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In the previous cumnunication,2 carbon-metal hyperconjugation3 has been demonstrated 

in the facile deuteriodeprotonation observed during electrophilic cleavage of dibensylmer- 

cury and bensylboronic acid. In this report we discuss the same phenanenon with respect 

to the ferrocene system. 

Traylor and Ware ba,b have suggested that the high reactivities in reactions 1 and 2 

(where Fer = C3H3FeC+,l are, in part, due to Fe-C bond hyperconjugation 

FerCH(CH3)X ROH FerCH(CH3)OR (retention) (1) 

p-FerCgH$H(CHg)X ROH p-FerC,jH&R(CH3)OR (2) 

illustrated below for reaction 2. These workers have demonstrated a strong resonance 

Cl 

stabiliaing effect for the 

reaction 2. We now report 

ferroeene. 

OR 

FerC6H$HCHg 

ferrocenyl group in the para position of a benzene ring in 

a similar effect for isotopic hydrogen exchange in phenyl- 

Phenylferrocene was prepared fmm ferrocene and phenyldiazonium sulfate according 

to the procedure of Broadhead and Pauson,' and was purified by column adsorption ch-- 

tography on alumina. The hydrogen exchange rate for this compound was determined in 
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important in the exchange on phenyl but (II) would not be important for exchange in the 

ferrocenyl group because it is an unstable structure. 

(I) (II) 

The above and previous' results make it abundantly clear that carbon-metal hyper- 

conjugation is a general phenomenon in the reactions of organanetallic compounds, 

whether they be o bonded metals' or the n bonded metallocenes. 

Curiously the rate of deuteriodeprotonation of ferrocene leads to a ota_Per = -1.1 

which is contrasted to cta_Per = -1.4 for the solvolysis reaction 1. The following 

communication shows how this discrepancy has lead to a general mechanism for electro- 

philic substitution on metallocenes. 
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The nmr spectrum of phenylferrocene (10% in carben tetrachloridc solution) consists 

of four groups of lines; a multiplet for phenyl protons at 2.73r, a triplet for the 

2.5 protons at 5.477, a triplet for the 3,4 protons at 5.827, and a singlet for the 

unsubstituted ring protons at 6.07~. 

Infrared spectra were recorded on a Cary-White 90 spectmter, in carbon disulfide 

solution. 

Assuming the ortho- and para-toluene-dl intensity ratios of Tiers, 
9 
leads to an 

ortho/ 
-para 

rate ratio of 1 
2 

Do/D = 0.91 - 0.96. 
P 

These two values are for phenyl- 

ferrocene isolated after 30% and 50% exchange of phenyl protens. 
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It was necessary to determine the p slope under our condition since apparently 

hydrogen exchange selectivity is highly dependent on conditions. Stock and B~oun'~~ 

report a p slope for detritiation of -8.2; Lauer 
13b reports the rate of exchange 

in toluene to be 100 times that of benzene in trifluoroacetic acid-d-deuterium 

oxide, which would be a p slope of -6.6. 
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