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CLAIM TO ORIGIVAL RESEARCH

Dextran I, the bacterial polysaccharide produced

from sucrose by Leuconostoc mesenteroides,has been investigated

by means of methylation studies using improved Hasworth and
Muskat technidues, and has been shown to possess a comb-like
structure. The nature of the oxygen rings and mode of linksges
in the main and side chains have been clarified.

An improved and highly efficient fractional distil-
l2tion technicue hasg been developed for the sepsration of small
amounts of glucosidic mixtures,

The Haworth methylation technicgue has been modified
and adapted cenerally to the synthesis of pertially-methylated
glucose derivztives,

2,3, U-Trimethyl glucose has been synthesized by a
new method, Improvements have been made in the methods of
synthesis of 2,3,4,6-tetramethyl methyl glucoside,

A new crystalline derivative of 2,3-dimethyl glucose

is described,
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INTRODUCTION

Of recent years, following the elucidation of the
gonstitution and structure of the more common mono- and
di-sadgcharides, the attention of carbohydrate chemists has
been focussed more and more strongly on the higher poly-
saccharidese. For example, among the plant polysaccharides,
it has been definitely established that cellulose is a long
linear-chain polymer formed from anhydro-glucose units.

In the case of inulin and levan, the chain is made up of
anhydro-fructose units, while xylan and other pentosans are
linsear anhydro-pentose polymers.

It is an accepted fact that the polysaccharides
ocourring naturally in plants are formed primarily from
carbon dioxiae and water, but the mechanism of this change
called "photosynthesis" has not been established. Oxygen
is liberated in the process. The algebraic expression

summarizing this very complex change is shown by the

equation.

) chlorophyll _

This must be taken as nothing more than a mere summary, and
not a description of the changes involved.

It seems probable that in sugar synthesis at least



two intermediate steps are involved, (a) an intial reaction

to form some simple organic compound, and (b) a condensation

of this product to some carbohydrate suitable for translocation
and use as a food or a building material.

Since von Baeyer's suggestion in 1870 (1), many
workers have assumed, using various mechanisms, that in the
initial change, carbon dioxide was converted into formaldehyde.
Besides being the simplest compound with the empirical formula
for carbohydrates, formaldehyde can be polymerized in the

laooratory into complex materials with the general formula

(CHzo)n
L€
N
/0 CH2 CHg

He? > | |

H 0 ~__0O

CH2
Formaldehyde Trioxymethylene

Trioxymethylene can be formed, and both trioxy-
methylene and rormaldehyde itself can be condensed into

hexose sugars under the influence of lime water catalysts

(2, 3)
o [ ® o 0 H H 0
0 I 7
B-c7 H-C-H H_?_é(i H-Cg B-G-0¢- ¢
EH — oH H| T OH OH &
Formaldehyde B - ~
H H H OH H 0
etc. I ‘ I l l 1
> BE-G-p-0-C-0-t
B OH OE OH H OH H

Glucose



Fischer (4, 5) attained a complete glucose synthesis
by developing the experiments of Butlerow (2), who had noted
that formaldehyde and alkali produce sugars. PFischer (4)
obtained a low yield of racemic glucose phenylosazone from
the mixture and then skillfully completed the difficult
steps from racemic glucose phenylosazone to d-glucose (5).

The mechanism of the above reaction is not known
but the change can be written to correspond with an acyloin
reaction. If this type of condensation were stopped at
five and six carbon atom units, it is apparent that pentose
and hexose sugars capavle of forming stable six atom
heterocyclic rings would result.

Other simple intermediates have been suggested.
In 1843 Liebig (6) with practically no experimental evidenace,
suggested that oxsaslic, tartaric, and malic acids were
intermediates. Formic acid was suggested by Michael (7)
in 1899 with the idea that this substance was later reduced
to glyoxal and to glycollic aldehyde. In 1914 Fincke (8)
used a similar idea. In 1937 Hibbert (9) showed further
possibilities of the formic acid idea in the formation of
carbohydrates.

Practically all of these ideas have some measure
of feasibility, but all are lacking in experimental

verification. Considering the enormous significance of the
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reaction and the time and energy which have been expended

on its study in the last hundred years, it is astonishing
that, for example, it is yet uncertain whether formaldehyde
is in reality an intermediate. Although the processes by
which formaldehyde, or some closely related substance such

as formic acid, are synthesized in the plant are not yet
understood, these would seem t0o represent the most probable
intermediates in primary photosynthesis, from which carbow
hydrates, lignin and other natural products found in the cell
sap and plant tissue are formed.

Hibbert (10) has suggested a mechanism for the
formation of the polysaccharides from their building-units,
through the ethylene-oxide form of the sugars. 1In any case
it seems quite possible that fructose, due to its much more
pronounced reactive character is thg form of hexose sugar
most concerned in the primary changes involved.

Experimental investigations into the nature of
plant synthesis present many difficulties due to the
impossibility of controlling conditions within the plant.
It was therefore considered that much valuable iniormation
might be gained from an investigation into the synthesis of
polysaccharides by the action of bacteria. Such an
investigation was initiated several years ago in these

laboratories. Harrison, Tarr and Hibbert (11) studied



the synthesis of levan from sucrose and other carbohydrates

by Bacillus subtilis and Bacillus mesentericus, and showed

that the essential condition for the formation of the poly-
saccharide is a terminal fructo-furanose grouping in the
substrate molecule. JSuch a group is present in sucrose and
raffinose, and levan was obtained from both these sugars.
Polysaccharide formation by the action of

Acetobacter xylinus on many sugars and related compounds

was studied by Tarr and Hibbert (12), and the polysaccharide
formed by this organism from glucose, fructose, and glycerol
respectively, was shown by Hibbert and Barsha (13) to be
identical_with cotton cellulose.

Finallj, the formation of dextran by Leuconostogs

mesenteroides was investigated by Tarr and Hibbert (1l4).

They found that polysaccharide formation took place in
aprreciable amounts only in sucrose solutions, though in
the case of two strains of bacteria small amounts were
observed in solutions of glucose. These latter results,
however, would seem t0 require confirmation.

The determination of the structure of the dextran
synthesized from sucrose by the action of one strain of

Leuconostoc mesenteroides, supplied by Dr. A.J. Kluyver,

Delft, Holland, is the objeot of the present investigatione.

The structure of this polysaccharide is of great interest,



not only to the carbohydrate chemist, but to the immunologist,
since there are indications (1o, lo, 17, 18), that it may be
immunologically specifia.

The bacterial polysaccharides have, during the past
ten to twenty years, attained a position of great importance
in the science of immuno-chemistry. The field has attracted
numerous workers, but the pioneers, and those who have
contributed more than any others to our knowledge of the
immunologiocal role of polysaccharides are Avery and Heldelberger,
and their co-workers.

Although a survey of this field is not within the
scope of this discussion, it may be noted that Heidelberger
has published three reviews on the subject (19, 20, 21).
Briefly, the polysaccharides elaborated by many pathogenic
bacteria, for example, the pneumococcus and the Friedlgnder
bacillus, are responsible for type specificity. They are
recognized immunologically by the precipitin reaction with
antisera produced by injection of the homologous organism.
There are reports (22, 25, 24, 25, 26) that polysaccharides,
other than those produced by bacteria give some indication
of being speocific. All of these, however, require confirm-
ation.

The present research places dextran in the position

of being the only bacterial polysaccharide showing indications



of specific properties, whose structure has been the subject
of thorough chemicsal investigation. Levan may be regarded
as a possible exception to this statement in that Zozaya
(16) reports a serological study of the polysaccharides of

B. subtilis and B. mesentericus. Whether or not these

polysaccharides are identical with the levan of Harrison,
Tarr and Hibbert (1ll) is not known.

The determination of the structure of the specific
bacterial polysaccharides and a subsequent investigation of
the relation of structure to immunological asetion would
undoubtedly be of great interest. Some preliminary work
on this relationship has already been carried out (27, 28,

29, 30). However, chemical work on the polysaccharides

from the pathogenic bacteria is greatly hampered due to

the extremely small yields obtainable from culture media.

The building units of some have been ascertained (31, 32,

3%, 34, 35, 36, 57, 38), but the positions of linkage and

ring structure are still in doubt. On the other hand,

dextran is obtainable in large yields, suitable for exhaustive
chemical investigation, and would appear to present an
excellent starting material 1or research on the relation of
structure to immunological action. This problem has already
besn attacked in these laboratories where it has been shown
that dextran is a haptene. (18), that is, the pure polysaccharide

gives a precipitin reaction with anti-Leuconostoc seras

prepared with the homologous organisms.



SURVEY OF THE LITERATURE

The History of Dextran

The term "dextran" has been applied to carbohydrate
slimes originating from sugar syrups, fermenting vegetables
and dairy products. The occurrence of dextran has been
reported from time to time from the middle of the last
century until the present in connection with the wine and
sugar industries. In the latter it ococurs as one of the
oomponents of a slimy mass, blocking the filters and
otherwise interfering with the refining processes.

"Dextran'" was obtained by Pasteur (39) as a
product of the fermentation of glucose, the yield of gummy
product amounting to 45%. It is impossible to decide whether
or not this dextran was identical with that with which the
present investigation desals, since its chemical structure
was not investigated. The fact that it was formed from
glucose, however, would seem to indicate that it was not,

since the strain of L. mesenteroides studied has been found

incapable of forming dextran from this sugar under the

gonditions employed.

Scheibler (40, 41) who undertook the first chemical

investigation of these jelly-like substances, regarded dextran



a8 a constituent of the beet cell. He observed the
ocourrence of bacteria in the material but maintained that
they took no part in its formation.

The substance did not reduce Fehling's solution.
Carbon and hydrogen analyses indicated the empirical formula
(CH,o0g), and a rotation of +225° was observed. The
dextran on hydrolysis by heating with dilute sulphuric acid,
yielded glucose. On oxidation of dextran with nitric acid,
the only product identified was oxalic acid.

Jubert (42) in 1875 advanced the theory, in
contradiction to ocheibler's views, that dextran was a product
of fermentation in the sugar vats, and not a constituent of
the beet cell. In support of this view he was able to show
that the aextran slime was found in pure sucrose solutions,
as well as in beet juice. This theory was confirmed in the
following year by Durin (43) who identified the viscous
material as & product of bacterial action. He also
confirmed Scheibler's formula (C6H1005)ﬁ by hydrolyzing
the dextran, first to "dextrins" and then to glucose,
but drew the erroneous conclusion that the compound
was cellulose since he found that it was soluble in

Schwe izer's reagent. Van Tieghem (44) later found that

dextran was insoluble in cuprammonium solution.
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Daumichen (45) oarried the chemioal investigation
of dextran somewhat further in 1890, when he formed a tri-
benzoate and a triacetate. The quantitative hydrolysis to
glucose, and formation of glucosazone were confirmed, and
in addition to oxalic, saccharic acid was identified among
the products of nitric acid oxidation.

Browne (46) who carried out a chemical investigation
of the structure of aextran, merely confirmed the work of
previous investigators on the hydrolysis to glucose, and the
enmpirical tormula (C6H1005)n. However, on the basis of his
combustion analyses he advanced the theory that dextran is
a hydrated product of variable composition.

The earlier chemical and bacteriological work on
dextran has been reviewed elsewhere (47, 48, 49) in greater
detail. Barly bacteriological studies of the dextrans were
complicated by non-systematic nomenclature, and inocomplete
descoription of the organisms.

In 1877 van Tieghem (44) published the first
descoription of a dextran-producing organism, to which he

gave the name Leuconostoc mesenteroides and which he des-

cribed as a cgoccus, appearing either as glassy points, or
as larger proliferations. Since the time of van Tieghem
numerous organisms have been described as producers of

dextran (50, 51). However, the majority of these organisms
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were reported in the latter part of the nineteenth century,
when the science of bacteriological classification was
still in its infancy, and it is probable that many of
them are identical.

It is now known that the dextrans are produced by
the action on sucrose of certain strains of chain-forming
cocci, olassified by Hucker and Pederson (47) as the

Family Coccaceae, Tribe Streptococceae, Genus Leuconostoc,

Species mesenteroides and dextranicus. Leuconostoc

mesenteroides (Cienkowski) van Tiegham ferments pentoses

(either arabinose or xylose) and sucrose, wheresas
Leuconostoc dextranicus (Beijerinck) ferments sucrose but
not pentoses. Dextran is not produced by the third species

of Leuconostoc, citrovorus, and this species ferments

neither sucrose nor pentoses. In general, those species

of Leuconostoc which ferment sucrose produce in addition

to dextran (ca. 25% crude yield on the basis of sucrose)
aspproximately 30% levo-lactic acid, 5% acetic acid, 10%
ethanol and 10% mannitol (47).

The structures of three different dextrans have
been partially investigated in these laboratories. Dextran I,
with which the present investigation is concerned was

synthesized by a strain of L. mesenteroides obtained from

Dr. A.J. Kluyver of the Technische Hoogeschool Laboritorium,
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Delft, Holland; Dextran II, by L. mesenteroides No. 5 (47),

obtained from Dr. G.J. Hucker, N.Y. Agric. Exper. Station,

Geneva, N.Y.; and Dextran III, by L. dextranicus No. 22 (47)

also obtained from Dr. Hucker.

Hibbert and Tarr (14, 48) determined the optimum
conditions for the preparation of dextran. Sucrose was
found to be the only suitable carbohydrate substrate. The
nutrient solution consisted of sucrose (10%), peptone (0.1l%),
potassium chloride (0.1l%) and disodium hydrogen phosphate
(0.2%), and incupstion was allowed t0 proceed for ten days
at room temperature. The crude dextran was isolated from the
gsoncentrated culture by precipitation with methanol, and was
purified by electro-dialysis.

More recent preparations of the dextrans have shown
the need of supplementing the medium of Tarr and Hibbert (14),
especially if the organisms have been cultured for any great
periods of time on artificial media. Carruthers and
Cooper (52) increased the yield of dextran by adding raw
beet sugar or molasses to the media, while Stacey and Youd
(63) added commercial maple sugar. Hassid and Barker (54)
added yeast extract, magnesium and ammonium sulphates to
the medium.

Carruthers and Cooper (52) concluded that dextran

was not synthesized by enzymatic action. Quite recently,
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however, Hehre (55) has reported the formation of s
dextran-like product from sucrose by the action of a

bacteria~free extract of s Leuconostos culture.
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otructure of the Dextrans

Fowler, Buckland, Brauns and Hibbert (56)
investigated the structure of Dextran II. On hydrolysis
with dilute aqueous sulphuric acid, only glucose, in 90%
vyield, was obtained. The presence of three hydroxyl groups
per glucose anhydride unit was shown by the preparation of
a triacetate and a tribenzoate. Numerous (six or seven)
Haworth methylations (using dimethyl sulphate and conoen-
trated alkall) of Dextran II did not raise the methoxyl
content above 41% (theoretical maximum 45.6%), nor were
Purdie methylations (using methyl iodide and silver oxide),
or methylation with thallium ethylate and methyl iodide
effective in raising the methoxyl content of partially-
methylated Dextran II above 45.5%. The maximum theoretical
methoxyl content was eventually attained by modified Muskat
methylations (57). Partially-methylated dextran, suspended
in anisole solution, was treated with sodium in liquid
ammonia, and the sodium salt of methylated dextran thus
formed was allowed to react with methyl iodide. Three
such treatments raised the methoxyl content of partially-
methylated dextran from 427% to 45.5%, and five such

treatments from 30% to 45.4% (49).
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Methylated Dextran II was hydrolyzed by heating
with hydrogen chloride (1.5%) in anhydrous methanol in a
sealed tube. The mixture of glucosides so obtained was
fractionated, first by differential solubilities in chloro-
form and water, following the method of Macdonald (58).
In this treatment the dimethyl methyl glucoside dissolved
in the water, the tri-, and tetramethyl methyl glucosides
in the chloroform. The chloroform soluble material was
fractionated by distillation under reduced pressures. These
separations yielded 2,3,4,6-tetramethyl methyl glucoside,
2,%,4-trimethyl methyl glucoside, and a dimethyl methyl
glucoside (identified as 2,4~dimethyl~ « ~-methyl glucoside
by means o0f the 6-trityl derivative, the formation of which,
however, was not quantitative). Due to this complicated
fragctionation technique the results indicated that two
different ratios of the tetra; tri-, and dimethyl methyl
glucosides, namely, 1l:2:1 and 1l:5:1 were equally possible
for the proportions of the three glucosides. However, after
consideration of the order of accuracy to be expected from
the methods of isolation employed, as well as their
accompanying inevitable losses, it was concluded that the
three glucosides were present in the ratio of 1:5:1.
Nevertheless, it was pointed out (49) that the evidence
against a 1:2:1 ratio is of a negative rather than a

positive character.
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These results indicated a cross-linkage for every
repeating unit of five glucose molecules, and l,o-linkages
within each repeating unit. 4 repeating unit of the
following type was suggested as one of the various

possibilities for Dextran II (56).

' or

slucose residue 71 would therefore appear as 2,9,4,6-
tetramethyl glucose on hydrolysis of methylated dextran;
glucose #2 as 2,o-dimethyl glucose and the other three
glucose residucs as 2,9,4~trimethyl glucose.

These results (56) were later criticized by

Brauns (59), who questioned the completeness of methylation.
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of the methylated dextran, and the interpretation of the
methyl glucoside fractionation data in view of the large
losses (18.4%) of material during fractionation. These
same coriticisms apply to practically every previous
publication dealing with dextran structure.

In a recent re-investigation of the structure of
Dextran II (60) it was found that 2,%,4,6-tetramethyl methyl
glucosides, 2,9,4-trimethyl methyl glucosides, and dimethyl
methyl glucosides were present in the ratio of 0.89:6.00:1.26
respectively. This ratio cannot be accepted without some
reservation since Dextran II has been found especisally
sensitive to degradation during methylation and also during
hydrolysis of the methylated derivative (60). The true
structure of a polysaccharide can only be determined if
the polysaccharide is stable under the conditions used.
Nevertheless, the results obtained do appear to indicate
a 1:%:1 rather than a 1:2:1 ratio for Dextran II.

Hassid and Barker (54) investigated the structure

of the dextran produced by a strain of Leuconostog

mesenteroides. The yields of the methylated

dextran (methoxyl content 45.2%) obtained were not stated.
Fractionation of the methylated glucosides resulting from

hydrolysis of the methylated dextran was attempted by

solvent action, and large losses (40%) resulted, in addition
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to the loss sustained on hydrolysis (35%). The bulk of
the product identified was 2,3,4-trimethyl- ¥ -methyl
glucoside, but small amounts of 2,3,4,0-tetramethyl glucoss
and dimethyl glucose were isolated. The authors attached
no particular significance to their values for the molecular
weights of dextran and of methylated dextran. Values of
11700 and 14800 respectively were obtained by viscosity
measurements, and 2600 Y 50 and 4275 ¥ 50 respectively by
means 0f the MgBain air-driven top centrifuge. In the first
case an arbitrary viscosity constant, that for cellulosse,
had to be assumed in the application of the Staudinger
viscosity equation. Moreover, the molecular weight values
obtained for starch, using this type of centrifuge were only
about one-tenth the accepted values.

The structure of Dextran III was investigated by
Fairhead, Hunter and Hibbert (61). Fully methylated
Dextran III was obtained by Haworth methylations, followed
by the use of the Muskat procedure. Hydrolysis of fully
methylated Dextran III yielded 90% 2,%,4-trimethyl methyl
glucosides, and 10% dimethyl methyl glucoside, but no
2,5,4,6-tetramethyl methyl glucoside was obtained.

