined as galactose
methylphenylhydrazone).

Acetylation of Fraction B.

Praction B(2 g.) was acetylatéd by solution in
pyridine (20 c.c.) and addition of acetic anhydride
(10 c.c.), then heating at 98-100° for 30 minutes.
After 48 hours at 18°. the solution was poured into
water (500 c.c.), and extracted with chloroform (1 1.).
The extract was washed with dilute sulphuric acid
(100 c.c.) a saturated solution of sodium bicarbonate
and finally with water., After drying over anhydrous
sodium sulphate the extract was evaporated to yield
a glass (2.1 g.).

Deacetylation/



Deactylation and attempted osazone formation
on this product failed to produce any osazone.

Methylation of the Acetylated Fraction B.

The acetylated syrup (1 g.) was dissolved in
acetone and methylated according to the method of
Haworth and Leitoch (1ll). To the solution, dimethyl
sulphate (3 c.c.) and 30% sodium hydroxide (3 c.c.)
were added in the cold, gradually and with stirring.
The solution was left overnight and the remai ning
methylation carried out in the usual way, dimethyl
sulphate (15 c.c.) and 307 sodium hydroxide (40 c.c.)
being sdded in 1/10th portions at 10 minute intervals
at 58°, The temperature was raised to 80° for
30 minutes, the solution cooled, extracted four times
with chlorofarm (500 c.c.), the extract dried and
evaporated to drynese to yield a syrup (0.56 g.).
This was given a further three methylations using
8ilver oxide and methyl lodide to yleld a syrup
(0.48 g.). This was distilled as follows:-

Fraction 1.

0.12 G.; b.p. 100-115°(bath temp.) / 0.03 mm.;

Iy

n,

i e o
1.4458; OMe, 55.5%; [&]555.5 (€, 0.5 in
water).

FPraction 2.

0.05 G.; beps 120-130° (bath temp.) / 0.03 mm.:;

n;‘;" 1.4498;

Praction 3/



Fraction 3.
0.07 G. b.pe 170-180° (bath temp.) / 0.03 mm.;

o

n, 1.4812;
Residue, 0.40 G.
Examination of Fraction 1.
The syrup (0.10 g.) was hydrolysed with 5%
hydrochloric acid (5 c.c.) for 5 hours at 98°-100°,

The cooled solution was neutralised with barium car-
bonate and worked up in the usual way to give a

syrup (0.09 g.), which féiled to crystallise, even

after extraction with light potrol?u;;m;nd allowing

the solution to evaparate in air, This syrup

(0.07 g.) was subjected to anilide formation in the
usual way. A corystalline anilide was obtained (0.03 g.)
m.p. 190-191°, No depression was obtained on

admixture with an authentic specimen of 2:3:4:6-
tetramethyl galactose anilide (m.p. 192°),
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Typical Eydrolysis of the Methylated H.E. with N/75

Sulphuric Acid.
The methylated H.E. (7 g.) was hydrolysed with

N/75 sulphuric acid, as already described for the
H.E., to yield two fractions, one insolhble in
alcohol (2 g.) (fraction C) and the other soluble in
alcohol (3 g.) (fraction D).
Prastion C.

OMe, 9.4%, Ash 19.6% ;[d]:(.c. 0.3 4in water) nil.
Fraction D.

n*

OMe 15.4%; Ash 16.5% ;[-Jée. 0.6 in water) 14.4°.

Fraciion ¢ (3 g.) was remethylated using 40%
potassium hydroxide (260 c.c.) and dimethyl sulphate
(140 c¢.c.) &8 previously desoribed for H.E. After
dialysis the solution was evaporated to yield a
glass (2.5 g.) OMe 9.4%. _

This roduct was completely hydrolysed with 8%
oxalic acid and worked up in the usual way. The
syrup obtained (1.7 g.) gave OMe, 10.2%. A partion
of this syrup (0.3 g.) was dissolved in water (10 C.Ge)
and alcohol (10 c.c.), methyl phenylhydrazine (0.5 g.)
and glecial acetic acid (0.1l c.c.) were added, the
solution being kept at -3% for 24 hours. A precipitate
(0.06 g.) was obtained which erystallised from alcohol
in white needles m.p. 187°%, and showed no depression on
admi xture u;ith an authentic specimen of galactose me thyl-
psénylhydrazone (m.p. 188°%).



Discusaion.

