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Summary: Reactions of the noncyclbzable alkyl iodide, I-iodo-2.2-dimethylhexane (O), with LiiIH4 and 

LiAID4 have been carded out under a variety of conditions. Although the structure of 0 prohibii a habgen 

atom radical chain process, deuterium incorporation studies provide convincing evidence for single electron 

transfer (SET) as the major reaction pathway. 

In 1964 we reported that the reduction of a sterkaily hindered primary alkyl 
iodide by LiAiH4 (LAH) to the corresponding hydrocarbon proceeds predominantly 
through a SET process involving a radical intermediate.1 As reported earlier’ -2 
(Scheme 1 ), 6-iodo-5,5-dimethyl-1-hexene (1) accepts an electron from LiAiD4 

Scheme 1. Mechanism of Reduction of 6-lodod,5-dimethyihexene (1) with LAD. 
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(LAD) to form the corresponding radical anion (step a) which rapidly dissociates to 
form the corresponding free radical (step b). The resulting radical 2 can then 
abstract a hydrogen atom from THF to form 3 or from IAD to form 4, or radical 2 can 
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cyclize to form 5 which can then abstract a hydrogen atom from THF to form 6 or 

from LAD to form 7. The importance of using LAD rather than LAH is so that the 

presence of a radical intermediate can be established since the protio products 3 

and 6 necessitate a radical intermediate. 

We also reported’ that once the cyclized radical is formed, it can be involved 

in a halogen atom radical chain process (eq. 1). Therefore cyclized products 6 and 7 

can be formed according to Scheme 1 or eq. 1. Several reports have appeared3 that 

suggest this reaction is Sr42 in nature, that the initial radical can be formed in very 

small concentration as a result of an impurity and thus the reaction could proceed 

almost entirely by the radical chain process proposed in eq. 1. Recently, we have 

provided extensive arguments supporting the SET nature of the reaction of hindered 

alkyl iodides with LAH;s however, an unhindered primary alkyl radical probe 

proposed by Newcomb did not cyclize on reaction with LAH causing him to conclude 

that when a halogen atom radical chain process is not possible (as in his case) 

cyclization does not take place thus establishing that cyclization is the result of a 

halogen atom radical chain process (eq. l).sb 

We have been successful in countering the above argument by simply reacting 

LAD with the saturated counterpart of 1, (9), which has no possibility of reacting by 

this halogen atom radical chain process and yet the products indicate that the major 

pathway involves SET. In this study we found that the reaction of 9 with LAD in THF, 

when carried to completion, produces 10 in 72% yield (Tablel, exp. 2) (eq. 2). The 

precursor of 10 is the corresponding radical 12, (Scheme 2) which abstracts 

(2) 

9 10 (72%) 11 (28%) 

hydrogen from THF and which must be produced in at least 72% yield. 

When 9 was allowed to react with LAD in THF in 15 molar ratio, a much lower 

deuterium incorporation was observed for the hydrocarbon product than would be 

expected for a SN2 reaction in which LAD would provide the only source of hydrogen 

(Table 1, exps l-3). If intermediate 12 abstracts a hydrogen atom from solvent or a 

deuterium atom from LAD, then more concentrated solutions should result in higher 
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deutertum content due to a higher LAD to solvent ratio, as is reported (Table 1). 

A variation of the stoichiometry should also affect the deuterium incorporation 

of the hydrocarbon if a radical intermediate is involved, but not if a SN~ mechanism 

is involved. A comparison of exps. 2 and 4 shows that a change in the ratio of 9 to 

LAD from 15 to 1:l results in a decrease in the deuterfum incorporation from 28% to 

6% as expected since the solvent would compete more favorably as the concentration 

of LAD decreases. 

Table 1. Reactions of 1 -iodo-2,2-dimethyihexane (9) with LAH and LAD.a 

% vieid 

SH Nut 9.Nuc . r91~ 9 10 (%d) 

1 THF LAD 1:5 0.035M 2 86 (21) 

2 THF LAD 1:5 0.070M <0.5 100 (28) 

3 THF LAD 1:5 0.27M CO.5 100 (67) 

4 THF LAD 1:l 0.070M 28 67 (6) 

5 Et20 LAD 1:5 0.070M 8 64 (33) 

6 Et20 LAD 1:1 0.070M 26 63 (6) 

7 THF-ds fAH 1:5 0.070M <0.5 96 (1) 

8 THF-de tAH 1:l 0.070M <0.5 88 (15)b 

9 THF-dn I AD 1:5 0.070M <0.5 91 r6@ 
a) Ail reactions were carried out in a glove box under Ar atmosphere at room 
temperature in the absence of light. b) Also obtained 3% 3 and -9% dimers. 

Scheme 2. Mechanism of Reduction of 1-iodo-2,2-dimethyihexane (9) with LAD. 

WI + LAD $ LiAiD4’+ + WI.- 

9 

Reactions of 9 with LAD were also carried out in diethyi ether (exps. 5 and 6). A 

comparison of exps. 2 with 5 and 4 with 6 provides evidence that similar results are 

obtained in THF and diethyi ether and that radical formation is not an anomaly of the 

solvent. 

Experiment 7 shows a very low deuterium incorporation when the solvent is 

THF-ds and the nucieophiie is LAH; however exp. 8 demonstrates that deuterfum 
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atoms are unarguabiy abstracted f.rom the solvent under the more favorable 
conditions of a higher 9:LAH ratio. The competition between solvent and nudeophiie 
for deuterium/hydrogen atoms lies heavily in favor of hydrogen atom abstraction 
from the nucieophiie over deuterium atom abstraction from the solvent due to the 
primary deuterium kinetic isotope effect. Exp. 9 shows that high deuterium 
incorporation results only when Ti-iF-ds is employed as the solvent and LAD as the 
nucieophiie.4 it should be noted that deuterium incorporation did not vary when 
samples were quenched with D20 instead of Hz0 which supports the formation of 
radical intermediates over anionic intermediates. 

in conclusion, it is evident from the above data that the major reaction pathway 
in the reduction of the hindered primary aikyi iodide 9 by LAH involves 
predominantly a SET process even though the nature of the probe prohibits the 
halogen atom radical chain process shown in eq. 15. it seems reasonable to expect 
that the removal of a carbon-carbon double bond four carbon atoms removed from the 
carbon-iodine bond would not affect the initial step of the reaction which is an 
electron transfer from the nucieophiie to the aikyi iodide. Thus we maintain that 6- 
iodo-5,5-dimethyl-1-hexene (1) is also reduced primarily by an electron transfer 
process,1 and that it is a valid probe for establishing SET in reactions of aikyi 
halides with LAH. 
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