Peat, Schliuchterer and Stacey (62) later obtained
s small amount (0.25%) of 2,3,4,6-tetramethyl methyl

glucoside from the hydrolysis products of a methylated
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Dextran III, in addition to 90% 2,3%,4-trimethyl methyl
glucosides, and on the basis of these results, postu’ated

a minimum chain length of 550 units for Dextran III. The
isolation of a considerable quantity of dimethyl methyl
glucoside must be regarded as definite proof of the presence

of side-chain linkages.
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THE STRUCTURES OF POLYSACCHARIDES

RELATED TO DEXTRAN

A. Naturally Occurring Polysaccharides

In this discussion, only the naturally occurring
polymerized anhydro-hnhexoses will be considered. Of these,
cellulose, starch and glycogen have been the subject of such
a prodigeus number of researches that it is impossible to
give a detailed review of the literature here. Exoellent
reviews (6%, 64, ©b) dealing with these subjects have
appeared in the last few years. The evidence for the more

widely accepted structures for these polysaccharides will

be discussed.

Cellulose

Monier-Williams (66) has shown that cellulose on
hydrolysis yields glucose quantitatively.

During the period 1920 to 1926 it was believed
that cellulose consisted of small structural units held
together by some form of residual valence (67). In 1926
Sponsler and Dore (68) showed that X-ray diagrams confirmed
the hypothesis most generally held today, that the fibres

consisted of long parallel chains of glucose units linked

by rrimary valences.
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At present cellulose is believed to consist of a
long chain polymer of P -glucose units joined by 1l,4-linkages.
The spatisl arrangement of the units is such that the
terminal carbon atoms (Cg) lie first on one side of the chain
and then on the other giving, in effect, a repeating unit of
the size or cellobiose. It must be assumed that the chain
is open, the first unit having a free hydroxyl in the 4-position
and the end unit a free hydroxyl in the l-position. This
may be expressed in writing the condensed cellulose formula

thus:

CeH1106 - [Ceﬂlooé]n = CeH1105

Although there is genersl agreement regarding the
make-up of the cellulose chain, the question of its length
is still a contraversial subject. Haworth (69, 70, 71, 72)
found by the end group analysis method (determination of
tetramethyl glucose) a chain length of from 100 to 250
glucose units. This was apparently in agreement with the
length of the orystallites in native cellulose (600 2) ‘
as determined by Meyer and Mark (73, 74).

On the contrary, Stasudinger (75, 76) derived from
viscosity measurements a degree of polymerization of from

1000 to 2000 glucose units. Hess and Neumann (77a, b, o)



also suggest, on the basis of end group analysis, that

gellulose chasins consist of thousands of 06 units.

Starch

Starch yields glucose on complete hydrolysis.

When it is broken down by enzymes, maltose and dextrins are
obtained (78, 79, 80, 81).

It is generally thought today that a true chemical
unit of starch exists. This according to the Birmingham
school (82, 83) is an open chain of « -glucopyranose units,
joined by 1l,4-glucosidic linkages as in maltose. The chains
are believed to consist of approximately 24 to 30 glucose
units. The same unbranched chain has been obtained from
starches of markedly different physical properties, e.g. by
Haworth from potatoes (84, 85), maize or waxy maize (834)
and by Hassid and Dore (854) from canna.

Staudinger (86B)has proposed a formula for starch,
in which he pictures a central chain to which is attached,
at the Cﬁzoﬂ of every fourth glucose unit, a lateral chain.
In addition, lateral chains are joined to other glucose
units of the centrsal chain, through the hydroxyl attached
to 65. Such a formula requires the formation of 2,3« and
2,6-dimethyl-, 2,3,6-trimethyl and 2,5,4,6-tetramethyl

glucose from methylated starch. Up tdo the present, only



2,3,4,6-tetramethyl, 2,3, o-trimethyl and 2,3-dimethyl glucose
(86, 87) have been identified with certainty from the hydrolysis

products of methy'ated starch.

The older assumption (88) of a branched molecule
for starch was confirmed by Freudenberg and Boppel (89)
who showed that the provortion of dimethy! glucose [representing

positions of branching) to tetramethyl glucose (end group)

was approximately ezual for every twenty giucose units.

Glycogen

Haworth (8=, 83) and Bell (90, 91) consider glycogen
to have an average minimum chain length of twelve to eighteen
glucose units, joined by 1,4 linkages. Hydrolysis of
methy'ated glycogen yielded in addition to Z,3,6-trimethyl
glucoge, approximetely ecual amount of 2,3,4,6-tetramethyl
glucose and dimethyl glucose (a portion ot which was identified
ag the 2,% derivetive (83)). Haworth suggests that the glucose
chains are themselvecs joined by a tyve of union which links

the reducing end of one chain with a hydroxyl in a non-terminal
glucose residue or an adjoining chain.

Staudinger and Husemann {92) conc’ude from their own
and Haworth's observations that glycogen consiste of a
central chain of glycosidically bound units of glucose "inked

C, to Cu, to which are attached at Ga, 03 and 06 of
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each unit similar side chains of from twelve to eighteen

glucose units in length.

Inulin

Of the remaining naturslly occurring carbohydrates,
inulin has been investigated more thoroughly than any of the
others.

Irvine commenced his researches on the polysaccharides
with a study of inulin in 1920, Irvine and Steele (99)
methylated inulin with dimethyl sulphate and alkali, and found
that the reaction stopped at approximately?dimethyl inulin
stage (OCH; = 35.8%). This figure was confirmed later by
Irvine, Steele and Shannon (94), though contradicted by
Karrer and Lang (95) who obtained a methoxyl content of 39.4%
with these reagents. Irvine, Steele, and Shannon (94)
completed the methylation with silver oxide anda methyl
ijodide and obtained a trimethyl inulin with methoxyl content
of 44.3%, in the form of a dextrorotatory colorless syrup.
Karrer and Lang's trimethyl inulin, on the other hand was
laevorotatory and a solid.

Irvine, Steele and Shannon (94) noted that
methylation was accompanied by irregular changes in solubility
which they attributed to simultaneous depolymerization and
polymerization. Two trimethyl inulins were isolated, differ-

ing in optical rotation and solubilities, but yielding the
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same trimethyl fructose on hydrolysis.

Irvine and Steele (93) on distillation of the
hydrolysis products of trimethyl inulin, obtained 76% of a
trimethyl- ¥ -fructose. There was also a preliminary low
boiling fraction, which is significant in view of the later
work of Haworth (96). On the basis of these results, Irvine
concluded that "inulin is an aggregate of ¥ -fructose
residues, each ketose molecule having 1lost two hydroxyl
groups in the formation of the polysaccharide". He suggested
two possible linkages, 1,2 or 2,3, but regarded the latter
as more probable. Furthermore, the mode of aggregation of
the fructose units might be regarded, according to Irvine,
either as a condensation through the reducing group and
one other hydroxyl, or as a polymerization of actual fructose-
anhydride units.

The question as t0 which carbon atoms are congerned
in the condensation, (or dehydration as the case may be)
was settled in 1928 by Haworth and Learner (97), who proved,
by oxidation methods, that the sugar isolated from the
hydrolysis products of trimethyl inulin was 3,4,6-trimethyl-
¥ «fructose. Therefore the linkage is through the first and
segond carbon atoms.

Phis was confirmed by Montgomery (98) in 19%4.



He synthesized $,4,6- and 1,4,6-trimethyl-Y -fructose, and
found that the former was identical with the trimethyl
fructose obtained from methylated inulin, while the latter
was quite different in its properties.

Regarding the actual composition of inulin, there
geems8 8till to be some doubt whether fructose is the only
sugar present. Schlubach and Elsner (99) claimed to have
isolated as high as 8% glucose, while Jackson and Macdonald
(100), and later Irvine and Montgomery (10l) report up to
3.7% of this sugar in the hydrolysis products of purified
inulin. The latter workers asaoribed the presence of this
sugar to a fructose-glucose conversion during the acid
hydrolysis, and stated that glucose is not formed when inulin
is hydrolyzed by enzymes. Ohlmeyer (102) reports the
isolation of 1.5% of glucose when pure inulin is hydrolyzed

by Aspergillus niger at pH 6. From this he caloulates a

minimum of 70 hexose units in the molecule, based on the
presence of one mole of glucose. However, the presence of
glucose in the original polysaccharide would still seem to
require confirmation.

Until recently there has been considerable con-
troversy regarding the molecular complexity of inulin.
Many investigators (103, 104, 105, 106, 107, 108) have

isolated from inulin, by different treatments, a fructose=



anhydride (in nearly every case a difructose-anhydride).

It was therefore concluded that this was present in the

polysaccharide as a deiinite structural unit. Cryoscopic

molecular weight determinations of inulin and inulin sacetate

have, in general, given values corresponding to a difructose-
enhydride (109, 110, 111, 112).

Berner (11%) states that in many cases the mole-
cular weight determinations on supposed "depolymerization
products" of inulin are valueless, due to contamination with
the reagents used. Thus, on heating inulin with acetamide,
and precipitation with alcohol, he obtained a product with
an spparent molecular weight of 242, which, on purificstion
rose to $560.. However, Pringsheim, Reilly and Donovan
(114) found that when inulin was subjected to this procedure
the product was easily soluble in ¢old water. On standing,
the solubility decreased, and the molecular weight inoreased.
It is probable, therefore, that the inorease in molecular
weight observed by Berner was due more %0 re-polymerization
than to purification.

The extreme ease with which inulin is depolymerized
was demonstrsted by Drew and Haworth (115). By the
ebulliosaopioc method in water, they obtained a minimum
molecular weight of 3200-3600, but showed that this gradually

decreased, due to hydrolysis in boiling water. They
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rostulated a long chain structure for inulin, and in support
of this theory showed that partial depolymerization by means
of carbon dioxide or traces of hydrochloric acid gives rise
to shorter ghains, or "levulins". The long chain formulsa
received further confirmation in 1942, when Haworth, Hirst
and Percival (96) isolated 4.7% of 1,3,4,6~tetramethyl
fructofuranose from the hydrolysis products of methylated
inulin, giving a minimum chain length of approximately 30
fructose units. This was confirmed in the following year by
Irvine and Montgomery (10l). Haworth, Hirst and Percival
(96) also isolated 3% of a hexamethyl-difructose-anhydride,
wnich they considered to have been formed by depolymerization

and rescombination. They suggested a formula of the type:

(D\ -CHz— 0\ A
~o (ﬁ\

It is evident that cleavage as indicated by the
dotted lines would give rise to a difructose-anhydride such

as (116):
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HOCH,
H HO
H
OE H

This is the structure prcpcsed. by Haworth and
Streight (117) for the difructose-anhydride originally
isolated by Jackson and Goergen (105). In further support
of the long-chain formula, Haworth and Streight reported that
inulin acetate, on extraction with hot water yields no hexa-
acetate offﬁifructose-anhydride, though they found their inuiin
hexa-acetate to be readily soluble in hot water.

Since an inulin completely inactive toward Fehling's
solution had never been obtained, Haworth, Hirst and rercival
suggested that one end of the chain contained a free reducing
group (the other having four free hydroxyl groups and giving
rise to tetramethyl fructose). This idea has recently been
opposed by Schlubach and Schmidt (118), who have prepared
an inulin which did not reduce Fehling's solution. They
therefore sugzest that Haworth's formula must be modified to
exclude the terminal reducing group and offer three possible
ways in which this may be done:

(i) Presence of a terminal fruoctose-anhydride group

(in which case, it should be possible to isolate a dimethyl

fructose, as in the case of graminin (119));
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(ii) Presence of a trehalose linkage, which
seems unlikely;

(iii) Formation of a large ring.

In the last case, since the isolation of tetramethyl
fructose is an accomplished fact, the ring would have to be
closed through the medium of a non-terminal hexose unit.

This again would 2ive rise to a dimethyl fructose, the
rresence of wiich has not been reported.

In addition to inulin, which has a large molecule,
(page 28) several fructosans has been deseribed, most of which
give varying amounts of dimethyl fructose when their methyl

derivatives are hydrolyzed.

Irisin

In irisin, studied by Schlubach, Knoop and Liu
(120, 121), is found the first example of a naturally occurring
polysaccharide containing a hexose side-chain. This compound,

isolated from Iris pseudoacosus, when methylated and then

hydrolyzed yielded equal parts of a di- and a tetra-methyl
fructose. The latter, by oxidation methods, was proved to
be the 1,%,4,6 derivative. Polymerization was assumed, by

enslogy with inulin, t0 be through the 1,2 positions, and the

structural unit was postulated as:
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A tetra-fructose- and a di-fructose-anhydride were
isolated as intermediate products of hydrolysis. The former,
on methylation and hydrolysis, gave the usual mixture of di-
and tetra-methyl fructoses. The latter gave only a trimethyl
fructose, showing that the side-chain had been split off.

The osazone formed from this sugar failed to orystallize on
inoculation with the osazone of 3,4,6-trimethyl fructose.
This would seem to throw some doubt on the positions assumed
for linkage and polymerization, since, if the above formula
as suggested by Schlubach be correct, removal of the side
chain, followed by methylation and hydrolysis should yield

3,4,0-trimethyl-fructo-furanose.

Graminin

Shortly after the publication of these results on
the constitution of irisin, Schlubach and Koenig (119) reported
;he isolation or & fructose polymer from rye flour. Since it
was found in small amounts in other grains, they gave it the

name "graminin". It would seem t0 have a structure resembling
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that of dextran, as determined in the present investigation,
for on the hydrolysis of the methylated compound, a mixture

of di-, tri-, and tetramethyl iructose was obtained, while
methylated dextran, hydrolyzed with methanol-hydrogen chloride,
yielded di-, tri-, and tetramethyl methyl glucosides. The
ratio oi the yields of methylated fructoses, from fully-
methylated graminin, in the order named, is given either as
1:1:1 or (more probably) 2:1:2. Since separation was effected
by conversion to the fructosides, benzoylation, and subsequent
distillation of small amounts of materiasl, these authors

were uncertain or the conclusions to be drawn from the

yields obtained. The tetramethyl fructose fraction was
identified 8s 1,9,4,6, while the trimethyl is regarded as
probably $,4,6. The identity or the dimethyl sugar was not
estaovlished, out it resembled that obtained from irisin.
Cryoscopic molecular weight determinations on the acetylated
graminin as well as on the Iree polysaccharide regenersted
from the acetylated compound gave values gorresponding to

v=10 fructose units. The molecular weight of the originsal
polysaccharice, as determined by the same method appeared to
be somewhat lower, and was found to vary with the concentration
used in its determination. In suggesting a formula, these

suthors assume 10 anhydro-fructoce units to be present in

the molecule.



oince the compound is non-reducing, there is no
terminal reducing groug, and, according to the authors, since
no mono-methyl fructose was isolated, this reducing group is
not masked by an inner-anhydride. Therefore Schlubach and

Koenig (119) suggest a large ring as the only possible

formuls:
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Sinistrin

In sinistrin (122) obtained from the squill Scilla

maritima it is suggested there are fifteen fructose residues.

Tritiocin

In triticin, present in couch~grass rhizomes,
Schlubach and Peitzner (1l20) assume a closed ring of fructose
residues represented by a multiple of 7, viz., either 14 or
21. In the case of both sinistrin and triticin, as in the
case OI graminin, tetra-, tri-, and dimethyl methyl fructosides

were isolated.

Asparagosin

Murakami (124) describes a fructosan, asparagosin,

isolated from the tubers of Asparsgus officinalis, which he
regards as consisting of only éeven fructose units, while
Schlubach (125) from molecular weight determinations of the
polysaccharide, assigns a molecular configuration of ten
fructose anhydride units. The ratios of tetra-, tri-, and
dimethyl fructoses obtained by Sohlubach and Boe (125) from
the hydrolysis_of the fully-~methylated product, were 1l:8:1.

Asphodelin

Asphodelin present in Asphodellus knollen is describec

by Sohlubach anda Lendziasn (126) as having a 1:5:1 fructose
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anhydride ratio, but one of these units is said to be glucose
(126), probably originating from an impurity. The difrerent
ratios obtained from the various fructosans are shown in
Table I.
Table I
Ratios of Di-, Tri-, and Tetramethyl Fructose Found

on Hydrolysis of Various Fully-methylated Naturally
Qecourring Fructosans

Fructosan Tetra Tri Di
Irisin 1 0 1
Graminin 1 1 1

or 2 1 2
Sinistrin 1 %] 1
Triticin %) 1 %)
Asparsgosin 1 8 1
Mannans

With regard to the mannans and galaotans, there has
been only a relatively small amount of somewhat scattered
work carried out on these produgts. In 1923 Patterson (127)
isolated a polysaccharide from ivory nuts which, on hydrolysis,

gave 80% of mannose. Repeated methylation gave a trimethyl

mannan, whioch, on hydrolysis, yielded trimethyl mannose.
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The latter sugar was identified in 1934 by Klages (128)
as 2,3,6-trimethyl mannose. 1l.4% Of 2,3,4,6-tetramethyl
mannose was also isolated, indicating the polysaccharide
consisted of a chain of some 80 manno-pyranose units linked
through the 1,4-positions. Klages also isolated from
mennan & manno-biose, and a manno-triose, and, on the basis
of their optical behaviour concluded that both & and P
linkages are present in the original mannan molecule. It
is interesting to note that Klages obtained a methoxyl content
of 45.8% after only two methylations with dimethyl sulphate
and alkali in the presence of benzens.

A similar msnnan from salep (129) has been assigned
& chain length of sixty units. It should be noted that this
mannan is fairly soluble in water, while the ivory nut mannan
is insoluble.

A much simpler msannan termed "mannocarolose" (130)

is disoussed under "bacterisl polysaccharides".

Arabo~Galagtans

From certain coniferous woods, particularly that
of the larch family, water soluble polysaccharides, the
arabo-galactans, can be extracted. These have been shown to
contain d-galactose and l-sarabinose components in a 6:1

molecular ratio (131, 132, 133, 134). Another arabo-
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galactan (135) from peanut seeds is stated to be composed
of a repeating triose molecule consisting of one galactose
and two arabinose units. A proportion of uronic acid may
or may not be present as an impurity.

It was assumed that arabo-galactan from larch was
a homogeneous polysaccharide, but more recent studies
(136, 137, 138) of the acetates, propionates and benzoates
of preparations from DBastern, Western, and European larches,
tend to discredit this hypothesis.

White (1%9) has shown that the methyl derivative
of the polysaccharide obtained from the western larch Larix

ogcidentalis, when subjected to somplete hydrolysis and

simultaneous glycoside formation, yields the glycosides of
2,4-dimethyl-d-galactosse, 2,9,4~trimethyl-d-galactose,
2,%,4,6-tetramethyl-d-galactose, and 2,%,5«trimethyl-1l-
arsbinose in the approximate molecular ratio 3:1:2:1
respectively. The isolation of a relatively large proportion
of the terminal arabo-furanose unit as the crystalline amide
of the corresponding acid, strongly suggested a direct
linkage of the arabinose fraction to the galactose units

of the polysaccharide. The terminal galactose residues

were shown (140) to possess a 1,6-linkage, by the isolation
of octamethyl-6-d-galactosidogalactose, as well as 2,4-dimethyle

6é-tetramethyl-galactosidogalactose, from the partial hydrolysis
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products of the methyl ether of arabo-galactan. The formation
of the latter compound demonstrated the branched chain linkage
of this arabogalactan. The arabinose component of arabo-
galactan is joined to a tri-linked galactose residue, the
position oI such linkage being through the one position of the
arabinose component and the o6-position of the galactose
residue (1404).

White concluded that the structure of arabo-galactan
is best represented by a highly branched chain of galactose
residues joined by oxygen linkage through both the 1,4~ and
1,6-positions, and that the terminal residues of arabofuranose
and galactopyranose are linked to the 6-position of adjacent
galactose anhydride units. This is in agreement with
Husemann's (141) views that arabo-galactan is a highly
branched polysaccharide similar to starch. Owens (142)
on the other hand on the basis of viscosity determinations
regards it as possessing a spherical molecular form.

