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Abstract 

Structures of methyl-, ethyl- and phenyl-magnesium iodides have been determined in diethyl ether 
solution by the large angle X-ray scattering (LAXS) technique. Solutions in the concentration range 

0.9-2.7 M have been studied. The Grignard reagents are present as solvated monomeric and dimeric 

species. Magnesium coordinates an iodide ion, an alkyl or aryl group, and four diethyl ether molecules 

octahedrally in the monomeric complex. In the dimeric complex each magnesium is octahedrally 

coordinated by two bridging iodide ions, an alkyl or aryl group, and three solvent molecules. The 

distribution of monomeric and dimeric species in the different solutions is given by a dimerisation 

constant, K,, = l(RMgX),IlRMgXll*. which is in the range 0.2-0.8 M-t. The Mg-I bond distance is 

between 2.74 and 2.81 A. 

Introduction 

Grignard compounds have been of much interest to organic chemists for almost a 
century since very valuable transformations, including carbon-carbon bond forma- 
tion, can be achieved with organomagnesium compounds -as intermediates [l]. In 
recent years organomagnesium compounds have also been shown to be irnportant 
intermediates in applications of organotransition metal chemistry synthesis [2,3]. To 
understand the mechanism of the Grignard reactions, often performed in diethyl 
ether, structural information on the reacting species in this solvent is desirable. The 
actual structure of Grignard reagents in solution has been a matter of controversy 
for many years [4]. 

To our knowledge no crystallographic studies of organomagnesium iodides have 
been published. In the solid phenylmagnesium bromide dietherate one bromide ion, 

* For Part II see ref. 41. 
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of the magnesium halide entity. In order to get reliable results from LAXS 
measurements, concentrated solutions are required. Solutions in the concentration 
range 0.9-2.7 M were used. To determine the concentration dependence of the 
composition of the solutions, various concentrations of various iodides were used. 
All measurements were carried out at room temperature. 

Experimental 

All glass equipment and syringe needles had been dried in an oven and all 
operations were carried out under dry, oxygen-free nitrogen or argon. 

Solvents 
Anhydrous diethyl ether and tetrahydrofuran purchased from Aldrich in 

Sure/SealTM bottles were used. The solvents were transferred with hypodermic 
syringes. 

Reagents 

Iodomethane was used as supplied by Merck, iodoethane by .Ians:sen, and 
iodobenzene by Fluka. Grignard reagent grade magnesium turnings (Merck) were 
used. 

Preparation of organomagnesium iodide solutions 
The Grignard compounds were prepared in 250-ml, round-bottomed, three-necked 

flasks. The weighed amount of magnesium turnings and a magnetic stirring bar were 
placed in the flask which was fitted with an addition funnel and a reflux condenser. 
10 ml of solvent was added to the flask and another 90 ml was added to thle organic 
iodide in the addition funnel. The amount of organic iodide was adjusted to give the 
desired concentration of the Grignard solution. 5 ml of the halide mixture was 
added to the flask and the reaction started. In none of the cases was it necessary to 
add an initiator. The remaining iodide solution was added dropwise. The mixture 
was refluxed and stirred for an hour after all the halide had been added and was 
then left to settle. The solution was transferred to a Schlenk tube and filtered. All 
transfers from storage bottles to sample cells were carried out with hypodermic 
syringes. 

Analyses 
All the organomagnesium solutions were analysed for magnesium by EDTA 

titration using Eriochrome Black T as indicator in aqueous solution. 
The phenylmagnesium iodide solutions were analysed for PhMgI by adding dry 

ice and weighing the benzoic acid formed after hydrolysis, evaporation of the ether 
and thorough drying. ‘H NMR spectra were recorded on a Varian XL-300 spec- 
trometer in deuterochloroform for the phenylmagnesium iodide solutions before and 
after the scattering measurements to confirm that the composition of the solutions 
remained unchanged. 

Data collection 
A large angle B-8 diffractometer of the Seifert GSD type with MO-K, radiation 

(h = 0.7107 A) was used to measure the scattered intensities from the free surface of 
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procedures [31,32]. Spurious peaks below 1.5 A which could not be identified with 
interatomic distances in the solutions, were removed by a Fourier transformation 

procedure [33]. 
All calculations were made with the program KURVLR [34]. Least-squares refine- 

ments were carried out with the STEPLR program [35]. 

