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Figure lc is a Newman projection about the Cl-C2 and C4-C5 bonds. Cl and C6 are significantly 

pyramidalized to maintain bonding with the migrating H. C3 distorts away from planarity in order to maximize 

overlap of the p orbitals at C2 and C4 with the rotated hybrid orbitals at Cl and C6. The pseudo-equatorial 

hydrogens on Ct and C5 are almost eclipsed (<HCCH=7’) with the hydrogens bonded to C2 and C4, 

respectively. The pseudo-axial hydrogens are 2.08x apart and have torsion angles of 62’ with respect to the 

CC bonds of C3. It is apparent that the stereoselectivity of the isomerization of &-1,3-hexadiene to 

cis,trans-2,4-hexadieneg can be rationalized by the preferential formation of the equatorial methyl transition 

state, as has been previously proposed.” 
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Figure 1. Three views of the 3-21G transition structure for the 1,5 hydrogen shift of 1,3-pentadiene. 

The 3-21G calculated activation energy after zero-point energy corrections is 52.8 kcal/mol, 16-20 kcal/mol 

higher than the experimental range of 31-37 kcal/mol for 1,3-pentadiene and substituted derivatives.2S10,11 

Inclusion of correlation energy corrections would significantly lower the activation energy. For example, 

Radom and coworkers found that the 4-31G activation energies of both modes of 1.3 hydrogen migration in 

propene are lowered by 13-22 kcal/mol upon inclusion of polarization functions and correlation energy 

corrections.12 The computed activation entropy, AS*, is - 7.3 eu. For comparison, the activation entropy for 

the thermal isomerization of 1,1-dideutero-1,3-pentadiene to 5,5-dideutero-1,3-pentadiene is -4.9 eu2 The 

authenticity of the computed transition structure was confirmed by the single large 3-21G imaginary 

frequency( 19361). 

Cvclooentadiene lsomerization 

Three representations of the transition structure for the 1.5 hydrogen shift of cyclopentadiene are shown in 

Figure 2. All five carbons and the hydrogens attached to C2-C4 stay virtually in plane. The CC bond lengths, 
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except that between C,-C5, are aromatic bond lengths. The Cl-C5 bond is only shortened by 0.02g relative to 

the 3-21G CC single bond in cyclopentadiene. Indeed, the carbon skeleton framework is unlike the 

cyclopentadienyl anion, in which all CC bond lengths are identical. Instead, the five carbons and migrating 

hydrogen form an aromatic &electron monocycle. with a relatively minor perturbation from the Cl-C5 overlap. 

Examination of the Mulliken charges revealed that the migrating hydrogen is only slightly proton-like (0.1 more 

positive charge than for H5 of cyclopentadiene or the migrating H in Figure l), consistent with the model 

suggested by McLean.T4 

The nonmigratmg hydrogens at CT and C5 are 10’ out of plane, a very small distortion compared to that in 

1,3-pentadiene. The migrating hydrogen is 79’ out of plane, 19’ more than in 1,3-pentadiene. The ‘transfer 

angle’, CHC, of 68O is much smaller than for the acyclic counterpart, due to the closeness of the carbons 

involved in the transfer. The partially formed (and broken) C--H bond length is 0.12; shorter than that in the 

1.3-pentadiene transition structure. 
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Figure 2. Three views of the 3-21G transition structure for the 1.5 hydrogen shift of cyclopentadiene. 

The zero-point energy corrected activation energy of 39.7 kcal/mol for cyclopentadiene is 18 kcal/mol 

higher than the experimental quantity measured by Roth for pentadeuterocyclopentadiene13 and by McLean for 

substituted cyclopentadienes. l4 The calculated activation energy for cyclopentadiene isomerization however is 

13 kcal/mol lower than that of 1,3-pentadiene, in close agreement with the experimental difference. The 

calculated activation entropy,&*, IS +0.20 eu. The experimental entropy of activation for the isomerization of 

1.2,3.4.5-pentadeuterocyclopentadiene to 1,2,3,5,5-pentadeuterocyclopentadiene is -3.3 eu. 




