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  Experiment 21
Friedel-Crafts Acylation of Ferrocene
Friedel-Crafts reactions are examples of electrophilic aromatic substitution reactions. The reaction involves the substitution of hydrogen on the aromatic ring system by an electrophilic carbon species forming a new carbon-carbon bond. Friedel-Crafts reactions may be used to introduce either an alkyl or acyl group. 
Ferrocene does not undergo addition reactions typical of cyclopentadiene, but undergoes electrophilic aromatic substitution. The Friedel-Crafts acylation reaction of ferrocene involves the addition of the acylium cation to one of the carbon atoms on the ring, followed by loss of a proton (to solvent). The acylium cation is produced from acetic anhydride, which also serves as a solvent for this reaction. If only one ring reacts, then the product is the orange acetylferrocene. If both rings react, then the product is the red 1,1-diacetylferrocene. The reaction time of this experiment is reduced to limit the formation of 1,1-diacetylferrocene. 
Your objectives in this experiment will be to synthesize, isolate, and characterize acetylferrocene. The reaction equation is shown below. In this experiment you will also become familiar with a technique called column chromatography, which can be used to separate the desired product from unreacted starting material and side products. The compounds are colored which will make it easy to see the separation. Melting temperature analysis will be used to characterize the synthesized product. 
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OBJECTIVES
· Synthesize acetylferrocene.
· Isolate and purify the product using column chromatography.
· Use UV-VIS abosrbance spectroscopy to help determine which fractions contain the desired products. 
· Measure the melting temperature range of your product.
MATERIALS
	Part I  Synthesis Materials
50 mL round-bottom flask
stir bar
drying tube
vacuum filtration apparatus
10 mL graduated cylinder
spatula
cotton plug
Drierite®
cork ring
100 mL beaker
two 250 mL beakers
disposable Pasteur pipets and bulb
ferrocene
85% phosphoric acid solution
liquid acetic anhydride
DI water
ice
sodium bicarbonate, NaHCO3, solid
grease
watch glass
magnetic stirrer/hot plate
compressed air
Wide-Range Temperature Probe or thermometer
pH paper (optional)
	Part II  Column Chromatography and UV absorbance
LabQuest or computer interface
LabQuest App or Logger Pro
UV-VIS absorbance spectrometer
quartz cuvette(s)
hexane
10 mL disposable serological pipet, glass 
cotton plug
sand
silica gel
weighing paper
disposable Pasteur pipets and bulb
four 250 mL Erlenmeyer flasks
400 mL beaker
10 mL graduated cylinder
50 mL graduated cylinder (optional)
n-hexane
acetone
diethyl ether
9:1 hexane/acetone mixture
two 20 × 150 mm test tubes
test tube rack
hot plate
boiling stone
compressed air
Wide-Range Temperature Probe or thermometer