Percival (143) states that the main carbohydrate
portion of agar-agar consists of @ -galactopyranose units
linked 8t positions 1 and &, since the main products of
hydrolysis of the fully-methylated agar-agar is 2,4,6-trimethyl

galactose.
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B. Bacterial Polysaccharides

The structures of a number of baoterial poly-
saccharides have been investigated. These include poly-
saccharides resembling the dextrans, others similar to the
pneumococcus polysaccharides, also bacterial celluloss,
levans, composed of anhydrofructose units, and polysaccharides
of pathogenic organisms, and the very interesting cellulose
type of polymer which has recently been reported (1l44) in
which the glucose units are joined in the 1,3 instead of

the 1,4 positions.

7
Vermiforme Dextran

Vermiformé dextran, the polysaccharide produced from

/
sucrose by Betabacterium vermiforme (Ward-Mayer) was shown

(145) to aonsist of basal chains of twenty-five anhydroglucose
units joined by 1,6-linkages. Osmotic pressure determinations
indicated a molecular weight of approximately 500 units,
while a chain length of twenty-seven glucose units was
suggested by the iodine number. Hydrolysis of the methylated
polysaccharide yielded 2,3,4-trimethyl methyl glucoside (90%)
and 2,%,4,6-tetramethyl methyl glucoside (&6%).

The polysaccharides produced from sucrose by such

nitrogen-fixing organisms as Rhizobium radigicolum (clover
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strain) and Azotobacter chroococcum consist of about 90%

glucose and 3-4% uronic acid residues (146). Both probably
belong to the same class as the specific polysaccharides

Pneumococcus Types II and III (page 48).

Bacterial Cellulose

Hibbert and Tarr (12) determined the optimum con-
ditions for the preparation of bacterial cellulose by the

action of Agetobacter xylinum on glucose, fructose, glycerol,

sucrose, mannitol and galactose. Hibbert and Barsha (1é, 147)
showed that the bacterial cellulose was identical chemicsally
with cotton cellulose. DBacterial cellulose and cotton cellu-
lose yielded the following derivatives with approximately

the same yields and physical constants: cellulose triacetate,
o« - and f-methyl glucosides from cellulose triacetate,
trimethyl cellulose, 2,9,6-trimethyl methyl glucosides,
2,5,6=trimethyl glucose and cellobiose octa~-acetate. X-ray
diagrams of the two types of cellulose were similar, and the

bacterial cellulose acetate could be spun into a thread.

Levans

Harrison, Tarr and Hibbert (1l) investigated the

production of levan from sucrose by the action of B. subtilis

and B. mesentericus (and the corresponding enzyme). The

structure of the product synthesized by B. subtilis was
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determined by Hibbert and Brauns (148), and that obtsined by

the action of B. mesentericus and the corresponding enzyme by

Hibbert, Tipson and Brauns (149), the two being found identical.
Hydrolysis of trimethyl levan gave a trimethyl fructose, which,
by oxidation methods, was shown to be 1,35,4-trimethyl fructo~
furanose. This left the 2 and 6 positions open for linkage
between the hexose units, as compared with the fructose poly-
saccharide, inulin, where the junctions involve positions

1 and 2 (page 25).

The levan synthesized by B. subtilis from raffinose

was shown by Mitchell and Hibbert (150) to be identical with
that obtained from sucrose.

Challinor, Haworth and Hirst (151) on the basis of
the yield of tetramethyl fructose from the hydrolysis products
of fully-methylated levan, have determined the chain length of
levan as 10-12 fructofurmnose units, and confirmed the structure
put forward by Hibbert and co-workers.

Other levans produced by widely-difrerent organisms

all have similar structures to B. subtilis levan, e.g. the

levans obtained from sucrose by B. megaterium, Bagt. pruni,

Bact. prunicoli (152) and those (153) formed from sucrose or

raffinose by Gram-negative milk and soil organisms

(Actinomycetes). Certain differences in the properties of

levans produced by different organisms ares probably dus to

varying degrees of aggregation of the repeating unit.
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Polysaccharides of Pathogenic Bacteria

Few of these polysaccharides are capsular carboe
hydrates, and very little is known of their chemical structures.
In general, they consist of more than one simple sugar. For
example, hydrolysis of the polysacchuride from one strain of
cholera organism yields glucose and galactose. The polysac-
charide of one strain of leprosy bacillus oconsists of pentosans
mostly, composed of arabinose mainly, with a small amount of
galactose (154). Varying proportions of mannose and arabinose
are obtained on hydrolysis of the polysaccharide of tubercle
bacgillus strain H-37 (155). The latter polysaccharide differs
from those of the phosphatides prepared from the bacterial

residues from tubsrculin, which consist of inositol and mannose

(156).

Polysaccharides of Molds and Yeasts

Mannogarolose

Mannocarolose is produced by the action of the mold

Penicillium Charlesii G. Smith (130) on glucose. Hydrolysis

of the methylated derivative and conversion to the mannosides
was reported (130) to give 2,3,4-trimethyl methyl mannoside
(75%), 2,5,4,6-tetramethyl methyl mannoside (13.4%) and di-

methyl methyl mannoside. The latter was assumed to be the



result of incomplete methylation, since the methylated poly-
sacgcharide had a methoxyl content of only 44.4%. The authors
conclude from these results that mannocarolose consists of
8-9 manno-pyranose units linked through the 1l-6 positions.
However, 2,9,4-trimethyl mannose has since (157) been
synthesized and is quite difierent from the trimethyl mannose
isolated from the hydrolysis products of methylated manno-
carolose. The structure of the latter is, therefore, still

unknowne.

@Galactocarolose

Galactocarolose produced by the same mold from

glucose was investigated by the same authors (158 ). Manno-
carolose and galactocarolose were produced under the same
conditions and they were isolated from the polysaccharide
mixture of the Czapek-Dox medium (159) in about equal amounts.
Hydrolysis of methylated galastocarolose yielded
2,3,5,6-tetramethyl methyl galactofuranoside (12.4%) and
2,3,6=-trimethyl methyl galactoside (80%). These results
point to a chain of 9 to 10 units, joined through the 1,5-

positions, i.e. a furanose sugar.

Varianose

Varianose, produced by the action of the mold

Penicillium varians G. Smith on glucose, was found (160) to
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consist of 6 to 8 (3~galaot0pyranose units, (1,4-linkages),
with a glucopyranose radical at one end and either l-altrose

or d-idose at the reducing end.

Yeast Mannan

Yeast mannan was investigated by Haworth, Hirst and

Isherwood (lol). The yeast mannan was extracted from the
cell wall by the action of boiling dilute alkali on baker's
yeast. It was separated from the extracted materials in the
form of its copper hydroxide complex, and after removal of
the copper was purified by repeated precipitation from
aqueous solution by alcohol. Hydrolysis of the methylated
mannan was reported to yield 2,5,4,6-tetramethyl methyl
mannoside (one part), 2,3,4-trimethyl methyl mannoside

(one part), and 3,4-dimethyl methyl mannoside (one part).

A structure for the yeast mannan was proposed on the basis
of these results. However, the trimethyl methyl mannoside
was not the 2,%,4-isomer (157), and therefore the structure

of this polysaccharide is also not yet definitely known.

Insoluble Polysaccharide from Yeast

The structure of an insoluble polysaccharide from

the yeast Saccharomyces cerevisiae was investigated by

Zechmeister and Toth (lo2), and also more recently by Hassid,

Joslyn and MoCready (144). The isolation of 2,4,6-trimethyl
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glucose as the sole product of the hydrolysis of the methylated
polysaccharide indicated a chain of gluwcopyranose units joined
by l,6-glucosidic linkages. This is the first reported
occurrence of such & linkage and stands out in marked contrast
to the previously assumed general type of 1;4 linked glucose
units tound in a wide variety of naturally occurring poly-

saccharides.
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Immunological Significance of Bacterial

Polysaccharides

Dextran

Investigations on the immunological character of
the dextrans have been carried out meinly from the standpoint
of the properties of dextran as an antigen. In 8 recent
investigation (18, 60), however, it has been shown that
dextran possesses the properties of a haptene {page 7).

Zozaya (17) reportea that nitrogen-free Dextran II
was not antigenic, but could be rendered antigzenic by
adsorption upon a colloidal carrier such as collodion
(precivitated from acetone solution into water). Tater work
indicated that the Dextran II which had been used in this
investigation was not nitrogen-iree.

7zozaya (17) also revorted that Dextran II reacted

immunologically with antisera of pneumococci, certsin of the

Ss1lmonella group, and some types of Streptococcus viridans.

FitzGergsld (15) found that the antibody response
of rabbits toward 1.5% agqueous dextran solutions varied with
the nitrogen /bacterial) content of the dextran. There was no

responge when the nitrogen content was less than 0.c%.
Hehre (55) mentions briefly precivitin tests with

anti-Teuconostoc sera, and dextran, but no details are given.
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Pneumogoccus Polysaccharides

The polysaccharides of pneumococcus have been the
subjects of numerous investigations in the past twenty years
(163). The researches of Heidelberger, Avery, Goebel (163)
and co-workers have shown that the capsular carbohydrates of
pneumococcus are responsible for immunological type specificity,
and that these carbohydrates may function not only as
haptenes but also as antigens, if the msthod of isolation has
been sufficiently mild so that no funotional groups are
removed.

The characteristics of the polysaccharides of pneumo-
coccus Types I -~ XXXII have been studied in some detail (164).
All these polysaccharides are optically active, twenty-five
being dextro- and seven laevo-rotatory. Nine were uronioc
acids; seventeen were, partially at least, composed of amino
sugars. Types I, IV, V, XII, XXV contained up to 5% nitrogen.
Removal of nitrogen with nitrous acid resulted in a loss of
specificity. Ten polysaccharides contained no nitrogen.

The maximum acetyl content was 16% in the cases of IV and XI.
A few of the polysaccharides contained phosphorus, the

maximum being 6.4% in the cases of Types XXVIII and XXXII.



- 48 =

Significance of Acetyl Groups

Pneumococcus polysaccharides isolated by early
extraction methods contained no acetyl groups. The use of
milder extraction methods (165), however, permitted the
isolation in certain cases of acetyl-gontaining polysaccharides.
These acetylated carbohydrates are antigens, and were shown by
Avery and Goebel (165) to be immunologically different from
the deacetylated polysaccharides which fuuction as haptenes

only.

Chemical Structure of Pneumococcus Polysaccharides

Acid hydrolysis of pneumocodgcus polysaccharides has
revealed something of their chemical structures. The hydrolysis
products are glucose, glycuronic or aldobionic acids, amino
sugars or mixtures of these, e.g. (yields on the basis of

glucose (37)).

Type I. Polysaccharide yields 28% galacturonic acid, and an
amino-sugar derivative. With methanolic hydrogen chloride

galacturonic methyl ester is obtained.

Type II. Polysaccharide yields glucose (70%). (Reducing

sugars aiter hydrolysis 95%).
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Type III. ©Polysaccharide yields cellobiuronic acid (166),
(reducing sugars after hydrolysis 85%).

Reeves and woebel (48) have recently observed that
hydrolysis of the reduced methylated capsular polysaccharide
of Type III puneumococcus yields 2,3,6-trimethyl glucose and
2,4~-dimethyl- - and ? -methyl glucosides. The methylated
aldobionic acid units are linked through position 8 of the
methylated glucuronic acid residue. In the polysacscharide
glucose is linked to the third carbon atom of the glucuronic
acid which in turn is linked to the fourth carbon atom of
the second glucose molecule. The glucuronosidic linkage
has the @ configuration and the gonfiguration between the
aldobionic acid units is assumed to be of the same type.

It is of interest to find the linkages of the saccharide

units alternating between positions three and four.

Type VIII. Polysaccharide yields cellobiuronic acid and

glucose (166). (reducing sugars after hydrolysis 87%).

The numerous researches of soebel and co-workers
have shown that the nature of the sugar in a carbohydrate-

protein complex determines the specificity of the complex.
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DISCUSSION

The Role of Methylation Studies in the

Determination of the Structure of

Folysaccharides

Methylation oI Dextran

Since dextran possesses a very complicated structure,

its complete methylation (which presented unusual difficulties),

prior to hydrolysis, is of the utmost importance. The
significance of this phase of scarbohydrate chemistry, which
appears to have been disregarded by many workers, should be
pointed out.

The determinstion of the constitution of a poly-
sagcharide, as Irvine (93) has pointed out, is dependent upon
a knowledge of rour things:

(a) the nature of the sugars in the polysaccharide;

(b) the stereochemical coniiguration or these sugars;

(e¢) the position of linkage or linkages of the
individual units;

(&) the position and nature of the internal oxygen
ringe.

Simple hydrolysis is surzlcient to determine the
nature of the constituent sugars, while their stereochemical

configurations may be established oy the action of enzymes,
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and also by their optical behaviour (167). A knowledge

of the spatisl position o1 the carbon atoms involved in the
linkages between the sugar units, and in the formation of the
internal oxygen ring, can be arrived at only through sub-
stitution of the free hydroxyl groups with unhydrolyzable
residues prior to hydrolysis, followed by identification of
the hydrolysis products. Irvine (168) in 1909 pointed out
the applicability of the methylation reaction for this purposes.
His principles were quickly adopted by workers generally in
this field and have become more or less standard practice.
Haworth and his co-workers (lo9, 1561, 96) have extended the
application otf the methylation reaction to include the
determination oi the chain length of polysaccharides.

Methylation of the glycosidie hydroxyl group, with
the formation oi methyl glycosides, dates from the time of
Emil Fischer (170). Methyl alecohol, in the presence of acid
catalysts, as used by him, is still employed today for this
purpose.

The classical method of methylation of the alcoholic
hydroxyl groups in non-reducing carbohydrates is that of
Purdie and Irvine (171), and consists of treatment with
methyl iodide in the presence of silver oxide. The procedure

is, however, slow and expensive, and a distinct advance was

made with the introduction of dimethyl sulphate and alksali
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as methylating agents. Denham and Woodhouse (172) in a
preliminary investigation on cellulose, carried out methyl-
ations by treating cellulose, previously steeped in sodium
hydroxide solutions, with dimethyl sulgphate.

It remained for Haworth (173), working at that
time in Irvine's laboratory, to develop +the procedure by
means of which the reaction, which now bears his name, could
be most successfully carried out. He also later introduced
the simultaneous deacetylation and methylation of acetyl
compounds, in cases where standard type methylation was found
to be difficult.

Diazomethane, . which finds application in many
organic methylations, has been little used in carbohydrate
chemistry. It is generally considered to react only with
hydroxyl groups of an acidic nature, but in the presence of
traces of moisture it is known to methylate polysaccharides
(174, 175). Where methylation by means oz this'reagent is
possible, the formation of inorganic salts as by-products of
the reaction is avoided.

The use of methyl iodide has been extendsed by
utilizing the preliminary formation of a metallic derivative,
followed by treatment with the halids. Fear and Menzies
(176), by treating methyl glucoside with thallium ethylate,
formed & tri-thallium methyl glucoside (85% yield), and this



on refluxing with methyl iodide gave a trimethyl methyl
glucoside in good yield.

Sehmid and Becker (109) in 1925 investigated the
rormation of metallic alkali derivatives of various carbohydrates
using liquid ammonia as a solvent. They also suggested the
possibility of iorming methyl ethers by subsequent treatment
of these metallic derivatives with methyl iodide. This,
however, was apparently not attempted until 1904, when Muskat
(57) reported the methylation of discetone glucose by treatment
of the potassium derivative in ether solution with methyl
iodide. By a modification of this method, the complete
methylation of dextran finally has been accomplished by the
writer.

Most oi the complex polysaccharides, such as cellu-
lose (65, 74) mannan (161, 157), glycogen (91, 177, 83),
inulin (96), levan (178), graminin (119,121), sinistrin (122),
triticin (12%) and araban (179), consist of long linear or
intricately branched chains. When such a compound is
methylated and hydrolyzed, every non-aldehydic end group
yields tetramethyl glucose, every branched union yields
dimethyl glucose, while trimethyl glucose is obtained from
all remaining units. Besides the search for end groups
(tetramethyl hexoses and trimethyl pentoses), the location

of the positions of branching (dimethyl hexoses and monomethyl



pentoses) is becoming of increasing importance. The presence,
therefore, of a dimethyl hexose among the hydrolysis products
of a methylated polysaccharide could have a very definite

structural significance, so that the importance of complete

methylation cannot be over-emphasized. A methoxyl value
for the methylated polysaccharide 1 or 2% lower than the
theoretical, can render the results worthless with respect
to the position of branched-chains and consequently to the
structure assigned to the polysaccharide. Complete methyl-
ation, as many workers have found, is impossible by the uss
of dimetnyl sulphate and alkali alone. Despite the above
rather obvious fascts, many papers (145, 130, 162) have
reported the results of hydrolysis of incompletely-methylated
polysaccharides in which the methoxyl content was as low as
42.5% (162) or 44, (145), (theoretical 45.65%). The English
school (62, 145, 1v0) in particular use only the Haworth
methylation technigue, and while their final yields may
approach 65% of the theoretical (¢2), a methoxyl content of
44.5% for the methylated polysaocharide (62) seems to be the
maximum obtained by this procedure.

In this respect it is of interest to note the
ditffioculty experienced in exhaustively methylating starch to
s value of 45.6% methoxyl. Karrer (180), using methyl iodide

and silver oxide obtained 342.6% methoxyl. Sochmid and
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Zentner (175) tfound only 21% using diazomethane. Irvine and
Macdonald (181) by means of dimethyl sulphate and alkali
obtained & olj% yield of a product with 27.2; methoxyl;
Freudenberg (182) obtained $8% methoxyl by the same method.
Hess and Lung (183) increased the methoxyl content by the
dimethyl sulphate method to 42-43%, and finally to the
theoretical value using the Muskat method.

It was only after the exhaustive methylation of
starch was made possible that the proportion of end groups
(tetramethyl glucose) was shown to be approximately equal to
the proportion oi branching positions (dimethyl glucose)
for every tuwenty glucose units (89).

On the other hand, mannocarolose, the mannan pro-

duced from glucose by the action of the mold Penicillium

charlesii G. Smith (140), on hydrolysis of its methylated

derivative, yielded 10% of dimethyl methyl mannoside in
addition to tri-, and tetramethyl methyl mannosides (page 42).
The iresence of the dimethyl methyl mannoside was assumed to
be due to incomplete methylation, since the methylated poly=
saccharide had a methoxyl content of only 44.4v%.

Complete methylation of Dextran I to a theoreticsal
value of 45.6% methoxyl (based on three free hydroxyl groups
per glucose anhydride unit), has offered almost insuperable

difficulties, and much time and efifort have been spent in
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overcoming these. Previous workers (49; pages 0v-40)

in these laboratories used a wide variety of methylating
agents ooth known, and not previously used, for this purpose.
Thus for example it was early found that by the use of di-
methyl sulphate and caustic soda it was possible to0 raise

the methoxyl value after six or seven methylations to about
40-41% (theoretical for fully methylated product 45.6%), but
in spite of repeated additional methylations it was not
possible to obtain a higher value by the use of this methylat-
ing agent.

It may be that the diffioulty was due to the initial
formation of a dimethyl derivative, which resisted further
methylation. It is interesting to note, in this respect,
the similar difficulty encountered in the methylation of
starch (page 54) where a methoxyl content corresponding
approximately to a dimethyl starch wgs obtained with come
parative ease, and which proved resistant to further methylstion.

Attempts to increase the methoxyl content of dextran
by the use of methyl borate were unsuccessful (49), but the
use of thallium ethylate and methyl iodide brought about an
increase in value (49). Even with this reagent, however,
the final methoxyl value could not be inoreased beyond 43.3%.

