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Fig. 2. The dilution shift in CCl,-solution of
the SH-proton resonance in terms of the
dimensionless unit 9.

The SH-shift shows an almost linear
dependence on the mole fraction mercap-
tan and this behaviour differs markedly
from the one observed for alcohols ?. The
linear dependence and the smallness of the
shift imply that the association constant
in terms of mole fractions (K,) should be
small and that monomers and dimers domi-
nate in the solution. Spurr and Byers give
K. = 47 mole/lit., which corresponds to
K, = 0.22. A rather crude approximation
based on the formulas in Ref.% is to set the

slope of the dgy vs. « plot, (g—f), equal to
2K .A,;, and, somewhat arbitrarily, 44 =
04 — O to 3-0.38 *. (See Ref.52 p. 1313).
This gives K, = 0.38 in reasonable agree-
ment with the results of Spurr and Byers.

Acknowledgements. The author would like
to thank the head of the NMR group Dr. Erik
Forslind for his kind interest in this work.
Statens Rad foér Atomforskning, Statens Natur-
vetenskapliga Forskningsrdd and Statens Tek-
niska Forskningsrdd have provided financial
support. The cost of the NMR apparatus has
been defrayed by a generous grant from Knut
och Alice Wallenbergs Stiftelse.

1. Lassettre, E. N. Chem. Rev., 20 (1939) 259.
2. Gordy, W. and Stanford, 8. C. J. Am. Chem.
Soc. 62 (1940) 497.

* ., is the shift of the monomer in relation
to the reference (H,Oext.) and is given by dsu
at x = 0. §; is the shift of the dimer and is
not known exactly. It can not be taken as the
value of dgy at = = 1.

Acta Chem. Scand. 13 (1959) No. 7

1473

3. Copley, M. J., Marvel, C. 8. and Ginsberg,
E. J. Am. Chem, Soc. 61 (1939) 3161.

4, Spurr, R. A. and Byers, H. F. J. Phys.
Chem. 62 (1958) 425.

5a. Huggins, C. M., Pimentel, G. C. and
Shoolery, J. N. J. Phys. Chem. 60 (1956)
1311.

b. Gutowsky, H. S. and Saika, A. J. Chem.
Phys. 21 (1953) 1688.

6. Wilmad Glass Co., Landisville, New Jersey.

7. See e.g. Becker, E. D., Liddel, U. and
Shoolery, J. N, J. Mol. Spectr. 2 (1958) 1.

Received September 4, 1959.

Composition and Stability
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Lead (II) and 4-(2-Pyridylazo)-
resorcinol (PAR)
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or the EDTA-titration of lead(II) Weh-
Fber 1 suggested PAR as metal indicator.
Pollard, Hanson and Geary % recommended
PAR as colorimetric reagent for cobalt,
lead and uranium. The authors introdu-
ced ® PAR as indicator by indirect EDTA-
titration of macro and micro amounts of
aluminium, the excess of EDTA being
back-titrated with standard lead(II) solu-
tion.

In connection with the use of PAR as
metal indicator, it is of interest to have
information about the complex formed
between the indicator and lead(II) ions.
In this investigation the composition of the
complex and its stability constant were de-
termined spectrophotometrically.

Experimental. The sodium salt of PAR was
synthesized according to a procedure given by
Chichibabin ¢, The salt was purified by extrac-
tions with ether and transformed to the phenol
by the passing of carbon dioxide. The phenol
was extracted with ether, and again transfor-
med to the sodium salt, which was recrystal-
lized from alcohol. The product was finally
dried in vacuo over phosphorus pentoxide. The
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disodium salt was not analyzed, but an infrared
absorption spectrum confirmed the expected
structure.

A solution of PAR in water is orange
and showed an absorption maximum at 410
mu. In the pH range 6—10 PAR and
lead(II) form & red complex with an absorp-
tion maximum at 5156 mu. Curves of con-
tinuous variations were plotted at pH 10
(ammonia-ammonium chloride buffer) for
solutions of PAR and lead(II), and a
distinct maximum was obtained at the
mole ratio 1:1. The curves of continuous
variations were then utilized for the calcu-
lation of the stability constant, which was
found to be K = 3.0 x 10 °¢. Ionicstrength
of the solutions was about 0.01.
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A New Type of Enzymatic
Cleavage of Mustard Oil Gluco-
sides. Formation of Allylthiocya-
nate in Thlaspi arvense L. and

Benzylthiocyanate in Lepidium
ruderale L. and Lepidium
sativum L.
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The cleavage of mustard oil glucosides to
wsothiocyanate, sulphate, and glucose,
which is effected by myrosinase, is con-
sidered to be a specific enzymatic process
responsible for the characteristic pungent
odour or taste of many representatives of
the Cruciferae, Tropaeolaceae, Capparid-
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aceae, Resedaceae, and some other plant
families. After having worked out & revised
structural formula for the mustard oil
glucosides, Ettlinger and Lundeen ! pro-
posed that the enzymatic formation of
wsothiocyanates takes place through Lossen-
rearrangement (reaction 1). In some
other representatives of the Cruciferae
family an unpleasant garlic-like odour is
characteristic. In the literature there is
no real information on the chemical nature
and the way of formation of these com-
pounds. Some plant species even derive
their names from the garliclike odour
(Thlaspr alliaceum L., Alliaria officinalis
Andrz., Peltaria alliacea Jacg.).

We have now investigated the chemical
nature and formation of the substances
that are responsible for this strong garlic-
like odour, which has led to the use of the
term ’garlic oils” (’Lauchéle’)? in the
literature.

With fresh plants and seeds of Thlasp:
arvense L., Lepidium ruderale L., and to a
somewhat smaller extent of Lepidium sati-
vum L., there appears an unpleasant odour
and taste when the plant material is
crushed with some water. Our investiga-
tions especially with seeds of Thlaspi
arvense, Lepidium ruderale, and Lepidium
sativum led to the following results:

1. An enzymatic process is responsible
for the formation of the unpleasant smell-
ing substances.

2. Sinigrin in Thlaspt arvense and gluco-
tropaeolin in Lepidium ruderale and L. sati-
vum are the precursors of the smelling sub-
stances.

3. In addition to glucose and sulphate
allylthiocyanate in Thlaspt arvense, benzyl-
thiocyanate in Lepidium ruderale, and &
mixture of benzylisothiocyanate and ben-
zylthiocyanate in Lepidium sativum are
formed as fission products. Synthetic allyl-
and benzylthiocyanates have the same
odour and taste as is formed in Thlaspt
arvense and Lepidium ruderale. The sub-
stances with similar, unpleasant odours,
characteristic of many other Cruciferae
plants when chewed, are accordingly alkyl-
thiocyanates — a new class of natural S-
containing compounds. Reactions 1 and 2
illustrate the formation of isothiocyanates
and normal thiocyanates.

Experimental evidence for the conclu-
sions:

These smelling substances are not formed
when the seedpowder is treated with boil-
ing water or boiling alcohol. In methanolic
extracts from seeds of Thlaspi arvense
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