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FRIEDEL-CRAFTS ACYLATION OF FERROCENE: 
SYNTHESIS OF ACETYLFERROCENE 

 
In this experiment you will: 

1. Synthesize acetylferrocene via a Friedel-Crafts acylation reaction.  

2. Isolate, purify and characterize the product using melting point determination and 

spectral analysis.  

3. Analyze the methodology using the 12 principles of green chemistry. 

 

THEORY 
The Friedel-Crafts acylation is a reaction between an aryl compound and an acyl halide 

or anhydride to form an aryl ketone using a Lewis acid catalyst (such as AlCl3). It is 

named after the young European chemist Charles Friedel and the American chemist, 

James Mason Crafts. The reaction begins with the Lewis acid abstracting the halide 

from the acyl halide to form an electrophilic acylium cation and a tetrasubstituted 

aluminum anion. The aromatic compound then attacks the acylium ion via an 

electrophilic aromatic substitution to give a cationic product with loss of aromaticity. 

Deprotonation with the aluminum anion results in the final aryl ketone and regeneration 

of the Lewis acid catalyst (Scheme 1). 

Friedel-Crafts alkylation reaction has serious limitations. The aromatic ring is activated 

by the presence of an alkyl substituent and leads to polyalkylation. The reaction is also 

prone to carbocation rearrangements leading to a mixture of products. Both of these 

limitations are eliminated in the Friedel Crafts acylation reaction. The acyl group 

deactivates the ring, so polyacylation does not occur. The acylium ion is resonance 

stabilized and is not prone to rearrangement reactions like a carbocation.    
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Scheme 1: Mechanism of the Friedel-Crafts Acylation Reaction 

 

Textbooks of basic organic chemistry usually mention exclusively the use of reactive 

alkyl halides in combination with aromatics. However, alkenes, alkynes, alcohols, 

ethers, carbonyl compounds and so on, can also be effectively employed as alkylation 

agents. A range of molecular Lewis acids such as GaCl3, FeCl3, TiCl4, ZnCl2, BCl3, and 

Brønsted–Lowry acids (HF, H3PO4, H2SO4) have proven efficient in accelerating this 

process. Figure 1 is an interesting journal article that highlights the history of this 

process.   
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Figure 1: Journal Article: The Friedel-Crafts Reaction 
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Greening the Reaction:  

1. One of the primary problems in the traditional acylation method is the use and 

handling of aluminum chloride as a Lewis acid catalyst. Lewis acids such as 

AlCl3 have great affinity for water and produce burns when come in contact with 

skin. The side product of this reaction is aluminum chloride trihydrate, a waste to 

be dealt with. This byproduct is usually removed during workup and the final 

byproduct waste is aluminum hydroxide. In this greener acylation experiment, 

phosphoric acid is used as the catalyst instead of AlCl3.  

2. Traditional methods of acylation also involve the use of solvents. Solvents are 

common to laboratory processes and are indispensable to synthetic organic 

chemistry. Several billion pounds of solvent waste are generated by the chemical 

processes and discharged into streams. Many of these solvents are detrimental 

to our ecosystems, deplete the ozone layer and are cancer-causing. While 

contained use of these solvents may reduce the environmental and health 

hazards, reducing or eliminating the use of solvents is a better route. No solvent 

is used in this reaction. Acetic anhydride is used in excess, functions as both the 

acylating reagent and a solvent. 

 

In this laboratory, you will acylate ferrocene (Scheme 2). Ferrocene is an 

organometallic compound, which behaves like an aromatic compound. An 

organometallic compound contains both a hydrocarbon and a metal. Sometimes this 

molecule is referred to as a “sandwich” complex because the iron is “sandwiched” 

between two rings.  

 
Scheme 2: Green Acylation of Ferrocene 
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One way to look at this molecule is to think of it as containing two cyclopentadienyl 

anions (formal -1 charge per each ring) and an iron atom with a +2 charge. 