Attempts to efiect complete methylation were also

tried using the Purdie methylation technique (silver oxide
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and methyl iodide) but the results were likewise unsuccessful,
the maximrum methoxyl content remaining at 43.3% (49).
Complete methylation of Dextran I to the theoretical

value of 45.6% OCH, now has been achieved by the writer using

S
a combination of the Haworth and Muskat techniques.

Throughout these later investigations, every
precaution was taken to obtain yields of material as nearly
quantitative as possible, in order that conclusions drawn
could be based on results involving the greater part of the
original material, and therefore be of real significance.
With dextran and its derivatives, this involved reducing
experimental manipulations and transfers to a minimum, since
these compounds are very difficult to handle on account of
their physical properties.

The Dextran I to be methylated had been prepared
by previous workers (48). No purification was carried out
prior to Haworth methylation, since the impurities (page 99)
were removed during the partial purification of the Haworthe
methylated dextran.

The Haworth methylation technique was modified

(page 99) and better yields (90%) of product with a higher
methoxyl content (40.5% methoxyl) were obtained with only
three methylations. This can be compared to the five to

twelve treatments reported by previous workers who obtained
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average methoxyl contents ranging from 44% to 44.5% (49, 56,
ol, 62). This more efficient methylation was partly due to
the rapid and ceomplete stirring of a fine suspension of the
dextran.

To lessen possible degradation of the partially-
methylated dextran, an atmosphere of nitrogen was maintained
during both the Haworth methylations, and concentrations of
solutions, also heating of strongly alkaline solutions for
appreciable periods of time was avoided. For example, after
a methylation, the reaction mixture was first neutralized and
then made just slightly alkaline before being heated to
destroy sodium methyl sulphate. Also, all evaporations were
carried out at reduced pressures (20 mm.) and at low temperatures
(maximum 50°). Excess alkalinity and acidity were avoided at
all times.

During the Haworth methylations large quantities of

sodium sulphate are formed as & by-produot, and dialysis was

found to be the best method of eliminating this inorganic
material. Various types of dialyzers were tried, but all
were found unsuitable either because an exceptionally long
time was required to dialyze away the sodium sulphate, or
because large amounts of dextran passed through the membrane
and were thus lost. The latter in particular was the chief

difficulty which many workers in this laboratory had encountered
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previously and was one of the main reasons for the reported
low yields of methylated dextran (49, 56). The suthor found
that the most suitable type of dialyzer was that described
on pages 10s6-5. It is extremely simple, and very efficient.
Cellophane (Du Pont #5900, a non-coated product), permitted
ready dialysis of sodium sulphate with no appreciable loss
of partially-methylated dextran, particularly at temperatures
about 45°. The Haworth methylation reaction mixture
originally contains large quantities of precipitated sodium
sulphate, but this passes into solution and is rapidly removed
during dialysis.

The methylated dextran was less soluble in water
(alkaline solution) than native dextran, and precipitated out
during the Haworth methylation. It was possible therefore to
remove most 0of it from the reaction mixture by centrifugation.
Dialysis of the supernatent methylation solution could then
be continued without risxing the loss of the bulk of material
in ocase tnhe dialysis sack should break. Dialysis was
continued until the sodium sulphate no longer corystallized
out when the dialyzed solution was concentrated %o a volume
gsufficiently small to be readily remethylated. This usually
involved & dialysis period of nine hours.

Partially-methylated water-insoluble dextran,

containing approximately 40% methoxyl was obtained by three
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successive Haworth methylations and further treatment by this
method did not increase the value. Washing with hot water
was the method used, at this stage, for the partisl purification
of methylated dextran. The relatively large amounts of ash
(Ca. 9%) which were not removed, apparently did not lessen
the efficliency of the Muskat methylation.

Methylations were continued, using various modific-

ations of Muskat's method (57) which have been reported in

the literature but none of these was found suitable in this
case.

The first variation attempted was that described by
Fowler (49). Approximately an additional one percent methoxyl
could be introduced by each methylation until a maximum
value of 43% methoxyl was reached. This method also required
many transfers of material resulting in large losses.

The Muskat procedure was, therefore, slightly
modified as described by Freudenberg (184), but in this case
the maximum methoxyl value obtainable was even lower than
that obtained previously,

The method which finally proved successful was an
original modification of the Fowler and Freudenberg
procedures. The construction of the apparatus (page 111)

(Diagram II) designed for the Muskat methylations of
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partially-methylated dextran was such that no removal of
product was necessary prior to final purification. Here

again approximately an additional one percent was, in general
introduced by each methylation, although in several cases it
was found that the first Muskat treatment was several times

as efficient as the later methylations. Efficient stirring
also plays an important role in the progress of the methylation
since although partially methylated dextran is soluble to

some extent in liquid ammonia, the sodium salt of methylated
dextran exists only as a suspension in both ammonia and anisole.

With the apparatus shown it was possible to form
the sodium salt, allow it to react with methyl iodide, and
then to repeat the whole process several times without
removing the material from the reaction flask.

These Muskat methylations were carried out in an
atmosphere of nitrogen wherever feasible. This was especially
important during vacuum evaporations. Temperatures above 50°,
and strongly alkaline or acid solutions were avoided, and the
greatest care was taken to exclude moisture during the methyl-
ations. Degradation changes resulted when the sodium salt
of partially methylated dextran was exposed to heat, air or
moisture.

The greatest losses of material ocourred during the

purification of methylated dextran. These were inevitable
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because of the nature 0of the substance. It was primarily to
minimize these, and to save time, that the apparatus shown in
Diagram II (page 111) was designed, and in which a series of
three lMuskat methylations were carried out before attempting
purification of the product. The impurities are essentially
sodium iodide, and some methyl ammonium iodides, the latter
being formed in spite of all precautions taken to remove
samnonia beifore addition of methyl iodide. The methylated
dextran is soluble in chloroform leaving the sodium iodide

as a residue. The soluble quaternary ammonium salts howsever
are precipitated with the methylated dextran on addition of
petroleum ether. Also, methylated Dextran I is insoluble in
hot and cold water while sodium iodide and quaternary ammonium
salts remain in the aqueous solution. Several treatments in
this manner removed most of the impurities.

After the water treatments, the dried methylated
dextran was dissolved in chloroform. Usually there was no
appreciable residue, but any insoluble material could be
readily separated from the chloroform solution by centri-
fugation and filtration. One to two volumes of petroleum
ether (50-50°) were added to the chloroform solution until
s noticeable turbidity developed, and this precipitate,
which contained most of the remaining impurities, was

separated by centrifugation and filtration. The supernatent



solution was then precipitated into sufficient petroleum-
ether (50-50°) to make the final ratios of methylated dextran:
chloroform: petroleum ether approximately 1:10:200. By
use of this procedure and one precipitation only, a powdery
product was obtained much purer than that isolated previously
after several precipitations, and in which no pregautions
had been taken to remove &sh. This procedure is simpler,
and safer than the purification by dialysis previously used
(56).

The yield of fully-methylated dextran after six
Muskat methylations was 79.3% calculated on the weight of
Haworth-methylated (40.5; OCH,) product taken, and 71.4%
calculated on that of the original dextran. This yield is
considerably higher than that obtained by previous workers
in the dextran field. It is to be noted that earlier
investigators (56, 61, 54), with one exception (60), carefully
avoided any mention of actual yields of fully methylated
dextran obtained by Muskat methylation. It is also apparent
that a much higher yield (page 119) of methylated
dextran could have been obtained if fewer Muskat methylations
had been carried out, but the dextran would not have been
fully-methylated, and the isolation of a dimethyl methyl
glucoside on hydrolysis of this partially-methylated dextran
would not necessarily have had any structural significance

(page 54).
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The homogensity of fully-methylated Dextran I was

indicated by means of viscosity determinations of the fraction-
ated produots (Table V, page 120). Divergencies in these results
are of the same order of magnitude as those previously reported
by Daker and Stacey (145) for homogeneous methylated vermiforme
dextran. The fractions wexre therefore considered to represent
similar degrees of aggregation.

An attempt was similarly made to show the homogeneity
of the native Dextran I used for the methylations. This was
unsuccessful, however, due to the failure to find a suitable

solvent for Dextran I.
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Hydrolysis of Methylated Dextran I

Fully methylated Dextran I proved extremely
resistant to hydrolysis. This together with the insolubility
of native dextran in water and most common organic solvents,
indicated it as being the most highly polymerized dextran
hitherto investigated.

There are two principal methods used for the hydrolysis
of methylated polysaccharides:

(a) Methanolic hydrogen chloride (56), whereby, in
one step, the polyssaccharide is hydrolyzed to its component
sugars and these in turn converted to the corresponding
glycosides.

(b) The use of a dilute acid such as hydrochloric
acid in 507% aqueous acetic acid (61, 62, 145), followed by
isolation of the free sugars and their conversion to the
glucosides by means of methanolic hydrogen chloride.

Method (a) was first tried since it was a one step
procedure. The methylated Dextran I was insoluble in
methanol hydrogen ohloride, while the hydrolysis products
were soluble. The complete disappearance of solid material
was therefore used as an indication of the progress of the
hydrolysis. Failure of the hydrolysis solution to reducse

Fehling's solution was the test used for the complete
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conversion of the free sugars to the glucosides.

In the first experiment, methylated Dextran I was
refluxed, at atmospheric pressure and in an atmosphere of
nitrogen, with methanol containing 2% hydrogen chloride. After
twelve hours, the dextran had still not gone into solution.
Similar results were obtained when 8% hydrogen chloride was
used and the heating period extended to twenty hours. 1In
this case the dextran was hydrolyzed sufficiently into
shorter chains to permit of a partial solution of the material.
However, complete hydrolysis to the individual sugars was not
obtained.

Further hydrolysis experiments were carried out in
sealed glass tubes under pressure. Methylated dextran showed
no physical changes after being in contact with methanol
containing 2% hydrogen chloride under the above conditions for
48 hours at 95-98°. Here again longer periods of heating,
or more concentrated acid solutions merely degraded the
dextran.

Complete hydrolysis was finally achieved by heating
g mixture of methylated dextran and methanol containing 2%
hydrogen chloride, to 140-142°, in a tilting eleotric oven
for 60-05 hours.

Under the drastic conditions required for the

complete hydrolysis of the methylated dextran, methyl levulinate
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( 4 %) was tormed as a decomposition product. This was
not detected until an attempt had been made to fracstionate
the hydrolysis mixture through an efficient fractionation
column, (described in the experimental section (page 130)
when it was found in the first fraction collected, the
boiling~point being much lower than that of the methylated
glucosides. This may explain why previous workers (49, 56)
have reported a yield of only about 85% for the hydrolysis
of methylated Dextran II, sinoce they used a Widmer flask
for the fractionation, and the receivers were not cooled.
The methyl levulinate, with other possible decomposition
products thus escaped condensation. |

Other investigators (185, 186) have also observed
the formation of small amounts of methyl levulinate during
their investigations on the hydrolysis of methylated
polysaccharides. In general, however, this fact has been
overlooked in the majority of the investigations reported
in the literature. It is the writer's belief that in future
investigations,especially of the more complex polysaccharides,
now attracting the interest of carbohydrate chemists, and
which, because oif their complex nature, require drastio
conditions for hydrolysis, the detection and determination

of by-products such as mentioned above will have to be

considered very carefully.



The formation of levulinic acid from glucosides is
well known (187). All pentosans, on heating with hydrochlorie

Oor sulphuric acid, undergo dehydration with formstion of

furfural (188).

| |
{ H
j““ﬂJF_
CH—CHOH CH==CH_
| — = 3E0 4 | P
| 2 CH—C<—CHO
CH——C_~| OH
\ —_—
———17 CHO
Téﬁ é} Furfural
Pentose

In an analogous manner, methyl pentoses yield

metnylfurfural (189)

?H——EH
CH, - J\o/ - CHO

Methylfurfural
From hexoses &) -hydroxy methylfurfural is formed.
CH——— CH

I
C

BEO - CH, - C - CHO
2 \O/

W ~hydroxy methylfurfural
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This latter, however, in presence of scids loses
formic acid with formation of levulinic scid (190, 191, 192),
the mechanism oI the reaction being unknown. A characteristic
reaction or hexoses can therefore be formulated, according to

Tollens (194), as:

CeHy03 4+ 2Hp0 —= H.COOH -+ CH3COCH5CHg.COOH

Levulinic Acid
The detection of methyl levulinate in the hydrolysis

mixture raised the question as t0 what extent the three
methylated sugars, 2,0,4,6-tetramethyl glucose, 2,9,4-trimethyl
glucose, and 2,o-dimethyl glucose, as well as their correspond-
ing glucosides, decompose to give this product under the con-
ditions used for hydrolysis. It was found that each of the
free sugars decomposed in this manner, and to the same extent
(about 1.5% methyl levulinate isolated as 2,4-dinitro-phenyl-
hydrazone), while the corresponding glucosides were stable
under the same cgonditions. This side reaction, therefore,
does not afrect the final ratio assigned to the three
glucosides (page 78). The decomposition to methyl levulinate
therefore tékes place during the interval between the
hydrolysis of the methylated dextran to its methylated
sugars and their subsequent conversion to the glucosides.

It was found necessary to remove the methyl

levulinate prior to fractionation by heating an aqueous
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solution of the glucosides with barium hydroxide, whereby

the levulinate was hydrolyzed and removed as the barium salt.
The overall yield of the hydrolysis products from

methylated Dextran I, after removal of the methyl levulinate,

was 95%. Of the 5% of the material lost during hydrolysis,

4% of this could be accounted for as methyl levulinate.

A methoxyl determination of the glucosidic mixture at this

stage gave a value of 52.3% OCH,, (caloulated for CgHgOg (OCH ) 4

3
OCH, = 52.6%). The mixture did not reduce Fehling's solution,
showing the absence of free reducing sugars.

The second method (b) was used for the hydrolysis
of methylated dextran in an attempt to avoid the undesirable
formation of methyl levulinate, but without success. A
mixture of 50% agueous acetic acid and 2% aqueous hydroe
chloric acid did not completely hydrolyze the methylated
dextran after heating to 100° for 25 hours. At the same
time a black insoluble residue formed. The long time of

contact under the above conditions decomposed rather than

hydrolyzed the dextran.



Fractionation of the Hydrolysis Products

The quantitative separation of mixtures of
partially-methylated glucosides, obtained on hydrolysis of
methylated polysaccharides, has been the object of extensive
investigations, and as yet no completely satisfactory solution
of this problem has been achieved. Three general methods
have been used, but several of these techniques, described
in recent years, are extremely complicated and require large
amounts of the methylated polysaccharide. AS mentioned above,
Sehlubach and co-workers (1llv) in their investigation on
graminin benzoylated thelr trimethyl fructose in order to
separate 1t from the c¢orresponding tetramethyl compounc, but,
due t0 the unsatisfactory yields, were unable to establish
the definite ratio of the sugars. So far no procedure has
been reported which permits an effective quantitative
separation or mixtures of tetra-, tri-, and dimethyl methyl

glucosides. The use of fractional distillation, involving

a vacuum-jacketed Widmer flask, or a ilask Iitted with a
vacuum~ jacketed fractionating column, has been employed by
Haworth and co-workers (169, 194, 186), the course of the

fractionation being determined by frequent interruptions of

the distillation in order to test the refractive index and

rotation of the distillates. In several instances (169, 194)
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the mixture of glucosides has first been separated into two
major fractions and each of these subjected to a second
fractionation. This procedure usually resulted in a
relatively high proportion of non-volatile residue. It has
been the practice of Haworth and co-workers (169) to allocate
this non-volatile residue among the various glycosidiac
products in the ratio of their equivalent weights, correspond-
ing to the amounts isolated. This assumption can not be
justified unless it is verified by control experiments, as
has been done in this investigation with respect to the
formation of methyl levulinate during hydrolysis. It is the
author's belief that this residue 1s essentislly a decom-
position product formed as the result of admitting air to

the distillation flask during the numerous interruptions

in the iractionation procedure.

This general fractionation technique of Haworth
has been applied to the determination of the structure of
xylan (195, 196, 197), glycogen (194, 8o, 144, 198),
araban (17¢9), starch (87), and dextran (56, 62, 145).

Hess and Neumann (77), finding the fractional
distillation technique as described by Haworth and Machemer
(169) inapplicable to the study of cellulose structure,

devised a chemical separation for the detection of small

samounts of tetramethyl methyl glucoside in the presence of a
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large proportion otf trimethyl methyl glucoside. Their method,
which involved phosphorylation of the trimethyl methyl
glucoside, and separation of the resulting ester as its barium
salt, has been criticized by Leckzyck (199) and by Hirst and
Young (186), who showed by control experiments that only
20, of the tetramethyl methyl glucoside was recoverable by
this chemical separsation. Furthermore it was demonstrated
(185, 1&6) that the tetramethyl methyl glucoside, isolated
in this way, was contaminated with trimethyl methyl glucoside.
In a third type of frsctionation, due to Macdonald
(568) the separation of tri-, from tetramethyl methyl

glucoside was effected by chloroform extraction ol the more

soluble tetramethyl methyl glucoside from an aqueous solution
of the mixture. Macdonald states that a mixture of di-,
tri- and tetramethyl methyl glucosides can be separated into
its components each having a purity of 97.4)% with a total
loss of 2.5%. However, this procedure has not found
general application in structural carbohydrate chemistry,
and Carrington, Haworth and Hirst (200) have pointed out
that some trimethyl methyl glucoside must dissolve in the
chloroform. They have shown by control experiments that
no sharp separation between di-, and trimethyl glucoses

can be erfiected through a water-chloroform partition,

since dimethyl methyl glucoside i1s also extractable by

chloroform.



In some cases (124, 49, 56) a combination of this
method followed by fractional distillation, according to
Haworth and Machemer (169), of the resulting fractions
has been used.

oince one of the main objeots of this investigation
was to employ only strictly quantitative procedures wherever
possible (page 57) none of the above methods was considered
satisfactory for the fractionation of the glucosidic mixture
obtained from methylated Dextran I and a new procedure was
developed. This involves the use 0f a highly efficient

fractionation column, its construction being based on the

fractionation principles and technique described by
Podbielniak (201).

Several samples of synthetic 2,9,4,6-tetramethyl
methyl glucoside and of 2,9,4~trimethyl methyl glucoside were
distilled through the column and the recovery of distillate
was in each case approximately 92%. The samples varied in
gsize from 0.85 to 2.41 grams. During the fractionation of
mixtures consisting of the above glucosides with 2,3-dimethyl~
« -methyl glucoside, the small amount (less than 0.1 gram)
of material held up in the column could also be forced over,
permitting an over-all recovery of approximately 95%, even
when the total weight of glucosides was only three to four

grams.

Several fractionations were carried out with



mixtures of the three glucosides, and in 8ll cases, the bulk
of these products was recovered in the three corresponding
main fractions, which were analytically pure; intermedisate
fractions were small. In the case of 2,9,4~trimethyl methyl
zlucoside, whether alone or in mixtures of glucosides, an
actual separation was effected of the solid @-— from the
liquid o ~isomer. There was little if any decomposition

of the glucosides. The non-volatile residue was less than
one percent, and in many cases could not be detected.

The results of one of these fractionations is
summarized in Table II (page 76). PFractions 3, 4 and 5 all
came over under identical conditions and actually constitute
one fraction, namely, 2,$,4~trimethyl methyl glucoside. 1In
other experiments they were actually collected as one
fraction. During this particular fractionation, however,
the cuts were made as indicated, since it was desired to
keep a close check on the composition of the distillate
at all times.

