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Summary 

A solution of n-butyl (s-butyl)magnesium in an alkane reacts readily between 
25 and 110” C with a series of carbon Bmnsted acids to produce the correspond- 
ing unsolvated diorganomagnesium derivatives in excellent yields. Such facile 
magnesiations provide a superior preparative route to donor-free compounds 
of the RzMg type, where R is cyclopentadienyl, indenyl, 9-fluorenyl or l-al- 
kynyl. Furthermore, sulfones form isolable l/l complexes with n-butyl (s- 
butyl)magnesium and these complexes then undergo automagnesiation between 
25 and 85°C. Methyl phenyl sulfone undergoes magnesiation on the methyl 
group, while diary1 sulfones are magnesiated at the ring carbon ortho to the 
sulfur. 

The magnesiation of carbon B@nsted acids by alkyl Grignard reagent ether- 
ates is a relatively slow reaction, even at temperatures of 60-100°C and even 
when the ether solvent has been replaced by benzene or toluene. For example, 
ethylmagnesium bromide reacts with cyclopentadiene over 6 h at 60°C to 
yield cyclopentadienylmagnesium bromide [l] ; conversion of the latter com- 
pound into dicyclopentadienylmagnesium then requires thermal decomposition 
under high vacuum to give only a 40% yield [ 21. The direct reaction of mag- 
nesium metal with cyclopentadiene, in either of two processes, is scarcely 
any improvement in convenience: (1) reaction at 500-600°C gives 40% of di- 
cyclopentadienylmagnesium [ 31; or (2) the titanium-catalyzed reaction requires 
20-50 h and yields a titanium-contaminated product in 60% yield [4] . 

In light of these difficulties in preparing dicyclopentadienylmagnesium (I), 
we are pleased to report that this magnesium derivative and analogous com- 
pounds can be prepared rapidly and in high yield at temperatures between 
25 and 110°C. The appropriate carbon Br$nsted acid dissolved in an alkane 
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is simply treated with a solution of one-half an equivalent of n-butyl (s-butyl)- 
magnesium (II) in heptane or in an alkane of comparable volatility*. As exem- 
plified in eq. 1 and 2 and as presented in Table 1, various substituted cyclo- 
pentadienes (cyclopentadiene, indene, and fluorene) and terminal alkynes 
(1-octyne and phenylethyne (III)) react smoothly to form the diorganomag- 
nesium derivative in high yield. 

2 (n-Bu) (s-Bu)Mg - Mg 

(II) 
2 

(I) 

(1) 

2 PhCECH t (n-Bu) (s-Bu)Mg B (PhCGC+Mg (2) 

(III) (r[) 

The ease and convenience of these magnesiations are illustrated by the 
procedure for preparing diindenylmagnesium. Thus, 11.6 g (100 mmol) of 
freshly distilled and deoxygenated indene were placed in a 500-ml, two-necked 
flask provided with a reflux condenser, pressure-equalizing addition funnel and 
magnetic stirring. The flask was maintained under a nitrogen atmosphere while 
63 ml of a 0.76 M solution of n-butyl (s-butyl)magnesium in n-heptane were 
added dropwise over 2 h. Then the solution was stirred under reflux for 7 h. 
The resulting pale orange suspension was cooled and collected, under nitrogen, 
on a glass filter frit. After washing several times with dry pentane, the off- 
white diindenylmagnesium weighed 11.0 g (87%) and melted at 218-221” C 
[6] . Hydrolysis of an aliquot gave 98% of the theoretical amount of indene 
(GLC, with a tetralin standard) and a magnesium content of 9.3% (expected: 
9.55%). 

These donor-free magnesiations have several noteworthy features, when 
compared with magnesiations effected by Grignard reagents in ethers. First, 
the rapidity of magnesiations by n-butyl (s-butyl)magnesium indicates that 
these reactions are promoted by the greater electrophilicity of an uncoor- 
dinated magnesium center. Second, the ease of magnesiation, as judged by 
the time and temperature of reaction, falls in the order: cyclopentadiene > 
indene > fluorene. Such a reactivity ordering is consistent with the increasing 
difficulty of the Bu,Mg-electrophile in attacking the n-electrons of the cyclo- 
pentadiene ring, as the ring is successively annulated with stabilizing benzene 
rings. Third, in the reaction of II with sulfones, the unsolvated nature of II 
leads to the formation of a l/l complex with the Lewis-basic SO2 group. In 
the case of diphenyl sulfone (IV), the resulting complex V undergoes auto- 
magnesiation (VI) when heated at 70--85°C (Scheme 1). 

*The n-butyl (s-butyl)magnesium can be prepared in heptane according to a published procedure 
[51 or can be purchased from The Lithium Corporation of America, Gastonia, NC, in heptane 02 
in ISOPAR@ C, a proprietary isoparaffinic hydrocarbon offered by the Exxon Corporation, (U.S.A.). 
Other hydrocarbon-soluble dialkylmagnesium compounds, such as the butyl (ethyl)magnesium 
offered by Texas Alkyls, Inc., can be used with comparable success. 
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