From the literature it was found that two
methods have been employed to extract the poly-
saoccharides of Carrageen. Haas (1), taking
advantage of the fact that extraction with cold

water removed one constituent leaving behind a
polysaccharide which could then bde extracted with

hot water. Butler (/2) on the other hand, chose to
make only one extraction with hot water, on the
ground that the separation effected by Haas d4d not
appear %o give definite chemical entities, In the
present work, however, a modi fied wersion of the
method of Haas was qaed, 8ince the physicsal
characteristics of the cold and the hot extracts
differed so widely, that the possibility clearly
existed of definite differences in the chemical
congtitution of the polysaccharides, Three
extracts were therefore prepared C.E. I; C.E., II,
‘and H.E.

It soon became apparent that the problem
presented special experimental difficulties so that
it was decided to concentrate on a study of the
hot extract (H.E.). Hass's conclusion (12) that
the H.E. was a polysaccharide ethereal sulphate wus
confirmed by the following experimental evidence

gimilar to that on which his conclusion was baged:-
1)/



1) The ash content of the H.E. (18,9%) ocould
not be reduced by dialysis so that the inorganic
regidues were obviously firmly bound to the rest of
the molecule.

2) No precipitate of barium sulphate wase
obtained on sdding barium chloride to an agueous
solution of the H.E, until after hydrolysis. This,
combined with the fact that it was not removed by
dialyeis showed that the sulphate group was not
ionised,

3) On the addition of smmonium oxalate to an
aqueous solution of the H.E., an immediate precipitate
of calcium oxalate was obtaeined, The ash obtained
on ignition of the H.E. in the presence of sulphuric
acid oontained calcium (29.9%), potassium (2.5%),
sodium (1.0%) and sulphate (807, 66.6%) showing 1t
to consist chiefly of calcium sulphate (cale. Ca,
29.5%; 80,, 70.6%).

4) The sulphate content of the H.E. (SO‘. 23.8%)
was approximtély double that of the ash (S0, 12.5%).

An attempt was then made to identify the sugars
comprising the carbohydrate portion of the molecule.
On complete hydrolysis with 3% aqueous oxalic acid a8

syrup was obtained which was found to contain

galactose/
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galactose t6 the extent of 46.4% (36.9% of the
H.E.). The syrup was freed from galactose by the
method of LUdtke (7) to yield a "galsctose free
syrup” the yield of whioh was 32,1% besed on the
weight of the original polysaccharide. Several
investigatars claimed to £ind fructose, glucose
end a pentose present (see pp.2-3). It wae

found that the "galactose free syrup"” gave glucosagzone

but this could have been obtained from either glucose,
fructose or mannos=., The Seliwanoff test for

ketose wae positive but the Bredereck test (13) was
negative, 80 that the presence of frdactose in any
considerable quantity was doubtful. Mannose slso

appeared to be absent since no mannose phenylhydrazone
could be isolated on treatment with phenylhydrazine

at room temperature. A quantitavive determination
of the pentose content of the '"galactose free syrup"
showed that pentose (2.47%) and methyl pentose (l.2%)
were present only to s snmal. extent. Thece results

appeared to agree wiith those of Hsus and Rusuell-Wells
(14) as indicsting that d-gzlucoee wee present in the

products of hydrolysis, Since tetramethyl gluco-

pyranose is readily obtained cristalline it was hoped

to/
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to confirm this concluaion by methylation, separation
by fractional distillation in a high vacuum of the
methylglycosides obtained, followed by hydrolysis, but
complete failure to secure any additional evidence by
this method must be admitted. For some unexplained
reason the yields obtained on methylating the
"galactose free syrup"” were poor and in no case, in
spite of repeated methylation, could the required
constants for a fully methylated methylhexoside be
reached, the methoxyl content being invariably low.
Hydrolysis to the free sugar failed to y%eld any
identifiable products. It may be that the "galactose
free syrup" is a complex mixture of sugars but the

importance of deciding upcn its composition in view of

8 the faot that it comprises such a high proportion‘
of the producte of the hydrolyeie of the H.E. cannot
be denied.

Methyletion of the H.E. proved to be very
di fficult. Acetylation having been found impracticable
by the usual methods, direct methylation was attempted.
Since the completion of this work, however, Dillon and
0'Colla (15) have apparently suocceeded in acetylating
the polysaccharides obtained from Carrageen, using
acetic anhydride and acetic acid, sulphur dioxide and
chlorine being used as catalysts. On deacetylation
of/



of the producte, these workers claim to have removed
the ethereal sulphete groups and to have isolated

two galactans, one soluble in hot water and the other
soluble in oco¢ld water. The exact detsils of this work
have not yet been published but from the method of
preparstion and the fact that these substances appear
to yleld galaoctoee exclusively on hydrolysis, it
would eeem that some degradetion of the originsl
muoilage must have taken place, After seversl
methods of methylation hed heen tried, the methcd
used by Beldwin end Bell (9) for the methylstion of
galaciogen was finally adopted and after four
methylations the produci gave OMe 14,.2%.

