High pressure effect on the rate and equilibrium of the cycloaddition reactions
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The key factors determining the Diels-Alder reaction rate and equilibrium at ambient and elevated pressure were elucidated using database on the reactivity of various diene-dienophile systems in usual and Lewis acid-catalyzed Diels-Alder reactions, on the reaction enthalpy, complex formation, dissolution, and solvation, and donor-acceptor properties of the reactants. It was found1-3 that taking into account the parameter of the orbital interaction energy, 1/(IPD - EA), the balance of old bond rupture and new bond formation, (Hr-n, and  diene geometry, R1-4, governing the value of coefficients overlapping of an orbitals,  allows correct prediction of the reaction rate in the absence or in the presence of Lewis acids in the process type: “diene-donor, dienophile-acceptor”:

logk2 =  -28.81 +316.3/(IPD - EA) – 69.9 R1-4/(IPD - EA) – 0.054(Hr-n ; r 0.972, n 93       (1),
where the IPD and  EA values are expressed in eV, R1-4 are in Å, (Hr-n are in kJ mol-1, and the values of  k2 at 25 oC are in l mol-1s-1. With this equation the appropriate conditions for realizing the “difficult” reactions have been calculated.4
It has been proofed that the structure of (,(-molecular complexes between dienes and dienophiles can be suitable for the following conversion into the transition state.5 From the change of the charge transfer energies of molecular complexes it was established that electron affinities of dienophiles in n,v-complexes with Lewis acid are increased up to 1.2 eV and acceleration effect in catalytic reactions (kcat/knon) corresponds to a simple correlation with the value of enthalpy of n,v-complexes formation: ln(kcat/knon) = 0.19(HMC, where the (HMC are in kJ mol-1.    

Useful additional information on the description of details of the reaction mechanism can be derived from the pressure effect on the rate and equilibrium of the Diels-Alder reaction.6-11  High validity of the reactivity data and nearly nonpolar nature of the transition state excepting the solvent electrostriction, make it possible to understand the contributions of  different sources of the change of the rate constants under pressure.3,9   This information helps to separate the true values of the activation volumes especially in polar organic reactions.
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