1356

on the rate of the hydrolysis than has the
inductive effect and, on the basis of the
reaction mechanism, this can also be ex-
pected. As compared with the ethylenic
esters the decrease in the rate is due to the
inductive effect of the triple bond. As a
result of this either the pre-equilibrium
moves from the side of the ionic conjugate
acid of ester to the side of the ester or the
alkoxyl linkage, after the addition of water,
is less readily breakable.

The rates of hydrolysis in 60 9, aqueous
ethanol at 60° C for the ethy! ester of acetic,
monochloroacetic, dichloroacetic and tri-
chloroacetic acids are 1, 0.91, 0.40 and
0.11, respectively, if the rate for ethyl ace-
tate is taken as a unity 5. The fact that
the rates of hydrolysis for the ethyl ester
of propiolic and acrylic acids differ only
slightly from each other gives support to
the assumption that, in the case of chloro-
acetic acigs, steric factors are of impor-
tance.
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Paper Chromatographic Separation
of Thiamine Phosphates

KARL-HEINZ KIKSSLING _
Institute of Zoophysiology, Uppsala, Sweden

Several papers have been published
about per chromatographic separa-
tion of thiamine phosphates-s. In all
solvents described thiamine triphosphate
hardly moves at all, and its Ry value coin-
cides in most cases with that of nucleotide
di- and triphosphates.

In this paper & paper chromatographic
golvent is described in which thiamine tri-

SHORT COMMUNICATIONS:

phosphate moves easily, and in which it
separates well from other thiamine com-
pounds and from nucleotide phosphates.
Also thiamine phosphates with more than
three phosphate groups are separated.
From a mixture of thiamine phosphates
pr(g)ared according to Viscontini, Bonetti,
and Karrer ¢, nine thiamine compounds can
be isolated.

The solvent consists of 100 ml isobutyric
acid, 60 ml N ammonia, and 1.6 ml 0.1 M
ethylene diamine tetraacetic acid. It has
been used by Krebs and Hems for separat-
ing nucleotides? and is a modification of
a solvent described by Zetterstrém and
Ljunggren 8. Filter papers Whatman No. 1
are used after washing in aqueous ethylene
diamine tetraacetic acid according tb the
method described by Eggleston and Hems®.

The di- and triphosphates of inosine,
guanosine, uridine, and cytidine all have
lower Rp values than adenosine diphos-
phate 1°, In this investigation thiamine
triphosphate was shown to move faster
than adenosine diphosphate. It can thus
be easily separated from the nucleotides
mentioned.

Fig. 1 and 2 show the separation of dif-
ferent amounts of thiamine phosphates
prepared according to Viscontini et al.®
One mg of the mixture dissolved in water
is linearly spread on the filter paper in
Fig. 1. The separation is very distinct.
Ten lines can be seen with the naked eye,
but only nine are registered on the photo-
graphic plate. When the amount of the
thiamine phosphate mixture is increased
to 3 mg (Fig. 2) the separation is still
distinet except between thiamine mono-
and diphosphate (lines 3 and 4). Nine
lines can be detected. ,

The lines are cut out, the compounds run
off with water, then added as spots on a
new filter paper, and developed in the
same solvent. The compounds appear as
distinet spots with about the same Rjp
values as the lines on the original paper
chromatogram (Fig. 3).

Total and hydrolyzable phosphorus per
molecule of thiamine for the compounds
1—7 are seen in Table 1. Thus compound
1 and 2 were identified as different forms
of thiamine *. The ratio between total
and hydrolyzable phosphorus and thia-
mine suggests that the compounds 3-—7
are thiamine mono-, di-, tri-, tetra- and
pentaphosphate, respectively. Compounds

* These two forms have been separated
earlier by Gaudiano, Spadoni and Tecce 1.
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Fig. 1. Paper chromatographic separation of a mizture of thiamine phosphates.

1 mg of the mixture prepared according toViscontini ef al. and dissolved in water is spread
as a line on the filter paper. For solvent see text. Time 19 h. The thiamine compounds on the
chromatogram are made visible by spraying the paper with an alkaline ferricyanide solution.
In UV of 340 myu they are seen as blue lines.

Fig. 2. Paper chromatographic separation of a mixture of thiamine phosphates.

3 mg of the mixture is dissolved in water, and placed on the filter paper. Other conditions
as in Fig. 1.

Fig. 3. Subsequent test chromatography of the compounds separated in Fig. 1.

The lines from the chromatogram in Fig. 1 are added as separate spots on a new filter paper,
and run with the same solvent. The figures correspond to those in Fig. 1 and in Table 1.
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Table 1. Total and hydrolyzable phosphorus of
the thiomine compounds separated as in Pig. 1.

Hydrolyzable phosphorus is determined after
heating the compounds in 2 N HCl at 100° for

10 min,, after which all thiamine polyphospha- °
tes appear as thiamine monophosphate. Total °

phosphorus is determined after wet ashing.

Thiamine is oxidized with alkaline ferricyanide

to thiochrome, and the fluorescence estimated
in & Beckman spectrophotometer with fluores-
cence attachment.

hydrolyz- P Ry value
Compound | able P | —
“total P thiamine
1 — —_ 0.87
2 — — 0.79
3 — 1 0.77
4 1/2 2 0.68
5 2/3 3 0.556
6 3/4 4 0.46
7 4/6 5 0.36
8—10 >b 0.24, 0.21
0.16

8—10 have more than :ﬁvq phosphate

groups per molecule of thiamine.

The deacribed method has been used for
isolating biological thiamine triphosphate
from 13, and was found satisfactory.,
for this
somewhat lower than for the synthetic
compound depending on the contamina-
tion with impurities from the yeast.
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isoThiocyanates XXIII*, 1 (—)-
9-Methylsulphinylnonyl isoThio-
cyanate, a New Mustard Oil Present
as a Glucoside (Glucoarabin) in
Arabis Species
ANDERS KJER and ROLF GMELIN

Chemical Laboratory of the University
of Copenhagen, Denmark:

In the course of & systematic investiga-
tion of glucosidically bound zsothiocya-
nates in seeds of various species of the
cruciferous genus Arabis, it was observed
that a glucoside, obviously different from
all compounds heretofore recognized in
Nature, was present in, e. g., Arabis alpina.
L.,a poa)ular flower-garden subject. Paper-
chromatograms of seed extracts ! indicated
the presence of two glucosides both possess-
ing Rp-values well above that of glucotro-
paeolin (cf. Ref.3). '

When a purified, methanolic extract of"
a larger seed sample was subjected to en-
zymic hydrolysis in a buffered solution.
(pH 6.5), an ether-soluble isothiocyanate-
fraction was formed. Homogeneous, opti--
cally active, crystalline thioureas were ob-.
tained upon reaction of the isothiocyanate:
solution with various amines. The analyti--
cal data clearly indicated the composition.
C,,H,,ONS, for the parent mustard oil.
The thiourea, recrystallized from ethyl ace-
tate, had the m. p. 103.56—104.5° (uncorr.):
(Found: C 50.00; H 9.13; N 10.45; S 24.40.
Cale. for C,H,ON,S,: C 49.96; H 9.15;
N .10.60; S 24.25), [a]p® —66° (96 %
EtOH, ¢ = 2.1). The infra-red spectrum.
in a KBr-wafer showed a characteristic
strong band at 9.78 u, attributable to a.
sulphoxide-grouping. The phenylthiourea.
separated from ethyl acetate in colourless.
prisms, m. p. 121—122° (uncorr.) (Found:

* Part XXII of this series: Acta Chem.
Scand. 10 (1956) 1193, .
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