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i INTRODUCTION

| Many plants store carbohydrates in their tubers |
' |
| .
|in the form of polyfructosans which generally serve
I

‘aa reserve polysaccharide material in place of, or in

‘addition to, starch. It is only within the past 25 |
Iyears. however, that the widespread occurrence of
'fructoaaus in nature, both in the plant and micro-
‘biologieal kingdoms, has been recognised. Due mainly
|to Schlubach and his school in Hamburg, a number of |

fructosans have been isolated in a state of purity

from widely different sources, and their structures

investigated. But in this country carbohydrate
workers have, as yet, failed to give fructosan poly- !
saccharides the attention merited by their diverse
sources and varying structures. |
The fructosan polysaccharides differ from one '
another in the mode of linkage between the D-fructose

residues, and in molecular size. As a result of their

Faries of investigations, however, Schlubach and Sinh(?)
have been able to show that fructosans may be divided
into two classes.

ka) The inulin group, in which the second, or reducingL
é atom of 1 fructose residue is linked to the first C |
#tom of the adjacent residue, and |
(b) the phlein group, in which the second, or reducing,

q atom of one fructose residue is linked to the sixth
I



C atom of the adjacent residue.

i - 2 3 !

For members of group (b), the acetyl derivatives
‘have poaifive rotations and, according to Schlubach |
iand Sinh, the difference between the rotations of thei
!acetato and the corresponding fructosan appears to be
!related to the proportion of 1:3:4-trimethyl fructoaeg
iproduced from the methylated fructosan. The smaller
the difference, the smaller is the yield of 1:3:4- |
'trimothyl fructose and, therefore, the more branched |

!is the chain.

Ie.g. Fructosan Diff. in rotations 2% 1;;;4;;r;2¢ggxl
| phlein Ti® 100
levan 66° 80 %
secalin 41° 50 |

‘ For members of the phlein group it was also

!obsarved that the number of fructose units in the
!polysaceh&ride. and therefore the molecular weight,
!decraaaaa with increasing branching of the chain,
whereas the ease of hydrolysis increases.

In group (a) the same relationships were found
between molecular weight, ease of hydrolysis, and the
%mount of branching. In this group, however, the
ﬁiffarancc in rotations of the acetyl compound and the
corresponding fructosan increases with decreasing
yield of 3:4:6-trimethyl fructose. In other words,

the greater the difference, the more branched is the



molecule. |

'e.g. JFructosan Diff. in rotations z_;a;e-gg;mgg#_l_

1 fructose.
Inulin a3* 100 |
Asparagosin 120 80 !
Sinistrin 21° 60
Graminin 33° 50 i

It is indeed astounding that nature is capable
of building such a wide variety of polymers of D-
fructose units. Yet it is even more astounding that
'all these polymers can, with one or two exceptions,
be placed in one of 2 groups, and that in sach of
;these groups the properties of the various members

bear a definite relationship to one another. It

emphasises that nature builds on the simplest and most

!regular of pattems.

: It is believed by the Schlubach school that the
fructosans have loop structures, rather than open- |
:chain structures. In other words, the D-fructose ‘
Pnita are linked together in the form of a ring. By
hydrolyain of the fully-methylated fructosan poly=-
Baccharides, considerable quantities of tetramethyl~
ind dimethyl-D-fructose are invariably obtained, a
Eeature which necessitates the presence of highly-

branched structures.

It is a matter of great difficulty to extract a



 fructosan in a high state of purity from its natural !
:source, and great credit must be given to the

Hamburg school for the painstaking manner in which

| they tackled the purification of their materials.

It was a common feature to reprecipitate the poly-

saccharide 300 times until a constant rotation was

obtained. To ensure that the material was in fact
!homogeneoua. the acetate was prepared and was itself
reprecipitated many hundreds of times, and the
\polysaccharide regenerated from the acetate with
'sodium methoxide and compared with the original

material.

| In their investigations on the structures of tha|

\various polyfructosans, the same general technique

was employed by Schlubach and his colleagues. Once

the material had been isolated in a homogeneous state,
|

|
it was methylated by the action of dimethyl sulphate

. |
and sodium hydroxide on the acetate, and the fully- |

methylated derivative hydrolysed. The components ofi
ithe hydrolysate were separated by direct distillation
in high vacuum, or by conversion to the benzoyl
derivatives of the partially-methylated sugars and ‘
Eeparation of these from the fully-methylated sugar |
End from each other by high vacuum distillation.

The components were then identified and the relative

proportions of tetramethyl-, trimethyl- and dimethyl-

E-fructoaea produced were estimated. With this



| his school have done admirable work in this field, it

provided the initial impetus required for systematic

' material could not be identified, with the result

knowledge at hand, together with investigations into
the molecular size of the polysaccharide by various
physical techniques, they were able to suggest a
structure for the polysaccharide,

Although it cannot be denied that Schlubach and

must be admitted that their results are not always

convincing and much work has still to be done.

Firstly, several of the partially-methylated J

| sugars obtained by hydrolysis of the fully-methylate

that the whole mode of linkage was left open to douh%.
Secondly, the nearest whole~-number ratio of the '
|

various methylated fructoses obtained from the

hydrolysates of the methylated fructosans rrnquently‘
gave rise to more than one possible interpretation. i
The chief importance of Schlubach's work is that it I

investigations in fructosan chemistry. He has shown

| that a basic pattern underlies the structures of all

| the fructosans and it is the duty of the modemm

icarbohydm.te chemist to continue these invastigationaL

and to assist in filling the many gaps which at

present exist. !
i
It is now proposed to give a short account of
the results obtained in the investigations of the

various fructosans, and we shall consider firstly the



|
members of the inulin group, secondly the members of‘

-6-

!
the phlein group, and finally the anomalous fructosans.

(a) Tae Inulin Group.
Inulin.

Inulin was the first of the fructosans to be

| isolated and has been investigated much more fully

than any of the others. First isolated from artichoke

‘tubers by Rose in 1804, it is widely distributed in !

the plant kingdom, being stored as reserve poly-
saccharide in the roots of the Compositae, the largest
group of flowering plants. In addition to artichoke

|
tubers, good yields have also been obtained from ‘

- dahlia tubers, dandelion roots and chicory. Quite

plant guayule called Parthenium argentatum Gray, !
| whilst another rubber-producing plant called I

recently, inulin was isolated from a rubber-prnducind

(2)

Taraxacum Kok~-saghyz has alsc been shown to contain

(3)

inulin.

By the hydrolysis of trimethyl inulin, Haworth

(4)

and Learner' ' identified the trimethyl sugar produced

' as 3:4:6-trimethyl-D-fructose, thereby showing that

the D-fructose units in inulin are linked through

;01 and 02.

Using Haworth's end group assay method, ﬂaworth,;

| 5 |
Hirst and Perciv&l( ) obtained 3:7% of tetramethyl-D-

fructofuranose from fully-methylated inulin. They



ltherefora concluded that inulin is composed of a

chain of about 30 D-fructofuranose units and has a
molecular weight of 85000. Molecular weight deter-

minations by osmotic pressure measurements on i
'acetylated and methylated inulin gave values of 8880 |

(6)

and 6210. Using the ebullioscopic method in agueous

'solution, Drew and Haworth(”) determined the
‘molecular weight to be not less than 3200 or 3600, !
which corresponds to a molecule containing 20 or 24 |
D-fructose units. ‘
! Inulin is very readily hydrolysed, even in the

presence of mere traces of acid, to yield fructose,

iglucoae. and difructose anhydrides. The difructose
Ianhydridea occur to the extent of about 5% in an !

inulin hydrolysate and are much more resistant to i
|

acid hydrolysis than inulin itself. The difructose

Pnhydridaa have been isolated as 3 distinct compounda;
by fractional precipitation( ) Difructose anhydride I!
Las been shown by Haworth and Strsighttg] to be
|;i.z':2,1'--d1--g-f:ruc1::::'1;u:~am::uw anhydride (A), whilst |
#ackson and McDonald(lO}have identified difructose
thydride III as the 1,2':2,3'~-isomer (B). lore
tQCently the remaining one was identified as 2,1':4 2'h
di-D-fructofuranose anhydriue(ll)(C)

| Hoke o— ——Ciy /

H\ H
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Much controversy has tesken plece as to the relation-
ship. of the difructose anhydrides to inulin. It is
now considered almost certain that they arise as
by-products in the hydrolysis of inulin, A large
amount of evidence in support of this view allows one
to discerd the original belief that they occur
preformed in the inulin molecule.

Many workers have noted the presence of glucose
in inulin hydrolysates. The percentage of glucose
produced seems to vary between the limits of 1.9% and
4.4%, the average value being 3+3%, Hirst, McGilvray
and Percival (12) estimeted the glucose produced by
hydrolysis of dahlia inulin as 5.7%, using the method
of quantitative paper chromatography. By determining
the total quantities of tetramethyl- and trimethyl-

glucose produced from methylated inulin, using alkaline



hypoiodite oxidation, a wvalue of 5.7%, calculated as

| glucose, was again obtained. As a result of their
a

'investigations, the authors suggest that the glucose |

does not arise from an associated glucosan, since the!

proportion of tetramethyl- to trimethyl- glucose is I

too great to permit this. They suggest, as a ‘

possible structure, a chain of about 35 fructofuranose
residues with the potentially reducing fructose |
residue linked to a glucopyranose unit by a sucrose- ‘
typre linkage and with a second glucopyranose residue |
linked through Cl and 03 at some undetermined poaitioA

in the chain, as indicated below. |

—

2

HoH,C

0H

o H
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Al though most workers favour the idea that the
fructofuranose units are linked in a chain in inulin,
Scnlubach claims that a nonereducing sample of inulin

igolated by him necessitates a clesed-loop structure,

is quite possible that completely undegraded inumlin
exists in the plant in a cyclic structure which is

normally observed.

It will be seen, however, that the open-chain
model of Hirst, 'cGilvray and Percival, terminated by
& sucrose residue, could also account for the non-

reducing properties of inulin.

Asparagosin.

This fructosan was first isolated from asparagus
roots by Tanret!l%)and later by Schlubach and Boe!lS)
The latter clarified the aqueous extracts with lead
Lcetate and the polysaccharide was then fractionally
precipitated with alcohol. By reprecipitating 180

in water was obtained. This product had a molecular

weight of 1635 when determined by the cryoscopic

(1

Owing to the extreme ease of hydrolysis of inulin, it |

|
very readily ruptured to give the open-chain structure

times to constant rotation, a product with [n]D = «32.6°

Eethod. corresponding to 10 fructose residues.
Methylation of the acetate and hydrolysis of the
fully-methylated polysaccharide yielded dimethyl-,

trimethyl- and tetramethyl-D-fructose in the ratio 1:8i:1



o 11w
|(calculated as D-fructose). The trimethyl fraction
was identified as 3:4:6-trimethyl-D-fructose by
'preparation of its crystalline osazone, showing that |

in asparagosin the fructofuranose units are linked i

|througn Cp and C; as in inulin. Since the sample of |
|

Schlubach and Bde was non-reducing, they claimed that

‘the molecule consists of a closed ring of U=-fructo-

'furanose units. Furthermore, becausc asparagosin
is almost identical with inulin, except that its |
molecular weight is one third of the latter, the ‘
authors claimed that this work on asparagosin provideﬁ'
igood evidence in support of Schlubach's closed-ring

theory for inulin.

| |
Sinistrin. ;

|
The polyfructosan cbtained from the sea onion

(Scilla maritima, Urginea maritima) has been studied |
by several WQrkeraglﬁtl?.lﬁ) i

Schlubach and Loop precipitated the polysaccharide

200 times from water with alcohol when the resulting
|

Product had [a]%o = «44+5° in water. The fully-
Fethylated polysaccharide prepared from the acetate
has hydrolysed and the components of the hydrolysate
Eeparatad by high-vacuum distillation of the benzoyl
derivatives. Jimethyl-, trimethyl-, and tetramethyl-
_éffructoae were obtained in the ratio 1:3:1 or 2:5:2.

|
The trimethyl fraction was identified as 3:4:6-
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| |
‘trimethyl-U-fructose by means of its osazone.
‘However the greater part of the osazone could not be

|
|
crystallised, and, since the trimethyl fraction 1tael{
did not have a specific rotation in good agreement ‘

|

with that of 3:4:6-trimethyl fructose, it is highly
probable that this trimethyl fraction was a mixture. |
Mloreover the dimethyl fraction could not be identified.
| Molecular weight determinations gave a value of |
2026 for sinistrin, corresponding to 15-16 fructose
units. This indicates that the ratio 1:3:1 is

correct, since the number of fructose residues is a |

multiple of 5, rather than & multiple of 9.

Since Sinistrin was found to be non-reducing, j
the authors stated that the molecule is in the form of
a closed ring, or that the reducing group may be
concerned in inner anhydride formation in the terminal

fructose unit. However, from the fact that there is

uncertainty as to the identity of the methylated
|

fructoses and their ratio, the structure of sinistrin

must still be considered doubtful and open to further

investigation. \

I minin. |
. In 1870 Papp(lglsolated a carbohydrate, which he |

Talled Synanthrose, from dahlia tubers and tubers of

+ther members of the Compositae, this carbohydrate baiﬁg
present in addition to Iaulin. In 1878 Mﬁntz(zo)
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liaolated a non-reducing carbohydrate from uaripe rye
which he said was identical with Popp's "Synanthrose."

(21) |

At the same time Ekstrand and Johanson studied a ‘

carbohydrate which they isolated from roots of member+

of the CGramineae and which they called Graminin. It‘

was obtained from the roots of many common grasses,

e.g. Trisetum alpestre, Agrostis and Festuca. !
| Much conflicting work ensued, when a large numbeT
|of carbohydrates were isolated from rye, wheat and

barley under various names. Schlubach and Koenig(22%
applied the name Graminin to the material from rye an#

their constitutional studies. The polysaccharide was

endeavoured to prepare a truly homogeneous sample for

reprecipitated 100 times from water with alcohol and
final purification achieved by acetylation, followed

by deacetylation, when a non-reducing material with

ku]D = =« 40° in water was obtained.

| Molecular weight determinations indicated that 5
Lraminin was built up from 9-10 De-fructose units.

i The polysaccharide was methylated ih the normal !
ay and the methylated fructoses produced by

hydrolysis of the fullye-methylated graminin were
eparated by fractional distillation of the benzoyl |
?eriv&tivaa in high vacuum. The trimethyl fraction

éppeared to be 3:4:6-trimethyl fructose, although |
efinite proof of this was not obtained. The dimethyi

fructose underwent decomposition on distillation, and |



o Y& -

| |
Ibecauae of this, it was not possible to determine tha!
exact ratio of the tetramethyl-, trimethyl-, and !
dimethyl-fructoses. They appeared to be present in |

the ratio 1l:1:1, or, more probably, 2:1:2.

Assuming this latter ratio to be correct, and

the number of fructose reaiﬁuea in the molecule to bei
ten, a large ring structure seems the most likely |
‘possibility for graminin. The fact that the materia}
is non-reducing excludes the possibility of a long |
chain structure. ixplanation of the disappearance

of the reducing end groups by the formation of inner

anhydrides was also rejected by Schlubach as this

would demand the presence of 10% monomethyl fructose,
|
whereas no monomethyl material was detected. '

' The authors were able to construct a large

Eatructura. involving 10 fructose units, such that ‘
tetramethyl-, trimethyl’, and dimethyl-fructoses would
be produced in the ratio of 2:1:2. The whole
formulation however must be accepted at present with

?rnat reserve, until more conclusive evidence is

|
brought to light from the methylation studies of !

Frnminin.
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CH,0H

o =

o

=
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’ GRAMIIIN (according to Schlubach and Koenigb.

The linkages are represented as pe-linkages,
@lthough it is not known whether the linkages are a-

or B= in graminin.
|
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| |
|Kritesin.
i The latest of the inulin-type polyfructosans to |
be investigated is Kritesin which was isolated from |
Iears of barley (Ackermanns isaria) by Schlubach and

Bathdesas) !

The methylated fructoses produced by hydrolysis |
1of the fully-methylated kritesin were separated by i
fractional distillation of the benzoyl derivatives 1n§
high vacuum, when tetramethyl-, trimethyl- and dimethyl-
D-fructose were obtained in the ratio 1:12:2:02:1. ‘
The amount of tetramethyl fructose was assumed to be !
high owing to cleavage of the molecule during |
methylation.

The trimethyl fraction was undoubtedly a mixtur04
It gave a mixture of 2 osazones, one containing 3
methoxyl groups and apparently identical with that of
3:4:6~trimethyl-D-fructose, and the other containing

1 methoxyl group. The dimethyl fraction appeared to

be 3:6-dimethyl fructose and is probably identical
with that obtained from graminin. ‘
| It would appear that kritesin is an inulin-type

fructosan, although the obvious lack of homogeneity ‘
of the trimethyl fraction must cast a shadow of doubt

pn this statement.




%b) The Phlein Group. ;

! _ |
‘ Phlein is considered the parent of the group of

polyfructosans in which the D-fructose residues are
linked through C atoms 2 and 6. |

i In 1887 BEkatrand and Johanson(24)iaolatud a
icarhohydrate from the haulm of Phleum pratense. Thaj

,haulm is thickened at the lower end to a bulb which i
1in autumn expands and becomes filled with a concantra#ed
|

‘aolution of a carbohydrate. The authors called this

carbohydrate graminin. In a later paper, howevartzl)

|
‘they stated that this carbohydrate is different to the

one occurring in the Graminese and to the new poly~
|

saccharide they gave the name phlein.

A constitutional study of phlein was undertaken

(25)

by Scnlubach and Sinh They isolated the product

from the tubers of Phleum pratenge, nodosum L variatyl
|
|
After 6 reprecipitations from an aqueous solution with

(timothy) by aqueous extraction of the ground roots.

klcohol, and final purification by acetylation followed
by deacetylation, the material had [a]p = - 50° (¢ =1
in Hao). Cryoscopic determinations of molecular weigPt
indicated 15-16 fructose units.

Hydrolysis of trimethyl phlein yielded 1:3:4-
irimathyl fructose with a small amount of dimethyl

#ructoae (1.9%) which was attributed due to under-
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lmethylation. Since 1l:3:4-trimethyl fructose alone |

was produced, the authors stateu that phlein consists

of a closed ring structure of 15-16 fructose units, |

the second, or reducing, C atom of each residue being
‘linked to the 6th C atom of the adjacent residue. i
Just as phlein, the parent of group (b) fructosans,
is considered to be a closed ring with no branching, |
80 inulin, the parent of group (&) fructosans, is
considered by the Hamburg school to have such a
structure. Since phlein is hydrolysed more readily
than inulin, it follows that the Cg - Cg linkage in

'the phlein ring is more readily disrupted than the

Co = C3 linkage in the proposed inulin ring. Moreover,

in each group, all the members except the parent have |

i
i

branches radiating from the ring and, as has been

shown by Schlubach and Sinh (loc.cit.), become

increasingly easily hydrolysed as branching incraaaesi

It follows, therefore, that the side-chain Cg = CG or
Cy = C; linkages are more readily disrupted than the

corresponding radial linkages.

'l_og van.

Many polysaccharides have been synthesised by the
Fction of bacteria on simple carbohydrate substances,
%uch as hexoses and disaccharides. The bulk of these
Pacterial polysaccharides were found to be glucosans,

yielding D-glucose only on hydrolysis (e.g. bacterial
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|
cellulose, dextran). One bacterial fructosan, however,

| called Levan has been obtained, yielding D-fructose

only on hydrolysis.

|
_ &
Levan has been synthesised by the action of a \
wide variety of organisms on sucrose, and, to a 13339*
extent, raffinose, and chemical investigations have |
shown that the resulting polysaccharides are on the
whole very similaz.
Much of the early work on levan is highly
confusing, owing to the isolation of impure products.
In 1901 Greig Smithtzs) stated that levan could be
produced from sucrose in the presence of Bacillus
levaniformans, but not from D-glucose, D-fructose,
lactose or maltose. He noted that hydrolysis of
levan ylelded D-fructose only and that levan was
closely related to inulin but not identical with it.

(27)

In 1930, Harrison, Tarr and Hibbert investigat

the production of levan from sucrose by the action of

B.subtilis and B.mesentericus. Llevan formation was

ed

found to occur in suitable nutrient soluticns with

Fucroae and raffinose, but not with melezitose, lactos
%altcse._g-glucose or LU=fructoase. The authors, there
#ore. suggested that only carbohydrates with a termina
é:fructofuranoaa unit were satisfactory substrates

for levan formation.

(28)
' Recently, in 1945, Hehre synthesised le van

S
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|

from sucrose and rafiinose by means of Sirepiococcus |
igaliﬁggiug enzyme preparations. |
A chemical investigation of the structure of thel
levan produced by the action of §Sagh;;1;g en SUCrose
(29 .

was made by Hibbert and Brauns. The levan was |

|obtainsd by precipitation of the concentrated cul ture
in methanol and purified by reprecipitation and

ielectrudialysia. Hydrolysis of trimethyl levan gave
|

a 98+5% yield of crystalline l:3:4etrimsthyl-D-fructose,
|

showing that levan is a De-fructose polymer. Since

the properties of the polysaccharide support the idea
| 2
that it is of the furanose type, then the D-fructo- |

furanose residues must be linked through C2 and Ce.
(30)

} Challinor, Haworth and Hirst investigated the

lstructure of the levan produced by the action of

Uug on sucrose. Fractional distillation

f the products of hydrolysis of their methylated |

levan yielded tetramethyl-D-fructofuranose in an amount

orresponding to a chain length of 10-12 D-fructose

Lnits. From this work, the structure of levan may be
roprasented as follows:-

| [ _[
|
| © 0 0 |
Holye Q——CH ' o_{ ey o
|
H\H ’L |
} o/ chaf H\A o/ dyaf H\I to, /oM
L H OH H OH H |
| = |80,



|
|
|
\
|

'raducing end group but, as there is uncertainty as to

It will be seen that this formula contains a

‘the reducing or non~reducing properties of levan, %
i
this formula must be accepted with a certain amount

of reserve. |

| Certain differences in properties of levans
|

produced by different organisms are no doubt due to |
variations in particle size, which has been shown to
occur by sedimentation, ultra-microscope and electron
imicroscopo studies. The presence or absence of i
"end groups" in the two investigations outlined above
may be due to different sources yielding different

iovans or due to the employment of different todhniqu%s.

Poain. |
A fructosan very similar in properties to levan
has been isolated from Poa triyislis (roughstalk |

bluegrass) by Challinor, Haworth and Hiret'3') mis ‘
fructosan, which has been named Poain, is also present
in barley leaves and seems to be an important eomponen%

pf the diet of farm animals. i

| The methylated poain on hydrolysis yielded 1:3:4~-
|
trimethyl fructose as the main product. Unfortunately

Ehe analysis was not performed quantitatively and

onsequently it was impossible to state whether poain !

and levan are distinct substances or whether they are

| |
?na and the same material in different states of purity.
| |



main difficulties.

P&teriala which were not homogeneous. As stated by |

It seems appropriate to mention at this point
that the chemistry of the fructosans presents three

(1) The process of purification of a fructosan is,
as has already been mentioned, a long and tedious one,
The tendency of chemicallye-similar compounds to cling
persistently to the fructosan under investigation
makes the homogeneity of the product a constant source
of dubiety. Much of the conflicting work in the

literature is undoubtedly due to the employment of

S8chlubach and Koenig, for example, in the introduction
to their paper on graminin (loc.cit.) a large number

of workers isolated from rye a variety of carbohydratqa

iartially-methylated fructoses produced by the

iffering slightly from one another, and each worker
gave his own material a name he himself chose. They
Lnra almost certainly not studying homogeneous

terials. Such a state of affairs leads naturally
|

Eo confusion rathexr than to progress.

(2) The generally non~crystalline nature of the |

ydrolysis of methylated fructosans calls for careful

?anipulation in any quantitative study.

FS) The methods of analysis of mixtures of methylated |

fructoaes have only recently been developed to the

i
#agrao of accuracy of the analytical methods applicab1+

in the glucose series.
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|
(32)have developed a small-scale ;

Bell and Palmer
analytical aoparation of mixtures of 1:3:4: s-tetramsthyl-
'133:4-tr1msthylw. and 3:4-dimethyl-fructose by |

partition chromatography, using a column of silica gai

The method gives a recovery of 98% and gives qunntitaéivo

recovgriaa from as little as 100 mg. of material.

Hirst, McGilvray and Percival *®)obtained an
excellent separation of the components of a hydrolyaa¢o
of methylated inulin on a column of powdered celluloaq.
using the technique developed by Hough, Jones and ‘
wadmangss) |

In the glucose series, the ratio of tetramethyle,

trimethyl- and diﬁethyl-aldoae produced by hydrolysis
of the methylated polysaccharide can be determined

34
directly by oxidation with alkaline hypoioditess )

thus providing a check on the ratio obtained by

quantitative separation and gravimetric estimation of |

each component. Unfortunately, however, there is as
?at no reagent corresponding to alkaline hypoiodite
t: its ease of application in the ketose series,
sults must be based entirely on the gravimetric
stimation of each component after separation.
thermore, in the aldose series, oxidation by
glkaline hypoiodite provides a convenient method for
#ho estimation of the methylated sugar content of caah;
éyrup produced after separation of the components of

the methylated polysaccharide hydrolysate. For
|
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|

'methylated fructose syrups, however, there is no
!method_availahle for the determination of the
Emothylatad sugar content unless one utilises the
’mnthnxyl content of the syrup for this purpose.

‘ It is when one meets two very similar compounds
!liks levan and poain, which may or may not be |
identical, that these difficulties make themselves |

truly apparent. '

lﬁgchin. ‘
This was isolated from the stema of unripe rye |
by Belval(sb)and its constitution investigated by |
Schlubach and Bandmanngss)Thoy encountered great |
%difficulty in obtaining homogeneous specimens of the
polysaccharide and its acetate. After rnprecipitatiqn
of the acetate to constant rotation and deacetylation‘
with sodium methoxide, a non-reducing polysaccharide
was obtained with [a]lp = ~ 37+6° in water.
Molecular weight determinations on this matarial!
huggestod that the secalin molecule is composed of i
four fructose residues.

_ The acetate was methylated and the products of
drolysis of the methylated secalin were separated
ti fractional distillation in high vacuum of the

?-naphthoxl derivatives. 1:3:4:6-Tetramethyl fructo-|
?uranose. 1:3:4~trimethyl fructose and an unidentifiad!

tprnbably 1:3-) dimethyl fructose were obtained in the



ratio 1:2:1.

The non-reducing property of secalin together
'with the above results led the authors to suggest |
the formula indicated below for the polyfructosan,
the molecule being represented as a tetrafructose
Ianhydride. Although the linkages are represented
as B-~linkages, no claim can be made as to whether i

the linkages in secalin are o« or f=~.

AR HO / ChoM H O\ Ho / CH,OH

SBCALIN (according to Schlubach and Bandmann).
|

Schlubach and Koenig (loc.eit.) isolated graminin

from rye flour in considerable yield. Secalin,
#aolated from the stems of unripe rye, was shown by
échlubach and Bandmann to be quite different from

| |
graminin. It has been observed that, on the ripening
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|of rye grains, starch is produced at the expense of :

the graminin content, thereby suggesting that the |
|

graminin is transformed into starch on ripening.

In oats it seems that this transformation goes a |

stage further since no graminin at all is found in
;the ripe ocat granule. It has been postulated that
Iaeca.lm and graminin are intermediates in the bio-
synthesis of starch from cane-sugar. The only
regular pattern observed however in the series cane i
sugar - secalin - graminin - starch appears to be in i
‘the regular increase in the number of 0631005 units;

namely 2-4-l0-gtarch.

Eyrosin.

The structure of the fructosan pyrosin, isolated
from wheat stalks, was investigated by Schlubach '
and Huchting(37) who showed it to be a phlein~type !
fructosan. _ !

The carbohydrate was shown to be non-reducing and
composed only of fructose unigs. olecular weight i

determinations gave very irregular results.

Determinations by the cryoscopic method indicated 5

fructoseunits while osmotic pressure determinations

hndicated a value of 200-220 fructose units.
Bolubility properties, however, indicated that the
humbar of fructoses units was not greater than 200.

|
! HydGrolysis of methylated pyrosin and separation
|
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of the components by benzoylation, followed by
1fractional distillation in high vacuum, yielded i
1:3:4:6~tetramethyl-D-fructofuranose, 1:3:4-trimathylk
D=fructose, and a dimethyl fructose, the rotation of |
which indicated that it was the 1:3(?) dimethyl ‘
fructose which was believed to be produced by hydroly%is
of methylated secalin. Tetramethyl-, trimethyl- andi
'dimethyl-fructose were obtained in the ratio 1-4:3:1,'
|the value for the tetramethyl fraction being con-
'sidered high owing to partial cleavage of the moleculg
on methylation.

The above results led these workers to suggest
that the structure of pyrosin was either a four-
membered ring of fructose units linked through Co and
Cs. with a single fructese unit attached to one msmbe#
through C4, or, less probably, a ring of fructose
units with a chain of 4 units attached to each ring

Pnit.

It was observed that pyrosin does not fit into

Schlubach's rule connecting the rotations of the

|
polysaccharide and its acetate with the yield of

1:3:4~trimethyl fructose produced on hydrolysis of

the methylated fructosan.
|

hgomalous Fructosans.
|
; There were 3 fructosans which appeared to fall

oputside of the 2 general groups, as described by |



|

i
Schlubach and Sinh (loc.cit.). These were Aaphodeliﬁ,
Irisin and Triticin. |

‘Aa nodelin.
| :
' Isolated from asphodelus tubers, asphodelin was

first intensively investigated by Colin and_NayrunEsa?
They described it as a non-reducing polysaccharide
yielding fructose (6 parts) and glucose (1 part) on ‘
hydrolysis. This indicated that asphodelin was either
13 glucofructosan or an intimate mixture of a glucosani

‘ Schlubach and Lendzian(sg)hydrolyaed methylated

|
and fructosan with the latter predominating. ;

l-a.uphoclelin and obtained tetramethyl-, trimethyl- and
idimﬂthyl-frnctoaa in the ratio 1:1:8:32:1-656. The i
Itetramethyl derivative was shown to be totramathyl-g-!
%fructofuranosa and the ﬁimethyl derivative appeared tﬁ
@e identical with that obtained from irisin (see beloj)

hnd graminin. The trimethyl fructose fraction,
| |
bowaver. was found to contain an appreciable methylated

tlucoae content. The authors stated that, in their
|

elief, the glucose probably does not form an integral
|

i
part of the molecule but is due to a glucosan which

was not completely removed during the purification
process. Owing to the highly probable lack of
Fomogeneity of the asphodelin sample, little can be

heduced from the work as to its structure.
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i;rlﬂ; . !
‘ In 1886, Wallach'%?)

