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Abstract: In the presence of the free radical scavenger 2,2,6,6-tetramethylpiperidine-N-oxyl (TMPO', 0.50 M), cycloheptyl 
bromide (RBr, 0.001 M) reacts with magnesium metal in a solution containing tert-amyl alcohol (5.0 M), lithium bromide 
(0.05 M), and diethyl ether at 20 OC and forms N-cycloheptoxy-2.2.6.6-tetramethylpiperidin (TMPOR) as the major product 
(293% yield, based on RBr). In the absence of TMPO', cycloheptane (RH) is formed in 295% yield. The dependence of 
the relative yields of TMPOR and RH on the initial concentration of TMPO' suggests that both products share a common 
precursor-free cycloheptyl radical-and that this radical has a median lifetime of ca. lo-' s. Cycloheptyl radicals appear 
to be intermediates on the major path to the Grignard reagent cycloheptylmagnesium bromide. TMPO' is reduced by Mg(0) 
to the anion of the corresponding hydroxylamine, TMPO-, at a rate that is competitive with that of the reaction between RBr 
and Mg(0). Although the magnesium salts of TMPO- are insoluble in diethyl ether, solutions containing TMPO-, Mg2+, and 
Li' remain homogeneous. For systems containing a high concentration of tert-amyl alcohol, a simple mathematical model 
attributes apparent zero-order kinetic behavior to the dependence of reactive surface area on the extent of reaction between 
alkyl halide and Mg. 

The objective of this work was to confirm the existence of free 
alkyl radicals as intermediates along the principal reaction pathway 
between alkyl bromides and alkylmagnesium bromides during 
formation of Grignard reagents (Scheme I) and to estimate the 
lifetime of these species. We used trapping with a stable free 
radical (TMPO*, 2,2,6,6-tetramethylpiperidine-N-oxyl) to ac- 
complish this objective. Radical trapping with TMPO' is normally 
a straightforward physical organic diagnostic test.2d In this 
system of reactions, its use, was complicated by the fact that 
reaction of TMPO' with both alkyl Grignard reagents and 
magnesium metal were rapid. This reaction between Grignard 
reagent and TMPO' (re)generated, a t  least in part, the alkyl 
radical It was, therefore, necessary to destroy any Grignard 
reagent in situ by protonation with an added alcohol R'OH. This 
paper details the experiments that defined reaction conditions 
permitting clear differentiation of the reaction between TMPO' 
and alkyl radicals R' generated from RBr from reactions between 
TMPO* and RMgBr. Subsequent papers will support the in- 
ference of radicals as intermediates in the formation of Grignard 
reagents by examinations of stereochemist# and of byproducts?.1° 
We have published a preliminary account of this work.I0 

Current understanding of the mechanism of formation of 
Grignard reagents by reaction of alkyl halides and magnesium 
is based on studies of  product^,'^-^^ and morphology 
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Scheme I. Processes Occurring during Reaction of an Alkyl Bromide 
with Magnesium Metal in Diethyl Ether in the Presence of TMPO' 
and an Alcohol R'OHa 
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"The transformations of central interest in confirming the existence 
of R' as an intermediate are shown with dark arrows (-); those im- 
portant in dealing with the reaction of RMgBr with TMPO' use 
dashed arrows (-+). Competing reduction of TMPO' by magnesium is 
indicated with dotted arrows (-+). 

of the magnesium surface after c ~ r r o s i o n . ~  A molecule of organic 
halide in solution arrives at  the surface of magnesium via a 
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