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Attempts to generate phenyl or substituted phenyl cations by solvolys~s of aryl triflates 

have to date met mth no success.l Although there is evidence for phenyl cations derived from 

decomposition of benzenetiazonium ions,2 it is clear from available data that the phenyl catlon 1s 

a highly unstable spec1es.s Can substituents alter this situation? Ab initio molecular orbital -- 

calculations provide an excellent and time saving probe of stabilizing possibihties. In this 

paper, we make such en lnvestlgatlon of the influence of a simple stabilizing group, NRe, attached 

to the singlet phenyl cation in various positions and orientations.4 

Calculations were performed at the S'IO-3S level of approximation , using standard geometrical 

models.5 For ortho, meta, and pexa isomers, four conformations of the amino group were consldered 

trigonalplanar having RER either coplanar tith the ring plane or orthogonal to lt (Table I, 

"planarm and "perpendicular" forms), or wamidal vnth the nitrogen lone-pair In the plane of the 

ring In the latter cases, the RNR plane 1s tilted either toward (*cls') or away from ("trans") 

the positively charged carbon, for para isomers, only one such form is possible (%ent"). In order 

to assess the stabilizing Influence of the substituent, we list in Table I the "phenyl cation 

stabilization energies" defined by 

WW4+ + c&H6 + c&5+ + K3Gd-k AR =PCSE 

A positive PCSE value indicates the aminosubstltuted cation to be stabilized relative to CeI-in +7 . 

The neutral H.$KeRs species are calculated in the same conformations as the cations &EC&+. 

Before examlnlng trends of interest, we consider the predicted magnitudes of amino stabili- 

zation. Of greatest effectiveness 1s para, planar substitution; an amino group In this arrange- 

ment stabilizes the phenyl catlon by 11.3 kcal/mole. This value may be callbrated by comparing 
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phenyl with other cations. For example, the reaction R' + C&e + CeHe+ + R-H is endothermic 

even for such unstable R' as the ethyl cation , experimental reaction energies' are +lO.g for R = 

ethyl, +29.1 for allyl, end +33.4 for isopropyl. Clearly the 11.3 kcal stebillzation afforded by 

amino substitution 1s insufficient to produce a phenyl cation even loosely classified as stable. , 

Table I. Energies 

Total Energy, Relative Energy,a PCSE, 
Hartrees kcal/mole kcal/mole 

Aminophenyl Cations 

Ortho 

Mete 

Para 

Planar -281.26604 6.5 

!Crans -281.25543 13.2 

Perpendicular -281.24722 18.4 

ClS -281.24660 18.7 

Planar -281.26626 6.4 

cis -281.25651 l2.5 

Trans -281.25492 13.5 

Perpendicular -281.25209 15.3 

Planar -281.27647 0.0 

Bent -281.25298 14.7 

Perpendicular -281 24656 18.8 

Phenyl Catlon 

Benzene 

AndInes 

Planar 

Bent 

Perpendicular 

-226 94399 

-227.8gotib 

0.0 4.7 

6.7 27 

11 8 37 

12.2 -2.9 

0.0 49 

61 3.3 

7.1 2.3 

8.9 6.7 

0.0 11.3 

14 7 1.1 

18.8 3.2 

0.0 

-282.20458~ 0.0 

-282.19727 4.6 

-282.18746 10.7 

a First column 1s for entlre series. b Ref. 9 

The general problem of stabilizing a phenyl cation has been considered previously by Glelter, 

Hoffmann and Stohrer*uslng extended Huckel theory. They considered two mechanisms. one a 

"through-bond" interaction between the formally empty orbital on the charged carbon (the p(C+) 
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orbital) and the lone pair orbital (in conformations with the lone pair axis in the phenyl Plane) 

and the other a destablllzlng inductive effect, the magrutude of which decreases mth increaslng 

distance between p(C+) and the lone pair. 

The conclusions to be drawn from Table I, which ddYer somewhat from those which might be 

Inferred from the work of Gleiter et&.,e are as follaws 

1. Tha greatest stablllzatlon of the phenyl cation (11.5 kcal/mole) is achieved mth a para 

amino group u1 a planar conformation. 

2. In all the planar conformations (0, m and p), stablllzatlon is obtained, despite the 

fact that through-bond InteractIon between the lone-pair and the vacant orbltal is conformatlon- 

ally prohlblted. Accorting to Glelter &s.,e only the destablllzlng lnductlve effect should be 

operative in these cases 

3. Generally, the phenyl cation 1s less stabdlzed by the amino group if the lone-pair axis 

lies In the phenyl plane. The only exception is the perpentictiar arrangement in the meta posltic 

4. Among the possible coriformatlons mth lone-pair axes m-plane, those mth the perpen- 

dicular arrangement (planar at nitrogen) are more effective In stabitiz3ng the catlon than the 

'~1s' or ?rans" pyramidal structures (see final column of Table I). 

5 Among the lone-pair m-plane forms, the order of increasing stablllzation is p < o < m 

rather than o< m <p as the &stance argumentewould predict 

Some remarks can be made on the interpretation of these results. Sn the first place, there 

1s a reasonable correlation between the FUSE and the amount of charge dispersal of the catlon as 

oven by Mulllken population analysis. When the lone pair axis on nitrogen is orthogonal to the 

ring (planar Isomers), there 1s a substantial degree of rr-donatlon and o-mthdrawal, the net 

result of which 1s a high electron density m the ring. Thl.3 dominant effect is clearly most 

effective 111 the planar conformations. The extent of such n-donatlon 1s reflected by relatively 

large C-N n-type overlap populations. 

For the m-plane conformations, the perpendicular arrangement (planar at nitrogen) wd_l lead 

to greatest avadability of the lone-pair electrons so that their lnteractlon mtb the u-frame- 

work of the phenyl catlon ~11 be greatest, as Illustrated by the stabillzatlon energies. In the 

Para Position (perpendicular conformation), however, the symmetry of the lone pair orbital (b2 

for Point group Cm) Will be different than that of the vacant orbltal (al for point group C,) 

and through-bond stablllzation cannot OCCW. The stabilization found. must be due to interactlon 

rvlth other b2 orbit&s 
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In conclusion, our data suggest that the stabilization of the phenyl cation by an amino 

substltuent is most effective by a rr-donatlon mechanism (greatest m the para position). Through- 

bond stabilization by an amino group mth an m-plane lone-pair axis is less effective but 1s 

greatest in the meta-posltlon. However, as mentioned above, the maxlmum stabilxzatlon afforded 

by any such substitutions may be too small to be of practical slgnlflcance, at least as far as 

possible solvolytlc generatlon of aryl catlons 1s concerned. 
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CC = 1.4OA, C-H = 1.08, C-N = 1.40, N-H = 101. All angles l.20' except when tetrahedral at 

N In pyramldal forms The assumption of benzene geometries here and In refs. 4 and 8 may be 

a poor one, Haselbach" 
sb 

has found at the MINDO/2 level, Blschof with MINDO/3 and we at STO-3( 

that the smglet phenyl cation 1s far from being a regular hexagon Gptlmlzed geometries will 

be given In a forthcomlng pubhcatlon, these &ffer slgnlflcantly from the unreallstlc 

structure (<C-C%' = 180') found by the INDO method In ref 2b. 
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