'compound from the roots of Iris pseudoacorus which i

isolated a white hygroscopic.

yielded D-fructose on hydrolysis. Noticing differences
‘in certain properties from those of inulin, he csllod‘

‘the new carbohydrate irisin.

! An investigation of the structure of irisin was

imade by Schlubach, Knoop and Ldu(41) By hydrolysis of|
Imethylatad irisin, tetramethyl-D-fructofuranose and

:a dimethyl fructose, which could not be conclusively i
iidantified. were obtained in equal amounts, with no
‘trimathyl fructose. To explain these results, the |
structure postulated for irisin was é chain of D-

fructose units, each unit having another D-fructose
unit attached to it. The tetramethyl-Defructose is |

therefore derived from the "dangling" D~fructose

units. However, since the authors were unatcle to
identify the dimethyl fraction, the linkages within
Fhe molecule could not be fixed with any certainty. |

| The authors observeddiscrepancies in the rate of

hydrolysis of irisin when measured by reducing value

|
and by change in rotation£42) This may be accounted for

by the readier hydrolysis of the fructose units sus~-
#endad from the chain with the formation of intermediate
products of hydrolysis. By studying the controlled |
écid hydrolysis of the original irisin and the material

regenerated from the acetate of the intermediate
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‘hydrolysis product, the authors concluded that the
:hydrolysis of irisin may be represented by the
|ft:t'.l.lcwii.ng scheme.—
- Irisin — Tetrafructose anhydride —Jifructose
l (a) anhydride (B)
f (Di=irisan) .
—7 D-Fructose. |
; The intermediate di-irisan was isolated in pure
iform and the structure investigated by studying the
hydrolysis products of the methylated di-irisan, !
‘Tetramethyl-D-fructofuranose, S:S-dimethyl-_g_-fructose!
?and a trimethyl~D-fructose containing a methoxyl

group on C; were obtained, the latter arising from methylated (B)

o
Ho&c-éu— cH(oK)- crlon) - CH,0H

o)
| 0 | ——0——
[ | -] |
| HOKC—CH - ICH- cHlod)~ |C ~cH, HOH,C~ CH~cl~CH(0H) ~C — CHy0H
[ S 7:”'!#5 o}‘
| cl) o Side-chains /O /O
l Hzci —C"—CH(OH)-—CH—CH— eH, 01 HOK,C — C—CH(0H)— CH- CH- c;q?oy
. ] '
| Hone- (lz —CH(oH)~cH(0H)- cH-cH, 0K A4 2;4-@,- fructose ankydride
' S
|
| (4) (B)

It would appear, therefore, that the fundamental |

building unit of Irisin, which is called Irisan, is:
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| & 5 ;
| HOH,C — CH —CHIOK)— CH (oK)~ C— C K, 0H

| e
| | Q — I
| HOKC —CcH— cH—cH (oK)~ C —Cha, |
| [ o [
|
!

(43)

@Rscently. however, Bell and Palmer have made an
investigation of methylated irisin, using partition
!and paper chromatography. The dimethyl fructose
fraction was identified as the 3:4-isomer, but, in
addition, they found an appreciable trimethyl fractioq,
iwhich consisted of 2 parts of 1l:3:4~-trimethyleD~ |

fructose and 1 part of (probably) 3:4:6-trimethyl-D- |

fructose.

|
i
Triticin. . i

The other fructosan which appears to be anomalous

is known as triticin.
|

Occurrence in Nature.
Triticin occurs in the rhizomes of Agropyron

repens, commonly known as couch grass, yuack grass or
| 1
twitch. Couch grass is notoriously known to all

gardeners as the weed whose rapidly-spreading roots

or rhizomes can quickly become uncontrollable.

In spite of this, feeding experiments have shown

couch grass rhizomes to be of high nutritional value.

ﬁccorﬁing to Jeibulls44) the nutritive value of couch

érass as cattle food equals that of hay, as well as
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‘forming useful feeding stuff for horses and sheep.
Bxperiments have also shown that couch grass rhizomes
fed to rabbits form a satisfactory substitute for .
may¥®) 4 Moywegian pedlisation in 1941 desoridas tbs|
ifeeding of couch grass roots to hens. It wﬁs found |
:that the roota gathered in spring contained a considexl'b
‘able quantity of free sugars which by autumn were
icomplately replaced by starch.

Herbalists frequently recommend couch grass rootq
|to alleviate pains arising from bladder disorders, a
iours which the ancient Greeks and Homans are known to|

have used,

Previous Investigatio Tritic

The first reference to the extraction of
!carbohydrato material from couch grass is found in a
paper published by Stenhouae(46)1n 1843. In an
article entitled "The occurrence of mannite in
#am;gagia saccharina and other seaweeds," Stenhouse
draws attention to an article in the 8th volume of

rzelius' "Lehrbuch" in which Pfaff states that he
pbtained mannite from the roots of Triticum repens, or
Eouch grass. Stenhouse was unable to find mannite
#n the extracts of couch grass, although he states
that "the grass roots certainly contain a great deal
of an uncrystallisable sugar which readily ferments."

(47)

An article by Ludwig and Mlllerxr in 1872



entitled "The Constituents of Couch Grass Roots
(Triticum repens L)" states that the roots contain
1) A strongly laevo-rotatory fructose derivative.

2) A dextro-rotatory sugar (not cane sugar).

'3) A gum produced by decomposition of the laevorotatory

'sugar, together with a nitrogenous organic aubstance,|

'4) A sweet-tasting product intermediate between this |
gun and fructose, together with a nitrogenous organic

substance. !

‘ Continuing this work, Hﬂllar(*s)

in 1873 isolatod;
‘the fructose derivative from couch grass roots as a |
igummy material. He called the new carbchydrate
triticin, from the botanical name of its source.
muliller obtained his product by extracting the well-
powdered roots with hot 206-30% alcohol, washing the |
@xtract repeatedly with water and then removing
protein material from the agueous solution with lead |

acetate. He precipitated the carbohydrate from a

concentrated aqueous solution with alcohol and waahadi

the product with cold, and finally hot, alcohol.
From 1000 gu. dry gress roots, Milller obtained 15-20 gm.
of triticin with [a]p = -41° in water. As a result of

his analytical studies, Miller concluded that the new
Earbohydmte wes isomeric with cane sugar with a
molecular formula CyoH,004, |

|
' In 1880 Raidemsiatar(49)made a comparative study
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| |

‘of "lavulin," sinistrin and triticin, comparing, or
rather contrasting their action on polarised light
and their sensitivity to heat. Triticin, he said,
was readily decomposed by boiling its aqueous aolutioﬂ.

‘to yield fructose, whereas sinistrin and "lavulin® |

‘were not decomposed by heating their aqueous solutions
|

'in a sealed tube at 100°. This agrees with Schlubach's
observations that triticin is the most readily |

hydrolysed of all the naturally occurring fructosans.

(24)

|
‘ In 1887 Ekstrand and Johanson isolated a
| :

polysaccharide from Dracgena australis which they

|
‘claimed to be very similar to triticin from Triticum
|

|

|
repens L. The only significant difference in their
| ‘ |
properties lay in their optical rotatory powers.
| |
‘The authors quoted [a]p as - 36.6° for the polyaacchaﬁido

from Dracaena australis whilst for triticin [“]D is |

quoted as - 41°. ‘Conaidering the possibility that
‘the two materials may differ only in their homogeneity,
the authors stated that if they are not identical |

polysaccharides, they are at least very closely related.

Continuing this work, Ekstrand and Mauzeliunsao)

Paing Raoult's method of molecular weight determination,
concluded that the molecular formula of triticin (?)

¢ = - .0

from Dracaena rubra ([a]; 36:6°) is Oyl 0q .

As far as is known, no further work has been done on

|
this carbohydrate material from Dracaena.
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|
| Another material which was considered to be very

'similar to triticin from couch grass is levosin.

(81)

in 1891, but was not found to be |

Levosin was isolated from rye (0°:84%), wheat and barlek
‘(002%) by Tanret

present in oats or maize. This material had [n] 36°

'and was readily hydrolysed by heating its agqueous |
!Bolution in a sealed tube, to yield fructose (3 parta?
|and glucose (1 part). Tanret pointed out the |
asimilarity of levosin to triticin and sinistrin. ‘
He compared the values of [u.]D in water and found i
L[m]:D = « 47° for triticin, [o.]D = ~ 40+7° for ainiatrin
‘and [c,]D = - 36° for levosin. He believed that, |
althnough they differed in their rotatory powers, tha:,r'i
yielded the same sugars on hydrolysis in different
proportions.

The variation of the levosin content of cereals

with maturation was also studied by Tanret. In rye, |
&he content was found to remain unchanged on maturatioP
(0'82) In green wheat, the levosin content was

found to be 0°87%, but dropped to 0*2% on ripening, andL
in barley, an even greater fall was detected; viz. |
from 2% (green) to 0:1% (ripe). '

Colin and Balval(sa)iaolated a product from whaat‘

and rye flours which appeared identical with Tanret's

evosin. This product, a white amorphous powder, with
?“]D = = 36° in water, yielded fructose (9 parts) and |

glucose (1 part) on hydrolysis.
|
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The above work on levosin indicates the '

1
iimportanca of the time of harvesting of the material i
| .
from which a carbohydrate is to be extracted. From |
spring to autumm there is a gradual decrease in free

sugar content with a corresponding increase in starch!

content. Also, as shown by Schlubach and Bandmannsss)

decreases in fructosan contents, and, in some cases, |

complete diasppearancea7have been observed during the

‘ripening of cereals, with a corresponding increase in |

starch content. |

| It was not until 1937 that any chemical 1nvssti-‘

gation into the structure of the polyfructosan from i

Triticum repens L. was carried out, although, as has |

been seen, the isolation of the material and a

comparative study of certain properties received a

good deal of attention from chemists of the 19th |

(53)ltudiad the

%antury. Schlubach and Peitzner
chemical nature of the acetate and methyl ether of
}riticin. By the high vacuum fractional diatillation!
of the methyl-fructosides produced by hydrolysis of

e fully-methylated triticin, these workers were able
0 propose a somewhat tentative structure for the |
ﬁolecule. Schlubach and Peitzner isolated a very
$ura sample of triticin from couch grass roots by 300 i
Fapracipitationa from water with alcohol. Their
product was described as a white, nearly tasteless,

ﬁlmost non-hygroscopic solid with [a]%? = « 5149 in
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|
'water. This is in direct contrast to previous workers,
|

all of whom described triticin as a very hygroscopic |

‘material. i
The acetate was prepared by the action of acetic

‘anhydride on this material in pyridine solution and

after 490 reprecipitations from chloroform solution
;wnn petroleum sther, the product had [a] = - 15:5°
ain chloroform. The action of potassium methoxide on,
the acetate yielded triticin in the same atate of
purity as the original sample. ‘

Trimethyl triticin was prepared from the acetate

by the action of dimethyl sulphate and caustic soda
I1n acetone solution, according'to Haworth, followed b#
silver oxide-methyl iodide methylations, according to

Purdie. The resulting product had a methoxyl contanﬂ

of 456% and a specific rotation of - 61:2° in chloroform.
|

?his was hydrolysed with a solution of oxalic acid in
;queous alcohol, and the hydrolysate fractionated by ‘
Eiatillation in a high vacuum to yield tetramethyl-,
Erimsthyl-. and dimethyl-D~fructose in tﬁa ratio 3:1:3L
L well-defined separation was finally achieved by
#anzoylation. high vacuum fractional distillation of
Lha benzoyl derivatives and unchanged material, |

#ollowed by debenzoylation and hydrolysis of each '

fraction.

! The tetramethyl fraction was shown to be 1:3:4:6-

fatramathylfg-fructofuranoae and the dimethyl fructose



|
|
'wag thought to be identical with that obtained by
ihydrolyaia of trimethyl sinistrin. The trimethyl

‘fructosa ([a]D = = 10+5° —» - 13-8° in water) howaver‘

icould not be identified, since 3:4:6-trimethyl=D=

Efructoae. (from the inulin-type fructosans), has
lely = + 31°, and 1:3:4~trimethyl-D-fructose (from

‘the phlein type) has [a]D = = 47.6°, according to

: 5
Schlubach and Sinhs2 )

Haworth and Hiratgso) The authors therefore state ﬁhaé

and - 52°, according to Cha111n§r.

lthe trimethyl fructose obtained from methylated !
triticin is neither of the two which arise from other
naturally-occurring fructosans, and triticin itself

cannot be placed in either of the two groups of .
fructosans.

Cryoscopic determinations of the molecular woighq

of the polysaccharide gave values of 2600-2830,
indicating that the molecule is built up from 15-17-5;
kructOne units. Since methylation studies indicated
that the polysaccharide is composed of groups of 7
Eructcsa residues, and since the pure material was
Found to be non-reducing, Schlubach and Peitzner
Eoncluded that the fructose units are arranged in
%103&& rings, which are highly ramified, such that
each unit ring structure contains 14 or 21 fructose

+n1ta. Such a formulation must, however, be accepted

with considerable reserve. Furthermore, since the
|
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 trimethyl and dimethyl fractions obtained by the |

|
hydrolysis of the methylated polysaccharide could not
e identified, the linkages between the fructose !

units are unknown.

: |
It is the main object of the work for this thesis
to attempt to clarify the structure of triticin, and |

‘to attempt to elucidate the type of linkage in the
molecule, in order to confirm or refute Schlubach's |
statement that triticin apparently bears no rolation-{
ship to either of the two general groups of fructoaanq.
Within the past decade there have been great |
advances in the field of carbohydrate chemistry with |

‘the development of partition chromatography. The

application of paper partition chromatography to |

carbohydrates has made possible the detection and |
identification of minute quantities of sugar materialJ.

in addition to providing an elegant method for the ‘
|’c;ua.nt'.i‘!:al.ti.'ura assay of sugars on the micro-scale.

A mbthod for the estimation of reducing sugars, using
the Somogyi reagent, was developed by Hirst, Flood

and Jones!®*)and this was rapidly followed by the
|

levelopment of the use of alkaline hypoiodite for the |

estimation of methylated aldoses by Hirst, Hough and i
#nnoa£34)An al ternative method for the determination
of hexoses, pentoses, and methyl-pentoses by deter-

mination of the formic acid liberated on oxidation
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]wlth sodium meta-periodate was developed, almost at

ithe same time, by Hirst and Joneassﬁ) Paper partitioni
:chromatography has also proved to be a powerful tool
in the separation of the methylated sugars produced or

ﬂhydxblysis of a methylated polysaccharide, as has

Ia.lrea.dy been outlined (p.23) i
| As great controversy has arisen over the proaenc?
or absence of glucose in the inulin molecule, it is |
desired to investigate whether inulin is an isolated i

example of a fructosan producing glucose on hydrolysié

|or whether glucose is invariably produced and eacaped‘
‘detaction previously, owing to the limitations of the |
classical chemical methods. Paper chromatogranhy wiﬁl
be of immense importance in this respect. }
Furthermore, the classical methods of high vacuuﬂ
fractional distillation of the components of the |

hydrolysate of a methylated polysaccharide cannot be ‘

expected to give as clear-cut and as quantitative a

separation as does elution through a column of i
bowﬁered cellulose. As already mentioned, the whole |
kumber ratio of tetramethyl-, trimethyl- and dimathle
fructoses produced frequently gave rise to more than
one possibility, thus demanding a more accurate
technique for their aepaéation. It is believed that
?artition chromatographic separation will provide this

improved accuracy.
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It may be said, therefore, that a second primary
object of this work is to discover how the results
'obtained using the various modern techniques and

refinements in carbohydrate chemistry compare with |

those obtained using the older classical methods.
iThe results obtained in this work will therefore be
iclosely compared with the results obtained by Sdhlubaéh
and Peitzner (loc.cit.) in their investigations into |
‘the structure of triticin. |

| In this survey of studies of extracts of the

roots of couch grass, mention must finally be made of

lan aromatic enyne hydrocarbon extracted from the

56 |
roots as a steam-volatile o0il by Trnibas ) A distillT-

tion of the roots yielded 0:052% of a volatile oil
}hich, by steam distillation fractionation, yielded a |

|
nomogeneous fraction in 954 yield. Treibs showed thqs

substance to be l-phenyl-n-hex-2ene-4-yne (CjaH;o)

and called it agropyrene, from its botanical origin.
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BXPERIMENTAL .

Raw Material.

The couch grass (ca.? Kg.) was gathered from a
field under cultivation at New Graden, Roxburghshire,
between April 9th and 12th, 1948. The rhizomes were

cleaned and milled in a "Christy-Norris" hammer mill,
|uaing a No.l8 meaﬁ gscreen (0+0336 ins.).

The milled roots strongly reduced Fehling's
gsolution and, in addition, a cold agueous extract of
the roots gave a positive test for fructose on appli-.

cation of the Seliwanoff test.

| :
The Bxtraction and Identification of the Free Sugagg.i

Milled couch grass roots (56 g.) were subjected ta
continuous extraction with 80% aqueous alcohol in a
Soxhlet extractor for 14 hours. The yellow alcoholid
extract was filtered and concentrated under reduced
pressure to small bulk, water being added at regular
intervals. The agueous solution was clarified by
[filtration tharough 'filter cel' and evaporated under
reduced pressure to yield a dark brown viscous syrup

(08 g.). !

A paper chromatogram of tile syrup run in butanol/

gthanol/water and sprayed with aniline oxalate !

indicated the presence of fructose (RG = 0.12), glucoaf
[RG = 0+.093) and a probable disaccharide (Bq = 0-05),

Lhe relative amounts decreasing in the order given. i
|



'by alcoholic extraction of the couch grass roots
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‘Estimation of Glucese and ¥ructose.

The glucose and fructose in the syrup obtained

were estimated on the chromatogram, using Somogyi's
(1)

‘reagent, according to Flood, Hirst and Jones.

Bstimation I. Fructose = 16+37%, Glucose = 3+0%,
} Total = 19+3%.
!gg;;méglgg_;_. Fructose = 18+4%, Glucose = 3+8%,
| Total = 22-2%.

The syrup gave & positive test for nitrogen,

but the biuret reaction for proteins was inconclusive.
| |

|
The Ninhydrin Test. '
The syrup was refluxed with 35% sulphuric acid }

for 18 hours, in order to hydrolyse any protein., Thé

ﬁeep red solution was neutralised by the addition of
ﬁaryta. followed by excess barium carbonate, #ny
51carhonate being decomposed by heating on the water
%ath at 80° for 1 hour, The barium sulphate was

removed by filtration, washed well with water and the |

?quaoua solution evaporated to a syrup, which gave a
positive nitrogen test, and a positive ninhydrin
Teaction. This indicates the presence of protein in

the original alcoholic extract.
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Study of the Disaccharide en

Paper chromatograms of the alcohol extract
iindicatcd, in addition to glucose and fructose, a
‘spot with Rgﬂ ca. 0:06, which is probably due to a ‘

1 !
disaccharide.

| Using the technique employed by Flood, Hirst and

Jones(;)in quantitative paper chromatography, the
‘suspected disaccharide was extracted from the paper i

with water (5 ml.) and hydrolysed by heating at 80° |

for 1 hour with 2N sulphuric acid (5 ﬁl.). After ‘
neutralisation with barium carbonate and ooncentrntioﬁ
to a syrup, paper chromatograms indicated the praaencﬁ
of glucose and & spot with gg = 0+063, presumably ]
unchanged matexrial. After hydrolysis for a further ‘
3 hours, paper chromatograms indicated the presence |
of glucose (mainly),_fructoae and a trace of xylos§, i
with no disaccharide spot.

c_AC es :
| A series of paper chromatograms run in butanol/ !
acetic acid/water and sprayed with a saturated solution
Ef o=phenetidine and trichloracetic acid in alcohol,
showed no evidence for the presence of uronic acid.

The naphthoresorcinol test for uronic acid was

carried out on the syrup against a galacturonic acid
control. This gave a negative reaction for the |

syrup under investigation.



large~Scale Bxtraction of Free Sugars.
Couch grass roots (800 g.) were extracted with

180% alcohol (3 litres) for 20 hours in a copper
Soxhlet extractor, in exactly the same way as described

above. This yielded a syrup (103 g.), corresponding

to a yield of 13% from the original grass roots. '

This agreed well with yields of 13-14% obtained from
a series of small-scale extractions.
The residue from the alcoholic extraction (660 gi)

was available for the extraction of the polyaaccharidJ.

Extraction of the Polysaccharide.
a) Removal of protein with bagic lead acetate.

Milled couch grass roots (10 g.L from which free

sugars had been removed as described above, were
shaken with cold water (100 ml.) for 4 hours, in the

presence of barium carbonate and a little toluene.

: The aqueous extract was removed by filtration |
%hxough a wad of cotton wool, and to this solution wai
added a saturated solution of basic lead acetate in |
ﬁater at 60°, until precipitation appeared complete. !

The precipitate was removed by filtration through a

ad of 'filter cel,' and pb*" removed from the riltratr

by passage of hydrogen sulphide for 5 minutes. The
|

ead sulphide was removed by filtration through 'filter
el,' hydrogen sulnhide again passed through the

' 4
solution to ensure that Pb removal was complete,
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'and hydrogen sulphide removed from the solution by
aeration for 1 hour.
| The aqueous solution was then concentrated under

reduced pressure (40°/15 mm.) and the polysaccharide

precipitated by pouring the concentrated solution
_(20 ml.) dropwise into alcohol (600 ml.), with constant
stirring. The polysaccharide precipitated as a wh1t$
ifibrous material, which readily filtered, and was _
|
|

reprecipitated a further twice. After washing with
iiethar. the polysaccharide was obtained as a fine .
white hygroscopic powder (1:48 g.; [o,]})6 = = 43° in
water), which was dried in a vacuum desiccator on

porous tile over phosphoric oxide, and finally in a |

high vacuum. [Sample A.].

Ash Determination.
The ash content of the polysaccharide was

determined by ignition to constant weight in a
platinum crucible.

Ash value = 3.563% (direct ignition)

= 3+.47% (as sulphate).

rogen Esti on.
| Nitrogen estimations were performed on the poly-
#accharide sample (0.15 g.), using the micro-Kjeldahl

%pparatua.
|

Analysis: a) Nitrogen 0+320%

Protein = 2.02%
0+327%)

b) Nitrogen
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‘Esgiggtggn of Adsorbed Alcohol.
l The alcohol adsorbed by the polysaccharide aamplI

lwaa estimated by the method of Newmansa) as applied ¢t

fucoidin by Percival and Ross!a) |

Results. !

it.of polysac. Blank Titre Test Titre % Alcohol
53-8 mg. 20+35 ml. 16+9 ml. 1-84 |
45°1 mg. 20+35 ml. 17+33 ml. 1+83

mean value = 1°+89% adsorbed alcohol.

. On correction for the ash content (3:5%),

protein content (2+0%) and alcohol content (1-8%), |
|
‘the value of [a]; for the polysaccharide sample becomes:
I

|
%%%B of - 2%1 = - 46+4° |

) Remoyal of protein by the Sevag method.
| |
| Milled couch grass roots (5.3 g.), which had been

subjected to a preliminary alcoholic extraction, were

?haken with water (75 ml,) for 5 hours, and the aquaous

tolution filtered from the residue (4.3 g.) through a

ad of cotton wool. i

| Protein was removed from the aqueous extract by

a technique described by Sevag, lLackmann and Smollenss?)
This consists of shaking the aqueous solution with
chloroform (0.25 volumes) and butanol (0.1 volumes) for
é hours, whereby protein is removed as a white stable |

gel which may be removed from the aqueous solution in
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a ssparating funnel. The process was repeated 10
times until no gel was produced on shaking. The
agueous solution was then concentrated under reduced
pressure, and the polysaccharide precipitated from
alcohol, ag described earlier.

The product was obtained as a fine white
hygroscopic powder (0:75 g.: [a.];6 = = 44° in water)
after 2 reprecipitations. [Bample B].

Ash_Determination.
Ignition to constant weight in a platinum

lcrucible gave an ash valus of 4-.95% (direct ignition)
4+.97% (as sulphate). |

HNitrogen Content.

This was determined using the micro~Kjeldahl
|

apparatus.
Analysis: a) Nitrogen = 0.261%
Protein = 1.65%.
| b) Hitrogen = 0:266% |
|
h;gghol Content.

(2)

Using the method of liewnman, the alcohol content

was estimated as 1°+5%.

On correction for the above ash, protein and

klcohol contents the valus of [“]D becomes;

U
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Application of the Sevaz Method on a larger scale. ‘
The method was repeated using 30 g. of dry grass

roots as starting material. On this occasion, a

total of 23 treatments in all were required by the

'Savag process, before protein removal appeared
complete. The polysaccharide was then precipitated

from the concentrated aquecus solution, as before,

iand reprecipitated 3 times. This yielded a heavy,
fibrous product in high yield (8+4 g.; [al}’ = - 2¢°
in water). (sample C]. : }

¢) Removal of protein with ral lead acetate,

followed by the Seyag method.

Milled couch grass roots (29 g.) were extracted

with water (200 ml.), as before, and protein removed

by the addition of neutral lead acetate solution '

dropwise at 40° until no further precipitation occnrréd.

The precipitate was removed by filtration, Ph++ removed
a3 lead sulphide and hydrogen sulphide removed from
the solution by aeration. ‘
To remove last traces of protein, the aqueous
golution was concentrated to 100 ml. and shaken with i
chloroform (25 ml.) and butanol (10 ml.). After |

repeating once, no gel was produced. The polyaacch&rde

was then preclipitated in the normal manner and
|
?apracipitated twice, to yield a fine white powder

ts-l g} [a]%? = « 33%° in water). [Sample D].
|
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Anh Content = 3+57 (by direct ignition) !
= 3.5% (23 sulphate).

d) Removal of protein with cadmium hydroxide. |

The effect of cadmium hydroxide as a deprotein-
izing agent was studied, using the method outlined by
(5)

lFﬁJita and Iwatake for the removal of proteins
from the blood.

Four extractions of milled alcohol=-extracted
|couch grass roots (10 g. each) were made and, in the
clarification of the agueous extracts with cadmium
hydroxide, 4 different techniques were employed.
(i) To a solution of cadmium sulphate (CdSOy.8HgO; 1 g.)
in water was added N.NaOH (7+8 ml.) and the resulting
suspension of cadmium hydroxide was added dropwise to |
the boiling aqueous extract in the presence of barium

4
carbonate. After filtration, Cd were removed from

the solution as cadmium sulphide and hydrogen aulphidq
removed by the passage of compressed air. The last

traces of protein material were removed by shaking

kith chloroform=butanol, according to Sevag, and the

trnaesa repeated three times. The polysaccharide

as pracipitated in agueous alcohol in the nommal

| |
manner to yield a fine white hygroscopic powder (3.7 g.;
lu]éﬁ = « 28° in water). [Sample R&].

(i1) A cadmium hydroxide suspension was added to the |

aqueous extract as in (1), but cd "were removed by



|
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passage of the solution through zeocarbedeacidite ‘
'1on-exchangc columns, when the extract was cclourlasa+
Precipitation of the polysaccharide from alcohol [
yielded a fine white powder (0°94 g.; [cly = - 48°
in water). [Sample F].
(1ii) Here the cadmium hydroxide was formed 'in situ'
in the aqueous extract. To the boiling aqueous {
ontract, containing barium carbonate, was added ;
5cadmium sulphate (1 g.), and, after 1 minute,
N.NaOH (6 ml.) was added Gropwise. Cd*" were then
removed as sulphide, as in (i), and 1 Sevag treatment

showed that complete removal of protein had occurred,

using this technique. This ylelded a fine white

16 '
powder (17 g.; [alp = - 36° in water). [Sample q].
(iv) The solution was deproteinized with cadmium |

hydroxide, using the technique outlined in (iii), and’
Fd*+ were then removed by passage of the solution !
through zeocarb-deacidite colums. After shaking wi
phloroform-butanol. the polysaccharide was preoipitat:E
hn alcohol as a fine white powder (1:4 g.; [n]%s = - p4°
n water). [Sample H].

aecharide

‘ followed by Deacetylation.

The Acetylation of Triticin. !

5 The impure polysaccharide (3:5 g.; Sample C) was,

*issolved in the minimum amount of water (7 ml.) and
- !
| |
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redistilled pyridine (36 ml.) added. The pyridine- |
water azeotrope was removed at 40°/15 mm., more
pyridine added, and the process repeated several
times until finally a solution of the polysaccharide
in dry pyridine was obtained. Acetic anhydride

(40 ml.) was added to the solution, with stirring,
over a period of 1 hour, the stirring continued for
a further 3 hours and the mixture then shaken for 20
hours. The deep red solution was filtered from a
small amount of insoluble material (0.3 g.; [a]lp = -|27°
in water) and the acetate precipitated by dropping
the solution into water (1 1.) with constant stirring.
After standing overnight, the acetate was removed by
filtration and washed well with water for 7 hours
until free from pyridine and acetic acid. The white
powder was dried on porous plate in a vacuum desiccator
over calcium chloride, dissolved in chloroform (26 ml:)

and precipitated by pouring into light petroleum

ﬁb.p. 60° - 80°; 260 ml.). The product was then
dried in a vacuum desiccator over phosphoric oxide and

araffin wax and, finally, in a high vacuum, to yield

fine white powder (2:2 g.).
17
la]l]y; = = 11° (¢ = 2 in chloroform), |
' % CH4C0 = 42.0. ‘

e Deacetylation of Acetylated Triticin.

|
The acetate was deacetylated with sodium methoxide,
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|

'. z (6)

according to Zemplen and Pacsu.

The acetate (2:1 g.) was dried in a high vacuum,

dissolved in dry chloroform (15 ml.) and cooled in a

freezing mixture. A solution of sodium (01 g.) in
absolute methanol (56 ml.) was added and the aemi-solid
mixture shaken for 5 hours. Ice water (5 ml.), 10% !
acetic acid (2 ml.) and water (13 ml.) were added.
Removal of the chloroform layer, concentration
under reduced pressure and precipitation with light
petroleum gave < 10 mg. unchanged material.

i The deacetylated product was precipitated from

the concentrated aqueous layer with alcohol to yield

F fine, white, hygroscopic powder (0.9 g.; [a]%v = - |44°
in water). [sample J].

