1370

4. Leonard, N. J. and Musliner, W. J. J. Org.
Chem. 31 (1966) 639.

5. Royals, E. E. and Hendry, C. M. J. Org.
Chem. 15 (1950) 1147.

6. Rapson, W. 8. and Robinson, R. J. Chem.
Soc. 1935 1285.

7. Linstead, R. P. and Walpole, A. L. J. Chem.
Soc. 1939 842.

8. Johnson, J. L., Herr, M. E., Babcock, J. C.,

Fonken, A. E., Stafford, J. E. and Heyl, F.
W. J. Am. Chem. Soc. 18 (1956) 430.

. Burckhalter, J. H. and Kurath, P. J. Org.
Chem. 24 (1959) 990.

Received April 15, 1967.

Influence of Magnesium Purity on
the Addition of Grignard Reagents
to a,8-Unsaturated Esters

JYTTE HILDEN and (the late)
JON MUNCH-PETERSEN

Organisk-kemisk Laboratorium, Polyteknisk
Leereanstalt, Lyngby, Denmark

In earlier papers we have treated the
conjugate addition of butylmagnesium
bromide to a variety of «,f-unsaturated
esters.!"!®* During the years we have occa-
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sionally repeated the addition of butyl-
magnesium bromide to sec-butyl crotonate
and have found some unexpected varia-
tions in the yield of sec-butyl 3-methyl-
heptanoate, although we at any given time,
with the particular samples of reagents
(Mg, ester etc.) used at that time, were
able to reproduce our results with a good
accuracy (1—2 9% deviations).

In checking a variety of factors, which
could cause these deviations, we have
finally settled on the purity of the magne-
sium employed in the preparation of the
Grignard reagent. Table 1 shows an analysis
of six magnesium samples; I is a high purity
magnesium (triply sublimed) yielding clear,
colorless Grignard reagents, while II—VI
are samples of commercial grade “Grignard
magnesium’’ yielding the well known dark
colored Grignard reagents containing col-
loid impurities. The last column shows the
yield of sec-butyl 3-methylheptanoate ob-
tained after preparation of butylmagnesium
bromide from the sample and subsequent
addition of sec-butyl crotonate.* The yield
of sec-butyl 3-methylheptanoate shows a
decrease with an increase in the combined
iron and manganese contents in the magne-

* The yields are based on sec-butyl crotonate.
The sec-butyl crotonate not accounted for in
sec-butyl 3-methylheptanoate gives rise to a
byproduct, di-sec-butyl «-(1-methylpentyl)-g-
methylglutarate.!?

Table 1. Yields of sec-butyl 3-methylheptanoate obtained by reaction of sec-butyl crotonate
with butylmagnesium bromide prepared from magnesium of varying purity.

Magnesium Impurities (ppm) Yield
sample | go | Ma | Si | ca| zn | P | Al | Ni| ca %
14 10 <10/ 20| & 10 <5 | <5 <5| <40 80
1o 245 | 130 | 170 | 15 35 100 | 110 25 | <40 65
I é 205 | 695 75| 20 | 50 <5 | 45 20 | <40 57
e 340 60| 30| 5 20 30| 20 10 | <40 68
v 160 | 160 | 200 | 20 — — | 120 10 10 65
VI® 380 | 350 | 130 | 30 — —~ | 100 10 10 | 56

4 Triply sublimed. ? Commercial grade “Grignard magnesium”’.
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Table 2. Yields of sec-butyl 3-methylheptanoate
obtained by reaction of sec-butyl crotonate
with butylmagnesium bromide, to which has

1371

Table 3. Yields of sec-butyl 3-phenylheptanoate
obtained by reaction of sec-butyl cinnamate
with butylmagnesium bromide.

been added iron or manganese.

Magnesium Added Yield
sample Fo ppm %
Ie - 90
IIre none 35
Ia 1 000 20
Ie 10 000 0

ly:glgrnne, Adde?p g:)n;;unty Yiojld
,, sample Fo¢ Mn ¢ °
Is none none 80
Ie 4000 none 70
1% 40000 none 62
14 none 4000 66
Ia none 40005 63

4 Triply sublimed magnesium. Analysis
given in Table 1.

b based on moles of butylmagnesium bro-
mide.

¢ Added as FeCl,.

