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The N+ scale of nucleophilicity, evaluated from reactivities toward carbocationa, was 

initially interpreted in term of anionic desolvati0n.l The scale also fits diaeonium ion capture 

and deacylations, provided that allowauce is made for partitioning of tetrahedral intenuediatee. 

However, nucleophilicities, especially towards esters, have often been correlated with basicity,2 

and for different series of reagents they have been rationalized uaiug the hard-soft principle,a 

but the BucceBs of the N, scale illustrates the importance of deaolvation of anionic, and by 

implication, nonionic, nucleoprules, =, amines. 

Cur aim was to examine nucleophiles which discriminate markedly between carbocations and acyl 

centers, and we have followed reactions of malachite green (M;+) and tri-E-auisylmethyl cation (R+) 

with 6, RHofiand N-benzyldibydronicotinamide (l), which are reactive tcnards carbocations,4'5 

but not in deacylation ea9b (Table 1). The reactions were followed using a stopped flow spectro- 

photometer for reactions of R", and a Gilford spectrophotometer for those of Ml'.7re We also 

Table 1 

Reactivitiea of Carbocatione with Ifydride Donors and Wucleophilesa 

Reagent 
R" c" 2.1 x 105 gOO0 l.3 x 106 6600 1.1 x 105 

log krel l.5 0.1 2.2 0.0 1.2 

hG+ 27 2.7 32 1.64 

log krel 1.2 0.2 1.2 0.0 

(a) In water at 25.0'; 4 (1. mole-1 

necessary for reaction with OKi 

Phi- p_-MeC&K @leoc&9 @Ii&&ir 

1.8 x loa 2.4 x lo8 3.6~10~ 1.8~10~ 

4.4 4.6 4.7 4.4 

see-‘) ie corrected where 

(b) ref. 7; (c) ref. 8. 
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measured rate constants of reactions of R+with thiophenoxide ions which approach the diffusion 

controlled limit. The limit of ca. lOlo is reached with diaaonium ions,' but that for a bulky 

carbocation may be lower. The values of logrel (Table 1) differ from R+ only in the choice of 

reference reaction and the fitting of the data to give the best overall. 8greemenL1 The high 

reactivities of the thiophenoxide ions ~ZY coneirrtent with the generally high nucleophilicity of 

thiol8te ions, and the lwer solvation of thiolete ion a8 canpared with hydroxide ion, 8nd electron. 

ic effects on reactivity are relatively small. As for reactions with phenoxide ionlr,e disperrive 

and hydrophobic interactions probably aeaist reections of both 1 and thiophenoxide ione with 

c8rbocatiOnS (cf. ref. 7,9), but the difference between the reactivitiee of & 8nd Epics is due 

largely to electron withdrawal by the cyan0 group. However the dihydronicotinamide (1) ie very 

reactive towards the carbocations although there is no coulombic attraction between the reagents. 
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Figure 1. Solvent effects upon reactions of M;+ at 25.0~. 

l t -RuOH+O;12 m dioxane_H20; + MeCN+O. 

Solvent effects on hydride transfer to K;+ (Figure 1) are readily understandable in 

terms of qualitative solvent theory," and anionic salvation." Reaction with 6 is markedly 

speeded by addition of organic solvent, but that of 1 is slowed, possibly because salvation of the 
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forming pyridinium ion in the transition state assists reaction, so that although the dihydronico- 

tinsmide (1) is almost as reactive as Bc in water, the differential solvent effect makes B< very 

much more reactive in aqueous MeCN. 

The rate minima for reaction of OH-with M;+ in aqueous acetonitrile or t-butsnol are under- 

standable in terms of the effects of organic solvents on water structure,1s because there are 

strong interactions between water and the highly solvated hydroxide ion which is acting as a 

nucleophile or a general base, so that solvent effects are completely different from that on 

reaction of BG For reactions of M;+ the solvent isotope effects, kg /koD- = 1.10 and 
IrH2dkD20 

= l.50, in the ranges observed earlier for attacks on carbocations," whereas inverse solvent 

hydrogen isotope effects are often found for nucleophilic attack by OH-, so that the evidence is 

consistent with hydroxide ion giving general base catalysis of the attack of &O on the carbocation' 

(cf. ref. 15, 16 for catalysis of reactions with R' by tertiary smines). 

An all embracing nucleophilicity scale appears to be a chimera, even for reactions in a single 

solvent, although strong hydration of anionic nucleophiles often presents such a large barrier to 

reaction that there is a close correlation between nucleophilicity and anionic solvation,ll and it 

may obscure other structural effects. For anion-cation recombination no existing covalencies are 

broken, and desolvation may then be the major barrier to reaction, but proton transfers are impor- 

tant in reactions of some smines and probably of water,1'15'1e and C-H or B-H bonds are broken in 

hydride transfers. Although the N, scale can be applied to attack of some nucleophiles on carbonyl 

compounds there is little or no correlation between the reactivities of OH-, Ba and the dihydro- 

nicotinsmide (1) towards carbonyl compounds and carbocations, in that 1 is reactive towards 

carbonyl groups only under biological conditions, and the borohydrides are relatively ineffective 

deacylating agents. But there is also little correlation between the reactivity of these nucleo- 

philes towards carbocations and their kinetic or equilibrium basicity. For example carbooations 

compete very effectively with H' for cyanoborohydride 4b>17 ion and we find that considerable amounts 

of FfH are formed when a solution of ROH + Bc is added to excess dilute y2S04. 
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