Ash content = 2:8% (by direct ignition)
= 4.3% (as sulphate).

If allowance is made for this ash content, the
effect is to increase the value of the specific

rotation by ca. 2°.

|
|

i.e. {a]i? = =« 46° (¢ = 1 in water).

Fractional Precipitation of the Polysaccharide.
A sample of the polysaccharide ([a]; = - 44°),

|
Faolatad in the same way as specimen H, was submitted

io fractional precipitation from its aqueous solution |

with alcohol. |
[ |
|

i The polysaccharide (3+8 g.) was dissolved in
|



water (30 ml.) and absolute alcohol (85 ml.) added to
The solution could not be clarified by centrifuging

but was clarified by filtration through a pad of ‘
'filter cel.!’ Bxtraction of the pad with water ‘
yielded < 10 mg. material. ]
Addition of alcohol (300 ml.) to the above \
solution after clarification gave a gum-like precipi-;
tate, which hardened on trituration with alcohol, to |
yield a fine, white, slightly hygroscopic powder
(2.9 g.; [u]%a = « 43° (¢ = 1+6 in water)). [Fraction
Addition of a further 200 ml. alcohol to the

Ifiltrate ffom Fraction I gave a white turbidity, which

under reduced pressure, to yield a glass which, on
trituration with alcohol, yielded a fine, white powder
Total recovery = 3.5 g. (92%).

Reducing Action of Triticin.
Both fractions of the fractionated polysaccharide

gava a slight reduction of Fehling's solution on

{ith the purest sample of triticin available (Sample F;
“]D = - 48°). Analar sucrose, however, also gave a

[

slight reduction of Fehling's solution under these

¢onditions, and it would appear that some degradation

the solution with stirring, to yield a white turbidit$.

could not be centrifuged. The solution was evaporatﬂd

oiling for 15 minutes, a similar result being obtainaf

1],

(0+6 g.; [u]%s = « 42° (¢ = 3 in water)). [Fraction II].
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occur's on prolonged heating.

The Hydrolysis of the Polysaccharide.

A pure sample of polysaccharide (0°'l g.) was
hydrolxaed by heating on a water bath at 80° with 1%
oxalic acid solution (10 ml.) for 4 hours.

[u]%? = - 48° (¢ = 1 in water) (zero) —> - 84° (10
minutes) constant.

The hydrolysate was neutralised with calcium
carbonate, filtered, and inorganic ions removed from
the solution by shaking with "amberlite" ion-exchange
resins (IR-100(H) and IR-4B(OH)). The solution was |
then evaporated to a syrup under reduced pressure and
spotted on the chromatogram., Paper chromatograms
run in butanol/ethanol/water, and developed with
aniline oxalate, indicated the presence of fructose
(mainly) and glucose or galactose (EG = 0.085).
Paper chromatograms run in butanol/pyridine/benzene/
water, however, indicated that glucose was present but
that galactose was absent.

A series of hydrolyses of various samples of the
polysaccharide invariably produced glucose in addition|
to fructose on the chromatogram. The extreme ease of

hydrolysis of the polysaccharide was demonstrated by

|
lhe fact that, with 0+1% oxalic acid solution as the

ydrolysing agent, hydrolysis was complete in 10 to
%5 minutes.
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Attempted Preparation of Galactose l-methyl l-phenyl-
hydrazone. |

To decide whether any galactose was present in

the polysaccharide hydrolysate, it was decided to
treat the hydrolysate with asymmetrical methyl-phenyl-
hydrazine, according to the method outlined by Hirst,
Jones and doodss7)
For this purpose, a sample of polysaccharide
(0.5028 g.) was hydrolysed with 1% oxalic acid (50 ml.
using the procedure described above. A synthetic
mixture (0°'50 g.) of fructose (90%) and galactose 1
(107) was prepared and used as a control experiment.
Water (10 ml.) was added to the hydrolysate and |
to the synthetic mixture, and to each solution the I
following reagents were added:=
2+5 g. redistilled l-methyl l-phenylhydrazine
10 ml. absolute ethanol

0°+3 ml., glacial acetic acid.

The mixture was kept at 35° for 18 hourx and then
cobled at 0° for 24 hours. The crystals were filtere
Fnto a weighed sintered glass crucible, washed with

ice~cold ethanol and dried at 90° for 30 minutes.

bongrol experiment.

This yielded a yellow solid (41 mg.).
m.p. = 176° - 178° (d).

There was no depression of the melting point on

|
r



ladmixture with an authentic specimen of galactose

methylphenylhydrazone. '

Hydrolysis Product from Polysaccharide. |
This yielded only a minute amount of solid

(ca.6 mg.).

Autohydrolysis of the Polysaccharide.
Fraction I of fractionated polysaccharide (0-1 g.)

was dissolved in water (10 ml.) and heated on a boili%g
water bath to constant rotation. {
[a]%s = - 44° (zero)—> - 46° (3 hours) —> - 51° (12 |
hours ) —> = 54° (16 hours)—> - 75° (19 hours) —>
- 81° (24 hours) constant.

The aqueous solution was concentrated under
reduced pressure and spotted on the chromatogram. ‘

|
Duplicate papers were run in ethyl acetate/acetic acid/

ater. One paper was sprayed with naphthoresorcinol

eagent, prepared by mixing an 0°2% solution of

naphthoresorcinol in ethanol (3 parts) with concentrated

ik

ydrochloric acid (1 part This showed the presence|

pf fructose, 2 spots of approximately the same Rg

%1th Rq = 0°056. A solution of the fructosan itself |

ralua as sucrose (0+03%) and a fructose derivative

gave only a pink spot on the starting line with
+aphthoraaorcinol.

, The other paper, sprayed with ammoniacal silver |
$1tr&te. showed the presence of fructose, glucose and
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| & reducing spot with Eg_é 0.056.

Fraction II of the fractionated polysaccharide
yielded precisely the same results on hydrolysis with
boiling water, viz. fructose, glucose, a reducing
spot (Eﬁ;= 0+«056) which gave a pink coloration with
naphthoresorcinol, and 2 non-reducing spots whaich

| travelled at the same rate as sucrose. |

In order to determine the rate at which turanose

-

travelled, as compared with sucrose, in ethyl acetate,
acetic acid/water, melezitose was submitted to con-
trolled hydrolyaisgg) A pure sample of melezitose
was heated on a gently boiling water bath with

concentrated sulpnuric acid (0+7% “/,) for 20 minutes.
The solution was immediately cooled, neutralised with
barium carbonate, filtered and the filtrate freed

from inorganic ions by shaking with "amberlite" rnsinﬂ.
The solution was evaporated to a syrup under reduced
pressure and spotted on the chromatogram. A series

of chromatograms were run in ethyl acetate/acetic

acid/water and developed with various spray reagents,

he melezitose hydrolysate being compared with the
queous hydrolysate of the polysaccharide. The

feaulta are summarised in the diagrams below.




gvaporated to a éyrup under reduced pressure. This

ructose and glucose only were detected. There was np

separation of the component sugars.

triticin was dissolved in water (10 ml.), oxalic acid
(0+*1 g.) added and the agueous solution heated on the
water bath at 80° for 5 hours. The solution was

neutralised with calcium carbonate, filtered, shaken
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The Golog;mgsric Detimation of the Fructose produced

on hydrolysis o he polysace e,

Reagents.
Acid Reagent: 130 g. glycexrol (B.P.), 100 ml. conc.

hydrochloric acid (A.R.) containing
45 mg./1. CuS0y.5Ho0, and 650 ml. water|
Resorcingl: 0+45% in water.

Stock ¥ructose Solution: 5 mg./ml. in saturated

benzoic acid solution.

Standard fructose solutions, the concentrations of
which ranged from 0+02 mg./ml. to 0°+2 mg./ml., were
prepared by dilution of the stock solution.

A standard curve for fructose was constructed
over the range 0°+02 mg./ml. - 0+20 mg./ml. The
fructose uased for the construction of the standard
curve had [a]3® = - 103°—>- 92° (constant).

The procedure, which was rigidly followed for
Pach solution, was as follows:~

The acid reagent (5 ml.), followed by the

resorcinol solution (1 ml.) and the standard fructose

?olution (2 ml.) were transferred by pipette to a
yrex test tube (6" x 3/4"), fitted with a close-fitti%g
lase bulb at the mouth. After thorough mixing, the

Iontants of the tube were hesated in a boiling water

+ath for exactly 12 minutes. The solution was cooledl

%t once in running water and then read against a blank
l




carried through the procedure at the same time, using
the Spekker absorptiometer (1 cm. cells and I.S.
violet 601). It was observed that, provided the .

reagents were wellemixed before heating, there was no

I
Logio =y,

0:143
0367
0+481
0:636
0+:900
1:.195

A standard solution of pure polysaccharide

(lalp = = 48°) containing 0.1 mg./ml. was made. The
fructosan solution was treated according to the method
outlined above, and the c¢oncentration of the fructose
was determined from the standard graph.

Results of the estimation.

Concentration of fructosan solution = 0.111 mg./ml.
Determination I Spekker Reading = 0715
: Concentration of Fructose = 0°:115 mg

% Fructose in hydrolysate = 92°6.

b ]

%eterminat;on_glr Spekker Reading = 0.702
Concentration of Fructose = 0-112 mg

.. # Fructose in hydrolysate = 91°0.

change in the colour intensity over a period of 2 hours.

ind

e

Mean value of fructose produced on hydrolysis = 91°8%
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Quantitative HBstimation of the glucose produced on

hydrolysis of the polysacchsride. ‘
The fractionated polysaccharide (0:1027g) was ‘

dissolved in water (10 ml.) and heated on a boiling ‘

water bath for 36 hours. The agueous solution was
then concentrated under reduced pressure to yield a ‘
thin, straw-coloured syrup which was dried in a high |
\vacuum over phosphoric oxide. Yield 0-1034 g.

The syrup was dissolved in water (5 ml.) and
spotted on the chromatogram. In order to be able to
estimate accurately a small amount of glucose in the
presence of a large amount of fructose, the hydrolysate
solution was spotted on a number of paper chromatograms,
using a micro-pipette. This ensured that each paper
contained exactly the same weight of sugar material.
5 Papers were spotted thus, and the sugars separated
by running in ethyl acetate/acetic acid/water for 40
nours. The paper strips were freed from acetic acid
prior to agueous extraction by evacuating in a

desiceator over water overmight. A paper blank, on

pulping in water, then showed no acid reaction to
methyl red. Glucose, from 5 paper strips, and

|
fructose, from 2 paper strips, were extracted by

allowing cold water to run down the length of the

strips, using the procedure described by Laidlaw and
(10)

Reid. Cold water extraction was continued for 30

ginutaa. paper blank strips being extracted alongaide.!
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Sodium meta-periodate solution (1l ml.; 0.20M) was
added to each solution, and the solutions oxidised by
heating on a boiling water bath for 30 minutes.

After cooling under the tap, ethylene glycol (0:2 ml.)
was added and the liberated formic acid titrated
against 0-OlN sodium hydroxide using methyl red as
indicator.

Result.
Paper Blank I titre

0290 ml. NaOH.

Paper Blank II titre 0+240 ml. NaOH.

Glucose titre (from 5§ paper strips) = 0540 ml.
NaOH.

Fructose titre (from 2 paper strips) = 1.350 ml. NaOH.

% Glucose is 270 x 3 x 100 .
b x 3-105 - 5—2g'

Now ¢ PFructose in hydrolysate = 91.8% (by col3rimntric
assay).

.. % Glucose in hydrolysate = 5:2 X 9148
100

=4- .

.". Formic acid liberated from glucose = (0:540-0.270)ml.

= Q270 ml. NHaOH.

Fructose from 5 strips = 1.350 X 5 = 3.395 n»f. WaOH
2 n .

Formic Acid liberated from fructose = (3+375-0:270)ml.




Studies on tue Methylated Polysaccharide.

The Acetylation of Triticin.
A solution of the polysaccharide (34 g.) in

pyridine (400 ml.) was made, using the method of

(11) l

Pacsu and Mullen already described (p.JS5Y9 ), and |
the product was acetylated by the addition of acetic
anhydride (400 ml.) with stirring, the procedure being
the same as that described previously. The acetate |
was precipitated by pouring into water and washed free
of pyridine and acetic acid. The product was then
dried in a vacuum desiccator on porous plate over
calcium chloride and paraffin wax, and finally in a
vacuum oven at 40°/30 mm. over concentrated sulphuric
acid. This removed last traces of pyridine and
yielded a buff-coloured solid (42 g.). On reprecipi=-
tation twice from chloroform with light petroleum,
the product (37:5 g.) still had a faint buff colour.
[u.]]]i5 = =« 11° (¢ = 3 in chloroform).

Acetyl Content. a) 44:6%, b) 45.0%, (theory, 44.8%).

\
ggactionatibn of the Acetate. .

The acetylated polysaccharide (32.7 g.) was

dissolved in chloroform (350 ml.) and fractionally

precipitated by the addition of light petroleum (b.p.

60° - 80°) in 100 ml. portions, the solution being

Ptirred vigorously.

i On addition of 650 ml. light petroleum, a red,
|
|
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fibrous material separated, the chloroform solution
of which was not optically active.

Fractionation then occurred as follows:=-

Fraction I 750 ml. light petroleum 653 g.
Fraction II 860 m1. " " 11.5 g.
Fraction III 950 ml. * " 5.0 g.
Fraction IV 1350 ml. . » 6.6 g.

Fraction V. Concentration of solution to 0.6 g.
60 ml., and addition of light
petroleun.

Fraction VI Residue after distillation
of solvent. 0.2 g.

Total recovery = 32:2 g. (98%).

The first four fractions were obtained as white
powders, Fraction V was coloured yellow and Fraction
VI was obtained as a yellow syrup.

The fractions had the following constants:~

Fraction I [u]%?= - 9° (¢ = 3 in calorofomrm)
% CHz00 = 41.3.

3 in chloroform)
% CHgCO = 41.9.

17
Fraction II [a]lD = 9° (¢

Fraction III [a]%7= - 8° (¢ = 3 in chloroform)
o CHgCO = 42.2,

1]

Fr&ction Iv [u]£7= - 7° (¢ 3 in chloroiorm
% CHzCO = 42.9

Fraction V [a]%7= +2:8° (¢ = 1°5 in chloroform)

% CHzCO = 45+6

]

braction VI [n]z?= + 26° (¢ = 1+5 in chloroform).

The specific viscosities of 1% solutions in

cnloroform of the variouvus frsctions were determined
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using a closed Ostwald viscometsr immersed in a

thermostat at 20°C.

Fraction Time of '7§2£20° elgs/1,) VEQZG ?QEZCﬂ

flgw,
Chloro-

form 65+*4 secs.

I 692 " + 008 10+68 »O065 1567
Ix 69,7 " 065 11.50 «+00D7 1.647%
111 685 *® 047 1100 0043 1.24%
v 67:6 " +032 11:53 0029 0800
v 687 ¢ +050 16:56 «+ 0030 0:877

where ¢' is the concentration in g.mols/litre of
acetylated anhydrofructose residues, assuming the i
repeating unit to be a trihydroxy-anhydrofructoge
(CgHy005)

It was decided to combine fractions I and II and

to use fraction III for a trial methylation.

The Methylation of Acetxlagéa Triticin.

Irial Methylation.
Fraction III of the fractionated acetate (4.6 g.ﬁ

was dissolved in acetone (200 wl.) and methylated by a
procedure similar to that described by Haworth and

|
Gtredght 12! for the methylation of inulin. |
|

Dimethyl sulphate (100 ml.) and 30% caustic soda

*250 ml,) were added simultaneously to the solution

|
%ith vigorous stirring, the rate of addition being



1 part of dimethyl sulphate to 2.5 parts of caustic
soda. The flask was immersed in a water bath, the
temperature of which was maintained at 40°, and the
reaction was carried out in an atmosphere of nitrogen.

The acetone was then removed in partial vacuum, and
the temperature slowly raised to 75° and maintained |
thus for 1 hour. The white, slightly sticky solid
|was filtered hot, washed with a little boiling water
(7 ml.) and returned to the flask.

After 3 such methylations, the cream-coloured
solid was washed thoroughly with boiling water till
free of sulphate, and dried at the pump. The solid
was then dissolved in chloroform (100 ml.), the
golution allowed to stand overnight over anhydrous
sodium sulphate, and the methylated polysaccharide
precipitated from solution with light petroleum (b.p.
60° - 80°). This yielded a fine, white powder which
was dried in high vacuum (1:8 g.; OMe, 42.7% (thaory;
5:6%)).

The methylated polysaccharide was then refluxed

ith methyl iodide (40 ml.) for 7 hours, silver oxide

(18 g.) being added in 2 g. batches every 30 minutes.
e methylated product was recovered from the silver
xide by repeated extraction with boiling chloroform. |

The combined extracts were dried over anhydrous sodium

|
| |
sulphate and the methylated polysaccharide precipitated
|
|

from the concentrated chloroform solution with light
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petroleum. This yielded a fine, white solid (1.44 gl
OMe = 42+7% [a]%2 = = 57° (¢ = 1 in chloroform).
The material was thersfore unchanged after 1 methyl
iodide~silver oxide methylation, and a further
methylation by this method gave no further increase

in methoxyl coatent.

triticin solutions.
The viscosity of the methylated polysaccharide

(OMe, 42+7%) in mecresol was, at this stage, compared
with that of the acetylated polysaccharide (CHzCO,
42+2%) from which it was derived.

The measurements were made in an Ostwald viscomet

immersed in a thermostat at 20°.

m=cresol {c!.
-Cresol . 433 secs.
ethylated
triticin 3711 g. 445 secs. «028 +0075
cetylated
triticin 3.711 g. 441 gecs. 018 +00560

where c¢' = concentration in g.mol./litre of methylate

or acetylated anhydrofructose residues.

Comparison of viscosities of methylated and acetylated

er

Substance. Wt.in 1000 ml. Time of flow 792420" f&o _ 'ZZG'

1.54

1.44
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Methylation with Thallous Kthoxide - Methyl Iodide.
The partially-methylated polysaccharide (1.1 g.;!

OMe, 42+77) was dissolved in chloroform (60 ml.) and
*filter cel' added to the solution, A solution of
thallous ethoxide (1+3 g.) in chloroform (15 ml.) was
then added and, after shaking well, the chloroform ,
was removed from the mixture by distillation under
reduced pressure, the flask being protected from
light during the process. The grey solid residue was
finely powdered in the dark and refluxed with methyl
iodide (60 ml.) until the yellow thallous iodide was
no }onger alkaline to phenolphthalein. The methyl
iodide was then removed under reduced pressure and
the residue exhaustively extracted with boiling
chloroform. The combined extracts were dried over
hnhydroua sodium sulphate, concentrated under reduced
ressure and the methylated polysaccharide precipitated
ith light petroleum (b.p. 60° -« 80°), to yield a
fine, white powder (092 g.; OMe, 43%).

The product had:

[a]lp = = 59° (c = 1 in chloroform).

Ash content = 0-+427%.

Correction for the above ash content gives a

Lethoxyl content of 43°2%.

¥zdrnlzaia of Methylated Triticin.

The method adopted was similar to that described
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(13)

by Haworth, Hirst and Percival for the hydrolysis

of methylated inulin.

The methylated polysaccharide (16 mg.) was heate%
with methanol (0:45 ml.) and water (0-15 ml.) con-
taining oxalic acid (6 mg.) in a sealed tube immersed
in a water bath at 80° for 14 hours. The solution
was neutralised with calcium carbonate and centrifuge?,
the solution removed by pipette and concentrated under
reduced pressure.

Paper chromatograms sprayed with a saturated
solution of urea oxalate in water indicated the
presence of tetramethyl fructofuranose (EQ = 1.0), a
trimethyl fructose (Eg = 0+84), a dimethyl fructose

(Rg = 0'62) and a spot travelling faster than tetra-

ethyl fructofuranose (Ry = 1:08).
There was no evidence as to the presence of

onomethyl fructose or free sugar.

large-Scale Metnylation of Fractionated Acetate.

Fractions I and I1I of the fractionated acetate

were combined and the total material (19 g.) methylate

=

the procedure being similar to that already described.

The acetate was dissolved in acetone (500 ml.)
¥nd dimethyl sulphate (210 ml.) and 30% sodium hydroxide
(560 ml.) added simultaneously with efficient stirring,
The reaction was performed in a water bath at 40° and |

in an atmosphere of nitrogen. The partially-methylated




material was isolated in the manner described
previously to yield a brown, hard, solid mass. This
material was methylated thus a second time, the
Ivolumes of reagents being reduced by some 256%. The
product was isolated in a more finely-divided fomrm
on this occasion. ,

The ligquor from the lst methylation was dialysed
for 7 days when, on concentration, no turbidity was
obtained with barium chloride. The concentrated
deep yellow solution was filtered and poured into
alcohol, but no precipitation occurred, and the
alcoholic liquor, on evaporation, yielded no significant
residue. It may, therefore, be assumed that practi-
cally no loss occurs in methylation due to material
remaining in solution.

After a third methylation with dimethyl sulphate-

odium hydroxide, the temperature of the water bath
Eaa raised to 100° and maintained thus for 1 hour, in
order to destroy any sodium methyl sulphate. The ]
pale yellow solid was filtered rapidly while hot and
washed thoroughly with boiling water (2 1.) till free

of sulphate. The product was dried at the pump and

then on porous plate in a vacuum desiccator over

calcium chloride. '

} The crude material (l1°9 g.) was then methylated
irectly with methyl iodide (85 ml.) and silver oxide |

60 g.), according to Purdie, the procedure being
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identical to that already described (p.7/). The
methylated polysaccharide was then precipitated from |
chloroform with light petroleum (b.p. 60° = 80°) to
yield a white solid (9:7 g.; OMe, 43-3%).

[a]%s = =« 61° (¢ = 1 in chloroform).

Viscosity measurements.

A comparison was made of the viscosities of

and the acetylated polysaccharide (CH5CO, 41°67) in

Fractionation of the Methylated Polysaccharide.
The methylated polysaccharide (9°7 g.) was

dissolved in chloroform (70 ml.) and light petroleum

solutions of the methylated polysaccharide (OMe, 43:3%)

me=cresol.

P
Substance dt.in 1000 mls. Time of flow '732420° ;Qc %20‘

m=cresol (¢

m=cresol 429+:6 secs.
me thylated
polysaccharide 3680 g. 4404 gecs. 0-025 040068 1+39
acetylated |
polysaccharide 3770 g. 4365 gecs. 0+016 00043 1.23

(b.p. 60° ~ 80°) added slowly and with constant stirri
in batches of 100 mls.

Fractionation occurred as follows:-

raction I 700 ml. light petroleum 52 g.
action II 1100 ml. light petroleum 244 g.

Fraction III Residue after removal of
solvent 1-06 g.

i
Total recovery = 8.7 g. (90%).
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Fractions I and II both separated as a fine,
white powder after trituration with light petroleum.
Fraction III was obtained as a syrup which, after
repeated trituration with light petroleum, yielded a |
pale yellow solid.

The fractions had the following constants:~

Fraction I [u.]_%9 = = 60° in chloroform, OMe = 41.4%
Fraction II [a]})g = =« 60° in chloroform, Olle = 41.0i
Fraction III [a]}® = - 66° in chloroform, OMe - 40.5

The viscosities of the 3 fractions in mecresol

solution were determined.

Fraction Time of flow %732420° ?2c 320'
m=Ccresol = 442 4 gecs.
I 3+36 g. 449+1 gecs. 016515 0045 | 0+920.
5 & 3:62 g. 445 +3 gecs. 0066 0019 | 0+380,
111 342 g. 446+2 secs. <0086 -0025  0-512.

where ¢' = concentration in g.mols./litre of methylated

Pnhydrofructoae residues.

From the above results it was decided to hydrolys%
B portion of fraction I and to subject the remainder

pf that fraction to further methylation.

A) Remethylation of fractionated trimethyl triticin. |
A portion of fraction I (2-05 g.) was methylated |

1
?1th thallous ethoxide-methyl iodide, using the pro-

?edure described previously (p.73). This yielded a ‘
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fine, white powder (1.92 g.; OMe, 43.4%).

[a.]]ﬁ7 = = 60+4° (¢ = 1 in chlorofomm) i

Ash content = 1:167.

Correcting for this ash content, the methoxyl

content becomes 43:97.

This material was then combined with the sample

from the preliminary trial methylation ([a]p = - 59°;

OMe = 43+2%) and the total material (2:70 g.) again

methylated with thallous ethoxide-methyl iodide.

The product precipitated from chloroform solution as

a pale yellow fine powder (2:56 g.).

It was thought that the pale yellow colour might

be due to some contamination with thallous iodide.

When, however, an aqueous solution of sodium sulphide

Faa added to a little of the material, no black

precipitate was obtained. This, coupled with the

fact that the material did not give a T1® flame test,

is good evidence that the methylated polysaccharide

is free from thallous iodide.

‘The methylated material had OMe = (a) 44.5%¢
(b) 44-6%.

Ash content = 0°:05%, unchanged on sulphation.

It is assumed that this sample of methylated
polysaccharide is fully-methylated.
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‘B) Hydrolysis of the Fractionated Methylated Poly=-

saccharide.
A portion of Frsction I of the methylated poly-

saccharide (3°07 g.) was hydrolysed by heating under
reflux on a water bath at 80° with methanol (90 ml.)
and water (30 ml.) containing oxalic acid (1:2 g.),
until the rotation was constant ([a]%? = + 16° after
24 hours).

Tne acidic solution was neutralised with calcium
carbonate, the solution filtered and evaporated to a
syrup under reduced pressure. Last traces of water
were removed by the addition of alcohol and benzene
and removal of the azeotrope by distillation under
reduced pressure. The syrup was then extracted with
boiling chloroform in the presence of anhydrous
sodiumn sulphate, and the solution filtered and con=-
centrated under reduced pressure. The residue was |

dried in a vacuum desiccator over phosphoric oxide

to yield a mobile syrup (3°39 g.).

#gp Separation of the Components of the Hydrolysate.

The methylated sugars obtained by hydrolysis of

he methylated polysaccharide were separated by elution

(14)

|

t

[hrough a columm of powdered cellulose, using the
echnique developed by Hough, Jones and Jadman.

A column of powdered cellulose was prepared

|
|
*2?" x 1°4") and the column eluted with
|
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water, butanol saturated with water and, finally, a
mixture of butanol (50%)-light petroleum (50%)
saturated with water. The light petroleum (b.p.
100° « 120°) had been purified by shaking overnight

with concentrated sulphuric acid, followed by washing
with water and sodium bicarbonate solution and
distillation. _
_ The hydrolysate of the methylated polysaccharide |
(3+39 g.) was then added to the column and, after 2
hours, elution was commenced with a 507 - 50% mixture
of butanol-light petroleum saturated with water. =0
The receiver was changed by an automatic timing devicJ
every 24 minutes. Bvery tenth tube was evaporated

on the water bath, 2 drops of water added and this

solution spotted on the chromatogram. Zach chromato=
gram was duplicated. One, using tetramethyl fructo=-
furanose as the standard, was sprayed with an aqueous

solution of urea oxalate in order to detect methylated

;ructose material., The other, using tetramethyl
élucopyranoae as the standard, was sprayed with an
queous solution of aniline oxalate in order to detect
y methylated aldose material which might be preaant.'

ractionation occurred as follows:~-
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Tubes. Rg value of syrup Fraction.
11 - 31 1-09 I
31 - 41 mixture of F.I and F.II
41 - 86 1:01 II
95 - 115 0+95 I1I
120 - 155 0-88 iv
1656 - 201 0+89 \
218 - 245 0+80 Vi
335 - 425 0+64 VII

The column was then eluted with water (500 ml..).
The appropriate tubes were combined quantitatively,
each tube being thoroughly washed with water and

acetone.

Investigations of the Frgcgiogg from the Cellulose
Columm .

In the investigation of each fraction, the
following procedure was employed.

The solution was evaporated to a syrup under

reduced pressure (45° - 50°/15 mm.). The residue was

thracted with water (ca.l150 ml:) and the extract
1
reed from a waxy materiasl by filtration through a

ad of 'filter cel.' The clarified agueous solution |

as then evaporated to a syrup under reduced pressure,

ast traces of water being removed as an alcohol~ |

penzene-water azeotrope. Final dewaxing was achieved!

%y extraction of the syrup with acetone, followed by |
| |
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gravitational filtration and evaporation to a syrup
under reduced pressure. The syrupy residue was then
dried in a vacuum desiccator over phosphoric oxide

and soda lime.

Fraction I.
This was obtained as a highly mobile non-reducing

syrup (0+380 g.) and had:

[a]%? = + 56° (¢ = 1 in water).
n2% = 1.4415

OMe = 58-3%

The syrup was cCuromatographically pure (RG = 1°04

giving a black cotgur with urea oxalate and ngﬁcolour

with aniline oxalat;.

Although the syrup itself did not reduce ¥ehling'

solution, acid hydrolysis followed by neutralisation

gave a strong reducing action. The syrup is, in all

prbbabilitx,tatramethyl-methyl-g-fructofuranaside

(OMe, = 62°0%).

Hydrolysis.
A portion of the syrup (0-12 g.) was dissolved in

|
water (20 ml.) containing oxalic acid (0+2 g.) and i
heated on the water bath at 80° till the rotation was
constant.
T 1§ - >
[a]lp = + 66° (¢ = 0°6 in 1% oxalic acid solution)(zer

—+ 34° (1 hour) — + 31° (2 nours) constant.

)s
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The solution was neutralised with calcium carbo=-
nate, heated on the water bath to decompose
bicarbonate, and filtered. The solution was
evaporated to a syrup under reduced pressure and
extracted with acetone to remove wax and inorganic
material. The acetone extract was then evaporated
under reduced pressure to yield a mobile syrup.
Yield =0+09 g.M %0 = 1.4508.