The methylated H.E. wags shown to have retained
the sulphate grouping by determinations of the
sulphate content (S0," in the methylated H.E. 27%)
and the ash content (17.7%). The poe sibility of the

preeence of potassium sulphuate or potassium methyl
sulphate incorporeted during the methylation process

cen be excluded in view of the long proceas of
dialyesis employed during the isolztion of the
methylated polysaccharide sulphete, which still re-
tained a high proportion of calecium (19.9% in the ash).

On oomplete hydrolysis of the methylated H.E.
followed/



followed by acetylation andi distillation, the
products obtained consisted of what appsared to be
ammonomethyl hexose tetfaacetate and a dimethyl
hexose triacetate in the proportiomsof ca 1 : 2,

The monomethyl hexose tetraacetate on complete
methylgtion and anilide formation gave 2:3:4:6-tetra-
methyl galactose anilide, On deacstylation and
osazone formation, the monomethyl fraction (0.5 g.) gave
galactosazone (0.12 g.) 1 g. galactose gives 1.22 g.
galectosazone (16) . That thie gslactosazons was
not derived from galaoctose pentancetate ssemed clear
since no mucic acid could be obtained on oxidation of
the monomethyl tetraacetate.

Although the yield of osagzone was by no means
quantitative, in other cases, ¢f. Percival and Munro
(17), Percival and Ritohie (18) when the hydroxyl group

on poeition 2 was replaced by a mesthoxyl residue the

yields were invariebly poor.
The dimethyl hexose acetate fraction on complete

methylation and anilide formation also gave 2:3:4:6-
tetramethyl galactose anilide. On deacetylation
and osazone formation a monomethyl osazone was
obtained showing that one of the methoxyl groups
occupied position 2. On recrystalligation the mono-
methyl osazone gave 6-methyl galactosazone proving

the/



the presence of 2 :6-~dimethyl galactose, This
result is naturally open to criticism on the ground

that the starting material was a syrup and é-methyl
galactose might have heen present as the tetrsacetate,
"together with more completely methylsted galactose
acetates, The yield of osezone was such as to meke this
possibility remote because as has already been explained,
the yield of oesazcne from sugere in which the hydroxyl
group on position 2 is subetituted by & methexil group,

is alweys poor, No other identifiable methyl galactos-
agonee oould be detected and a search for dimethyl
galaotosazones proved abortive.

The possible presence of 2:4-dimethyl galactose

was rendered improbable by the fact that the specifie
rotation changed from [a]£:3° to [Q(IEETO (constant
value) on standing st room tempersature in methyl-
alooholis hydrogen chloride (1%). Percivsl and

Riteie (18) showed that the &peoiflc rotation of
2:4-dimethyl gulactose bxl;49 reached equilibriua
EJ]+35° in 1 day in methyl-slcoholic hydrogen chloride
(24) altnough grlactose and its derivatives with a

free hydroxyl group on the fourth caerbon atom yiseld

e mixture of gaslactofuranosides with a negative rotation
8.,8. the 2:3-methyl galactose isolated by Robertson

and Lamb (19) under the same comditlons fell from
[01];?38" to [ot];i°24° in 7 days. Oxidation with nitric
acid followed by estcrification, distillation and amlde

formation/



formation failed to produce either d- or i-dimethoxy
succinamides Just as in the caze of the oxidation of
2:4:6-trimethyl galactose isolated from agar (20) so
that both 2:3- and 3:4-dimethyl galsctose derivatives
appear to be absent,

An sttompt was nmade to remove the ethereal nulphate
from the H.E. by hydrolysie without destroyving the
polysaccharide eomplex. Hos24d had found it pogsible
to obtain & free galsctan from the eodium sulphuric
ester of gulsctan obteined from Irideae laminariides (21)

by hydrolyeis with 5% smalyhuric ncid. In the caee of
the H.E., however, 41t wzg found that cunditions involving

the removel of the sulphate residue alec involved the
ocomplete breakdown of the polysaccharide par tion of the
molecule &8 slreedy noted by Haas and Russell-Welle (15),
Ag an outcane of this invespigation 1% was found thaet
after hyarolysis with N/75 sulphuric acid (of, Hane and
Russell-Wells, p. 9}, the prodict could be divided into
two fractions, one insoluble in alcochnl and the other
8oluble in algachol. The fraction insoluble in alcohol
formed the masin proportion of the product. It wase
reducing but still retained the gemmral propertiies

of an ethereal sulphate. On methylation of this fraction
the methoxyl content (OMe 14.8%) aftegf%athyhationswaa
eimilar to that obtained for the methylateZd H.E.

