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I N T R ü D U 0 T I 0 W .

The reaction which takes place between acetone and 
sugars or polyhydric alcohols, first described by 
Fischer (Bar., 1895, i28, 1145 ), produced several 
beautiful crystalline compounds of ,%reat interest.
Their value, however, to the study of carbohydrate 
chemistry, was only appreciated when Irvine, in 1908, 
applied to their investigation the process of méthylation 
It is through this reaction that most light has been 
thrown on the structure of carbohydrate derivatives and, 
once again, in the present work, the méthylation method 
has been applied to the study of the glucose acetones.
A detailed account of the general type of reaction 
involved is unnecessary, since, owing to the success 
which has attended this method of investigation in many 
other important problems in sugar chemistry, it is now 
well known.

In the majority of the compounds formed by sugars 
and polyhydric alcohols, certain of the hydroxyl groups 
of the sugar or alcoholic chain remain unsubstituted.
The determination of the position of these free hydroxyl 
groups naturally throws some light on the structure of 
the substance but, owing to the ease with which all



3Uoh compounds are decomposed or hydrolysed, 
comparatively few reagents can be employed to provide 
the necessary information. By méthylation, however, 
all the free hydroxy-groups are converted into methoxy- 
groups and, during the reaction, no change takes place 
in the structure of the original compound. If this 
process is followed by hydrolysis, then the substituents 
initially in combination with the sugar, ( or alcohol), 
are removed and new hydroxyl groups are formed. These 
latter may now enter into numerous reactions and, 
according to the nature of these, the positions of the 
groups are determined; the methoxy group is so stable 
that it is unaffected. Since, through these hydroxyl 
groups the linkages in the parent substance are made, 
its structure becomes evident. At the same time, of 
course, the constitution of the partially methylated 
hydroxy compound is determined.

In the case of the hexoses and the allied alcohols, 
these partially methylated products are of the utmost 
importance, and the preparation of a wide variety of 
such has been the scheme underlying the large amount of 
méthylation carried out in these laboratories under 
Principal Irvine. The aim is two-fold: (1) the study
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r
of the properties of the individual hydroxy-groups in 
the chain, and, (2) the production of well-known com
pounds to which it may be possible to refer the monoses 
obtained by the degradation of the more complex 
polysaccharides. The part played by the acetone sugars 
and alcohols in the preparation of such products may 
be gathered from the table opposite. Unfortunately, the 
structures assigned to some of those given there are 
not generally acceptable. This is true of the derivatives 
obtained from the glucose and fructose acetones, and it 
is to establish the constitutions of the glucose acetones, 
and to bring the evidence of méthylation into line with 
that obtained by other processes, that the present 
investigation has been undertaken.

Several isomeric varieties of glucose diacetone 
possibly exist, but two only have been isolated. Of 
these, one is much more common, and it is this form 
which has been so much discussed. Irvine and Patterson 
(J .0.8., T .,1922, 121, 2146) terra this variety glucose- 

-diacetone. It is a white crystalline compound, 
melting at 107 -108^, and having a specific rotation,
W p - - 18.5^. Its chemical properties, including its 
instability towards mere traces of acid, will be
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made evident as the survey of the work already carried 
out upon it proceeds. Before dealing with this, however, 
it is necessary to consider two features which are 
believed general in acetone derivatives.

Acetone, in reacting with a polyhydric alcohol 
or a sugar, reacts in the ketonic form, not in the enol- 
ic. Since all the work carried out on these compounds 
bears this out, evidence in support of this statement 
is abundant,and only two instances need be quoted in 
illustration. Irvine, Macdonald and Soutar (J.G.S. ,T., 
1915, 107, 377) proved conclusively that the structure 
of glycerol-acetone, from which, by méthylation, and 
subsequent hydrolysis, they obtained an cC-methyl 
glycerol, may be written as in (1).

CH^- 0 ̂
I ^ O.Me_
C H - 0 ^
I (1)
UHg-OH

Since their method of investigation is similar to that 
employed several times in connection with the glucose 
acetones, the reactions involved are illustrated below.



CHp-0. GH^-0. OH .OH
I ^ G .Mep I ^ G . M e ^  |
O H — 0 ^  GH — 0 ^  " GH.OH
I I IGHg.OH OHgOGHg GHg.GGH^

Glycorol- Monomethyl d -Methyl
acetone. glycerol-acetone. glycerol.

The second piece of evidence selected for reference 
is that Irvine and Paterson (J.G.S.,T., 1914, 105, 898), 
by méthylation following a masterly partial hydrolysis, 
proved that mannitol triacetone was represented by (11).

HoC —  GH - GH -GH -GH -  GH^
I I I I I I
0 0 0 ,0 0 0\/ \/ \/G.Me^ G.Me^ G.Me,^2 2 2

(11)

These formulae illustrate one other important 
point in the nature of the acetone compounds. All the 
rings formed are five-membered. From this it has been 
concluded that the five-atomic ring is preferentially
formed, though the possibility that one other, the
six-membered, may be found is not excluded. The 
existence of rings of more than six members is, on 
stereochemical grounds, considered highly improbable.
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Before a large part of the evidence,which forms 
the basis of these generalisations, had been obtained, 
the structure of glucose diacetone had been investigated, 
Irvine and Scott (J .0.S .,T . ,1915, 105, 564), from the 
experience which the former had gained in the study of 
the rhamnose and fructose acetones, concluded that, by 
méthylation,the free hydroxyl group in glucose 
diacetone could be masked. A monomethyl glucose diace
tone was obtained, and this, on hydrolysis, gave a mono- 
^ethyl glucose. Since this compound determines the 
position of the free hydroxyl group in glucose diacetone, 
its structure is of gheat importance. Irvine and Scott 
termed it 6-monomethyl glucose-"* (111).

6 5 4 3
[.( 
■0 -

GO . GHo . CHOH . GH. GHOH . GIIOH .GHOH
" " I_____ n____ I

(111)
The grounds for this statement may be summarised. 

It was a reducing sugar and showed mutarotation; 
positions 1 and 4 were therefore free. It gave a 
glucosazone, the formation of which involves

-“■Note:- In the present work, the numerical method of 
indexing the positions of the substituents in the 
sugar chain( Irvine, P., 1915, 29, 69) is adopted.



positions 1 and 2, Since the osazone was the same as that 
obtained from a normal butylene-oxide monomethyl fructose, 
the methoxy-group could not be in position 5. It must, 
therefore, be in position 3 or 6. Irvine and Scott 
decided in favour of 6, because the evidence of oxid
ation of monomethyl fructose (Irvine and Hynd, J.G.S.,
T., 1909, 90, 1220) , though not entirely conclusive, 
favoured this view. The view was later corroborated by 
Irvine and Hogg (J.G.S.,T.,1914, 105, 1386), who, on 
drastic oxidation of monomethyl glucose, isolated, as 
the final product of the reaction, a monomethyl 
glucono-lactone, not a derivative of saccharic acid.

Accepting,therefore, the truth of formula (ill), 
and keeping in mind also the fact that, at the time, 
only the butylene-oxide type of sugar was known, if 
the acetone residues are inserted so as to form 
five - or six-raembered rings, formula (IV) is 
developed for glucose diacetone.

GH — 0
I 2>G.Me _
GH— 0

0 I Ô
GH — Ü
I \GH ^G.Me_/ ^

GH — 0 ^
I ^G.Me 
GH -  0 ^
GHOH
I
GH

GH—  0 GHOH
I I
GH^OH (IV) GHoOH (v)
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The ob loot of the above work, however, was the 
preparation of a trimethyl glucose from glucose mono
acetone. Since, in this lattercompound, the reducing 
group is still protected, glucose monoacetone should be 
represented by (V), and the methylated derivative 
obtained from it should be a 3,5,6-trimethyl glucose. 
Trimethyl glucose was isolated as a syrup, but it was 
found to be abnormal. Whereas the d- and /3-forms of 
glucose, and of the partially methylated glcusoes 
previously prepared, were all dextro-rotatory, the 
equilibrium mixture of the - and -forms of this 
compound was laevo-rotatory ((4] = - 8.3̂  ̂. Furhter, the 
mutarotation observed consisted in an increase in 
laevo-rotatory power ( W y  - - 6.2^—> =-8.3^ ). At that
time no simple explanation of the exceptional nature 
of this substance could be given, and hence the 
investigation was continued later (Irvine and 
Macdonald, see below).

Meantime, and somewhat previous to the completion 
of the detailed study of monomethyl glucose (Irvine and 
Hogg, loc. cit.), however, the properties of 
glucose diacetone were interpreted by a new formula 
which has recently received considerable attention.
The work of Irvine and Scott, and of others in the
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same laboratory, had been considerably hampered by the 
inaccessibility of the glucose-acetones. Therefore, with 
a view to improving the methods of preparation,
Macdonald(j.0.S.,T.,1913, 105, 1896) undertook a study 
of the mechanism of their formation. Both were obtained, 
at that time, by the action of acid-acetone on 
dimethylacetal, and by promptly arresting the reaction 
at the first stage, Macdonald isolated a glucosedimeth- 
ylacetalmonoacetone. This compound, at SO*’, rapidly 
passed into a methylsilucoside monoacetone. To the latter 
Macdonald assigned the structure (VI), because, on 
méthylation followed by hydrolysis of the acetone residue, 
the final product was Irvine and Scott’s 2,3-dimethyl 
glucose (J.G.S.,T.,1915, 105, 575). Glucose diacetone 
he therefore wrote as in (Vll),

-GH. OGH „I 5
GH.OH

0 1 0 1

G H - 0
' y O . M e
OH — 0 ^

GH.OH
I

■GH

(VI) OH.OH ( V l l )

GH
I

GH — 0 GH-0
I ^ G .M e .. I >G .M e
GH_-0"^^ OH„-c/2 8̂ 

Some time later, Macdonald found reason tbedoubt
the validity of formula (Vll.).. Irvine and Macdonald
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(J.O.s.,T., 1915, 107, 1701 ) prepared by a new andmore 
efficient method,a large quantity of glucose monoacetone, 
their intention being to synthesise glucosamine from the 
trimethyl glucose which it should yield. The trimethyl 
glucose was obtained as previously isolated by Irvine 
and Scott, (loc. cit.). On distillation, however, 
decomposition took place and the distillate proved to be 
Ttaainly trimethyl glucosone. In this compound, the 
irregular rotation, already found by Irvine and Scott in 
the trimethyl glucose, persisted, and the publication in 
that year of Fischer's observations on -methylglucoside 
and of Irvine, Fyfe and Hogg's (J.G.S.. T .. 1915, 107,
524 ) paper on tetramethyl j/-glucose made a simple 
explanation of this irregularity possible. A distinct 
similarity existed between this trimethyl glucose and 
tetramethyl /-glucose. There wa@, therefore, a possibility 
that the partially methylated glucose, and hence the 
parent substance, glucose diacetone, belonged to the 
/-series.

The proof of this was obtained by Irvine and 
Patterson (J.C.S.,T., 1922, L21, 2146,). They again
isolated the above trimethyl glucose and compared it with 
the- members of the /-series. Its properties were so 
closely allied to those of tetramethyl /-glucose that

there could be no longer any doubt that the trimethyl
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glucose was of the j^type. Consequently, glucose diacet
one must also be based on a ^-structure. Apart, indeed, 
from the final examination of the end-product, the 
laevo-rotation preserved throughout the intermediate 
stages of the preparation and in Macdonald's dimethyl 
methylglucoside, supported this view. The isolation of 
a normal butylene-oxide monomethyl glucose, on the othef 
hand, in no way invalidates it, since experience has 
shown that the J^-sugar, released by hydrolysis, reverts 
where possible, at the moment of scission, to the 
stable type. This reversion is possible, and takes 
place, during the isolation of monomethyl glucose; in 
the preparation of the trimethyl glucose it is 
prohibited•

To account for these ideas, a new formula ( Vlll) 
was proposed. Unfortunately, the structure of y-glucose 
had not been ascertained, though Irvine, Fyfe and Hoggf 
(loc. cit.) had shown that, of the possible structures, 
the ethylene-oxide was the more probable in the light 
of current theories. The propylene-oxide, on the other 
hand, was better forthe formation of five-membered 
rings and was therefore adopted. Owing to the doubt 
however, that existed regarding the j^-glucose structure, 
no finality was claimed for the formula, though it was
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shown to be oonsistont with all the reactions of glucose 
diacetone then known.

GH — 0
I

0 GH—  0 
IGH
I
GH — 0 
I
GH — 0

GHg.OH

,G

(Vlll)
.G .MSg

Although the above investigations by means of the 
méthylation process form the most systematic study of 
glucose diacetone, observations regarding its interaction 
with other reagents have been issued from time to time. 
For instance, Fischer, between 1915 and 1918, prepared 
the partially acylated compounds which correspond to the 
partially methylated compounds tabulated opposite page 
These, however, produce comparatively little information 
regarding the nature of the parent substance. Then, in 
1921, Karrer and Hurwitz (Helv. Ghim. Acta, 1921,
728) tested the action of alka|)ine permanganate on 
glucose diacetone. Whereas glycerol acetone was 
oxidised by this reagent, the above compound was 
mainly recovered unaltered. Onthe strength of this 
comparison, these workers concluded that, in glucose
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diacetone, the free hydroxyl group was not terminal; 
that, in fact, it was attached to the third carbon atom. 
Accordingly, they revived Macdonald’s formula (Vll).
The evidence is scanty, and insufficient to warrant the 
conclusions drawn from it. Mention of it must be made, 
however, because support for these views has been 
forthcoming from other sources.

I.evene and Meyer ( J . Biol. Ohero. , 1922, 54, 805) 
repeated the oxidation ol‘ monomethyl glucose which had 
already been performed by Irvine and Hogg (loc. cit.). 
Their method was more drastic, and,as a result, they 
isolated as their final product, a crystalline 
monomethyl saccharo-lactone. This would seem to be 
conclusive proof that the methoxy-group in monomethyl 
glucose, and, accordingly, the free hydroxyl group in 
glucose diacetone, were not terminal.

Again, Freudenberg and Doser (Ber.,1923, 56, 1243) 
claimed that the unsubstituted group in glucose diacetone 
was in the 3-position. Their work is best understood from 
the following scheme ; the final product is the well-known 
pyrazol-3-carboxylic acid.
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GLUCOSE DIACETONE
\V

TOLUENE-p-SULPIIONYL GLUCOSE DIACETONE
vV

GLUCOSE diacetone IE'DRaZINE 

Af , ,  jr-TRIOT" -n  -PROPEL-3 -PYHAZ01,

FYRAZOL -3-GARBOXVLIC ACID

The above reactions could only be explained as 
follows.

—  CH -0,

0
CH — 0
CH. OH 
I

'^C.Meo

—  CH
CH—  0

C .Me^
CHg-O^

GLUCOSE DIACETONE.

—  CH — 0
IOH—  0

^C.Meg

CH.O.SOg.CgH^.CHg

-L
CH —  0

C .Me,
CHg-0

TOLUENE-p-SULPHONYL 
g l u c o s e  DIACETONE,
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,—  G H — 0 ^  C H = H
I /C .M e ^  I I

I GH — 0 ^  ^ GH xNH
0 I II
1 GH.NH.NH^ G' Lk — I*— CH GH.OH

I IGH—  0 ^  GH.OH
I .C.Me I
GHg-0^ GHg.OH

GLUCOSE DIACETONE /  GLYCERYL-3-PYRAZOL
HYDRAZINE.

G H =  N
I I
GH NH 

I
GOOH

p y r a z o l -3-g a r b o x y l i g  a c i d .

The structure for glucose diacetone necessary to 
explain the above results was again that already 
presented by Macdonald (formula Vll). In reality, 
however, the work is, always provided that no internal 
change has taken place during the above reactions, merely 
evidence as to the nature of the unsubstituted hydroxyl 
group. It does not deal with the nature of the basic 
glucose.
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To sum up, there are,at present, two formulae for 
glucose diacetone. These are rewritten below as (A) and 
(B). (a ) accomodates the oxidation results obtained by 
Irvine and Hogg and connects the compound with the 
j"-series, as has so often been .indicated by méthylation. 
(B) interprets the oxidation results of Levene and 
Meyer, the experimental work of Freudenberg and Doser, 
amd the assumption that the compound is built up from 
a normal butylene-oxide glucose.

I— GH — Ov
I ' /G.Me.
0 CH -  0L-CH

G H - 0
G.Me.

GH - 0^ 
1GH .OH 

2

0

GH — 0 \
I .G.Me
G H — 0
GH. OH

L— GH
GH — 0
CHg-O

G.Me.

(A) (B)



OUTLINE OF METHOD OF INVESTIGATION.

(1) The Action of Methyl Alcohol on Glucose Diacetone 
in the presence of an aoid-catalist.

(8) The Conversion of Glucose Diacetone into 
Tetramethyl y-Glucose.

(3) The Examination of Monomethyl Glucose.
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The Action of Methyl Alcohol on Glucose Diaoetone 
in the presence of an acid-catalyst .