The syrup was run on the chromatogram against
standard tetramethyl fructofuranose. Jevelopment

with urea oxalate showed the syrup to be a chromato-

Purification of ¥raction I.
The remainder of the original glycosidic syrup

(229 mg.) was submitted to distillation in a high
vacuum, using a micro-distillation apparatus. A
colourless,mobile syrup distilled (b.p. 82° - 86°/
0001 mm. bath temperature). Yield = 213 mg.
The distillate had 7 3° = 1.4396

me thylfructofuranoside, 620

OMe = 61'5% (theory, for tetramet

graphically pure sample of tetramsthyl-Q-fructofuranoﬁe.

e

A dark brown non-volatile gum-like residue

remained in the distillation apparstus.

Eggotion X

‘ This was obtained as a mobile reducing syrup

0268 g.) with
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8% = y.4493.
OMe = 49°+1% (theory, for tetramethylfructofuranocse, |
52+5%).

[a]38= + 45° (c = 2 in water) ([alp lit. = + 31.7° in
water.)

The syrup was chromatographically pure, ziving
a black colour with urea oxalate and a faint pink

colour with aniline oxalate.

Hydrolysis.

The high value obtained for [aly suggested the
possible contamination of the tetramethyl fructo-
furanose with trimethyl methylfructoside.

To hydrolyse glycoside material, the syrup
(0+182 g.) was dissolved in water (10 ml.) containing |
oxalic acid (0°*1 ge.) and the solution heated to
cons tant rotation on a water bath at 80°.

[u}gg = + 48° (¢ = 2 in 17 oxalic acid) (zero) |
—> + 6+6° (30 minutes) —» + 5+5° (90 minutes)
constant.

The solution was neutralised with calcium

carbonate, heated on the water bath for 30 minutes

and the filtrate evaporated to a syrup under reduced
|
%r&saure. The syrup was extracted witah acetone,

evaporated to a syrup and dried in a vacuum desiccator

ver phospghoric oxide. This yielded a fairly mobile |
|

Tyrup (0146 g.)
|
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Nz = 1.4548

OMe = 44+54.

The syrup was spotted on the chromatogram and |
was shown to be a mixture of tetramethyl fructofuranoée
and a trimethyl fructose (Eﬁ = 0+84),
Praction II is therefore a mixture of tetramethyl
fructofuranose and a trimethyl methylfructoside which

do not separate on the chromatogram.

¥ixture of Fraction I and Fraction II.

This yielded a mobile reducing syrup (0200 g.)

113 = 1.4499. |
Paper chromatography indicated that the s yrup w34
mainly tetramethyl fructofuranose contaminated with a

little of the methylfructoside.

Hydrolysis.
This syrup (0-200 g.) was combined with the

remainder of F¥raction II (007 g.) and dissolved in

ater (20 ml.) containing oxalic acid (0.2 g.).

e solution was heated on the water bath at 80° for

hours, and the same procedure followed as outlined
|

previously. After acetone extraction, a fairly mobil%
Eyrup was obtained which was dried in a vacuum
iesiccator over pnosphoric oxide.
Yield = 0-231 g.

7115

D = 1-+4640 OMe = 46+2%
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Paper chromatography showed the presence of
tetramethyl fructofuranose (mainly) and a trimethyl

sugar (E‘E = 0-84).

|

Fraction III.
This yielded a syrupy residue (18 mg.;”%o = 1:4604)

The syrup gave a slight reduction of Fehling's solution
and further reduction after acid hydrolysis.

A series of chromatograms showed that, with urea
oxalate development, one diffuse spot (Eﬁ = 0.94) was
obtained, and with aniline oxalate development a
single pink spot (EQ.R 0+85) was obtainsd;

The syrup was thought to be a trimethyl methyl- |
fructoside which had undergone partial hydrolysis to
a trimethyl fructose.

Hydrolysis.
The remainder of this fraction (ca. 10 mg.) was

hydrolysed with 1% oxalic acid for 4 hours, using the
technique described above.

The hydrolysate was spotted on the chromatogram
and was shown to consist mainly of a trimethyl sugar
(Eg‘= 0.84) which gave a pink colour with aniline

pxalate and a blue-grey colour with urea oxalate. In

deition)am&ll amounts of a dimethyl sugar (RG = 0+60)

|
and what is presumably free fructose were found to be

Tresent.
| |
| |
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Fraction 1IV.
This yielded a viscous pale yellow syrup (0:073

8s).
ni® = 1.4650.
OMe = 38% (theory, for a trimethyl fructose, 41.9%).
[n]%f = + 42° (¢ = 1 in water).

The syrup strongly reduced Fehling's solution.
It was chromatographically pure (EQ = 0+86), and gaveI
a blue colour with urea oxalate and a faint pink
colour with aniline oxalate, and travelled at the
same rate as authentic 3:4:6-trimethyl fructose.

The syrup was heated at 80° with 1% oxalic acid
for 4 hours, neutralised with calcium carbonate,
shaken with "amberlite" ion~exchange resins and con-
centrated under reduced pressure to yield a fairly
Fobile syrup ([a];6=+ 32° (¢ = 1+5 in water)). The
syrup travelled at exactly the same rate as authentic |
3:4:6-trimethyl fructose on the chromatogram, and was

chromatographically pure with no trace of dimethyl

pugar.

h;action Y.

This was obtained as a viscous reducing syrup

(0°505 g.).

15 |
fnnF;= 1.4682 |

Me = 3804 (theory, for a trimethyl fructose, 41°:9%).
[a]%e = + 31° (¢

[

1 in water). |
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The syrup was chromatographically pure, with an |
|
'Rg value of 0°83. It gave a black colour with urea
oxalate and a pink colour with aniline oxalate. The

trimethyl sugars obtained by hydrolysis of fractions

II and III travelled at the same rate on the
chromatogram as this sugar but more slowly than the @

|
trimethyl sugar of fraction IV.

The syrup (0°490 g.) was hydrolysed by heating

with a 1% solution of oxalic acid in water at 80°
for 4 hours.

[a]}j5 = + 31° (zero) —»> - 55° (1 hour) constant.

The solution was neutralised with calcium .
carbonate, filtered, ionic material removed by ahakin#

the solution with "amberlite®" resins and the aclution

then concentrated to a syrup under reduced pressure.
e regsidue was dried in a vacuum desiccator over
hosphoric oxide, to yield a straw-coloured viscous

yrup (0:408 g.).

, Paper chromatography showed the hydrolysate to

.. |
be a mixture of a dimethyl- and a trimethyl-fructose.

| .

The original syrup from the column was therefore a

mixture of a trimethyl fructose and a dimethyl methyl-

fructoside. |

|
Fraction VI.

{ This was obtained as a pale yellow viscous syrup
(0-088 g.).

|
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m16 = 1.4768 OMe = 37.5%
The syrup was chromatographically pure (EE.= 0-7L),
giving a pale yellow colour with aniline oxalate and
a blue colour with urea oxalate.

The syrup gave a slight reduction of Fehling's
solution, but was strongly reducing after acid

hydrolysis. .

Hydrolysis.
The syrup was hydrolysed with oxalic acid aoluti&n

(14 in water), the procedure followed being the same
as that already described. This yielded a pale
yellow viscous syrup (0°:°045 g.).

[u]I]j6 = - 41° > = 43° (¢ = 1 in water).

Paper chromatograms of this syrup, Geveloped with
urea oxalate, indicated 1 spot only and showed the
dimethyl fructose of fraction VII to be present

(Eg = 0+63). But paper chromatograms developed with
Lniline oxalate showed, in addition to the brown spot

of the dimethyl fructose, a pink spot (R, = 0.78).

g

specimen of crystalline 2:4:6-trimethyl glucose, and

Eore slowly than 2:3:4=-trimethyl glucose.

The syrup was seeded with authentic 2:4:6-trimethyl
%lucosa, but no crystallisation occurred, even on

prolonged standing in the refrigerator. |

Mhis material travelled at the same rate as an authentic
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Oxidation by Alkaline Hypoiodite. '
Hydrolysed ¥.VI (3345 mg.) was dissolved in

water (4+92 g.) and filtered through a little 'filter

cel' in order to remove a greasy impurity. To 3 ml, |

of the filtrate were added phosphate buffer (pH 11 -4; “y“f
"‘" Kiv
5 ml.), and iodine solution (O:1§; 2.5 ml.), and the

ground glass stopper was then sealed into the boiling
tube with a little potassium iodide solution (10%). |
Two water blanks, omitting only the sugar, were

treated identically and the tubes allowed to stand in
the dark at room temperature for 5 hours. Sulphuric
acid (4N; 2 ml.) was added to each tube and the l
iodine titrated with sodium thiosulphate (1-628 f%a),

using starch indicator.

Water Blank I Titre = 25+275 ml.
Water Blank II Titre = 25:260 ml.
Sugar solution titre = 22:680 ml.

.. volume of iodine consumed by sugar is equivalent to

(35‘268 - 22'680) ml , ‘
= 2.588 ml. 0+01028H sodium thiosulphate|

= 002660 ml. N sodium thiosulphate.

?ow 2000 ml. N sodium thiosulphate = 222 g. trimethyl
aldose.

., 0+02660 ml. N " " = «0029563 g. trimethyl
aldoaa}
|

Now, weight of syrup = 3 x -63345 .

105 = 0-02083 g. |
. i
.. aldose content of syrup = 0:2953 = 14.5%. i
O 02083
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Fraction VII.

This was obtained as a highly viscous syrup
(0.66 g.), which, after prolonged drying in a high
vacuum, had:

8 = 1-4802

OMe = 27.0% (theory, for a dimethyl fructose, 29+8%).

'[a]%f = = 58° —> =~ 61° (constant) (¢ = 1 in water), |
after correction for low methoxyl content. |
The syrup was chromstographically pure ‘Eﬂ = 0-64),
giving a grey-blue coloration with urea oxalate and a
brown coloration with aniline oxalate.

The syrup was unchanged after hydrolysis with 1%.

oxalic acid solution.

ol Bluate. (Fraction VIII).
This contained a large amount of waxy material

which was removed by repeated extraction of the syrup

pith acetone, filtration, and evaporation. A pale
gruen viscous syrup remained (0-051 g.) with a strong
pdour
7121'

D = 14780 OMe = 7°+2%.

The syrup reduced Fehling's solution and gave no

further reduction after acid hydrolysis.

It gave no coloration on the chromatogram with

rea oxalate but with aniline oxalate it gave a

u

fiatinct pink coloration (RG = 0:57) which was totally|
different from the brown colour given by the dimethyl

|

|



fructose fraction from the column.

A series of chromatograms were run using dimethy
glucose syrups as standards.
investigation travelled more slowly than 2:3-dimethyl

glucose, but at the same rate as 3:6-dimethyl glucoss.
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‘Column Recovery.

A summary of the weights and components of the i

|
fractions obtained from the cellulose column is given|

below.

Iraction.

I
I1

I -1I1

III
v

VIII

e .
0-380 g.
0-268 g.

0-200 g.

0’020 go

0'0?3 go
0'505 go

0-088 e

0660 g.
0-081 g.

Total recovery

-

The material under

Components. ‘
tetramethyl mathylfructofuTanodde

tetramethyl fructofuranose
trimethyl methylfructofuranoside.

(tetramethyl methylfructofuranoside
!tetramethyl fructofuranose |
trimethyl methylfructofuranoside.

trimethyl mathylfructofurawnaida.
trimethyl fructose (A). l

trimethyl fructose (B)

dimethyl methylfructofuranoside.
trimethyl glucose (?)
dimethyl methylfructofuranoside.

dimethyl fructose.
dimethyl glucose (?).

2:245 g, (66%). ‘

ﬁhe Separation of the Components of the hydrolysed

gract;ona from Column I.

The methylated sugars obtained by hydrolysis of

|
the major fractions from column I were separated by a |



!
further elution through a cellulose column (column II).
Hydrolysed F.II, hydrolysed F.I - F,.II mixture ‘
and hydrolyied F.V. were combined to yield a fairly |
mobile syrup (0:774 g.).

This was separated into its components by elution

‘through a column of powdered cellulose (22" x 1v), |

|
using as solvent a mixture of 707 light petroleum

(b.p. 100° = 120°) and 30% butanol saturated with
water, the technique otherwise being identical to that
described previously (p.80).

Fractionation occurred as follows:=

Tubes. EQ value of syrup. Fraction.
110-140 1.01 I (Tetramethyl)i
280-325 0-88 II (Trimethyl A)
336-445 0+85 III (Trimethyl B)

Solvent changed to 507 butanol-50% light
petroleum, saturated with water.

705-880 0.62 IV (Dimethyl).

nvestigations of e Fractions from Col P i 45

Bach fraction was submitted to the dewaxing ‘

process described previously (p.8l) and the syrupy
;eaidue dried overnight in a vacuum desiccator over
E;osphoric oxide and finally in'a high vacuum for 3 !
ours.

fgaction I (Tetramethyl).
| This was obtained as a pale yellow mobile syrup
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(0+209 g.) and was estimated directly by weight.

The syrup, after drying in a high vacuum, had

nz® = 1.4504. [a]}® = + 35° (c = 2 in water).
The syrup was chromatographically pure. With

aniline oxalate it gave a faint pink coloration,

whereas standard tetramethyl fructofuranose gave no

!coloration.

Fraction II (Trimethyl A).

This was obtained as a fairly mobile, dark-
coloured syrup (0+033 g.) which was submitted to
distillation in a high vacuum, using a microdistilla-
tion apparatus. A pale yellow, fairly mobile syrup
distilled (bep. 70° - 75°/0:0056 mm. bath temperature),
leaving a non-volatile, dark~brown, gum-like residue.

The distillate had

b

33 = 1.4560

18
[alp= + 33° —— + 20° (c = 05 in water).
The syrup was chromatographically pure and ;
|
travelled at the same rate as an authentic sample of

3:4:6-trimethyl fructose.

Fraction IIXI (Trimethyl B).

This was obtained as a fairly viscous syrup

(0-187 g.). After drying at 40°/0.1 mm. for 3 hours,;
i
the syrup had !
|
730 - 1.4638 |

[a]}f= - 51+5° (¢ = 1 in water).
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The syrup was hygroscopic and absorbed moisture
noticeably during weighing on the semi-micro balance.
It was chromatographically pure and gave & blue-grey
coloration with ures oxalate and & faint pink colora-
tion with aniline oxalate. It travelled more slowly\

on the chromatogram than authentic 3:4:6-trimethyl

fructose and trimethyl A.

On seeding with a crystal of authentic 1:3:4-
trimethyl fructose, the syrup crystallised on standing
at room temperature overnight. A crystal scraped
from the top of the flask had m.p. = 60° - 659,

The partially-crystallised syrup was drained on
porous tile, the crystalline material removed from the
tile and triturated with cold light petroleum (b.p.
40° - 60°), and then crystallised from a mixture of
light petroleum and carbon tetrachloride. The solid
crystallised as long needles (m.p. 72° - 73°) which

showed no depression of the melting point on admixturﬂ

with an authentic crystal of 1l:3:4-trimethyl fructose.

Fraction IV (Dimethyl).

This was obtained as a highly viscous, hygroscopic

syrup (0-282 g.). After drying at 40°/0°:1 mm. for 3

}:oura. the syrup had |

mRe3 g |
B W 1.4780

Me = 27-1% (theory, 29-8%)

18
[aly = - 58° — = 60° (¢ = 1:6 in water), after
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correction for a low methoxyl content.

The syrup absorbed water noticeably during

weighing on the semi-micro balance.

All the syrupy fractions from this, and other, |
cellulose columns were found to have methoxyl content4
of ca.27 below theory. This is attributed as being |
due mainly to the presence of some dissolved waxy
material, for, on distillation in high vacuum, the
syrups invariably gave theoretical values for methoxyl
contents and left & non=volatile, gum-like residue in
the distilling flask. It would appear, therefore,
that the dewaxing process employed is not completely
efficient. In quoting values for [a]D of syrups
obtained from cellulose columns throughout this work,

corrections have been made for this dissolved waxy

material. The methoxyl content has been used as a

easure of the methylated sugar content of the ’

ethylated ketose syrup, for, whilst it is realised ‘
that this is not altogether satisfactory, there is no
other method available for the estimation of a methylated
Fetoaa. |

It has recently been suggested by Chanda (unpub-

lished work) that this wax is due to polymerisation

pf aldehydes present in the n-butanol. These aldehyd%s
fre not removed by preliminary distillation of the
putanol, but removal is effected by boiling under

[

|
reflux over sodium hydroxide pellets for several hours,
|
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followed by distillation over sodium hydroxide prior

to use.

Column II Recovery.

Fraction. Component . Height.
p Tetramethyl fructofuranose 0.+209
Iz Trimethyl fructose (A) 0.033
111 Trimethyl fructose (B) @187

v Dimethyl fructose 0.282

Total Recovery = 0.711 g. (92%).
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I Summary of Scheme of Separation

| i |
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Bxamination of the Fully-Methylated Polysaccharide
(OMe = 44-.67).
As described earlier, a portion of Fraction I of

fractionated methylated polysaccharide was subjected |

to 2 further methylations with thallous ethoxide-

methyl iodide. This yielded a fine pale yellow

powder (2+56 g5 OMe = 44.6%).

indgglxs;a of Trimethyl Triticin.

(a) Hydrolysis with Aoueous Methanolic Oxalic Acid.
The fully-methylated polysaccharide (2-46 g.)

was dissolved in methanol (75 ml.) and water (25 ml.)
containing oxalic acid (1 g.). The solution was
heated on the water bath at 80° for 24 hours.

A small amount of insoluble white gelatinous

material (23 mg.) was removed by filtration through a

to.& sintered glass crucible. Thus the actual weight
£ methylated polysaccharide is 2.437 g. and correction

For this impurity raises the methoxyl content to 45-1%r

#he insoluble impurity was not thallous salt material
for it did not give a Tl ' flame test or a black pre- |
ipitate with sodium sulphide. It melted on a apatul#
|

To give a dark-brown syrupy product.
*b) Continuation of the Hydrolysis with Aqueous Oxalic

éoid. .

The solution from the above hydrolysis contained

a mixture of methylated fructoses and their corresponding
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‘methylfructosides.

The solution was diluted with water and the
methanol-water azeotrope removed by distillation at
35°/15 mm., water being added from a dropping funnel
at the same rate as the azeotrope distilled. WWhen

all the methanol had been removed, the concentration

of the aqueous solution was adjusted to 1% with
‘respect to oxalic acid.. The solution was then heated
on the water bath at 80° for 5 hours when the rotatio?
was constant.

The solution was neutralised with calcium car-
bonate, filtered, and the filtrate evaporated to a
'syrup under reduced pressure, last traces of water
being removed as a water-alconol-benzene azeotrope.
The syrup was then extracted with boiling chloroform,
the extract dried over anhydrous sodium sulphate and

evaporated under reduced pressure to yield a mobile

syrup (2+72 g.) which was dried in a vacuum desiccator
|

over phosphoric oxide.
l

Recovery from hydrolysis = 97%.

The Separation of the Methylated Sugars on a Cellulose

ol .

The syrup (27 g.) obtained by hydrolysis of the

1

fully-methylated polysaccharide was separated into its

components by elution through a column of powdered '

cellulose (15" x 1:25") with butanol (50%)-



|
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petrol ether (50%) saturated with water. The
technique employed was the same as that already .
described (p.80), the automatic timing device being
adjuzted such that the receiver was changed every 8
minutes. SZvery 1l0th tube was evaporated to small
bulk, and spotted on the chromatogranm. Paper
chromatograms were Guplicated, one being sprayed with|
urea oxalate and the other with aniline oxalate.

Fractionation occurred as follows:=-

Tubes. 30 value of sugar. Fraection. Component.

51=110 1.01 I Tetramethyl
fructose.

184-451 087 - 083 5 7 Trimethyl
fructose.

581-1020 062 I1I Dimethyl
fructose,

The trimethyl fructose fraction extended over e
wide range of tube; and it was congidered possible
that the fraction was a mixture of 2 sugars, since
there was a gradual decrease in EQ value from 087 to |
0+83 in the series of chromatograms.
The tetramethyl fructose fraction, in addition to
giving a blue coloration with urea oxalate, gave a '
pink coloration with aniline oxalate whereas pure
ketramathyl fructofuranose gave no coloration with

eniline oxalate. It is considered that the tetramethgl

fructofuranose (R = 1.01) was, in all probability,

contaminated with tetramethyl glucopyranose (Rg = 1:00).
g |
|
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There was however no evidence as to the pressnce
of trimethyl- and dimethyl-glucoses in the aniline
oxalate serics of chromatocgrams. Trimethyl glucose
ghould have appesared between F¥raction II and Fraction
III (Intermediate III - Tubes 452 - 580) and dimethyl
glucose after Fraction III (Intermediate IV - Tubes
1021 - 1280).

Investigations of the Fractions from Column III.
Fraction I (Tetramethyl fructose).

It was proposed to estimate the end group-
colorimetrically using the modification of lRoe's

procedure outlined earlier in this thesis (p. 63 ).

Construction of Standard Curve for Tetramethyl-D-
fructofuranose.

The standard tetramethyl-l-fructofuranose used
nad [n.]}i6 = 4+ 28° in a saturated benzoic acid solution
in water and was shown to contain a trace of trimethyl

fructose on the chromatogram.

eagents.

Lc;d Reagent. 130 g. glycerol B.P, }

100 ml. conc. HCl (A.R.) containing 4% mg.
|
|
|

Cus04. 5Hg0/litre.
50 ml. Hy0.

Resorcinol 0+45% in H,0.
| '-
Stock Tetramethyl fructose solution 5 mg./ml. in aaturatad

%anzoic acid solution.
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|

Standard Tetramethyl fructose 0.26 mg./ml.

gsolutions. 0.20 mg./ml.
0.15 mg./ml. \ prepared
0.10 mg./ml. | by dilution
0.07% mg./ml.| of stogk
0.050 mg./ml. solution.
The following experimental procedure was rigidly
followed:~
§ ml. of Acid Heagent, followed by 1 ml. of the
regorcinol solution and 2 ml. of the standard tetramethyl
fructose solution were transferred by pipette into
a Pyrex test tube (6" x 3/4"), fitted with 2 close-
fitting glass bulb and, after thorough mixing, heated
in & boiling water bath for exactly 12 minutes. The
solution was cooled at once in running water and read
against a blank carried through the procedure at the
same time, using a Spekker absorptiometer (1 cm. callT

Lnu I.8. violet 601).

The colour dintensity was found to be stable over
hours and the change of colour intensity with
concentration was found to be linear over the range
256 = 005 mg./ml., the latter being the lowest limit|

f concentration capable of being measured by the

|
ghsorptiometer. (Series A).

The results were repeated using standard solutions

'reparad from a different stock solution of the same

ample of tetramethyl-lLe-iructofuranose, when excellent
| |



agreement was found.

oncentration » o/ml.) Spekker Reading (Log,q

025
0-20
0+15
0+10
0075
0+05
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(series B).

A.
0632
0418
0+310
0-222
0+1656
0108

B.
0520
0-414
0323
0-227

5/

Io
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' The use of chromatographically pure tetramethyl-l-
fructofuranose as the standard.

On this occasion, the material used was obtained

by hydrolysis of tetramethyl methylfructofuranoside

obtained from Column I and was chromatographically
|

Standard solutions were made by dilution of a .

| stock solution (B mg./ml. in saturated benzoic acid ‘

pure.

solution in water). The same reagents were used and|
exactly the same experimental pmw cedure. The change‘
of colour intensity with concentration was again foun%
to be linear but the results were very different from
those obtained using the sample containing a little
trimethyl fructose.

Concentration (mg./ml.) Log o I/ig
0-25 0642
0+20 0+523 |
0-175 . 0+440 \
0-156 0380
0125 0:323
010 0-256 |
0+075 0+191 |

0-05 0+116
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Bstimation of the "Tetramethyl" fraction from the

Cellulose Column.

|
Control Experiment. ‘
A solution of chromatographically pure tetramethyl
' fructofuranose was made in n-butanol (50%)-light |
petroleum (50%) saturated with water. The solvent ‘
was removed by distillation under reduced pressure a.aE
an azeotrope with water, a saturated benzoic acid !
solution in water being added from a tap funnel.
This was continued until a purely agueous solution of |
the material was obtained. The solution was filtered
into & 1l-litre graduated flask and made up to the
mark with washings of the flask and funnel. The
tetramethyl fructofuranose was then estimated colori-
metrically in aliguot portions of 2 ml. of solution.
Weight of tetramethyl fructofuranose taken = 0:.1645 g.

Weight of tetramethyl fructofuranose estimated = 0.1682 g.

i

Brror 37 mg. excess in 164-5 mg.

+ 2:2%.

Folumn Solution.

The solution of tetramethyl fructose from the

cellulose column was diluted to 1010 ml. with a

Faturatod solution of benzoic acid in water. Two
15 ml. samples were transferred by pipette into 100 mll,
F.B. flasks, and the solvent replaced by water, using

Txactly the same procedure as that described for the
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control expe®iment. The aqueous solution was then

diluted to 100 ml. and the tetramethyl fructose

estimated colorimetrically in 2 ml. portions, using
the standard graph constructed for chromatographicall*
pure tetramethyl fructofuranose. |
Test Solution A. | %

Vol. of original standard solution used = 15 ml.
Spekker Readings (a) 0-419.
(v) 0-405.

(a) Prom standard graph, concentration = 0-1625 mg./ml.

" In 100 ml. solution (or 15 ml. original solution)

are 16-25 mg. |

.. Total weight of tetramethyl fructofuranose = 1-094 g.
(b) From standard graph, concentration = 0:157 mg./ul.
.. Total weight of tetramethyl fructofuranose = 1-057 g.

Mean value = 1-075 g.

Test Solution B.

Vol. of original solution used = 15 ml.

Spekker Readings ' (a) 0°408.

(b) 0+421.

(a) From standard graph, concentration is 0-1685 mg./ml.

.. Total weight of tetramethyl fructofuranose = 1.067 g.

(b) From stendard graph, concentration is 0°163 mg./hl}
.. Total weight of tetramethyl fructofuranose = 1-097!g.

' Mean value = 1°:082 g.
Allowing for the error of + 2% which was eatimatah
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from the control solution, it may be stated that the |
total weight of tetramethyl fructofuranose in fractiof
I from the column is l

B i 1t ‘

Gravimetric Examination of Fraction I.
All the solutions from the colorimetric analysis

were combined and evaporated to a syrup under reduced
pressure. The syrup, which was contaminated with a
large amount of benzoic acid, was extracted with

ice=cold water and concentrated under reduced pressure.

This process was repeated a further twice and the
last traces of water were removed as an alcohol-benzene=-
water azeotrope. The syrupy residue was extracted ‘
with acetone, filtered and the acetone extract con=-
centrated to a syrup under reduced pressure and dried‘
in a vacuum desiccator over phosphoric oxide, to yiqlq

a very mobile, straw~coloured syrup (1-122 g.).

e syrup had
’71;1)6 = 1°4649. OMe, = 44% (theory, 52-5%).

[a]ﬁ5= + 34° (¢ = 1 in water) after correction for low

methoxyl content.

Bxamination of the syrup on the paper chromatogra#
|

?howed it to be a chromatographically pure sample of

|

Fetramethyl fructofuranose.

|
| The syrup was dried in a high vacuum for 3 hours,

}n order to remove the last traces of benzene.
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Loss in weight = 2-2%.
n 19 2 1.4625, OMe = 44%.
Assuming the above loss in weight to be due :
entirely to loss of solvent, and none due to dis-
tillation of tetramethyl fructofuranose, then weight

—

of Fraction I = 97:8 ,f 1.122 g, = 1-098 g.
L 100 T e

The very low methoxyl content and very high
refractive index found for this syrup are puzzling
features. A similar observation was made when the

standard tetramethyl fructose was recovered. The

mobility of the syrup was found to have increased
considerably as well as the refractive index

(n%P = 1.4490 (before analyaia¥1%0

= 1+4570 (after
analysis)). This may be due to some benzoic acid

remaining in solution in the mobile syrup.

Sstimation of the Aldose Content of the Tetramethyl

Fructofuranocse Syrup by Alkaline Hypoiodite Oxidation.
|

The method used was a modification of that

described by Hirst, Hough and Joneasla)the reaction i

heing carried out in phosphate buffer solution (pH 1l-4).

The syrup (0-1225 g.) was dissolved in water
(10 ml.) and greasy impurities removed by filtration

|
|
|
Lnrough a pad of '"filter cel.'

5 ml. of this solution were transferred by pipettb
into a boiling tube fitted with a B.24 glass joint,
phosphate buffer (6 ml.) added, followed by iodine
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(0°18; 3 ml.) and the stopper sealed in with a littlL
potassium iodide solution (10%).' Into & second tube
were transferred by pipette 3 ml. of the solution,
pH 11:4 buffer (4 ml.) and O0-1N iodine (2 ml.). Two
water blanks containing 5 ml. and 3 ml. water res-
|pectively were treated identically. The tubes were
allowed to stand in the dark at room temperature for
3 hours, sulphuric acid (3 ml., or 2 ml.; 4i) added
and the iodine titrated with sodium thiosulphate
(0-9991%@-), using starch irdicator.
A) Volume of solution and water blank = 3 ml,
Water blank titre = 19740 ml.
‘ Sugar solution titre = 18065 ml.
whence tetramethyl glucose content is 5-.37%.
B) Volume of solution and water blank = 5 ml,.
Water blank titre = 29.610 ml.
Sugar solution titre = 27100 ml.
whence tetramethyl glucose content is 4-847.
. Tetramethyl glucose content is 5°1% (mean value),

Bo total weight of tetramethyl glucose is

61 of 1098 = 008 .

| i
?nd, by difference, weight of tetramethyl fructose
|
!

= 1-042 g.

ﬁraction II (Trimethyl fructose).
|

The "trimethyl fraction" was estimated gravimetri-

l
¢ally, the de-waxing process being identical to that
|
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described previously.
The last traces of wax were removed by extractink
the syrup with acetone, filtering and evaporating to
a syrup under reduced pressure. The residue was

dried in a vacuum desiccator over phosphoric oxide to

yield a viscous syrup (0381 g.). ‘
After drying in a high vacuum, the syrup had |

1+4688 : |

7iek
OMe = 38% (theory, for a trimethyl hexose, 41.9%).
[a]i® = - 28°—> - 33.5° (c = 1 in water).

The syrup gave one large spot on the chromato-
gram (Eg = 0-84) with a slight tailing effect at the
top. This suggested the possibility of the syrup
being a mixture of 2 trimethyl sugars with similar
Eﬁ values.