Results 

The studied Grignard compounds in diethyl ether solution seem to have the same 
basic structure. In the radial distribution functions (RDFs) there is a peak at about 
2.8 A corresponding to the Mg-I bond distance within the Grignard compound, 
and another peak at 1.5 A matching the intramolecular distances in the diethyl ether 
molecule and in the alkyl or phenyl group, Fig. 2. The size of the Mg-I peak is 
somewhat larger than expected for a monomeric structure, but smaller Ithan ex- 
pected for a dimeric structure. There is also a marked shoulder at 3.9 A which is 
assigned to an I-I distance in a dimer where the magnesium ions are six-coordi- 
nated, or to an I-C distance in tetrahedral monomeric or dimeric species. The 
intensity of this interaction corresponds well to (n(Mg-I) - 1)/2 I-I distances as 
expected for a dimeric structure. n(Mg-1) is the number of Mg-I distances. For 
dimeric species where magnesium is tetrahedrally coordinated, an I-I distance is 
expected at about 4.6 A. A weak interaction is indeed found in the RDFs at 4.5 A, 
but it corresponds poorly with the number of Mg-I distances. This interaction can 
instead be assigned to an intermolecular distance between the diethyl ether mole- 
cules. This is seen as a peak in the difference curve for the octahedral models in Fig. 
2. The I-C distance in a tetrahedral model cannot fully compensate for the 
experimental interaction observed at 3.9 A. This strongly indicates that both 
monomeric and dimeric Grignard species are present in the diethyl ether solutions 
studied, and that the magnesiums are octahedrally coordinated in the dimeric 
species. It is not possible from the present data to distinguish between tetrahedral 
and octahedral geometry of the monomeric species, since the I-O and I-C interac- 
tions have too weak scattering power to be seen as well-defined peaks or shoulders 
in the RDFs. We therefore chose to use octahedral monomeric and dimerilc species 
in the final calculations. 

Least-squares refinements were performed with both octahedral and tetrahedral 
models and with either only monomers or with mixtures of monomeric and dimeric 
species. It was only possible to refine the Mg-I distance, d, and its temperature 
factor, b, with a least-squares minimisation. All the other parameters were either 
obtained by curve-fitting using the KURVLR program [34], or were fixed at values 
estimated from previous studies [20,36]. The parameters for the diethyl ether 
molecule and the C-C distances in the alkyl and phenyl groups are the same for all 
the solutions. Substantially lower error-square sums and better curve fits were 
obtained for the model containing dimeric species. The Mg-C parameters were set 
to the following values; d = 2.20 A, b = 0.006 A*, n = 1.0 for the octahedral 
complexes and d = 2.15 A, b = 0.006 A2. n = 1.0 for the tetrahedral complexes. The 
following Mg-0 parameters were used: d z 2.15 A, b = 0.008 A2, n = 5 - n(Mg-I) 
for octahedral complexes and d = 2.05 A, b = 0.008 A,‘, n = 3 - n(Mg-I) for 
tetrahedral complexes. The Mg-0 and Mg-C parameters in the tetrahedral model 

are taken from the structure of C,H,MgBr. 2CH,OCH, [6]. For the octahedral 
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Fig. 2. The differential electronic radial distribution function, D(r) - 4nr2po, for organomagnesium 
iodides in diethyl ether solution, solid lines. The dashed lines represent the sum of the calwlated peak 
shapes and the difference is drawn with double-dashed lines. The models with octahedrally coordinated 
magnesium ions are shown to the left, and the models with tetrahedrally coordinated magnesrum ions are 
shown to the right. 
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Table 3 

The estimated dimerisation constants K,, (M-l), of Chignard compounds in diethyl ether solution. The 
estimated error in K,, is less than 50% 

System Ki, 

CH,MgI 0.55 

C,WW 0.23 

C,H,MgI 0.25 

0 

model the choice of 2.15 A for the Mg-0 distance is based on the Mg-0 distance in 
the hydrated magnesium ion: 2.11 A [37], and it can be assumed that this distance is 
slightly longer for the more weakly solvating diethyl ether molecule. The ionic 
radius of magnesium increases with about 0.14 A when going from tetrahedral to 
octahedral configuration [38], but as it is assumed that the Mg-C bond is substan- 
tially stronger than the Mg-0 solvate bonds, the Mg-C bond distance has been set 
to 2.20 A. The I-I and I-C distances were calculated from the refined Mg--1 bond 
distance, and the number of I-I, I-C and Mg-0 distances were obtained by 
curve-fitting. The temperature factor coefficients for the I-I and I-C distances have 
been set to 0.025 and 0.020 A2, respectively. The parameters obtained from least- 
squares refinements and curve-fitting are summarised for the systems studied in 
Table 2. 

These comparisons show that a model involving both monomeric and dimeric 
alkyl Grignard species where magnesium is octahedrally coordinated gives the best 
fit to the experimental data (see Figs. 1 and 2). For phenylmagnesium iodide, 
however, an equally good fit is obtained for a model with tetrahedrally coordinated 
magnesium (see Figs. 1 and 2). 

The degree of dimerisation was determined for each sample studied, by curve-fit- 
ting the number of I-I distances and a dimerisation constant, K,i = [(RMgI),] 

[RMgK2, was calculated. In the final calculations of the theoretical RDFs, the 
degree of dimerisation used was that obtained from the average of the dimerisation 
constants calculated for the various concentrations of a particular Grignard com- 
pound. The estimated dimerisation constants are given in Table 3. 

Discussion 

This study has shown that the Grignard reagents are present as both solvated 
monomeric and dimeric species. The degree of dimerisation is dependent on both 
the concentration and the R group, and is determined by the equilibrium 2 RMgX 

= (RMgX),, which corresponds to the left hand side of an expanded Schlenk 

equilibrium 1381: 

(RMgX), + 2RMgX + R,Mg + MgX, + R,Mg. MgX, (I) 

where (RMgX), is either structure I or II and R,Mg . MgX, is represented by the 
structure in III. Note that solvent molecules are omitted. 

R--g-X X-Mg-R 

I I I I R, 
X-Mg-R X-Mg-R /‘\Mg 

R 
,Mg, / 

X 

(III) 
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