Since glucose diacetone is non-reducing, it follows 
that one of the acetone residues must be linked to the 
parent sugar through the reducing group and may thus be 
called a "glucosidic acetone residue". Its other linkage 
to the sugar chain is meantime unimportant but stereo
chemical considerations suggest that the attachment is to 
the carbons 2 or 3, The second residue may, in turn, be 
distinguished by the title "non-glucosidic residue" and, 
if we assume that the oxygen-linkage is movable, it must 
be joined to the sugar molecule through any two of the 
remaining four carbon atoms. For the following discuss
ion, the formula of Irvine and Patterson (page 16,(A\) 
has been adopted, though objection may be raised to it 
later, and the acetone residues are further distinguished 
by the letters A and B.

G.Me^ A.
1.
2.

1— OH —  0^
1 1 >'
0 OH — 01 1

3. CH
4. 1

CH-0.
5.

1 1 
OH -  0-^1

6. 1OH_.OH2

GLUCOSE DIACETONE

C.Me^ B.



■ 'èr

HYDROLYSIS OF GLUCOSE DIAOETONE.
(Irvine_?and Macdonald)

o

LL
wUJCL

%
T I M E H O U R S
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It is invariably the case that the hydroxyl of the 
reducing group is more reactive than the hydroxyls of 
the chain so long as substitution is limited to one such 
group. Accordingly, a substituent is more readily 
inserted in, and removed from, that position. This gener
alisation does not hold, however, in the case of glucose 
diacetone where the hydroxyl groups have reacted in pairs 
Though the proof is not conclusive, Macdonald (J.G.S.,T. ,
1914, 106, 1896) found that the residue B entered the 
molecule before the residue A, whilst the preparation
of glucose monoacetone (Irvine and Macdonald, J .0.S.,T.,
1915, 107, 1701) is unassailable proof that, of the two 
residues, B is the less stable. T h e ' preparation in 
question possesses further interest in that it provides 
an accurate estimate of the instability of the glucose 
diacetone molecule .At 75^, and even at 50°, glucose 
diacetone is completely hydrolysed by 0.1 per cent, 
hydrochloric acid. At 30°, on the other hand, only the 
residue B is removed. At this last temperature, the 
rotation falls to a constant, and,if the reaction is 
arrested when this constant value is attained, the only 
products are a non-reducing glucose monoacetone and a 
solid solution of the same glucose monoacetone and 
glucose diacetone. No trace of a reducing glucose
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monoaoeton©, one from which the residue A alone had been 
eliminated, was found, and, aocordingly, it must be 
Gonoluded that the difference in stability of the 
residues is very clearly marked. The curve oppsite 
bears this out. Portion AB shows the change in rotation 
during the elimination of the non-glucosidic residue;BG 
represents the rotation changes preceding complete hydr
olysis. The course of the hydrolysis is, therefore, as 
in below; _ld̂ , which assumes that the residue A is the
less stable one, and ill , which interprets the simultan
eous removal of both A and B, are other possible courses 
along which hydrolysis might proceed under different 
conditions. (See Overleaf,)

That the course of the reaction may be altered has 
now been discovered by employing acid-methyl alcohol as 
the hydrolysing agent. In using this medium, it was 
hoped that the reaction would follow one of two paths.
The first of these would consist in the complete 
elimination of the acetone residues with the simultaneous 
insertion of the glucosidic methyl group. If this reaction 
took place, the elimination of the reducing group would 
prevent the reversion of the sugar molecule from the 
unstable to the stable type. The second reaction to be
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NON-REDUCING GLUCOSE MONOACETONE.

r-OH-0
r  (
0 GH - 0 ̂
I '
'— G H

1
CH-0 
I
CH - 0 ̂
I
CH^.OH2

A.

C .Me 
B.

2

GLUCOSE DIAOETONE.

X

C.Me

- CH -  0
I

0 C H - 0
1 IL— CH 

I
CH. OH 
I
CH. OH
CH .OH

G,M0

— CH.OH
I I
0 CH.OHLCH 

I
CH-0.
I
GH - 0  
I
CH .OH

^C.Meg
B.

CH.OHr0 CH .OHL'CH
I
CH. OH
I
CH. OH
CH .OH 2

^-GLUCOSE. 
(unstable)

REDUCING GLUCOSE MONOACETONE.

anticipated was the direct replacement of the glucosidic 
acetone residue by the methyl alcohol molecule, the 
non-glucosidic residue remaining intact. Had this course 
been followed, méthylation and hydrolysis would have 
given, not merely evidence as to the nature of the basic
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glucose structure, but also, important information as 
to the position of the free hydroxyl group in the parent 
substance, glucose diacetone.

Evidence has been obtained that both these courses 
were followed during the hydrolysis, but the results 
were complicated by secondary reactions. It has already 
been shown that the acetone residues may be eliminated 
in three ways; if we consider that the methglucoside is 
also being formed at the same time, we find that the re^ 
action may follow any one or more of six courses. These 
different possibilities are given below.

Glucose diacetone may be converted into : -
(1)^  methylglucoside monoacetone — ) methylglucoside.
(2) reducing glucose monoacetone — > glucose 

— > methylglucoside.
(3) —t reducing glucose monoacetone — > methylglucoside 

monoacetone -- ) methylglucoside.
(4) — ) glucose — > methylglucoside.
(5) — )non-reducing glucose monoacetone — > glucose

— ) methylglucoside
(6)4non-reducing glucose monoacetone 

— > methylglucoside.
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In the first stage of (1) and the last stage of (6) 
hydrolysis, in the usual sense, is not implied,but, 
rather, the interchange of a molecule of alcohol for one 
of acetone, a process the reverse of that made use of in 
the preparation of glucose diaoetone (Irvine and 
Macdonald, loc. cit.)* Course (2) differs from (3) in 
that the formation of free glucose in (2) makes reversion 
of the molecule from one type to another possible, and 
hence, in this case, the type of methylglucoside 
produced gives no indication of the structure of the 
parent compound. In this respect, courses (4) and (5) 
are essentially the same as (2).

In the course of the work now described, three 
separate investigations into the interaction between 
glucose diacetone and methyl alcohol containing hydrogen 
chloride were carried out. In each case the reaction was 
followed polarimotrically, and it was found that, under 
the conditions described in the experimental part, the 
sign of the rotation was invariably changed from 
pegatibe to positive in little over an hour. In 2fr hours, 
the complete change, from ^ _ - 13*' to 4° approx
imately, had taken place, and, though the solution was 
kept for an additional period of 40 hours, only small
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variations in its rotatory power were observed. In this 
case, however, the constancy of the rotation does not 
indicate that no reaction is proceeding as each exper
iment gave different results and the only variable 
factor was the time during which the reagents were in 
contact.

In the first investigation, the acid-catalyst was 
neutralised after 27 hours and the alcohol was then 
evaporated. By extraction of the residue with cold ethyl 
acetate, a fairly mobile, non-reducing syrup was 
isolated. Its appearance suggested that it might be 
methylglucoside monoacetone but,that this was not the 
only compound present,was shown by the fact that the 
methoxy-content was a trace high and by other properties 
which v/ill be referred to later.

Methylglucoside (Cy ) requires : -
’OGH * =15.98 per cent.3

Mehtylglucoside monoacetone 0 ) requires :-xU J.O 6
*00H^* = 13.24 per cent.

Found : - 'OOHg' = 13.68 per cent.

Further evidence that the syrup was a mixture of 
substances was obtained by méthylation. When the syrup
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was fully methylated by means of silver oxide and 
methyl iodide, it was found that the main fraction of 
the distillate had a methoxy-content of 31.2 per cent, 
or of 37 per cent., aocording to the mehtod of fract
ionation. These figures are below and above the value 
required by a dimethyl methylglucoside monoacetone ( 
’OGKg'= 35.5 per cent.) and seem to indicate the 
presence of monomethyl glucose diacetone (’OGH^'= 11.24 
per cent.) and of tetramethyl methylglucoside (*OGHg' = 
62 per cent.). Accordingly, the initial syrup was 
probably a mixture of glucose diacetone, methyIglucos - 
ide monoacetone and methylglucoside.

Accordingly, in repeating the experiment, the 
complete destruction of the initial glucose diacetone 
was aimed at. The reaction was allowed to proceed for 
42 hours, and, on removal of the solvent, a fairly 
stiff su^up, having a refractive index 1.4790 was 
obtaihed; the refractive index was possibly slightly 
higher since considerable difficulty was experienced 
in taking the reading, owing to the viscosity of the 
syrup. That glucose diacetone had been entirely decom
posed was made evident by extraction of the syrup with 
boiling ether ; only a little of the material was
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removed, and that could not be crystallised and ,hence, 
was not glucose cliacetone. This ether-soluble portion 
was non-reducing ,and, therefore, was probably methyl
glucoside monoacetone, which has a slight solubility in 
ether. The residue reduced Fehling's Solution partially, 
and its solubility in organic solvents was such as would 
presumably belong to a mixture of the same nature as that 
already indicated in the first experiment.

An attempt was then made to investigate the mechan
ism of the process. For this purpose, the reaction was 
arrested after 17 hours. Evaporation of the alcohol 
gave an amorphous solid, contaminated with a little 
syrup, and it was not found possible to separate the 
solid from the syrup. Boiling ether dissolved a little 
of both, and, from the ether-soluble portion, crystals 
of glucose diacetone were obtained by redissolving in 
petroleum ether. By repeating these operations, it was 
discovered that glucose diacetone was present to the 
extent of not more than 5 per cent, of the total weight 
of the mixture. The solid and syrup insoluble in ether 
were then dissolved in the minimum amount of methyl 
alcohol. By careful additions of ether, several fract
ions were precipitated and a large middle fraction was 
investigated. It v/as easily soluble in methyl and
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ethyl alcohols, fairly readily soluble in ethyl acetate, 
slightly soluble in ether, and very sparingly soluble in 
boiling petroleum ether. No solvent, however, or combin
ation of solvents, would yield a crystalline product. 
Analysis gave the following results which may be 
compared with those required for the possible products 
ol‘ the reaction.

Found : -
G= 47.04 , H = 7.43 , *OOHg*= 7.39 per cent.

Methylglucoside monoacetone (^^0^18^6  ̂ requires : - 
G = 51.28 , H = 7.7 , 'OGH^'= 13.24 per cent.

Glucose monoacetone (C _ _0^ ) requires : -9 16 6
G = 49.09 , H = 7 . 2 7  , ’OGHg’= 0.0 per cent.

Methylglucoside (G1 H^^O^ ) requires : - 
G = 43.30 , H = 7 . 2 2  , 'OGHg*= 15.98 per cent.

The above results are consistent with the assump
tion that the three compounds already indicated are 
present. The solubilities of the solid, which have 
already been given above, support this conclusion.

A consideration of these results makes it now 
possible to follow the course of the reaction. If it be 
assumed that, in the first experiment, no intermediate 
compound is formed, that is, that glucose diacetone



passes directly to methylglucoside, the assumption is 
justified in that, as was found, no reducing material 
would be present. Hov/ever, to account for the fact that 
the syrup had a methoxy-content of over 13 per eent., 
the mixture would have to be made up of 20 per cent, of 
glucose diacetone, 80 per cent, of methylglucoside; 
the former component is intentionally estimated at the 
highest possible figure. On méthylation, the methoxy- 
content of this mixture should, theoretically, rise to 
52 per cent.; in practise, the highest methoxy-content 
obtained was 37 per cent. It follows, then, that v/e 
must look for some other constituent of the syrup, and 
this must be such that, whilst it does not seriously 
diminish the methoxy-content of the initial syrup, yet 
it prevents the production of a highly methylated 
compound on being subjected to méthylation. There are 
three possible compounds which satisfy these conditions: 
methylglucoside monoacetone, and the reducing and non
reducing glucose monoacetones. The fact that the syrup 
is non-reducing éliminâtos the reducing glucose mono
acetone; the other glucose monoacetone may also be left 
out of consideration since, to diminish the methoxy- 
jsontent of the '-'et.ĥ l̂at-̂ d syrup to the extent required
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the proportion of this constituent present would be so 
large that the methoxy-content of the initial syrup 
would be diminished far belov/ the figu^^e quoted. 
Accordingly, the unknown substance in the syrup must 
be methylglucoside monoacetone, and the syrup must be 
composed of glucose diacetone, methylglucoside monoace 
tone and methylglucoside.

That the assumption is borne out by the experi
mental evidence is shown by the following considera
tions. The methoxy-content of 13.6 per cent, may be 
obtained from a mixture made up of ; -

’OGH^’
5 per cent, of glucose diaoetone 0.0 ^

70 per cent, of methylglucoside monoacetone 9.31“̂
25 per cetit. of methylglucoside 4.0 jo

13.319^
This calculation is still low, because, as will 
appear later, the percentage of glucose diacetone 
present is actually less than 5. The above mixture, 
however, would, on méthylation, give a syrup composed 
as under:-

’255.3*5^ monomethyl glucosediacetone 0.5
70^ dimethyl methylglucoside monoacetone 24.8 ^
25̂ 7 tetramethyl methylglucoside 15.5 jo

40.8 9̂
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This figure agrees well with the hi-^hest value 
actually obtained and, accordingly, the assumption is 
justified that the syrup is composed of these three 
substances, in the proportions above stated approximate
ly. If, as is suspected, the unchanged glucose diacetone 
was oven less than that stated above, the analytical 
figures for the initial syrup would demand that the 
amount of methylglucoside raoroacetone be increased, and 
that of methylglucoside decreased. Such a rearrangement 
would bring the theoretical value of the methoxy-content 
of the methylated product into even better agreement 
with the experimental results.

The second experiment confirms the conclusion that 
a methylglucoside monoacetone is formed and further 
shows that a reducing glucose monoacetone is present.
The evidence of the third is in agreement with the 
deductions made above. The amount of glucose diacetone 
found to be unchanged after 17 hours was less than 5 
per '.cent. ; we may, therefore, assume that even less of 
the original material remained unchanged after the 26 
hours during which the reaction was allowed to continue 
in the first experiment. Further, since the solid product 
would yield no crystalline compound, it may be deduced
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that the conmon,crystalline, glucosidic glucose monoace - 
tone is not formed. From the nature of the solid, its 
reducing properties, its solubilities, and its analytical 
composition, we are justified in believing that it was 
composed of methylglucoside monoacetone, reducing glucose 
monoacetone, and methylglucoside. It is, therefore, 
probable that the conversion of glucose diacetone to 
methylglucoside by the action of dry, acid methyl alcohol 
at room temperatures, can be interpreted as below.
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The foregoing scheme postulates that the final 
product is methylglucoside of the ^r-type and the exper
imental evidence in favour of this viev/ was expanded in 
the following manner. The mixture isolated in the third 
experiment was redissolved in acid-methyl alcohol and a 
slight increase in positive rotation was noted after a 
few hours. The solution was then maintained at 30**, and 
the change in the rotation, though still slow, became 
more rapid. After 12 hours at room temperature, and 18 
hours at 30*̂ , the specific rotation, calculated on the 
initial concentration, was +33*’ . This slow increase in 
positive rotat ion is analogous to that which takes 
place when h-methyIglucoside is similarly treated. 
Accordingly, it may be taken as evidence that <h-methyl- 
glucoside is actually formed from glucose diacetone and 
that, therefore, glucose diacetone belongs to the 
^series. This is further supported by the fact that, 
no matter how long glucose diacetone remains in acid- 
methyl alcohol at room temperature, the specific 
rotation of the products does not increase beyond +6 
We are justified in assuming that the value of the laevo 
rotation of the substances, into which glucose diacetone 
is converted, is numerically less than that of glucose
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diacetono, which is -'13*̂ . We may further assume that 
more than 20 per cent, of methylglucoside is present in 
the products of some of the above experiments. Yet, a 
mixture of 20 per cent. of an ec^uilibrium mixture of 
the X- and /3-methyIglucosides and of 80 per cent, of 
glucose diacetone would have a specific rotation of l̂l'J 
approximately. Accordingly, it can be deduced that the 
methylglucoside formed is not, at least, in the main, 
the - or /3-form.

Parallel experiments, in which monomethyl glucose 
diacetone replaced glucose diacetone, were carried out. 
The non-reducing and the reducing products obtained by 
the action of methyl alcohol were separated and analysis 
of the former showed that it was very probably raono- 
methyl methylglucoside monoacetone.
Found :-
G = 52.94 , H = 8.13 , *OGH^*= 22.8 per cent.

Monomethyl methylglucoside monoacetone )
requires : -

0 = 53.23 , H = 8.07 , *00H *= 25.0 per cent.
Agreement was also shown in the methylated product, 

which, on the above assumption, should have been a 
dimethyl methylglucoside monoacetone.
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F ound :-
C = 54.65 , H = 8.26 , 'OCH^*= 30.4 per cent.

Dimethyl methylglucoside monoacetone (^^2^22^6  ̂
requires : -

ü = 54.88 , H = 8.39 , 'OGHg'= 35.5 per cent!

