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Recent investigations of the Grignard formation reactionl-z have indicated that radicals
play an important role in this reaction and have led to the proposal of the following
(simplified) schemelb (among others radical pair formation leading to CIDNP has been

omitted for simplicity; index s stands for "surface bound"):

RX + Mg ———> RO« MQ8®—> R® + “Mgx_

I'IgB (:)
R—Myg® €—- R =r--- Mg
R* RMgX
R2Mg

Direct coupling of R® and 'MgXB to RMgX as primary product (route A) was assumed to be
the major pathwaylc, but in our investigations as well as in those of others there was
no direct evidence to exclude the alternative possibility, i.e. primary formation of

1b
R, Mg by e.g. the reaction of surface bound RMg; with R® (route B).

In this communication we present proof that the mixed Grignard reagent RMgX is indeed

the initially formed compound and that R_Mg is formed later on by sstablishment of the
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Schlenk equilibrium (eq. 1); this forms further evidence for the predominance of route

A lc'

2 RMgXx &—=2 RoMg + MgBr, (1)

To distinguish between R_Mg and RMgX, use was made of NMR techniques. In general this is

2
not possible at room temperature because of rapid exchange reactions; low temperature
measurements were succesfull in seyeral casesa. However in two instances the exchange

reaction of groups R was found to be slow at room temperature: CEFSMQBr5 and

tert-BuI'IgCl6 in THF. Both proved to be suitable for our purpose.

Evans and Khan5 demonstrated that CGFSMgBr can easily be detected beside (CGFS)ZHQ by
means of the lgF-NMR spectrum of the para fluoro atom. Two triplets are observed up
till 900; above that temperature coalescence occurs. The low field triplet could be

1

ascribed to CSFSMQBr. When C_.F.Br was reacted with Mg in THF and the 94.1 MHz gF-NMR

65
spectrum of the para fluorine region of the organomagriesium species was registred in
tims, the results presented in Fig. 1 were obtained. Initially the low field triplet is
observed exclusively$ gradually line broadening and appearance of the high field triplet
indicatae the secondary formation aof (CGFS)ZNQ'

These results prove beyond doubt that RMgX is the initially formed species in this re-
action. As one might argue that the Cﬁfs-group is atypical in this respecf it was desi~

rable to confirm this conclusion with a similar observation on an alkyl derivative.

Parris and Ashby6 have shown that the 1H-NMR spectra of tert-BuMgCl and (tert-Bu)2Mg
could be observed separately in THF at equilibrium. However, the obssrvation of the two
singlets during the formation resaction is strongly hindered by large polarization in
isobutane (phase A/E), formed as a side product. Neverthsless, there was no doubt that
tert-BuMgCl strpngly predominated in the reaction mixture as soon as the two signals
could be observed for the first time. Furthermore, when the Grignard formation reaction
was run at 200, the rate was slowed down to such an extent that in a very early étaga
the two organomagnesium compounds could be observed. Again tert-BuMgCl was in largse
excess (5 ¢ 1) over (tert-Bu)ZMg, contrary to the situation at egquilibrium at 20°

(<1: 1)6. The two species were identified by their chemical shifts relative to TMS



No. 24 2005

—~ e m s W\\‘Ln,h
hd b | i s

158 59 B0 ppm (8CFCl,)

Figure 1. 94.1 MHz lgF-NNR spectra of the para fluorine region of the organomagnesium
compounds formed in the reaction of CSFSBr with Mg in THF, taken at aspproxi-
mately 45 sec intsrvals. When spectrum (§) was recorded the reaction had come

to an end.
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as well as by the temperature dependency measurements, in accordance with the observa-
tions of Parris and Ashbyﬁ. Both sxperiments supply convincing evidence for our pre-
vious postulate1c that RMgX and not R2Mg is the speciss formed initially on reaction

of alkyl and aryl halides with magnesium in ethersal solvents.
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