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Abstract: Inhibitors, in very low concentration, inhibit the reaction between 1-bromo-3-methyl-
butane and magnesium obtained by vapatization of metal. For such a magnesium derivative, the
inhibitors cannot play the role of "killers” for active sites. A chain reaction for the formation of the
Grignard reagent is proposed.

The general agreement for intermediacy alkyl radicals!-3 during Grignard reagent formation (Scheme 1)
is founded on the alkyl group isomerization observed in the reaction of magnesium metal with alkyl halides in
diethylether and on CIDNP studies?.

RX +Mg ——» R° +MgX’
R" +MgX' —» RMgX Scheme 1

There is disagreement, however, concerning the mobility of these radicals during the reaction. The question of
whether these radicals are adsorbed on the magnesium surface’ or diffuse freely in solution® has currently been
discussed. ‘

Two classes of mechanisms for the Grignard reagent formation are proposed: D-(Diffusion)? and A-
(Adsorption) modelsS.

The first mechanism®-19 follows from a mathematical model based on a kinetic analysis of the product
distribution. This model supposes that "all the radicals leave the surface and diffuse freely in solution", because
it uses the existing kinetic data in the literature!! obtained under homogeneous solution conditions. The second
mechanism is based on experimental product disttibutions and stereochemistries observed during the formation
of Grignard reagent. This model supposes that the intermediate radical interacts with the surface of magnesium
to explain why the radicals generated from optically active alkyl halides partially maintain their configuration™
1217, A strongest support for the A-model comes from the using of a perdeuterated ether solvent or a radical
trap deuterated dicyclohexylphosphine. In all cases, only a small percentage of the radicals leave the surface of
magnesium to yield the deuterioalkane!2,
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‘We now wish to report further results of our study designed to suggest steps which will account for the
formation of RMgX from the radical R:. These steps are in agreement with the A-model. However, once
adsorbed, these radicals will produce an intermediate RMg(I) that could be a better reducing agent than the
magnesium surface. Therefore a radical chain process is proposed in place of the stoichiometric one described
in model A. This mechanism is based on the following evidence:

« The reaction between organic halides and magnesium often shows an induction period which can be
shortened by the use of "activators"l. This period of initiation!#1? is characterized by the formation of
isolated corrosion pits while the solution become turbid. When the reaction proceeds, the turbidity
disappears and the corrosion pits grow in size. This observation might suggest a step of chain
propagation.

« A low concentration of inhibitors inhibits the Grignard reagent formation?.

The aim of our work is to carry out the Grignard reaction with catalytic quantities of inhibitors. Indeed,
the radical chain inhibition can be used as a diagnostic test for reactions which involve radicals or radical-
anions?’. We used an active magnesium obtained by vaporization of metal in a rotary metal atom reactor?), at
-110 °C in THF. This method allows the formation of clean, alkali halide free, and extremely reactive
magnesium. This clean magnesium excludes the presence of MgO which could poison the active sites and the
important number of active sites excludes the possibility that smail quantities of inhibitors might inhibit all the
sites.

The first piece of evidence (Table 1) consists in a test of reactivity of 1-bromo-3-methylbutane and
magnesium. Experiments give identical yields (100%) of 2-methylbutane (RH).

Table 1. Reactivities of 1-Bromo-3-methylbutane and Mg2

[ Reaction | T, G |Reaction times / min®] Yields RH, %¢
| . 20 ) 100
— 30 30 100
3 80 30 100
3 20 <1 100

2 Magnesium activated by vaporization; b addition + stirring + hydrolysis
€ % determinated by CG with internal standard.

The reactions 1-3 are carried out under the same experimental conditions as the one later used for the reaction
with the inhibitors. A complete reaction occurs, whatever the temperature of experiment. Reaction 4 is carried
out with a minimum time of addition of the alkyl halide and qyenched immediately after this addition. The
reaction is also complete. These results permit to exclude the hypothesis that a poor reactivity of alkyl halide and
magnesium could be the cause of the later studies concerning the inhibition of Grignard reagent formation.
Table 2 summarizes the effect of inhibitors on the reaction between the activated magnesium and 1-
bromo-3-methylbutane. The reactions were carried out by standard Schlenk techniques, in THF, at -80° C and
under purified Ar. The values gathered in Table 2 correspond to a threshold determined by 5-6 different
experiments with adding decreasing quantities of inhibitors to the reactive magnesium-alkyl halide mixture. The
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consequences of adding these inhibitors are striking. Indeed, in all cases, the inhibition of the Grignard reagent
formation is shown by the total absence of consumption of the alkyl halide.

Table 2. The Effect of Inhibitors on the Reaction between

RBr® and Mgb
I Tnhibitors fnmoles of inhbtors /] T1elds, %
mmoles of RBr RHE® | RBr®

| None 100 0

| Benzomtrile 1.40. 103 0 100

Jm-Dinitrobenzene 1.23. 102 0 100

| CCly 2.00. 104 0 100
8 | CuCl; 1.20 . 103 0 160

2 1-Bromo-3-methylbutane; b Magnesium activated by vaporization
€ 2-Methylbutane.

The m-dinitrobenzene concentration is 1/100 in comparison with the concentration used by Kornblum?? in the
famed electron transfer induced substitution reaction. A concentration 25 times more important was used by
Tanner?®, Recently, this author proposed an electron transfer chain process for the reduction of -
bromocamphor with amines?3, following the inhibition of the reaction with 4% of p-dinitrobenzene. Though
these inhibitors are present in very low concentration, they are able to suppress the radical 9T/ anq radical-anion
reaction. The reaction between the 1-bromo-3-methylbutane and the magnesium is probably a chain process.

The metallic surface would play the role of a generalized base or nucleophile?®. This process could permit
a generalization of mechanisms worked out by Komnblum?225-27 and Russell23,

Indeed, in 1964, Komblum proposed (Scheme 2) that carbon alkylation was a radical-anion process for
the reaction between the lithium salt of 2-nitropropane and the nitrobenzyl halides2S.

A D
RCHX +Nu~—= [RCHpX]™ +Nu’

[RCHoX]™ —= RCHp" + X-—

RCHy' + Nu® —« RCH,Nu Scheme 2

The nucleophile (the anion derived from 2-nitropropane) plays the role of electron donor D whereas the alkyl
halide, the role of clectron acceptor A. This mechanism parallels the one generally accepted for the Grignard
reagent formation (Scheme 1). It was shown in 1966 to be incomplete and a chain reaction was introduced to
explain all the observed facts2? (Scheme 3).

A D
RCHX + Nu~—- [RCH2X]™ + Nu®

[RCHX]® —= RCHp + X~
RCH;" + Nu—™ ——e [I;(IHZNu]‘
[RCHoNu]™ + RCHyX' ——= RCHjNu + [RCH2X1™

Scheme 3
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Our experimental results point to the possibility that the miechanism of the Grignard reagent formation can
operate by a completely analogous chain process (Scheme 4).

RX + Mg® —= R’ +MgDX
R' + Mg® —= RMg(l)
RMg(® + RX —= R’ +X " +[RMg(D]"

lxT RMg(IDX

Scheme 4

We proposed carlier such a chain mechanism, without direct experimental evidence, in a review?4 by
comparison with the scheme proposed by Hush and Oldham?? for the alkyl mercuric halides formation. We
prefer this chain mechanism to the one proposed on the basis of kinetic studies by Horak3®, but we have no
compelling evidence to discard the Iatter.
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