Cyclopentadienyl anion is an aromatic compound, and its π electrons bond to the iron to 

yield an overall neutral complex. The reactivity of ferrocene is similar to other aromatic 

compounds. Therefore, it can undergo electrophilic aromatic substitution in a very 

similar mechanism to that of benzene. In this experiment, ferrocene is acylated using 

acetic anhydride with a catalytic amount of phosphoric acid. There are two possible 

products, acetylferrocene and 1,1’-diacetylferrocene, which will be identified at the end 

of this reaction. 

 
PROCEDURE 

Set up a hot water bath in a well-ventilated hood. Add 1.5 g of ferrocene in a 20 mL 

round bottom flask and add a magnetic stir bar.  Add 5.0 mL of acetic anhydride 

followed by 1 mL of 85% phosphoric acid to the flask. Attach a water-cooled condenser 

to the flask, making sure the water hoses are securely clamped (as shown in figure 1). 

Attach a drying tube to the water condenser.1 Clamp the flask in the boiling water bath 

and stir the mixture. The mixture will turn dark red. Continue stirring until all ferrocene 

dissolves. You can infer this by the dissolving of yellow ferrocene solid. After ferrocene 

has dissolved, reflux the mixture for an additional 10 minutes.  

 

Turn off the heat and allow the set up to cool. Pour the reaction mixture (with the 

magnetic stir bar) over 25 g ice in a 125 mL beaker. Rinse the flask with 10 mL of room 

temperature water and add this to the beaker. Transfer the stir bar to the mixture. Stir 

the red-brown mixture on a stir plate. Make sure that the heat is not turned on. Slowly 

add 37.5 mL of 3M NaOH solution. Check the pH of the mixture. Check the pH by 

placing a small drop on a pH paper. Do not immerse the pH paper into the contents. 

The pH is usually very basic. If this is not the case, add solid sodium bicarbonate in 

small portions until the pH is basic. Considerable fizzing can occur in this step. The 

amount of NaHCO3 can vary with each reaction set up. Collect the crude product by 
                                                
1 Insert some cotton in the drying tube (available in microkit). Then add several spatulas of anhydrous 
calcium chloride to fill the tube halfway. Add cotton to secure the open end of the tube.    
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suction filtration. Save a small portion of the crude product for TLC analysis and use the 

remaining solid for recrystallization.  

 
 

Figure 2: Set up for Acetylation of Ferrocene 
 

Recrystallization  

Add 20 mL of hexanes to the product. Add some boiling stones and boil the solution on 

a hot plate (medium heat) to dissolve the product. A black tar will stay at the bottom of 

the flask. Quickly transfer the clear but colored solution using a pipet plugged with 

cotton. If tar contaminates the transfer, a hot gravity filtration may be necessary. 
Check with your instructor to assist you. Allow the flask to cool slowly to room 

temperature, and then cool in an ice bath for ~ 10 minutes. Acetylferrocene crystallizes 

as dark red needles. Suction filter the product.  

 

Drying 

Dry the product under a heating lamp for 30 minutes. Alternately, you may leave the 

product to dry until the next lab period.  
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Product Characterization 

Determine the yield and the melting point of acetylferrocene. Calculate the % yield for 

the reaction. Run an IR spectrum of ferrocene and acetyl ferrocene and confirm the 

formation of the acetylated product. Run 1H NMR spectra on ferrocene and the product 

obtained. Compare and make a note of the differences in the spectra. Analyze the 

spectra for both compounds.   

 

DATA: 

 

Mass of Ferrocene: 1.5215 g 

Moles of Ferrocene: 

Volume of acetic anhydride: 5.0 mL 

Moles of acetic anhydride: 

Limiting Reactant is: 

Calculation of Theoretical yield (show set up): 

Crude yield of acetyl ferrocene: 1.2350 g 

Weight of sample used for purification: 1.0512 g 

Weight of purified acetyl ferrocene: 

% of acetyl ferrocene in the sample: 

% of acetyl ferrocene in the total crude product: 

% yield of acetyl ferrocene: 

 
 

 

 

 

 

 
 


