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The Acetylation of Ferrocene

Intro:
In this experiment the aromaticityof the cyclopentadienyl ligands in ferrocene was demonstrated in a reaction similarto the Friedel-Crafts acylation of benzene. The cyclopentadienyl ligand is even more reactive than benzene in the Friedel-Crafts situation. It can be regarded as a 6( - electron planar anion. Phosphoric acid was used to generate the acetyl electrophile from acetic anhydride and thus acted as the Lewis acid.

Procedure:

150 mg of ferrocene was placed in a 10ml round-bottomed flask into which a magnetic stirrer was placed. Three drops of phosphoric acid (Lewis acid) were added to this reacting mixture via a Pasteur pipette. Using a 1mL graduated pipette 500(L of acetic anhydride were also added. The air-condensing apparatus was set up and also fixed with a CaCl2 drying tube. Then the mixture was heated in a water bath for about 10 mins at a steady temperature of 100(C. 2g of crushed ice was carefully added to the reaction mixture, and upon melting the mixture was neutralised  by adding NaHCO3 in small quantities until such time as evolution of CO2 ceased. The mixture was then cooled in an ice/water bath for nearly 30 mins. A characteristic brown solid formed essentially a mixture of ferrocene and it’s more di-acetylated derivatives. The solid was collected by filtration using a Hirsch funnel. The brown crystals were washed until about 100(L of water before drying produced a purer product.

A thin layer chromatography analysis of the mixture was then performed. The brown product was dissolved in 3 drops of toluene in a small vial, before spotting three tlc plates with the solution form a capillary tube. Besides this a further spot of the unreacted ferrocene mixture was placed for comparison purposes. Each plate was elected by the solvents (i) hexane,  (ii) ethyl acetate,  (iii) a mixture of those two by placing them in a capped bottle with 0.5cm of the respective solvent in the bottom. Each component of the mixture was represented by brown spots.

Product yield = 1.2g

Post-practical questions:

1.
Structure of ferrocene:

( n5 – C5 H5 )2 Fe 
(Ferrocene)

In the solide state the cyclopentadienyl rings of ferrocene are staggered.

Of the 18 valence electrons in the ferrocene molecule six are from the iron and it has a formal oxidation state of Fe2+.  Each cyclopentadienyl anion, i.e. each C5H5- donates 6 valence electrons to the molecule. Each of the cyclopentadienyl anions donate 1 electron to the Fe. The Fe has thus got six valence electrons and a further two ligand electrons.

2.
Reaction mechanism for the acetylation of ferrocene – this reaction is of some historical importance, because it established the aromatic character of ferrocene.

The reaction may be catalysed by any two Lewis acid (most often AlCl3) and proceeds to give both mono- and 1-1’-disubstituted products, with the latter being formed in very small amounts. If disubstitution does occur, it is most frequently ortho.
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