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AI~Irm:t '11~ ~ h ~ c e d  reactivity of a-ammonlum ~ tadioJ catiom h l  b e ~  shown to d~ive 
from a comblzaflon of thenmodymm/c sad polar factm~ Ab Inlflo calculaflom demola'ate ¢lmtm 

subatituem destabili~s ~n alkyl radical, hence ~ g  the ¢xolhetmictty of  its C-C 
bond-forming reactions. Secondly, a l;ammmt gady involv~ag eyell~aon of sucla ~ has 
C O ~  lhCllr el~ro~_|l|c _n~n~. Ia this glady, a good canelaliaa betwvm thc log k~ 's  for 

of a ~ ofp-mlnfituted N,N-dimelhyl-N-(5-~a-yl-4-pealmyl)meJlum~mlninm - l-yl 
rgllcals md the o* vah~ of tl~ sulmimmm w~ ~ (p÷ = - 0.29, <r~ ffi 0.954). 
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In a recent paper we presented laser flash photolysis data and results from competition studies which 

gave initial insight into the overall reactivity of o~-ammonium distonic radical cations in solution: From kinetic 

studies, including that of the cyclization of radical 4a (At = C t ~ ) ,  we were able to conclude that radicals 

substituted with an a-ammonio substituent exhibit behavior which is typical of other carbon-based radicals, but 

that they are somewhat more reactive than analogous hydrocarbon radicals in both their hydrogen abstraction 

and their cyclization processes. 

It was suggested that these greater reactivities denved at least in pan from the expected electrophilic 

character of ct-ammoniomethyl radicals, although no direct evidence of electrophilic character was provided. 

With a large positive c~,value of 0.82, an tz-ammonio substituent would certainly be expected to impart 

significant clectrophilic character to a radical. 2 We wish at this time to report results of a computational study 

and of a Hammer study which combine to provide insight into the reactive nature of such radicals. 

The computational effort was directed at (a) determining the impact of a (CHs)3N* subsfituent on alkyl 

radical stability, and (b) detenuining the relative thermodynamic stability of the distonic radical cation 

(CH~)aN~CH2" relative to its conventional counterpart, [(CH3),jNCH2CHs] "+. Previous calculations by Pasto on 

the effect of the ammonio substituent (NH3*) indicated that it destabilizes a methyl radical quite d tmificantly 

( R S E  - -4 keal/mol), J whereas Radom's calculations indicated that the parent ammonium distonic lmdical 

cation (NHs*CHz') is slightly more stable ( -  -1 keaYmol) than its conventional isomer [NH~CH3]'+. 4 

Pasto ' s results for NH~ +, combined with Bordwell's experimental estimation of a radical destabilization 

of ~ -5 kcal]mol for the (CH3)3N ~ substituent, s indicate a similar influence on radical stability by these 

substituents. Our computed evaluation of isodesmic equation 1 (Table 1) is consistent with these earlier 

estimations: ~7 
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(CH,I)4N + (CH~31'~ =. (CH3) CI,~ . (CHa)4C (Eq. 1) 

ffi + 4.6 kcaVmol 

Tablel. EnergyofReacttontnEq. I at 298.15 K 

L~J o f ~ 7  ~ ofl~a~m, 
MP216-31G* + 4.24 
MP2 / 6-311G**//MP21 6-31G* +4.40 
[QCISD~ / 6-311G** II MP216-31G*]" + 4.56 
• Includes zem-lmint and thin'real correction; scaled by 0.9646. 

In contrast to the sire.at effect of ~ + and (CI-I3)3N* substituents on radical stability, the impact of 

methyl substituents on distonic versus conventional radical stab'dity turns out to be quite profound, as indicated 

in Table 2. 6a Consistent with Radom's calculations on the parent system, we found that the parent distonic 

radical cation, 7m, is slighdy more stable than its conventional isomer la. However, methyl-substituted analog 

21) was found to be disfavored by more than 12 kcal/mol, relative to its conventional isomer lb.  

R R 
$ 

R-N-CH2R ~ R-I~I-(3H 2 
÷* 4- l~ 

11, R = H 21, b 
b, R = CH3 

Table 2, Isomedzaflon F J~gies for the Conversion I --+ 2 at 298.15 K 

of Theory IsomeflzaUm Eucrgy, 
la --~ 2a l b  --+ 2b 

MP2 / 6-31G* - 2.84 +12.32 
MP2 / 6-311G**//MP2 / 6-31G* - 3.93 +11.34 
[QCISD(T) / 6-311G**//MP2 / 6-31G*]" - 0.87 +15.14 
QCISD(T) / 6-311G**//MP2 / 6-31G* - 1.03 
Expt t < -1 
• Includes ze~o-point and thermal ctxrection; scaled by 0.9646. b ~ 8. 

In the Hammett study, a series of p-substituted N,N-dimethyl-N-iodomethyl-5-aryl-4-pentenamirdum 

salts (~-e)  9 were utilized in photo-induced free radical chain competition experiments which involved 

competition between cyclizalion (kc) and reduction (ks) of the intermediate radicals (4a-e). For each member 

of the series, six samples of substrate and n-Bu3SnH in CI~OD were prepared in sealed NMR tubes, varied 

only in concentration of the fin hydride. The samples were then irrsdiated at 33 °C for 45 minutes in a Rayonet 

reactor and the ratios of 5:6 determined by 500 MHz ~HNMP., using anisole as the internal s landa~ ~° 
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Ar Ar 

~ kc • + x .  , o ,  _ _ .  

[s'] ~[n-SusSnH] v x -  : v x -  
[el= kc e~, 

The slope of the line obtained from a plot of these ratios versus [n-Bu3SnH] gave the ratio of ka/kc which then. 

using the known value I for ks l X O ~  the values of kc which are given in Table 3. 

TabJe 3. Rate constam for Cyct~mom oft,-subaitated N ~ - d i m e t h y l - N - ( 5 - f f i 3 d ~ y t ~ -  
1-yl radicals, 4a-e 

Subslrate 3b 3c 3s 3d 3e 
p-Sul~ment CF3 CI H CH3 OCH~ 

o* 0.61 0.11 0 -0.31 -0.78 
ka/kc 0.35:t:0.02 0.28:1:0.01 0.27:i:0.02 0.22:!:0.01 0.130:1:0.006 

kc (x 10~s "l) 2.Ld:0.3 2.5-J:0.3 2.6:K).3 3.2d:0.5 5.5:1:0.9 
"all en~rs are ~ated; b yiel~ In all cas~ were >90%. 

The Hammett plot derived from the data in Table 3 is depicted in Figure I. It can be seen that there is 

a good correlation of log k~ with ¢~÷ (p÷= - 0.29, <r> = 0.954), whereas neither anor a" were found to 
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I~l. Plot of the log of the rate constants for cydization of 
radicals 4 (see Table 3) vs Hammett ~ values of the subetituents. 

correlate well with the data. A good correlation with a + generally is indicative of conjugafive interaction of the 

p-substitnent with the reaction site, and the - p value indicates de, Iocali7Ation to an electron-deficient site. The 

transition state for cyclization of this higldy reactive, electrophilic radical should therefore be early, with 

significant polarization, but with little radical character developed at the benzylic site (Figure 2). 
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At, ....... . . . . .  ..-" 

Figure 2. Depiction of the cyclization transition sta~ 

Based upon the above computational results and the experimental Hammett results, it can be concluded 

that the additional reactivity (relative to analogous alkyl radicals) exhibited by a-ammonium distonic radical 

cations in their cyclizafion reactions derives from a combination of their inherent thermodynamic instability and 

their electrophilic character. 
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