Benzoin to Hexaphenylbenzene
Introduction:

This experiment is a multistep synthesis.  You will conduct the first step during the first laboratory period and then complete the synthesis during a second period.

In the first step of the synthesis, benzoin is oxidized to benzil using nitrate as the oxidizing agent, along with a catalytic amount of cupric ion.  
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The benzil then undergoes an aldol condensation with diphenyl acetone to form tetraphenyl cyclopentadienone, a highly conjugated, highly colored product.  In the third and final step, a mixture of tetraphenyl cyclopentadienone and diphenyl acetylene is refluxed briefly at a high temperature resulting in a Diels Alder reaction.  The product which forms is unstable and spontaneously emits carbon monoxide to form the final product, hexaphenylbenzene.
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WEEK ONE
Safety Considerations:

Acetic acid is a strong acid and should be handled under the hood while wearing gloves.
This reaction should be carried out under the hood.  The reaction generates NO2, a toxic gas.  
Experimental Procedure:

Preparation of the Oxidizing Solution

Weigh out 0.25 millimoles of copper II acetate monohydrate and 0.031 moles of ammonium nitrate.  Place both in a 50 mL Erlenmeyer flask along with 3.5 mL of water.  Warm the mixture on a hot plate to dissolve the salts.  Allow the mixture to cool briefly and then add 14 mL of glacial acetic acid.
Reaction of Benzoin

Place 0.014 moles of benzoin in a 50 mL round bottom flask.  Add a stir bar and 11 mL of the oxidizing solution from above.  Attach a condenser and reflux the reaction mixture under the hood for 1 hour.  Use a sand bath (on a hot plate) at approximately 140oC to reflux the mixture.  Stir to prevent bumping.
Purification of Benzil
Allow the reaction mixture to cool to room temperature.  Add 15 g of ice to the reaction mixture.  Vacuum filter to collect the crystals.  Rinse the crystals with cold water.  Recrystallize the crude product in ethanol using a steam bath for heating.
WEEK TWO

Safety Considerations:

Wear gloves when handling KOH.  

This experiment calls for the use of a flame.  Use the flame only under the hood and only after you are certain that no flammable solvents are nearby.

Experimental Procedure:

Measure the yield and melting point of your benzil product from last week.

Synthesis & Purification of Tetraphenylcyclopentadienone

Dissolve 0.16 grams of KOH in 25 mL of ethanol in a 50 mL round bottomed flask.  Add 6.0 millimoles of benzil, followed by 6.0 millimoles of diphenyl acetone.  Attach a condenser and reflux the reaction mixture on a steam bath for 15 minutes.  
Cool the reaction mixture in ice and vacuum filter to collect the deep purple cyclopentadienone product.  Rinse the crystals with 5-10 mL of cold water followed by 5-10 mL of cold ethanol.  Spread the crystals out on a piece of filter paper and allow them to try for a minimum of 15 minutes.  Measure the yield and melting point of the product.
Synthesis & Purification of Hexaphenylbenzene

Weigh out 1.3 millimoles of tetraphenylcyclopentadienone and place it in a small pyrex test tube.  Add 1.8 millimoles of diphenyl acetylene.  Heat the test tube under the hood using a small flame and bring the reaction mixture to reflux.  Allow the reaction mixture to reflux for 5 to 10 minutes.  
After reflux, allow the reaction mixture to cool and add 5 mL of ligroin or petroleum ether.  Warm the reaction mixture briefly on a steam bath to dissolve the contents and then allow it to cool to room temperature.  Cool in ice and vacuum filter to collect the product.  Rinse the crystals with cold petroleum ether and determine their yield.  The melting point of the product will not be measured – the literature value is 465oC!
Discussion Questions:

Determine the percent yield for each step of the reaction and determine your overall percent recovery for the three step process.
Draw out the mechanisms for the last two synthetic steps you performed (aldol and Diels Alder).
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