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Abstract. This is a synopsis of sonochemical contributions from the Institute of Organic Chemistry
of the University of Tartu together with a brief discussion of some aspects of the mechanism of
Grignard reagent formation in hydrocarbon media.
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Sonochemical methods have proved to be extremely useful in many
fields of organic synthesis, particularly for the promotion or acceleration
of the formation of organometallic compounds and their reactions [1-3].
However, kinetic investigations of the influence of ultrasound have been
incidentally performed.

The main purpose of the use of sonication in this laboratory was to
reveal some new aspects of the Grignard reagent formation in order to
improve our knowledge of the mechanism of the process.

We studied the effect of ultrasonic waves on the kinetics of the reaction
of alkylbromides with magnesium in toluene in the presence of catalytic
amounts of organic bases [4, 5], and also on the duration of the induction
period of the reaction in diethyl ether and in its mixtures with
toluene [5, 6].

The formation of partially solvated Grignard reagents in toluene has
been a reaction of our interest for a long period (for a review see Ref. [7]),
since big-scale organomagnesium syntheses require the replacement of
easily inflammable solvents by safer hydrocarbons of high boiling points.
Another advantage of toluene is its considerably lower vapour pressure in
comparison with diethyl ether. This makes a sonochemical process in this
medium more efficient.

In order to elucidate the effect of ultrasonic waves, the measurements
were carried out in similar conditions both with sonication and without it.
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The most important feature of the reaction is that the formation of a
Grignard reagent in toluene in the presence of small additions of an
organic base (less than one mole per mole of an organic halide) proceeds
in two stages [8]. After a rapid formation of the monosolvated Grignard
reagent, a slow completion of the reaction occurs. In this stage, the
reaction is catalyzed by the monosolvated Grignard reagent formed in the
first step of the reaction.

Sonication exerts an accelerating effect on all steps of the reaction.
However, the final yield of the Grignard reagent does not increase with
irradiation. Also, sonication did not influence the relative rates of the
formation of the Grignard reagent and the Wurtz type side products [4].

When diethyl ether forms the catalyst, sonication enhances the rate
constant of the slow stage on the average by a factor of two. However, the
dependence of rate constants on the molar ratio ether to halide is of
approximately the same quadratic type in either case [4].

The reaction rate constants for the slow stage of the reaction were
determined also for a variety of alkylbromides and THF as the organic
base [5]. No distinct dependence of the rate constant on the structure of the
halide alkyl group was observed either under sonication or in silent
reaction conditions. The average accelerating effect of sonication in the
case of THF is six times, thus higher than in that of diethyl ether.

The reaction between metallic magnesium and organic halide begins
only after a certain induction period. We have shown [9] that the Grignard
reagent formed within the induction period dissolves magnesium oxide,
gradually uncovering the surface of magnesium metal.

The induction period was determined both in the absence and in the
presence of additions of various inhibitors, and also under sonication and
without it. For the comparison of the results we introduced the initiation
constants that can be calculated from induction periods [9].

Our investigations confirm quantitatively the observation [2, 3] that
sonication promotes the Grignard reagent formation even in the presence
of considerable amounts of water or ethanol.

The replacement of ether by toluene in the silent reaction causes
difficulties in the initiation. In case of sonication, toluene does not
suppress the initiation but even accelerates the process. Under sonication
the value of the intrinsic initiation constant in toluene in the presence of
diethyl ether is about 15 times higher than in pure ether [5, 6]. Most
probably this is associated with a more substantial cavitation in toluene in
comparison with diethyl ether. This confirms the decisive role of the
destruction of the oxidic magnesium film in the induction period.

The information obtained from the sonochemical experiments is in
good accordance with the assumption that the induction period of the
Grignard reagent formation is mainly conditioned by the necessity of
cleansing the magnesium surface by the Grignard reagent formed in the
reaction [9]. Ultrasonic waves facilitate the destruction of the oxide film
and counteract the deposition of reaction products on the surface of
magnesium.
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The ordinary reaction of alkylhalides with magnesium in toluene in the
presence of organic bases exhibits a somewhat lower susceptibility to
sonication in comparison to the initiation process. It is remarkable that
sonication does not influence the yields of products, the formation of side
products, or the structure—reactivity relationships. It follows that ultrasonic
irradiation does not interfere in the reaction mechanism and most probably
acts through the microstreaming effect [2], suppressing the diffusion layer
at the metal surface. This is compatible with the conclusion that the
kinetics of the Grignard reagent formation may often be mass-transport
limited ([10] and Refs. therein) and also with the supposition [7] that the
catalysis by the monosolvated Grignard reagent consists in an exchange of
the organic base between a solvated Grignard compound and the
organomagnesium halide formed on the surface of magnesium metal,
followed by the subsequent dissolution of the compound.

The latter conception permits to uniquely comprehend the catalysis by a
free organic base and by a partially solvated Grignard reagent, as well as
the influence of sonication. An exchange of the organic base between the
catalyst and a newly formed organomagnesium particle is also compatible
with the zeroth order kinetics of the process in both the silent and the sonic
conditions [4, 8], because the rate of the reaction is determined by the rate
of the liberation of the surface: the solvated particle dissolves immediately
and the concentration of the catalyst remains unchanged.

It is generally accepted that in the Grignard reagent formation process
free radical intermediates are involved. Under ultrasonic conditions, free
radical processes should be especially favoured [1]. On the strength of our
experimental results, it seems plausible that at least in toluene media free
radicals do not occur in the rate limiting and product determining steps of
the reaction. Thus, the rate limiting step of the process under catalytic
conditions in hydrocarbon media seems to be the dissolution of the
product, indeed, as supposed above.
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ULTRAHELI KASUTAMINE GRIGNARD’I REAKTIIVI
MOODUSTUMISE UURIMISEKS

Ants TUULMETS

To6s on liihidalt kokku vdetud Tartu Ulikooli orgaanilise keemia
instituudis tehtud kvantitatiivsete sonokeemiliste uuringute olulisemad
tulemused ning nendest ldhtudes liihidalt arutletud Grignard’i reaktiivi
moodustumisreaktsiooni mehhanismi moningaid aspekte. -

IMPUMEHEHMUE YJIbTPA3BYKA B HCCIIEAOBAHHNH
OBPA30OBAHMSA PEAKTHBA I'PUHBAPA
Anrc TYYIIMETC
Jdan 00630p KOJNWYECTBEHHBIX COHOXMMHMYECKHX HCCIIEIOBaHMUH,
NpoBeeHHbIX B MHCTHTYTe OpraHM4YecKoOd XWMHHM TapTycKoro

YHUBEPCUTETa, M B CBET€ HX pe3y/lbTaTOB KOPOTKO OOCYXIEHbI
HEKOTOphIe BOIPOCHI MeXaHM3Ma 00pa3oBaHMs peakTHBa I'pHHBspa.
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