A sample of the syrup was hydrolysed with 1%
oxalic acid by heating at 80° for 4 hours. After
neutralisation and removal of ionic material, the

syrup showed only a mere trace of dimethyl sugar on

the chromatogram.

Fstima;ion of Aldose Content of the Syrup.
‘ The aldose content of the trimethyl fructose

Tyrup was estimated by alkaline hypoiodite oxidation,

using the procedure described previously (p./lll ).
|

The aldose content was estimated as 4-0%.

Total weight of syrup = 0+381 g.
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so weight of trimethyl aldose (assumed to be trimethyl

glucose) = T%E of 9;%&& = 015 mg.,

and, by difference, weight of trimethyl fructose
= 0+366 g.
The trimethyl syrup was seeded with an authentic
specimen of l:3:4~trimethyl fructose when the syrup
partially crystallised as long colourless needles

on standing at room temperature for several days.

Fraction III (Dimethyl fructose).
The "dimethyl fraction" was estimated gravimetri-
cally, the syrup being submitted to the dewaxing
process already described. After complete removal
of wax, the highly viscous syrup was dried in a vacuuﬂ
desiccator over phosphoric oxide and then in high
vacuunm.

Yield = 1.047 g.

The syrup was considerably hygroscopic and
readily absorbed moisture on weighing on the semi-micro
balance. |
After prolonged drying in a high vacuum the syrup
had

M8 = 1.4782.

Dile = 27°'4% (theory, for a dimethyl hexose, 29:8%).

[uﬂ%ﬁ = =« 61° (¢ = 1 in water) after correction for

Llow methoxyl content.
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Lstimation of the aldose content of the syrup.
The % aldose (assumed to be dimethyl glucose)

present in the syrup was determined by oxidation with
alkaline hypoiodite, using the prccedure already |
described (p. /. ).

The aldose content was estimated as 9%, ,
Total weight of syrup = 1047 g,

so weight of dimethyl aldose (assumed to be dimethyl

glucose) = %'9 of 1:047 = -.041 g.
00 X

ExXamina 0f Intermediate Fractionsfrom the Col

for methylated aldose material.
Intermediate III (i.e. intermediate between trimethyl-

and dimethyl-fructose fractions).
Trimethyl glucose (Rq = ¢2.0°78), if present,
would be expected here. On evaporation of the solu- |

tion and de-waxing a syrupy residue remained (17 mg.).

Paper chromatograms of the syrup sprayed with aniline

|
oxalate showed a pink spot, travelling at exactly the
pame rate as 2:4:6-trimethyl glucose (RG = 0:79).

i
%apar chromatograms sprayed with urea oxalate indicated

l .
Fhe presence also of some trimethyl- and dimethyl- !

|
fructose material.
|

Bstimation of the Aldoge Content by Alkaline prdioditg

Qxidation. |

|
The syrup (5 mg.) was dissolved in water (6 ml.).

and, by difference, weight of dimethyl fructose = 1:006
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and the procedure followed as described previously,
using 5 ml. of the sugar solution, phosphate buffer
(4 ml.) and 0+1N iodine (2 ml.).
Water Blank (1) 19.920 ml. (2) 19-880 ml.
Test solution 18.06 nl.

Vol. lodine consumed = 1-84 ml. 0.999 %y S44 U mIRIAYS

= +0184 ml. N.sod.thiosulphate.

Now 2000 ml. N.sod. thiosulphate = 222 g. trimethyl sugar.
so 0°0184 ml. KN sod. - = 204 mg. N "
How 5 ml. solution contain 4-20 mg. syrup, so aldose
content = 497
and weight of trimethyl glucose = 8.3 mg.

.. Total weight of trimethyl glucose = 15 mg. (from
¥raction II)
+ 8.3 mg.
= 23.3 mg.
Intermediate IV (i.e. after dimethyl fructose fraction).

This, on given the usual treatment, yielded a
syrupy residue (29 mg.). Paper chromatograms of the |

syrup were duplicated. One, sprayed with urea oxalataP
showed the presence of dimethyl fructose. The other,

sprayed with aniline oxalate, showed that dimethyl

Flucose was absent.

|
folumn BLluate.
, The column was eluted with water (500 ml.), and

the eluate evaporated and treated in the usual menner,

o yield a syrupy residue (11 mg.). This gave no
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colour reaction on the chromatogram with urea oxalate,
but with aniline oxalate faint brown spots (R; = 0:85
and 0+67) were obtained which could not be iE;;tified
There was, however, no evidence as to the pregence of

any Gimethyl glucose.

Column Recovery.

Fraction. Component . deight.
I Tetramethyl sugars 1.098 g.
11 Trimethyl sugars 0.381 g.
III Dimethyl sugars 1.047 g.
Intermediate Dimethyl~ and
III Trimethyl-sugars 0.017 g,
Intermediate
Iv Dimethyl sugar 0.029 g.
Column Eluatg - _ 0.011 g.

Column Recovery =

2:583 & (ggzl .

From studies of these fracfions, the weights of

the various methylated sugars present were estimated.

Sugar lie d o Height % %f Total
i ima 1l . |
Tetramethyl
fructofuranose colorimetrically 1:06 g. 4
"re trame thyl glucose" alkaline hypoiodite
I oxidation 0.056 g. ro2
|
Trimethyl fructose gravimetrically 0:366 g. 14 .4
|
"Trimethyl glucose" alkaline hypokodite
oxidation. 0.023 g. %-90
Dimethyl fructose gravimetrically 1.006 g. 394

imethyl glucose"

alkaline hypoiodite
oxidation

0:041 g,
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The above weights, expressed in terms of glucose

and fructose, become:~

isolated as Tetramethyl fructose

3 » ”Te tramethyl gluco a;
" " Trimethyl fructose
& * "Trimethyl glucose"
i " Dimethyl fructose

o " "Dimethyl glucose"

whence, for the fructose sugsrs,
Tetramethyl: Trimethyl: Dimethyl

and for the glucose sugars,
Tetramethyl: Trimethyl: Dimethyl

deight &£ of to
0809 g. 390
0:043 g. 2.1
0.207 g. 14 .4
0:019 g. 0.9
0:870 g. 41-9
0+036 g. 1.3

= +809: +207: 870
= R+T73: 1: 2+93.

= +043;: +019: +036

= 2+3; 1: 1+9,

1.
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The Products of Hydrolysis of Fully-Methylated Triticin

(Summary)

v
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Investigation into the Structure of the Tetramethyl
Fructose. ' |

The tetramethyl fraction was proved to be tetra-

methyl fructofuranose by conversion to the crystallin?
tetramethyl fructofuronamide, the method employed beilg
similar to that described by Avery, Haworth and Hirst b6}
The tetramethyl fructofuranose syrup from column|
II1(1+0 g.) was oxiaiasd with concentrated nitric acid
(10 ml.; d = 1-42) on a water bath, the teumperature
of which was slowly raised. When the temperature
reached 656° a vigorous reaction occurred with the
evolution of nitrous fumes, The temperature was then
gradually raised to the boiling point and maintained
thus for 3 hours. The solution was cooled, diluted
with water and the nitric acid removed by distillation
at 40°/15 mm. VWater was again added, the solvent
removed by distillation under reduced pressure, and |
this process repeated 6 times in all, methanol then
being added to remove water and, finally, anhydrous
methanol. The residue consisted of a syrup intimately

[
mixed with solid material.

The residue was then dissolved in methanolic
hydrogen chloride (30 ml.; 4%) and boiled gently under
reflux on a water bath for 12 hours. The solution

!

was neutralised with silver carbonate, filtered and

concentrated under reduced pressure to yield a syrup,

I
|
mixed with a solid residue. The residue was methylat#d
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according to Purdie by boiling under reflux with |
methyl iodide (50 ml.) and silver oxide (20 g.). i
After removal of the methyl iodide by distillation,
the residue was repeatedly extracted with boiling

chloroform and the combined chloroform extracts dried

over anhydrous sodium sulphate and evaporated to a

syrup under reduced pressure.

The syrup was then submitted to distillation in E
a high vacuum.
Fraction I b.p. 110°/0.9 mm. (bath temp.) 0.61 gMf s 1.4454

Fraction II b.p. 85°/0:03 mn. (bath temp.) 0:08 gfnésﬁ 1+4530

Fraction I, a colourless, mobile, non-reducing

syrup, was dissolved in anhydrous methanol saturated

with ammonia (10 ml.) and the solution allowed to |
stand at 0° for 3 days. The solvent was then remove&
by distillation under reduced pressure to yield a

syrupy non-reducing residue (0+58 g.) which partially |
crystallised on standing at room temperature. The }
partially-crystallised syrup was drained on porous '

tile for 2 weeks and the solid extracted with hot

ether to yield a hard crystalline mass (m.p. 80° - B&%).

‘The non=-reducing residue was insoluble in hot ether
and hot light petroleum and was obtained as plates
(mep. 175° -« 176°).

The fraction extracted by hot ether was extracted

|
several times with boiling light petroleum (b.p. 40° W

bo°) and the insoluble residue crystallised from ether.
| .
| |
I |
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After 3 crystallisations, the material was obtained as
long needles

m.p. = 98° = 100°
mixed m.p. with authentic¢ tetramethyl fructofuronamide
= 99° - 101°

[a];6 = - 86° (c =1 in water).

Found: C = 48+2%; H = 7°7%; N = 5+8%; Ole = 4667
Calc. for Cy,H,o0gN: C = 48+2%; H = T+6%; N = 5+6%;
OMe = 49.8%.

Investigations into the Structure of the Trimethyl

Fructose from Column III.

Oxidation of the syrup by sodium meta=-periodate.
The formaldehyde liberated on periocdate oxidation

was estimated as the dimedmmn comp1ex, using the

methods of Reeves'l”) and Be11(18)

Oxidation by Reeves' Method.

The trimethyl fructose syrup (1413 mg.) was

[
dissolved in water (2 ml.), sodium bicarbonate (2 ml.;

1N) added, followed by sodium meta-periodate solution

(2 ml.; O0+3M), and the solution allowed to stand

vernight. Hxcess periodate and iodate were deatroyeb
iy the addition of hydrochloric acid (2 ml.; 2N) i
followed by sodium arsenite (2 ml.; 1M). After the |
Lollow colour had completely disappeared, sodium

|

Lcetate (2 ml.; 1M) was added, followed by dimedon
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reagent (2 ml.; 85 mg./ml. in 95% ethanol) and
precipitation allowed to occur overnight.

Yield of Formaldehyde-Dimedon Complex = 3735 mg.
m.p. = 143° - 169°.

This corresponds to a yield of 201% of theory, assuming
1l mole of formaldehyde per mole of trimethyl fructose.
A glucose control solution oxidised by this
method gave "F-D" complex (m.p. = 186° - 187°) in 949
yield, assuming 1l mole of formaldehyde per mole of

glucose.

Oxidst ion by Bell's Method.
The trimethyl fructose syrup (1413 mg.) was

dissolved in water (2 ml.), phosphate buffer (pH 7.5;
10 ml.) added, followed by sodium meta-periodate
solution (2 ml.; ©0-34) and the solution allowed to
stand overnight. Hydrochloric scid (2 ml.; 2§) and
sodium arsenite (2 ml.; 1M) were added and, after

reduction was complete, sodium acetate~acetic acid

I

buffer (pH 4:5; 16 ml.), followed by dimedom '
reagent. Precipitation was allowed to occur cvernight.
Yield of Formaldehyde~Dimedon Complex = 1685 mg.
m.p. = 186° - 187°,

!
This corresponds to a yield of 91% of theory,

?ssuming 1 mole of formaldehyde per mole of trimethyl |

rructoae. ‘

A series of glucose control solutions oxidised by‘

Lhia method gave yields of "F-D" complex (m.s. 18€° - 1ane)



corresponding to 35-57% of theory, assuming 1 mole of
formaldehyde per mole of glucose. A formalin control
experiment was also performed. TFormalin (1 ml.; 40?)
was diluted to 100 ml, and 1 ml. of this solution
(4 mg. formaldehyde) was oxidised by sodium meta=
periodate (2 ml.; O0+3¥) in the presence of phosphate
buffer (pH 7:5; 10 ml.), the procedure being the
same as that outlined above. This yielded 37.39 mg.;
"F-D" complex (m.p. 187°), correspondiing to 96%

recovery of formaldehyde. : ]

The Formation of 1:2-Iso lidene 3:4:6~trimethyl

fructose.
Authentic 3:4:6~trimethyl fructose ([u]D = 4+ 30°

in acetone) was dissolved in a freshly-prepared solu-
tion of hydrogen chloride in anhydrous acetone

(0+55%) and the solution allowed to stand at room

temperature.
Time (mins.) ' sy
0 + 30°
5 + 70.2°
10 + 75.2°
25 + 75.2°
60 + 73.4°

After 2§ hours the product was poured ihto a

aturated solution of sodium bicarbonate (150 ml.).

e solution was extracted with chloroform, the ‘
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chloroform extract dried over anhydrous sodium
sulphate and concentrated to a syrup under reduced
pressure.

The pale yellow mobile syrup was submitted to
distillation in a high vacuum. The product distilled

as a colourless, mobile syrup (bath temp. 65°/0:005 mn

=
~
L'e]

i

D 1:4446
[ ]ée = + 63°6° (¢ = 0*4 in acetone).
17

[alp =+ 71° (¢ = 1°2 in water).
A small amount of gummy non-volatile material

(Np = 1-4740) remained in the distilling flask.

Micro-determination of Acetone.

The method used was a modification of that

described by Bell and Harriaonslg) using an apparatus

devised by Tordai and Perciv&lszo) The apparatus cone

siste of a 500 ml. conical flask with a bubbler tube
Lnd an escape stop-cock fitted in the bung. The
bubbler is connected to a condenser leading to a

boiling tube immersed in an ice bath.

o)s




-~126 =

\‘ Acetone Com)bund. =
1 .Su?pﬁzn‘c Ae/d é
A/ 7

Fe

[ R '
~ ) - S |
“"\\\\ -.h:'\\\\

PR = B e BN )
o SRR i B
N Sau €
"‘k":_)) M e l’ |
R Ny |
4\‘::'\)\ C\L\\. T Ibdlhe‘f'
) }“‘J L*DL]: Soé{r'u
mL SaGs
ey il |t bl

To the receiver, cooled in ice, were added N
sodium hydroxide (10 ml.) and iodine solution (0°03N;
25 ml.). Into the bubbler were placed N sulphuric
acid (3 ml.) and a solution containing 5-6 mg. of the
acetone compound. The water in the boiler was heated
gently and the temperature slowly raised to the
boiling point. Steam was passed through the apparatus
for 30 minutes, after which time the condenser was

raised above the liguid and steam allowed to pass for

a further 5 minutes. After washing the condenser
|

rnside and out, N sulphuric acid (15 ml.) was added
and the excess iodine titrated with standard sodium

#hiosulpnate {(0.03N8), using starch indicator. A tube!
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containing the reagents only was titrated alongside.
Found: (CHg)gCO, 14-97.

Calculated for l:2-isopropylidene 3:4:6-trimethyl

fructose, 22°+1%.
The estimation was repeated, this time heating
more strongly and for a longer period (50 mins).

Found: (CHg)pCO, 21:37.

Treatment of Trimethyl Fructose Syrup with Acid Aceton
A portion of the partially-crystallised trimethyl

fructose syrup from Column III (756 mg.) was dissolved
in anhydrous acetone, the rotation measured and a
freshly-prepared solution of hydrogen chloride in
anhydrous acetone added, such that the final solution |
contained 0°+5% hydrogen chloride.

[a]%5 = + 4° (¢ = 0+75 in acetone) (zero)

—+ 12+6° (¢ = 0+6 in acetone-hydrogen chloride)
(5 mins.)

— 4+ 14+4° (25 mins.) constant.
The observation of a change in the value of [o.]D

ruggeated acetone compound formation, and so the main
ulk of the trimethyl fructose syrup was treated with

ydrogen chloride in acetone.

‘ The syrup (0°127 g.) was dissolved in acetone
Lontaiuing hydrogen chloride (0+5%) and the solution
Illowed to stand at 0° overnight ([a], = +4.7° — + 17¢
onstant). The combined solutions were then poured

Tnto a saturated solution of sodium bicarbonate and

1
1
|
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concentrated under reduced pressure to 50 ml.

| In order to separate the monoacetone compound
from unchanged t rimethyl fructose, the aqueous solu-
tion was continuously extracted with redistilled
light petroleum (b.p. 38° - 40°), using an all-glass |
apparatus of the type described by Brown and Jonea!al)
The agqueous solution (50 ml.) was placed in the upper
extractor whilst the lower extractor contained water
(50 ml.) in order to wash the light petroleum extract.,
A little barium carbonate was added to each extractor
to prevent any local acidity arising.

| The flask containing the solvent was changed at
regular intervals and the solution evaporated to

dryness under reduced pressure, and dried overnight

in a vacuum desiccator over phosphoric oxide.

Duration of Hxtraction otal Ve f ExXt
3 hours 16 mg.
6 hours 23 mg.

solvent changed to light petroleum (b.p. 40° - 60°)
14 hours 41°2 mg.
20 hours 42 ng.

The aqueous solution was then removed from the

top extractor and extracted with chloroform. The
thoroform extract was dried over anhydrous sodium
?ulphata and concentrated under reduced pressure to
Yield a pale yellow viscous syrup which was dried in

$ vacuum desiccator over phosphoric oxide (Residue A).
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Yield = 23+0 mg.
73 = 1.4660.
The syrup yielded no iodoform on hydrolysis with'
sulphuric acid and bubbling into sodium hypoiodite
solution (see p./Ré). The syrup partially cryatallikad
on seeding with authentic 1:3:4-trimethyl fructose.
Thé aqueous layer from the chloroform extraction
was concentrated to a syrup under reduced pressure |
and the residue extracted with chloroform. The
chloroform extract was dried over anhydrous sodium
sulphate and concentrated under reduced pressure to
yield a fairly viscous syrup which was dried in a
vacuum desiccator over phosphoric oxide (Residue B). E
Yield = 75 mg.
7.3 14640

OMe = 387 (theory, for trimethyl hexose, 41:9%)
16
falp

]

- 53° (¢ = 1+4 in water) after correction
for low methoxyl content.

The syrup was seeded with authentic 1l:3:4-trimethyl

fructose when crystallisation readily occurred at room

temperature.

Residue A and residue B both gave a spot (Rg = 0:83)

n a chromatogram developed with urea oxalate which

ravelled more slowly than authentic 3:4:6-trimethyl |
|
I

f dimethyl fructose on the chromatogram due possibly |

1
i
tructoae (RG = 0'86). Residue B also showed a trace
?o some demethylation during prolonged contact with

|
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hydrogen chloride in acetone. |
| Total recovery of fractionation = 141 mg. (70%).
Fractionation yielded 42 mg. of monoacetone cpd. of

' Trimethyl X + 99 mg. of unchanged Trimethyl Y. a

Investigation of the lMonoacetone Compound.

| The syrup obtained from the light petroleum
|

extract (42 mg.) was distilled in a high vacuum, using
a micro-distillation apparatus. The product distill%d
as a colourless mobile syrup (bath temp. 85°; pressure
004 mm.), leaving a gummy residue.
The distillate had
77%2 = 1°4480. [a];l;s = + 46° (c = 1 in Hg0).
OMe = 35.0% (theory, for l:2-isopropylidene 3:4:6-
trimethyl fructose, 35°5%).

The syrup, on hydrolysis with dilute sulphuric
acid, yielded a positive iodoform test.
The acetone produced on hydrolysis was astimated]
hsing the apparatus of Tordai and Percival (p./R5). |
Found: (CHz)aCO = 13-1% (theory, for l:2-isopropylidene
3:4:6-trimethyl fructose, 22-:1%).

Treatment of Pure Trimethyl Fructose (A) with Acid Acetone.

| Fraction IV from Column I consisted of a i
%hrnmatographically pure trimethyl fructose syrup,

| |
which appeared identical with 3:4:6-trimethyl fructose.

?o prove that it was 3:4:6-trimethyl fructose, and

|
?ot 1:4:6-trimethyl fructose, the syrup was treated
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with acid acetone, and the change in rotation studied,
The syrup (22+56 mg.) was dissolved in anhydrous

acetone (5 ml.), the rotation of the solution noted,

and a freshly-prepared solution of hydrogen chloride
in anhydrous acetone (1 ml,; 3+6%) added. ‘
[a]%ﬁ = + 31+1° (¢ = 0+45 in acetone) (zero). |
—> + 69°3° (c = 0°37 in acid acetone) (5 mins.). |
—> + 74+6° (40 mins,) ——> + 69°+3° (12 hours).
The acetone solution was poured into a saturated
sodium bicarbonate solution (100 ml,) and the mono-
acetone compound isolated in the manner already
described (p.124). The product was distilled in a
high vacuum, using a micro~distillation apparatus, to
yield a straw-coloured, mobile syrup (b.p, 80° - 86°/
0+02 mm. (bath temp.)).
7753 = 1°4510 [u.];‘)3 =+ 64° (¢ = 1 in water).

The liberation of acetone on hydrolysis of the

syrup with dilute sulphuric acid was detected, using

(20)

the apparatus of Tordai and Percival. An uptake of\

iodine, due to the precipitation of iodoform, was

obtained, but unfortunately there was not sufficient

material to enable an accurate estimation of the

Tcetune.
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Investigation of the Structure of the Dimethyl Fructo

e.

Oxidation of the syrup by sodium meta-periodate and

the estimation of the liberated formaldehyde.
The syrup was oxidised by sodium meta-periodate

and the liberated formaldehyde estimated as dimedon

. (27) (18] |
complex, using the methods of leeves and Bell,

Oxidation by Reeves Method. |
The dimethyl fructose syrup (10:09 mg.) was

dissolved in water (2 ml.) and sodium bicarbonate

(2 mlL.; IN), followed by sodium meta-periodate aolu?
tion (2 ml.; O0+3M) added. Oxidation was allowed to
occur for 36 hours. Hydrochloric acid (2 ml,; 2N) ‘
end sodium arsenite (2 ml.,; 1M) were added and, aftex
the yellow colour had completely disappeared, sodium
mcetate (2 ml.; 1M) followed by dimedon reagent

(2 ml.; 85 mg./ml. in 95% ethanol). Precipitation
was allowed to occur for 24 hours.

|
#t. of "F-D" complex = 28-+38 ug. m.p. = 186° -~ 188°,

R moles CHg0/mole of dimethyl fructose. ;
|
i.e. 1 mole of dimethyl fructose produces 2.0 moles of

formaldehyde.

|
Oxidation by Bell's Method. |

‘ The dimethyl fructose syrup (1062 mg.) was

#iaaolved in water (2 ml.), phosphate buffer (pH 7°+4;

This corresponds to a yield of 1l00% of theory, aaauminf
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10 ml,) and sodium meta-periodate solution (2 ml,;
0+34) added, and oxidation allowed to occur for 24 hours.
'Hydrochloric acid (2 ml.; 2N) and sodium arsenite

(2 ml.; 1M) were added and, after reduction was
complete, sodium acetate~acetic acid buffer (pH 4°5;
16 ml.) and dimedon- reagent (2 ml.). Precipitation
was allowed to occur 16r 24 hours. Yield of "F-D"
complex = 20°08 mg. m.p. 1l88° - 189°.

i.e. 1 mole of dimethyl fructose liberates 1°35 moles
of formaldehyde.

Allowing 36 hours for periodate oxidation, and
allowing crystallisation to occur over a period of

72 hours, the dimethyl fructose syrup (10.09 mg.)
yielded 23°15 mg. "F¥-D" complex (m.p. 188° - 189°).
i.e. 1 mole of dimethyl fructose yields 1-64 moles of

formaldehyde.

psazone Formation.

To the dimethyl fructose syrup (0-18 g.) was

added a solution of phenylhydrazine hydrochloride
FO-? g.) and sodium acetate (1°4 g.) in water (6 ml.).i

b little sodium bisulphite was added and the mixture

#eated on a water bath at 80° for 30 minutes. On |

J

cooling slowly, a red oil separated which, on tritura-
ion with water, rapidly hardened to yield a pale

jellow solid (Fraction I). The aqueous solution was

eated at 100° for 4 hours and cooled at 0° overnight, |
| |
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when a pale yellow solid separated (Fraction II).

The yellow solid was, in each case, removed by
.filtration, washed well with water and dried on
porous tile in a vacuum desiccator over phosphoric
oxide.

Fraction I 0°036 g» m.p. = 74° - 78° (amorphous)

Fraction II 0°045 g. m.p. = 78° - 79° (amorphous)

Cale. for ConfipgOly: C = 62:27%; H = 6:7%; N = l4.
OMe = 16°0%.

Cale. for 620H2604N4.H20:c = 59.4%; H = 6:9%; N = 13
OMe = 15+3%.
Great difficulty was encountered in the purifica-
tion of this compound. Attempts to crystallise the
solid from aqueous alcohol yielded, in each case, a
deep red oil which did not crystallise on standing for

3 weeks in the refrigerator.

rs long, fine, yellow needles from a mixture of ether

and light petroleun (b.p. 60° - 80°) after seeding
|
|

Eith an authentic crystal of 3:4-dimethyl glucosazone.

?.p. = 124° - 126° mixed m.p. with authentic specimen

= 124° - 125°. |

| Vher attempts were made to crystallise the main |

?ulk of the product in this way, however, only 3 mg.
|
of a yellow amorphous solid (m.p. 116° -« 119°) could

be obtained.
|

Found: C = 60+3%; H = 7.1%; N = 13:9%; OlMe = 14-1%.

A small sample of the product, howaver, crystallised
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Found: C = 62:5%; H = 6-94%.
Cale. for CooHpgOyNg: C = 62:2%; H = 6:74.
T™he remainder of the product was obtained as a \

brown caramele~like substance.

Oxidation with Periodic Acid snd isolation of

D(=~)-dimethoxysuccinic acid derivatives.

Formation of Dimethyl D(-)-dimethoxysuccinate.

To the dimethyl fructose syrup (0.82 g.) was
added periodic acid (25 ml.; 1-15M) and the soiutioni
allowed to stand in the dark at room temperature for I
I36 hours. The solution wae aerated for 24 hours to ‘
remove formaldehyde, and barium chloride (2:3 g.) |
added to the solution, followed by excess barium car-I
bonate. After filtration, bromine (4 ml.) and |
barium carbonate (2 g.) were added to the solution, and
the solution allowed to stand at room temperature for‘

36 hours. Broumine was then removed by aeration in

the cold, the solution neutralised with silver carhona&e

?nd filtered. Silver ions were removed from the

solution by the passage of hydrogen sulphide, the
|01ution heated to coagulate the silver sulphnide and
Iiltered through a pad of 'filter cel.' The agueous |
+olution was evaporated to dryness under reduced
ﬁresaure,last traces of water being removed by the
%dﬂition of methanol, and finally enhydrous methanol.

*he residue consisted of a small amount of syrup
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embedded in a considerable amount of solid material. i
The residue was boiled overnight with methanolic
hydrogen chloride {60 ml.; 4%), the solution
neutralised with silver carbonate, filtered and
evaporated to dryness under reduced pressure. The |
' syrupy residue, which was contaminated with a con- |
siderable amount of inorganic salt, was extracted with
chloroform and evaporated to a syrup under reduced

pressure. The syrup was distilled in a high vacuum ‘

to yield a colourless mobile material (0+56 g.). |

b.p. 100° - 110°/0+2 mm. (bath temp.).
ni8 = 1.4328.

[]3®

- 77°5° (¢ = 1*7 in methanol),

The Preparation of D(-[-d;maghoxxgucg;gamide.

Redistilled dimethyl ester of U(-)-dimethoxy-—
succinic acid (0°167 g.) was dissolved in d ry methanol

saturated with ammonia (2 ml.) and the solution allowed

to stand at 0° for 3 days. A crystalline precipitaté

was removed by filtration, washed with a little dry

methanol and dried in a vacuum desiccator over

phosphoric oxide. The product was obtained as long |
?aedlea (0+14 g.) which became dark at 265° and melted
%t 277° - 278°, a mixed melting point with authentic
D(=)-dimethoxy-succinamide showing exsctly the same

|

benaviour.

- 116 o

[u]D = - 92° (¢ = 1 in water).
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 Found: C = 40:9%; H = 6:8%; N = 16.2%; OMe = 34.2%.

- 137

Galculated for CgHygONg. C = 40:9%; H = 6-8%;
N = 15-9%; OMe = 35+2%.

The Preparation og_g(-)-dimethoxxguccin-bis-methzlami&e.

Redistilled dimethyl U(-)-dimethoxy-succinate

(0343 g.) was dissolved in dry methanol saturated
with methylamine (2 ml.) and the solution allowed to
stand at 0° for 3 days. A crystalline precipitate
was removed by filtration, washed with a little dry
methanol and dried in a vacuum desiccator over
phosphoric oxide. Yield = 0-123 g.

m.p. = 207° - 208°,

hixed m.p. with authentic specimen = 206° - 208°.
By evaporation of the filtrate and washings a further
crop of crystalline material was obtained (0.218 g.)
uhich was recrystallised from ethyl acetate to yield
long needles (m.p. 208° - 209°).

Total recovery = 0-341 g.

Ior the recrystallised material ;=
1 ' '
a]De = . 134° (¢ = 1+2 in water). !

und: C = 47+3%; H = 7.85%; N = 13.7%; OMe = 29.5%.

alculated for CgHygO04Ngo. C = 47.0%; H = 7:8%; |
i = 13.7%; OMe = 30-4%. |
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Molecular Weight Detexrminations.

'a) Molecular iei methylated Tri
| The molecular weight of the fractionated methylated
polysaccharide (Fraction II) was determined using
‘Barger's isopiestic mathodszzj
A chloroform solution of known concentration of
'the methylated polysaccharide (1-126%) was compared
with a series of chloroform solutions of sucrose octas
acetate of known molar concentration. For this purpose,
a series of drops taken alternatély from the methylated
polysaccharide solution and one of the standard solu=-
tions were introduch'intn a capillary, and the ends |
'sealed. A series of capillaries were made in this
way to cover a molar concentration of 0+002M « 0-010M
for the standard material. The capillaries were
dimmersed in water in a constant tempera ture room, and
the size of drops measured with a travelling mic roscope
having a vernier accurate to 0+02 wm. Readings were
taken after 1 hour and again after 20 hours, when |

the solutions had come to equilibrium. It was found |

essential to have the capillaries immersed in water,

g8 highly inconsistent readings were obtained when

they were allowed to rest on a grooved wooden block.
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Concentration of methylated polysacchari

Molarity of
sucrose gcga-
|acetate drops
T
+ 002 +15 -14 +4 -8 +8 +49
*003 -5 +4 ) +8 0 -22
+004 +4 +8 +1 +13 <7 -23
005 -4 +4 «-13 +3 0 -24 :
*006 1l +4 -9 +12 -4 -30 |
*009 -5 +16 =8 +19 =16 -64

T = methylated triticin
8 = sucrose octa~acetate.