This part of the investigation was not further
pursued, the result quoted above being in agreement
with the conclusions reached through the study of the 
same reaction applied to glucose diacetone.
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The Conversion of Glucose Diacetone into 
Tetramethyl- j^-Gluoose.

It has already been pointed out that glucose 
diaoetone is, at present, represented by two formulae. 
This is, in part, due to the fact that, whilst some 
workers have obtained experimental evidence connecting 
the compound with the jr'-series of sugars, others have 
assumed that its structure is based on the normal 
butylene-oxide type of glucose. Since Fischer, and later 
Irvine, Fyfe and Hogg, in 1915, proved that another and 
more reactive type of glucose than the normal - and/3- 
forms existed in the combined state, there is always 
the possibility that a glucose compound is built from 
this more reactive isomer. The assumption made above is, 
therefore, not justifiable. Yet none, except the Irvine 
School, have attempted to examine the structure of the 
basic glucose residue. The work of the School 
culminated in the conversion, by Irvine and Patterson, 
(loc. cit.), of glucose diacetone into a trimethyl 
glucose, the properties of which were very similar 
to those of tetramethyl /-glucose. Though several 
other factors connect glucose diacetone with the /"-series 
of compounds, this is, indeed, the main experimental
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evidsnoe. It has, however, already been dealt with in 
the introduction, and, accordingly, only the scheme of 
operations is reproduced here, as the following 
investigation was carried out on analogous lines.

GLUCOSE DIACETONE
(laevo-rotatory)1

GLUCOSE ZÆONOACETONE
(laevo-rotatory)

TRIMETHl'L GLUCOSE MONOACETONE .
(laevo-rotatory)

TRIMETÎTYL GLUCOSE
(laevo-rotatory)

In the present work, the above scheme has simply 
been modified and amplified. The modification is of no 
theoretical importance and was introduced merely for 
experimental advantage. Past workers have found it 
difficult to obtain trimethy1 glucose monoacetone and the 
corresponding trimethyl glucose in quantity. Since it is 
possible that glucose monoacetone presents a certain 
amount of steric hindrance to the introduction of three 
methyl groups, an attempt was made to circumvent this 
by starting with a methylated glucose diacetone.

The extension of the scheme, on the other hand, is
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of Pire at interest. It includes the conversion of the 
above trimethyl glucose into tetramethyl glucose and 
this latter substance has, as will be shown later, been 
identified with tetramethyl f-glucose. The operations 
involved are as follows : -

GLUCOSE DIACETObE
I ( in water = -18.fi*’)

MONOMETHYI. GLUCOSE DI ACETONE
I in alcohol = -32.2")

MONOMETHYL GLUCOSE MONOACETONE
in alcohol = -34.5'’)

V'/
TRIMETHYL GLUCOSE MONOAClCTONE

I ( M  , in alcohol - -29_^4" )w
TRIMETHYL GLUCOSE

I in alcohol = -19.5")\v
TRIMETHYL METHYLGLUCOSIDE

I in alcohol = -13.2'’)vv
TETRAMETHYL METHYLGLUCOSIDE

I ( > in water = -8.2^)
w

TETRAMETHYL GLUCOSE
( in water = - 11.2^^ )

Glucose diacetone was prepared by the action of 
acid-acetone upon/I-glucose. The final product, after 
iL had been reorystallised several times from petroleum 
ether, consisted of long colourless needles, melting at 
107''- 108 . It was laevo-rotatory ( in water = -18.5)
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The free hydroxy group in glucose diaoetone was 

readily masked by the action of methyl iodide and silver 
oxide. A mobile syrup was isolated and distilled under 
the vacuum of the water pump. The main fraction, boiling 
at 142.5^/7nra., was monomethyl glucose diacetone. This 
substance is a mobile, colourless liquid, = 1.4532, 
readily soluble in organic solvents, almost insoluble 
in water. It is laevo-rotatory, (̂ }̂ ,in ethyl alcohol = 
-32.17'%

In the partial hydrolysis of the above substance, 
valuable guidance was obtained from the work of Irvine 
and tiacdonald. These authors proved that, if glucose 
diacetone is dissolved in 0.1 per cent, hydrochloric 
acid, only the less stable acetone residue, the non- 
glucosidic residue, is removed at 30^, If, on the other 
hand, the solution is maintained at 50", complete hydr
olysis into glucose and acetone takes place. The course 
of the reaction was followed by polarimetric readings, 
and, by plotting the values of the specific rotation, 
calculated on the initial concentration, against the 
time during which the action had been proceeding, 
the curve overleaf was obtained. This shows that, at

o30 , the value of the rotation diminishes to a constant.
Owing to the insolubilité^ of monomethyl glucose
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diacetone in water, a slight variation was necessary 
in the preparation of the parallel monomethyl glucose 
monoacetone. The solvent employed was 50 per cent* 
ethyl alcohol containing 0.1 per cent, of hydrogen 
chloride. The reaction proceeded very slowly, being 
only eompleted in 11 hours, but other conditions were 
found to be less satisfactory. For instance, at 35 , 
the elimination of one acetone residue seemed to be 
accomplished in 3 to 4 hours, a time comparable with 
that required for the conversion of glucose diacetone 
into glucose monoacetone, but the end-point was not 
definite, a larger proportion of monomethyl glucose 
was formed, and the coloured solution obtained at this 
higher temperature interfered with accurate observation 
of the optical activity.

For comparison with the curve obtained by Irvine 
and Macdonald, one, drawn from the conresponding data 
in the present reaction, is given opposite. This shows 
clearly the slower speed of the reaction, a diminution 
of velocity which can only be due to two factors: (l) 
steric hindrance presented by the new methyl group, 
and, (2) a retarding action due to the presence of 
alcohol. Comparison of two parallel experiments in 
which glucose diacetone and monomethyl glucose diace-
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tone were subjeoted to the action of acid-methyl 

alcohol, indicate that the latter factor is the more 

important.
The first observations of the rotation indicated 

a fairly rapid fall in laevo-rotatory p o w e r . This was 

followed by a period (A to B ) during which the 

variations were scarcely appreciable, and then, after 

about nine hours, in all, another marked, though small, 

decrease (B to 0) took place, to a constant value at 

0. If the reaction was ar»rested at a point between 

A and B, a non-reducing syrup was isolated. Its 

mobility and low refractive index ( - 1.4671 )

indicated that complete destruction of the monomethyl 

glucose diacetone had not taken place, and this 

conclusion is consistent with the fact that Irvine 

and Macdonald isolated, not merely glucose monoacetone, 

but also a crop of mixed" crystals containing glucose 

diacetone. If, on the other hand, the reaction were 

allowed to proceed to the point G, a stiff syrup, 

contaminated with traces of reducing monomethyl glucose, 

was obtained. The latter product was readily eliminated 

by repeated extraction of the syrup with ether.

The viscid syrup just referred to, proved to be 

monomethyl glucose monoacetone. No crystallising medium
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could be found for it. Monomethyl glucose monoacetone 

is easily soluble in methyl alcohol and ethyl alcohol, 

less so in acetone and water, and only slightly soluble 

in ether. Its specific rotation in ethyl alcohol is 

„ = -36.1°.
Monomethyl gluîjose monoacetone was methylated by 

the silver oxide reaction. Repeated méthylation failed 

to increase the methoxy-content beyond 29 per cent., 

whereas trimethyl glucose monoacetone requires 35.5 per 

cent., but, on distillation at a pressure of ten ram., 

pure trimethyl glucose monoacetone was obtained. It 

boiled at 141°/ 10mm., showed a refractive index 

^Ip = 1.4471, was easily soluble in organic solvents, only 

slightly soluble in water. The laevo-rotation was still 

preserved, = -29.4'’, in methyl alcohol.

The removal of the acetone residue in trimethyl 

glucose monoacetone was effected by forming a 4 per cent, 

solution of the material in 0.25 per cent, hydrochloric 

acid. After 8 hours at 70", the hydrolysis seemed 

complete, but, on isolation of the product, it was found 

that 25 per cent, of the starting material was still 

present. A separation was obtained by dissolving the 

total product in water, and extracting the aqueous solu

tion with chloroform. Prom the aqueous portion trimethyl 

glucose was secured as a mobile syrup, readily
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soluble in aloohol and water, less soa in ether. It 

^eduoed Fehling * s solution vigorously on heating but 

not in the cold* In methyl alcohol, its specific 

rotation wasL<3^]^= -19.5* .

Trimethyl glucose should exist in 4 -  and ,3-forms 

but the method of preparation could only produce an 

equilibrium mixture of those two isomeric varieties, and, 

in the absence of a crystallising medium, their 

separation was impossible. In the syrup itself, no muta- 

rotatioh was observed. The actual presence of these two 

forms was shown, however, by following, polariraetrioally, 

the course of glucoside formation. It is well-known that, 
of the (X - and ,?-methylglucosides, the , J-methylglucoside 

is the more readily formed and the more readily hydrol- 

ised. It follows that, in the case of the normal butylene- 

oxide glucose, when the substance is dissolved in acid- 

methyl alcohol, an initial decrease in dextro-rotatioi;^ 

is followed by an increase to an equilibrium value. In 

the case of a j-glucose, the reverse changes take place. 

The graph shown opposite page bears this out.

Within four minutes"of dissolving the above 

trimethyl glucose in acid-methyl alcohol, a small dextro

rotation was observed. Interaction with the solvent 

must, therefore, have taken place instantaneously.
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Almost as quickly, however, the rotation became again 

laevo, and continued increasing in that sense until a 

constant value was obtained. The solution was then
Oheated at 30 to ensure complete conversion into methyl- 

glucoside, and, under the influence of heat, the laevo- 

rotation decreased slowly to a constant. This last 

change, however, may have been caused, not so rauchby 

further reaction between solvent and solute, as by the 

natural tendency of the trimethyl methylglucoside to 

establish a new equilibrium at the new temperature.

The only product of the above reaction was 

trimethyl methylglucoside. It is a mobile syrup with a 

refractive index 1.4550 and a specific rotation in 

ethyl alcohol 13.2 . It is readily hydrolysed by weak 

acid to give a reducing sugar. The ease with which the 

glucosidio methyl group is introduced and removed is 

characteristic of the ) -series.

The méthylation of the unsubstituted hydroxy-group 

in trimethyl methylglucoside was effected by means of 

methyl iodide and silver oxide. One méthylation was 

sufficient to give a fully methylated product, and, on 

distillation of the resulting syrup under the high 

vacuum of the Goede pump, practically no residue 

remained. The distillate was tetramethyl methylglucoside.
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having a specifio rotation of -3.2 •

A similarity between trimethyl glucose and 

trimethyl methylglucoside and the compounds of the 

Irglucose series has already been traced, but it is in 

the corresponding tetramethyl compound that a definite 

comparison with known substances can first be made. 

Tetramethyl 4 -, ,3- and ^̂ -rae thy 1 g lue os ides have already 
been prepared by the méthylation of the corresponding 

methylglucosides, and they have been fully character

ised. The physical constants of these and of the 

tetramethyl methylglucoside obtained from glucose 

diacetone are now compared below.

Comparison of Tetramethyl Methylglucosides.

TETRAMETHYL
METHYLGLUCOSIDES B.P. (in HgO) H/,

o( -FORM 108''/0.01mm. +147.8" 1.4450

-FORM M.P. 40-41'' - 17.3* 1.4450

1 -FORM 106"/0.25mm. -14.6" 1.4458

from ^
GLUCOSE DIACETONE 103 /0.25mip. - 8.S'" 1.4458

From the table it appears that the tetramethyl 

methylglucoside obtained from glucose diaoetone may be
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either a mixture of X- and i-methylgluoosides or 

tetramethyl j-methylglucoside. The compound bears the 

closest resemblance to tetramethyl j-methylglucoside 

and consideration shows that the difference in the 

rotation may be neglected; the method of preparation 

of methylglucosides influences the rotatory power of 

the equilibrium mixture finally isolated. Further, the 

compound reduces alkaline permanganate rapidly in the 

c o l d . The identification of the compound with tetra

methyl j-methylglucoside is, however, much more clearly 

shown through a study of the tetramethyl glucose 

obtained from it on hydrolysis.

The tetramethyl methylglucoside was hydrolysed in 

0.01 N. hydrochloric acid at 100 . Hydrolysis v^as 

practically complete in 4 hours, but, to ensure that no 

methylglucoside remained, the acid concentration was 

at this point raised to 0.1 N. The curve obtained for 

the reaction, the specific rotation being calculated on 

the initial concentration, is given overleaf, together 

with those given by Irvine, Fyfe and Hogg for the 

hydrolysis of the tetramethyl <A-, /3-, and y-methy 1 glueod- 

ides. It will be sean that, though the curve now found 

is not exactly the same as that given fors the hydrolysis 

of tetramethyl j-methylglucoside, it brings out three
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points in common between that substance and the subject 

of investigation. Both are hydrolysed completely under 

conditions which would not completely eliminate the 

glucosidic groups from tetramethyl cX- and /3-methyl

glucosides . Both represent the conversion of laevo- 

rotatory substances into other laevo-rotatory substances, 

and dextro-rotation is not observable during any part 

pf the reaction. In both cases, the initial observations 

show an increase of laevo-rotatory power, indicating 

that the substances are equilibrium mixtures of two 

isomerides, the more dextro-rotatory variety being the 

less stable. In the corresponding compounds of the 

normal butylene-oxide series, on the other hand, the /3- 

or less dextro-rotatory isomeride is the less stable ( 

Purdie and Irvine, J .0.S.,T., 1904, and Irvine and

Cameron, J.O .S.,T.,1905,910) and accordingly the imraed- 

iate of hydrolysis is to produce an increase in 

dextro-rotation.

Analysis of the product isolated after hydrolysis 

showed that it was a tetramethyl glucose. Its physical 

constants are compared below with those of the other 

known tetramethyl gl u c o s e s .
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OompariëLon of the Tetramethyl Glucoses

TETRAMETHYL
GLUCOSE M.P. B.P.

W o  
tin HgO)

A-FORM 89^ — —  — t-100.8'' —  —  —

EQUILIBRIUM MIXTURE 
of (X - and -FORMS

75"
to

o
136/0.8mm. 4- 83.s'' 1.4538

y -FORM

80"
122*/0.05mn!.

* 3.8'' 
4 1.4585

from
GLUCOSE DIACETONE — 11870.2mm.

- 7.2'' 

- 11.2'’ 1.4566

A comparison of the above figures leads to the 

conclusion that the new tetramethyl glucose is identical 

with tetramethyl j^glucose, and other experimental 

evidence is confirmatory. This tetramethyl glucose 

reduces cold ai^kaline permanganate instantaneously, and, 

such reduction is characteristic of the j^-glucose series. 

Although no muta-rotation was observed, a study of its 

interaction with acid methyl alcohol suggested that two 

interconvertible forms of the sugar were present. The 

optical activity of the solution showed double inversion, 

(laevo dextro laevo), and confirmed the idea 

based on the hydrolysis of tetramethyl methylglucoside, 

that the dextro-rotatory form of the sugar was the



FORMATION OF METHYLGLUCOSIDES.

fie

0
T* NIL IK M  f M U T E  j

AB. tetramethyl -glucose at 15 .

AC. tetramethyl -glucose at 40*̂  .

DE. Tetramethyl y-glucose at 15” .

FG. tetramethyl glucose from glucose 
diacetone at 15 .
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less stable. In fact, the curve obtained by following 

the various optical changes during the reaction is a 

reproduction of that which Irvine, Fyfe and Hogg gave 

for the optical changes of tetramethyl ^-glucose in the 

corresponding reaction. It leaves no doubt that the two 

products are identical.

The product isolated on the removal of the methyl 

alcohol was non-reducing, and had a refractive index of 

1.4450. Complete conversion to methylglucoside had 

taken place, at ordinafcy temperature, in a time compar

able with that required for the production of tetra

methyl j'-raethylglucos ide from tetramethyl j^-glucose.

The evidence now contributed, therefore, places 

beyond doubt the fact that both glucose diaoetone and 

glucose monoacetone are derivatives, not of the stable 

variety of glucose, but of ^-glucose.
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THE EXANÎINATIQN OF MQNOMETHYL GLUOObE.

On refeoring again to the two formulae for glucose 

diacetone, it is seen that they differ in the position 

alloted to the free hydroxyl group. The best method 

available for the determination of the position of this 

group consists of masking it^and then removing the 

acetone residues.
By méthylation, followed by hydrolysis, glucose 

diaoetone yields a monomethyl glucose. Irvine and Scott 
(loo. cit.) have shown that this substance is either 3- 

or 6-monomethyl glucose. Providing the normal hexose 

structure is of the butylene-oxide type, their arguments 

are unassailable. Accordingly, the duty of the 

investigator is simplified, in that it is only necessary 

to prove whether or not the raethoxy-group is terminal.

