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Summary: The a-carboxyethyl-4-methoxybenzyl carbocation 
trifluoroethanol/water with a rate constant k, = 1.4 x 1 O7 s-‘, 
capture of the unsubstituted 4-methoxybenzyl carbocation. 

reacts with a solvent of 50:50 (v:v) 
which is 14-fold slower than the 

There is indirect evidence for the formation of a-carbonyl substituted carbocations as intermediates 

of solvolysis reactions;* but them have been no measurements of the lifetimes of these unstable species. We 

report the fiit determination of the lifetime of an cr-carbonyl substituted carbocation, 1. The lifetime of 1 in 

50:50 (v:v) trifluoroethanol/water is 16fold longer than that for the unsubstituted carbocation 

4-MeOArCH2+.3 This provides another example of a strongly electron-withdrawing a-substituent that 

stabilizes the 4-methoxybenzyl carbocation toward capture by trifluoroethanol/water.4 

The solvolysis of the pentafluombenzoate ester 2 was followed by HPLC?*6 The observed pseudo- 

first-order rate constant for solvolysis of 2 in 50:50 (v:v) trifluoroethanol/water containing 0.50 M NaC104 

at 25 “C is ksetv = 5.5 x 10“ s-l.s There is no change (510%) in kobsd as the concentration of azide ion is 

increased from zero to 0.01 M at constant ionic strength of 0.50 (NaC104). The yield of the azide adduct to 

1 from these reactions, determined by HPLC analysis, increases to 75% as [NaN3] is increased to 0.01 M.6 

These results show that 2 reacts with azide ion by a stepwise S,l (DN + AN)’ mechanism through the 

liberated a-C02Et-substituted carbocation intermediate 1 (Scheme). The partitioning ratio for the reaction of 

1 with azide ion and solvent, determined from the ratio of the yields of the azide and solvent adducts, is 

k.Jks = 350 M- . ’ lo The much smaller selectivity of 1 between N3- and solvent compared with values of 

kJks = lo6 - lo* M-’ for stable carbocations” is good evidence that the reaction of 1 with azide ion is 

diffusion limih~I.~*~*’ The rate constant ratio kJks = 350 Me1 can be combined with an estimated value of 
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Scheme 4-MeOArCH(C02Et)N, 

k SOIV 
4-MeOArCH(COzEt)OPFB ____3 4-MeOArCH(CO,Et)+ Y 

1 

4-MeOArCH(COzEt)OS + H+ 

k, = 5 x lo9 M-’ s-t for the diffusion-limited reaction of azide ion? to obtain a rate constant ks = 1.4 x lo7 

s-l for the reaction of 1 with solvent.12 The rate constant for the breakdown of the carbocation- 

pentafluorobenzoate ion pair intermediate to free ions (k_d = 1.6 x 10 to -’ l4 is IOOO-fold larger than k, for s ), 

the capture of 1 by solvent.15 Therefore, this ion pair will separate to give free ions before significant 

reaction with solvent can occur, and the solvolysis products will be derived from the free carbocation, rather 

than an ion pair intermediate. The Table compares the effects of the electron-donating c&H, and the 

Table. Rate Constants ks,,tV for Formation of a-Substituted4Methoqbenzyl Carbocations in Solvolysis of 
Pentafuorobenzoate Esters and k, for Carbocation Capture by 50.50 (v:v) TrijlwroethanollWater (Scheme)a 

Carbocation k, (s-l) ’ 

4-MeOArCH(CH,)+ 8 x 1O-3 d 5 x 107e 

4-MeOArCH2+ f 2.3 x 1O-5 2x 108 

4-MeOArCH(C02Et)+ a 5.5 x 10-7 1.4 x 107 

a At 25 “C and I = 0.50 (NaClOJ. b Rate constant for formation of the carbocation in the S,l reaction of the pentafluorobenzoate 
ester (Scheme). ’ Rate constant for carbocation ca tore by solvent (Scheme). d Calculated from k,, = 4.6 x lOA se’ for solvolysis 
of I-(4-methoxyphenyl)ethyl 3,Minitrobenzoate, t! 

pentafluorobenzoate and 3,5dinitroLxxuoate? ’ 
and the ratio of the values of ksO,v of 17 for 4-methoxybenzyl 

Ref. 7. f Ref. 3. s This work. See ref. 8. 

electron-withdrawing ol-C02Et substituents on the rate constant ksolV for formation of the 4-methoxybenzyl 

carbocation from the corresponding pentafluorobenzoate ester, and on the rate constant k, for capture of the 

carbocation by 5050 (v:v) trifluoroethanol/water. The a-CH, substituent causes the expected increase (350- 

fold) and the a-CO,Et substituent causes the expected decrease (42-fold) in k,,“. Surprisingly, both 

substituents cause the reactivity of the carbocation toward solvent to decrease; the effect of the a-CO,Et 
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substituent (14-fold) is larger than that of the a-CH3 substituent (Cfold). 

Other strongly electron-donating (a-OMe; ks = 3 x 10’ s-l for 4_MeOArCH(OMe)+)” and strongly 

electron-withdrawing (a,a-di-C!F3; ks = 5 x lo6 s-l for 4-MeOArC(CF,),+)4c a-substituents also cause only 

small changes in ks for the reaction of 4-MeOArC%+. For all of these examples, the expected change in the 

reactivity of the carbocation toward solvent due to the inductive and/or resonance substituent effect is 

masked by additional substituent effect(s) which cause a decrease in ks. We have proposed that this kinetic 

stabilization arises, in part, from the tendency of strongly electron-withdrawing a-substituents to increase 

resonance electron donation from the 4-methoxybenzyl ring to the a-carbon.4 Additional resonance 

stabilization of 1 may also be provided by the rt-electrons of the carbonyl group (see 3).2V’8 

+o 

OEt 

For the strongly electron-withdrawing a-carbonyl substituent the added resonance stabilization only partly 

offsets the destabilizing inductive substituent effect, and the equilibrium constant for the formation of 1 from 

the corresponding neutral azide adduct is 40-fold smaller than that for the formation of the 

4-methoxybenzyl carbocation from 4-methoxybenzyl azide.lg However, the resonance and inductive 

substituent effects on ks may cancel if capture of the carbocation by solvent proceeds through an unbalanced 

transition state in which loss of the (relatively small) resonance interactions of the 4-methoxybenzyl ring 

with C-a has progressed significantly further than has the change in the (relatively large) inductive dipole 

interactions between the a-substituent and the cationic center.” There is evidence for imbalances in the 

change in resonance and inductive interactions at the transition states for the capture of several carbocations 

by solvent.7’20 

The principal (or rule) of nonperfect synchronization provides an alternative formulation of the above 

explanation for the a-substituent effects. This rule states that a reactant stabilizing factor (e.g., resonance) 

will increase the intrinsic barrier for a reaction (e.g., capture of a carbocation by solvent), if the stabilizing 

factor is largely lost on moving from the reactant to the transition state.21 Thus, the addition of the a-CO,Et 

substituent to 4-MeOArCH2+ increases resonance electron donation which leads to an increased intrinsic 

barrier for the addition of solvent to 1. The overall observed effect of the a-carbonyl substituent suggests 

that the increase in this intrinsic barrier results in a decrease in ks that is equal but opposite to the increase 

in ks that arises from the increase in the thermodynamic driving force for the reaction. 
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