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During our investigation of electronic effects in substituted ferrocenes', in- 
I 

consistencies in literature reports of electrophilic site reactivities for 

methoxyferrocene (1) and related compounds have come to our attention. We wish 

to demonstrate herein that these contradictions have arisen because of incorrect 

assignments of the homoannular proton resonances in the pmr spectrum of methoxy- 

ferrocene and that surprising consistency actually exists among the data in this 

area. 

The Table summarizes the site reactivities for methoxyferrocene, phenyl- 

ferrocene and p-methoxyphenylferrocene recorded in the literature. Electro- 

philic substitution studies of Pauson and co-workers 2.3 indicate a greater re- 

activity for methoxyferrocene at the 2,5-positions. Such findings were in ac- 

cordance with the activating effect of the methoxy group at the 2,Gpositions 

in p-methoxyphenylferrocene observed by Rosenblum5. 

TABLE 

Substituted Relative Site Type of 
Ferrocene Reactivity Position Reaction Reference 

_2_ 3 1' -- 

Methoxyferrocene 1.6 1.0 0.43 Aminomethylation 2,3 

Methoxyferrocene 1.0 1.6 0.71 D-H Exchange 4 

Phenylferrocene 1.64 1.00 2.13 Acetylation 5 

p-Methoxyphenylferrocene 1.94 1.00 1.68 Acetylation 5 
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However, electrophilic D-H exchange data for methoxyferrocene has recently 

become available4 indicating a greater rate of exchange at the 3,4-positions as 

compared to the 2,5-positions. The authors of this study commented that such 

observations were at variance with the site reactivities obtained by Pauson 293 

and attributed these differences to the low accuracy of their experimental 

technique. Oeuterium incorporation at the various positions in the D-H exchange 

study wasfanalyzed by relative integration of the respective proton resonances 

in the pmr spectra of the recovered methoxyferrocene. Assignments of the reson- 

ances in the spectrum of methoxyferrocene utilized in the investigation of 

Kursanov et al placed the 2,5-position proton resonance at higher field strength 

(6 3.69 ppm) than that of the 3,4-position protons (6 3.95 ppm). These assign- 

ments were based on tentative literature assignments known at that time. 697 
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Continuing nmr spectral studies in these laboratories of monosubstituted 

ferrocene derivatives have not yielded unequivocal demonstrazion that previous as- 

signments 637 for the homoannular ring proton resonances of ferrocenes containing 

strong electron-donating groups arc ir: E\ ror. 699 Contrary to initial assignments, 

the 3,4-position protons resonate at higher field than the 2,5-position protons. 

Our assignments are based on the comparative pmr spectra of methoxyferrocene and 

a specifically deuterated methoxyferrocene. The deuteromethoxyferrocene was pre- 

pared by a metalation-deuteration technique' which has recently been demonstrated 
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to produce the 2-deutero derivative(l). Chemical shift assignments for the 

resonances in methoxyferrocene recorded at 100 MHz are: (CC14) 63.52 ppm 

(3.0 proton singlet, -OCH3), 63.68 ppm (2.0 proton triplet, H3,4), 63.94 ppm 

(2.0 proton triplet, H2,3)* and 6 4.03 ppm (5.0 proton singlet, C5H5 ring). 

The enhanced shielding of the 3,4-position protons in methoxyferrocene parallels 

the observed shielding trends in the spectra of other ferrocenes containing 

electron donating substituents such as amino ', urethanyl'and alkyl" groups. 

It is to be concluded that the assignments of the substituted ring protons 

of methoxyferrocene are reversed from that used in the D-H exchange study of 

Kursanov and coworkers.' This reassignment now allows reversal of the site 

reactivities of the 2,5- and 3,4-positions of methoxyferrocene in this same 

study(row two of the Table). This corrected data correlates exactly with electro- 

philic site reactivities observed by Pauson and co-workers 2,3 and brings unani- 

mity to the data supporting activation towards electrophilic substitution of the 

2,Gpositions of ferrocene by the methoxy group. 

It is of special interest to note that the relative ordering of shielding 

at the various positions in the spectrum of methoxyferrocene does not parallel 

the observed order of electrophilfc site reactivity at these same positio.ls. 

Rosenblum and Howells have formulated valance bond transition state structures 

and have calculated localization energies on model compounds which predict an 

activating effect toward electrophilic substitution at the 2-position for ferro- 

cenes containing 

calculations are 

values providing 

so far as proton 

electron-donating groups. 
5 

On the other hand n-electron density 

lacking for the ferrocene system a pmr chemical shift shielding 

the only estimate of electron density available at present. In 

shielding values provide true estimation of electron density 

distribution in substituted ferrocenes, the ferrocene system parallels five- 

membered heterocyclic systems in that it exhibits a lack of correlation between 

electrophilic site reactivity and electron density. 
11 

*This resonance attenuated by 1.0 proton in the 2-deuterated sample of 
methoxyferrocene. 
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