From the above table, it appears that the iso-

piestic condition lies between -002M and <003M, whencﬁ

Molecular Weight = 1126 x 10 to 1.126 x 1
uOOE . K

= 5252 to 3753. |
Since the molecular weight of o uethylated anhydrofructose
unit is 204, the molecular size is 18 - 25 units. ‘

| When the concentration of the methylated poly-

saccharide solution was increased to 2.5%, no reproducible

results could be obtained, all the drops of the

|
Pethylated polysaccharide solution increasing in size

|
ketween the range -002M - +OlOM. !

%) Molecular Weight of Acetylated Triticin.

‘ A solution of fraction I of the fractionated
cetate in chloroform (2:082%) was compared with |
standard solutions of sucrose octa=-acetate in chlorofoxm.

$aing the procedure described above.
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liolarity of Change in Eize of
gucrose octa-~

acetate drops. drops (10 '~ mm,)

T S T S T

0#002 +4 b +7 -4 42 +12
(0+003 -8 +8 +2 41 -8 -23
E 0+004 8 47 4 0 -9 -28 |
; 0+006 3 +21 -10 +8 23 -65 !

0+006 «38 +10 <32 +19 =17 =116

It appears that the isopiestic condition lies
between +002M and +003M, whence

Molecular Weight = 2'0§§_§ 10 4o 2:082 x 10
+00 +003

= 10410 to 6940
Since the molecular weight of an acetylated anhydro-
fructose unit is 288, the molecular size is 24 - 36 |

units.

In order to narrow the above range, the con- i
centration of the acetylated triticin solution was i
increased to ca.5%, such that the isopiestic conditioﬁ
Would lie somewhere in the range °*00BM - +<008M. |

boncentration of triticin tri-acetate solution = 5a028ﬁ.
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in

Molarity of Change in gize of cum of change
crose octa=- Erogn IlO"g wm . ) with respect to
acetate ﬁrops. acetylated tritic

T T

; R s
| 0% 004 +156 =156 +33 34 O +97
| 0+008 +24 <34 +34 -7 +14 +113
0+006 -2 +8 =3 -3 -4 -14
0007 12 0 =2 0 2 -16 |

| 0+008 <10 +8 =5 7 4 -34 ‘

It would appear that the isopiestic condition

lies at an approximate concentration of .006M, whence

Molecular Weight =4,5°028 x 10
= +006 = ¢a.8380.

This corresponds to 29 acetylated anhydrofructose

residues.

|

Oxidation of the Polysaccharide by the Periodate Ion.

For the periodate oxidation studies, the purest

sample of polysaccharide available was used ([a]p = -48°)

istimation of the Uptake of Periodate. |

To a solution of the polysaccharide (ca.300 mg.,
accurately weighed) in water (35 ml.) was added sodi

meta-periodate solution (15 ml.; 0:34) and the solu- |
|

tion allowed to stand in the dark at room temperature.

i_

ﬁ blank experiment, ocmitting only the polyaaocharide,;
was run concurrently. At regular intervals, 5 ml.
portions were removed by pipette and the periodate

uptake determined by the addition of excess sodium
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arsenite solution (%%J and potassium iodide, and

| titration of the excess arsenite with standard
|

iodine (%) -

Weight of polysaccharide = (0+2813 g. in 50 nl,
Duration Titre of O-1095K1, Perifdate ufffkﬁ
n mole ructose
Blank Test. residue.

0+75 hours 2+02 nl. 4:80 ml, 0-88

B0 TN 2:19 ml,  5:08 ml. 0-92

3 " 1:95 ml. 5+01 ml, 096

6 . 2+06 ml, . 5-155 ml, 0976

20 1.7 ml.  5-14 ml. 1+00 |
50 » 2+:00 ml. 5+16 ml, 1+00 !

sstimation of liberated formic acid. i
Triticin ([alp = -48° in water) was subjected to |

oxidation by potassium periodate, according to Halsall,
(23)

Hirst and Jones.

The polysaccharide (ca.300 mg.,accurately weighed)
was dissolved in water (35 ml.), and potassium |
chloride (1 g.) and sodium meta-periodate solution !
(15 ml.; 0-26M) added, and the mixture shaken in the‘

dark at room temperature. After 3-4 days, 5 ml. I

sampdes were withdrawn at intervals. After the

botassium periodate had completely separated, ethylene
Elycol (03 ml.) was added to destroy excess periocdate,
%nd the formic acid titrated against standard sodium

hydroxide (0+01358N), using methyl red as indicator. |
' |
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A blank experiment, omitting only the poly-
saccharide, was run concurrently and treated in
exactly the same way as the test solution. Further-%
more, a solution of the fructosan in water, of the
iaame concentration as the polysaccharide solution
submitted to oxidation, was titrated directly against
%the standard sodium hydroxide.

Results.

Fructosan Blank. Titre <0°0l ml. of 0.01358 N NaOH

for 33 mg. of fructosan. |
|

Weight of polysaccharide = 0+2885 g. in 50 ml.

Duration Alkali Titre after Ho.of vresidues/
j correction for Blank. mole of ggrmic-#c;d.

73 hours 0+346 ml. 37-9 [
120 hours 0+411 ml, 31.9
168 hours 0436 ml. 30.1
240 hours 0+446 ml. 29 .4

| 382 hours 0+451 ml. 291 |

ation for the egence o ldehyde. i

To the solution of periodate-oxidised polyaacchaﬁide
(6 ml.) was added sodium arsenite (2 ml.; 1-24) to i
destroy excess periodate, followed by phenylhydrazine

hydrochloride solution (2 ml.; 1%) and potassium ]

ferricyanide solution (1 ml.; 5%). On addition of

a few drops of concentrated hydrochloric acid, no port

wine coloration was obtained, whereas a strong wine i

| .
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colour was given by a standard formalin solution

containing 0.-001 mg. formaldehyde.

Treatment with Dimedon Reagent.

To 5 ml. of the solution of periodate-oxidised
polysaccharide (containing 28:85 mg. polysaccharide)
were added hydrochloric acid (2 ml.; 28) end sodium |

i

arsenite (2 ml.; 1M). After the yellow colour had

completely disappeared, sodium acetate solution (2 ml

1) and dimedon reagent (2 ml.; 85 mg./ml. in 95%
ethanol ) were added and the solution allowed to stand
at room temperature.

A blank eXperiment was performed simultaneously |

by the addition of the above reagents to o ml. of a
solution of sodium meta-periodate and potassium
chloride in watex.

After standing for 48 hours, the test solution
yielded a precipitate (11-:44 mg.) which was filtered |
into a weighed sintered glass funnel.

m.p. = 216° - 225° (d) |

Fm.p. formaldehyde-dimedon complex = 188° - 189°],

] Carbon, hydrogen end nitrogen micro-analyses of
|

' erystalline derivatives were performed by Drs.ieiler

and Strauss. All other estimations were performed by
rhe author. Methoxyl determinations were carried out|
by the gravimetric micro-method of F.Pregl, based on the

keiael method. !
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DIsSCUSSION.

The couch grass roots under investigation were
harvested in early spring and were, accordingly,

found to contain a considerable free sugar content.
Great difficulty, however, was found in isolating the

water-soluble fructosan from the rhizomes in a high

state of purity. .
| It was found esgential to remove the free augarai
prior to extraction of the water-soluble polysaccharide,
and this was achieved by continuous extraction of the
milled roots with 80% aqueous alcohol over a period
of 2 days. This extraction produced a syrup in a

yield corresponding to 137 of the dried raw material.

This syrup was shown, by the technique of partition !
paper chromatography, to contain fructose (17%), |
glucose (3%) and a probable disaccharide. Attempts
were made to investigate the nature of the latter

material by extraction from the paper with water,

followed by acid hydrolysis. Ko definite conclusions
culd be reached, however, although the material is
Fertainly much more resistant to hydrolysis than sucrose.
L The alcohol extract of the couch grass roots was

hown to contain protein, since, by vigorous hydrolysis

to amino acids, the hydrolysate yielded a positive
| .
ninhydrin reaction. Several proteins, such as Zein, i

#hich is present in mal ze, are alcohol-soluble and
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would be extracted under the above conditions. No
material containing uronic acid was found to be
present in the alcohol extract.

After alcohol extraction, the milled roots were
extracted with cold water for several hours, the
fructosan being extracted under these conditions,

along with a large quantity of protein. Protein

material was removed with basic lead acetate, after l

which the polysaccharide was isolated by precipitation
from a concentrated agueous solution with alcohol.
This yielded a fine, white, hygroscopic solid in
1487 yield, and the product had [a]p = =46° in water
(p.50 ), after correction for ash, nitrogen and
alcohol contents (Sample A). This method of extrac-l
tion is essentially the same as that employed by
Schlubach and Peitzner(a‘)(loc.cit.), who described
their product, after 300 precipitations from alcohol, |
as a non-hygroscopic material with [a]; = <51° in |
water.

Other methods of deproteimisation of the aqueous'

extracts were then studied in a series of small-scale

extractions, and the purities of the polysaccharide

amples closely compared. In all extractions, great
are was taken that the medium never at any stage i
Pecame acidic. Extractions were made in the pmsencaE

?f barium carbonate, a little toluene also being added

to prevent bacterial action. |
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(4)

The method of Sevag, Lackmann and Smollens,

|which consists of shaking the aqueous extract with
chloroform (1/4 vol.) and butanol (1/10 vol.), thereb¥
removing the proteins as a gelatinous layer, was ‘
employed. This gave very similar results to the |
basic lead acetate method when employed on a small
'scale, the product (yield 147) having similar values
for [u.]D and ¢ N as sample A (Sample B. p.J/ ).

On a large scale, however, the method of Sevag was
found to be totally ineffective and time-consuming, a

total of 23 treatments being necessary to ensure com=

plete removal of the protein present in 30 g. of grass
roots. The true advantage of this method lies in its
application for the removal of the last traces of

protein material. In all successive extractions,

protein was removed by some other method and then the

last remaining traces were removed by the Sevag mnthoi.

Wnen neutral lead acetate, followed by chloroform-

butanol, was used to remove protein, however, the
resulting product was obtained in greater yield (21%)
with a lower velue for [al, (-33°) [Sample D]. This
ruggeats the co-precipitation of some material along
with the polysaccharide. |

A series of extractions were then performed using!

%admium hydroxide, as described by Fujita and Iwatakes?)
followsd by chloroform-butanol, for deproteinisation. |

| .
#arious techniques were employed and it was found thatI
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!
‘methods which used hydrogen sulphide for the removal i

: |
of inorganic ions gave larger yields and smaller |

values for [a]p (Samples B and G) than methods which ‘

eliminated inorganic material by elution through ion-

exchange columns (Samples F and H).

Attempts were finally made to purify the poly-
saccharide by acetylation, followed by deacetylation.
Impure polysaccharide (Sample D) was acetylated with
acetic anhydride in pyridine solution, the solution
in pyridine beihg effected according to the method
Idescribad by Pacsu and Mullantll)(p.SS ). After

reprecipitation of the acetate from chloroform with

1ight petroleum, it was deacetylated with sodium.

lmethaxids in anhydrous methanol, according to Zémplén

6
tnd Pacaus ) The deacetylated material had [a], = -46°

| fter correction for ash contenﬁ'(Samplo i S The

Fcetylation-deacetylation reaction was therefore '

Lffective in raising the value of [a]p from «33° to !

~46° . ‘
From the above experiments, using different

methods of deproteinisation, several samples of

polysaccharide had values of [a]; ranging from -44°

#o -48° , The effect of the normally-observed ash, ‘
|
I:trugon and adsorbed alcohol contents would be to

ise the value of [a]D by ¢a.3°, so that the calculat&d

gpecific rotations of the fructosan samples compare

favourably with the value quoted by Schlubach and



|
- 149 = |
|
|.

24 |
Peitzner( )[[u]D = «51° in water). Contrary to the

| observations of these workers, however, all the ‘

|
the samples, also, reduced Fehling's solution slightly

gsamples were found to be slightly hygroscopic. All

after prolonged boiling, but, as sucrose also gave a !
:reducing action under these conditions, it is probablf
that some degradation of the molecule occurs. '

It was also observed that, apart from the basic
lead acetate method, techniques involving the use of
hydrogen sulphide gave poor-quality products in high
yield and should be avoided. It appears, therefore, |
that some material is co-precipitated which ion-exchange

columns normally remove. As the ash contents of the

poor-quality products were not abnormally high, this
terial cannot be inorganic salts.
' Methods not involving hydrogen sulpnide, however,

gave pure products in 147 yield from the dry weight

f powdered roots after free sugar removal. This
corresponds to a 12/ yield from the original dry weight.

‘ A sample of one of these pure products was sub-

Eittad to fractional precipitation from its agueous

olution with alcohol, and was found to be homogeneous

%p.i% Il

The Hydrolysis of Tritiein.
| [
' The polysaccharide was very readily hydrolysed,

%ydrnlyais being complete in 10 minutes with 0°1% oxal*c
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acid aolution, On hydrolysis of the purest sample
|of fructosan available, the final value of [a]; was
found to be -84°, which is only 91% of the equilibriuh
value of [a]p for pure D-fructose.

A series of paper chromatograms of hydrolysates
of various samples of triticin showed that a small
amount of glucose was invariably produced in addition

to fructose. No sample of polysaccharide could be |
prepared which, on hydrolysis, yielded fructose only
on the chromatogram.

In an attempt to prove that the sugar which
travelled more slowly than fructose on the chromato-
gram was, in fact, glucose, and not galactose, it was |
decided to treat the polysaccharide hydrolysate with
asymmetrical methyl-phenylhydrazine. Galactose may
be quantitatively determined thus, in the presence of
other sugars, as a crystalline l-methyl le-phenyl-

(7)
hydrazone, A synthetic mixture of fructose (90%)

d galactose (10%) yielded a crystalline solid, the
ﬁZIting point of which was not depressed on admixturai
with an authentic specimen of galactose l-methyl |
I-phenylhydrazone. The hydrolysate, however, yielded
%nly a minute amount of crystalline material and it
tivuid appear that galactose, if present, cccurs to
#he extent of less than 1/ in the polysaccharide
Tydrnlyaate.

|
The hydrolysis of triticin was also found to occur
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by heating its aqueous solution under reflux on a
boiling water bath, hydrolysis being complete after
24 hours, when the final rotation was [a.]D = «81°, |
Paper chromatograms of the hydrolysate were duplicate?,
one being sprayed with ammoniacal silver nitrate and :
‘the other with the naphthoresorcinel apray reagent,
:aa described by Partridgega) In addition to fructose
and glucose, & spot travelling at the same rate as
'sucrose, and a spot with Rg = *066 were observed.

It was considered that this latter spot might be

turanose, and accordingly melezitose was submitted to

controlled hydrolysis as described by Hudson and Pacs Eg)
IIt was found, however, that turanose travelled at T
]almoat the same rate.aa sucrose on the chromatogram,
in ethyl acetate/acetic acid/water.

The spots intermediate between glucose and the |

starting line on the chromatogram of the aqueous
hydrolysate of triticin could not be identified. i
The reducing spot (Rg = +056) gave a pink colour with |

naphthoresorcinol and a pale brown colour with urea

anlate. The latter colour reaction is peculiar

ﬁince all fructose derivatives give a blue coloration

ith urea oxalate.,
|

| As will be seen from the diagrams (p. 62 ), ,
|

haphthoraaorcinol indicated 2 spots travelling at the

|

?ame rate as sucrose and turanose, both of which

?ppeared to be non-reducing. No claim can be made as|
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:to the identity of these sugars however, although one |

|
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iis almost certainly sucrose. As & result of methylaL
tion studies (vide infra) it is reasonable to presume
that they arise due to partial degradation of the l
triticin molecule to yield units with comparatively ‘
'stable linkages. TFor, if there is, as would appear i
from the methylation studies, a non-terminal glucose
unit linked through C' and C° to the 2 adjacent E
fructose units in the triticin molecule, one or both
of these glucose~fructose linkages may be preserved

on autohydrolysis.

The OQuantitative Determination of Fructose end Glucose
produced by hydrolysis of Triticin. |

Colorimetric Determination of ¥ructose.

The method used was a2 modification of Hoe's

(26)

Cale 4._3' al

procedure based on the original observation of

Saliwanoff. which depends on the dehydration of fruc-:

tose in hot, strong hydrochloric acid solution to give

%ydroxymathylfurfural. This then condenses with

kaaorcinol to give an orange or red product.

!
L It was considered extremely pmw bable that, under
n

|
e experimental conditions of the colorimetric

etermination, the fructosan would be completely
' |

hydrolysed, with the result that the fructose produced
¢ould be directly estimated from a standard fructosan |

golution. An obvious advantage of such an
|
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!eatimation i3 that there is no danger of fructose
.undargoing a keto-enol tautomeric change with the |
production of glucose and mannose, since it never
comes into contact with alkali. “ .
The estimation was performed on a pure sample of]
‘triticin ([a]lp = -48°) and the fructose produced on |

hydrolysis was estimated as (a) 92.67 and (b) 91.0%. |

titative Hsti n Glucose by Paper Chr o~
The glucose produced on hydrolysis of the poly-
saccharide by boiling water was eatimated by the
1tochniqu.e of quantitative paper chromatography. The
sugars were extracted from the paper strips by cold
water, using the apparatus described by lLaidlaw and

10
Bnid( )and the sugars in solution estimated by

titration of the formic acid liberated on oxidation by

Larm sodium msta-periodategzﬁ)ln order to enable the

Lccurate estimation of a small amount of glucose in thL

resence of a large amount of fructose, the solution i
bf the mixture of sugars was spotted on a number of

|
Lhromatograma, by means of a micro-pipette. This

#nsurad that each paper contained exactly the same
$eight of sugar. The glucose strips from 5 papers

*ere extracted and the glucose present in the combined'
%xtracta estimated. For the fructose, only 2 strips |
were extracted, but, by proportion, the fructose present
| |

| .
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in b papers could be calculated.

Using this technique, the glucose present in the

aqueous hydrolysate of the polysaccharide was estimated

as 4+8%.

i.e. Fructose = 91°'8% (by colorimetric assay) |
Glucese = 4°:87 (by quantitative chromato-

graphic estimation).

Studies of the Methylated Polysaccharide.

The lMethylation of Triticin.

Triticin was methylated by simultaneous daacatqu-

|
tion and methylation of the acetate, using a procedure

laimilar to that employed by Haworth, Hirst and
(13)

Pexcival for the methylation of inulin.

The acetylation of triticin was effected by the

Pddition of acetic anhydride to & solution of the i

polysaccharide in pyridine, the solution in pyridine

being obtained by the displacement process of Pacsu |

and Mullengll) The acetate, which was précipitated by

water and reprecipitated from chloroform solution by

means of light petroleum, had [u.]D = 210° in chloroforT,
e value considerably lower than that quoted by '

chlubach and Paitzner(24)(-15°) after 490 rﬁprecipitaf
ions. The acetate was fractionally precipitated froh
?hloroform with light petroleum, whereby 6 fractions

+efa obtained, A study of the various constants led E



to the combination of the first two fractions, which

!
were then submitted to methylation. |
The acetate was methylated by the addition of
304 sodium hydmxide (3 parts) and dimethyl sulphate
(1 part), the reaction being carried out in acetone
solution at 40° and in an atmosphere of nitrogen

(p. 71 ). After 3 such methylations, the product was |
methylated with silver oxide and methyl iodide,
according to Purdie. The methylated polysaccharide
was then precipitated from chloroform solution with
light petroleum in a yield of 73% from the acetate,
and had a methoxyl content of 43:3%. The product was,
at this stage, fractionated from chloroform solution |
with light petroleum. % fractions were thus obtgined,
and it was found that the methoxyl content of each
fraction had been reduced to ca.4ly.

A portion of Fraction I of the fractionated

methylated polysaccharide was submitted to methylation
by the thallium method, using thallous ethoxide and

methyl iodide. This technique was found to be very |
gffective and to give quantitative recoveries. After
b methylations according to this procedure, the '

methylated polysaccharide had a methoxyl content of
?5% and was assumed to be fully-methylated.
|
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The Hydrolysis of Trimethyl Triticin snd the ExaminatLon
of the products of hydrolysis. i

Two separate studies were undertaken in this

respect, the remainder of fraction I of the fraction-
ated methylated polysaccharide (OMe = 41%) and the ‘
fully-methylated polysaccharide (OMe = 45%) being !
ihydrolyaed and studied independently.

In the former case, hydrolysis was achieved
uﬁing a solution of oxalic acid in 80% aqueous
methanol, as described by Haworth, Hirst and Psrcival‘ls)
for the hydrolysis of trimethyl inulin. Unfortunately
it was not possible to follow the hydrolysis polari- |
metrically as unhydrolysed material precipitated from
the solution on cooling, but the reaction was allowed
to proceed to constant rotation.

In order to separate the methylated sugars
Prasant in the hydrolysate, the classical method of
high vacuum fractional distillation was dispensed with,

in favour of one of the recently-developed methods

derived from the principles of partition chromatography.
Bell and Palmar(27) have obtained a quantitativei
%aparation of tetramethyl-D-fructofuranose, l:3:4- |
trimethyl-D-fructose and 3:4-dimethyl-U-fructose on a

column of silica gel.

‘ A method which has received much application
recently is the use of a column of powdered cellulose !
| 14)
for the separation of a mixture of methylated augarsg ’

|
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The components of the hydrolysate of methylated inulip
were separated in this way by Hirst, YMcGilvray and
Peroivaé?s) and it wag this latter technique that was
cuployed for the separation of the components of the
hydrolysate of the methylated triticin.

The mixture of methylated sugars was added to

a column of powdered cellulose, of length 27", which
had been subjected to preliminary washings. The
solvent used was a mixture of butanol (50%) and light
petroleum (50%) saturated with water, the light
petroleun having been purified by trestment with con-
centrated sulphuric acid, followed by thorough washing
and distillation. The course of the separation was
followed by & series of paper chromatograms, every
tenth tube being evaporated and spotted on the
chromatogram, Owing to the fact that aniline oxalate
wag found to be a very poor reagent for the detection

of methylated fructoses, paper chromatogroms were

uplicated, One was sprayed with aniline oxalate, in
rder to detect methylated aldoses and the other was
prayed with urea oxalate which was found to be very
ensitive towards methylated fructoses.

Seven fractions were obtained from the cellulose
olum (p. 8/ ) but examination of the individual
ractions showed that some of the fractions were con-

+am1nated with methyl-glycosides.
‘ A portion of Fraction I was distilled in a high

|
‘ |
i\
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l

vacuum to yield a mobile syrup, the constants of whicp
agreed well with those quoted for tetramethyl msthylé;
D-fructofurancside (p. 83).
¥raction II, on hydrolysis with agueous oxalic acid, t
yielded a mixture of tetramethyl fructofurancse and a

trimethyl fructose, showing that the original syrup

from the column consisted of a mixture of tetramsthyls
D-fructofuranose and a trimethyl methylfructeside |
having identical Rg values.

Fraction IV, appeared from its methoxyl content to be
a trimethyl fructose. The syrup was unchanged on
acid hydrolysis, indicating that it was not contauinated

with a dimethyl methylfructoside. The value of i
[u.]D in water (+32°) was found to agree well with that
guoted in the literature by verious workers for
3:4:6~trimethyl-D-fructose and, in addition, the syrup
was found to travel at the sawme rate as an authentic
sample of 3:4:6-trimethyl-D-fructose on the chromato=-

gram (p. 87).

Fraction V appeared, likewise, from its methoxyl content

to be a trimethyl fructose, and the value of [a]p in

ﬁater (+31°) indicated, at first sight, that this |
&raction too was a2 pure sample of 3:4:6~trimethyl-D- ‘
Ifructose. On acid hydrolysis, however, the solution
Eacama strongly laevorotatory and was shown to ﬂonaist
bf a mixture of a trimethyl fructose and a dimethyl

fructose on the chromatogram, the former travelling



‘more slowly than 3:4:6-trimethyl-D-fructose.
Fraction VI, on acid hydrolysis, yielded a dimethyl
fructose, which was detected by spraying with urea
oxalate and with aniline oxalate, and a trimethyl
aldose, which was detected by aniline oxalate only.
The trimethyl aldose travelled at exactly the same
:rate as crystalline 2:4:6-trimethyl glucose on the
chromatogram.

The aldose content of this syrup was estimated
as 14:5% by oxidation with alkaline hypoioditaslﬁ)
this value being based on the assumption that a
dimethyl fructose is completely unattacked by alkalinﬂ
hypoiodite. I% would appear then that this syrup '
- is a mixture of a dimethyl fructese, which from later
evidence is assumed to be 3:4-dimethyl fructose, ,
(86%; [alp = =60°) and 2:4:6-trimethyl glucose (14%;1
[a]D = +89°— +71°). On this assumption, the value

of [u.]D for the syrup may be calculated as |

~39° —> =42°, whereas the experimental value obtained

was -41°—— -43°, !
|

I The original syrup from the column would therefore

ppear to be a mixture of a dimethyl methylfructoside
and a trimethyl aldose, which is, in all probability,

2:4:6-trimethyl glucose.

%ract;on VII yielded a strongly laevorotatory dimethyl

fructose which remained unchaﬁged on agueous acid

derulyais. giving no trace of monomethyl fructose. |
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Tae value of [a], in water (-p8°— =61°) agreed well
with the value obtained by XcDonald and Jackaontzg)
for pure synthesised 3:4~dimethyl fructose (-60.7°)
and with the value obtained by Bell and Palmsr(zv)
for the dimethyl syrup produced from methylated
irisin (~59:4°).

The cellulose column was then thoroughly eluted
with water and the eluate spotted on the chrowmatogram
after the usual purificatiqn. The fact.that no |
colour reaction was obtained with urea oxalate indicated
that no methylated ketose was present. With aniline
oxalate, however, a distinct pink coloration was
obtained (RG = 0.57), the material travelling more
slowly tha;_ﬁuthentic 2:3-dimethyl glucose, but at
the same rate as 3:6-dimethyl glucose. According to

Connallsao)E:B-dimethylu and 4:6~dimethyl-glucose

travel at the same rate as 3:6-dimethyl glucose, the |
h:s-iaomer giving a brown coloration and the 2:6~- !
isomer a pink coloration with sniline oxalate. It ‘
is possible therefore that the column eluate contains%
R:6=-dimethyl glucose or 3:6-dimethyl glucose or both.i
The total column recovery (66%) was low, making

quantitative interpretations of the results impossiblel.

Ihis may have been due to the fact that a large number

of fractions (8) were studied independently, but, un-

doubtedly, the chief reason was due to the presence of




| escaped detection by the usual spray reagents.

|

with a mixture of 2 isomers.
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considerable quantities of methylglycosides which

Hevertheless, one or two important results emerged

from fhis work.

1) A complete separation of (probably) 3:4:6-trimethy*
fructose and a second trimethyl fructose was obtainodi

by elution through a cellulose column of length 27" w#th

'butanol (50%)-light petroleum (50%) saturated with il

water. This pointed to the fact that 2 types of
linkage may be present in the triticin molecule and
the reason why Schlubach and Peitzner (loc.cit.) were
unable to identify their trimethyl fraction may have k

been due to the fact that they were in fact dealing

2) By the use of aniline oxslate as a spray reagent

in conjunction with urea oxalate, evidence arose as to
the presence of small quantities of methylated glucoaﬂs
un addition o the methylated fructoses.

Pure synthetic tetramethyl-D-fructose gave no ‘

coloration with aniline oxalate, but the tetramethyl |

kructoae fraction from the cellulose column gave a _
|
ink coloration. This is doubtless due to the

Preaence of some tetramethyl glucopyranose, which, by
virtue of its Rg value (1.00), could not be separated |

bhromatographically from tetramethyl fructofuranose

kl‘ﬂl). In addition, Fraction VI appears to contain |

a trimethyl glucose whereas the column eluate poasihly|



- 162 =
| contains dimethyl glucoseg).

The Separation of the Components of the hydrolysed

¢ ns Col b
|

Fractions II, I-II mixture and V were hydrolysed
with aqueous oxalic acid and the methylated sugars
'produced separated by a further elution through a
cellulose column (length 22"). The technique was
the same as that employed previously except that the ‘
solvent was changed to butanol (30%)-light petroleum |
(70%). It was, however, found necessary to change ‘
‘the solvent to a 50:50 mixture in order to elute the |
‘dimethyl fraction from the column.
m A tetramethyl, a dimethyl and 2 trimethyl fractiins
were collected, a complete separation of the 2 trimat&yl

|
fractions again being obtained (p. 93 ). The total

|
|
|
|

column recovery was 92%.

Trimethyl fructose A, after distillation in a high |

|
vacuum, had [o.]D = +33°—+29°, a value which agreed |

well with the value quoted in the literature for
3:4:6-trimethyl-D-fructose [+31°]. The fact that it

travelled at the same rate on the chromatogram as

authentic 3:4:6-trimethyl fructose provided further

#vidence as to the identity of trimethyl fructose A.
|

?rimathxl fructose B, which travelled more slowly on

?he chromatogram than 3:4:6~-trimethyl fructose, was

ﬁtrongly laevo-rotatory, a feature which indicated the
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presence of a pyranose ring due to C6 being unsub~-

well with the values quoted by various workers for
1:3:4~trimethyl-D-fructose obtained from levan-type

(31,32)
polyfructosans.

|
stituted. The value of [a], (=51°) did in fact agre#
|
The syrup readily crystallised on seeding with a |
crystalline specimen of 1l:3:4-trimethyl-D-fructose, i
kindly supplied by Dr. D.J. Bell, After tiling and
crystallisation from a mixture of light petroleum and
carbon tetrachloride, the material was obtained as

long white needles (m.p. 72° - 73°), the melting point

of which was not depressed on admixture with an .
|
authentic specimen of 1l:3:4-trimethyl-D-fructose.