The theoretical methoxyl vealues for tetra-, tri-
and dimethyl methyl _lucosides are 62.0, 52.6 and 41.97%,
respectively. The amounts of ecch present in the smell

interrediate fractions £ and 6 (Isble II) were cileulated

on this tacis.
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Table II

Fractionation of Synthetic Mixture of Glucosides

Fraction Weight OCHz Tetra Tri Di
No. Grams %

1 0.746 60.5 O.746

2 0.151 59.6 0.113 0.038

S 0,587 52.5 0.387

4 0.666 52 ¢ 0.6656

5 0.257 52.4 0.257

6 0.300 80 .8 0.249 0.051

7 0.451 42.1 0.451
Total 2.957 0.859 1.596 0.502

Original Mixture (Wt. = 3.048 grams)

Weight of 2,0,4,6-Tetramethyl methyl glucoside 0.872 gr.
Weight of 2,3,4-Trimethyl methyl glucoside 1.660 gr.
Weight of 2,3-Dimethyl methyl glucoside 0.516 gr.

| Total 3.048 gr.
Total recovery 97.070.

The glucosidic mixture obtained from the hydrolysis
of completely methylated Dextran I was fractionally distilled
(97% recovery) using the apparatus and technique desoribed in
the experimental section (page 140) whereby 2,%,4,6-

tetramethyl methyl glucoside , 2,9,4-trimethyl methyl glucoside



and 2,5~dimethyl methyl glucoside were obtained in the

exact ratio of 1:4:1.

Table III gives a summary of these fractionation

results.

Table III

Fractionation of the Hydrolysis Products
of Methylated Dextran I

Fraction Weight % Tetra Tri Di Physical

No. gT o OCH5 State
1 1.204 61.0 1.204 Colorless syrug
2 0.207 b7.8 0.119 0.094 Colorless syrup
Kol 0.605 52.8 0.605 White crystals
4 2.811 52.4 2.811 White crystals
(2,8,4~f =

methyl glucoside)
and coloriless
syrup (ao- isomer)

5 0.9597 46.5 0.172 0.2256 Colorless sSyruyr
6 1.019 42.0 1.013 Light yellow
sSyrup
Total 6.287 1.917 J5.682 1.248

Weight of glucosidic mixture fractionated 6.430 gr.

Total weight of recovered glucosides 6.237 gr. (97%).
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Calculation of the Ratio

Tetra

Tri

Di

Tetra

Tri

Di

un

11

W 0.00527 moles

i

%5 0.01560 moles

1.238 £ 100

555 0.00568 moles

u

Taking Tri as Standard and equal to $.00

0.00527 o 4
0.01560

u

1.01

|

0.01560 _ 4

0-0TBe0 800

0.00658 x 3
0.01560

«

1.07

The ratio of tetra:tri:di is 1.01:3%.00:1.07.
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IDENTIFICATION OF THE GLUCOSIDES

Identification of the Tetramethyl and Trimethyl

Methyl Glucosides

The tetramethyl methyl glucoside was characterized
as the crystalline 2,3,4,6-tetramethyl glucose. The trimethyl
methyl glucoside was identified through its crystalline isomer

as 2,3,4-trimethyl-p-methyl glucoside.

Identification of the Dimethyl Methyl Glucoside

For the final identification of the dimethyl methyl
giucoside obtainec from methylated Dextran I it was necessary

to prepare a crystalline derivative, Quantitatively if possible,

since this would prove its homogeneity.
Many attempts were made to prepare a crystalline

mono-trityl derivative with the object of proving the

presence of a free primary hydroxyl group in the 6—position,

since Helferich (20c) has shown that trityl chloride rencts

preferentially with primary hydroxyl groups. Although many
workers have assumed that this reagzent is specific for the
presence of a primary alcoholic group, Hudson and co-workers
(=02, 203, 204) have shown that this is not the case, and
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that in the absence of such a group, reaction with secondary
hydroxyl groups may occur. In no case was it possible, in
this investigation to obtain a orystalline trityl derivative.

The dimethyl methyl glucoside as obtained from the
methylated dextran and subsequent fractionation of the
glucosides, is a mixture of o and F isomers. Consequently
any derivatives made by reaction with the free hydroxyl groups
will also be a mixture of & and € isomers, therefore very
difficult to separate.

To overcome this difficulty, an attempt was made
to prepare a derivative by interaction with the carbonyl group
in the free sugar. Anilide formation, mercaptalation
(benzyl and ethyl mercaptan), and benzoylation of free dimethyl
glucose yielded syrups in each case which could not be
crystallized.

The dimethyl methyl glucoside was finally identified
as the 2,3-dimethyl derivative by the formation of 2,9-dimethyl
gluconophenylhydrazide. The procedure followed for the
formation of the 2,3~dimethyl gluconic acid was that of Hudson
and Isbell (205, 206). The resulting gluconic acid was
obtained in 84% yield as a syrup and was characterized as the
crystalline phenylhydrazide which was obtained in 81% yield.
This new compound was identical with that similarly obtained

from a sample of authentic 2,3-dimethyl o -methyl glucoside.
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The Structure of Dextran I

The fractionation results shown in Table III
(page 77) indicate a l:o:1 ratio for the three components,
isolated as their glucosides from methylated Dextran I, namely
2,8,4,0-tetramethyl glucose, 2,9,4-trimethyl glucose and
2,9~-dimethyl glucose respectively. On the basis of this ratio
it can be seen that, irrespective of the mamnner in which the
glucose units are linked to one another, there are four
possible formations for the gross structure of Dextran I.
If we represent each hexose unit by (C), these four

possibilities may be formulated as follows:

(4) (_l_) C|:)| )
CO-O-D-0-0-0O—0-0+0-0-0-0-

—— e— e—— —— —— — —— —

L
C__l_) C?! Cl')|
_O-0—0-0-0-0+0-0-0-,
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—— —— — —— —

(D) a(] a(:)la(:)l

bC%] bC%)| b[%)l
b v v |
bC‘) b(:l'_):bC:l)l
-—oCZ)—-on)—LcCEQ:?

The portion of each structure enclosed by dotted
lines represents the repeating unit.

In all of the structures shown above, each singly
linked terminal unit (a---a) (D) would yield on hydrolysis
of fully methylated dextran, one molecule of tetramethyl
methyl glucoside; each doubly linked unit (b---b) (D) one

molecule of trimethyl methyl glucoside; and each trebly
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linked unit (c---¢)(D) a molecule of dimethyl methyl gluocoside,
and in each case, the ratio of the yields of these three
would be 1:3:1.

It is evident that a definite choice between the
four formulae given above can be made only after considerable
further investigation of the products formed by a graded
hydrolysis of methylated dextran. It would be necessary to
determine at which glucose anhydride unit, in a typical five
unit chain, the oross-linkage. is formed. This would involve
complete methylation of the dextran, followed by a selsesctive
hydrolysis such as might break the glucoside bond of attach-
ment of the side chains, while leaving the main chains
themselves intact. This might be accomplished by chemical
means, although it is probable that enzyme hydrolysis would
prove more satisfactory, especially if the bonds between
side and main chains differ in stereochemical configuration
from those between the glucopyranose units forming the main
chain, since enzymes are known which attack only alpha or
beta glucoside links respectively, but not both.

For the purpose of this discussion of the positions
of linkage between the individual glucose units, structure
(D) may be selected quite arbitrarily.

With respect to the glucose units present at the

end of each side chain (a---2) (D), since Dextran I is a
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non-~reducing polysaccharide, it is obvious that these must

be linked through their reducing groups as must also each

of the remaining glucose anhydride units present in (D).
Furthermore, this mode of linkage of (a) through carbon atom 1,
is the only one which can give rise to tetramethyl methyl
glucoside on methylation and hydrolysis. The isolation of

the latter as 2,5,4,6-tetramethyl glucose proves that this
unit is present in the pyranose form in the original poly-
saccharide and that it is linked to the rest of the side-

chain through carbon atom 1l.

Also it has been shown (page 79) that the trimethyl
glucose units (b---b) (D) are isolated as the 2,3,4-trimethyl
methyl glucoside. Theretfore, in these side chain units,
since the hydroxyl group in the 6 position is the only one not
methylated, these linkages in the original polysaccharide are
through carbon atoms 1 (the reducing group) and 6. Moreover,
since the hydroxyl groups in positions 2,5 and 4 are free in
the original polysaccharide side-chains, the original ring
structure of this unit must be of the pyranose typs.

The dimethyl methyl glucoside (o---c) (D) is
obviously formed from the glucose anhydride units through
which the methylated side-chains are attached to the main
chains, and has been shown conclusively (page 80) to be

2,3-dimethyl methyl glucoside. Assuming a pyranose ring
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structure for unit (o), formula (D), there are two possible
modes of linkage of this to the main chain, namely through

carbon atoms 4 or 6 (see (E) and (F) respectively (page 86).
However, the true nature of the oxygen ring in this unit as

present in the original dextran cannot be definitely proven

from the present experimental data. The dimethyl methyl
glucoside isolated on hydrolysis will have the pyranoside
structure irrespective of its original presence in either the
pyranose or furanose form. The possibility of ring shift
during hydrolysis from position 4 to position 5 cannot
therefore be overlooked, and this question must remain
unsettled until proven by enzymatic or other preferential
hydrolysis breakdown procedures. However, in view of the
fact that the remaining glucose anhydride units have pyranose
structures it may be assumed for the present, that this is
true for all the units present.

It also follows that polymerization of the main
chain must take place either through carbon atoms 4 or 6
of the units (¢) in (D), that of the side chain linkage being
through 6 or 4 respsctively. As to which position is
actually involved in each case nothing definite can as yet

be stated. These two possibilities may be represented

structurally as follows:
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This investigation has not included determinations
of the molecular weight of Dextran I. Dr. R.G. Fordyce
(207), in these laboratories, made a determination of the
viscosity of Dextrans I (page 12)and II (page 12) and
although the actual molecular weights could not be determined
due to the inability to calculate the Km constant of the
Staudinger equation, it appears from these results that
Dextran I has a molecular weight of the order of ten times
that of Dextran II. This observation is borne out by the
considerably greater solubility, and ease of hydrolysis of
methylated Dextran II (60, 49). Apparently Dextran I differs
from Dextran II only in respect to the molecular weight.

This is not particularly surprising, since the same poly-
saccharide in difrerent species of plants does not necessarily
have the same molecular weight even though the monosaccharide
units and the general pattern in which they are joined may

be the same. This appears to be the case for example between
glycogens irom different sources (177, 194, 91). Such
differences will probably be found the rule rather than the
exception. ‘

This fact may be of some importance in the
immunological phase of this problem, since many of the pro-
perties of polysacocharides are more directly the result of a

certain molecular architecture rather than that of a function

of the constituent sugar units.



- 88 -

The possibility that Dextran I is a simple
pentasaccharide, having one terminal glucose anhydride unit
1ls somewhat unlikely, since its general behaviour is that
of a higher polysaccharide, so that a simple ring formula,
such as that assigned to graminin (page $3) 1is highly
improbable. The fact that end group analyses (reducing
power, ete.) of Dextran I show a negative result, just as in
the case of cellulose, indicate that the polysaccharide has a
high molecular weight. Estimation of the chain length by a
quantitative determination of the amount of tetramethyl methyl
glucoside formed on hydrolyzing the fully methylated dextran
is also insapplicable, since, if there are many side chains
present, the tetramethyl methyl glucoside isolated would
only be a measure of the total number of glucose anhydride
units present in the individual side chains and not oI the
asctual number of such side-chains present in the dextran
molecule.

If there were a suificiently large number of
repeating units of the Ifive-membered side-chain type present
(formuls (D)), any variation in the 1:3:1 ratio for the
tetra-:tri-sdimethyl methyl glucocide arising from the
presence of the two terminal side-chains (1:4:0), could
not be detected. Furthermore, the possibility exists

that these two terminal side-chains actually may be united

through cross-linkages.
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Dextran I does not show a close relationship in chemical
structure to Dextran III (page 12). The presence of a tetrametlyl
methyl glucoside in the hydrolysis products from the fully
methylated Dextran III has not been definitely established
(61, 62) (pagel8) nor has the conriguration of the dimethyl
methyl glucoside (10 by weight) (61) been determined.

In conclusion it may be stated that Dextran I appears
to have a structure more complex than that of any poly-
sagcharide hitherto subjected to critical chemical investigation.
The products obtained on methylation and hydrolysis have bheen
identified, and the ratio in which they occur determined.

From these dats conclusions have been drawn regarding the
positions of linkage in the polysaccharide, and the possibilities

for its gross structure have been pointed out.
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SYNTHESIS OF REFERENCE CARBOHYDRATES

It was found that although most of the reference
sugars required in these investigations had been prepared
previously, either the details of the procedure were
incompletely reported in the literature, or the yields werse
low. I% was the purpose of this phase of the problem to
develop a technigue for the synthesis of such compounds
capable of giving reproducible yields sufficiently high to
be applied not only to glucose but to rarer sugars.

The syntheses of 2,6-dimethyl- o -methyl glucoside,
2,5-dimethyl- @-methyl glucoside, 2,,4-trimethyl- @-methyl
glucoside and 2,3,4,6-tetramethyl glucose were undertaken

for three principal reasons:

(a) to serve as "gontrols"for comparison with the

methylated sugars isolated from the hydrolysis of methylated

dextran,

(b) to permit development of a fractional distil-
1ation technique (using these synthetic glucosides) for the

later separation of the hydrolysis products of methylated

dextran, and

(¢c) to carry out control experiments, such as the
determination of the stability of the methylated sugars and
their corresponding methyl glucosides under the conditions

used for the hydrolysis of methylated Dextran I.
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In addition, 2,5-dimethyl glucose, 2,9,4-trimethyl
glucose, 2,9,4~-trimethyl- o -methyl glucoside, 2,3,4,6-tetra-
methyl- o ~methyl and Q -methyl glucosides, and 2,%~dimethyl
gluconophenylhydrazide were prepared. The last named
compound was required for comparison with that prepared
from the dimethyl methyl glucoside obtained from hydrolyzed
metihylated Dextran I.

Throughout these syntheses, hydrolyses were carried
out using dilute sulfuric acid, rather than dilute hydrochloric
acid, the conventional hydrolytic agent, since sulfuric acid
is easily removed as barium sulfate. Also, Haworth methyl-
ation (in an atmosphere of nitrogen) was substituted for the

laborious Purdie technique.

2,5,4,6-Tetramethyl Glucose

The preparation of 2,4,4,6-tetramethyl glucose as
hitherto carried out (209) is neither a quantitative nor a
one-step procedure. The Haworth methylation of glucosse
(209) results in low yields of a partially-methylated glucose.
One methylation of glucose using the modified procedure
outlined in the Experimental Section (page 143) yielded a
mixture of tetramethyl, trimethyl, and dimethyl methyl glucosides,

as indicated from the refractive indices and methoxyl anslyses
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of various fractions of the mixture isolated by fractional
distillation.

Similar results were obtained after one Haworth
methylation of of -methyl glucoside.

Two methylations of J-methyl glucoside as
described (page 143) gave a 90% yield of relatively pure
2,8,4,6-tetramethyl- £ ~methyl glucoside. This yield.is con-
siderably higher than obtained previously (210, 211), so
that no appreciable degradation of the partially-methylated
glucoses could have occurred during the Haworth methylation
in an atmosphere of nitrogen. 0f the other methods attempted,
one (211) involved a modified Haworth methylation followed by
Muskat methylation.

Hydrolysis ot 2,3,4,6-tetramethyl o ~methyl glucoside
was carried out, with sulfuric rather than by use of dilute

hydrochloric acid, or use of steam and hydrochloric acid (210).

2,6,4-Trimethyl Methyl Glucosides

There are two principal methods described in the
literature for the preparation of 2,9,4-trimethyl methyl

glucosides. The first (212) may be summarized in the

following manner:



L-methyl glucoside tr;;g%dgﬁéoride;> 6-trityl- of ~methyl

glucoside 4820 2,3,4-trimethyl-6~trityle & -methyl
CH.I
3
glucoside 9%%%E;> 2,5,4~trimethyl~ o -methyl glucoside.

The yields obtainea by this procedure are generally
low, particularly in the first step.
The second method of preparation (213) involves

the following steps:

Laevoglucosan %géé__§ 2,9,4=tximethyl
2

lsevoglucosan E%%%Ei; 2,3,4-trimethyl

glucose nggﬂ S 2,3,4-trimethyl- o~ and

'e-uwthyl glucosides.

4 modification of the latter procedure was used to
synthesize the 2,3,4-trimethyl methyl glucosides required for
these investigations.

It was found that laevoglucosan was too soluble in
water to permit of ready recrystallization as reported (213),

s0 this was carried out from ethanol solution with satisfactory

resultse.
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The Haworth methylation of laevoglucosan has not
previously been reported. However, the 1,6-o0xygen bridge in
laevoglucosan was found to be quite stable under the
conditions used (page 145). 1In preliminary experiments, lower
temperatures and shorter resction periods were used, but
these led to low yields of incompletely-methylsted products,
and therefore normal conditions for Haworth methylation were
employed (page 145).

It was found that the simplest method of extraction
of carbohydrates of relatively high methoxyl content from
the Haworth methylation reaction mixture was to reflux the
latter with chloroiorm, and separate the chloroform layer.

An additional advantage of this method was the fact that
higher methylated products were found preferentially soluble
in chloroform (58), while those of lower methoxyl content
remained in the water layer, which could be concentrated
and remethylated.

It was found that part of the chloroform extract
of the methylation solution of laevoglucosan could be
crystallized, and the remainder remethylated. The orystalline
fraetion, 2,3,4-trimethyl laevoglucosan, did not require
purification by distillation as carried out by Irvine and

Oldham (21%).

Sulfuric instead of hydrochloric acid (21¢) was
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used in the hydrolysis of trimethyl laevoglucosan and higher
yields, practicsally quantitative, obtained. The conversion of
2,%,4-trimethyl glucose to the corresponding mixture of o -
and @-methyl glucosides could also be carried out on a nearly
quantitative basis.

Extensive decomposition of 2,3,4-trimethyl glucose
resulted when this was distilled, even in an atmosphere of
nitrogen, at lower temperatures and pressures than used by
Irvine and Oldham (215). Possibly the best method of
preparing pure 2,9,4-trimethyl glucose would involve conversion
of the crude product %o the mixed glucosides, purification of
the é-—glucoside by reorystallization, and hydrolysis to
2,9,4-trimethyl glucose.

2,5-Dimethyl Methyl Glucosides

2,5~Dimethy1-c(~methyl glucoside was preparedx
using a method only slightly modified from that improved and

developed by previous workers in these laboratories (56, 214),

and outlined below:

X 5 4.Dimethyl- < -methyl glucoside and 2,3,-dimethyl- B-methyl
glucoside were prepared by Dr. T.H. Evans.
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CH30H . benzaldehyde
Glucose e -
el - o( methyl glucoside ZnClz(anf%iTﬁ

4,6-benzylidene- o(-methyl glucoside 1‘%%2(3)%)4 S, 2,9~dimethyl-
a _

4,6-benzylidene- 4 -methyl glucoside —ii38€ s 3 4 dimethyl-

o -methyl glucoside.

An overall yield of o -methyl glucoside amounting
to 757% was obtained, that of the benzylidene derivative
being 80y,

Syntheses of 2,3%-dimethyl- @-—methyl glucoside were
carried out by two methods (A) and (B).

0 HBr
(&) Glucose -%g%-&ﬁ penta-acetyl glucose W
acetobromoglucose _S_H_?gg_? tetra-acetyl-e-methyl glucoside
Agg

benzaldehyde
Zn(’)'l2 (anhyd.

4,6~-benzylidene~

Ba (OH)p _ @-methyl glucoside
r'd

- Me2504 . 5 3-dimethyl-4,6-benzylidene-
€-methyl glucoside NoOm > ’ yi-%, y
f -methyl glucoside _%%%%_; 2,6-dimethyl- @-methyl
2

glucoside.



