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Examples for the Alder—Stein rule are shown below:

(1)

(2)

+ NH :
LIT/#o

9 10 110 12

Although the observed endo-exo ratio amounts mostly 99:1, it should be

noted that the energy difference in the corresponding endo or exo transi-
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between the n_ combination of the lone-pairs at the NN-bridge and the ir

orbital of the COXCO bridge of 1 as shown below in i. This explanation

• 8,11is further supported by model calculations

b) Substituent Effects

The substituent effects we can divide roughly into two groups (see Fig. 3):

1) substituents which cause a polarization of the frontier orbitals of s

character in such a way that the size of the amplitudes are changed,

but the 2p5 lobes stay parallel

2) substituents which cause a strong a/Tr mixing, leading to rotation of

the p lobes.

Polarization Effects

Examples for this effect are the cycloaddition reactions between substituted

butadienes and acrylic acid derivatives as shown below:

+ (X +++Tj
/CVTj
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Fig. 6 Schematic representation of the orbital of fl and (left)

Contour diagram for j showing the deformation of the two terminal

ir lobes (right).

To understand the preferred addition of a dienophile anti to the methano

bridge let us consider Fig. 7. If the dienophile adds from below the anti-

bonding interaction between ir of the butadiene moiety and the HOMO of the

dienophile is smaller than in the case of a syn attack. This is due to the