The tetramethyl fructose fraction again gave a
slight pink coloration with aniline oxalate, suggesting

the presence of a little tetramethyl glucopyranose. ]

The value of [o]p reported for pure tetramethyl=De-

fructofuranose is +31°, whereas the value found
experimentally for this fraction was +35°, a feature |

which again suggests the presence (ca.8%) of tetra=-

|
Fathyl-g-glucopyranose ({a]p = +83° in water). }
The dimethyl fructose fraction was obtained as a

i
riaooua. hygroscopic syrup which could not be obtained
En crystalline form. The syrup was strongly laevoro-
tatory, suggesting the presence of a pyranose ring, dub

to non-substitution on C,, and the value of [o.]D (=55°)



|
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agreed reasonably well with that reported for 3:4-
dimethyl fructose (=-60°), better agreement being
obtained on correction for the low methnoxyl content

of the syrup (p. 96).

Study of the Pully-methylated Triticin (OMe = 45%). |

As a result of the investigations outlined above,
it is obvious that hydrolysis of the methylated poly-
saccharide with aqueous methanolic oxalic acid yialda.
mainly the methylated free sugars, along with some
methylfructosides. On this occasion, in oxrder to
ensure the complete hydrolysis of glycosides, the
aqueous methanolic hydrolysis of methylated triticin
(246 g.) was followed by an aqueous oxalic acid
hydrolysis.

ihe mixture of methylated sugars (2°7 g.) so

obtained was separated into its components on a 15"

s described previously (p./5/). The solvent employe

column of powdered cellulose, using the same technique

d

was a mixture of butanol (50¢)-light petroleum (50%)

aturated with water. Three fractions, namely a
ietramsthyl- (1.1 g.), a trimethyl- (0.38 g.) and a
himethyl- (L.06 g.) fraction, were collected. It

ppeared highly probable, however, that the trimethyl
iraction, which extended over a long range, was a

ixture of 2 components, since there was a gradual fal

: Tn the RG value from 087 to 0:83. The tetramethyl

1
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fraction gave a pink coloration with aniline oxalate,

again indicating the presence of some tetramethyl

glucopyranose, but there was, on this occasion, no

evidence for the separation of a trimethyl- and a

dimethyl-glucose from the trimethyl~ and dimethyle

fructose respectively. This is doubtless due to the
fact that a shorter column was employed.
Kach fraction was then investigated guantitatively,

|
in order to find the ratio "tetra™:"tri":"di" produce
from the fully-methylated triticin.

|

e 0 ric Determi ion of Tet ethyl Fruc
furanose.
(27)

It has been pointed out by Bell and Palmer,
that 1:3:4:6-tetramethyl-D-fructofuranose is volatile,

& pure sample undergoing a regular decrease in weight

on drying in a vacuum desiccator.
The hygroscopic nature of the material demands
thorough drying for an accurate gravimetric assay and |
it is obvious that the volatility of the material,
even at the water pump, will not permit of this. !
It wasg decided therefore to attempt to estimate

the tetramethyl fructofuranose by a colorimetric

determination in dilute solution. It has been seen
bhat a modification of Roe's procedure based on the
peliwanoff colour reaction provided a satisfactory

paana for the determination of fructose in solution (pJ52)
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It seemed reasonable to presume that this method ‘

would also provide a satisfactory means of estimation|
of tetramethyl fructofuranoss. |
A standard curve was constructed for a concentras
tion ranging from 0-05 to 026 mg./ml., when & linear
relationship was found between Log;, I/Io and con=-
centration. Wdhen the results were repeated using a
different set of reagents and different standard |
solutions, excellent agreement was obtained (Graph x);
The material used for the construction of the
above standard curve was shown, by paper chromatography,
to contain a trace of trimethyl fructose. In order
to discover whether this had any injurious effect in
the colorimetric estimation, 1t was decided to check
this curve using, as a standard, tetramethyl fructo-
furanose which had been obtained by the hydrolysis of
the tetramethyl-methyleDe-fructofuranoside from Column
I, and which was chromatographically pure. A linear
relationship between log)ol/Io and concentration was again

found (Graph Y), but a big discrepancy in the numerical

values was obtained.

It will be seen, therefore, that, whereas the
method gives excellent concordant results for the
determination of tetramethyl fructofuranose in dilute
golution, a chromatographically pure sample is essential

for the success of the method.
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The estimation of the Tetramethyl Ffructofurancse from

|
the Cellulose Column. i

Since the "end group"” from the cellulose column

was in a solution of butanol-light petroleum-acetone,
whereas the standard curve for the tetramethyl fructo-
furanose was constructed using a saturated benzoic !
acid solution in water, it was necessary to consider |
first a quantitative method of extraction of the !
material.

Rather than concentrate the solution from the
column and extract repeatedly with water in a process
similar to that described by Bell and Palmer (loc.cit.)
it was considered advisable to remove the butanol-light
Petruleum-acetone as an azeotrope with water, a

Baturatad solution of benzoic acid in water being adde

at the same rate as the azeotrope distilled off. In

order to test the effectiveness of this method, a
ontrol solution of chromatographically pure tetramethyl
ructofuranose was carried through the process. Aftelr

the material had been partitioned into water in the

ethod outlined, the solution was made up to a fixed

?oluma and the substance estimated colorimetrically, |
ﬁaing 2 ml. aliquot portions (Graph Y). Under these ‘
|

conditions, the method was found to give a satisfacoty
| |

Tecovery with an error of +2%4%

The tetramethyl fructofuranose in Fraction I was

#hen estimated colorimetrically, using exactly the samﬁ
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|
procedure, the final weight (1.06 g.) being the mean |

of 2 concordant results (p./09).

Examination of Fraction I (Tetramethyl fraction).

After the tetramethyl fructofuranose had been

estimated by this colorimetric method, the solution

was evaporated to a syrup and purified in the usual |
menner. The value of [o.]D (+34°) in water indicated |
the presence of ca.?# tetramethyl glucopyranose in
the syrup (vide p.63),

In order to estimate the aldose content of the
syrup, it was submitted to oxidation by alkaline
hypoiodite, using a modification of the method
described by Hirst, Hough and Joneagl5) Under the

conditions described by these workers, aldose material

is oxidised quantitatively to aldonic acid by alkalin
hypoiodite, whereas, theoretically, ketose material 1]
unattacked., The stakility of tetramethyl fructofuraJoao
to alkaline hypoiodite was demonstrated by Hirst, i

McGilvray and Percival(zs)vaing a sample of tetramethyl

fructofuranose, from methylated inulin, which had been
!

eparated from tetramethyl glucopyranose by light
Eatroleum extraction of an aqueous solution of the

|
|
kathylglycosidss, they found no iodine uptake. It

Fa apparent, therefore, that oxidation by alkaline j
| |
hypoiodite provides an excellent method for the esti-

ﬁation of tetramethyl glucopyranose in the presence of|
| {
| |
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‘tetramethyl fructofuranose.

finen a sample of Fraction I from the cellulose
colunn was oxidised by alkaline hypoiodite, the
aldose content was estimated as 5.1%. Since the
total weight of the syrup, estimated gravimetrically,
was 1.098 g., the weight of tetramethyl glucose may
be calculated ac 0056 g., which corresponds to 2:2%
of the total products of hydrolysis of methylated |
triticin. By difference, the weight of tetramethyl
fructofuranose may be calculated as 1.042 g., which
agrees well with the value obtained by colorimetric
assay. This corresponds to 41.6% of the total

‘products of hydrolysis.

\Bxsmination of Fraction II (Trimethyl fraction).
Since 1:3:4~trimethyl fructose and 3:4:6-trimethyl

fructose are not volatile at the water pump, they may
be readily estimated gravimetrically.
There was no definite evidence to suggest the

rraaanca of 2 trimethyl fructoses in this fraction,

only one diffuse spot being obtained on the chromato-

Fram. A tailing effect at the top of this spot,
Powever, indicated that the syrup might, in fact, be
L mixture of 2 trimethyl sugars. Furthermore, the |
;alue of [a]p (=33+6°) did not corresovond with the
Falues already quoted for l:3:4-trimethyl-D-fructose
élar 8:4:6-trimethyl-D-fructose (pp 161-!@, but was inter- |
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mediate between them. This would further indicate
the possibility of the syrup being a mixture of the
two isomers.

On seeding with an authentic crystal of 1:3:4~
trime thyl -D-fructose, kindly supplied by Dr. D.J,Bell,
the syrup partially crystallised. Pure 3:4:6-trimethyl-
D-fructose has never been obtained in crystalline form.

The aldose content of the syrup was estimated as
4+°0%, by oxidation with alkaline hypoiodite. If the
aldose be assumed as trimethyl glucose, this would
represent 0°6% of the total products of hydrolysis,
and, by difference, the trimethyl fructose may be
calculated as 14°+4%. The validity of these figurea,i
of course, depends on the assumption being true that
a trimethyl fructose is completely unattacked by
plkaline hypoiodite in the same way as is tetramethyl

fructofuranose. Laidlaw and Baidgas) using a pure

crystalline sample of 1l:3:4-trimethyl-D-fructose
obtained from the levan from perennial rye grass

(Lolium perenne) did, in fact, get a very small, but
practically negligible, iodine uptake.

Examination of Fraction III (Dimethyl fraction).

This fraction was estimated gravimetrically and

yielded a strongly laevorotatory, aygroscopic syrup

| |
which could not be crystallised. Tae value of [a],

n water (~61°) agreed well with the value gquoted for
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the dimethyl fraction obtained from Column I and with
the value guoted for pure synthetic 3:4-dimethyle-D-
fructose.

The aldose content of the syrup was estimated

in the normal manner as 3+9%, and, assuming this to
be dimethyl glucose, this corresponds to 1:.6% of the |
total hydrolysis products. By difference, the re-
covery of dimethyl fructose may be calculated as 39-.4%.
Again it must be stressed that these figures are
dependant upon the complete non-oxidation of a dimethyl
fructose by alkaline hypoiodite. Unfortunately, no
figures are available to prove that this is in fact
the case for a dimethyl fructose.

In order to obtain as complete a recovery as 5
possible from the cellulose columm and to explore the
possible occurrence of further quantities of meghylat%d
aldoses, all the eluates collected between the three
main fractions were investigated.

The eluate between the trimethyl and dimethyl

fractions yielded a syrupy residue which gave a pink

Epot on the chromatogram travelling at the same rate

s 2:4:6-trimethyl glucose. The aldose content of

|

|
the syrup was estimated as 49% by oxidation with

lkaline hypoiodite, and, together with the aldose con:

tent of Fraction II, the "trimetayl glucose" may be
! !
palculated as 0°9% of the total hydrolysis products.

knvastigations of the other eluates showed no evidenca!
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on the chromatogram for further quantities of methy- |

lated aldoses, or for significant quantities of |
methylated ketoses. !
The separation of the component sugars of the
hydrolysate of the fully-methylated triticin by mnans\
of a cellulose column gave a total recovery of 96%. ‘
Doubtless due to the fact that a shorter column was

jemployed than in Columns I and II, there was no

separation of the trimethyl fraction imtoc 2 components.

Moraover, the suspected trimethyl- and dimethyl-
glucone were for the most part eluteu along with the‘
trimethy.- and dimethyl-fructose rcspectively, and |
were estimated by oxidation with alkaline hypoiodite.i
Wnen the weights of the individual fractions wsr&
expressed in terms of hexose, rather than methylated
hexose, it was found that tetramethyl fructose, trimethyl

fructose and dimethyl fructose were obtained from

Fethylated triticin in the ratio 2:73:1:2:93, or

!p:l::s, expressed in the nearest whole number ratio (p.!&’)
|

is figure is precisely the same as that obtained by
! (24)
Echlubach and Peitzner by high vacuum fractional

istillation of the methyl-fructosides and would indicate
Lhat the triticin molecule is composed of multiples of
+ fructose units. i
' An additional interesting feature is that the
Lotal recovery of methylated glucose from the hyurolyaéte

¢f methylated triticin was 4°3% (expressed as glucose) .



llent agreement with the value of 4-8%

D

This is 1n exc o
obtained .when the glucose in a hyurolysate of the
polysaccharide was estimated by quantitative paper

chromatography.

Identification of the Tetramethyl Fructose.

Jefinite proof that the "end group" was tetra-

methyl-D-fructofuranose was obtaineud by conversion to
the crystalline tetramethyl-D-fructofuronamiue (p.120
This was achieved by oaidation of the syrup with nitri

acid, followed by esterification and methylation, and

o+

the amide was produced by the action of methanolic

ammonia on the methyl ester, as described by Avery,
a

: )

Ha 'Ort‘h_ and LIi rad : ! The serigcs f veaet+i = may he
Ll yy ¢ 4 Lot e geries 0l reactlons msa pe

oJ

—
—

representea by the following scheme:-

CH,0CH, COOH coack,
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The partially-crystalline solid (V) was allowed
to drain on porous tile, extracted with hot ether
and hot light petroleum (b.p. 40° - 60°) and crystalllaad
from ether. After 3 crystallisations the required
\product was obtained as long needles (m.p. 98° = 100°),
the analysis figures and specific rotation agreeing
well with those reported for tetramethyl-D-fructo-
 furonami de . A series of methoxyl determinations gaw
a concordant value of ca.47%, (theory 49.8%). A pur
authentic sample of tetramethyl fructofuronamide
(m.p. 99° = 100°) gave a methoxyl content of 47+4%,
rwhilst Haworth, Hirst and Nicolson(54)quote a value
of OMe = 47+7% for their pure material. The low
values may be due to a tendency for the glycosidic
methoxyl group to come off as methanol, immediately
on heating,and this may be partly lost by distillation.
A byproduct (m.p. 175°-176°), insoluble in hot
ether and hot light petrnlsum’waa also obtained. A
byproduct (m.p. 177° « 178°) which was insoluble in
all the usual organic solvents was reported by Haworth,

l
Hirst and Nicolsan(ai)and they believe it to be an

Fmida derived from a byproduct of the original oxidation.

An alternative possibility is that the tetramethyl |

glucose present in Fraction I was oxidised by nitric

!
?cid to yield a xXylo-trimethoxyglutaric acid which
formed the diamide (m.p. 194° & 195°). |
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Investigations into the Structure of the Trimethyl !

fraction. !
As already mentioned, by separation of the |
products of hydrolysis of methylated triticin on a ‘
long cellulose column (27"), 2 trimethyl fructose ;
%fractiona. which, by virtue of their specific rotatio+g.
appeared to be 3:4:6~ and l:3:4-trimethyl-D-fructose,
\were obtained. On this occasion, using a shorter
column, only one fraction was obtained and it was

desired to prove that it was a composite mixture of

these 2 isomers.

iThe Oxjdation of the Syrup by Souium meta-Periodate.
If, in a methylated ketose, 05 or 01 are un-

methylated, then, provided 05 or 02 respectively are
also free, oxidation by the periodate ion will liberate
formaldehyde, whereas, if the terminal -CHgOH groups
are both methylated, no formaldehyde yield will occur.|

l
Thus, of the 4 possible trimethyl fructoses, the

B:4:6~ (a) and the 1:3:4-(b)isomers will liberate

formaldehyde, whereas the 1:4:6-(c) and the 1:3:6-(d)

isomers will not. !

gl choct,  cuon,
[—?-OH ?QOH c=0 Hm?
o cHOdH, 7o, EHOE cHocH, (_ﬂ' snodhy ||
i L?HOCHs ?HOCHJ fHOCH:; ?HOC"{; |
LcH CHOH eHO He — |
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‘CH, OCH, CH, OCH, CH, OCH; CHOCH,
——i—ou COQH co HO-C.
IHERE l
CHOH ' CHO CHOCH ! CHOCH,
o | 104, l SO i
THocHJ ?HOCHj .HO CHOH
|—cH fHon c,wo eH-
CH,0CH |
| H,0CH; CH,0cH, CH,0CH, CH,0cH,
@ (d)

Formaldehyde produced on periodate oxidation was
originally estimated by steam distillation but Reeves Lo
|introduced a very elegant process whereby formaldehyd
was estimated gravimetrically as a crystalline dimedo:
complex, & small weight of formaldehyde giving
approximately 10 times its weight of the 6rystal&1ne
complex.

#hen the trimethyl fructose syrup was oxidised
and the formaldehyde estimated using the technique

described by Reeves, the weight of complex raprasented

201% yield, assuming 1 mole of formaldehyde to be
Eroducad per mole of trimethyl sugar. Since the

roduct melted over a wide range, it would appear that

der the conditions employed, the aldehyde produced

on periodate oxidation itself formed an insoluble

imedon complex. |
It is generally recognised that, in order to I

| .
?btain theoretical yields of formaldehyde, the perioda;e

oxidation must be carried out in a neutral medium.
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lRaevea used the carbon dioxide=-bicarbonate buffering |
system at pH ca.7°5. Alternatively the oxidation
may be carried out in the presence of phosphate buffer
(pH 74 - 7:5), as described by 3611518)3311 made a
study of the oxidation of partially-methylated sugars
under these conditions, and found that, whereas some |
rapidly yielded the theoretical amount of formaldehyde,
others reacted more slowly and gave a yield of formalde-
hyde considerably below the theoretical. Continuing
these observations, Bell, Palmer and Johns(sﬁ)found
that in some cases the "missing"™ formaldehyde in the
anomalous oxidations could be accounted for as formic
acid. They found that l:3:4«trimethyl fructose, when
oxidised in the presence of phosphate buffer (pH 7.4),
gave 1 mole of formaldehyde per mole of sugar. On
the other hand, 3:4:6=-trimethyl fructose, when oxidiaﬁd
under the same conditions, could only be made to yiald
0°82 moles of formaldehyde per mole of sugar.
When the trimethyl ayrup from hydrolysed trimethyl

triticin was oxidised under these conditions, the |

kaight of formaldehyde-dimedon complex corresponded
%m a 91% yield, assuming 1 mole of formaldehyde per |
#ole of trimethyl syrup. The melting point of the
%roduct indicated that no interference from other
Aldehydea had occurred when oxidation was allowed to
take place under these conditions.

i A series of glucose control experiments showed
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that, when glucose was oxidised in the presence of
phosphate buffer, theoretical yields of formaldehyde
wers never obtained, values varying between 35% and
57% of the theoretical being obtained. On the other
hand, when oxidised in the presence of bicarbonate,
glucose gave theoretical yields of formaldehyde.

From an estimation of the formaldehyde liberated
on periodate oxidation of the trimethyl fraction, it
would appear that if the syrup is a mixture of 1:3:4-
trimethyl fructose and another trimethyl fructose, then
the other one must be 3:4:6-trimethyl fructose,which

will itself liberate formaldehyde.

The treatment of the syrup with acid acetone.

Of the 4 theoretical trimethyl fructoses, 2 will
form mono=-acetone compounds. 3:4:6=-Trimethyl fructoge
will form l:2-isopropylidene 3:4:6-trimethyl fructose
(i) whilst l:4:6-trimethyl fructose will form 2:3-

lisopropylidene l:4:6-trimethyl fructose (ii).

L0 _-CHs | T?Haocﬂj
c-07" \cH, e O e——
HC OCH cil; C““\o ~CH
HCOCH, HcC ocHJO
———*—LH Hl_wm_
cH0CH, H,0CH,
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The condensation of these 2 isomers with acetonel
has been studied by Montgomery(ss)who found that,
!whan 3:4:6=-trimethyl fructose was treated with a
solution of hydrogen chloride in dry acetone, the
lapecific rotation increased from +31° to +74.8°. 5
gince 1:3:4~trimethyl fructose does not form a mono=-
‘acetone compound, it was considered that a change in
:rotation on treatment of the trimethyl fraction with
acid acetone would provide good evidence for the
presence of 3:4:6-trimethyl fructose.

| ihen authentic 3:4:6-trimethyl fructose was
treated with a sclution of hydrogen chloride in dry
acetone (0+6% w/v), the specific rotation was found
to increase from +30° to +73-4° (p./24), which is in
good agreement with the results of lMontgomery.

When the partially-crystalline trimethyl syrup
from the cellulose column was treated with hydrogen
chloride in acetone, the specific rotation increased
from +4° to +14+4° in 25 minutes. This increase of
}0° in the specific rotation, as against an increase
of 44° for the authentic 3:4:6-trimethyl fructose would
indicate ca.22% 3:4:6~-trimethyl fructose in the total
ﬁyrup. This figure agrees reasonably well with the

figure obtained from rotational measurements of the

irimethyl syrup itself. The specific rotation of the

%yrup in water was =33°. Taking =61:6° as the value I

for [u]D in water for pure l:3:4-trimethyl fructose,
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(27)
'as quoted by Bell and Palmer, and +30° as the value

for [a]D for pure 3:4:6-trimethyl fructose, this
|

would indicate that the syrup contains approximately |
30% 3:4:6-tr1methy1 fructose and 70% 1:3:4~-trimethyl !
fructose. ‘

In order to extract the l:2-isopropylidene 5:4:6T
trimethyl fructose from the l:3:4~-trimethyl fructose,
the agueous solution was continuously extracted with ‘
light petroleum in an all-glass apparatus of the type
(21)

described by Brown and Jones. This removed the
mono-acetone compound, and the 1l:3:4-trimethyl fructo#e
was obtained by evaporation of the aqueous solution

and extraction of the residue with chloroform. The
syrup crystallised readily on seeding with authentic
1:3:4-trimethyl fructose and had [u]p = -53° in water.
The mono-acetone compound obtained from the light
petroleum extract was finally submitted to distillation
in a high vacuunm.

|
The acetone liberated on hyurolysis of the mono-

acetone compound was estimated on the micro-scale uainf

(20)
Fhe apparatus of Tordai and Percival, modified from

(19)

Fhat described by Bell and Harrison. The acetone wasi
|'s‘l;.'u.m,ta.‘l:ed as 13°1%, whereas the theoretical value for ‘
I'2-iaopropylidene 3:4:6-trimethyl fructose is 22°1j. }
*owever, using exactly the same experimental conuitzon#,

a value of 14-9; was obtained for the material preparod

}rom the authentic 3:4:6-trimethyl fructose. By ;



|
|
!
|

'hydrolysis for a longer period, however, a value of
21:3% was obtained for the authentic material but,
unfortunately, no more material was available for a

repeat estimation on the syrup under investigation.

|It is felt however to be highly probable that the

Icompound was the mono-acetone derivative of a trimeth+1
:hexose. |
| The constants observed for the authentic l:2e
isopropylidene 3:4:6-trimethyl fructose and the syrup
obtained from the light petroleum extract are com-
pared below with each other, and with the constants

quoted by Montgomery (loc.cit.).

Authentic 1:2- Syrup from Montgome
isopropylidene methylated from s

§;4;§-§r1msﬂug triticin.
c e .

fructose iructose
from inulin.

b.p. 65°/0:005 mm, 86°/0+04 mm. 110°/0:2 mm. -
My 1.4446 (/5° 1+4480 (227 1+4450 1:4483
% OMe - 354+0- 3347 -

[alp in _

acetone +64° - +70° |  +749°

[a]ln in
| water +71° +46° - -

| The methoxyl content and the refractive index ‘
Eertainly agree well with the values expected for a
%ono-acetone derivative of a trimethyl hexose. The
ﬁain discrepancy lies in the value of the specific

kotation in water. This constant is not recorded
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'in the literature and was determined on the authentic
Iaample prepared, when it was found to be of the same
‘order as the value in acetone. The low value of
.[“]D observed for the syrup under investigation could‘
be explained by the preferential formation of one |

'isomer. As stated by Montgomery (loc.cit.), there

lare, theoretically, 2 possible isomers of the jisgo- ‘

‘prupylidene compound derived from the o and g forms

lof 3:4:6-trimethyl fructose. wviz:-

! OC% ? OCH;
] |

e e |
H |
I &w CHy—O i///u | CH,

oLl ‘DH\1/

( .3 \,
e CH.
LH UCH;} / g \C H_; CH;GCH / \C H 5 ?

I II

=t

Hydrolysis experiments give evidence for the

existence of these 2 isomerxic forms, for, by aa;x‘ﬂ:'e:a‘l:mg,I
he hydrolysis of the mono-acetone compound, it is
iossible to isolate unhydrolysed material with [a]p

8 low as +32° in acetone. This may be explained as
Ieing due to preferential hydrolysis of one of the ‘
*aomers. If, in the original formation of the mono=-
*cstona compound from the trimethyl sugar, one isomer
Qaa formed preferentially, there could well be a

variation in the value of [u]p although all the other



. 183 -

| constants would agree. |
Another possibility, which cannot be ignored,

Iia that the syrup is a 50% mixture of the mono-acetone
derivatives of 3:4:6- and l:4:6=-trimethyl fructoses.
The value of [a]p in acetone for 2:3-isopropylidene
1:4:6=-trimethyl fructose (ii) is +17-8° and, assuming
the value in water to be of the same order, as was |
found for l:2-isopropylidene 3:4:6~trimethyl fructose
(i), then a 50% mixture of the 2 materials would give
a specific rotation of the order found. The refractive
index, boiling point and, of course, methoxyl cqntent!
found for (i) are practically identical with those ‘
found for (ii), and it would be extremely difficult ta

identify one in the presence of the other.

The treatment of pure Trimethyl Fructose (A) with aci

acetone.
Fraction IV from Column I (p.%7) consisted of a ‘

| .
chromatographically pure trimethyl fructose ([o.]D e +5F'

in water) which appeared identical with 3:4:6-trimethyl-
D-fructose. !

I In an attempt to obtain definite proof that the
%econd trimethyl fructose produced on hydrolysis of
methylated triticin was, in fact, the 3:4:6-isomer, |
the syrup was treated with acid acetone and the change|
in rotation studied (p./3/ ). The value of [q.]D in-
¢reaaed from +31° to +70° on condensation with acetonaL
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'which is in good agreement with the change observed

by Montgomery when 3:4;:6-trimethyl-D-fructose under- |
went acetone condensation.
The syrup was distilled in a high vacuum when

the specific rotation in water was found to be +64°,

the authentic l:2-isopropylidene 3:4:6-trimethyl |
;fructoae having a value of +71° in water. It would
iappaar almost certain that the mono-acetone compound
}15 derived from 3:4:6~trimethyl fructose, the low
value of [a.]D gquoted (+64°) being attributed to the
'presence of a little vaseline in the syrup derived ‘

from the glass joints during the high vacuum

distillation. |
nve ations into the O cture of the Dimethyl
IFruc;oae.
It has already been mentioned that the fact that

this material was strongly laevorotatory indicated |
fhat C6 was free, thereby making possible the forma- !
tion of a pyranose ring. The valus of the specific

rotation did in fact agree well with the values quoted

in the literature for pure 3:4-dimethyl-D-fructose. |
|

The Oxidation of the Syrup with Sodium meta-Periodate.
|
3:4-Dimethyl fructose, having C! and C6 both free,

liberatea 2 moles of formmaldehyde on oxidation by the |

periodate ion, and, of all the possible dimethyl
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?fructosas. only the 3:4-isomer is capable of doing this.
| The syrup, on prolonged oxidation in bicarbonatei
buffer solution, yielded 2.0 moles of formaldehyde !
per mole of dimethyl fructose (p./3%), the method of |

|
estimation being that described by Reavea$17)When ‘
|

oxidation was allowed to proceed in phosphate buffer

' 1 !
solution, as described by Bells B)no value higher thaj

il-&& moles of formaldehyde per mole of dimethyl |

fructose could be obtained. This agrees with the
(35)

observationa of Bell, Palmer and Johns, who found
|

that, by using this method, pure 3:4-dimethyl fructos
yielded 172 moles of formaldehyde per mole of dimethyl
| .

fructose.
| |
|

|
The Attempted Formation of 3:4-Dimethyl Glucosazone. |
3:4-Dimethyl fructose, having C, and C, unsub-

stituted, will yield 3:4-dimethyl glucosazone on

treatment with exceass phenylhydrazine. This compound

was first prepared by Mclonald and Jackaontzg)iruu .
%~4 dimethyl fructose. They found the material veryi
ifficult to purify, but, on crystallisation from
Ether-light petroleum, the product had a melting point
of 126°. Similar results were recently obtained by
Bell and Graville(ﬁv)on treatment of 3:4~-dimethyl
#1ucosa with excess phenylhydrazine. i
! When the syrup under investigation was treated

with excess phenylhydrazine hydrochloride and sodium

ﬁcetate, in the presence of a little sodium bisulphite.
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|
the product was obtained as a yellow, amorphous solid,
which melted in the region of 80°.

Great difficulty was obtained in the purificatio$

of this material. Attempts to crystallise the solid

from agueous alconol were unsuccessful, as the product
invariably precipitated as a red oil. A trial samp1+
of the product, however, crystallised from ether-lighg
petroleum as long, fine, yellow needles, on seeding i
with an authentic crystal kindly supplied by Dr. D.J.
|Bell. This product had a melting point of 124° - 12#'.
However, attempts to puriify the mgin bulk of the
material in this way were unsuccessful, as the product
was obtained as a brown caramel-like substance, even

when dry solvents were employed.

The Oxidation of the Syrup with Periodic Acid and the

Igsolation of D(~-)=-Dimethoxysucecinic Acid Derivatives.
Final proof that the methoxyl substituents are

. i
located on Cz and C4 in the dimethyl fructose was

obtained by the isclation of chnaracteristic derivatives

of D(=-)~-dimethoxysuccinic acid after periodic acid

indation. 0f all the possible dimethyl fructoses,
Pnly the 3:4-isomer can split between Gy and Co and
between Cg and Cg, on periodate oxidation, to yield |
ﬁimathoxyauccinaialdehyde. The isodation of crystallﬁne
?erivativaa of dimethoxysuccinic acid, therefore, fixe%

the methoxyl substituents on C |

3 and 04.
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The series of reactions involved is outlined

below:~
gl CHo coof
co ' S0
0 ge, MOCH o MROCH

fe0=C~n > H-C-O0Me —— 7 H-C-0Me

I
H~C - OH Cls N
S e
CH,0H i) Cii)
?ONHN&
”eU*f"H
ol- H-C-0Me
MeOH'- NeU"C =H .
—— | 2 (W)
f{(_'l H“C"'OM(’. 25 04,\
C00Me z $OM%
!ﬁ&?—H
GH) HL?—OHB
CONH, .
W)

for dimetayl D(=-)-dimethoxysuccinate (p./36).

