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An effective, and rapid permethylation
of complex carbohydrates
noted in the head
ing is to be reported in this letter. Methy
lation of a complex carbohydrate is a difficult
and painstaking
task, but if successful, it
offers good confir_nation of the chemical
structure (e.g. 1-3)..
With more recognition
of the significance of complex carbohydrates,
roles played in determination
of specificities
of hormones, immunity, biological transport,
and in various pathological
phenomena, it
has become more urgent to learn the chemical
structure.
For this purpose, permethylation
on a micro scale applicable to the complex
carbohydrates is desired.
The alcoxide for
mation, greatly catalyzed by methylsulfinyl
carbanion (I) in dimethyl sulfoxide, followed
by methylation with methyl iodide was found
to be applicable, in some degree, for this
purpose.
Since Whistler
and BeMiller
des
cribed an extraction of glycogen from tissue
by dimethyl
sulfoxide (4), 'non-aqueous'
chemical reactions might be carried out in
this extremely polar, but stable solvent. Not
only glycogen but also 'Fr. 4-urinary glyco
protein'
(5, 6), ovomucoid, a certain sub
fraction of the Wilson gastric mucin, and
various glycolipids were found to the more
or less soluble in this solvent. Therefore, it
was undertaken to demonstrate the presence
of various kinds of acyl residue in this solvent
by ` hydroxylaminolysis'
of the urinary glyco
protein * While studying along this line, the
author learned that Corey
and his group
developed
a new reaction,
using methyl
sulfinyl carbanion, the conjugate
base of
dimethyl sulfoxide (7). The Witting type
synthesis was achieved with great ease (8, 9)
by a strong nucleophilic
property of the
carbanion
on one hand, and on the other
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the alcoxide formation of hydroxyl group of
the aromatic, oxo-cyclic compound*, and of
cyclitol** was greatly accelerated by virtue
of a strong de-protonation
activity of this
carbanion.
It was considered that the prin
ciple of the reaction could be applied to the
alcoxide formation
of carbohydrates,
and
hence to the methylation of carbohydrates of
even a complex structure.
The proposed
reaction
may be comparable
to reacting
carbohydrates
with sodium in liquid am
monia, followed by methylation
(10-13).
The present method, however, has obvious
advantages in that the reaction is more rapid
and complete when catalyzed by the car
banion, can be controlled by the amount of
the reagent added, and can be carried out
at room temperature
in one continuous
process without the use of complicated ap
paratus.
Furthermore
the co-presence
of
sodium ion and the carbanion possibly pro
hibit various undesirable effects of sodium.
Two steps of reaction shown below were
carried out in one process as described later;
1) R-O-H+CH3-SO-CH2,(I)
Na+->R-O
CH,-SO-CH,,
2) R-0 Na++CH3I-.R-O-CH3+NaI

Na++

As a model experiment, cerebroside, gly
cogen, and ovomucoid were methylated by
the following procedures:
1) Cerebroside; 20
50 mg. of cerebroside, dissolved in a few ml.
of dimethyl sulfoxide, were mixed in a small
flask, with a magnetic stirrer, under a nitro
gen stream, with an amount of methylsulfinyl
carbanion equivalent to the hydroxyl content
* Private communication from Dr . Uda, De
partment of Chemistry, Faculty of Science, Tohoku
University, the work being in the press.
** Unpublished observation of Dr . Uda, made
in formerly professor Dr. Fujise's laboratory, Tohoku
University.

unpublished.
205

206

of

Letters

the

cerebroside.

