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&kel MO's for Formaldehyde and Ethylene 
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have a parHa bond between orbitals f of molecule F and orbitals e of molecule E. The 

El = CfCe Y (5) 
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closer in energy, the interacting molecular levels are, the more the transition state is sta- 

bilized. The amount of stabilization is also a function of the electron density in the more 

occupied orbital, and of the density of the vacancy in the orbital with which it is inter- 

acting, accounting for the MO coefficients in eqs. 5 and 6. Y is the atomic orbital pertur- 

bation exchange integral, and if one assumes that bonds are half-formed in the transition 

state, then y = l/26 and the units of second-order energies are v2/i3 = l/413. 

The four assumed reaction pathways give calculated perturbation energies as follows: (1) 

0.83~. (2) 0.60~. (3) 0.73y, and (4) 1.01~. The concerted mode of addition (4) is favored, 

and the biradical mechanism (1) could be a competing process. The most important energy level 

interactions are easily identified as the degenerate or nearly degenerate interactions, E(n) + 

F(n) for mode (l), and F(n*) + E(n*) for mode (4). 

'Jhe effects of substituents can be deduced by tracing the molecular energy level varia- 

tions and orbital coefficient changes which are induced by the substituents. Substituents can 

be broadly grouped into electron donating, electron attracting, and conjugative categories. 

Electron donating substituents raise the molecular energy levels , antibonding more than bond- 

ing. Electron-attracting substituents lower all energy levels, bonding more than antibonding. 

F(n) is changed only by a second-order inductive effect. In general, conjugative substituents 

lead to a spreading of n energy levels, with the highest occupied TI level raised, and the 

lowest vacant level lowered in energy, In addition a much lower electronic density will be 

found at the reactive sites in either r or ir* orbital. 






