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of the observed positive rotation.) Further-
more, the sum of the forward and reverse
pseudo-first-order rate constants as evalu-
ated from the rotation measurements was
(0.97 £ 0.04) X 1072 min™?, in fair agree-
ment with the result obtained from the
NMR -studies.

The stereospecificity is neither in accord-
ance with a concerted mechanism nor with
a step-wise mechanism involving free
anions, but it is consistent with a pure
intramolecular hydrogen migration.

A more detailed account of our findings will
be reported later.

We are indebted to Professor Arne Fredga
for discussions and valuable advice.
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New y-Glutamylpeptides Isolated
from the Seeds of Chives
(Allium schoenoprasum)

N,N’-bis-(y-glutamyl)-cystine, N,N’-bis-
(y-glutamyl)-3,3’-(2-methylethylene-
1,2-dithio)-dialanine, y-glutamyl-
S-propylcysteine
E. J. MATIKKALA and ARTTURI I
VIRTANEN

Laboratory of the Foundation for Chemical
Research, Biochemical Institute,
Helsinki, Finland

The amino acids and acid peptides which
had been separated on an Amberlite
JR-120 column from a 70 9% ethanol
extract of the ground seeds of chives were
fractionated on a Dowex 1 X 8 column
in acetate form. 1 kg of seeds was used
at a time and each fraction was 20.3
ml/25 min. 1025 fractions were taken,
170 fractions with 0.5 N acetic acid, then
346 fractions with 1 N acetic acid, 284
fractions with 2 N acetic acid, and finally
225 fractions with 1 N hydrochloric acid.
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On the basis of the paper chromatograms
obtained from the fractions, using butanol-
acetic acid-water (12:3:5) as solvent and
ninhydrin reagent, the fractionation pro-
ceeded as shown in Fig. 1. The amino acids
emerged from the column in the 240 first
fractions. At least most of the ninhydrin-
positive substances in later fractions are
y-glutamylpeptides. The compounds de-
noted R XII, R XIII, R X, R XVIII,
R XVII, and R XIX have so far been
isolated in crystalline form, and the
chemical structure of the four first ones
mentioned has been elucidated. In this
preliminary communication the results are
reported on briefly.

Peptide R XII, y-i-glutamyl-S-(prop-
1-enyl)-L-cysteine. The isolation and strue-
ture of this compound is described in our
earlier communications 1.

Peptide R XVIII, N, N’-bis-(y-L-gluta-
myl) - 3,3 - (2 - methyl-ethylene-1,2-dithio)-
dialanine. The peptide was isolated from
fractions 750 —823 (Fig. 1) and separated
from peptides R XIII and R XIX on &
cellulose powder column with isopropanol-
acetic acid-water and crystallized from an
acetone-water mixture. The fractions con-
taining peptide R XVIII alone were
evaporated to dryness in vacuo. On addi-
tion of acetone to its aqueous solution the
peptide precipitated as a sirup. When
ground with acetone, a white, solid
substance was obtained which by paper
chromatography was shown to be the pure
peptide R XVIII. The yield was 590 mg/kg
of seeds. After hydrolysis both with a
preparation from calf kidney and in
1 N HCl two amino acids were found:
L-glutamic acid ([a] p* -+ 34.8 in 6 N HCl)
and an unknown sulphur-containing amino
acid. After fractionation with butanol-
acetic acid-water the unknown amino acid
was crystallized by addition of acetone to
its aqueous solution. When hydrogenated
with Raney nickel as a catalyst, hydrogen
was not consumed, but alanine was formed
and a gas, which was found to be propane
by mass spectrometry. The unknown amino
acid could be identified as

HOOC . CH(NH,) - CH, - § . CH, - CH(CH,) -
S.CH, - CH(NH,) - COOH

3,3" - (2 - methylethylene - 1,2 - dithio) - dial-
anine when this compound was synthesized.
In three solvent systems the paper
chromatograms of the mnatural and
gynthetic amino acids were identical.
So were also the IR-spectra.
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Fig. 1. Fractionation of ninhydrin-positive substances in the seeds of chives (4llium schoenopras-
um) on a Dowex 1 X 8 column with acetic and hydrochloric acids (concentration of acids is given in
the scheme). The fractions were studied by paper chromatography with butanol-acetic acid-water
(12:3:5) as solvent. The spots coloured with ninhydrin are drawn on the basis of paper chroma-

tograms.

The peptide was then characterized by

quantitative amino acid analysis, deter-
mination of y-glutamyl bonds and end
group analyses using both Sanger’s method
and deamination with nitric oxides, as
N,N’-bis-(y-L-glutamyl)-3,3’-(2-methylene-
1,2-dithio)-dialanine (I).
The peptide is probably synthesized from
y - L - glutamyl - S - (prop-1 - enyl) - cysteine
(peptide XII) and y-r-glutamyl-r-cysteine
(peptide XTIII in reduced form) (II).

Peptide R XII1I, N,N’-bis-(y-glutamyl)-
L-cystine. The peptide was isolated from
fractions 880 —927 (Fig. 1). Fractionation
on a cellulose powder column with butanol-
acetic acid-water led to pure peptide
R XIII, which was crystallized from an
acetone-water mixture. Yield 2.12 g/kg
of seeds. In addition 0.5 g slightly impure
R XIIT was obtained from fractions
634 —879.