Part III  Melting Temperature
LabQuest or computer interface
LabQuest App or Logger Pro
Vernier Melt Station 
glass capillary tubes, one end closed
tissues (preferably lint-free)
samples from Part II
mortar and pestle
PROCEDURE
Part I  Synthesis
1. Obtain and wear goggles. Protect your arms and hands by wearing a long-sleeve lab coat and gloves. Conduct this reaction in a fume hood.
2. Prepare the reaction mixture. Caution: Handle the phosphoric acid and acetic anhydride with care. Both substances can cause painful burns if they come in contact with the skin.
a. Weigh out 1.0 g of acetic anhydride in the 50 mL round bottom flask and record to the nearest 0.001 g.
b. Weigh out about 0.25 g of ferrocene and transfer to the round bottom flask. Record the mass to the nearest 0.001 g. 
c. Add a stir bar to the flask.
d. Clamp the round bottom flask securely to the ring stand, lower onto the stir plate, and begin stirring. 
e. Slowly add eight drops of 85% phosphoric acid to the mixture over two minutes. This reaction is exothermic.
3. After the addition of the phosphoric acid, equip the flask with a drying tube containing Drierite. Grease the joints to prevent the glass from sticking. 
4. Prepare a 65°C hot-water bath using a 250 mL beaker. Monitor the temperature using a Wide‑Range Temperature Probe or thermometer.
5. Heat the solution in the hot water bath for 10 minutes while stirring the reaction. 
6. Fill half of a 100 mL beaker with ice. Pour the solution over the ice. Rinse the round-bottom flask with a small amount (1–2 mL) of cold distilled water. 
7. Add small pea size amounts of solid sodium bicarbonate to the solution until the gas evolution stops. The pH may be tested with pH paper to determine neutrality. Note: Minimize adding excess NaHCO3.
8. Prepare an ice water bath in a 250 mL beaker and cool the resulting orange solution for 30 minutes. 
9. Collect the solid using vacuum filtration. Note: Be sure to record the mass of the filter paper before placing it into the vacuum funnel.
10. Wash and dry the solid.
a. Wash the solid with cold distilled water to remove impurities until it is a pale orange color. Note: Use a minimal amount of water because the product is slightly soluble in water.
b. Transfer the filter paper with the crude solid onto a clean watch glass to air dry. Direct a gentle stream of air (low flow) to help dry the solid.
c. When dry, weigh the product and record the mass to the nearest 0.001 g.
Part II  Column Chromatography and UV Absorbance
11. In a test tube, dissolve approximately 0.1 g of your sample in 0.5 mL of diethyl ether. 
12. Prepare the elution solvent mixture.
a. Obtain 50 mL of hexane in an Erlenmeyer flask.
b. Obtain 10 mL of acetone in another Erlenmeyer flask.
c. Prepare 30 mL of 9:1 hexane/acetone mixture in an Erlenmeyer flask by mixing 27 mL of hexane and 3 mL of acetone. 
13. Assemble the chromatography column. Caution: Silica powder is harmful if inhaled. Use only in the fume hood.
a. Place a small piece of cotton into the bottom of the 10 mL serological pipet followed by 0.5 cm of sand and enough silica to fill the pipet about 2/3 full. Note: Weighing paper may be used to help fill the pipet with silica. 
b. Gently tap the tip of the pipet on the table top for 1–2 minutes to pack the silica.
c. Add another 0.5 cm of sand to the top of the pipet.
14. Obtain two test tubes to collect the column fractions and a 250 mL Erlenmeyer flask for waste. Important: Once you start the elution process, it cannot be stopped. You must go to completion. Read Steps 15–17 carefully before continuing.
15. Prepare the column for chromatography.
a. Place the waste flask under the pipet column and elute approximately 10 mL of hexane through the column. Note: If air bubbles or cracks appear in the column, discard and repeat Step 12. Use compressed air at very low pressure to push the solvent through. 
b. Elute another 5 mL of hexane. Important: Do not let the column get dry during this procedure. Replenish with solvent as needed.
c. Once the solvent has drained to just above the silica, pipet your sample evenly onto the column. 
d. Allow the solution to adsorb onto the silica making sure the solvent layer does not drop below the silica layer.
e. Add 1 mL of hexane down the sides of the column and drain until the solvent level is below the top of the sand. Repeat this procedure until your compound is a tight band bound on the silica. DANGER: n-hexanes, C6H14: Keep away from heat, sparks, open flames, and hot surfaces—highly flammable liquid and vapor. Do not eat or drink when using this product. Avoid breathing mist, vapors, or spray. May be fatal if swallowed and enters airways. May cause damage to organs. Causes skin and eye irritation. May cause drowsiness or dizziness. Suspected of damaging fertility or the unborn child. Do not handle until all safety precautions have been understood.
16. Carefully fill the pipet column with 9:1 hexane/acetone. Add solvent as needed during the procedure.
17. Collect the fractions during the elution process. Note: To slow down the flow rate, remove the air pressure. 
a. Collect the clear portion in the waste flask. 
b. Collect the ferrocene in a clean test tube.
c. After all the ferrocene has passed through the pipet column, continue adding 9:1 hexane/acetone.
d. Collect the acetylferrocene fraction in a clean test tube. 
e. Once the acetylferrocene fraction has been collected, collect the remaining solvent in the waste flask. 
18. Collect the absorbance spectrum for each fraction collected using a UV-VIS spectrophotometer.
a. Connect the spectrophotometer to the USB port of LabQuest or a computer. Choose New from the File menu of the data-collection program.
b. Prepare a blank by filling a cuvette 3/4 full with the solvent. Calibrate the spectrophotometer with the blank.
c. Fill an empty cuvette 3/4 full with one fraction. Insert the cuvette into the spectrometer. Start data collection. Once a spectrum appears, end data collection.
d. Store the run. In Logger Pro, do this by choosing Store Latest Run from the Experiment menu. In LabQuest App, you can store a run by tapping the File Cabinet icon.
e. Return the fraction to the test tube from which it came.
f. Repeat Steps c–f for the remaining solutions.
19. Prepare a 70°C hot water bath in a 400 mL beaker. Monitor the temperature using a Temperature Probe or thermometer.
20. Place a boiling stone in each of the test tubes and carefully evaporate the solvent using the hot water bath.
21. Collect the dry solid for melting temperature analysis.
Part III  Test the Melting Temperature of Ferrocene and Acetylferrocene 
22. Obtain a small amount of ferrocene from Part II. The solid should be in a powdered form. If it is not, use a mortar and pestle to carefully grind the solid to a powder. Pack the capillary tube.
23. Check the control dial on the Melt Station to confirm that it is in the Off position. Connect the Melt Station power supply to a powered electrical outlet.
24. Connect the Melt Station to a LabQuest or to a computer interface. Choose New from the File menu of the data-collection program. 
25. Carefully insert the capillary tube of solid into one of the sample holders of the Melt Station.
26. In the first trial, you will want to observe the melting process and make a rough estimate of the melting temperature of your unknown sample.
27. When you have determined the approximate melting temperature range for the sample, stop data collection and turn the dial to the Fan/Cooling setting. Record the melting temperature range in your data table. 
28. Now that you have a rough idea of the melting temperature, a more accurate determination of the melting temperature can be made. Prepare a sample in a capillary tube and determine the melting temperature of the sample.
29. When finished, stop data collection and turn the dial to the Fan/Cooling setting. Record the melting temperature range in your data table.
30. At the end of the experiment turn the control dial on the Melt Station to Off. Dispose of the capillary tubes as directed by your instructor.
31. Complete the Data Analysis section before exiting Logger Pro or the LabQuest App. Print a copy of your graph and/or save your data, as directed by your instructor.
DATA TABLE
Part I  Synthesis of Acetylferrocene
	Mass of ferrocene (g)
	 

	Mass of acetic anhydride (g)
	 

	Mass of filter paper (g)
	 

	Mass of filter paper and product (g)
	 

	Mass of product (g)
	 


Part III  Melting Temperature 
	 
	Measure melting temperature range
(°C)

	Isolated ferrocene
	 

	Isolated acetylferrocene 
	 


DATA ANALYSIS
1. What is the theoretical yield of acetylferrocene in your synthesis if the reaction went to completion? What is the actual yield? 
2. Draw the synthesis of acetophenone with AlCl3 as the acid catalyst using a Friedel-Crafts alkylation route.
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