The final product was crystalline. Oldham's method
(215) using dilute hydrochloric acid as the hydrolytic agent

in the final step did not yield a orystalline compound.

(B) This was an adaptation of that of Oldham (208).
2,8-Dimethyl-« -methyl glucoside -%ié‘gte 5 2,s-dimethyl
2504

glucose 0enzoyl ohloride .  ¢yjpengzoyl-2,s-dimethyl glucose

pyridine 7
ggioa dibenzoyl-bromo-2,9~-dimethyl glucose gg?oﬂ
2
T - ¢ 8 CH,OH 4

2,6=dimethyl- € -methyl glucoside.

The products isolated in the various stages were
checked against their properties as recorded in the literature
while the final product was subjected to careful purification

by repeated recrystallization.

2,3-Dimethyl Gluconophenylhydrazide

2,3-Dimethyl gluconophenylhydrazide was prepared
from 2,%~dimethyl glucose. The latter was oxidized by bromine-

water, following the method of Hudson and Isbell (205) to the
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corresponding gluconic acid in 84/% yield, and this with

phenylhydrazine gave the desired crystalline end product

in 80 04/0 yieldo
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EXPERIMENT AL

Methylation of Dextran I

Haworth Methylation

Preliminary methylation of Dextran I was carried
out employing the Haworth technique (173). The methylations
were carried out in a three-~litre, three-necked, round bottom
flask, fitted with two dropping funnels, one in either side-
neck, and with a motor drivén stirrer and nitrogen inlet in
the central neck. The flask was surrounded with a water
bath kept at 30°.

Thirty grams (ash-free and sucrose-free basisX)
of Dextran I (for preparation see (14)) were suspended in
water (300 cc.) made alkaline by the addition of 25 ac. of
30% sodium hydroxide solution. The air in the flask was
removed with nitrogen gas, and a slow stream of the latter
maintained throughout the methylations. The mixture was
stirred continually at a temperature of 30°.

During approximately one-half hour, sodium hydroxide

(50 cc. of a 30% solution) was added dropwise from one funnel

X Analyses: % ash 1.0;1.6. average 1.6%
% sucrose bH.4;5.2 average 5.3%

Method for sucrose determination page 151.
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and simulteneously dimethyl sulphate (20 6a.) from the other,
with stirringe. Ten such separate additions were made
involving simultaneous addition of a total of 500 cc. sodium
hydroxide and 200 oc. dimethyl sulphate. In this way an
alkaline reaction was assured throughout the entire methyl-
ation. The reaction mixture was then stirred thoroughly
for eighteen hours,at the same temperature, partially
neutralized with approximately 150 cc. of 50% sulphuric sacid,
and heated by means of the water bath to 100° for thirty
minutes t0 decompose sodium methyl sulphate. The water bath
was removed and the reaction mixture stirred for one hour
while cooling to room temperature. It was then completely
neutralized (to phenolphthalein) with approximately 50 cc.
of 50% sulphuric acid, the temperature being kept below 15°
by means of an ice-water bath. Finally 30% sodium hydroxide
(10 ce.) was added until slight alkalinity to phenolphthalein.
During the methylation, sodium sulphate was formed
in large amounts as a by-product, some of which precipitated
out at this stage. The entire reaction mixture was
dialyzed against warm (35°C.) circulating (1200 cc. per
minute) tap-water, for nine hours using the apparatus and
method described on page 10d. This removed the greater
part of the sodium sulphate so that on concentration to

300 cc. no separation of the latter occurred.
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411 concentrations of methylated dextran solutions
were carried out in a slightly alkaline medium (pH about 7)
at reduced pressure (15-20 mm.), in an atmosphere of nitrogen
and at a temperature below 50°.

The concentrated dialyzed solution (400 cc.) was
remethylated twice by the above procedure (total of three
Haworth methylationsj. In these second and third methyle-
ations the greater part of the sodium sulphate settled to
the bottom of the flask, while most orf the dextran (which
became less water soluble as the methoxyl content increased)
remained suspended in the liquid and was removed by
centrifugation at this stage and set aside while the
remainder of the mixture was dialyzed. This was merely s
protective measure in case the dialysis membrane should
break during dialysis. This dextran was replaced in the
flask after the dialyzed solution had been concentrated
to 400 cc.

In a typical series of methylations the methoxyl
content increased as tfollows:

Pirst methylation - not determined®

Second methylation- 25.7%>

Third methylation -  40.5%.

X No methoxyl analysis were carried out aiter the first
methylation since it was known beforehand from previous
experiments that further methylations were necessary.

XX
MethQxyl analyses were made according to the method of
Vieboch and Schwappach (216) as modiried by Peniston and
Hibbert (217).
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In earlier experiments a fourth Haworth methylation
was carried out but this did not increase the methoxyl value
appreciably. At this stage the methoxyl content was still
below that of the calculated value (45.6% OCHy) for three
hydroxyl groups per glucose anhydride unit. Methylations

were therefore continued by the Muskat method (page 110).

Haworth Methylations of Dextran I

Weight of crude Dextran I 6.0 gm.
Ash Content 1.6 %
Sucrose Content 5.3 %
Actusal weight of Dextran I 30.7 gm.
Weight of crude Dextran I after three

Haworth Methylations S7.5 gm.
Ash Content 9.0 % ¥

Actual weight of Dextran I after three
Haworth Methylations 4.0 gm.

OCH Content of ash-free®™ product after
3 three Haworth Methylations 40.5 %

X 1t was not necessary to further purify the partially
methylated Dextran I at this stage since the inorganic
impurities did not interfere with the Muskat methylations.
The omission of this step contributed greatly to the
final high yield of fully methylated Dextran I obtained

(page 118).

xxAnalytioal sample purified until ash-free before analysis
(Method page 106).
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Thus the yield of Haworth methylated Dextran I
(on an ash-free basis) was 34.0 grams and the percentage
yield calculated on the basis of methylated Dextran I with
a methoxyl content of approximately 40.5% (i.e. approximately
2.6 OCH3 groups per glucose anhydride unit) was approximately

90706

Dialysis Technique

The factors to be considered regarding the dialysis
of the methylation mixtures were (1) type of membrane; (2)
time required to remove the sodium sulphate; (3) amount of

dextran lost by passage through the membrane.

Dialyzer

A dialyzer was assembled in the following manner.
Tre top of a large (diameter 11") vacuum desiccator was
stoppered with a two hole rubber stopper, and inverted on a
tripod. The water inlet was a glass tube, extending
vertically through the rubber stopper, then bent horizontally
a few inches, to give a streaming effect to the incoming
tap-water (Figure IA ). The outlet tube was bent, after
passing through the stopper, to conform with the shape of

the desiccator tap, and extended thereafter vertically

almost to the top of the latter.
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The sack-shaped dialyzing membrane consisted of
Dupont #300 Cellophane (a non-coated product) and was made in
the following manner: 4 one litre round-bottom flask was
inverted in a tin container as shown in Diagram IB. A
wooden embroidery ring (diameter 6") was slipped over the
flask and half way down the container. A sheet of cellophane
of suitable size (approximately 18" square) was carefully
folded over this, avoiding the formation of sharp edges and
points, and a second embroidery ring which fitted tightly
over the first one was slipped over the cellophane. The sack
thus formed was then removed from the "mold" and had a
capacity of approximately 3000 cc. The cellophane bag was
suspended in the dialyzer by means of copper wires attached
to the embroidery hoops. Before use, each bag was tested
for leaks, when suspended in, and containing 2000 c¢c. water.
Both hot and cold water-taps were connected with the inlet

tube of the dialyzer, and wide variations in the temperature
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of the circulating tap water were therefore possible,

Solutions were stirrea mechanically during dialysis periods,
This dialyzer and procedure employed were very

efficient and losses of methyisted dextran were small, the

sodium sulvhate being rapidly removed,

Dialysis Experiments

(a) Dialysis of Sodium Sulphate Solutions
y

The shortest time in which the greater part of the
godium sulphate could be removed from a solution comparable in
volume to that dealt with during methylations of Dextran I
was first determined. Solutions containing Y50 grams of
gsodium sulphate per litre were dialyzed for 22, 12, 9 and 6
hours respectively. In each case the volume increased to
2000-2500 cc. during dialysis, and the solution was then con-
centrated to 300 cc. In none of these experiments, except the
last, did any sodium sulphate crystallize out of solution after
concentration. gix hours was therefore below the minimum
time necessary for a suitable dialysis, while nine hours was
the most suitable length of time. During the latter period,

approximately 90% of the sodium sulphate was removed. Only

42 grams out of the original U50 grams of sodium sulphate re-

mained sfter dislysis.
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(b) Dialysis of Suspensions of Dextran I

©imilar test experiments with susgpensions of
Dextran I (20 grams in 1000 cc. water) showed that during
a nine hour dialysis period approximsately 95 of the dextran
was lost. For example in a typical experiment 1Y.l grams
of dextran suspsended in 1000 cc. water were dialyzed using
the above procedure and 17.5 grams recovered (8.4% loss).
During the dial&sis 0of the methylation mixtures of Dextran I
these losses were even smaller (approximately 10% overall
loss for three dialyses. See page 10s.

Suspensions of Haworth methylated dextran were
therefore dialyzed for nine hours against tap-water at 35°,
becsuse this temperature permitted of a more rapid removal
of sodium sulphate with less loss of methylated dextran, the

latter being less soluble in hot water than in cold water.

Purification of Haworth Methylated Dextran

4 small aliquot (containing approximately 0.4 grsams
of partially methylated Dextran I) was withdrawn for methoxyl
analyses from the concentrated, dialyzed solution after each
methylation. This was washed four times, successively, with

distilled water (25 cc. each time) and the dextrasn separated

by centrifugation after each washing. The sulphate-~free
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dextran was then washed with aleochol (15 ec.), followed

by ether (16 cc.) and dried in a vacuum oven at 55° for

30-40 hours. The dried white powder was dissolved in anhydrous
chloroform (5 cc.) and petroleum ether (30°-500) added to this
solution in a fine stream until a turbidity appeared. This
slight precipitate was removed by centrifugation and filtration.
The clear filtrate was then added in a fine stream to twenty
volumes of petroleum ether (30°-50°), the fluffy-white dextran
precipitate removed by centrifugation and dried. The last

part of the procedure outlined above (precipitation from
chloroform into petroleum ether) was recpeated twice (a total

of three precipitations) until an analytical sample of partially

methylated Dextran I free from ash was obtained.

Muskat Methylation of Partially-Methylated
Dextran I (57)

Partially methylated Dextran I (OCH, 40.5%) was
further methylated by a series of Muskat (57) methylations,
consisting essentially of sodium salt formation of partially
methylated dextran in liquid ammonia and treatment of this
with methyl iodide. For a successful methylation by this

method, apparatus, reagents and dextran must be absolutely dry.
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Method

Anhydrous anisole was prepared by refluxing stock
anisole over sodium metal for six hours, and then distilling

over sodium b. pt. 152-3°(uncorr.).

Anhydrous Ammonia

Ammonis was withdrawn directly from the pressure tank,
passed through a small wash-bottle containing glycerol, to
serve as a bubble counter, then through a 40 ocm. drying tower
containing potassium hydroxide flakes and finally through a
30 cm. tower containing sodium wire.

Drying of the Partislly Methylated
Dextran I

The dialyzed mixture of partially methyleted Dextran I
obtained after the third Haworth methylation (page 10Z2) was
evaporated to dryness at 400 under reduced pressure in an
atmosphere of nitrogen. The residue was digested with hot
distilled water and the mixture centrifuged to separate it
from any remaining sodium sulphate. This procedure was
repeated four times. The dextran was then washed with alcohol,
centrifuged, washed with diethyl ether, centrifuged and dried
in the vacuum oven at 55°¢. for 48 hours. A powdery white

product of partially methylated Dextran I was obtained.
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Fowler Modification of Muskat Technique (49)

The Muskat (57) technique first employed was that
used by Fowler (49) but although satisfactory with Dextran II
(49) (page 12) proved unsatisfactory with Dextran I. A
small sample (2.5 grams) of carefully purified, ash-free
(page 106) partially-methylated Dextran I (40.7% OCH,) was
methylated twice by this procedure without any increase in
methoxyl content. Weight of product after two methylations

1.9 grams, ash nil, 40.9% OCH,.

Freudenberg Modification of Muskat Method (184)

Methylations involving the use of sodium and methyl
iodide in liquid ammonia, as described by Freudenberg (184)
was applied to native (unmethylated) Dextran I. Two grams
(ash 4.1%) were placed in a reaction flask of the type
desoxribed by Freudenberg (184) and 20 cc. of dry ammonia
condensed on the product. A4 methylation consisted of three
successive treatments employing in each of them one gram of
sodium snd 4 cc. or methyl iodide. Two such complete
methylations were carried out. The methoxyl content was
raised to 6.0% OCH, on the first methylation and to 9.3% on
the second methylation, while approximately 50% of the
material (0.9 grams) was lost during these procedures mainly

during the purification processes. Because of these losses
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this method was abandoned.

New Moditfication of Muskat Method

Further methylations of partially-methylated Dextran I
(OCH3 40.5%) were oarried out in an improved type of apparatus
(Figure II). The design was a modification of that used by
Fowler (49) and by Freudenberg (184) for the Muskat methylation

of Dextran II and cellulose respectively.

Apparatus
The apparatus (Figure II) was constructed throughout

with standard ground glass joints. The reaction flask (F)
was a Pyrex oylinder of approximately 500 cc. capacity
fitted with a small side-tube (t). A two-necked adapter (i)
which fitted into the flask, carried a condenser (C) fitted
in one neck, and a coupling (H) for a mercury seal stirrer

in the other.

Procedure

Vacuum~oven dried Haworth methylated dextran was
placed in the reasotion flask and stirred with dry anisole
(10 cc. of anisole per gram of methylated dextran) for six
hours in an atmosphere of nitrogen. 4 thin gel eventually
resulted, the solubility of the methylated dextran increasing

with methoxyl content.
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To assure anhydrous conditions, approximately 10%
of the anisole was distilled from the reaction mixture at
reduced pressure in a nitrogen atmosphere (60° bath temperature).
For this purpose a ground-glass connected distilling head
(Figure I1A) was inserted in the neck of the reaction flask.
This eliminated the necessity of transfering the dextrsasn in
any operation thus avoiding subsequent mechanical losses.

The anisole suspension of partially-methylated dextran
was frozen by cooling to -70°C. using a dry ice bath of
chloroform and carbon tetrachloride. To ensure anhydrous
conditions, approximately 0.5-0.9 grams of freshly cut sodium
metal was added in small pieces through the neck (C) into
which the condenser was fitted, the condenser being raised
momentarily for this purpose. Dry ammonia gas was then
introduced through the side arm (t) and condensed on the
frozen anisole suspension (200 to 300 cc. liguid ammonia).

Two to three times the theoretical amount of freshly cut

sodium was added in small pieces through G as above.

Theoretical amount of sodium required =

Weight of dextran x (45.6 - OCHQ»content of dextran) X 23
51 x 100

where 45.6 is the theoretical maximum methoxyl content of
trimethyl dextran, 23 the atomic weight of sodium and 31 the

radical weight of methoxyl.
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After sufficient ammonia had been condensed on the
frozen anisole and solution of the alkali metal was complete,
the Dewar flask surrounding the methylation flask was
gradually lowered during 1/2 to 3/4 of an hour, and chloroform-
carbon tetrachloride (equal portions) at room temperaturs,
was added to the cooling bath, until the temperature was
raised to approximately -v5°C. This temperature lies between
the melting point of anisole and that of the boiling point of
ammonia. When the anisole had melted, the Dewar flask was
removed and stirring started to aid in the formation of the
sodium derivative of the partially methylated dextran.

(The gradual lowering of the Dewar flask was necessary since

a methylation flask after use 1or about ten methylations
would occasionally crack due to the marked temperature change
when the Dewar 1lask was lowered suddenly.)

The blue-color of the sodium-ammonia complex formed
when stirring was started generally changed to a dark brown
golor. In some cases the blue color disappeared almost as
soon as stirring commenced and additional sodium (0.2 to
0.5 grams) was then added.

The temperature of the reaction mixture was allowed
to rise t0 18-20° during which the ammonia evaporated
spontaneously. The last traces were removed by evaporation

at reduced pressure (20 mm) followed by distillation, also



-~ 114 -

at reduced pressure, of a few cc. (10-15 cc.) of anisole in an
atmosphere of nitrogen, the bath temperature being maintained
below 60°, Methyl iodide was now added (two equivalents per
one equivalent of sodium) and the mixture refluxed at 60° for
fifteen hours with stirring.

Suificient dry anisole was then added to the reaction
product, and a portion removed under reduced pressure in order
to free the product from any residual methyl iodide and traces
of moisture. Subsequent methylations were then carried out
in the same manner.

The details of a typical series of Muskat methylations

using a partially-methylated Dextran I (page 102) are given
below:

Methylated Dextran I, vacuum-oven dried, (40.5% 001{3)
weight on ash-free basis 54.0 grams, (Table IV page 119)was
placed in the apparatus shown in Figure II. with approximately
300 cc. dry anisole. The Muskat methylations were carried out
as described above, using liquid ammonia approximately 200 co.;
sodium 4.5 grams; and methyl iodide 30 cc. for the first
methylation.

The quantities of reagents used in the second
Muskat methylation were ammonia, approximately 200 cc., sodium
2.5 grams, and methyl iodide 20 c¢c. and in the third ammonis

200 cc., sodium 2.5 grams, and methyl iodide 20 cc.
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The methoxyl content of the partially-methylated
Dextran I increased as follows:

After first methylation  41.5% OCH,

After second methylation 43.3% OCHg

After third methylation 44.07 OCHgx

(see also pages 101 and 117).

Weight of partially-methylated Dextran I after
third Muskat methylation 29.7 grams.

It was Iound unnecessary to remove the inorganic
salts from the partially-methylated dextran after each methyl-
ation so that three successive methylations could be carried
out prior to purification. At this stage the large amount of

inorganic material interfered with efficient stirring and

was therefore removede.

Isolation and Purification of Muskat
Methylated Dextran I

Most of the anisole in the reaction mixture was
removed by evaporation under reduced pressure (15 mm.) at a
bath temperature below 60° and in an atmosphere of nitrogen.
Water was now added, the resulting mass thoroughly stirred
and vacuum evaporation continued, with further additions of
water, until only traces of anisole remained in the reaction

product. The residual methylated dextran was thoroughly

stirred with boiling water (100 cc.) and separated by
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centrifuging the hot solution. The residual methylated

dextran was further purified by treatment with three additional
aliquots of boiling water using 100 cc., 50cc and 50 ca.
respectively, then dried in a vacuum desiccator over calcium
chloride. (The first wash liquor was orange in color, the
color of the remainder decreasing in intensity.)

The well dried (55°/20 mm. page 108) Muskat methyl-
ated Dextran I dissolved readily in cold chloroform (10 cc.
chloroform per gram of methylated dextran) and any appreciable
residue, e.g. sodium iodide?Fﬁémoved by centrifuging the
chloroform solution followed by filtration. One to two
volumes of 300-50° petroleum ether was added until an
‘appreciable turbidity was apparent. This initial slight
precipitate contained much of the residual ash, such as
quaternary ammonium compounds and was separated by centrifug-
ation and filtration. The clear filtrate was precipitated
into 309-500 petroleum ether (total volume twenty times that
of chloroform used), and the resulting precipitate washed
twice with fresh 30°-50° petroleum ether. The insoluble
methylated dextran was separated by centrifuging at low

speed for five minutes and dried in a vacuum-oven (55° and

20 mm.) for 40 hours.
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Fully Methylated Dextran I

The product from the above series of Muskat methyl-
ations (29.7 grams, 44.0% OCHb) was then further methylated
three times using in each case approximately 1.5 grams of
sodium and 15 cc. methyl iodide, and the product purified
as above. Yield 27.6 grams.

