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bonation of Grignard Reagents
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The standard apparatus for the carbona-
tion of Grignard reagents with carbon-
UC dioxide, as described in several text-
books 73, is rather complicated in its
construction and operational use, especially
for those who only rarely meet with the
problem of synthesizing 4C-labelled com-
pounds. It is generally not satisfactory to
carry out the reaction in an open vessel
by bubbling the carbon-4C dioxide through
the Grignard solution, since this process is
very likely to cause clogging in the gas-inlet
tube and also involves a certain loss of
radioactive material.

This paper describes a simple, closed car-
bonation apparatus, which is easily con-
structed from commercially available glass
equipment at a minimum cost of glass-
blowing. It does not require the use of a
high-vacuum system, liquid nitrogen tem-
peratures, or a special gas-tight stirrer.

Construction. The apparatus (see Fig. 1)
principally consists of a gas evolution vessel
A which is in communication with the
reaction chamber B through two holes in
the top of the drying tube C. A capillary
tube through C, connected to the dropping
funnel D, allows for the addition of mineral
acid to A. E is a high-vacuum stopcock and
stirring is effected by means of a Teflon
sealed magnet F. The ground glass joints
G (B 14*), H (B 34) and I (B 19) permit the
apparatus to be easily mounted and dis-
mounted.

Operation. Barium carbonate-4C is weigh-
ed into A, and A is fitted to the drying
tube C by joint G, which is held together
by a spiral spring. C is filled with Drierite
which is kept in place by two loose plugs
of dry cotton wool. The reaction vessel B
is then attached via joint H, whereafter
the whole system is evacuated and filled
with dry nitrogen.

B is removed for a few seconds during
which an appropriate amount of the previ-
ously prepared Grignard solution is intro-
duced by means of a nitrogen-flushed

* Size designation according to ’Quickfit”.
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Fig. 1.

syringe. Stirring is started and the Grig-
nard reagent is cooled to about —70°in a
dry ice-acetone bath. The system is eva-
cuated through E by means of a conven-
tional oil pump whereby the ether solution
in B boils up when the pressure has been
reduced to about 1 mm Hg. E is closed
and the temperature of B i¢ rised to about
—15°, Perchloric acid (35 %) is cautiously
added from the dropping funnel D, whereby
the evolution of carbon-%4C dioxide starts.
Occasionally, the perchloric acid may col-
lect in the cavity above the capillary tube
at the begin of the reaction, but this is
easily overcome by cooling at B, which
results in a pressure drop in the system and
the perchloric acid is sucked into A. When
all of the gas has been evolved (a clear solu-
tion then remains in A), B is frozen to —80°
in order to draw any remaining carbon-14C
dioxide into the reaction mixture. The
temperature is kept at —80° for about
one hour after which time it is allowed tc
reach room temperature. The reaction mix-
ture is worked up according to conventional
procedures.
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When phenyl magnesium bromide or
benzyl magnesium chloride was carbonated
with inactive carbon dioxide according to
this method at the 1.0 mmole level, almost
quantitative yields of benzoic and phenyl-
acetic acid were obtained. Phenylacetic-1-
1C acid was prepared in 98 9, yield (crude
product, m.p. 69—174°) from 1.00 mmole of
barium carbonateC.
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In order to make possible the determina-
tion of minute amounts of protein we
have developed the following *’radiobiuret”
techniques:

Sephadex (G-25, coarse) is suspended and
allowed to swell in 0.75 N NaOH. and pack-
ed in the form of a column (diameterup to
1 em, length about 20 cm). The column is
washed overnight with NaOH to remove
traces of protein. It is arranged that the
protein to be determined is conteined in
0.756 N NaOH in a convenient volume (e.g.
1—5ml). To this is added an excess amount
(up to 0.5 mg) of radioactive copper with as
high specific activity as possible, e.g. 1 ml
of an aqueous 1:25 dilution of the commer-
cial 84CuCl, solution. All dilutions are made
with redistilled water and observing meti-
culous cleanliness. The mixture is incuba-
ted 90 min at room temperature, a meas-
ured volume is introduced onto the column
followed by NaOH until 25 ml of eluate
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has been collected. The radioactivity of the
eluate is then determined with a scintilla-
tion counter. Between samples, the column
is washed with NaOH. Known amounts of
a standard protein and blanks are run in
the same way before and after the un-
known. The amount of protein in the un-
known sample can be read from the result-
ing standard curve.

The unbound copper will be retained as
the hydroxide in the upper parts of the
column, but owing to the low concentra-
tion of copper in the original reaction mix-
ture no precipitation will occur there.
The determination can also be performed
with larger amounts of protein by reading
the emerging biuret colour photometrically.
However, the free copper will then precipi-
tate, but this can be prevented by complex-
ing the copper ion with citrate as is done in
the classic biuret method. When such a
mixture is introduced into the column,
copper hydroxide will be formed and retain-
ed in the upper parts (amino acid com-
plexes are also dissociated). A straight-
line relationship amount of protein/eluted
radioactivity (corrected for radioactive de-
cay) is observable down to at least 1 ug
of protein applied onto the column in § ml
volume, but owing to the obvious advan-
tages of the following method we have
made no attempts to reduce further the
lower limit of this method.

The reaction may also be performed in
another way which enables it to be used
for automatic analysis, e.g. in continuous
registration of protein eluted from chroma-
tographic columns. The chromatographic
eluent must first be alkalinized either by
the continuous addition of NaOH with a
pump or by automatic pH adjustment
using & titrator. The mixture is then led
to a Sephadex column containing an upper
layyer of a mixture of radiocopper hydroxide
and Sephadex. This can be prepared in a
beaker by mixing #CuCl, with a citrate-
carbonate solution (proportions as in Bene-
dict’s reagent), pouring the mixture on
moist alkaline Sephadex and by shaking
until all the copper is adsorbed. The slurry
is poured onto the top of a short Sephadex
column and the column is then washed with
a large volume of NaOH. If desired, the
copper hydroxide level can be raised by
sucking up acid from below. When the
desired level has been reached, NaOH is
run in the other direction.

The eluate from the Sephadex column is
passed through a glass tube spiral kept in
the well of a scintillation crystal fixed in a
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