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In spite of the tremendous synthetic importance of the Grignard reaction, i.e. tha for- 

mation of organomagnasiurhalidas from organic halidos and magnesium, the details of its 

mechanism sra still insufficiently understood. Thars is some avidanca that ths intri- 

guing vinsertionn of a nsgnasium atom into tha carbon halogan bond occurs atapuisa, and 

that radicals are involved in these stsps: 

R-X + fl9 - 

R-Mg-X 

[R’, xng*3 
The presence of an alkyl radical is indicated by the occurrence of the 

derived from the alkyl halide, sometimes in rather high yields 192 . The 

explanation is that the intermediate rsdical R’ strips a hydrogen atom 

(1) 

hydrocarbon RH 

most plausible 

from either the 

solvent or from other molecules RX present on the surface of the nata13. Other radical 

products4 and stersochemical investigations1 support this interpretation. 

However, none of these results forms compelling svidenco for the occurrencs of the ra- 

dical es an intermediate on the direct pathuay to RRgX because it cannot be excluded 

that the radicals are formed in non-Grignard side reactions: 

R-X .a 

In this communication 

true intermediates in 

ms y 

[true intermediate] ----------rRflgX 

LR’ - products 

(2) 

we present direct evidence vie CIDNP phenomena 
5 

that radicals ers 

the formation of ethylmagnesium and iso-butylmsgneaium bromide in 
261 
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THF and of l thylmagnaaiua iodidm in di-f-butyl l thmr. 

Q To about 0.5 ml of thm l olvmnt and onm l g-atom l agnmmiun cryatmlm (Spmcpurm l agnamiua 

frmn Johnmon Natthey, Chmmioala Ltd. London) in an nmr tubm a mlight l xcmaa of an alkyl 

halidm uaa added and thm probe uaa inmmrtad into the cavity of a Varian A-60 nmr mpmc- 

troamtar. Aftmr a tau l aconda thm wrultiplmt l ??mct* uaa obamrvad for thm protona a to 

thm carbon l agnaaiua bond, uhich are l aaily obamrvmd due to thmir charactmrimtic chmm- 

ice1 ahitt around or to higher ffmld froa TRS. 

Figurme lm and lb l hou that at firat l aiaaion (and probably alao l nhancmd abaorption) 

occura Car the a-protonm; uithin tuo minutea thm normal apmctrum ia obaervmd. The apmc- 

true of ethylmagnmmiua bromidm in THF mea analogoua to that of mthylmagnmaiua iodide in 

di-E-butyl mthar (figure la). The rmproducibility of thm apactra caueed some difficulty 

prmmuaably becauam of variationa in the rata of the reactiona mvan for the aame organic 

halidm in thm aaam eolvmnt. 

Thmrm ia alao aoam indication for the CIDNP phmnomenon in the S-proton signals of 

mthylmagnmaium bromidm in THF; houever in thie caee overlap with the aignsls of the 

solvmnt protons nakmo intmrpratation difficult in thie system. 

That the signals do not originate from a q mtsl-halogen exchange reaction 6~7~ 

R-Rg-X l R-X . - R-X + R-Rg-X (3) 

wee proved by adding more alkyl halide to the corresponding Grignard solution: no emia- 

aion or other changes in the a-proton signals were observed. 

From these preliminary observations two concluaiona can be drawn. First, the occurrencm 

of the CIDNP phenomenon in the Grignard reagent proves unequivocally that this epeciae 

is formed in a radical process. Furthermore, according to the radical pair mode18, the 

Grignard reagent muat be formed by combfnation of two radicals; whmreaa the alkyl radi- 

osl is an obvious candideta for one of these, the identification of the other radical 

species (poaeibly ‘PgX) needa more detailed investigations uhich ere in progress. 

For the reactions which we have studimd so tar we may atste that the radical pathway 

(schewe [l]) is an important, it not the only route to Grignsrd reagents. Work la now 

in progresa to define more closely the range of validity of this statement snd the da- 

tails of the mechsnistio picture. 
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a 65 cp8 

A 

b 65 cpa 

Fig. 1 I 6Onc mm spectra taken at 0.6 min. intervala of 

a) the CH2-protona of sthylmagneaiua iodide In di-g-butyl ether, 

b) the CHp-protone of ieo-butylnapneeiur bromfdm in THF. 



204 No. 4 

Financial aupport boa tha Natharlanda Orpanitation for the Advancaamnt of Purm 

Rmamarch (Z.&O.) via thm Foundation for Chmaical Rmamarch in thm Nmthmrlandm 

(S.O. N. ) ia pratatully acknouledged. 

Rmtmrmnama 

1. H.R. blalboraky and A.E. Young, J. Aamr. Chea. Sot. 5 3266 (1964). 

2. Cl. Agami, PI. Chauvin and 3. Lmvieallma, Bull. Sac. Chim. Francm, 1970. 2712. 

5. Private communication from Prof. Walboraky, uhom urn thank for riporta prior to 

publication. 

4. H.H. Grootveld, C. Eloabmrg and F. Bickmlhaupt, fmtrahedron Lmttera, m 1999. 

5. Procmadinga of the FDNP International Colloquium, Bruaamla, 16 and 19 Rarch, 1971 

in: Induatrie Chiaique Balgm-Science, in prmaa. 

6. L.I. Zakharkin, O.Yu. Okhlobyatin and K.A. Bilmvich, J. Oroanoaetal. Chem. & 

309 (1964). 

7. No emiaaion apactra uera obamrvad for the metal-halogen mxohanpe rmaction in uhich 

organolithium compounda were involved: A.R. Lapley, Chea. Commun. 1969. 64. 

8. G.L. Cloaa, J. Amer. Chmm. Sac. s, 4552 (1969); 

R. Kaptain and L.J. Ooatarhott, Char. Phva. Lattera 4, 214 (1969). 


