Questions

1. Cycloheptatriene does not add to maleic anhydride in a normal Diels-Alder fashion.  From your knowledge of how a Diels-Alder reaction works, use the structure of the actual adduct 1 to deduce the structure of the diene which actually added to the maleic anhydride.  This is, work backward from the adduct 1 to the structure of the actual diene reactant by detaching the skeleton of maleic anhydride.

The following scheme shows a Retro-Diels-Alder reaction to show the structure of the Diene (Noraradiene) and Maleic Anhydride. The mechanistic arrows shows the flow of electrons for the reverse cycloaddition. 
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2. The actual diene reactant whose structure you have deduced is called Norcaradiene.  Write its structure next to the that of cycloheptatriene.  Next, use mechanistic arrows to suggest how cycloheptatriene might isomerize to form norcaradiene.
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3. Isomerizations such as the one hinted at in Question 2 are called Valence Tautomerizations.  Two structures related like cycloheptatriene and norcaradiene are referred to as valence tautomers.  It is not necessary to shift hydrogens to turn one valence tautomer into another.  However, valence tautomers are not resonance forms of the same molecule either, since bond lengths and angles are different between the two.  Write an equation which shows the interconversion of cycloheptatriene and norcaradiene as an equilibrium.
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4. The equation you wrote for Question 3 expresses the fact that a bottle of cycloheptatriene always contains some of the norcaradiene tautomer.  However, norcaradiene is much less stable than cycloheptatriene and comprises less than 1% of the equilibrium mixture.  For every molecule of norcaradiene present, there are 99 or more molecules of cycloheptatriene.  Proving the existence of an unstable molecule by causing it to react selectively with some other compound is called trapping.  In this lab we used maleic anhydride as a trap to react with norcaradiene.  Try to suggest a reason that the norcaradiene, rather then cycloheptatriene is trapped by maleic anhydride.

In order to relieve ring strain, cycloheptatriene adopts a conformation in which the three alkenes are non-planar. Planarity of the diene is a stereochemical requirement of the Diels-Alder reaction. Norcaradiene, on the other hand, adopts an idealized conformation in which the two alkenes are oriented in the same plane. The Diels-Alder can therefore happen efficiently with Norcaradiene, but not with cycloheptatriene.