4 Added as MnCl,.

sium, while there is no clear-cut depend-
ence on the amount of other impurities.

To demonstrate that iron and manganese
could be responsible for the varitions in
yield of sec-butyl 3-methylheptanoate,
butylmagnesium bromide was prepared
from the triply sublimed magnesium (I),
and small amounts of anhydrous iron(III)
chloride or manganese(II) chloride were
added to the Grignard reagent prior to
the addition of sec-butyl crotonate. In this
manner one obtains dark colored Grignard
solutions containing finely suspendec%[;ron
or manganese (resulting from reduction of
the halides by the Grignard reagent '®)
with an appearance similar to those ob-
tained from impure magnesium. The results
(shown in Table 2) clearly demonstrate that
impurities of iron and manganese do have
an undesirable effect on the reaction.

An even more pronounced effect of iron
and manganeses is found on the addition
of butylmagnesium bromide to sec-butyl
cinnamate. The yields of the corresponding
1,4-adduct, sec-butyl 3-phenylheptanoate *

* The amount of sec-butyl cinnamate not
accounted for in the yield of sec-butyl 3-
phenylheptanoate undergoes dimerisation to
di-sec-butyl 2,3-diphenyladipate and the corre-
sponding selfcondensation product sec-butyl
2-0x0-4,5-diphenylcyclopentanecarboxylate.4
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4 Analysis given in Table 1.
b Added as FeCl,.

(shown in Table 3) decrease markedly with
an increase in the amount of iron and
manganese present in the Grignard reagent.

These results conclusively show that
attention should be paid to the purity of
the magnesium used for preparation of
Grignard reagents, first, because com-
mercial “Grignard magnesium’ contains
amounts of iron and manganese sufficiently
large to be detrimental to the desired reac-
tion. Secondly, the amounts of impurities
in commercial “Grignard magnesium’’ show
variations large enough to make quanti-
tative results on Grignard reactions of
doubtful value.

Eaxperimental. Additions were carried out
non-catalyzed, on a 0.1 mole scale, as previ-
ously described.!® When iron(III) chloride was
employed, it was added to the stirred Grignard
reagent at room temperature 30 min prior to
addition of sec-butyl crotonate. When manga-
nese(II) chloride was employed, it was added
to the Grignard reagent at room temperature
and refluxed for 1 h prior to addition of the
gec-butyl crotonate.

The sec-butyl 3-methylheptanoate was iso-
lated by distillation of the reaction mixture
through & simple 45 em X 8 mm Podbielniak
type column with a tantalum spiral, a heated
jacket and a partial reflux head.!”

The authors want to express their gratitude
towards Dow Chemical International Inc.,
Copenhagen, for the generous gift of the triply
sublimed magnesium, and towards Norsk
Hydro-Elektrisk Kvalstofaktieselskab, Oslo,
for the analysis of the magnesium samples.
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A Thin-layer Chromatographic
Method for the Separation and
Identification of Phorbic and

Piscidic Acids
ANNE KROGH*

Institute of Pharmacy, Department of
Pharmacognosy, University of Oslo, Norway

Phorbic and piscidic acids were recently
found to make up a major part of the
nonvolatile organic acids in several
plants 1* and it was presumed that, in a
near future, there would be a need for
appropriate analytical methods in con-
nection with investigations of their meta-
bolism. In the present investigations
emphasis was placed on separation and
identification of the pure acids. Preliminary
applications of the methods to plant mate-
rials are reported. Detection of piscidic
acid (p-hydroxybenzyl-tartaric acid) by
means of thin-layer chromatography did
not involve special difficulties. Being a
phenolic acid, piscidic acid can easily be
detected by means of spray reagents like
Fast blue salt B. This reagent produces a
yellow-brown color with piscidic acid.

Detection of phorbic acid, on the other
hand, proved to be more difficult. The
difficulties are mainly related to the tend-
ency of the acid to form lactones, which
give rise to several spots and heavy tailing
during the chromatography. This problem
was acute in one-dimensional chromato-
graphy of the acid and even more evident
in two-dimensional chromatography.

a b

Fig. 1. a: Phorbic acid dilactone in water.
b: Phorbic acid dilactone in acetone.

* Present address: Institute of Pharma-
cognosy and Analytical Phytochemistry, Uni-
versity of the Saar, Saarbriicken 15, W.-
Germany.
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