Irvine and Hogg (loc. cit.) and Levene and Meyer 

(loc. oit.) have both isolated this monomethyl glucose. 

The former, by oxidation under conditions which normal

ly convert hexoses to dibasic acids, obtained, as the 

end-product of the reaction, a syrup which they showed 

was monomethyl glucono-lactone. They, therefore, natur

ally concluded that a terminal methoxy-group prevented 

oxidation to the dibasic acid. The latter, however,employ

ing more drastic conditions, isolated as the result of
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oxidation, a crystalline compound which, on the basis 

of analysis, was held to be a monomethyl saccharo-laotone. 

In the present work, therefore, it was decided to repeat 

the more drastic operation and confirm the results 

obtained by Hevene and Meyer, if possible. The reactions 

involved are given in the following scheme.

GLUCOSE DIAGSTOBE

V /

MONOMETHYL GLUCOSE DIACETONE
X

MONOMETHYL GLUCOSE

( MONOMETHYL GLUCONO-LACTONE ) 
or

MONOMETHYL SACCHARO-LACTONE

The reactions involved in the scheme are fully 

dealt with later and only the final product is hare 

considered. The oxidation of monomethyl glucose bÿ the 

method of Levene and Meyer was highly unsatisfactory, 

since, from 10 grams of the starting material, only 

0.5 grams of the crystalline product were obtained. The 

analysis of this material showed that the compound was 

mainly monomethyl saccharic acid, together with some 

monomethyl saccharo-laotone. As shown by the following 

figures, however, the compound was far removed fr^om
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monornethy1 gluoone-lacton© in composition*

Found:-

0 = 37.94 , H = 5.04 , ’00H^^= 14.8 per c e n t .

Monornethyl saccharo-lactone (Oy H^gOy ) requires : - 

G = 40.78 , H = 4.89 , *OOHg * = 15*01 per cent.
Monornethyl saccharic acid (Gy H^gOg ) requires :- 
G = 37.50 , H = 5.35 , ^OGHr^*= 13.9 per cent.

Monomethyl glucono-lactone (Gy ) requires : -

G = 43.75 , H = 6.25 , *OGHg *=16.4 per cent.

Titration with caustic sodd confirmed the idea 

that a dibasic acid was present.

It is not wise to base important conclusions upon a 

reaction of such an indefinite nature, as a general rule, 

since a small amount of impurity might account for an 

end-product which is isolated in such small proportion.

In this case, however, the original monomethyl glucose 

was crisp and apparently homogeneous. Further, it is diff

icult to imagine an imputity which would be converted into 

a monomethyl dibasic acid. Accordingly, the above work 

must be taken as conclusive evidence that the methoxy- 

group is not terminal.
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The further study of the.above monomethyl glucose 

included a successful attempt to recondense it with 

acetone. Monomethyl glucose was shaken with acid-acetone 

and, in a few hours, it passed into solution. After a 

further 36 hours the solution was examined, and an a l 

most quantitative yield of monomethyl glucose diacetone, 

in all respects similar to that obtained by the méthyl
ation of glucose diacetone was isolated. This result may 

be contrasted with that obtained by Irvine and Hogg. 

These workers found that the methylglucosides of this 

same monomethylglucose did not condense with acetone.

The explanation of these entirely contrary findings 

lies in Irvine and Pat t e r s o n ’s (loc. cit.) conclusion 

that glucose diacetone is a member of the cV-series of 

glucose compounds. The glucosidic methyl group present 

in the initial material of Irvine and Hogg, on this 

hypothesis, precluded the necessary rearrangement of 

the internal structure of the molecule of glucose, and 

without this rearrangement, condensation was not 

possible.

This work brings monomethyl glucose into line with 

glucose, for, though/9-glucose may be converted into 

glucose diacetone, the - and /3-methylglucosides are
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unaffected by acid-acetone. These results may, therefore, 

be taken as confirmatory evidence that glucose diacetone 

is a member of the j"-series.



E X P E R I M E N T A L
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GLUCOSE DIAOETONE.

Glucose diacetone is obtained in long white needles, 

melting at 107-108°. It is rapidly and readily sublimed, 

the sublimed product melting at lOS'l It is easily 

soluble in acetone, aloonol, chloroform, and warm ether 

and methyl iodide, fairly soluble in boiling petroleum 

ether and boilin.e; water.

It is only slightly affected by emulsln and yeast, 

but it is readily hydrolysed by acids, glucose and 

acetone being regenerated. For instance, when dissolved 

in 0.1 per cent, hydrochloric acid, the non-glucosidic
oresidue is removed in three hours at 30 , the glucosidic

0acetone residue in a further five hours at 50 , (Irvine 

and Macdonald, J yC.b.,T., 1915, 107, 1701).
Its optical properties are as follows : -

SOLVENT OONC. L Ml, REFERENCE

water

water 

acetone 

methyl alcohol 

ethyl alcohol

4.966 1.S4 -18.5 Fischer,Ber.
1895.

2.434 2 ' 0.92 -18.9 A

5.424 1 - 0.43 -7.9' ( present
5.071 1 -0.67 -13.2^^ w o r k .

4.126 1 -0.48 -11.6
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The Preparation o f - G l u c o s e .

Two ineïihods were available for the preparation of 

this m a t erial. In the earlier operations, that of 

Behrend (An n a l e n , 1907, 555, 106 and 1910, 577, 220) 

was adopted and /3-glucose, having a specific rotation 

-f-lo'' t o «-20*̂ , was obtained. In this process, however, 

pyridene forms the recrystal1ising medium, and so much 

difficulty was encountered in securing its removal, 

that the application of the reaction to large scale 

production was not considered advisable. It is, 

nevertheless, to be recommended for the preparation of 

a few grams of very pure /?-glucose for seeding purposes.

Much more satisfactory was the method described by 

Hudson and Dale (Amer. J.C.8., 59, 525), the nature of 

which may be gathered from the following typical 

experiment.

100 grams of glucose were added to 10 ocs. of water 

in a beaker, solution being obtained by heating, first, 

on a water-bath, and later over a wire gauze. At the 

latter stage, careful regulation of the temperature and 

constant stirring were necessary to prevent charring. 

When the glucose was entirely dissolved, the beaker was 

returned to the water-bath, and 120 ocs. of glacial
oacetic a%id at 100 were added. Two layers were formed
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but rapid stirring for a few seconds produced a homo

geneous solution. This was nucleated with pure ,,6-glucose 

The beaker was then removed fromthe water-bath. 

Crystallisation commenced almost immediately, and 

proceeded more rapidly as the medium cooled. When quite 

cold, the solid was filtered^ off on a water-pump, 

washed with a very little acetone, and dried in a vacuum 

oven at 80°.

The average yield from such an experiment was 70 

per cent., and the specific rotation of the glucose 

obtained varied from +24.5'to +87^. Owing to the small 

quantity of water employed in the above operation, it 

is to be expected that the addition of a little more 

will have an adverse effect on the reaction, the 

completeness of which may be gauged by the amount and 

the purity of the final product. Experiment confirmed 

this; great care must be taken to ensure that the 

glucose and the acetic acid are both thoroughly dry.

üince the material obtained above was found to be 

sufficiently pure for the production of glucose 

diacetone, the recryatallisation reocoramended by Hudson 

and Dale, since it is both tedious and expensive, was 

not considered necessary.
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Tfee Preparation of G lucose Diaoetone.

Despite the fact that several authors have, by 

varied means, isolated glucose diacetone, its prepar

ation on a large scale is still attended with consider

able difficulty. The more important of the reactions 

from which it may be obtained are summarised below:-

(1) The action of acid-acetone on cT-methylglucoside. 

(Irvine and Macdonald, J.O.S.,T., 19 15,107, 1701)

(2) The action of acid-acetone, at room temperature, on 

-glucose, the medium being neutralised, previous to

the removal of the excess of the acetone, by shaking with 

barium carbonate, and finally, silver carbonate.

Yield quoted:- 100 grams of glucose give 56 grams of 

glucose diacetone.

(Fischer and Rund, b e r ., 1916, 49, 88 )

(5) As in (2), neutralisation being performed by 

sodium in methyl alcohol.

Yield quoted :- 100 grams of glucose give 58 grams of 

glucose diacetone.

(Levene and Meyer, J.b i o l . O h e m ., 1921, 4 8 , 236 )
/ \ ^(4) The action of acid-acetone at 30 o n /3-glucose,

neutralisation being performed by the addition of an

excess of 5 N . sodium hydroxide.
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Yield quoted:- 100 grama of gluooae give 63 grams of 

glucose diacetone.

(Freudenberg and Ivers, B e r ., 1922, 55, 929 ).

Methods (1), (2), and (4) have all been tried but 

with limited success only; glucose diaoetone was, in 

all cases, isolated, and occasionally the yield was very 

good, but it was found impossible to foretell, with any 

degree of certainty, the amount of the required product 

which would result from each individual experiment. 
Another method, therefore, which is a combination of 

(2) and (4) was adopted in this work. For it, no 

increase in the amount of glucose diacetone to be 

obtained from a given amount of glucose, can be claimed, 

but it gave oonsiétent results. The following is a 

typical experiment.

60 grams of finely-powdered glucose, ( prepared 

as above), were shaken at room temperature with 1200 

grams of acetone, containing 1.0 to 1.1 grams of 

hydrogen chloride per 100 cos., for a period of 40 h o u r s . 

The undissolved glucose was filtered off, and the acid 

filtrate neutralised by shaking the solution with lead 

carbonate. The solid lead salts having been removed by 

filtration, the acetone was evaporated at ordinary
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pressure over 10 cos. of 5 N, sodium hydroxide, until 

the original volume was reduced by two thirds almost.

The removal of the remainder of the acetone under 

reduced pressure exposed a solid cake remaining in the^ 

bottom of the flask.

From this hard mass glucose diacetone was obtained, 

both by direct extraction with the boiling solvent, and 

by the use of a Soxlet extractor. Whichever method was 

adopted, a fairly prolonged treatment was advisable. The 

solvent here employed was a commercial spirit, Swan 

spirit, which, when hot, dissolves considerable more 

glucose diacetone than petroleum ether does, but yet 

retains as little in solution when cold. As the solvent 

cooled, therefore, glucose diacetone separated out in 

long needles, at this stage slightly yellow. Recryat

allisation from the same solvent in the presence of a 

little charcoal, gave a pure, white product.

The amount of purified material obtained from 

preparations carried out on these lines varied from 24 

to 32 grams and there is little doubt that this variation 

is largely due to the different amounts of moisture 

present in the ingredients. Glucose diacetone itself 

is so unstable that, in an acid medium, even traces of 

moisture are sufficient either to prevent its formation
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or to bring about siraultaneous condensation and hydrol

ysis. Further, the acetone itself would seem to undergo 

decomposition if wet, since, though a certain amount of 

colour is inevitably developed during the long period 

of shaking, this is very much intensified, almost to 
blackness, when water is present.

The purity of the material obtained was confirmed 

by its analysis (below), its melting point, 108^, and 

its optical properties already given on page 53.

0.1120 Rrams of substance gave 0.2485 grams of 

carbon dioxide, 0.0339 grams of water.

Found:- 0 = 55.46 , H = 7.64 per cent.

Glucose diacetone (^x2^20^6  ̂ requires ; -
0 = 55.39 , H = 7.69 per cent.

The acetone and the glucose recovered in the above 

experiment may be used again, but it was found 

advisable to redistill the acetone, and necessary to 

recrystallise the glucose. The latter, however, does 

not recrystallise well from acetic acid in the condition 

in which it is recovered, and should first be recryst

allised from methyl a l cohol.

Comparison of experiments carried out at 30^, and 

at room temperature, has shown that the former is an
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unnecessary condition. If the equilibrium of the reaction

-glucose i
\ glucose diacetone

acetone

is at all changed, either directly, or through 

the increased solubility of the/l-glucose, by this rise 

in temperature, the extent of the change is not 

appreciable. Further, complications are introduced. More 

colour is developed during the process, involving more 

difficulty in the recrystallisation of the crude product, 

and a larger element of uncertainty as to the success of 
the individual experiment is introduced. The chief factors 

upon which this success depends are : -

(1) The low rotation of the initial glucose.

(2) The purity of the reagents.

There is little doubt that the yields quoted above 

could be improved by usmng a glucose of still lower 

specific rotation, but it was not considered that the 

increase would be sufficient to justify the expenditure 

of time that the recrystallisation of the crude 

,/3-glucose (Hudson and Dale ) would involve.
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The Preparation of Monomethyl GlucosePiacetone .

The method adopted for the méthylation of glucose 

diacetone was essentially the same as that employed by 

Irvine and Hogg (J .C .S .,T ., 1914, 1 05, 1386 ). Thirty 

grams of the pure material were dissolved in 115 grams 

of methyl iodide (7 mois.), complete solution being 
obtained after heating for some time. One third of 

94 grams of silver oxide (3-§- mois.) was then added, and 

the méthylation proceeded spontaneously for some time, 

about 1^ hours. V/hen the spontaneous action had ceased, 

the mixture was boiled for 8 hours, the remainder of the 

silver oxide being added in two equal lots during this 

period. Owing to the pasty nature of the mixture after 

about 6 hours, however, the addition of a futher 5 ccs. 

of methyl iodide was necessary.

Extraction was then carried out by boiling vigorous

ly, three times, for periods of five minutes, with dry 

ether, free from traces of acid. The filtered solution 

was dried over aniiydrous sodium sulphate, and evaporated, 

to small bulk, at ordinary pressure. The removal of the 

remainder of the solvent under reduced pressure left 

behind a clear, mobile syrup, which was distilled on 

the water p u m p . Three fractions were collected.
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Fraction Weight B.P. ^

1 0.3 grains 149/lOnirn. 1.4530
2 24.27 " 149"- 150^10mm. 1.4531

_ 3_ 2^5___2_ 150^̂ - 165Vl0ïïïïn . 1.4559
There was a residue of 3 grams of a stiff, dark 

solid-looking material.

A second preparation was carried out on similar 

lines but failed to give as satisfactory a yield of the 

product required. This was probably due to the fact that, 

at the beginning of the experiment, in order to hasten 

the solution of the glucose diacetone, and also to prevent 

the development of pastiness in the later stages of the 

reaction, 5 ccs. of acetone were added. Even under 

these conditions, however, the addition of a further 5 
C C S .  of methyl iodide was found necessary. The harmful 

effect of an extraneous solvent upon this type of 

méthylation is general. That the méthylation process 

was interfered with in some way is borne out by the 

record of the distillation of the product.

F raction Weight B.P. /1?

1 0.3 grams 144/7mm. 1^4530
2 18.5 ” 144*- 14577mm. 1.4531
3 5^2__ 2__ 145*̂ - 16077mm. 1.4542

Residue ; - about 6 grams, similar to residue above.
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All the above distillates were clear, colourless, 

mobile syrups, the main fractions being pure monomethyl 

glucose diacetone. The third fractions were glucose 

diacetone incompletely methylated, since, on further 

méthylation, an almost quantitative yield of pure 

monomethyl glucose diacetohe was obtained from t h e m .

The residues, on the other hand, although their 

appearance and* solubility in ether and methyl iodide 

suggested that they might be glucose diacetone, scarcely 

affected by méthylation, must have been some product 
arising during the course either of méthylation or of 

distillation, since, on further méthylation, only about 

20 per cent, of the syrup was volatile. Further, the 

refractive index of the distillate was high ( = 1 . 4 5 4 9  ), 

so that it could not be considered a pure product. The 

investigation of this, however, and of the still- 

residues was not carried further.

The total yield of pure monomethyl glucose 

diacetone from 60 grams of glucose diacetone was 50 

grams. This was redistilled and the main fraction 

examined.

Monomethyl glucose diacetone is a colourless, 

mobile liquid, B.P, =142.5^/7mm., *1 = 1.4531,

(in alcohol) = -32.2^.
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Methoxy-estimâtion.
0.2368 grams of substance gave 0.1952grams of 

methyl iodide.
Pound;- *OOHg*= 10.77 per cent.
Monomethyl glucose diacetone (G^gHggOg ) requires:

*OOHg *= 11.24 per cent.
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The R eaction between Acid-Methyl Alcohol and
Gûiicose Diacetone.

Three series of experiments were carried out*

(1)
4 grams of glucose diacetone were dissolved in 80 

C C S . of dry methyl alcohol, containing 0.4 grams of 
hydrogen chloride. Immediately on solution, the laevo- 
rotation decreased, and, within an hour, a small dextro 
rotation was observed. This dextro-rotation continued 
small, and, though slight variations were noted from 
tine to time, the rotatory power of the solution was 
almost constant for 24 hours. The following readings 
may be quoted in illustration.

Time after solution• X
0 ]hours 20 mins. - 0*55" “ 5.5
1 tf 20 ft + 0.04 t 0.4
2 ft 20 ft + 0.42  ̂4.2
3 ft 20 ft  ̂0.47 ^4.7
5 ft 20 ft 0.60  ̂6.0
7 ft 20 ft  ̂0.68 ♦ 6.8

20 ft  ̂0.50 + 5.0
23 ft ^0.41 ‘ 4.1
24i ff  ̂0.54 4 5.4
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In the above table the value of the specific 

rotation is calculated on the initial concentration of 

the glucose diaoetone.

