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Cyclopentadienylmagnesium hydride (CpMgH) has been prepared convenient- 
ly by the reaction of magnesium hydride with cyclopentadiene in THF. The 
compound is soluble in THF and is a dimer in this solvent. Evidence is pre- 
sented that supports the single electron transfer nature of the reactions of 
CpMgH with selected aromatic ketones, trityl halides and polynuclear hydro- 
carbons. Visible and EPR spectral studies of the colored, paramagnetic inter- 
mediates are described. 

Although simple and complex metal hydrides of aluminum and boron have 
been known for over two decades for their reducing properties towards organ- 
ic functional groups [l], very little attention has been paid to MgH, because 
of its insolubility in common organic solvents. We have recently reported a 
series of soluble derivatives of magnesium hydride [Z] of the type HMgX 
(where X = Cl, Br, R, OR and NR2) and have shown that these compounds 
are reasonably strong reducing agents [ 31. In the course of our investigations 
on the reactivity of MgH2, we have recently found that metalation [4] takes 
place with organic reactants such as phenylacetylene, indene and cyclopenta- 

diene. Here we wish to report the preparation of cyclopentadienylmagnesium 
hydride (CpMgH) by the reaction of cyclopentadiene with MgHz and describe 
its reactions +th organic substrates such as ketones, alhzl halides and poly- 
nuclear hydrocarbons. 

Results and discussion 

When an equimolar amount of cyclopentadiene was allowed to react with a 
magnetically stirred slurry of MgH, in THF, a clear solution was formed with- 
in a few minutes. Upon concentrating (>0.5 M) this solution, needle-shaped 
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tion was found to be EPR active and showed a complex EPR spectrum (Fig. 1; 
g value = 2.0041), thus suggesting the existence of a paramagnetic species. 
Both the intensity of the visible absorption and the EPR signal increased with 
time and reached a maximum in about 4 days_ Reduction product was ob- 
tained during this time period. Preliminary results (visible and EPR maximum 
absorption) indicate that after 4 days the decay of the intermediate is related 
directly to the formation of reduction product. After 7 days, about 70% re- 
duction product was obtained. On the basis of these results, a probable 
mechanistic scheme (Scheme 1) involving an intermediate radical anion-radical 
cation pair is proposed. The unusually high stability of the intermediate A 
might lead one to conclude that it is the free ketyl B. However, this possibil- 
ity can be excluded since we have observed that the free ketyl B prepared in- 
dependently does not abstract hydrogen either from THF or from the free 
metal hydride to give the reduction product. Furthermore, the EPR spectrum 
of the reaction intermediate (Fig. 1) was observed to be different from that 
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Fig. 1. EPR spectrum of the radical intermediate formed in the reaction of diiesitylketone with CpMgH 
in THF at room temperature. <A) Partially refined, <B) Refined spectrum: g value = 2_0041_ 



of the free ketyl and also from that of the intermediate formed on reacion of 
HMgBr with dimesityl ketone. 

Similarly, CpMgH reacts with polynuclear hydrocarbons such as perylene, 
2,3-benzathracene, benzo [a]pyrene and anthracene to give colored inter- 
mediates which were found to be paramagnetic- The EPR and visible absorp- 
tion spectra of these colored species were similar to those of the corresponding 
radical anions reported previously [lt-131, which_ suggests that they are 
solvent-separated radical pairs [(ArH)? + (CpMgH)+]. 

The concentrations of the radical intermediates in these reactions have been 
determined by visible and EPR spectroscopy. The rate of formation of the 
radical intermediate was found to be dependent on the reduction potential of 
the polynuclear hydrocarbon and the concentration of the reagent. Under 
identical conditions of concentration, the rates of reaction of the hydro- 
carbcns studied followed the order: perylene > 2,3_benzanthracene > benzo[a]- 
pyrene > anthracene. Thus it appears from the EPR and visible spectra studies 
of the intermediates produced in these reactions that a single electron is trans- 
ferred fro-m CpMgH to the hydrocarbon, forming a radical ion pair C; [ArH]- 
CCH&Hl+, which then either gives the reduction product D; [ArHz]-[MgCp]+, 
by hydrogen radical abstraction or generates the solvent separated ion pair; 
[Ax-H]-[CpMg]+ (E) by dissociation (Scheme 2). Hydrolysis of the latter inter- 
mediate (E) can produce the reduction product either via a dianion, as re- 
ported earlier in the case of perylene radical anion protonation, or via its reac- 
tion with H,O followed by attack of another anion as demonstrated in the 
case of anthracene protonation [12,13]. A preliminary study of the product- 
forming step in the reaction of CpMgH with antbracene indicates that in the 
major reaction pathway only a small amount of D is formed prior to 
hydrolysis. This conclusion is based on the results of the reactions of CpMgH 
and CpMgD with this hydrocarbon followed by hydrolysis with D,O or HZ0 
in which the amount of deuterium incorporation in the reduction product was 
determined. For example, reaction of CpMgH with anthracene followed by 
hydrolysis with D,O produced mainly ArHD* and reaction of CpMgD with 
anthracene followed by reaction with H,O produced mainly ArH,. The EPR 
spectrum of the reaction- intermediate in the reaction of CpMgH with perylene 
is shown in Fig_ 2. 
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Fig. 2. EPR spectrum of the radical intermediate formed in the reaction of perylene with CpMgH at 
room temperature_ g value = 2.0029; n, = 2.53. ap = 3.09 and a,. = 0.46. 

Cyclopentadienylmagnesium hydride reacted readily with trityl halides 
(Ph&X; X = Cl or Br) in THF and gave an orange-red solution. These solutions 
were EPR active and showed an EPR spectrum identical with that previously 
reported for the trityl radical (Ph&:’ ) 1141. The concentration of this radical 
increased with time, as observed by EPR spectroscopy, and reached a 
maximum (estimated intensity = 15%), beyond which the intensity of the 
radical decreased. The product of the reaction after 1 day was triphenyl- 
methane, Ph,CH (Scheme 3)_ When CpMgD was used, the reduction product 
was found to be mainly Ph&D (= 90%) indicating that the hydrogen is trans- 
ferred mainly from CpMgH. 

Phs CBr + CpMgH + [(Ph,CBr)= (CpMgH?l 

SCHEME 3 PhsCH + CpMgBr f [Ph3C + Br- + (CpMgH)‘] 

Detailed mechanistic studies of the reactions of CpMgH with other organic 
substrates are in progress_ We are also studying the reactions of CpMgH with 
transition metal halides in the hope of developing a direct route to cyclopenta- 
dienylmetal hydride complexes. 
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