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Abstract: The more stable "A-strain” conformer 4A of alkene 4 (L = But) reacts much slower with alkyl radicals
than the less stable "Felkin-Anh" conformer 4B. This leads to anti-isomer 6 as the main product if the attacking
radical is bulky.

Recently, we have demonstrated that alkyl radicals attack alkene 1 predominantly at the less stable
conformer 1B, leading to anti isomer 2 as the major product.! We explained this result by the steric repulsion
between the methyl substituent of the "A-strain” conformer 1A and the attacking radical Re. This shielding
effect is absent in the reaction of the "Felkin-Anh" conformer 1B which is therefore much more reactive. As a
result of these steric effects, the major product is formed from the less stable but more reactive conformer.
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In order to see how general this "Curtin-Hammett"2 situation is in radical chemistry, we have varied the
large substituent L of alkene 43 and the bulk of radical Re, generated from alkyl iodide 5 by sonication? in the
presence of Zn/Cul. The structure determination of the products 6 and 7 is based on the X-ray analysis of
isomers 6a (R = Buf) and 7a (R = Me)5 and on NMR spectroscopyS. The selectivities of the radical addition
reactions are collected in Table 1.
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Table 1. Selectivity (6 : 7) of the addition of alkyl radicals R to alkenes 4a—c.

entry alkene alkene substituent Re 6:7 yield (6+7)

L anti ; syn (%)
1 d4a Buf Bufe >99:1 32
2 4a Buf Prée 80:20 50
3 4a Buf Ete 50:50 20
4 4a Buf Me- 39:61 50
5 4b Pr Bu/e 84:16 45
6 4c Et Bute 72:28 61

The data of Table 1 show that with ferz-butyl as large substituent L at the alkene 4a and as the radical R,
only the anti product 6a (R = Bu?) is formed (Table 1, entry 1). By decreasing the bulk of group L, the anti :
syn ratio (6 : 7) decreases to 84 : 16 (L = Pr, entry 5) and 72 : 28 (L = Et, entry 6). In a similar way the anti :
syn ratio (6 : 7) becomes smaller if the bulk of the attacking radical is reduced (Table 1, entries 1-4). WithR =
Me the formation of the syn isomer 7a is already favored (6 : 7= 39 : 61, entry 4).

From X-ray analysesS and AM1 calculations?, the A-strain conformers of alkenes 4a~c turned out to be
the most stable conformers. With L = Buf (alkene 4a) the A-strain conformer 4A is 3.0 kcal/mol lower in
energy than 4B (AM1 calculations). However, only the small methyl radical reacts predominantly with the
preferred conformer 4A. By ab initio calculations8 this attack leads to transition state 8A which is slightly lower
in energy than attack at the conformer 4B (transition state 8B).
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Although the energy difference between the alkene conformers 4A and 4B is 3.0 kcal/mol, the energies
of the transition states for the methyl radical addition (8A and 8B) are very similar. This demonstrates the steric
effect between the methyl substituent at the alkene and the methyl radical in transition state 8A. As expected the
repulsion increases if the bulkier fers-butyl radical attacks alkene 4A. In this case the attack at the more stable
conformer 4A leads to transition state 9A which is 8.6 kcal/mol higher in energy than transition state 9B (ab
initio calculations8). The calculated reaction profiles of the addition of alkyl radicals Re to alkene 4 are shown in

Figure 1.
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Fig. 1. Energy profiles for the reactions of radicals R+ with alkene 4.
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Figure 1 shows that all alkyl radicals attack the less stable "Felkin-Anh" conformer 4B faster than the

"A-strain” conformer 4A. With the bulky ters-butyl and isopropyl radicals the difference in activation energies is
larger than the energy difference between the alkene conformers 4A and 4B. Therefore anti products 6 (R =
Bu’, Pri) are formed as major isomers. With the ethyl radical the energy difference between the ground states
and transition states just compensates and the reaction is unselective. Only the methyl radical leads to the syn
isomer 7 (R = Me) as major product because the reactivity difference with the small methyl radical is less

important than the ground state difference of the alkene conformers.
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