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Sumnary: The 5-hexenyl radical adds to the anion of E-nitropropane with a rate constant of - 1 

X lo6 L/mol-s at 40". Hydrogen atom abstraction from 8H4- occurs more slowly than abstraction 

from CH30- and with a rate constant less than 1 X lo4 L/mol-s at 30". The reaction of Al- 

hexenylmercury chloride with sodium borohydride in MeOH/NaOH proceeds via hydrcgen abstraction 

by the hexenyl radical from RHgH and not from NaBH4. 

The addition of radicals to anions plays a key role in SRNl substitution. However, little 

is known about the rates of these processes in aliphatic systems. We have used the cyclization 

of the 5-hexenyl radical generated by electron transfer to As-hexenylmercury chloride to measure 

the rate constant for the reactions of a l'-alkyl radical with Me2C=N02- or MeOH/l M NaOH and to 

set a limit on the reactivity of 8H4- with alkyl radicals (Scheme 1). 
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In the SRNl chain reaction of 1 with Me2C=N02-M+,l the ratio of II/111 increased linearly 

with [Me2C=N02-1. Using the value of kC of 1.7 X lo5 ss1 at 40"C2 yields the data of Table 1. 

Table 1. Rate Constants for Trapping the As-Hexenyl 

Radical by Me2C=N02-M+ at 40°C. 

M+ 
- 

Li+ 

Bu4N+ 

Li+ 

Bu4N+ 

Solvent kN (L/mol-s) 

Me2S0 0.3 x lo5 

Me2S0 0.9 x lo5 

HMPA 0.36 X lo5 

HMPA 0.75 x lo5 

As expected, ion-pairing with Li+ decreases the reactivity of Me2C=N02- towards radical 

attack.3 Although the anion of P-nitropropane possesses only a modest reactivity, direct 

competitive experiments indicate that Me2C=N02- is much more reactive towards alkyl radicals 

than other simple anions such as (Et0)2PO-, CN-, (Me02C)2CH-, RC02- or N3-. 

Recently Singh and Khanna have suggested that the reduction of alkylmercury halides by 

LiA1H4 involves an electron transfer chain mechanism of the SRNI-type involving attack of R' 

upon AlH4- (reactions 1 and 2).4 A similar process is possible for the reaction with BH4- 

R*+A1H4- e RH + A1H3.- (1) 

AlH3= + RHgX ---& AlH3 f R. + Hg" + X- (2) 
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Figure 1. Ratio of 1-hexene/methylcyclopentane formed in the sodium borohydride 
reduction of Aj-hexenylmercury chloride initially 0.05 M (0) and 0.09 M (0) in 
MeûH/l M NaOH at 30°C. 

Figure 2. Ratio of 1-hexene to 
A5-hexenylmercury chloride with 
1 M sodium hydroxide: 0, 0.5 M 
M NaBH4. 

methylcyclopentane formed in the reaction of 
sodium borohydride at 30°C in methanol containing 
NaBH 4; X, 0.26 M NaBH4; 0, 0.05, 0.10, 0.17 
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since the presente of alkyl radicals in this reduction have been thoroughly established.5*6 

However, we have found that the homogeneous reduction of 1 by BH4- in MeOH/l M NaOH yields a 

ratio of l-hexene/methylcyclopentane (IV/V) which is independent of the concentration of BH4- 

(Figure 1). The occurrence of reaction 1 with BH4- would require that this ratio should 

increase with the concentration of BH4-. The ratio of IV/V does increase with the concentration 

of 1 as shown in Figure 2. This observation eliminates the SRNl chain in the reaction of RHgX 

with BH4- and is consistent with a mechanism involving the intermediary of RHgH (reactions 

3-5). From the slope of Figure 2 and with a value of kC of 1.25 X lo5 s-I at 3O'C, a value of 

RHgCl + NaBH4 ---4 RHgH + NaBH3Cl (3) 

kH 
R* + RHgH ----+ RH + RHg. -----+ R. + Hg" (4,5) 

kH of 2.6 X lo6 L/mol-s is required. The absence of any effect of [BH4-1 in the ratio of IV/V 

requires that reaction (3) must be fast and complete. The reaction of 1-hexenyl radical with 

BH4- cannot be greater than lo4 and is probably less than lo3 L/mol-s. 

The intercept of Figure 2 gives a measure of the hydrogen donor ability of the solvent 

system (MeOH/l M NaOH). A pseudounimolecular rate constant of 7 X lo4 s-l and an approximate 

rate constant for hydroqen atom abstraction from CH30- of no more than 1 X lo6 L/mol-s at 30-C 

is indicated. Although alkyl radicals can abstract a hydrogen atom from NaBH, ' it appears tnat 

this reaction is ineffective in competition with hydrogen abstraction from Rng# or MeOH/l M NaOH 

and perhaps occurs much iess readily than attack upon A1H4-.4*8 
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