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Transition Structures for Radical Hydrogen Abstractions and 
Lithium Hydride Additions: Similitudes and Divaricationsf 
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Abstract: Ab initio transition structures were obtained for the reactions of methane and 
hydrogen sulfide with the I-hydroxyethyl radical, lithium hydride with acetaldehyde. 
hydrogen sulfide with 2-hydroxy-3-methylbutan-2-yl, and lithium hydnde with methyl 
isopropyl ketone. 

Giese, Curran, and their coworkers have recently studied radical hydrogen abstractions and have 

achieved steteoselectivities comparable to those for hydride reductions of carbonyls.tf The similarity 

Fipnl. Thetoprowrhowrthe6-31G*opimizedrtructuresfa1.2~3. ‘Ihebouomrowshowsthe 
Newman projections with the radical center and the carbonyl carbon in the back. 

between stereoselectivities of the two reactions led them to propose that the transition structure for the radical 

reaction was similar to that of the hydride addition. Consequently the outcome of the radical process can be 

tA refenc has pmposed that these words arc not widely known (similitudes = resemblances, divarications = divergences). 
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predicted by the F&in-Anh model.t-3 We have performed ab initio calculations on both the hydrid&arbonyl 

and radical species and present a comparison and contrast of the two types of transition suuctures. 

The transition structures for the reaction of methane and hydrogen sulfide with the 1-hydroxyethyl 

tadical. 1 and 2, lithium hydride with acetaldehyde, 3, hydrogen sulfide with shydroxy-3-methylbu-2-yl, 

4, and lithium hydride with methyl isopropyl ketone, 5, were optimized at the 6-31G* level,~ with Mw6- 

31G* single points on these geometries. 

Figure 1 shows a comparison of the optimized structures for two radical and a nucleophilic reaction. 

Although the hydrogen abstraction of methane by the 1-hydroxyethyl radical is endothermic, it is included for 

comparison with the hydrogen sulfide reaction. Despite tbe differences in the reactions (abstraction from 

methane is late, and abstraction form H2S is early), the transition structures are surprisingly similar. Both 

structures are pyramidal (the angle of defotmation about the radical center is 53” for 1, and 46” for 2); the 

Newman projections show that tbe bonds ate all staggered. The angle of attack is close to tetrahedral, 108’ for 

1, and 1CV for 2, and the hydrogen abstraction is quite linear, 175’ for 1, and 174’ for 2. 

The reaction of lithium hydride with acetaldehyde, 3, is also shown in Figure 1. This structure is 

different from the radical transition structures in two ways. Fit, the structure is not as pyramidal (this is 

shown in the Newman projection); the angle of deformation is only 17’. Second, the angle of attack of the 

hydride is smaller, 100”. The smaller angle of attack is expected because of the four-center transition state. 

These results are similar to earlier wcrk by Wu and Houk on sodium hydride addition to carbonyls.7 
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Larger systems, which are better models for the experiments of Giese and Currants are shown in 

Figures 2 and 3. The methyl groups were added as substltuents to detumine if the geomeuy of the transition 

suuctures changes considerably with a disubstltuted u-carbon. The changes were small for both reactions. 

Figure 2 shows the three conformers (4a. 4b and 4c) for the reaction of hydrogen sulfide with 2- 

hydroxy-3-methylbutan-2-yl. The lowest energy stntcttue, 4a, resembles the proposed F&in-Anh transition 

suucture with one subs&tent anti to the methyl group and gauche to the oxygen and the other substituent 

gauche to both the methyl group and the oxygen. In 4a,. the angle of attack is 106“. and the hydrogen 

transfer is close to linear at 172”. The transition state is early with a C-H forming bond length of 1.41 A and 

the S-H breaking bond length of 1.56 A. The angle of deformation is 56“. indicating the radical center is 

pyramidal. The Newman projection of 4a shows that the bonds are well staggered. The Newman projections 

also show the unfavorable gauche interactions in confotmers 4b and 4c. 

FQnre3. Thetaprowrbowsthe6_31G*opimizedgruauresforS~SbrmdSc ‘ll~~bottomrowsbowst 
Ncwmm pr~j&ons with the carbonyl carbon in the back. Relative cnasies (kcalhml) me shown. 

Figure 3 shows the corresponding conformations for the lithium hydride addition to methyl isopropyl 

ketone. Of the three conformers, 58 is the lowest in energy and also corresponds to the Felkin-Anh model. 

The geometry at the reaction center of 5a is similar to that of 3. The angle of attack is 1OOo and the forming 

bond length is I.96 A. The angle of deformation is 24O; this is larger than the 170 of 3. 

The relative energy differences between the conformers of 4 and 5 differ, and the hydride addition 

transition structures are not as pyramidal as those of the radical. However both sets of calculations agree that 

the lowest energy conformer is the one that corresponds to the Felkin-Anh model. 



Cieplak and Wiberg* have recently shown the importance of solvent effects in the nucleophilic 

additions to carbonyls, and indicate that the conformers preferred in the gas phase are not the ones preferred in 

solution. The radical reactions on the other hand should show less of a solvent effect since there is little 

charge separation. 

Studies of chiral systems are in progress and will be reported in due course. 
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