The methoxyl content of the partially-methylated

Dextran I increased as follows:

After rfourth Muskat methylation 44.9% OCH3
After fifth Muskat methylation 45.3% OCH,
After sixth Muskat methylation 45.6% OCH,

(see also page 119).

Analyses of Fully Methylated Dextran I used
for Hydrolysis

Carbon and Hydrogen

Ash content nil.
I Weight taken 0.02588 gr; wt. of CO, 0.04982 gr;

II Weight taken 0.01542 gr; wt. of 002 0.02979 gr;
wt. of Hy0 0.01120 gr. C = 52.7%; H = 8.07%.

Caloulated for CgHnOg(OCH3)3 C = 52.9% H = 7.85%.
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Methoxyl

I Weight taken 0.01221 gr; required 21.46 cc. of 0.0502N
sodium thiosulphate solution: OCH, = 45.6%.
II Weight taken 0.00828 gr; required 14.55 cc. of 0.0502N

sodium thiosulphate solution; OCH, = 4546 %

Caloulated for CgH702(0CH3)3, OCH, = 4546%.

Yields of Methylated Dextran I

The total yield of fully-methylated Dextran I, based
on 34.0 grams of Haworth methylated dextran (40.5% OCHz) was
79.3% and based on the starting material (40.7 grams native
Dextran I) was 7l.4%. Table IV (page 119) gives a summary of
the complete series of Haworth and Muskat methylations.

Viscosity Measurements of Fully
Methylated Dextran IX

Viscosity determinations of various fractions of
fully-methylated Dextran I (in one percent chloroform solution)
were carried out at 25° using an Ostwald viscometer (218).

The fractions were obtained by successive additions of
petroleum ether (s0°9-50°) to a 10% solution of 21 grams of
methylated Dextran I in chlororform until a precipitate
appeared, centrifuging off the precipitate and repeating the
procedure. Fraction I (%.00 grams) was precipitated after

the addition of five volumes of petroleum-ether, fraction II

¥ Kindly determined by Dr. 5.L. Lovell.



Table IV

Methylation of Dextran I

Crude weight 33.0 gm,
Ash 1.6 %
Sucrose 5.3 %
Weight of Dextran \

(Ash and Sucrose free) 30.7 gm.,

Three Haworth Methylations

—

Partiallg methylated Dextran I
(ocH3 = 40,5%) Wt. 34.0 gm,

Analytigal sample

wWt. 0.5 gm.
40.5% OCH3

Three Muskat Methylations

AnglytiJal sample
Ht. O 4 gm.

PartiallJ methylated
Dextran I (OCH, = 4L4.C%)
Wt. 29.7 gm.

- 611 -

Three Muskat Methylations

Analyt{cal sample Fulfy me thy la ted

Wt., 0.5 gm. Dextran I

45.06% OCH3 (0CH; = 45.6%)
Wt. %7.6 gm,

vYields: Haworth methylated product 90.1 /#*: Muskat methylated product based on Haworth

methylated product 79.3%; overall yield 71.4:%.

* Calculated on the basis of 2,66 OCH3 groups per glucose anhydride unit.
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(17.0 grams) after ten to twelve volumes of petroleum ether
end fraction III (0.7 grams) remained as a suspension after
the addition of twenty volumes of petroleum ether and was

recovered by evaporation of the solvents. These results are

summarized in Table V.

Table V

Viscosities of Chloroform Solutions of Fractionated
Methylated Dextran I

Wt. of % congc. 5
Fraction fraction OCH, mg./cc. M x 100 N, x 10
gr . SP sp/C
1 5.0 45.6 19.96 12.456 1230
2 17.0 4b.04 19.568 12.71 1585
S 0.7 45.2 20.14 11.68 854

Attempted Fractionation of Unmethylated
Dextran I

Unmethylated Dextran I (0.782 grams) was suspended
in 200 ce. of distilled water and vigorously stirred for
twelve hours at room temperature and the resulting mixture
centrifuged. The main portion of the dextran (0.466 grams;
fraction I) remained undissolved. The centrifugate (a milky
colloidal suspension) was concentrated at 50° to 20 ca.

under reduced pressure in an atmosphere of nitrogen
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and then 40 cc. (two volumes) of ethanol added in a fine
stream with stirring. A finely divided white precipitate
formed which was removed by centrifugation as above (0.212 gr;
fraction II). On the addition of a further eight volumes of
ethanol to the milky centrifuged solution, the turbidity
inoreased but no rfurther precipitate occurred. The mixture
was evaporated to dryness under the same conditions as above
(0.087 grams; fraction III).

No solvent could be found in which a clear solution
of the above fractions could be obtained so that viscosity
determinations were impossible. The above three fractions
cannot be regarded as conforming to differences in solubility

in water but rather to different degrees of dispersion.
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Hydrolysis of Methylated Dextran I

(a) Attempted Hydrolysis with Acetic Acid (62)

A suspension of methylated Dextran I (0.30 grams)
in a2 mixture of freshly distilled glacial acetic acid (5 cc.)
and 4% adueous hydrogen chloride (5 cc.) (i.e. 50% acetic acid

containing 2% hydrogen chloride) was heated a2t 100° for
thirteen hours under an atomsphere of nitrogen, Only a small
portion of the dextran went into golution, which gradually
turned dark brown in color.

The insoluble solid material (0.27 grams) was re-
moved by filtration and the filtrate was evaporated under
reduced pressure (20 mm.) leavinz a non-distillab.e black
residue. The long exposure of methylated Dextran I to the
above conditions produced decomposition rather than hydrolysis

of the material.

(b) Hydrolysis with Methanolic-Hydrogzen Chloride

Fully-methylated Dextran I (7,100 grams) was hydro-
lyzed in three separate portions of 3,060 grams, 1,529

grams and 2,520 grams respectively.

In s typical hydrolysis of methylated dextran, 3,060
grams were suspended in anhydrous methanol (60 cc.) contain-
ing 2% hydrogen chl'oride, sealed in a glass bomb tube (ap-
proximately 60 ecm. long and € cm. in dismeter) snd heated at

140-142° in a tiltine electric oven for sixty to sixty-five
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hours.,. At the end of this treatment the dextran had dissolved
completely and the solution changed from a pale yellow to0 a
clear reddish-brown color. The bomb was cooled slowly to 0°,
opened, and the excess hydrogen chloride gas allowed to

escape while the solution attained room temperature (one to

two hours). The open end of the bomb was fitted during this
period with a Kjeldahl trap to avoid loss in ocase of a too
vigorous effervescence.

The solution was transferred to a centrifuge cup and
neutralized to litmus with silver carbonate (the theoretical
amount was not required since most of the hydrogen chloride
had escaped prior to neutralization), The insoluble silver
salts, removed by centrifugation and filtration were washed
with three 1o cc. portions of anhydrous methanol, the
washings being added to the original filtrate. At this
stage the methanolic solutions from the three separate
nydrolyses were combined and the solvent removed at 40°/20 mm.
The residual syrup was taken up in anhydrous ether, filtered
t0o remove & small trace of insoluble inorganic materisl,
and tsken to constant weight under reduced pressure (20 mm)
(4).

During the fractionation of a hydrolysis mixture
obtained from Dextran I in a previous experiment the first

fraction was found to be largely methyl levulinate as shown
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by its methoxyl content (26.8% OCHz) and refractive index
(1.450 at 24°). The theoretical methoxyl content of methyl
levulinate is 28.8% and the refractive index at 15° is 1.424.
A quantitative determination of the amount of methyl
levulinate present in the sabove mixture therefore was

carried out at this stage.

Quantitative Determination of Methyl
Levulinate in the Hydrolysis Mixture

The above syrup (A) was dissolved in exactly
142 cc. of water so that a 10 cc. aliquot contained the
glucosides originating from 0.50 grams of methylated
Dextran I. To 10 cc. of this solution was added 50 ca. of
2,4-dinitrophenylhydrazine (containing 0.2 grams of reagent),
the mixture shaken and allowed to stand twenty minutes at
room temperature. The yellow precipitate was removed by
filtration, dried under suction and finally in & vacuum
desiccator. Yield 0.030 grams of 2,4-dinitrophenylhydrazone
of metihyl levulinate representing approximately 4.2%%
decomposition of the methylated Dextran I to methyl levulinate.
The product, recrystallized from ethanol,melted at 137-159°
(uncorr.) (literature value 141-2°) (see page 125) (219)

and & mixed melting point with an authentic sample of

X (gglculated on the assumption that each molecule of methyl
jevulinate is derived from one molecule of methylated sugar,
and taking CgHgOz(0CH,)y as the average formula for the

mixture of tetra-, tri-, and dimethyl glucose.
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2,4-dinitrophenylhydrazone of methyl levulinate showed
no depression.

To the filtrate an additional 50 cc. of 2,4-
dinitrophenylhydrazine were added and the solution allowed
to stand at room temperature for two and one-half hours;
no further precigitate Iormead.

In a series 01 control experiments it was found
that methyl levulinate readily formed a 2,4-dinitrophenyl-
hydrazone in quantitative yield (98%) whether alone or in
mixtures of tetra-, tri-, and dimethyl methyl glucosides.
After repeated recrystallizations from ethanol the derivative
had a constant melting point of 137-1099 although the pure
derivative is reported (219), perhaps erroneously, to melt
at 141-142°,

While the avove procedure permitted a quantitative
separation of the methyl levuiinate, it was inapplicable
for its removal from the glucosidic mixture prior to
fractionation since the excess 2,4-dinitrophenylhydrazine
would contaminate the glucosides. The method of Bell and
Synge (206) was thereiore employed arter a test run using

the following synthetic mixture had been found satisfactory.
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wnantitative Removal of Methyl Levulinate
Ifrom glucosidic Mixtures

(a) Removal oif Methyl Levulinste
from Synthetic Mixtures

A mixture of 2,%-dimethyl-o{ -methyl glucoside
(2.23 grams) and 2,%,4,6=tetramethyl methyl glucoside (1.83
grams) was discolved in water (20 co.) and methyl levulinate
(L.00 grams) added to the solution. Aqueous barium hydroxide
(10 co. saturated at 92-93° containing approximately 9 grams
of barium hydroxide) was added and the mixture kept at 63°
for two hours. The mixture was then evaporated at ©0-70°/

20 mm. and the resulting residue hand extracted with the
following successive portions of chloroform: 40, 20, 10,
10 cce.

The combined chloroform solutions were iiltered,
evaporated to dryness, and the syrup distilled at 110-180°
under high vacuum (0.005 mm.). Weight of distilled
glucosides, 4.88 grams (95.7% of starting glucosidic mixture).

2,4-Dinitrophenylhydrazine (25 ca. containing 0.l
grams of reagent) was added to several drops oi the distillate
and the solution allowed to stand several hours. No
precipitate was obtained, indicating complete absence of

methyl levulinate.
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(b) Removal of Methyl Levulinate from the
Fully-Methylated Dextran Hydrolysis Mixture

The remainder of the aqueous solution (142 cc.)(page
124) containing the hydrolysis products originating from 6.60
grams of methylated Dextran I was treated with aqueous barium
hydroxide (20 cc.) as outlined in the preceding section.
Weight of the distilled glucosides (clear pale yellow syrup)
7.24 grams (95 yield). analysis: Found OCH, = 52.%%%; saloula ted

T ~ - ¢ o7A
Stability of Methylated Sugars and Glucosides

under the Conditions Employed for Hydrolysis
of Methylated Dextran I

(a) Stability of the Methylated Sugars

2,4=-Dimethyl glucose (0.442 grems, 30.5% OCHj ;
theoretical 29.8% OCHgz); 2,5,4-trimethyl glucose (0.837 grams,
41.6% OCHy4; theoretical 41.9% OCHy) and 2,3,4,6-tetramethyl
glucose (1.112 grams, 52.4% OCHz, theoretical 52.6% OCHy)
were each converted to their respective glucosides under

conditions similar to those used for the methanolysis of

methylated Dextran I.

Method
The methylated sugar was dissolved in anhydrous

methanol (25 cce.) containing 27 hydrogen chloride and heated
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in a glass bomb tube in a tilting eleetric oven at 140-143°
for fourty~eight hours. The cooled solution was then worked
up as described on page l20. The resulting non-reducing

(to Fehling's solution), almost colorless syrup was dissolved
in water (20 cc.) and treated with 2,4-dinitrophenylhydrazine
solution (100 oc. containing approximately 0.8 grams of
reagent) as described on page 124. The resulting precipitate,
which formed at once, was filtered on a tared sintered glass
crucible, dried in a vacuum desiccator for six hours and
weighed. Mixed melting points of the recrystallized product
(from ethanol) with authentic 2,4~dinitrophenylphenylhydrazone
of methyl levulinate showed no depression. The amounts of

methyl levulinate formed are shown in Table VI (page 129).

(b) Stability of the Methylated Glucosides

A mixture (1.386 grams) containing 2,9,4,6-tetra-
methyl methyl glucoside (0.372 grams), 2,3,4-trimethyl methyl
glucoside (0.614 grams) and 2,3-dimethyl methyl glucoside
(0.400 grsms) was similarly treated (method page 122-124)
with methanolic hydrogen chloride followed by 2,4-dinitro-
phenylhydrazine. No precipitate formed indicating the

absence of methyl levulinate.



Table VI

Decomposition of Methylated Sugars to Methyl
Levulingte

Weight Wt. of 2,4~ Corresponding Wt. of sugar* Decomposition M.P. of 2,4

of dinitro- weight of corresponding of sugar to dinitro-
Sugar Sugar phenyl—- methyl to wt. of methyl pheny 1-
gr, hydrazone levulinate methyl levulinate hydrezone
obtained ng . levulinate % of methyl
ng, obtained levulinate
mg . obtained
2,3,4,6- 1,112 27.2 11,4 20.7 1,8 138-1%29,5°
tetra-
methyl
glucose
2,3,k4- 0.837 19.2 .0 13,7 1.6 137-139°
tri-
methyl
glucose
2,%=di~  0.4k42 10.3 4.3 6.9 1.5 137.5-139°
methyl
glucose

* gee footnote page 12U

- 62T -
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having a resistance of 4.69 ohms per foot in a spiral of
approximately 3/16" pitch. The column head, as well as the
delivery tube of the small condenser ('a' to 'b' Figure III
page ivl) was wound similarly in continuous manner, and
connected, finally, in series, with a variable resistance.
The entire column was shielded from drafts with an 18"

length of 40 mm. ©Pyrex tubing (air-jacket) supported by
cork wedges. The exposed area oi the column head was covered
with a layer of asbestos.

The distillate receiver, constructed from a cylinder
of 60 mm. Pyrex tubing, 180 mm. long, and flanged at each end,
had its ends closed by means of No. 13 rubber stoppers. The
upper one was equipped with three holes, the centre one of
which contained a glass bearing (12 mm. tube) t0 accommodate
the end of the glass pivotting rod, while the two off-centre
holes provided for vacuum inlet and fractionating column
delivery tube respectively. The lower stopper contained
one central hole through which a lubricated (glycerol) glass
pivot rod passed, and on which was mounted a cork cylinder
containing from eight to nine receiving tubes, thus permitting
collection of a number of fractions at reduced pressure
without stoppage of the distillation. The small condenser
was equipped for passage of cold water or steam depending

upon the nature of the isolated fraction.
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Column Efficiency (220)

The number of theoretical plates in the column was
determined according to the method described by Morton (221)
using a mixture of pure benzene and carbon tetrachloride, with

the following results.

Table VII

Efficiency of Fractionating Column

25
Rate of ND ?%54 Theoe HeE.TeP

distillation retical (cm. )
(drops/min. ) Vapor Liguid Vapor Liquid Plates

Total reflux 1.4710 1.4789 670 47.0 Ted 6.7b
0.5 1.4729 1.4791 62.5 46.2 6.1 6.89
2.0 1.4761 1.4786 62.2 47.5 5.2 8.10
2.2 1.4751 1.4816 62.0 41.8 5.8 7.50
S5 1.4762 1.4810 57.1 42¢5 4.9 8.60
14 1.4739 1.47389 59.0 59.0 0 -

The analytical data used in the above Table was that
given by Rosanoff and Kasley (222) and quoted in the Inter-
national Critical Tables (223).

It was found that the column was equivalent to 7.3
theoretical plates, the height of each being 5.75 cm. at
total reflux. At partial reflux the efficiency rell to six

plates at a distillation rate of two to three drops per minute.
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At higher rates, for example fourteen drops per minute,

straight distillation without fractionation was obtained.

Fractionation Technique

The glucoside mixture to be fractionated was placed
in a pear-shaped flask (25 cc. capacity) which had been
loosely packed with glass wool to maintain smooth boiling,
and 1fitted to the bottom of the fractionating column by means
of a ground glass joint. The system was evacuated to a con-
stant pressure (regulated by a "bleeder"” stop cock) and the
bath temperature slowly increased until the maximum height
of the reflux level was attained (about one-third up the
column). Heat was then applied very gradually to the column
(but not to the condenser top) while the bath temperature was
kept constant, until the liquid refluxed to within 1" of the
top of the column. These conditions were then maintained
for several hours to establish equilibrium; during this time,
the gold-plated wire became completely wetted with the liguid.

When the column temperature was raised slightly
(3.4°) distillation of tetramethyl methyl glucoside began
and this was collected at the rate of 150 to 200 mg. per
hour. Cold water was passed through the condenser during
this operation. Due to the slow rate under which the

column was operated at reduced pressure the true boiling
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points could not be determined, but a thermometer installed
in the column head with its bulb opposite the condenser side
arm gave the approximate values. The approximate column
temperatures were read on a thermometer placed within the
column air-jacket.

After a certain number of hours (dependent on the
amount of tetramethyl methyl glucoside in the mixture) of
constant distillation under these conditions, a dry spot on
the previously completely wetted gold-plated spiral wire,
became clearly visiole, ususlly at about one-fifth the distance
from the base. During the next one to two hours the column
dried completely with the exception of several inches at the
bottom. The receiver was then changed by turning the glass
rod (R), the vacuum being maintained constant. The first
fraction was pure tetramethyl methyl glucoside as shown by
methoxyl analyses.

The bath temperature was then slowly increased, and
simultaneously that of the column, until the spiral wire
was again wetted, and equilibrium conditions maintained for
four hours. The column temperature was then raised a further
2«30 which assured the same uniform rate of distillation.

The first four or five drops of distillate sufficed to
remove any residual "tetra" and was retained as an inter-

mediate fraction of "tetra" and "tri". The third fraction
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was pure trimethyl methyl glucoside. It was necessary at

this point, to shunt the condenser tip (a-b FigureIII)

into the heating system, and to prass steam instead of cold

water, through the condenser to prevent solidification of the
€~isomer of 2,%,4~trimethyl methyl glucoside.

After complete aistillation or the trimethyl methyl
glucoside, the column again became "dryz only the lowest two
inches being wetted with dimethyl methyl glucoside. The
column was now allowed to cool to room temperature and the
vacuum released.

The pear-shaped distilling cup was removed and the
golumn and condenser washed by distilling throughs,afesmall
amount of chloroform. The chloroform distillate and washings
from the column were combined, taken to dryness, this residue
constituting the fraction intermediate between tri-, and
dimethyl methyl glucosides.

The dimethyl methyl glucoside could not be removed
through the column becsuse of its nigh boiling point and was
distilled out of the flask through a short "goose negk"
(Diagram II1). This had a glass joint ground to fit the
distilling flask and was wound with nichrome ribbon. This
heating element was inserted in series with the heating unit

of tne column thus permitting of tcomperature control. The

temperature ot the "goose neck" was kept at 100° during the
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distillation and the pressure reduced to 0.010 mm.