After 26 hours the hydrochloric acid was removed 

by means of silver carbonate. The solution was then 

filtered, and the filtrate was shaken with silica and 

charcoal, in turn, until clear. The alcohol was then 

removed under reduced pressure, and an almost colourless 

syrup, which did not reduce F ehling's solution, was 

obtained. Thisayrup was shaken with ethyl acetate, and 

from the ethyl acetate, by evaporation of the solvent 

under reduced pressure, there were isolated 2.7 grams 

of a pale yellow, slightly mobile syrup which did not 

reduce.

The mobility of the syrup precluded the conclusion 

that complete conversion to methylglucoside had taken 

place, and suggested, rather, that a mixture was present, 

this mixture consisting of either glucose diacetone and 

methylglucoside, or glucose diaoetone, methylglucoside 

monoacetone and methylglucoside. The methoxy-content 

was examined, and evidence so obtain ed in favour of 

the presence of a mixture.

0.2117 grams of substance gave 0.2198 grams of 

silver iodide.
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Found:- ’OCH^*= 13.68 per cent.

Methylglucoside (0^ ) requires :-

'OCHg*= 15.98 per cent.

Methylglucoside monoacetone ) requires : -

*OOHg*= 13.25 per cent.

The Méthylation of the above syrup also gave evidence

that it was not a pure substance. This reaction was 

carried out by means of methyl iodide and silver oxide, 
the reagents being as follows : -

syrup 2.5 grams,

methyl iodide 10 ”

silver oxide 16 ”

acetone 5 ccs.

Since the syrup was not completely soluble in 

methyl iodide, 5 ccs. of acetone were added. The silver 

oxide was added in three lots, at intervals, the mixture 

being maintained meantime at 35^. When there are 

several free hydroxy-groups in the molecule to be 

methylated, there is usually a considerable spontaneous 

reaction on first adding the methylating reagents ; in 

the present case, the spontaneous reaction was very 

small. After 8 hours, the product was extracted by boiling 

three times for short periods with ether. When the
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ethereal solution had been dried over sodium sulphate 

and the ether removed, there remained 2.4 grams of a 

mobile syrup.

This syrup was remethylated under the same condi

tions and the product finally isolated was a thin mobile 

syrup showing a refractive index, 1.4549, and a

methoxy-content of 56.2 per c e n t . By further méthyla

tion the methoxy-content was raised to 38.3 per cent.

The product was then distilled at a pressure of 10 mm. 
to give the following fractions.

B.P. M/o

^  1377l0mm. 1.4478

137yiOmm. 1.4479

137 -1507l0mm. 1.4499

Residue :- 0.4 grams of a slightly mobile syrup.

The main portion, 1.18 grams of a clear, mobile 

syrup was examined, and showed the following methoxy- 

contents-

0.1043 grams ofl substance gave 0.1576 grams 

silver iodide ; 0.0668 grams of substance gave 0.1576 

grams of silver iodide.

Pound:- *OCHg* = 30.2- 31.1 per cent.

Dimethyl methylglucoside monoacetone (OigHggOg )

Fractions Weight
0.2 grams

1.18

0.32
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requires;- *OCH *= 35.5 per cent.

Tetramethy1 methylglucoside ( O H O )  

requires ; - ŸOOH *= 62.0 per cent.

Monomethyl glucose diacetone ( O H O )  

requires : - *00H *= 11.24 per cent.

From these figures it is seen that the syrup eould 

not be identified with any of the possible products of 

the reaction, and fractions 2 and 3 were therefore 

remethylated together to ensure that no hydroxyl-groups 

remained unsubstituted. After distillation, a main 

fraction of 0.7 grams was obtained. This again showed 

a high methoxy-content, 'OOHc^*= 37 per cent., =1.4480,
but this is considered due to the fact that the fractions 

were collected differently; portion 3 of the previous 

distillation must have contained a larger.proportion of 

tetramethyl methylglucoside.

The hydrolysis of the above material would have 

been necessary to give definite information as to the 

nature of the components of the mixture, but, though 

this was carried out, it was found impossible to 

separate the constituents of the hydrolysed product 
on this small scale.
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(2)

2.0909 grams of glucose diaoetone were dissolved 

in 50 C C S . of methyl alcohol, containing 0.5 per cent. 

of hydrogen chloride. The rotatory power of the solu

tion changed much as before, and hence, only some of the 

initial readings, and the final readings are given below 

A 2-decimetre tube was used.

Time after solution. 
5 rains.

15 ^

25 ”
40 ”

47 ^

55 ”

A

0.58"
0.42

0.38

0.26

0.22
0.18

Bln 
' 6.7 °

- 5.0

- 4.6

- 3.2

-  2.6 
- 2.1

7 hours + 8.4

25-42 hours f 0.54 + 6.1

After 42 hours the hydrogen chloride was removed 

by silver carbonate, the silver removed by filtration 

through silica. On evaporation ofthe solvent under 
reduced pressure, a stiff syrup, showing a refractive 

index about 1.4790 was obtained. The correct value is
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probably slightly higher, as, owing to the viscosity 

of the syrup, a true reading could not be obtained.

The syrup was boiled with ether, but very little was 

removed by this solvent. This showed that, not only had 

all the glucose diacetone been destroyed, but also most 

of the methylglucoside monoacetone, assuming this to be 

formed, for the latter should be slightly soluble in 

ether. The small ether-soluble portion did not 

crystallise, and hence could not be glucose diaoetone.
The syrup remaining after extraction with ether 

was partly reducing, and it was not found possible to 

separate the reducing constituent from the noh-reducing 
material. Accordingly, the product was not methylated.

^n the other hand, the solubility of the syrup in 

alcohols and ethyl acetate proved that the reducing 

product was not glucose.

(5)
In the third experiment, an endeavour was made to 

discover the course of the reaction by arresting it 

when the changes were only partially completed.

18 grama of glucose diacetone were dissolved in 400 

C O S .  of acid methyl alcohol, as in the previous experi

ments. Owing to the similarity inth e course of the 

reaction, only the initial and final readings are given.
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Time after solution L ^

initial 2 - 0.88'' -9.8

17 hours 2 4 0.56 f 6.0

Neutralisation and evaporation of the solvent were 

carried out as before. There remained a white, amorphous 

solid, contaminated with a little yellow syrup, (total 

weight = 14.9 grams). Both the waxy solid and the syrup 

were, to some extent, soluble in boiling ether, giving, 

approximately, a 2 per cent, solution. The ether-soluble 

portion was then bolied with petroleum ether, but, 

though the solubility was small, no complete separation 

was effected. By careful crystallisation, however, a 

little glucose diaoetone was isolated. This was identi

fied by its melting point, 108*’, and its rotation, -17.9 ̂  

(in a 1 per cent, solution). The amount of this isolated 

showed that less than 5 per cent, of the original gluc

ose diacetone remained unchanged.

The portion of the syrup which was undissolved by 

ether, was dissolved in the minimum amount of methyl 

alcohol. On adding a very little ether to this solution, 

a small quantity of a dark syrup was thrown out of 

solution. The addition of more ether gave a further small 

precipitates of solid and syrup. Then, by the addition 

of a larger quantity of ether, a middle portion of 8
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grams was obtained. This could not be crystallised and 

hence was analysed as a waxy solid.

0.1251 grams of substance gave 0.0836 grams of water, 

0.2158 grams of carbon dioxide: 0.1353 grams of 

substance gave 0.0776 grams of methyl iodide.

Found : -
G = 47.07 , H = 7.43 , '00H^*= 7.39 per cent.

The analytical figures for the possible products 

of the reaction are given below.

Compound. C H *00H3*

Glucose diacetone 55.38 7.7 ———

Methylglucoside monoacetone 51.28 7.7 13.24

Glucose monoaoetone 49.09 7.27 —— —

Methylglucoside 43.30 7.22 15.98

Glucose 40.00 7.44 ^  ^

The operations through which the product for 

analysis had been conducted , ensured that neither gluc

ose diacetone nor glucose could be present. On the other 

hand, the syrup was partially reducing, and this must be 

accounted for by assuming the presence of a reducing 

glucose monoacetone. The analytical figures are such that 

they agree with the presence of a mixture of methylglucos

ide monoacetone, glucose monoacetone, and methylglucoside, 

and the solubility of the product favours the conclusion
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that all three were present. It was readily soluble in 

ethyl and methyl alcohol, fairly soluble in ethyl 
acetate, slightly soluble in ether, and very sparingly 

soluble in petroleum ether.

A further attempt was made to purify the substance 

by carrying out several partial extractions with ethyl 

acetate and a mixture of ethyl acetate and ether. Even 

after five such partial extractions, however, the 

composition of the mixture was unaltered; 0.1621 grams 

of substance gave 0.0816 grams of silver iodide, or, 

*OCH^*= 7.3 per cent. It was therefore obvious that 

no separation of the constituents could be effected.

The mixture of solid and syrup was redissolved in 

dry methyl alcohol containing 0.5 per cent, of hydrogen 

chloride, and, on standing, a very slight increase in 

positive rotation was noted. Thereafter, to hasten the / 

reaction, the solution was maintained at 30*^ and the 

increase in the rotatory power of the solution, in the 

positive, sense, bacame more marked, (see below^.

It has been found that ^-methylglucoside slowly 

reverts, under thetabove conditions, to the norraàl 

glucosides, the reversion being accompanied by an 

increase in dextro-rotation. Such a change is analogous 

with the slow increase in rotatory power shown in the
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table below, and we may, therefore, conclude that the 

normal methyl glucosides are being formed, probably 

through the 1-methylglucoside.

( Gone. = 4 . 5  per cent., L = 2, temperature = 30 . )

Time after solution. < 1

initial b o.eo"" 5.5
4 hours 4 1.26 14.0
8 M Y 1.82 f 20.2

12 M 4 2.30 4 26.0
40 ft f 3.00 f 33.0

The value of the specific rotation is calculated 

on the initial concentration.
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The Reaction betweon Acid-Methyl Aloohoi and 

M onomethyl Glucose Diaoetone .

11.3 grams of monomethyl glucose diaoetone were 

dissolved in 300 cos. of dry methyl alcohol containing 

0.5 per c e n t . of hydrogen chloride. As in the parallel 

experiment with glucose diacetone, the laevo-rotation 
decreased in value, but, in this case, no change of 

sign took place. Only the initial and final readings 

taken are given below.

T ime after solution C

initial - 33.9''

19 hours - 17.5

After 20? hours, the acid was neutralised by the 

addition of siftver carbonate, and thereafter the alcohol 

was removed under reduced pressure. There remained 8.5 

grams of a fairly mobile yellow syrup, showing =1.4751. 

The refractive index of a monomethyl methylglucoside 

monoacejfcone would possibly be around *f(o= 1.4630.

This syrup was washed with water to remove the 

lower substituted bodies, only a little of it remaining 

undissolved. The aqueous solution was then extracted with 

chloroform, practically all the colour passing into the 

chloroform layer. The chloroform solution was then dried
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over sodium sulphate, and the chloroform evaporated 

under reduced pressure. 4.5 grams of a dark syrup, 

showing 1.4640, were isolated.

This was united to the small portion undissolved 

in water and some from another experiment. In all, 8.5 

grams of the syrup were obtained, and this was analysed.

0.0793 grams of substance gave 0.0581 grams of water, 

0.1539 grams of carbon dioxide; 0.1481 grams of substance 

gave 0.2578 grams of silver iodide; 0.1292 grams of 

substance gave 0.2155 grams of silver iodide.

Found : -

0 = 52.94 , H = 8.13 , '0GHg*=22.8, 21.9 per cent.

Monomethyl methylglucoside monoacetone (^^2^20^6  ̂

requires : -

C = 53.23 , H = 8.07 , ’OCH *= 25.0 per cent.o

Though the syrup was obviously not quite pure, as 

no separation of the constituents at this stage was 

possible, it was methylated by means of silver oxide 

and methyl iodide. In the first méthylation, five times 

the quantities of the methylating reagents theoretically 

required, were used ; no extraneous solvent was necessary. 

A second méthylation was carried out with three times 

the required Quantities. The methylated product was
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extracted, in both cases, by washing the flask out well 

with ether. The thin syrup obtained was distilled under 

reduced pressure. The main fraction, 6.4 grams, 

distilling at 150 - 152^/l2wm*f was a clear, mobile 

non-reducing syrup, having a refractive index, V/r>

= 1.4498. It gave the following results on analysis.

0.1061 grams of substance gave 0.0798 grams of water, 

0.2126 grams of carbon dioxide; 0.1103 grams of s ub

stance gave 0.2558 grams of silver iodide.

Found : -

0 = 54.65 , H = 8.26 , ^OCH^’= 30.4 per cent.

Dimethyl methylglucoside monoacetone (O^gH^gOg ) 

requires : -

G = 54.88 , H = 8.39 , *OCH *= 35.5 per cent.

Monomethyl glucose diacetone (G^gHg^Og ) requires:-

0 = 56.94 , H = 8.03 , ♦OCH^*= 11.24 per cent.

The above figures show that an impurity reducing 

the methoxy-content was still present; the value 

obtained for the carbon-content, moreover, shows that 

this other constituent was not monomethyl glucose 

diacetone, or that, if this substance was present, still 

another component was lowering the carbon-content even 

more than monomethyl glucose diacetone raised it.
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The Partial Hydrolysis of Monomethyl Glucose Diaoetone •

To secure the best conditions for this delicate 

operation, several control experiments were necessary. 

These led finally to the adoption of conditions similar 

to those made use of by Irvine and Macdonald (locz cit.) 

in the partial hydrolysis of glucose diacetone. The 

following detailed experiment will illustrate the 
method•

13.1 grams of monomethyl glucose diacetone were 
dissolved in 420 c c s . of 50 per cen t . aqueous alcohol 

containing 0.1 per cent, of hydrogen chloride. The
osolution was kept at 30 and its laevo-rotation at first 

fell rapidly, and then, in about three hours, attained 

an almost constant value. After another 2 to 3 hours, 

however, the rotation began again to diminish slowly, 

and finally remained steady after 3 to 4 hours. The 

total time taken for the hydrolysis was about 11 h o u r s .

The course of the reaction may be follovæd from 

the few readings below:- (L= 2 )

Time after solution. < o

initial - 2.39* - 38.3'’

1^ hours - 2 . 2 2  -36.6

5 " -2.19 - 3 5.6

4* " "2.18 -34.9
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Time after solution X 1x3 „

6* hours - 2.12" - 34.o ”
« - 2.09 - 33.5

11-15 M -2.05 - 32.86

The valu© of the specific rotation was calculated 

on the initial concentration of the starting material.

The results obtained have been utilised in the construct

ion of a graph opposite page 38 and reference has already 

been made to it • In practice, the hydrolysis was allowed 

to continue until the point 0 was reached, aince, at this 

point, only monomethyl glucose monoaoetone and monomethyl 

glucose were present, a simple means of separation was 

provided by extraction with ether. Further, the effic

iency of the separation of the two substances could eas

ily be gauged by carrying out Fehling’s reduction test.

When the reaction was complete, therefore, the 

solution was neutralised with silver carbonate and taken 

to dryness under reduced pressure, over a little barium 

carbonate. The syrup was then extracted with ether, the 

ethereal solution dried over sodium sulphate, and the 

ether removed, largely at ordinary pressure. The 

substance so isolated sometimes reduced Fehling’s
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solution slightly, owing to traces of monomethyl glucose 

being carried through, but repeated extraction gave a 

non-reducing product. The amount of monomethyl glucose 

formed in this type of experiment was very small, almost 

negligible. For instance, from 13.1 grams of monomethyl 

glucose diacetone, 10.6 grams of monomethyl glucose 
monoacetone were obtained. Theoretically, 11.2 grams of 

the latter should be formed. There is, therefore, a loss 

pf 0.6 grams of monomethyl glucose monoaoetone, corres

ponding to 0.5 grams of monomethyl glucose. About 0.3 

grams of monomethyl glucose were actually isolated.

The final rotation value was not always quite the 

same, and, although, in six different experiments, the 

specific rotation fell through approximately six degrees, 

neither of these factors is sul'ficient to define the 

end-point of the reaction. Each experiment should be 

followed throughout by polarimetric readings until 

constant values are observed.

That the above syrup was a monomethyl glucose mono

acetone is clearly shown by the following analysis.

0.2760 grams of substance gave 0.1921 grams of water, 

0.5200 grams of carbon dioxide; 0.1240 grams of substance 

gave 0.0863 grams of water, 0.2335 grams of carbon dioxide
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0.1641 grams of substanoe gave 0.1618 grams of silver 

iodide; 0.1231 grams of substance gave 0.1218 grams of 

silver iodide.

