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Prediction of the Optimum Reaction Time for Carbon-11 Labelling Reactions.

The Rate Constants for the Carboxylation of Grignard Reagents
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The rate constants for the carboxylation of a series of
aliphatic Grignard reagents were measured as part of the
development of a computer assisted automated synthesis
apparatus. A good correlation was obtained between the rate

constants and Taft's Es values.

One of the most commonly used methods for incorporating CO; into organic

compounds is carboxylation utilizing the Grignard reaction. By the use of this

reaction wit COy, several Hlc-1abelled carboxylic acids have been prepared as

radiopharmaceuticals for Positron Emission Tomographic (PET) imaging of

1)

cardiovascular functions. Furthermore, the 1lC-labelled carboxylic acids

thus obtained are also useful as intermediates for preparing many kinds of

2)

radiopharmaceuticals. However, difficulties are sometimes encountered in

the production of these carboxylic acids in good radiochemical yield because of

the shortness of the physical half-1life of 11

C (only 20 minutes), and the low

3) Labelling reactions using

concentration o CO2 in the reaction mixture.
carbon-11 differ from ordinary chemical syntheses as they are always
accompanied by both competitive and consecutive ones, which thus produce an
optimum reaction time for obtaining the maximum radiochemical yield. In
accordance with the kinetic equation,4) the optimum reaction time is greatly
dependent upon the rate constant and the concentrations of the labelling
reagent and substrate. In order to synthesize a variety of 1lc-1abelled
carboxylic acids consistently, it is necessary to control the labelling by
predicting the optimum reaction times from knowledge of the rate constants.
Furthermore, establishment of a correlation between the rate constants and
structural parameters of the Grignard reactants should be important to
estimate the labelling conditions for carboxylation of a variety of
compounds, without the time consuming measurement of rates for each.

5)

Although there 1s much literature analyzing the kinetics of the

Grignard reaction, most of them use aldehydes and ketones as the substrate
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of the reaction and kinetic studies of the carboxylation of Grignard
reagents have rarely been reported. As part of our study on the development

f llC—carboxyl

of a fully automated apparatus for preparing a variety o
labelled compounds, we measured the rate constants for the carboxylation of
a series of aliphatic Grignard reagents and established a correlation
between structure and rate constants.6)

Initially, we established a reaction system for measuring the rate
constants. THF was chosen as a solvent and was distilled freshly over
LiAlH4 for each run. The reaction was carried out by adding a THF solution
of CO2 to a solution of the Grignard reagent7) in THF at 0%l °C. The initial
concentrations of COz were adjusted in the range of 2.2x1073 to 3.6x1073
mol/ls) and twelve times molar excess of Grignard reagent, based on COpz, was
used. The yields of the carboxylic acid were measured by HPLC using a

9)

conductivity detector, for the carboxylation of methyl, ethyl, n-propyl,

i-propyl, n-butyl, i-butyl, and s-butyl magnesium bromides.lo) The initial
rate constants of each reaction were calculated from the part of reaction
that obeyed second-order kinetics. The results are summarized in Table 1.
With these results in hand, we could calculate the optimum labelling
reaction times for each Grignard reagent at appropriate llC02

4)

concentrations. As shown in Table 1, the optimum reaction times for each

Grignard reagent at the COz concentration of 2.0x10"% mol/l, which is the

average concentration used for the labelling reactions, were found to be in

the range of 170 seconds to 350 seconds. )

Next, we plotted the relative rates against Taft's Es valuesll) in
order to examine the correlation between rates and the steric parameter. As
shown 1in Fig. 1, a very good correlation was obtained, and the reaction
constant was calculated as p*=0.37. The regression coefficient of 0.954
indicates that this reaction constant can be used to estimate rate constants
for a variety of aliphatic Grignard reagents.

RMgBr + C€CO: —————> RCOOH

Table 1. Rate constants and optimum reaction times for the
[11C]carboxylation of typical Grignard reagents

R Rate constant Relative rate ORTA) RCYQ) Esb)
k/1l-mol-l.5-1 oc) log kR/kMe s 3

CH3 9.23 0.46 0.00 170 88.2 0
CoHsg 7.67 0.55 -0.08 200 86.5 -0.07
n-C3Hy 6.49 0.85 -0.15 220 84.8 -0.36
n-CgHo 6.59 0.75 -0.15 220 85.0 -0.39
1i-C3Hy 6.97 0.68 -0.12 210 85.5 ~0.47
i-C4Hg 4,25 0.85 -0.34 300 79.7 ~0.93
s—CgHg 3.26 0.51 -0.45 350 75.9 -1.13

a) ORT: predicted optimum reaction time; RCY: predicted radio chemical
yield, see Ref. 4. b) Taft's Es value, see Ref. 11. ¢) o: Standard deviation.



Chemistry Letters, 1993 527

0.0 1 i-CaH7 CH39
- n-C1sHs31
014  C14H20CH(CHs)CH2 \\ ]
g -
f -0.2 1 i-CaHo T C2Hs
K~ E
> -0.3 - n-C4Ho  n-CsH7
2 0
-0.4
- <—5-CaHo y = - 0.00960 + 0.365X R2=0.954
-0.5 v r . T r T r I v T r r r
1.2 40 08 -06 -04 02  -0.0 0.2

Es

Fig. 1. Linear free energy equation plots of the
carboxylation of aliphatic Grignard reagents.

Subsequently, we used this correlation to estimate Es values for
several substituents. Since the Es values of pentadecyl and 3-
methylhexadecyl substituents are not found in the literature, the rate
constants of the carboxylations of these Grignard reagents were measured.lz)
As shown in Table 2, Es values of -0.38 and -0.80 were obtained for these
substituents, respectively, using the reaction constant and the measured
rate constants. These results show that the Es values are similar to those
of similar substituents and it is thus feasible to predict rate constants
based on Taft's Es values. Furthermore, as reported by Charton,13)the Taft
Es values are a linear function of the van der Waals radii, thus we can also

use the van der Waals radii for estimating the rate constants.

Table 2. Estimation of the Es values for the carboxylations
of long chained Grignard reagents

R Rate constant Relative rate Estimated Es
k/1-mol-l.s-1 cd) log kR/kMe
n-Ci1s5H31 6.54 0.65 -0.15 -0.38
C14H29CH (CH3) CHp 4.63 0.82 -0.30 -0.80

a) o: Standard deviation. »

From these results we are now developing an automated apparatus in
which the correlation equation has been incorporated into a computer control
algorithm to determine 1labelling conditions for the carboxylation of
Grignard reagents.

This work was carried out 1in collaboration with the National
Cardiovascular Center. We wish to thank the President, Dr. Teruo Omae.
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