CH(NH,) - (CH
C|00H

),-CO.NH . CH

COOH

[
CH(NH,) - (CH,), - CO - NH . CH
COOH

| l |
CH,-S.CH,.CH.S.CH,.CH.COOH

CH, |
| l
CH,.S.CH = CH + HS. CH, - CH. COOH

Some of the peptides may have been formed during isolation.

L-Glutamic acid and L-cystine were
formed when the peptide was hydrolyzed
in different ways (with 6 N HCl, with
Amberlite IR-120 in 70 9, ethanol or
enzymically with a preparation from calf
kidney). The peptide was shown to contain
a disulfide bond. Quantitative estimation
of amino acids showed that the molar
proportion glutamic acid: cystine was 2:1.
The estimation of y-glutamyl bonds and
the end group estimations led to the result
that the a-amino group of both glutamic
acid residues in the peptide molecule are
free. The results obtained indicate that
peptide R XIII is N,N’-bis-(y-L-glutamyl)-
L-cystine.

HOOC —CH(NH,)—CH,—CH,—-CO—NH
_CH(COOH)—CH,—S8—S—CH,—CH

(COOH)—NH —CO—CH,—CH,—CH
(NH,)— COOH

CH, NH . CO . (CH,), - CH(NH,)

COOH

NH - CO - (CH,), - CH(NH,)
COOH
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In the seeds it can partly be present in
reduced form which is oxidized during
the treatment of the plant material and
isolation procedure

HOOC-CH(NH,)-CH,—-CH,—CO—-NH
—CH(COOH)—CH,—SH
y-L-glutamyl-L-cysteine

Peptide B X, y-L-glutamyl-S-propyl-r-
cysteine. This peptide was eluted from the
Dowex 1 X 8 column partly in the same
fractions as R IX (Fig. 1). They are poorly
separated from each other also on the
cellulose powder column and on the paper
chromatogram. Peptide X was, however,
isolated in pure form and its structure
could be elucidated. It proved to be
y-L-glutamyl-S-propyl-L-cysteine. Because
this peptide was earlier isolated in this
laboratory 2 from garlic (Allium sativum)
it is not treated in this preliminary
communication.

This research has been financed in part by
a grant from the United States Department of
Agriculture, Agricultural Research Service.

Our thanks are due to Mr. T. Moisio, M. A.,
for his mass spectrometric determinations.
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Facile Preparation of 2-Acetyl-
cyclopentane-1,3-dione and

2-Acetyleyclohexane-1,3-dione
FERENC MERENYI and MARTIN NILSSON

Division of Organic Chemistry, Royal Insti-
tute of Technology, Stockholm 70, Sweden

2-Acetyleyclopentane-1,3-dione was
needed for further spectroscopic in-
vestigations of hydrogen bonding in
enolised  f-tricarbonyl  compounds -5,
A solid believed to be this compound was
obtained by Sieglitz and Horn ® in 0.2 9,
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yield from succinyl chloride, vinyl acetate
and aluminium chloride in an unsuccessful
attempt to make cyclopentane-1,3-dione.
The 2-acetylcyclopentane-1,3-dione was
presumably formed in a secondary reac-
tion. For the present purpose a correspond-
ing diacylation of isopropenyl acetate
seemed more promising.

We found that 2-acetyleyclopentane-1,3-
dione can be obtained in ca. 45 %, yield
from succinyl chloride and isopropenyl
acetate in 1,2-dichloroethane or 1,1,2,2-
tetrachloroethane in the presence of
aluminium chloride. Although prepara-
tively useful, this reaction seemed to
involve an excess of “acylating power’.
Stoichiometrically, the reaction between
succinic anhydride and isopropenyl acetate
should give the desired product and we
have indeed found that this reaction gives
up to 55 9, 2-acetylcyclopentane-1,3-
dione. The corresponding reaction with
glutaric anhydride gives a 40 9, yield of
2-acetyleyclohexane-1,3-dione, previously
obtained in 25 %, yield by C-acetylation
of cyclohexane-1,3-dione 7.

In these reactions varying amounts of
cyclopentane-1,3-dione and cyclohexane-
1,3-dione, respectively, are formed. These
compounds may also be obtained by
hydrolysis of the corresponding triketones.
This opens a new route to the otherwise
rather inaccessible cyclopentane-1,3-diones
(cf. Refs. 8-19),

The present method for diacylation of
isopropenyl acetate seems to be fairly
general '. Some further applications will
be described shortly.

Ezxperimental. 2-Acetylcyclopentane-1,3-dione.
Succinic anhydride (0.1 mole) and anhydrous
aluminium chloride (0.2 mole) are suspended
in 1,2-dichloroethane (100 mi). Isopropenyl
acetate (0.1 mole) is added with stirring. The
reaction brings the temperature to ca. 70°.
The mixture is refluxed for 15 min., left to
cool and is then poured into a mixture of
dilute hydrochloric acid (250 ml, 2 M) and
crushed ice (250 g). The organic phase is
separated and shaken with dilute hydrochloric
acid. The combined aqueous phases are
extracted continuously with chloroform over-
night. The combined dichloroethane and
chloroform solutions are dried (sodium sul-
phate) and the solvents removed. The solid
residue contains acetyleyclopentanedione, some
cyclopentanedione, and succinic acid. The
acetyl compound is isolated in ca. 50 %, yield
by repeated extractions with boiling light
petroleum or by sublimation at 60° and 0.1 mm.