(OMe 14.2%). Becauss of the noor yield ohtained after

methylation/
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methylation the investigation of this portion was
disocontinued. The fraction soluble in alcohol was
obviously a mixture since it was shown to contain

some free galactose (2.3%) although qualititative tests
indicated that it also contained an ethereal sulphate
residue,

It is only possible to draw conclusions about the
galactose portion of the polysaccharide. The galactose
units may be linked directly or through other anhydro-
sugar unites e.g. glucose, so it is difficult to advance
even tentative theories as to the structure. It
is clear from the non-reducing character of the H.E.

that the units, as would be expected, are linked by
the hydroxyl residue on position 1.

Although methylation was difficult and acetylation
apparently impossible and a methoxyl content correspond-
ing to that required for the calcium salt of a
polymerised dimethyl anhydro-galactose monosulphate I

was never reached, a substance having such a structure
a8 II cannot be assumed since this would demand

S0, 53.3% whereas the value found for the H.E. was

S04 23.8%.
s - d'ﬁ/
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It is difficult to understand why with less calocium

(found ¢a, 5.6%) and sulphate in the H.E, than is
demanied for I a methoxyl content no greater than 1l4.2%

van be introduced (calc. for mconomethyl galactose
monosulphate OMe 11.3; <for dimethyl galactose mono=-
sulphate OMe 21.5% - as the calecium salt). It would
appear thaéf}rimary alcohol residue in some of the
galactose units is difficult to methylate s&ince
2-methyl galactose and moLi:6-methyl galactose is found
in the monomethyl fracticn. It ie possible that

8 shielding efiect.on the primery aleohol group at
poeition 6, by & sulphate residue in 1ts neighbourhood

may sccount for this,




Aesuning the pyranose ring to be present and 4if,
a8 appears to be the case the 2:6~dimethyl galactoss
is the "key" degradation product, the sulphate residue

and ths sscond link between the units musi be on
poeition 3 or position 4. The 1:3 linkage between
galeotose units has already besen found in sgar (20)
in damson gum (22) in gum aradie (23) and in
galmotogen (9). At present this pojnt cs=nnot de
decided and it may even be that the sulphate residues
occuny different positions in different hexose unite,
It would seem clesr that as caloiunm is
divalent, if I ie taken as a model two anhydro-galactose
sulphate residues must be linked together as shown
in III. This structure may also persist in
concentrated solution and may account for the gel-
forming properties of the polysaccharide as well as
for the difficulties experienced in acetylation and
in methylation,



1.

2.

4.

6.

Sugmary.

An investigation of the polyssccharide (H.E.)
obtained by extracting Carrageen with hot water
has been carried out and the presence of the
ethereal sulphate groups has been confirmed.
Complete hydrolysis of the H.E. gave galactose
(36.9%) and a reducing syrup (32.1%) from which
glucosagone was isolated, but the source of the
glucosagzone is uncertain,

Unsuccessful attempts were made to acetylate the
H.E. but exhaustive methylation yielded a
product (OMe 14.2%) which also resisted acetylation.
Hydrolysis and acetylation of the methylated
product gave & monomethyl and a dimethyl hexose
acetate, Both these partially methylated
acetates gave 2:3:4:6-tetramethyl galactose
anilides on methylation, hydrolysis and treatment
with aniline. Also on sultable treatment the
acetates gave respeciively galactosazone and
6-methyl gnlactosazone indicating the original
acetates tc be 2-methyl gslactose tetraacetate
and 2:6~dimethyl galactose triacetate.

Support for this view of the structure of the
latter/



6.

latter was found as follows, No other

identifiable methyl galactosaszsones could be
isolated, the free sugar appeared to form a

galactofuranoside with cold methyl-alcoholic
hydrogen chloride indiocating a free hydroxyl
group on position 4 and oxidation with nitric
acid failed to produce dimethoxy succinamides
80 that adjacent hydroxyl groups were not
methylated,

Assuming that 2:6-dimethyl galactose ie the

"key" degradation product of the methylated
H.E., tentative suggestions are made as to the

possible structure of that portion of the polysac-
charide which is composed of anhydrowgalactose

units,
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