Found ; -

0 = 51.36 , H = 7.73 , *OOHj*= 12.9 per cent.

51.25 7.73 13.05 per cent.
Monomethyl glucoseraonoacetone (G^oH^gOg ) requires : - 

C = 51.28 , H = 7.69 , ^OOHg *= 13.25 per cent.

Since the syrup was non-reducing, monomethyl glucose 

could not be present. The absence of mononethy1 glucose 

diaoetone, on the other hand, could not be certified by 

any such simple test, but its analytical figures are 

sufficiently removed from those obtained.

Monomethyl glucose diacetone (G^gHggOg ) requires : - 

0 = 56.86 , H = 8.03 , 'OCHg* = 11.24 per cent.

Monomethyl glucose monoaoetone is a stiff syrup, 

showing a refractive index 1.4710. It is easily soluble 

in ethyl and methyl alcohol, less so in ethyl acetate, 

acetone, water and ether. It dissolves slowly in hot 

petroleum ether but is practically insoluble in cold.

It does not reduce P e h l o n g *s solution, but the glucos- 

idic residue is readily removed by weak acid, and then 
reduction takes place.
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The following rotations were observed : - 

Solvent. G o n e . L ^ ^

methyl aloohoi 3.977 1 - 1 . 3 7 -  34.6 "

ethyl alcohol 3.992 1 -1.44'’ -36.1'
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The M éthylation of Monomethyl Glucose Monoaoetone.

This méthylation was carried out by maans of 

methyl iodide and silver oxide, seven times the quantit

ies of the reagents theoratically required being 

employed. The reagents, therefore, were : -

monomethyl glucose monoacetone 13 grams,

methyl iodide 112 ”

silver oxide 90 ”

The whole of the monomethyl glucosemonoacetone 

passed into solution in the methyl iodide on heating.

The silver oxide was added in portions as previously. On 

the first addition of silver oxide the reaction commenced 

and proceeded spontaneously for some time. The mixture 

was then kept at the boiling point of the methyl iodide 

for 8 hours, and during that time the remainder of the 

silver oxide was added. The product was extracted by 

washing out the flask several times with ether, and the 

ethereal solution was thereafter dried over sodium 

sulphate. The removal of the ether in the usual manner 

gave a mobile, pale yellow syrup.

After two further méthylations, in which 24 grams 

of methyl iodide, (3 mois.), and 19 grams of silver oxide 

(1^ mois.), were employed, 14.5 grams of this syrup were
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isolated. Its methoxy-oontent was estimated.

Found:- *0GH3 *= 29.12 per cent.
Trimethyl glucose raonoacetone requires :-

*OOH3 *= 35.5 per cent.
In view of the low methoxy-oontent indicated above, 

the product was subjected to two further méthylations, 

the reagents employed being as in the two previous 

operations. Examination of the final syrup, however, 
showed that continued méthylation was having compara

tively little effect upon the substance, ( after five 

méthylations, 'OOH3 '= 30.3 per cent.). The product 

was therefore fractionated at a pressure of 10mm.

Fraction

1
2
3

Weight 

0.2 grams 

10.08 " 

0.72 ’*

B . P .

—t 141'’/10mm. 
IÆI"/lOram. 

141 - 150'VlOmm.

ILl
1.4471

1.4471 

1.4483

Residue:- 3.1 grams of a dark, stiff syrup.

Analysis of the main portion showed that it was 

trimethyl glucose raonoacetone.

0.1158 grams of substance gave 0.0857 grams of water, 

0.2324 grams of carbon dioxide ; 0.1124 grams of sub

stance gave 0.0346 grams of water, 0.2267 grams of 
carbon dioxide.
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0.1186 grains of substance gave 0.3080 grams of silver 

iodide.
Found : -

0 = 54.79 , H = 8.22 , *OOHg'= 34.3 per cent.

55.00 8.36

Trimethyl glucose raonoacetone (OigHggOg ) requires : -

0 = 54.96 , H = 8.40 , Ÿ OCHg* = 35.5 per cent.

Triraethyl glucose raonoacetone is a mobile syrup, 

showing a refractive index 1.4471. It is easily soluble 

in organic solvents, only slightly soluble in water.

The following rotation was observed.

Solvent G o n e . L . ^ l:̂ )v

methyl alcohol 5.679 1 -1.67'' -29.4"
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The Preparation of Trlmethyl Gluooee

or
T h e Hydrolysla of Trlmethyl Glucose Monoaoetone»

9 grains of triraethyl gluoose raonoaoetone were added 

to 200 008. of 0.25 per oent. hydroohlorio aoid. The 

mixture was heated for 30 minutes at 45" and^in that 

time ^praotioally all the syrup passed into solution, 

about 0.5 grams exoepted. The solution was, however, 

too oloudy to admit of the reaction being followed by 

polariraetrio readings. On heating at 5 0 for a 

further 2 hours, the amount of undissolved syrpp was 
scarcely affected^ and hence, the temperature was raised 

to 70*. After an hour at this temperature, only a drop of 

the syrup remained undissolved, and the solution became 

sufficiently clear to allow the change in optical 

rotation to be followed. The actual change was very 

small, as indicated in the following readings.

Time after solution. V

3^ hours (as above) - 0.90

4i " at 70 - 0.86

6i " " " • - 0.83

9i " " " ~ p.77
12i « « M _ 0.77

(L , = 2 )
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The solution was then neutralised with silver 

carbonate, and taken to dryness. The product was 

extracted by boiling briskly three times with much 

ether, and the ethereal solution was dried over sodium 

sulphate, and concentrated at ordinary pressure. The 

remainder of the ether was removed under reduced 

pressure, and a slightly mobile syrup, contaminated 

with traces of a waxy matter, was obtained. Analysis 

of this syrup, however, indicated that hydrolysis had 

not been completed; in fact, that 20 to 25 per cent, 

of the syrup was unhydrolysed trlmethyl glucose 

monoacetone.

0.1128 grams of substance gave 0.0761 grams of water, 

0.2086 grams of carbon dioxide; 0.1155 grams of sub

stance gave 0.0809 grams of water, 0.2124 grams of 

carbon dioxide.

0.1211 grams of substance gave 0.3644 grams of 

silver iodide.

Found : -

0 = 50.45 , H = 7.50 , ^00H;^*= 39.7per cent.

50.50 7.81

Triraethyl glucose f Cg H^gOg ) requires : -

0 = 48.64 , H = 8.11 , *OOHg*= 41.9 per cent.
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In order to obtain pure triraethyl gluoose from the 

above, it was dissolved, giving a cloudy solution, in 

150 cos. of pure water. The aqueous solution was then 

shaken with three portions, each of 50ccs., of 

chloroform.

The chloroform extracts were dried over sodium 

sulphate, and on the removal of the solvent, there was 

isolated a fairly mobile, yellow syrup, contaminated 

with the same impurity as had been present in the 

original syrup. Its refractive index was 1.4614.

The aqueous layer was taken to dryness under 

reduced pressure, and extractioii of the residue with 

ether, as previously, gave a slightly mobile, clear 

yellow syrup. Its refractive index was 1.4468. This 

syrup was found to be pure triraethyl glucose, by 

carrying out the following analysis.

0.1115 grams of substance gave 0.0833 grams of water, 

0.1984 grams of carbon dioxide ; 0.1365 grams of sub

stance gave 0.4237 grams of silver iodide.

F o und: -

0 = 48.55 , H = 8.30 , *00H|:^*= 40.9 per cent.

Triraethyl glucose (Cg H^gOg ) requires ;-

0 = 48.64 , H = 8.11 , *OOH , *= 41.9 per cent.
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Rotation#

Solvent. C o n e . L. ^

methyl alcohol 3*652 1 - 0.71* -19.6
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The Preparation of Trimethyl Methylglucoslde.

4.4 grams of trimethyl gluoose were dissolved in 

100 008 . of pure dry methyl aloohol, oontaining 0.5 

grams of hydrogen ohloride. The solution was kept at 

room temperature, and thei o ourse of the reaotion was 

followed by observation of the optioal rotation. In 

about 14 hours the rotation beoarae oonstant. The aoid 
was thereafter neutralised with silver oarbonate, and 

the methyl aloohol removed under reduoed pressure. The 

residue was extracted with ether, and the ethereal 

solution dried over sodium sulphate. On evaporation of 

the ether, first at ordinary pressure, and later at 

reduoed pressure, a yellow, mobile syrup was obtained. 

This was not, however, entirely gluoosidio since, on 

boiling with Pehling*s solution,slight reduction was 

noted. Analysis of the syrup indicated that 20 per cent, 

of it was unchanged triraethyl gluoose, 80 per cent, 

trimethyl methylglucoslde.

0.11115 grams of substance gave 0.0862 grams of water, 

0.2052 grams of carbon dioxide; 0.1191 grams of sub

stance gave 0.0891 grams of water, 0.2188 grams of 

carbon dioxide.

0.0984 grams of substance gave 0.3694 grams of
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silver iodide.

^ ound; -

0 = 50.30 , H = 8.60 , *00H|^ *= 49.6 per oent.

50.32 8.31

Trimethyl methylglucoslde (Gio^SO^S )requires:-
0 = 50.85 , H = 8.47 , *00H^*= 52.5 per oent.

The remainder of the syrup, 3.95 grams, was 

redissolved in 100 oos. of aoid-raethyl aloohol. The 

rotation altered slightly when the solution was kept 
at room temperature, but gluooside formation was 

hastened by placing it in a thermostat at 50*. Under 

these conditions the reaotion was complete in 18 hours.

The product was then isolated as described in the first

part of this experiment. It consisted of 3.8 grams of 

a mobile syrup, bince it was non-reducing it must bo 

trlmethyl methylglucoslde, and this conclusion was 

confirmed by an estimation of the methoxy-oontent.

0.0753 grams of substance gave 0.2943 grams of 

silver iodide.

Pound : - * O C H g ' = 51.5 per cent.

Trimethyl methylglucoslde requires :-

*O C H g * = 52.5 per c e n t .



93

This trlmethyl methylglucoéide is a syrup showing 

the refractive index 1.4550. It is readily hydrolysed 

by boiling with weak aoid to give a reducing product. 

The equilibrium mixture of the gluoosides is laevo- 

rotatory.

Solvent. C o n e . L . ^ jot)t)

ethyl alcohol 3.257 1 - 0.43^ -13.2''

The following figures illustrate the course of 

the gluooside formation described above.

( Cone. = 4.4 , L. = 2 )

Time after solution______  V  o

(at room temperature)

4 minutes 4 0.34  ̂3.86

8 ” fO.59 r6.80

20 ” - 0.61 ' 7.00

34 " - 0.79 - 8.98

44 " - 1^00 -11.36

54 " -1.22 - 13.86

60 ” -1.25 - 14.20

75 " -1.40 -15.90

135 ” -1.79 _20.33

13 - 15 hours - 2.08 - 23.57
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at. M vT ime after solution. _____ _____

(at 30; oon o. = 3.95)

initial - 1.9o'' - 24.05

1 hour -1.74 -22.03

2i " -1.72 -21.64

6& -1.63 -20.63
16* ” -1.13 -14.51

18* ” - 1 . 0 9 - 1 3 . 8 0

2C* " -1.08 -13.68
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The Méthylation of Trlmethyl MethylgluooBide•

The méthylation was carried out by heating the 

syrup for 3 hours with methyl iodide ( 6 mois. ) and 

silver oxide ( 3 mois. ). 3.3 grams of syrup dissolved 

readily in 12.5 grams of methyl iodide, and 10 grams of 

silver oxide were added in three portions at intervals 

of 2 hours. The product was isolated in the normal 

manner by extraction with ether, and the méthylation 

was twice repeated using one half of the above quant

ities. The syrups resulting from the last two 

méthylations had the same refractive index, 1.4450, 

and hence, it was decided that the méthylation was 

complete. The 3.6 grams of the mobile! syrup finally 

isolated, were distilled under the high vacuum of 

the Goede pump. At 0.25mm., distillation went smoothly, 

three fractions being collected, only a very small 

amount of undistillable matter being found. Between 

fractions 2 and 3, there was a definite fall in the 

temperature registered by the thermometer so that 

the fractions were absolutely distinct.I
Fraction Weight B.P.

1 0.1 grams 90“-10o7o.25mm. 1.4450

2 3.28 " 100‘’-10370.25mm. 1.4458

3 0.17  ̂ 140'-150/0.25mm. 1.4509
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The analysis of the main portion, though not 

entirely satisfaotory, was accepted, because reference 

to the original preparation of tetramethyl j-methyl- 

glucoside (Irvine, Pjife and Hogg ) showed that the 

isolation of an absolutely pure product was extremely 

difficult. As in that preparation, an impurity, 

lowering the carbon-content, was present, but there 

is no doubt that the fraction was almost entirely 

tetramethyl i-methylglucoside.

0.1167 grams of substance gave 0.0942 grams of water, 

0.2247 grams of carbon dioxide; 0.0918 grams of sub

stance gave 0.42?52 grams of silver iodide.

Found:-

0 = 52.51 , H = 8.97 , *O O H ^ * = 60.85 per cent.

Tetramethyl methylglucoslde (O^^HggOg ) requires : - 

0 = 52.80 , H = 8.80 , *OCHg*= 62.0 per cent.

The tetramethyl methylglucoslde prepared above 

is laevo-rotatory.

Solvent . G o n e . L .

water 1.334 1 - 0.11 - 8.2^^



97

The Hydrolysis of Tetramethyl )-Methylglucoslde.

2.9 grams of tetramethyl /-raethylgluooside were 

dissolved in 50 o o s . of 0.01 N. hydroohlorio aoid 

and the solution was heated at 100 the o ourse of 

the hydrolysis being followed polarimetrically. To 

ensure that the reaotion had been oompleted, the aoid 

oonoentrâtion was, after 4 hours, raised to 0.1 N. and 

the heating continued for a further 45 minutes. A few 

of the readings observed are given below. Unfortunately, 

owing to the turbidity of the solution, it was not 

possible to obtain the initial v a l u e .

Time after solution.

initial (-8.2'' )

30 minutes - 2 6 . 9

60 ** - 23.8

90 " - 21.3

115 " - 20.4

150 " -18.7

190 " - 16.8

240 ” -15.8

285 " -13.6

Ü
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Whan the reaotion appeared to be complete, the 

solution was neutralised with silver carbonate, and the 

water removed under reduced pressure. On extracting 

the residue with ether, 2.4 grams of a mobile syrup 

were obtained. This was distilled, the main fraction 

being as follows : -

BelRht B . P . 'Ifo
1.9 grams lls'/o.Smm. 1.4564

The above fraction was analysed.

0.1004 grams of substance gave 0.0779 grams of water,

0.1863 grams of carbon dioxide; 0.0320 grams of sub

stance gave 0.3229 grams of silver iodide.

Found Î-

0 = 50.64 , H = 8.60 , 'OOHg*= 51.9 per cent.

Tetramethyl glucose requires 

0 = 50.85 , H = 8.47 , *00H;^*= 52.5 per cent.

The following rotation was observed. 

Solvent Cone. L. ^ 1^3

water 2.047 1 -0.23 -11.2
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In order to complete the identification of the 

material, 0*3741 grams were dissolved in 50 ccs* of 

0.25 per cent, acid-methyl alcohol. The variation in 

the optical properties of the solution was observed very 

closely, and, from the observations made, a curve has 

been drawn ( page 47 ). Only a few readings are given k 

below.

Time after solution M o

initial - 0.35" - 7. o''
2 minutes - 0.06 - 1.2

5 " + 0.14 + 2.8

59 " 1.92 t 38.4

65 ” + 1.93 4 38.6

75 ^ + 1.90 f 38.0

355 ” f 0.09 4 1.8

overnight - 1.11 - 22.2

The syrup isolated from the solution was

reducing, and showed the refractive index 1.4450.
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The Preparation of Monomethyl Gluoose•

In this preparation the method of Irvine and 

Hogg was followed closely (J . O . 8 . ,1914,106,1586).

20 grams of monomethyl glucose diacetone were 

dissolved in 390 ccs. of 50 per c e n t . aqueous aloohol, 

containing 1.58 grams of hydrogen chloride. The 

solution was heated in boiling water, under a 

condenser, for 2 hours, and only a faint tinge of 

colour was developed during that time# After neutral

isation with silver carbonate, the filtered solution 

was shaken with animal charcoal and silica, in turn, 

and then evaporated to dryness under reduced 

pressure. The dried syrup was extracted with warm 

methyl alcohol, and the alcoholic solution shaken 

alternately with charcoal and silica until clear 

and free from traces of silver. On removing the alcohol, 

largely at ordinary pressure and finally at reduced 

pressure, a clear syrup was left. It was purposely 

allowed to retain a trace of solvent to be removed 

slowly in a dessicator. As this solvent was absorbed 

monomethyl glucose crystallised out, and, within 24 

hours, a solid mass of crystals was obtained. The 

product was, however, contaminated with a very
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small amount of gummy impuriities. It was therefore 

dried on a porous plate, and twice reorystallised by 

boiling with methyl alcohol containing a little 

charcoal, isolation and drying being carried out as 

previously. There was finally obtained 13.9 grams of 

pure, crisp, crystalline monomethyl gluoose. The 

compound melted at 157^, and had a specific 

rotation '♦'96*’ •

Partial Separation into - and -Forms.