The

carbanion

to

the

was

generated
according
to the method
of
C h a y k o v s k y and Corey (7) by dissolving
a weighed amount of sodium hydride
in
dimethyl sulfoxide. The amount of sodium
hydride
was roughly
equivalent
to the
hydroxyl content of the cerebroside.
The
mixture was stirred under a nitrogen stream
for ten minutes at room temperature, then
an excess of methyl iodide was added and
further
stirred for twenty
minutes.
The
reaction mixture was diluted with water and
was followed by extraction of the methylated
products
with chloroform,
washing
with
water, and evaporation in vacuo. The residue
was taken up in a few ml. of ether-petroleum
ether mixture, and washed with water to
remove traces of dimethyl sulfoxide.
The
solution was then evaporated under nitrogen
leaving a crystalline residue. The infra-red
spectra of this product (Fig. 1. I) had no
absorption
at 3200-3700 cm.-t and
was
almost identical with the pattern of perme
thylated cerebroside (Fig. 1. II), which was
obtained by three repetitions of the Purdie

methylation in dimethylformamide(2). [a]D
=-16.5°, c=2, in chloroform. Fatty acid
methyl ester, and the sphingosine fraction
were obtained from the methanolysate (in
10% HCl-methanol). Hydrolysis of the
methanolysate in 0.5N H2SO4 gave only
one spot corresponding to tetra methyl-gala
etose (pyranose) on paper chromatography.
Thus, it is evident that galactosidic, and
acid amide linkages had not been attacked
by the sodium carbanion, and only the hy
droxyl groups had been methylated. Perme
thylation of cerebroside is more difficult to
do than was predicted; the author observed
that it was necessary to repeat the Purdie
type methylation four times in chloroform,
or even two times in dimethylformamide.
The present method was completedwith only
one treatment within one hour, including
isolation. 2) Glycogen;Glycogen(80-100 mg.)
was methylated by the same reaction as
described above, except that the duration of
time for reaction with the carbanion was
prolonged to six hours, and that with methyl

Editors

iodide was prolonged `overnight'.
Isolation
of the product was done by dialysis in run
ning water, and lyophilization.
Although
one treatment gave an almost permethylated
product with a methoxyl content of 39%,
which was freely soluble in chloroform and
carbon
tetrachloride,
but still showed an
absorption band for free or associated OH
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groups in an infra-red pattern.
One more
repetition of the methylation gave a product
without OH-absorption,
a methoxyl content

soluble

of 43.5% and [a]a=+185°, c=2, in chloro

thylation

form. The yield was 85 mg. from 100mg.
of the glycogen. In the infrared pattern
(Fig. 1 A and B), bands for CH3-stretching,
CHs-deformation, and stretching vibrations
for ether bond, particularly for CH3-0
C (near 1150cm.-t) were pronounced. Bands
with maximum absorption at 710, 750, 850
cm._t were not changed, which indicated
that glycosidic links or the configuration of
carbohydrate chain were unchanged. The
total procedure was finished within several
days, requiring less than 100mg. of the gly
cogen, which is in striking contrast to the
conventional methylation of glycogen (14, 15)
which required months to complete, grams
of glycogen. 3) Ovomucoid
; Ovomucoid was
methylated by the same procedure as used
for the methylation of glycogen. About one
third of the total amount remained insoluble
even after the methylation, and this was
eliminated by centrifugation. The soluble
part was dialyzed, isolated, and again me
thylated.
The product had a methoxyl
content of 9.5%. On the third methylation,
the methoxyl content was unchanged (9.5Jo).
The product showed very pronounced absor
ption bands at about 1150, 1100, and 1050
cm.-t, due to ether bonds (Fig. 1 X), but
the bands at 3300-3500 cm.-t (due to -N-H••
O=C), 1650 and 1550cm.-t (due to -NH
CO-), those characteristic for protein struc
ture, were almost unchanged*. The yield of
the final product was 25 mg. from 100mg.
Another experiment of methylation of the
urinary Fr. 4-glycoprotein yielded only 15mg.
of the methylated product from 100mg.
Majority of the glycoprotein became in

of the
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The author
is greatly indebted
to Dr. Uda of
Department
of Chemistry, Faculty of Science, Tohoku
University,
and to Dr. Tomisawa
of Department
of
Synthetic
Chemistry,
Tohoku Pharmaceutical
School
for their useful discussions.
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