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Molecular Orbital Method
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Diels-Alder reactions of 4-substituted 2(1H)-pyridones with 2,3-dimethyl-1,3-butadiene
were studied using ab initto molecular orbital method. Yields of adducts were roughly
consistent with calculated activation energies. It was shown that the isomerization of cis-
adduct to trans-one was difficult to occur by searching the reaction path and calculating the

energies of transition states.
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Fig. 1. Chem3D View of endo- and exo-Type of TS's for DA Reaction of 5 with 7 Optimized at HF/6-31G (d) Level
The calculated interatonic distances are: CsCr = 2.015 A, CsCs = 2.374 A (Left); CsCr = 2.037 A, CaCs =
2.343 A (Right). The two types of TS's lead to the same product in cases of Table 1.

Table 1. Yields of Adducts and Activation Energies Calculated at HF/6-31G (d) level

Entry 4R-pyridone Temp. (C) Time (d) Yield (%) Ea (kcal/mol)
1 COMe 160 4 99 47.59
2 CHO 180 3 88 46.23
3 COOMe 170 4 85 46.82
4 COPh 170 3 81 48.37
5 CN 170 4 72 48.27
6 COOMe (NH) 180

6 529 46.05

a) Total yield of cis- and trans-type adducts. Adducts of reactions 1-5 are all cis-type.
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Fig. 2. Energy Diagram from cis- to trans-Adduct and Optimized Structures for DA Reaction of 5 with 7
Calculated at HF/6-31G (d) level .
The displayed values are calculated energies relative to the cis-adduct.

Table 2. Yields of cis- and trans-Type Adducts and Related Energies Calculated at HF/6-31G(d) Level

Entry 4R-pyridone Temp. Time Yield (%) AE @) EqV
() (d) cis  trams  (kcal/mol) (kcal/mol)
1 COMe 160 4 99 - -1.64 101.66
2 CHO 180 3 88 - -1.20 101.40
3 COOMe 170 4 85 - -1.34 101.52
4 COPh 170 3 81 - -0.88 102.89
5 CN ¢ 190 4 31 7.5 -0.78 100.00
6 COOMe (NH) 180 6 28 24 -1.16 101.24

a) Difference in energy between cis- and trans-type adducts.
b) Activation energy for isomerization from cis- to trams-type adduct (see text).
¢) Adduct of trans-type was not obtained from the reaction at 170 ‘C (Table 1, reaction 5).
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