The total product was dissolved in a large volume 

of methyl alcohol, and the solution was boiled for 2 

hours so that an equilibrium mixture of the ^ - and 

/3-forms could be obtained. The methyl alcohol was then 

removed uhtil the volume of the solution was reduced to 

10 CCS..40 cos. of acetone were added, and 7 grams of 

monomethyl glucose, mainly y -form, (M.P.=159 , =103*^ )

separated out. The remainder crystallised slowly as 

the solvent evaporated in an evacuated dessicator.

The original intention was to compare the extents 

to which the different monomethyl glucoses passed into 

solution and combination with acetone, but, as the 

X - f o r m  was entirely converted into monomethyl glucose 

diacetone, (see below ), this was unnecessary.
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The Oxidation of Monomethyl Glucose.

The oxidation of monoraethyl gluoose was carried 

out as detailed by Levene and Meyer (J .Biol. C h e m ., 

1922, 5 4 , 805). 2 grans of monomethyl glucose were 

dissolved In 50 o c s . of 50 percent, nitric acid, and 

the solution was kept at room temperature for 42 hours. 

It was then divided into two clock-glasses and rapidly 

evaporated to dryness on a boiling water-bath. Each 

residue was moistened with a further 5 c c s . of 50 per 

cent, nitric acid and evaporated as before. The same 

operation was repeated twice with 5 ccs. of water.

The dried material was partly solid, but mainly 

syrup. It was taken up in acetone and ether, and from 

this solution crystals were obtained. The reaction, 

however, was not satisfactory. The best yield of crys

talline material from 2 grams of monomethyl gluoose 

was 0.54 grams, and that product was impure. On that 

account, the experimental conditions were several 

times varied, but no improvement on the above was found 

possible. In all, 10 grams of monomethyl glucose gave 

1.3 grasra of impure monomethyl saccharo-lactone. This 

was recrystallised several times from acetone and 

ether.
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Owing to the fact that the material was not dried 

at a sufficiently high temperature, the results of 

analysis are more in agreement with monoraethyl saccharic 

acid, than the corresponding lactone. Perhaps, also, a 

trace of oxalic acid was present. The melting point, 

however, was (Levene and Meyer, 206*’- 207*’).

0.1114 grams of substance gave 0.0505 grams of water, 

0.1550 grams of carbon dioxide; 0.1108 grams of 

substance gave 0.0504 grams of water, 0.1537 grams of 
carbon dioxide.

0.0829 grams of substance gave 0.0922 grams of 

silver iodide.

Found : -

C = 37.94 , H = 5.04 , ^ O C H g 14.8 per cent.

37.83 5.09

Monomethyl saccharo-lactone (Oy H^QOy ) requires :- 

0 = 40.78 , H = 4.89 , ^OOHg * = 15.01 per cent.

Monomethyl saccharic acid (Cy H^gOg ) requires : - 

0 = 37.50 , H = 5.35 , *OCH *= 13.9 per cent.

Monomethyl glucose (Oy H^^Og ) requires : - 

0 = 43.30 , H = 7.22 , *OOHg* = 15.98 per cent.

Monomethyl glucono-lactone (Oy H^gOg ) requires : - 

0 = 43.75 , H = 6.25 , ♦00H3*= 16.4 per cent.
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0.0780 grams of substance, dissolved in water, 

required for immediate titration 7.1 ccs. of 0.0903 N. 

sodium hydroxide. On allowing the solution to stand for 

1 hour with an excess of the above alkali, 10.6 c c s . of 

0.0903 N. sodium hydroxide were utilised. The theory 

for the lactone requires 5.4 ccs., and for the dibasic 
acid 10.8 c c s .
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The CondenBatlon of Monomethyl Gluoose with Acetone.

4 grains of dry, finely-powdered monomethyl gluoose 

(mainly it -form, as isolated in the previous experiment), 

were added to 100 ccs, of acetone containing 1 gram of 

hydrogen c>iloride, in a small bottle, and the mixture 

shaken on a mechanical shaker. After 6 hours the 

monomethyl glucose had passed into solution, and the 

liquid was kept for a further 36 hours. It was then 

neut^’alised with lead carbonate and the acetone was 

removed under reduced pressure over a little barium 

carbonate. The residue was extracted with ether and the 

ethereal solution , after being dried over sodium sul

phate, was reduced to a thin syrup at ordinary pressure. 

On removal of the last traces of ether under reduced 

pressure, there remained 5,2 grams ofi a mobile, 

yellow syrup.

In mobility, the syrup resembled monoraethyl glucose 

diacetone, though its refractive index, 1,4560, was 

slightly higher. It was easily soluble in organic 

solvents, almost insoluble in water. Further, it 

reduced Pehling/s solution only after hydrolysis with 

weak aoid had been carried out.

The syrup was distilled at a pressure of 8 mm., 
and the following three fractions were collected.
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Fraction Weight B.P.

1 0.304 grams 9 143/8mm.

2 3.628 ** 143-14578mm. 1.4551

3 0.625 " 145-15873mn. 1.4551

Residue:- 0.52 grams of a dark stiff substance 

similar to the * still residues* obtained in the 

distillation of monomethyl glucose diacetone.

In all acetone condensations, mesityl oxide is 

formed, and as, in this case, no means had been 

employed to remove it, the distillates were all 

slightly yellow, and smelt of that substance. The fact 

that even the third portioij was so contaminated, 

suggests that even a little phorone might have been 

formed. These impurities, however, must have been in 

small amount as the following methoxy-estimation, 

carried out on the main portion of the distillate, 

shows.

0.2653 grams of substance gave 0.2120 grams of 

silver oxide.

Found:- = 10.55 per cent.

Monomethyl glucose diacetone (C H 0 )

requires : - '*0GHg*= 11.24 per cent.
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The product was further identified with mono- 

TTiethyl glucose diacetone by its rotation.

Solvent Gone. L.

ethyl alcohol 5.804 1 -1.92 " - 3 3 . 0 7
ft

o

The residue left after extraction with ether in 

the above operation was examined for monoraethyl 

glucose, but no trace of a reducing sugar was found.
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DISCUSSION OF RESULTS.

In building up a formula to represent glucose 

diaoetone, it is necessary, first, to place the free 

hydroxyl group. The work of Irvine and Hynd and of 

Irvine and Scott has already restricted this group to 

either of positions 5 and 6 in the glucose chain, and, 

hence, it is only necessary to recapitulate that 

evidence which will enable us to make a choice between 

these two positions.

Irvine and Scott advocated position 6, because 

Irvine and Hynd, from the oxidation of the corresponding 

monoraethyl fructose, obtained as the principle product 

of the reaction, a compound for which the analytical 

figures agreed with the calculated values for dihydroxy- 

methoxybutyric acid, and which was sl^own to be incapable 

of forming a lactone even when subjected to prolonged 

heating at 100 in vacuum. This failure to give 

lactone formation, since it is attributable to the 

mehhyl group being in the 1-position with reference 

to the carboxyl group, was evidence in favour of the 

6-position, Further, the alternetive 3-position was 

completely at variance with the results obtained in 

the study of the isomeric fructose monoacetones (
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Irvine and Garrett, J .0 .S . .T.. 1920, 1277 ).

Irvine and Hogg corroborated the above conclusion* On 

oxidation of the monomethyl glucose obtained from 

glucose diacetone, with nitric acid, they isolated, as 

the only product of the reaction, a monomethyl glucono- 

lactone. It is important to note that the oxidation 

was carried out by means of nitric acid and under 
conditions which normally convert sugars to dibasic 

acids * It appeared,therefore, that the methyl group 

replaced the hydrogen of the primary hydroxyl group 

and thus precluded the formation of a dibasic acid.

This view is favoured, too, by the fact that, should 

glucose diacetone be a member of the |'-series and 

I'-glucose be represented, as was thought likely, by 

an ethylene- or propylene-oxide linkage, the non- 

glucoside acetone residue can combine with two 

adjacent carbon atoms, 4 and 5, giving a five- 

raerabered ring*

On the other hand, the oxidation by Levene and 

Meyer of t h e 'same monomethyl glucose produced a 

monomethyl saccharo-lactone, and this work has been 

corroborated in the present investigation* At first

sight, the small extent to which thÈs product is formed
eraises that suspicions that monomethyl glucose may not be 

uniform. This possibility must be kept in view, but
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the Bimpler explanation is that the more drastic 

methods employed by Levene and Meyer carried the 

oxidation a stage further than the reagents used by 

Irvine and Hynd, and Irvine and Hogg, and since this 

was done without the removal of the methoxyl group, we 

must conclude that this group, and accordingly, the free 

hydroxyl group in glucose diacetone, is in the 3-position 

As is already indicated on page 13, this conclusion is 

supported by the work of Freudenberg and Doser. Their 

results demand that, either the hydrazine group, and 

hence the free hydroxyl group, is in the 3-position, or 

a wandering of the hydrazine group should take place 

during the hydrolysis in concentrated hydrochloric 

acid. The latter alternative is considered unlikely; 

there is apparent no particular reason why such a 

wandering should take place from position 6 to either 

position 3 or position 1.

It is therefore concluded that glucose diacetone 

is so constituted that it has a free hydroxyl group in 

the 3-position, and, accordingly, the monomethyl glucose 

obtained from it must be 3-monomethyl glucose.

It is next necessary to decide whether glucose 

diacetone belongs to the normal or /"-series of sugar 

compounds. In favour of the former alternative we
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have the fact that, on méthylation and hydrolysis, 

glucose diacetone yields a 3-monomethyl glucose which 

is a member of the normal butylene-oxide series of 

compounds. Hydrolysis, however, may be misleading, as 

in the case of sucrose and inulin; if the hydroxyl 

group in the 4-position is unsubstituted, and this is 

80 in the presmnt example, the possibility is always 

open that, subsequent to the hydrolysis of the 

substituents, the oxygen-1inkage alters from the 

unstable to the stable position. All evidence based on 

the nature of the 3-monomethyl glucose must therefore 

be discredited, and no further experimental evidence in 

sùpport of this view is available. Two pieces, of 

what might be called circumstànlial evidence, may, 

however, be mentioned: the occurence of )^-glucose as 

a constituent in glucose compounds is not, so far as 

is known, common: the assumption of the butylene-oxide 

structure allows of the ready insertion of the two 

acetone residues, as below, so as to form five-membered 

rings, without interference with the 3-position,
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OH -0
I C,M0p
OH 0 ^

0 I GLUOOSE DIAOETONE.
OH. OH
I (Macdonald,

—  OH
I Freudenberg and Doser,
OH - 0.

^QMeg Karrer and Hurwitz. )

On the other hand, the second alternative is 

supported by considerable experimental evidence. It is 

within reason to state that glucose diaetono is a 

member of the «^series on nothing more than the evidence 

just obtained, that it can be converted into tetramethyl 

j"-glucose, by a series of steps which do not permit of 

the oxygen-1inkage being changed from an unstable to a 

stable position. Every step, however, in this scheme 

can be connected, in some way, with the ^-series of 

compounds, and hence the scheme is reproduced below.
n

GLUCOSE DIACETONE. - 1876"

MONOMETHYL GLUCOSE DIACETONE - 3 2 . 6 “
i

MONOMETHYL GLUCOSE MONOACETONE - 3 4 . 5 “
vl

TRIMETHYL GLUCOSE MONOACETONE -29.4"

TRIMETHYL GLUCOSE -19.5 o
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jr C<7„

TRIMETHYL MEÏHYLGLUCOSIDE -TfTS"*'

TETRAMETHYL METHYLGLUOOblDE -8.2 O

TETRA1.ÎETHYL, GLUCOSE -11.2

One of the chief characteristics of the j-sugar 

is that the sign of the rotation is opposite to that 
of the corresponding butylene-oxide compound. This 

condition is fulfilled by every product in the above 

series of operations. Each compound, however, will be 

dealt with in turn.

Glucose diacetone may be formed by the action of 

acld-acetone on -r lue ose and upon /-methylglucoside ; 

the ordinary methylglucosides are, however, unaffected 

by acid-acetone. Monomethyl glucose diacetone may be 

formed by shaking 3-monomethyl glucose ( - ov fl- )

with acid-acetone, but 3-monomethyl -or /3-methyl- 

glucoside is unaffected under the same conditions.

This suggests that the formation of the acetone 

compounds requires a readjustment of the molecular 

structure, this readjustment being possible in the 

free sugars, but precluded in the - and /3-methyl

glucosides. Further, it would appear that ^-methyl
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glucoside has already the required molecular structure, 

anassumption which is supported by the fact that 

Irvine, Fyfe and Hogg (loc. cit.), in endeavouring 

to methylate J"-raethylglucoside in the presence of 

acetone, obtained a compound which had been formed by 

the union of the sugar with acetone. Again, glucose 

diacetone is a reactive substance, readily hydrolysed 

by weak acid, under conditions almost similar to those 
which are effective in hydrolysing sucrose; yet sucrose 

contains j-fructose. If dissolved in methyl alcohol, 

in the presence of acid, glucose diacetone is slowly 

converted into methylgluooside, but, if the operation 

is carried out at room temperature, the rotation, though 

it becomes positive, remains only very slightly so; this 

small positive rotation might readily be accounted for 

by a trace of free glucose being formed, reverting to 

the stable type, and being converted, in turn, into 

the normal and/^-methylglucosides. Even on heating 

the solution, the value of the positive rotation 

increases so slowly that the change is analogous 

with that which takes place when j'-methyIglucoside 

is similarly treated. The corresponding fructose 

diacetone is a member of the normal series of 

fructose compounds, and the sign of its rotation is the
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sam© as that of the parent sugar; gluvose diacetone, 

on the other hand, is laevo-rotatory, while glucose 

is dextro-rotatory. These facts all seem to connect 

glucose diacetone with the )-compounds.

Reference to the scheme above shows that, in 

trimethyl glucose, and in all the products isolated 

between glucose diacetone and this compound, the 

laevo-rotation is preserved. This trimethyl glucose 

has been obtained by several authors previously; all 

do not agree as to the exact value of its rotation, but 

each has found that it was laevo-rotatory. Yet, with 

the exception of tetramethyl ^-glucose, the - and 

?f orms , and the equilibrium mixture of the A - and 

,3-forms, of glucose and of all partially methylated 

glucoses, have been found to be dextro-rotatory. 

Further, the m u t a -rotation of glucose and of the 

substituted glucoses, consists of an increase in dextro

rotation, indicating that the more reactive form of 

low rotation is the less stable form. Irvine and Scott
i

(loc. cit.), howevr, found that, in this trimethyl 

glucose, the more dextro-rotatory,or less laevo- 

rotatory, isomer was the less stable one, since, on 

mutarotation, an increase in value took place, /-a )

= “6.2 to =-8.3 . This is supported by the
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rotation changes observed during glucoside formation; 

on solution in acid-methyl alcohol, the rotation of 

the trimethyl glucose was converted almost immediately 

from laevo- to dextro- and then gradually a laev^- 

rotation was again produced. These changes, laevo- ^  

dextro- -9 laevo-, are of the same nature as those 

observed when tetramethyl y-glucose is dissolved in 
the same medium, and are the opposite of those produced 

in the formation of the methylgluooside of an ordinary 

butylene-oxide glucose, dextro- less dextro-

more dextro-. Further, the short ttme required for the 

formation of the methylgluooside connects the compound 

with tetramethyl ) -glucose rather than tetramethyl 

glucose.

From the laevo-rotatory trimethyl methylgluooside, 

a laevo-rotatory tetramethyl methylgluooside was 

produced by méthylation. This compound has already been 

compared with the other forms of tetramethyl methyl- 

glucoside, and the properties which it has in common 

with tetramethyl )-methylgluooside have been 

emphasised. Its hydrolysis to tetramethyl glucose is 

performed under the mild conditions which bring about 

the same change in tetramethyl )-methylgluooside, and 

the same general changes in the value of the rotation
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are observed, laevo- inoreaaed laevo- decreased 

laevo- , see graph, page 45 ). The tetramethyl glucose 

isolated from this experiment was identified with 

tetramethyl j^-glucose by its physical and chemical 

properties. In particular, attention is drawn to the 

fact that, when the compound is dissolved in acid- 

methyl alcohol, the optical variations in the solution 

are almost completely analogous to those produced 

during the formation of tetramethyl /-methylgluooside, 

and are entirely different from the corresponding 

changes during the formation of the X- and /3-methyl- 

glucosides. This has already been emphasised in the 

graph on page 47, and, if we$ remember that the con

centration of tetramethyl glucose used in this case 

was more than twice that employed by Irvine, Fyfe and 

Hogg, (loc. cit.) any small differences between the 

present curve and that for the corresponding reaction 

in the /^series, are accounted f o r . Although optical 

observations were made every few minutes, the curve 

showed no other peculiarities than those already 

indicated. Glucoside formation was complete in a few
j

h o u r s , whereas the formation of tetramethyl and/l- 

raethylglucosides under the same conditions is 

incomplete after 30 days.
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All this experimental evidence can not be neglect

ed; it is necessary to conclude that glucose diacetone 
is formed by the condensation of J^glucose, not normal 

butylene-oxide glucose, with acetone. Unfortunately, 

the nature of the oxygen-linkage in J^-glucose has not 

been definitely decided. From the facts before us, 

however, it is possible to evolve a structure which 

is consistent with most of its reactions.