A portion of the redistilled ester (iii) was

f methanolic ammonia, the remainder being senverted

Fo D(~)=dimethoxysuccin-bis-methylamide (iv) with

&athanolic methylamine. The constants for these 2

The aldehnyde (i) produced after oxiuation with

chloride. The ester (iii) was distilled in a high

good agreement with those guoted by Haworth and Jones

|
periodic acid was oxidised to the acid (ii) by bromine

water and the acid esterified with methanolic hydrogen

vacuum when the constants recorded were found to be in

(

|

38)

converted to D(=-)-dimethoxysuccinamide (v) by the action
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|

|erystalline derivatives agreed well with those
‘recorded by Haworth and Jones (loc.cit.) and the

|
!idantity of each was established beyond doubt.

General Conclusions from the lxperiments on the
Hydrolysis of Methylated Triticin.

The yields of the various methylated sugars
lobtained by the hydrolysis of methylated triticin are!
computed to be, tetramethyl fructofuranose (41:6%), |
trimethyl fructoses (1449, comprising 3:4:6-trimethyl
fructose (3:6%), l:3:4-trimethyl fructose (10:8%)),
3:4-dimethyl fructose (39°:4%), tetramethyl glucopyranase
_(2-2%), trimethyl glucose (0°+9%) and dimethyl glucose
(1-6%).

Molecular Weight Determinations on Acetylated and
Methylated Triticin.
(22)

Barger's isopiestic method for the determina-

@ion of molecular weights was originally confined to

compounds of low molecular weight, but recently Caesan,
(39)

Gruenhut and Cushing found it possible to examine

polymers of molecular weight 1000-100,000 by this

When fraction I of acetylated triticin was examin?d

technique.

Py this method, against a sucrose octa-acetate atandar?,
hn chloroform solution, the molecular weight was found
to lie between 6940 and 10410 (p./k0 ). Since the

?olacular weight of an acetylated anhydroiructose unit
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is 288, this corresponds to a molecular size of
24-36 units.

In an attempt to narrow the above range, the
concentration of the acetylated triticin solution was
'increased from 2% to 5%. At this concentration, thal
results indicated that the isopiestic condition lay
at an approximate concentration of 0.006 M. This
would indicate a molecular weight of ca.8380, corres-
ponding to 29 acetylated anhydrofructoae units.

In studying the methylated polysaccharide, there
was, unfortuhataly, none of Fraction I available.
Fraction II, however, which appeared from viscosity
measurements to have a lower molecular weight than
Fraction I, was investigated by this method, and the
molecular weight was found to lie in the region
3753-52562. Since the molecular weight of a methylatJd
anhydrofructose residue is 204, this corresponds to
a molecular size of 18-35 units.

iWhen the concentration of the methylated triticin
solution was increased, in order to narrow the above

range, no reproducible results could be obtained.

All the drops of the methylated triticin solution were
Eound to increase in size between the range 0:002 =

*010 M. . This phenomenon has alsc been noted by

Laidlaw and Reid '3’

for the methylated fructosan from

|
Parennial rye grass (Lolium perenne). ‘
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'Oxidation of Triticin by the Periodate Ion.

| A series of investigations first commenced by
IMalaprada( O)and continued later by Nicolet and Shinnlﬁl)
showed that, if a compound which has 2 hydroxyl groupa
‘or a hydroxyl and an amino group, on adjacent carbon
‘atoms is treated with pericdic acid, cleavage of the |
intermediate C-C bond occurs.

R'~-CHOH~-CHOH-R + HIO4 —>R'CHO + RCHO + HIO3 + HgoO

R' «CHNHp~CHOH=-R + HIOy —R'CHO + RCHO + HIOH + RHS

. In the majority of cases this reaction occurs
quantitatively, and this factor, together with the

specificity of the reagent for such groups, makes it

an invaluavle reagent in carbohydrate chemistry. Onﬁ
@olscule of periodate is consumed for each C~(C bond |

split and, when more than 2 adjacent hydroxyl groups

are present, oxidation proceeds through this portion

of the molecule, liberating formic acid from -CHOH
|
| roups and formaldehyde from -CH,OH groups. Both of |
& 2

these may be readily estimated.

Oxidation by the periodate ion provides a con-

venient method of estimating the chain length of a
Polyaacoharide molecule, for, ii the reducing end
kroup contains 3 adjacent hydroxyl groups, formic acid'
£ill be liberated. Provided the non-reducing end

roup and the non-termminal residues do not produce |
| .

formic acid on periodate oxidation, then the astimation

of the formic acid produced provides a direct
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measurement of the number of reducing end groups.
From the experimental evidence, the triticin
molecule contains a network of 2«6' and 2-~l1' linkages,

As will be shown later (p.203), the experimental

lreaults permit the interchanging of the 2«6' and 21!
'linkages, with the result that the main chain may be |
either a 2-1' (inulin-type) chain or a 2«6' (phlein=- |

itype) chain. It will be seen below, however, that |
|
the fact that the 2«1' and 2-6' linkages are inter- |

'changeable does not substantially alter the mechanism

of the oxidation of the triticin molecule by the
periodate ion. Considering a fructosan of the

inulin type, containing a main chain of fructose

residues linked through C° and C', with branching
through 06. oxidation by the periodate ion will pro-

|

ceed ag follows:~

| CH,OH CH CH CH,
e =y Fet —c-oH
| CHOH CHo cHON! e k)
! @) ..-..l__ -~ 0 _-.1_..}! (o) -_I.lj-..” o ._-_?.’!.?.H_'
?HOH ?HOH THOH CHOH
G W i ety ——c"}Ff'"
| CH,OH CH,0H CH,0---- CHOH
|
. i
on~reducing non-terminal non-terminal reducing
Eend group residue residue with end group
ptake 1 mole uptake 1 mole branching
no formic acid no foxmic through ©°

|
| acid uptake 1 mole |
‘ no formic acid

| The reducing end growp will in all probability

exist in the pyranose form and will split as follows
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'on periodate oxidation:- !

fﬁao-—-' fHdOHH icf{,O—-“' Th&o—%----
_T:t?:?ﬁ ——C =0 COOH COOH‘
Q CHOH (6] HcooH HCOOH HCOOH |
_“ﬂ:}?&f{ CHO CHO HeooH |
Ly L by, “Sii HeHo

‘ |
Considering, likewise, a fructosan of the phleinl

type, containing a main chain of fructose residues

linked through C> and ¢%, with brenching through C',

oxidation by the periodate ion will proceed as follows:-

CﬁaaH tI:HaoH i:Hao——"' lcr{a;oH
| |
—(I‘. C ———<|:—<prf
CHOH CHO CI.HOH cmlu
0---]--- ONEIc < I Pt RN o R (]
HDH cHoH o CHOH TH4H
i <|:H \ \-——CH L—cH|
CHOH \chf,l A cHy <|3Hz

Non-reducing non-terminal none-terminal reducing

end group residue residue with end group

| uptake 1 mole uptake 1 mole Dbranching 1
| no formic acid no formic acid through C -
uptake 1 mole !

no formic acid '

i By analogy with fructose, a fructofuranose

reducing end group linked through 06 is capable of
5D ing in d erent ways on periodate oxidation.
5 14itt in 2 diff t iod idati
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1) CH, OH CH,0H CH,0H |CH10H
[
C~-OH —=0 COOH COQH
-._|__- 8 . :
rcnoH 270. | neooH 29, HcooH %, HCOOH
(B s 0 .
LCHOH <|:H0 lcfuo Hcqu
I ------ |
TH —TH (l.'HOH CHoi
CHQO_- CH&O'-‘ CHzO_ CHJ_O?""
|
|
2) CH,0H HCHO HCHO HCHQ
B S0 c=0 FOOH COOH
PR ITHOH _H0 o chon 2ZI%, cho
éHOH THOH CHOH HCaof
I o
‘-——TH —CcH CHOH CHO
|
CHO=> EH 0= CHo— CH O

|
Cleavage by method (1) will produce 2 moles of

formic acid (3 moles of titratable acid), taking up
|

3 moles of periadate during the cleavage. Cleavage

!
by method (2), however, will produce 1 mole of
formaldehyde and 1 mole of formic acid (2 moles of ‘
titratable acid), the uptake of periodate again being;

3 moles. |

(42) |

| According to XKhouvine and Arragon, fructose

splits in both ways, although cleavage by method (2)

Fppeara to occur preferentially. It is reasonable to
| |

presume that the reducing end group under consideration

will split in both ways also.

| It will be seen, therefore, that, no matter whether
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(23)
according to Halsall, Hirst and Jones. The sparingly-

may be prevented.

acid was liberated for every 29 anhydrofructose

enly unit in a true fructosan which can produce formic
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the main chain contains 2-1' or 2-6' linkages, all
the fructose residues except the reducing end group
will take up 1 mole of sodium periodate and yield no
formic acid.

When the periodate uptake of the purest sample
of polysaccharide available ([a]lp = «48°) was deter- |

mined, a constant value corresponding to a periodate

uptake of 100 moles per fructose residue was obtained
(pl }42‘)1
In order to estimate the formic acid liberated,

oxidation was performed with potassium periodate,

soluble potassium salt is recommended in preference

to the soluble sodium salt in order that ovar-oxidati&n

Experimentally it was found that 1 mole of formid

residues. The liberation of formic acid might seem
to indicate the presence of a fructofuranose reducing
end group, since it has been seen that this is the
|
acid. This feature would exclude a ring structure,
ps postulated by Schlubach and Peitzner (loc.cit.).

dince each fructofuranose reducing end group produces

Inulin type, or 2 or 3 moles of titratable acid,

iependent upon the method of oxidation, if the main

b moles of formic acid, if the main chain is of the I
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chain is of the phlein type, the above yield of
formic acid could only agree with a "chain length"”

In interpreting the above results, however,

certain reservations must be borne in mind.
Firstly, molecular weight determinations indicat#d
that the size of the molecule is not in this region, 1
the "chain length" being much less than 58 units.

This would seem to exclude a fructofuranose reducing
Iend group as the source of the formic acid.

The formic acid may, however, be liberated from

a chain glucosan in close association with the

fructosan. Methylation studies showed that tetramethyl
glucose (2+2%) was produced on hydrolysis of methylated
triticin, together with what appeared to be a trimethyl
glucose (0+97) and a dimethyl glucose (1.6%). The
high proportion of tetramethyl glucose relative to
trimethyl- and dimethyl glucose would not favour the
view that the glucose arises from an associated glucosan,

Lut would rather favour the idea of its being an

integral part of the structure of the fructosan.

It may be recalled that a glucopyranose non- ‘
ducing end group will take up 2 moles of periodate !

and yiela 1 mole of formic acid on periodate oxidationr
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——— CHO—-- EHO =
cI:HOH :I:Ho
o How BIO% . O heooy
,hCI-;(_)I; CHO
- Ll
Lhon enoH

The amount of foxrmic scid liberated from the
glucopyranose non-reducing end group may be calculated
as 350 x 10’6 moles, whereas the amount liberated
experimentally wae 6+12 x 1(.’!"'6 meles; that is, almoet
twice the calculated value, This may be due either
to a discrepancy in the estimation of the aldose
content of the tetramethyl fraction isolated on
hydrolysis of the methylated triticin, or to incomplete
methylation of the non-reducing end group.

An alternative possibility, however, is that a
glucose non~-terminal residue, which also liberates
formic acid on oxidation with periodate, is present in
the molecule. It has been mentioned above that
alkalire hypoiodite oxidations of the methylated
fructose syrups gave evidence for the presence of a
di~ and a trimethyl aldose, the combined amounts
equallirg the amount of the tetramethyl aldose. If
the dimethyl aldose arises due to undermethylation or
demethylation of the trimethyl aldose, then the only
possible non-terminal aldose (assumed to be glucose)

residue which could liberate formic acid on periodate
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oxidation would be a 1-6' linked unit. viz.a-

——CHO— -+ ———CHO— -
LHOH lHo
a " CHoH ._EQEEL? 0 HCOOH
~"fﬁa1 CHO
——CH -———fkrf
[ o

Such a unit would give rise to 2:3:4«trimethyl
glucose on metaylation and hydrolysis. It was, how=
ever, shown on the chromatogram that the trimethyl |
aldose obtained from trimethyl triticin travelled at
exactly the same rate as 2:4:6-trimethyl glucose,
and more slowly than 2:3:4=trimethyl glucose. This
indicates that the non-terminal glucose unit in the

polysaccharide is linked through C' and ¢3

, and such
a unit cannot be a source of fomrmmic acid on periodate

oxidation.

Bxamination for Formaldehyde (p./43).
It has already been shown that the reducing end

roup of a chain of fructofuranose units linked through

Fl and C2 will liberate formaldehyde on periodate

|
|
bxidation. Likewise, for a chain of fructofuranose
|

I its linked through 66 and 02. the reducing end group

will liberate formaldehyde on periodate oxidation, if |

we assume that oxidation proceeds in either of the 2

ways shown previously (p.173). The presence or absen#e
|
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of formaldehyde in the solution of periodate-oxidised
triticin should, therefore, provide good evidence for
the presence or absence of a fructofuranose reducing

end group.

] Application of the phenylhydrazine hydirochloride

potassium ferricyanide colour test for formaldeshyde

gave a negative reaction, although the test was found |
‘to be highly sensitive to a control solution containi+g
0+001 mg. formaldehyde.

As mentioned previously, formaldehyde may also
be readily detected and estimated as the formaldehyde=
dimedon complex. The solution of periodate-oxidised |
fructosan yielded a small precipitate on standing for
48 hours. ihs formaldehyde~dimedon complex melts at
189° - 190°, whereas the precipitate obtained melted
over a range, with decomposition, in the region of
220° . It seems probable that this is another
aldehyde~dimedon complsx. dacn fructose residue in
the polysaccnaride will, on cleavage of the glycol
group by periodate oxidation, yield a di-aldehyde
residue, and it is reasonable to presume that the

chain of di-aldehyde residues will itself form a

complex with dimedon which may tend to precipitate
rnder the experimental conditions employed. !
It would seem, however, that formaldehyde is

| i
*ot present in the solution of periodate-oxidised -
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triticin, and this would suggest that there is no
fructofuranose reducing end group. If, however,
the main chain consists of fructofuranose residues
linked through 06 and 02. certain reservations must
ke borne in mind, because, ifor such a chain, formalde;
hyde will only be produced when oxidation occurs by
one of the two possible ways. It eould be that
cleavage by the mechanism whereby glycollic acid is
produced occurs so much more favourably than the
mechanism whereby formaldehyde is produced that the
amount of formaldehyde liberated is insufficient to
allow detection even by the sensitive colour reaction

employed.
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|
!goneral Survey of Results and Proposed Possibilities

for the Structure of Triticin.

As a result of methylation studies it has been

!

confirmed that the triticin molecule is built up of |

multiples of 7 fructose units, giving rise to a

tatramethyl-, & trimethyl-, and & dimethyl-fructose !
1n the ratio 3:1:3, on hydrolysis of trimethyl trlticin.
Iﬂha trimethyl fructose fraction has been shown to be |

a mixture of 1:3:4- and 3:4:6-trimethyl fructose,
suggesting that triticin may be placed in either the

inulin group or the phlein group of fructosans, where-

‘aa Schlubach and Peitzner (loc.cit.) stated that it
‘could be placed in neither group. These workers were

unable to identify the trimethyl fraction and this
is almost certainly due to the fact that they did not

irecogniae that they were dealing, not with a pure
compound but, ratner, with a mixture of 2 subatitutiun
isomers. The dimethyl fructose fraction has also
been conclusively identified as 3:4-dimethyl fructose.|
| Using the modern technigues dependant upon the ‘
#rinciplea of partition chromatography, the presence i

of glucose in hydrolysates of triticin and of

methylated glucoses in hydrolysates of methylated

triticin has been recognised. lGstimations of the

&lucoae contents of both series of hydrolysates gave
i
& value of ca.b%. It must be emphasised that the



|

'on the chromatogram that the trimetnyl glucose is

|not proved.

methylated glucoses were ncot at any time isolated in

a pure state. They were, in all cases, detected

|
by paper chromatography and estimated in the presence

of methylated fructoses by oxidation with alkaline

hypoiodite. It would appear from the rate of travel

2:4:6-trimethyl glucose but its precise identity is

o sample of triticin was ever obtained which

was completely non-reducing to ¥Fehling's solution.

A slight reduction occurred on boiling the solution

!gently for 15 minutes, but, as a similar result was |
‘obtained with sucrose, this provides no trustworthy
:avidence for the presence or absence of a reducing
end group. It has been seen, however, from periodate-
oxidation studies that a reducing end group appears

to be absent. The formic acid produced on periodate
oxidation can be accounted for by the presence of a

glucose non-reducing end group. It is highly faaaihie,

therefore, that in triticin, as in inulin, the pros- |
pective fructofuranose reducing end group is angaged,i

in a sucrose~-type linkage, with a glucose unit such

?hat the reducing character of the molecule is com-
pletely lost. |
| Molecular weight determinations on the acetate

#y Barger's method gave a value of approximately 29 unﬂts

for the molecular size. This value, however, must
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be accepted with considerable reserve, even although
the results of periodate studies indicated also a
"chain length" of approximately 29 units if the
results were based on the presence of a glucose non-
reducing terminal unit in the molecule. Apparatus
is not yet available here for the determination of
molecular weight by osmotic pressure or vapour
pressure measurements, and, until results are obtained
!by these more refined methods, po accurate statement
can be made as to the size of the molecule.

It if is assumed that the molecule is composed
of 290 units, then, since 1/7 of the total residues
give rise to trimethyl fructose on hydrolysis of
trimethyl triticin, 4 moles of trimethyl fructcse are

produced per mole of methylated fructosan. Moreover,

since it would appear that l:3:4-trimethyl fructose

and 3:4:6-trimethyl fructose are produced in the ratio
\:1, then 1 mole of 3:4:6-trimethyl fructose is
Eroduced per mole of methylated fructosan.

It will be seen, therefore, that a structure '

proposed for triticin must account satisfactorily for

the following experimental observations.

}) The production of tetramethyl-, trimethyl-, and %
! dimethyl-fructose in the ratio 3:1:3 on hydrolyaisi

l of methylated triticin. |
) The presence of both 2-1' and 2-6' linkages.

?) The production of 2 trimethyl fructoses, viz. the i



1:3:4~ and the 3:4:6-izomers, in the ratio 3:l.
4) A molecular size of approximately 29 wnits.

5) The apparent absence of a fructofuranocse reducing
end grnﬁp.

6) The presence of a glucose non-reducing terminal
unit, and also, possibly, a non-terminal glucose
unit, wahich appears to be linked through 01 and C*.
It is realised, especially since both 1:3:4~- and
3:4:6-trimethyl fructoses ars produced, that the 2-6'
and 2;1' linkages are in%erchangeable. On the one
hand, the backbone of the molecule may be a chain of
fructofuranose units linked through 02 and Cﬁ, in
which case the main chain will have 2-6' linkages,
and the side chains 2-1' linkages. On the other hand,
the main chain may have 2-1' linkages, and the side
chains 2-6' linkages, and these 2 possibilities are
ellugtrated below. In both chain structures, the
potential fructofuranose reducing end group is linked
through the reducing group to a glucose unit in a |
sucrose~-type linkagse. In both structures also the |
non-terminal glucose unit occurs at some indeterminatel
position in the chain and, moreover, no definite
information has been obtained as to the actual poaitiopa

of linkage of this glucose unit and its fructose

neighbours. It is believed that the identification

|
If the disaccharide which appears to accompany sucrose|

in the autohydrolysis of triticin (p./§2) would providT
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'some light on this matter.

Proposed Chain Structures for Triticin.

|
1) #ith a Phlein-Type "backbone," and Inulin-Type side

chains.
(@ @ (@ (@) ‘

_,Fj . Ly F:
fz:éﬁ;:sf;:é : 6f;:6 EglfF;13§}“'}Z HG}

6
5 o .3 [t | R

@ © @ © & © O © G @ @

—

”
;

il G

where T = a JD-fructofuranose unit.
G = a U-glucopyranose unit.

(a) will yield tetramethyl fructofuranose.

(b} " " 1:3:4-trimethyl fructose.

kc) “ "  3:4=-dimethyl fructose. :
(@) » " 3:4:6-trimethyl fructose. ‘
(gy) " "  tetramethyl glucopyranose. i
‘{gz) " " 2:4:;6-trimethyl glucose. |

12a 3b llc¢ 1d lg; lgg Total = 29 units.




2) With an Inulin-Type "backbone"” and Phlein-Type

gide chains.

@ (@ S

= F i

et o . r@-
@)F F F@)F F(%)F F
B S0 ,é=,1—: (B

(@ () @ (@) © © © (f:) (@ (cO (g

12a 3b 1llec 1ld lg, 1lgp Total = 29 units.

\ For each of the 2 variations given, (0631005329-
the total weight of methylated sugars liberated on
hyarolysis of the methylated polysaccharide will be

il

(222 x 29) 6438 g.

% isolated as tetramethyl fructose = 12 x 23600
6438

= 44+0% (found, 41:6%). \

% isolated as trimethyl fructose = 4 x 22200
T 6438

= 13-8% (found, 14.4%).

t isolated as dimethyl fructose = 11 X 20800
6438
= 35:6% (found, 39-4%).
% isolated as tetramethyl glucose = 23600

6438
= 3:7% (found, 2-2%).
|

|
% isolated as trimethyl glucose = 22200 = 3-5% (found 2:6%).
| 6438



The figure gMoted for trimetayl glucose (2.6%) 1

represents the total of trimethyl- (0-9%) and
dimethyl-glucose (1+7%, expressed as trimetayl), the

dimethyl glucose assumed as arising due to under-

methylation or demethylation of the trimethyl glucose
(p.196).

The absence of a reducing end group in the poly-|
saccharide molecule may alternatively be accounted for
by the presence of a ring system, a feature which was
suggested by Schlubach and Peitzner£24)The D=fructose
units may be arranged in a series of closed rings,
which are highly ramified, such that each unit ring
structure contains 29 hexose residues. Again the
2~1' and 2~6' linkages must be considered as being
interchangeable, thus giving rise to the two

structures outlined below.
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Alternative RQing Structures proposed for Triticin.

1) 1S-membered ring, with 2-6' radial linkages and

2-1' side-chain linkages.
(g

G

\

:
@ Fea @
< 2

ll'. : .'?
\ a bt
Al F; . o
. 2 ‘
:21 O 2l 29/(\
, ol ) £ .{/(\’
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- -~
. - n
= - L
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o (:)J 2,

T | «3/9 ) ‘i a "4,
3, : L

l1la 3 12 1d 1g

lgg  Total = 29 uni%s.
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2) l2-membered ring, with 2-1' radial linkages and

2-6'" side~-chain linkages.
(&)

:
@ d)
& ? f( @)
- A>
<lﬁ*. i i 6 @ L
T A b 6’ ©
<§w igi : zﬁg e c
s \ P °
S @ =
3 ' i
S L. ‘QE*::@L 0 — e il
i i)
o
“ 3 &
_9‘()/,") ¥ "'x?o. .
= «;/’ : 2 "tE; “?ym'&
. l . -
L i i |
5 9 .* &
5, = ?>
£\.
& =) &
A ()
('b)

lla 3b 12¢ 1d lg; lgy Total = 20 uni
For each of the 2 ring structures shown above,

#he total weight of methylated sugars produced on

ts.




hydrolysis of the methylated polysaccharide will

again Le 6438 g.

% isolated as tetramethyl fructose = 1ll X 83600
6438

= 40.3% (found, 41-.6%).

% isolated as trimethyl fructose = 4 x 22200
6438

= 13.8% (found, 14.4%).

% isolated as dimethyl fructose = 12 x 20800
6438

= 38.8% (found, 39.4%).

% isolated as tetramethyl glucose = 23600
6438

= ié.?“fg (fomd. 2'2;’)1

% isclated as trimethyl glucose = 22200
6438

= 3.52 (found, 2.6%).
It will be seen that the percentage of glucose
non-reducing end group demanded is considerably higher
than the value observed (compare p.l[96).
In the ring structures, the presence of & glucose
non-reducing end group, and the procduction of 1 moia
pf J3:4:6=-trimethyl fructose per mocle of methylated
fructosan may be accounted for by the substitution of
1 fructose non-reducing end group by a fructose and a
glucose unit linked through Gl and Cl: the iructose
qnit being joined to the ring through the rsducing
éroup. In these ring structures, the same points of

dubiety exist as were pointed ocut for the chain structures;
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namely, the actual size of the molecule, the position
of the glucose unit (ga) and its mode of linkage.
Although, in the ring structures outlined, the gluGOB*
unit (gy) is placed in a side-chain radiating from
the loop, it may, in fact, be present in the loop
itself.

It is probably artificial to consider the
triticin molecule as having either 2-6' or 2-1' linkages
in the "backbone" (for the chain structure) or in the
loop (for the ring structure). It seems far more
likely that mixed 2-l1' and R2-6' linkages occur with
no preponderant "backbone" or loop, the triticin
molecule being considered as a network of 2-1' and
2-6' linkages. As to whether the fundamental struc-
ture is a chain, terminated by a sucrose linkage, or &
closed ring, there is, as with inulin, no conclusive
Evidence to allow one to state a preference for either
alternative. |
Certainly the ring structure accounts more

patisfactorily for the quantitative results of the

methylation studies, but, on the other hand, a looped
%tructure with a glucopyranose residue attached as a
branch to one of the fructofuranose units could not

Lccount for the formation of sucrose among the products

%f autohydrolysis.

%)
| Jedonder, however, by studying the controlled

i
hydrolysia of inulin, obtained good evidence for the
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|
existence of a chain terminated by a sucrose 1inkage‘

distinct spots on the chromatogram between fructose

in the inulin molecule. He was able to detect 7

and the starting line, all of which disappeared com=- ‘
Ipletely on continuing the hydrolysis. The fastest
of these travelled at the same rate as sucrose and i
the next two were found to occur on either sids of I
\raffinose. It would appear that a series of sub-
\stances representing di-, tri-, tetra- and penta-
saccharides etc. are produced. These may be con-
sidered as arising from a chain terminated by a

sucrose linkage which has been disrupted to various \

1

extents.

(44)

Continuing this work Dedonder found evidence
for precisely the same carbohydrates in the roots of
the Jerusalem artichoke, and this would indicate that
the oligosaccharides in the roots are, for the most

part, derived from a glucosido-fructosan by hydrolysis

in the tissues.

|
Since experimental evidence points to the fact t

*hat glucose is also an integral part of the structure!

#f the triticin molecule, it may be that fructosans |
xre, in general, chain glucosido-fructosans. Indeed,i

45
cently, Bacon and Edelman( )have been able to i
éuggest a possible means of biosynthesis of such :
' |
élucoaido-fructosans. They have been able to

qsmonatrata a process of transfructosidation in the |
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| Jerusalem artichoke, whereby fructofuranoside residues
are transferred from material of low'EE,value to
short-chain disaccharide or oligosaccharide material
of higher Ez'waluo. Thus : =

carvohydrate~free .
‘Sucrose + Inulin > Trisaccharide

enzyme
F -G F «F - G.

‘Trisaccharide + Inulin —— Tetrasaccharide
F-F-¢GC F-~F«F =~ G.
In this way one may envisage the building of a
chain of fructofuranose residues with a glucose

non-reducing terminal unit, although the process does

@not explain the occurrence of an intermedia;e glucose |

unit in the chain as has been suggested for both
inulin and tritiecin.

Further axporiments on the nature of the
disaccharides obtained during the autohydrolysis of.
triticin may throw further light on this problenm.

|
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SUMMARY

1) An 80% agueous alcohol extract of the milled
couch grass roots was shown to contain glucose,

fructose and an oligosaccharide. The glucose and

fructose were estimated by quantitative paper
|chromatography.

2) The polysaccharide was extracted from the grass
roots after the removal of the free sugars. Vhriousl
methods of deproteinisation were employed and the
purities of the resulting samples of fructosan compared.
The fructosan was purified to a constant specific
rotation of =48°.

3) The products of hydrolysis of triticin by 1% |
queous oxalic acid and by boiling water were studied.
The fructose liberated was estimated by a colorimetric
;ethod, and the glucose by guantitative paper

chromatography :- Fructose 91-85. Glucose 4°8%.

f] Triticin was acetylated and then methylated via
the acetate. Three methylations with dimethyl ‘

sulphate and sodaium hydroxide in an inert atmosphere,

followed by 2 methylations with methyl iodide-silver
inde and 2 with methyl iodide~thallous ethoxide .

Lielded the fully-methylated triticin. |

) A sample of under-methylated triticin (OMe = 41°-5%)
?aa hydrolysed with aqueous methanolic oxalic acid and|

&ha components of the hydrolysate separated on a colum?
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of powdered cellulose. Glycoside material was re- |
hydrolysed and the products of hydrolysis again |
separated on a colugn of powdered cellulose. i
Gvidence for the existence of 2 trimethyl fructoses

'and methylated glucoses among the products of hydrolygis
was obtained, but no monomethyl fructose was obtained,
'6) Fully-methylated triticin (OMe = 45.0%) was |
hydrolysed with aqueous methanolic oxalic acid, followed
Iby aqueous oxalic acid, and the products of hydrolysis
separated gquantitatively on a column of powdered

cellulose. The aldose content of each fraction was

estimated by alkaline hypoiodite oxidation.
1?) A colorimetric method of estimation of tetrametth
fructofuranose was studied.

8) Tetramethyl-, trimethyl- and dimethyl-fructose
were obtained in the ratio 3:1:3, and the total methy-

lated glucose recovery estimeted, as glucose, as 4-.3%.

9) The tetramethyl fraction was identified as

|
tetramethyl fructofuranose, the trimethyl as a mixturﬂ

pf 1:3:4= and 3:4:6~trimethyl fructose, and the ‘
Pim&thyl as 3:4-dimethyl fructose. |
PO) The molecular weights of the acelylated and ‘
methylated triticin were determined by Barger's methodr
L value of ¢ca.8400 was obtained for the acetate,

rorresponding to a molecular size of 29 units.

1) The oxidation of triticin by the periodate ion
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was studied. The uptake of periodate was estimated
as 1°00 moles per fructose residue, and 1 mole of
formié acid was liberated for every 29 residues.

No formaldehyde was detected in the solution of
periodate-oxidised triticin.

12) On the basis of these results, possible
alternatives for the structure of triticin are

tentatively proposed.
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