Excercise 1: Dimerisation of Cyclopentadiene and Hydrogenation of Dicyclpentadiene
A) Dimerisation of Cyclopentadiene
- Calculation of the energy of the Exo and Endo dimer by using the Molecular Mechanics Program (MM2)

Exo Dimer  1
Iteration   36: Minimization terminated normally because the gradient norm is less than the minimum gradient norm
  Stretch:          1.2923
  Bend:            20.5870
  Stretch-Bend:    -0.8413
  Torsion:          7.6715
  Non-1,4 VDW:     -1.4358
  1,4 VDW:          4.2320
  Dipole/Dipole:    0.3778
Total Energy:      31.8834 kcal/mol
[Jmol-ex1-exo-dimer-1]

Endo Dimer 2
  Iteration   39: Minimization terminated normally because the gradient norm is less than the minimum gradient norm
  Stretch:          1.2454
  Bend:            20.8603
  Stretch-Bend:    -0.8320
  Torsion:          9.5039
  Non-1,4 VDW:     -1.5083
  1,4 VDW:          4.3012
  Dipole/Dipole:    0.4448
Total Energy:      34.0153 kcal/mol
[Jmol-ex1-endo-dimer-2]


Comments: 
The total energy of exo dimer is approximately 2 kcal/mol lower than endo dimer is, which the higher energy is mainly caused by the torsional strain of endo dimer, this difference of total energy  indicates the exo dimer is thermodynamically more stable.  However, both exo and endo dimers  have  a structure of bridgehead and C=C double bond, therefore, the bending factor of these molecules become the major contribution to the total energy. 
But in reality, the endo dimer 2 is formed instead of the exo dimer 1, which has higher thermodynamic energy (less favour) than exo. This is due to the ignorance of kinetic energy in MM2 programme. The observation implies that the EA (activation energy) of endo dimer is significantly lower than exo dimer, and it even overcomes the disfavoured thermodynamic factor, and hence, the dimerisation of cyclopendiene need to be under kinetic control. 

B) Hydrogenation of Dicyclpentadiene
- Determination of thermodynamic stability of hydrogenation product from endo dimer 2 by MM2 


Product 3
------------MM2 Minimization------------
Note: All parameters used are finalized (Quality = 4).
  Iteration   36: Minimization terminated normally because the gradient norm is less than the minimum gradient norm
  Stretch:          1.2324
  Bend:            18.8641
  Stretch-Bend:    -0.7625
  Torsion:         12.2469
  Non-1,4 VDW:     -1.5627
  1,4 VDW:          5.7523
  Dipole/Dipole:    0.1631
Total Energy:      35.9337 kcal/mol
[Jmol-product3]

Product 4
------------MM2 Minimization------------
Note: All parameters used are finalized (Quality = 4).
  Iteration   59: Minimization terminated normally because the gradient norm is less than the minimum gradient norm
  Stretch:          1.0963
  Bend:            14.5074
  Stretch-Bend:    -0.5493
  Torsion:         12.4972
  Non-1,4 VDW:     -1.0507
  1,4 VDW:          4.5124
  Dipole/Dipole:    0.1407
Total Energy:      31.1540 kcal/mol
[Jmol-product4]
Comments:
The total energy of hydrogenation product 4 is approximately 5 kcal/mol lower than product 3, which the higher energy is mainly caused by the bending destabilisation and 1,4-VDW interaction of product 3, this difference of total energy  indicates the product 4 is thermodynamically more stable.
The product 4 would be the main product if the hydrogenation was carried out under thermodynamic control, this is due to relieve of bending destabilisation. Although both products have bridgehead and C=C bond, but product 3 has its alkene group much nearer to the bridgehead than product 4, and this causes the extra bending destabilisation of 3. As explained in part (A), the data from MM2 programme only involves thermodynamic factor, and hence, there is no enough information to decide whether the kinetic factor will overcome the thermodynamic factor and to favour hydrogenation product 3.  And also, in order to determine which hydrogenation product forms primarily, the intermediate transition state geometry would be required.
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