Since }-glucose can, through glucose diacetone, be 

converted into 3-monomethyl glucose, the oxygen- 

1 inkage can not be made through the 3-position. The 

other possibilities are illustrated below.

0

CH. OH
I
CH. OH
I
CH. OH 

CH

CH. OH 
»

CHg.OH

(1) 
Butylene- 

oxide.

r- CH.OH
0 r

CH
I
OH. OH
I
CH. OH
I
OH. OH 
I
CHg.OH

(2 ) 
Ethylene- 

oxide.

-CH. OK
I
OH. OH 

i I
0 CH.OH 

I
OH. OH
I

—  OH
I
GHg.OH

(3) 
Araylene- 

oxide.

r-CH.OH 
I
OH. OH
I
CH. OH

0
CH. OH 
I
CH. OH 

—  OHg
(4) 

Hexalene- 
o x ide.

Formulae (1) and (4) may be eliminated; the former 

is the structure of the normal glucose and the latter
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involves the very improbale formation of a eeven-member- 

ed ring. To distinguish betv/een the other two formulae, 

we may insert in eaoh two acetone residues; the most 

probable representations of the glucose diacetone so 

formed are given in (5) and (6 ) below. It is very 

improbable, however, that a compound can exist that 

could be formulated as in (5), since, in that case, a 

seven-membered ring.would be formed. Even though a 

compound of this nature was produced, its instability 

would be such that the hydrolysis of glucose diacetone 

in stages could not be explained. Glucose diacetone can, 

therefore, be best represented by formula (6 ), and 

j"-glucose may, accordingly, be written as in (3).

[ - CH - 0 
0 ! \

CH \
1 C.Meo
CH.OH /
1 ^
CH - 0 
1
CH - 0  

CHg-O

(5)

C .Meg

- CH - 0  
I
CH - 0 
)

0 CH.OH

C .Meg

CH - 0
( ^CH
) /
OHg-O

(6)

C .Me,
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Before accepting these formulae finally, however, 

it must be shown that (3) is not opposed to the findings 

of Irvine, ryfe and Hogg (loc. cit.) on /"-glucose and 

that (6 ) does not confute the arguments of Irvine and 

Patterson (loc. cit.) regarding the structure of fructose 

diacetone. Further, it is necessary to examine whether 

or not (6 ) is consistent with the general rules of 

stereochemistry, and if, also, it may be used to 

interpret all the reactions of glucose diacetone.

Since partially and fully methylated derivatives 

of /"-glucose show m u t a -rotation, it may be concluded 

that the oxygen-linkage is of the same nature, though 

not the same, as that found in the normal d - and /?- 

rlucoses, and further, the instability of /"-glucose 

implies that the linkage is such that a certain strain 

is developed. Formula (3) is so far consistent; the 

Baeyer Theory of Strain indicates that a dix-membered 

ring would revert to the more stable five-raembered ring 

whenever possible. Formula (3) ought also to interpret 

the results of Irvine, Fyfe and uogg. These results 

may be summarised as follows : -

(a). Tetramethyl /"-glucose fails to form an osazone.

(b). It may be converted into a tetramethyl hexitol 

which has two hydroxyl groups in spatial proximity.
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(c). It may be oxidised to a lactone which is different 

from that obtained from tetramethyl o{ -and 9- 
glucose.

Assuming the formula (3), tetramethyl j^glucose 

may be written as in (7).

-CH.OH 
(

CH.OCH3 
I

0 OH.OCH3 

CH.OCH3

TETRAMETHYL

^-GLUCOSE.

-CH #  (7)
I
CHg.OCHg

Theabove compound would not form an osazone; it is 

not improbable that it would give a lactone since it has 

been shown that and ^-hydroxy acids lose a molecule 

of water, the former forming a five-merabered ring, the 

latter a six-membered ring, and this lactone would not 

be the same as that obtained from the normal methylated 

glucoses. The hexitol derived from the above tetramethyl 

J^-gluoose would have two hydroxyl groups in spatial 

proximity, but, the work of Boeseken (B e r «, 1913,

2612 ) on which conclusion (b) depends, demands 

rather, that the hydroxyl groups be attached to two



122

adjacent carbon atoms. This condition is not fulfilled. 

Since, however, a full study of Boeseken’s methods has 

not been made in relation to the sugar group, the above 

representation of -glucose and of tetramethyl j^gluoose 

is not invalidated.

It is impossible to consider the constitution of 

glucose diacetone without reference to the parallel com

pound, fructose-ot-diacetone . Irvine and Batterson, (loc . 

oit.) have shown that this compound is a member of the 

normal series of sugar compounds, and have therefore 

written as in (8 ), Since then, however, it has been 

proved that the free hydroxyl is in the 3-position, 

and, accordingly, a rearrangement is necessary. If, h o w 

ever, the acetone residues are attached in practically 

the same way as in glucose diacetone above, (6 ), a 

formula is arrived at, (9), inthe light of which all the 

reactions of fructose diacetone are interpreted.

CH - 0 , , CH - 0
> C.Mep
C -  0 ^

V

0 ) C.Mep 0
CH - 0  ^

CH (8 )
I
CHg.OH CHp-0

FRUCTOSE- -DIACETONEà

C ,Mep
C - 0 '
I
CH. OH 
I
CH - 0 
I \
CH C .M e„ (9 )
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At first sight, it would appear that the identi

fication of glucose diacetone with the (K-series, and of 

fructose fliacetohe with the normal series, is 

inconsistent; a co^’̂ parison of formulae (6 ) and (9), 

however, shows that the very fact that fructose 

diacetone is normal is evidence that glucose diacetone 

may belong to the unstable j<-series.

Glucose may now be written so as to show its space 

configuration, and , from this, the space configuration 

of j<-glucose may be derived.

H.C.OH 
' '  '   ̂

H .C .O H ".
{

HO.C.H /
f

\ r

H.C''
!

H.C.OH 

CHgOH

(10) 
o/ -GLUCOSE

0

HO.C.H» 'v
H.C.OH

\

HO.C.H ^ ' 

H.C"
f

H.C.OH
\
CHgOH

(11)
-GLUCOSE.

'0

H.C.OH '

H.C.OH '

HO.C.H p

H.C.OH/
1

H.C'-'

CHgOH

(12)

HO.C.H \
I '

H.C.OH \ 

HO.C.H b 

H.C.OH,
f '

H.C--'
V«

CHgOH

(13)

Possible (- and /9-PORHS 

of >^GLUCOSE.
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H,

H.C.-O^ 0 - 0 . h \  h. 0^-0^ 1 ,
• C.Mep G.Me^ < 0 .Meg

H . G - 0 ' . ^  H . G - 0  -, ^ H . G - 0 ^
( I ' ‘ (

HO.G.H 6 HO.G.H Ô H.G 0 ^
f / I  ̂ ~ ' ---- G .MGp

H.G.OH H.G.OH ^ 0  —  G.H
♦ I

H.G" H.G " 0 —  G.H -
I I » »
GHpOH GHpOH • 0 - 0 .  3 .

; _ _ H 2 _ ) g .M92
(14) (15) (16)

Possible forms of MANNITOL
GLUCOSE MONOAGETONE. TRIACETONE.

If we assume that tiie glucosidio glucose monoace- 

ton e is first formed, it must be represented by either

(14) or (15). Either form is possible, since Irvine and 

Paterson (J.G.S.,T., 1914, 105, 898) have shown that 

mannitol triacetone is represented by (16), and this 

formula includes two trans-linkages. rreference, 

nevertheless, is given to formula (14), as the cis- 

1inkage there involved is more in keeping with the 

known stability of the glucosidic acetone residue. The 

second acetone residue may therefore link together two 

hydroxyl groups placed transversely but adjacent, in 

the 3- and 4-positions, or the two hydroxyls in the 4- 

and 6 -positions, which may, or may not be situated 

transversely, a six-membered ring being formed. Either



125

of these assumptions would account fot the instability 

of the second acetone residue. Since, however, it has 

been proved that the three hydroxyl group is not involved 

we must assume that the acetone residue prefers to con

dense 80 as to involve the formation of a six-membered 

ring with a probable cis-linkage, rather than the f orm

ation of a five-membered ring with a trans-1inkage. In 

making this assumption, we are going contrary to a state

ment already made, that acetone condenses preferentially 

with two neighbouring hydroxyl groups. The evidence 

supporting this view is, however, gained from the study 

of straight chain compounds, and glucose does not react 

in this form. Moreover, Fischer showed that, even in 

straight ghain compounds, condensation sometimes 

involved/3-carbon atoms, and, in the sugar compounds, 

this view is supported by the work of Purdie and Y o u n g ,

( J .0 .S . ,T, gapy, 1906, 89_, 1196) on acetonerhamnoside.

Incidentally, examination of the space 

configuration of glucose gives a further argument in 

favour of the j^-structure for glucose diacetone.

Glucose diacetone may be prepared most readily by the 

action of acid-acetone u p o n /?-glucose, and ,accordingly, 

it has been suggested that the laevo-rotation of the 

compound was merely due to the presence of g].uco8e

as the chief constituent; for instancef'methylgluc-
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-oside is laevo-rotatory. The experimental evidence has 

shown that this is not the case, but an examination of 

the configuration of /3-glucose, (l% ) might have led 

us to anticipate this result. On this assumption, the 

glucosidic acetone residue would link together two 
hydroxyl groups on opposite sides of the lactone-ring 

and there would be a certain amount of strain in the 

ring formed. This is borne out by reference to mannitol 

triacetone, the acetone residues of which are hydrolysed 

in the order 3.,2.,1 . It may, therefore, be decided 

that a glucose diacetone formed from /1-glucose would 
readily lose its glucosidic acetone residue, and, if 

the natural reactivity of the reducing group is kept 

in mind, there is little doubt that the hydrolysis of 

this glucose diacetone, would entail the removal, first, 

of the glucosidic acetone residue, and then, of the 

other, bince the reverse is the case, we might have 

anticipated that glucose diacetone was not a direct 

product of/3-glucose. The advantage gained by the use 

of /3- rather than 4 -glucose must be dependent upon 

its greater solubility. Normally the /^-glucose, under 

the conditions of the experiment, acid being present, 

would be quickly converted into V-glucose, but, in 

acetone, the j^-form is produced and this combines
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with the solvent.

The foregoing has shown that the new representation 

of the structure of glucose diacetone is consistent with 

most of the observations regarding the structure of 

J^-methylg lue oside and its derivatives, with the fact 

that fructose diacetone is a derivative of a normal 

butylene-oxide fructose, with the known configuration 

of, glucose, and with the course of the hydrolysis 

of glucose diacetone. That it may be used to interpret 

the experimental work carried out here, and by previous 

authors, may now be illustrated.

(a) The conversion of glucose diacetone into 3 -mono- 

methyl glucose and tetramethyl J^-glucose.
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(b)
The starting point of Levene and M e y e r ’s work 

is the normal 3-monomethyl gluwose and the formation 

of this compound has been indicated above.

(c )
Freudenberg and D o s e r ’s work is similar to the 

above in that, though a 3 -monosubstituted compound is 

not actually isolated, the formation of such a compound, 

even for a short time, is implied. Reversion of the 

monosubstituted J"-glucose to the stable type, or even 

to the aldehydic form, may therefore take place.
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I 0.Mep
OH - 0  
♦
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Although, aa has been shown, the formula suggested 

above may be used to interpret the known cheraiwal 

reactions of glucose diacetone, there is still one 

property of the compound, viz., its laevo-rotation, 

which should be taken into account. This property 

must, in some measure, be attributable to the X-glucose
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molecule on which glucose diacetone is based and so may

be considered in connection with the parent molecule. To 

simplify discussion, glucose and the variety of ^^glucose 

80 far advocated in this work are formulated below so 

as to show their spatial configuration.

H OH H OH
G. 0 .

H.C.OH ^ H.C.OH"
I \ 0  ( "

HO.C.H - HO.C.H 0x /
I ^ I

H.C" H.C.OH, ^
( I

H.C.OH H . C "
I I
CHgOH CHgOH

(10) (12)
GLUCOSE. J-GLUCOSE.

A comparison of these two formulae provides no 

reason for the change of sign in rotatory power which 

takes place when glucose is converted into I'-glucose. In 

fact, such a change is opposed to certain current views 

regarding the influence of configuration on rotation, 

these views being advocated mainly by Anderson (J. 

Physical C h e m , 1916, 20, 269 ). Anderson contends 

that the present explanation of the isomerism of the 

M -  and -forms of the monoses is faulty, and that the
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existence of X - and /3-forma is due, not to the tendency 

of the glucosidic hydroxyl group to take up a certain 

definite position, but to the power of the oxygen-link- 

age to vary between two positions. By a comparison of a 

large number of sugars, he obtained considerable evid

ence in favour of his ideas, and these are applied, as 

below, to glucose.

, OH OH 
. - " (

0^ H.C.OH 
" ' . I 

' O.H
I

H.O.OH
\

H.O.OH
t
OHgOH

-GLUOOSE
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I '
OHOH ',
( .0 

H.O- -
I

HO. O.H
I

H.O.OH
f

H.O.OH
\
OHo OH

(18)

-GLUCOSE

According to this interpretation, the difference 

in rotation of the and -glucoses is due to the 

lactone rings being formed on opposite sides of the 

molecule.

Although these ideas have not developed in 

regard to the - and /d-forms of the mônoses, and 

certainly do not apply to the ̂ - and/^-methylglucosides, 

they are worthy of discussion in a consideration of 

^--sugars, for it is known that, in these compounds,
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the oxygen-linkage ia^^not the same as in the normal 

stable aeries, and, further, the difference between the 

rotation of the normal sugar and that of the J<-sugar is 

BO great, that some such complete transformation of 

structure would appear necessary. In glucose, then, 

assuming that the usual five-atomic ring represents 

the normal glucoses, a laevo-rotation could be 

produced by the formation of a four-atomic ring, between 

positions 1 and 3, or a seven-atomic ring, between 

positions 1 and 6 , the latter provided that the terminal 

hydroxy-group is in the * trans * position to the hydroxy- 

group in the 5-position. The former of these two 

possibilities was adopted by Irvine and Patterson (ioc. 

cit.), but, in view of the oxidation of monomethyl 

glucose to give a methyl saccharic acid, it i's no 

longer tenable. The 1:6 variety of glucose is 

formulated below:-
OHOH 

/ \
H.G.OH 

*
HO.G.H

/

/

° H.C.OH 1 16-Yarletj^of
I

\ H.C.OH 
N  I 

GHg

^-glucose.

(19)
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This involves the formation of a seven-membered ring, 

and, on that account, may be considered improbable. The 

possibility can not, however, be dismissed too summarily, 

as the peculiar instability of j^glucose is not opposed 

to such a structure. The formula is open to many object

ions. For example, if correct, the reduction of 

tetramethyl j^-glucose should lead to a hexitol with two 

hydroxyl groups unfavourably situated for reaction with 

boric acid, whereas the reverse is the case. In addition, 

oxidation of the methylated sugar should yield a dibasic 
acid in place of the substituted glueono=lactone obtained 

by Irvine, Fyfe and Hogg (loo. cit.). Nevertheless, the 

above formula is the only one which will account readily 

for the change of rotation from positive to negative.

Applying the same principles to fructose, J^-fructose 

would be represented as below, (2 0 ), a six-atomic ring 

being formed.

GHpOH
I
G.OH
> ' ' V

HO.G.H

H.G.OH

H.G" '
\
GHgOH

FRUGTOSF

"0
0

GHoOH

,G.OH
' ' \ 

'HO.G.H

H.G.OH
I

H.G.OH 

' CHg

(20)
2:6 variety of 

FRUGTOSE.
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In view of these considérâtions there reaming 

the possibility that glucose diacetone is best 

formulated as a derivative of 1:6 glucose. This formula 

interprets almost equally well the results obtained by 

the various investigators ; its chief defect is that it 

does not account for the instability of the non- 

glucosidic acetone residue, and implies that, in the 
parallel compounds, glucose diacetone and fructose 

diacetone, this peculiarity is due to two different 

causes.

The results of the investigation, therefore, lead 

to two alternative conclusions, viz., that the glucose 

acetones may be formulated according to the schemes 

set forth below : -
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GLUCOSE DIACETONE.
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