Title:

Friedel – Cradfts acetylation of Bromobenzene
Aim:

To synthesise 4-Bromoacetophenone
Introduction:

Electronphilic aromatic substitution reactions are the most important reactions of aromatic compounds in which an electrophilic reacts with an aromatic ring and substitutes a hydrogen. Friedel – Crafts acetylation is an example of an electrophilic aromatic substitution reaction where an acyl group –COR is introduced into the ring. An acyl group can be substituted when the aromatic compound is reacted with a carboxylic chloride or a carboxylic anhydride such as acetic anhydride, the reagent used in this experiment, in the presence of AlCl3 catalyst.

The reaction proceeds through the intermediate of a resonance-stabilised acylium cation, which is the reactive electrophile. The intermediate cation is formed by the reaction of the anhydride with the Lewis acid, where the Lewis acid forms a complex by coordination iwht a carbonyl oxygen, the resonance stabilised product forms as follows

The acyl cation does not undergo rearrangement and is sufficiently electrophilic to attack benzene to give the substituted product, 4-bromoacetophenone.

Procedure:

To a dry 100ml round bottomed flask, was placed aluminium chloride (7.5g), dry dichloromethane (10ml), bromobenzene (2.5ml, 3.74g) and a magnetic stirrer. Acetic anhydride (7.5g) was slowly added stirring to the contents of the flask.

The mixture was then refluxed for 30 minutes. To a 600ml beaker 30g of ice and 10ml of water were mixed. In the fume cupboard the contents of the reaction flask was slowly poured into the ice-water mix. HCl and heat were evolved. The mixture was stirred well. The reaction flask was rinsed with dichloromethane (6ml) and added to the mixture in the beaker. The contents of the beaker was poured into a separating funnel and the lower organic layer was collected. The upper aqueous layer was discarded. 

The dropping funnel  was rinsed with a little dichloromethane and the organic layer was poured into it.

The dichloromethane solution was washed with water (2 x 10ml), with bench 2M NaOH (10ml) and with half saturated NaCl solution (2 x 10ml)

The dichloromethane was run into a clean dry conical flask and dried over calcium chloride. The solution was filtered in a clean dry 100ml flask and the solvent removed on the rotary evaporator.

The yield and melting point of the product could not be found as time did not permit.
Post Practical Questions:

1.
In the main product, the acetyl group is predominantly directed in the para position due to the presence of the bromo group. Reactivity and orientation in electrophilic aromatic substitutions are controlled by both inductive and resonance effects. Inductive effects are due to the electronegativity of atoms and to the resultant polarity of bonds in the functional groups, which results in withdrawal ordonation of electrons through ( bonds.

Resonace effects are due to overlap of a p orbital on the substitiuent with a p-orbital on the aromatic ring and results in withdrawal or donation of electrons through ( bonds. Halogens exhibit both effects but their electron withdrawing inductive effect outweighs their weaker electron donating resonance effect. Since electron withdrawal from the benzene ring deactivates the ring. Although weak, the resonance effect is only felt at ortho and para positions, stabilizing the positive charge of the carbocation (the meta has no such stabilization). For this reason and because an incoming substituent substitutes at a position away from the deactivating bromine group, the product is mainly para.

Also steric reasons.

2.
Ortho product may also be formed as a minor product. It is not a major product because of the electron-withdrawing inductive effect of the bromo group, which is felt more strongly at the ortho position destabilising in intermediate carbocation. Polysubstitution products are not found since the acetyl group is highly deactivating as explained in the introduction.

3.
1 molar equivalent of AlCl3 is required to react with the acetic anhydride as explained in the introduction. But a second amount reacts with bromoacetophenone and is removed by hydrolysis. Since it is used in two stages of the reaction and needs to be in excess, 2.2 molar equivalents of AlCl3 is required in the reaction.