Control Distillations of Individual Glucosides
and Fractionations of slucosidic Mixtures

(a) Distillation of Individual slucosides

Pure samples of 2,%,4,6-tetramethyl methyl glucoside
(3.60 grams) and 2,0,4-trimethyl methyl glucoside (4.15 grams)
were distilled tnrough the(fractionating column and were found
t0 be stable under these conditions. The recovery of each
glucoside was approximately 92 .

Pure 2,o-dimethyl methyl glucosiae (l.13 grams) was
heated at 1v0-140° for twenty hours at 0.140-0.150 mm.
(approximate conditions used during fractional distillation ol
glucosidic mixtures) and then distilled through the "goose
neck" at 180-240°/.005 mm. The recovered aistillate

represented 95% of the starting material and there was neither

charring nor decomposition.

(b) Fractionations of Synthetic Glucosidioc
Mixtures

A series of control fractionations of glucosidioc

mixtures of 2,9,4,6~tetramethyl methyl glucoside, 2,9,4-trimethyl

methyl glucoside and 2,3-dimethyl methyl glucoside was carried
out prior to the fractionation of the glucosidic mixture

obtained from the hydrolysis of methylated Dextran I. The
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experimental technique was the same as that outlined on
page 164 and the results o1 a typical fractionation are given
in Table II (page 76).

Fractionation of the Glucosidic Mixture
from Hydrolyzed Methylated Dextran I

The glucosidic mixture (6.44% grams) obtained from
hydrolyzed fully methylated Dextran I (page 127) was fractione
ated through the same column (Diagram IIIJusing the technigue
described previously (page 194).

The system was evacuated to a pressure of 0.140-
0.150 mm., the bath temperature slowly increased to 150-183°C
and the column heated to 50-52° (temperature of air jacket),
gausing the liquid to reflux to within one inceh of the top
of the column. These oonditions were maintained for four
hours to attain equiliorium. The column temperature was
then raised to 54-55° causing the first fraction of pure
tetramethyl methyl glucoside to distill over at the rate of
150-200 mg. per hour. Weight 1,204 grams. Found OCH3 =
61.0%. Caloulated for CgHnO (OCH, ) 5, OCH4 = 62 +0%.

When distillation ceased and the gold-plated
spiral wire had dried (pages 134-196). the bath temperaturs
was slowly increased to 142-145°% and that of the column to
60° (temperature of air jacket), and total reflux again

maintained for four hours. On raising the column temperature
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to 62-63° distillation recommenced at the same rate.
An intermediste fraction between tetramethyl methyl glucoside
and trimethyl methyl glucoside was collected (weight 0.207
grams OCH; = 57.8%) and the receiver then changed to collect
pure crystalline 2,3,4~trimethyl-{J-methyl glucoside
(fraction 4). Weight 0.605 grams, Found OCH, = 52 « 8%.
Caloulated for 06H802(06H6)4’
Fraction 4 obtained at the same temperature was a

OCH, = 52 « 6%.

mixture of o - and @ -trimethyl methyl glucosides. Weight
2.811 grams. Found OCH, = 52.4%. Caloulated for CgHgOg(OCH, ), ,
OCH, = 52 + 6 7.

The column was now allowed to cool, the distilling
cup removed, and the column and condenser washed by
distilling througﬁygaco. of chloroiorm. The chloroform
distillate and washings from the column were combined, taken
to dryness, the residue constituting fraction 5, (intermediate
between trimethyl methyl glucoside and dimethyl methyl
glucoside). Weight 0.397 grams, OCH, = 46 « 5%.

The dimethyl methyl glucoside was distilled at
170-240°/0.005 mm., through the "goose neck", which was
maintained (electrically) at 100-110°. Weight 1,013 grams.
Found OCHgz = 42.0/%. Calculated for CyHgOz(0CHz )z,
ocﬁz = 41.9%.

Table III (page77) gives a summary of the results

of this fractionation.
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IDENTIFICATION OF THE GLUCOSIDES

(a) Identification of the Tetramethyl
Methyl Glugoside

A portion (0.70 grams) of fraction 1 (pages 148, 77)
was dissolved in 15 cc. of 5% sulphuric acid and heated on
the constant level water bath for eighteen hours after which
time the rotation was constant.

The &cid solution was neutralized to litmus with
s0lid barium carbonate, filtered, and the filtrste taken to
dryness at 55°/20 mm. in an atmosphere of nitrogen. The
resiaue was extracted with four 25 cc. portions of hot
anhydrous acetone, the combined acetone solutions were filtered
and the solvent evaporated at room temperature leaving a pale
yellow syrup to which 10 cc. of anhydrous ether were added.

On standing & precipitate of fine white needles was obtained
a5 the ether evaporated. Weight 0.50 grams (75% of
theoretical). The product was recrystallized from low-
boiling (30°-50°) petroleum-ether containing 5j diethyl ether.
Melting point 90-91°. A mixed melting point with an authentic

sample of 2,3,4,0-tetramethyl glucose showed no depression.
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(b) Identification of the Trimethyl
Methyl Glucoside

A portion (0.58 grams) of fraction 3 (pages 169, 77)
which had solidified completely in the receiver, during the
fractionation, was pressed on a porous plate and recrystallized
from low-boiling (40-50°) petroleum-ether containing about
5% diethyl ether. A mass of fine white needles was obtained
(0.42 gr. (72% recovery)) melting point 93-94°, which showed
no mixed melting point depression with an authentic sample of

2,6,4~trimethy1-'@-methyl glucoside (208, 224, 225).

(a) Identification of the Dimethyl Methyl
Glucoside

Oxidation to Dimethyl Gluconioc Acid (205)

A portion (0.60 grams) of the dimethyl methyl glucoside
(fraction 6, page 139) was hydrolyzed to the corresponding
dimethyl glucose and this in turn oxidized (205) to the
corresponding dimethyl gluconic acid following the procedures
outlined on pages 148-150. Weight of dimethyl glucose 0.540
grams (96j of theoretical). Found OCH, = 30.2%. Calculated
tor CgHyg04(O0CHz)g, OCHz = 29.9%.

0.538 Grams of dimethyl glucose yielded 0.487 grams

of dimethyl gluconic acid (84%).
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Formation of 2,Y%~Dimethyl Glucono-
phenylhydrazide

The dimethyl gluconic acid (0.487 grams) was
converted to the corresponding dimethyl gluconophenylhydrazide
following the procedure outlined on page 150. Weight of
recrystallized product (from ethanol) 0.556 grams (8l.4%).
Melting point 166.5-167.5°. Mixed melting point with
2,0-dimethyl gluconophenylhydrazide (page 151) showed no
depression. Found C = 53.5%, H = 7.1%, N = 9.0%,

OCH, = 19.5%. Calculated for Cjyg4HppOgNg, C = 55.5%, H = 7.0%,
N = 8.9%, OCH, = 19.7%.
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SYNTHESIS OF REFERENCZ COMPOUNDS

I. 2,5,4,6-Tetramethyl Glucose

The methods of Haworth and co-workers (173) were

modified as previously discussed (page Y1).

(a) 2,3,4,6-Tetramethyl-of -Methyl Glucoside

o ~Methyl glucoside®™ (50 grams) was vigorously
stirred in a nitrogen atmosphere with water (60 cc.) at 50°.
Dimethyl sulphate (50 cc.) was added in one portion, and
during the next two hours, sodium hydroxide (100 cc. of a
solutior of 100 grams of sodium hydroxide in 1756 cc. of water)
was added dropwise, the temperature being kept at 50°.

During a further three hours, sodium hydroxide, (400 cc. of
the solution described above) and dimethyl sulphate (160 cc.)
were gradually added**. The solution was stirred for sixteen
hours in an atmosphere of nitrogen (temperature approximately
60°9). The reaction mixture was cooled to 10-15°, partially
neutralized with 50% sulphuric acid, heated to 100° for onew
half hour to destroy sodium methyl sulphate, then left

slightly alkaline to phenolphthalein. The reaction mixture
(supersaturated with sodium sulphate) was exhaustively

X Prepared by T.H. Evans in these laboratories (o0).
xxTeohnique page 99.
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extracted by refluxing with several portions of chloroform.

The combined chloroform extracts were evaporated to dryness,

and remethylated as above. The resulting syrup was

fractionally distilled through a Widmer column.. Yield 58 grams
(90j/%). Boiling point 91-93°/0.5-0.6 mm. (bath temperature
120-150°). Found OCH4 = 61.5%. Theoretical 62.0%.&(];2 1.4458.
(Literature value 1.4460 (20°) (210)).

(b) 2,3,4,6-Tetramethyl Glucose

2,5,4,0-Tetramethyl- e ~methyl glucoside (23.2 grams)
was hydrolyzed at 100° with 3% sulphuric acid (200 cc.) until
constant rotation was reached (about twelve hours). The
hydrolysis solution was neutralized to Congo red with barium
carbonate, and the filtrate evaporated to dryness at
40°/20 mm. in an stmosphere of nitrogen. The semi-crystalline
residue was extrscted with dry;qther, and the ether solution
concentrated in vacuo. Thf:iiigeaissolved in a mixture of
petroleum ether (30-50°, 150 cc.) and 10 cc. diethyl ether,
coored to 0° The corystalline product (12 gr.) was removed
end the mother liguor rehydrolyzed, and again subjected to
reorystallisation. Weight obtained 6.5 grams. Total yield
of crystalline material approximately 18.5 gr. (84%). After

one additional recrystallization this material melted at

90-910 (90-93° (210)). OCHz = 52.4% (Theoretical 52.6/%).
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II. 2,3,4-Trimethyl Glucose

(a) 2,3,4-Trimethyl Laevoglucosan

Laevoglucosan was reorystallized from ethanol,
M.p. 177-8° (uncorr.) (179-180° (226)). Ten grams were dis-
solved in water (10 cc.) and the solution stirred in an
atmosphere of nitrogen. Dimethyl sulphate (10 cc.) was added
immediately, and then sodium hydroxide (20 cc. of a solution
of 100 gr. in 175 oc. water) added dropwise during two hours.
Dimethyl sulphate and sodium hydroxide (20 cc. and 40 cc.
respectively) were added® during one and one-half hours.
The temperature was slowly raised to 60° during the next two
hours, then dimethyl sulphate (10 cc.) was added slowly. The
temperature was kept at 60° for four hours, and the reaction
mixture stirred at 50° for a further twelve hours. It was
then about half neutralized with 50% sulphuric acid, heated
at 100° for one-half hour, cooled below 20°, and rendered
slightly alkaline to phenolphthalein by the addition of 50%
sulphuric acid. The reaction mixture was exhaustively
extracted by refluxing with several portions of chloroform
(100, 75, 75, 50, and 50 cc.) successively. The combined
chloroform extracts were dried and evaporated in vacuo.
Yield about 10 grams. The aqueous methylation liquors

left after chloroform extraction were cooled to -15° and

X mechnique page 99.
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the sodium sulphate removed by filtration, washed and discarded.
The aqueous solutions were concentrated and remethylated. The
main amount of methylated laevoglucosan was not gompletely
crystalline due to incomplete methylation. After two recry-
stallizations from ether it melted at 61-62° (63-64° (213)).

The material recovered from the ether mother liquors was added
to the concentrated aqueous methylation solutions, and both

were again methylated using dimethyl sulphate and sodium
hydroxide as described above. Total yield 10 gr. (approximately
80% of theoretioal).

(b) 2,3,4-Trimethyl Glucose

Trimethyl laevoglucosan (8.0 gr. M.p. 61°) dissolved
in 3% sulphuric acid (100 co.) was heated on a constant level
boiling water bath. The hydrolysis was followed polari-
metrically and after seventeen hours the reaction was apparently
complete. The solution was rendered slightly alkaline to
Congo red by the addition of a thin aqueous paste of barium
carbonate, the solids removed by centrifugence and filtration,
and washed twice with water. The combined aqueous solutions
were evaporated under reduced pressure (50°) in an atmosphere
of nitrogen. Last traces of water were removed by evaporation,
after additions of several small volumes of acetone. The

Syrupy residue was dissolved in acetone, filtered, evaporated
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(50°9/20 mm, nitrogen atmosphere), and dried to constant weight.
Yield 7.9 grams (91% of theoretical) 1light yellow oil,
OCHz, 41.67%. Theoretical 4l.9/o.

(a) 2,0,4=Trimethyl- o and P -lethyl
Glucosides from 2,9,4~Trimethylglucose

2,8,4-Trimethyl glucose (9.8 grsms), dissolved in
about 400 ac. anhydrous methanol containing 2; hydrogen chloride,
was refluxed for approximately seventeen hours at whioch time
the solution no longer showed a reducing action with Fehling's
solution. Sufficient silver carbonate (10 grams) was added
to render the solution slightly alkaline to Congo red, the
mixture centrifuged, filtered and the residue washed twice
with methanol. The combined methanolic solutions were
evaporated (50°/20 mm; nitrogen atmosphere), the residual
syrup was dissolved in anhydrous methanol, filtered, and the
solvent removed (50°/20 mm; nitrogen atmosphere). Yield of
crude product 9.8 gr. (94/).

Phis on distillation (nitrogen atmosphere) yielded
9.2 grams of a mixture of crystalline (Fraction 1) and syrupy
(Fraction 2) material.

The former was 2,9,4-trimethyl ?-methyl glucoside,

and the latter the corresponding o ~isomer. 4 portion of

the @‘-isomer was recrystallized twice from petroleum ether
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(30-50°) containing 5% diethyl ether. M.p. 93-4° (94° (49)).
The total distillate had a methoxyl content of 52.1%
(Pheory 52.67)

III  2,3-Dimethyle L~ and ( -lethyl Glucosides

2,9=-Dimethyl- { ~-methyl glucoside and the corresponding
@-isomer were prepared according to the procedures outlined

by Evans (60) (pages 956-97).

IV 2,3-Dimethyl Gluconophenylhydrazide

(a) 2,3~Dimethyl Glucose

2,3-Dimethyl-  ~methyl glucoside (5.4 grams. M.p.
82-85°) dissolved in 200 cc. normal sulphuric acid, was heated
at 100° for eighteen hours. The hydrolysis was followed
polarimetrically until constant rotation was reached. The
faintly yellow colored reaction solution was neutralized to
1itmus with a paste of barium carbonate and water.

The precipitate was centrifuged, washed with water,
and the supernatent sugar solution removed and filtered.
Evaporation of the filtrate (40-509/20 mm.; nitrogen atmosphere)
left a residual syrup which was extracted five times with hot

25 oa. portions ot anhydrous chloroform. The combined
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chloroform solutions were evaporated to constant weight under
the same conditions as above, leaving a pale yellow syrup.
Weight 4.4 grams (86% of theoretical). Found, OCH, = 30.17.
Calculated for CgHyg04(OCH3)p, OCHZ; = 29.8%.

(b) 2,5-Dimethyl Gluconic Acid

This was obtained by use oif the excellent method of
Hudson and Isbell (205). 2,%=-Dimethyl glucose (2.4 grs.) was
dissolved in 115 cc. of water in a brown glass bottle and |
cooled in an ice-water bath to 0°. To this was added 8.2 grs.
of barium benzoate and 0.9 cc. of bromine. The reaction flask
was shaken for several minutes at 0° until the bromine had
dissolved and was then allowed to stand for fifty-one hours
at room temperature in absence of light until the mixture no
longer reduced rfehling's solution. The excess bromine was
removed by passage of a rapid strecam of air through the
mixture, and the benzoic acid and excess barium benzoate by
filtration. Barium in solution was then precipitated
guantitatively with 5N gulphuric acid, the barium sulphate
removed and the filtrate neutralized with silver carbonate
(about 12 grams), finally with one gram of silver benzoate,
anad again filtered. The filtrate (approximately 400 cc.) was
concentrated to approximately 125 ce. (50°/20 mm.) and

extracted with three 25 cc. portions of chloroform to remove

benzoic acide.
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Silver present as soluble salts was removed with
hydrogen sulphide, The clear filtrate was taken to dryness
at 70°/20 mm,, the pale yellow residual syrup extracted with
three €0 cc. portions of hot anhydrous dioxane, filtered, and
again taken to dryness. The last traces of dioxane were re-
moved by heating the residue to 80°/0.01 mm, for five hours.
Yield 2,16 grams (83,6%) of a pale yellow syrup which did not

reduce Fehling's solution. Found 27.4% OCH3' Calculated
for C6H1005(OCH 5 o €7.7%.

(c) 2,3-Dimethyl Gluconophenylhydrazide

2,3-Dimethyl gluconic acid (0,80 grams) was dissolved
in 50 cc. of anhydrous ether by refluxing for three hours,
freshly distillea phenylhydrazine (<.0 grams) added, and the
solution refluxed for seven hours, The solid reaction product
which separated out was removed by filtration, an aadi-
tional 0.2 grsms of phenylhydrazine aaded to the filtrate and
this refluxed for a further twelve hours, An sdditional
amount of solid material sep=rated out which was removed by
filtration and added to the first mortion. This last filtrate
was taken to dryness,and on adaition ot a few ccs. of benzene
to the residue gave & further small cuantity of crystals,
Total crude yield 1,08 grams (96% of theoretical); which, after

two recrystallizations from boiling ethanol gave 0.90 grams
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(80% yield) of a pure white product consisting of fine short
needles. M.p. 166-167% Found, C = 53.34; H = 7.1%;

N = 9.5%; OCH, = 19.67%. Calculated for Cy4Hpo0gNs, C = 53.5%5;
He 7.0%; N = 8.9% OCHg = 19.7%.

ducrose Determination

The sucrose (present as an impurity in the crude
Dextran I) was extraoted with hot 80, ethanol, the ethanol
evaporated, and the resulting aqueous sucrose solution invertec
with dilute hydrochloric acid, and the reducing sugars deter-
mined using the method of Scales (227). Preliminary experiments
with pure glucose and sucrose were carried out in order to
acquire the correct technique.

To the dextran (0.100 grams), approximately 25 ca.
agueous ethanol (80,6 ethanol by volume) was added, and the
mixture heated on a steam bath for two hours. A small funnel
was inserted in the neck of the flask and alcohol added from
time to time as evaporation proceeded. The solution was then
filtered, and the alcohol evaporated on a steam-bath.

Water was added to the residue to give a volume of approximately
30 cc., 6 cc. of 20.5% hydrochloric acid then added, and
inversion allowed to proceed at room temperature for twenty-
four hours. The solution was then neutralized with anhydrous
sodium carbonate, and the reducing sugars determined in the

usual manner.
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SUMMARY

Dextran I, the bacterial polysaccharide produced from

sucrose by Leuconostoc mesenteroides,was methylated completely

using improveda Haworth and Muskat techniQues, to a trimethyl
dextran, OCH3 4s.6%.

Hydrolysis of this trimethyl dextran with methanol-hydrogen
chloride gave a mixture of 2,3,4,6-tetra, 2,3,4-tri-, and
2,3-dimethyl methyl glucosides in 95% yield. The mixture of
glucosides was fractioneted by 2 new technicue using a mocified
Podbielniak column and an excellent separetion of the glucosides
effected in a yield of 97%. In this manner the ratio of tetra- :
tri- : dimethyl methyl glucoside as 1:3:1 was established and
it was shown that Dextran I possessed a comb-like structure.

The nature of the oxygen rings and mode of linkages in the main

and side chains have been clarified.

The Haworth methylation techniQue has been modified and

adapted generally to the synthesis of partially-rethylated

glucose derivatives.

2,3,4-Trimethyl glucose has been gynthesized by a new method.

Tmprovements have been made in the methods of synthesis of

2,3,U,6-tetramethyl methyl glucoside.

A new crystalline derivative of 2,3-dimethyl glucose hes

pbeen described.
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