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Attempts to generate phenyl or substituted phenyl cations by solvolysis of aryl triflates
have to date met with no success.} Although there is evadence for phenyl cations derived from
decomposition of benzenediazonium ions,? 1t is clear from available data that the phenyl cation is
a highly unstable species.”® Can substituents alter this situation? Ab initio molecular orbital
calculations provide an excellent and time saving probe of stabilizing possibilities. In thas
paper, we make such an investigation of the influence of a simple stabilizing group, NHp, attached
to the singlet phenyl cation in various positions and orientations.%

Calculations were performed at the STO-3G level of approximation, using standard geometrical
models.® For ortho, meta, and para isomers, four conformations of the amino group were considered
trigonal planar having HNH either coplanar with the ring plane or orthogonal to 1t (Table I,
“planar” and "perpendicular" forms), or pyramidal with the nitrogen lone-pair in the plane of the
ring In the latter cases, the HNH plane 1s tilted either toward ("cis") or away from ("trans")
the positively charged carbon, for para isomers, only one such form is possible (™bent"). In order
to assess the stabilizing influence of the substituent, we list in Table I the "phenyl cation

stabilization energies" defined by
+ +
HoNCgHy  + CeHe = CeHs + HoNCeHs AH = PCSE

A positive PCSE value indicates the aminosubstituted cation to be stabilized relative to CsH5+.7

The neutral HoNCgHs species are calculated in the same conformations as the cations H2NCGH4+.
Before examining 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 cation by 11.3 kcal/mole. This value may be calibrated by comparing

2857



2858 No. 33

+
phenyl with other cations. For example, the reaction R + CgHg = CGH5+ + R-H is endothermic
+
even for such unstable R as the ethyl cation, experimental reaction energies® are +10.9 for R =
ethyl, +29.1 for allyl, and +33.4 for isopropyl. Clearly the 11.3 kcal stabilization afforded by

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

Table I. Energies

Total Energy, Relative Energy,a PCSE,
Hartrees kcal/mole kcal/mole
Aminophenyl Cations
Ortho Planar -281.26604 6.5 0.0 L7
Trans -281.255L3 13.2 6.7 27
Perpendicular -281.24T122 18.4 11 8 37
Cis -281.24660 18.7 12.2 2.9
Meta  Planar -281.26626 6.k 0.0 L9
Cis ~281.25651 12.5 61 3.3
Trans -281.25492 13.5 7.1 2.3
Perpendicular -281.25209 15.3 8.9 6.7
Para  Planar -281.27647 0.0 0.0 11.3
Bent -281.25298 1h.7 7 1.1
Perpendicular -281 24656 18.8 18.8 3.2
Phenyl Cation -226 94399 0.0
Benzene -227.89006°
Anilines
Planar -282.20&58b 0.0
Bent -282.19727 k.6
Perpendicular -282.18746 10.7

& First column 1s for entire series. b Ref. 9

The general problem of stabilizing a phenyl cation has been considered previously by Gleiter,
Hoffmann and Stohrer® using 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 destabilizing inductive effect, the magnitude of which decreases with increasing
distance between p(C+) and the lone pair.

The conclugions to be drawn from Table I, which differ somewhat from those whach might be
inferred from the work of Gleiter et g;.,e are as follaws

1. The greatest stabilization of the phenyl cation (11.3 kcal/mole) 1s achieved with a para
aminoc group 1n a planar conformation.

2. In all the planar conformations (o, m and p), stabilization 1s obtained, despite the
fact that through-bond interaction between the lone-pair and the vacant orbital i1s conformation-
ally prohibited. According to Gleiter et g;.,s only the destabilizing inductive effect should be
operative in these cases

3. Generally, the phenyl cation 1s less stabilized by the amino group 1f the lone-peir axis
lies in the phenyl plane. The only exception is the perpendicular arrangement in the meta positic

L, Among the possible corformations with lone-pair axes in-plane, those with the perpen-
dicular arrangement (planar at nitrogen) are more effective in stabilizing the cation than the
"e1s" or ™trans" pyramidal structures (see final column of Table I).

5 Among the lone-pair in-plane forms, the order of increasing stabilization 18 p <o <nm
rather than o< m < p as the distance f.a.:z‘g'ument8 would predict

Some remarks can be made on the interpretation of these results. In the first place, there
1s a reasonable correlation between the PCSE and the amount of charge dispersal of the cation as
given by Mulliken population analysais. When the lone pair axis on nitrogen 1s orthogonal to the
ring (planar isomers), there 1s a substantial degree of n-donation and g-withdrawal, the net
result of which 1s a high electron density in the ring. This dominant effect 1s clearly most
effective 1n the planar conformations. The extent of such m-donation is reflected by relatively
large C-N n-type overlap populations.

For the in-plane conformations, the perpendicular arrangement (planar at nltrogen) will lead
to greatest availability of the lone-pair electrons so that their interaction with the g-frame-
work of the phenyl cation wall be greatest, as 1llustrated by the stabilization energies. In the
pars position (perpendicular conformation ), however, the symmetry of the lone pair orbital (bs
for point group Cay) will be different than that of the vacant orbital (ay for point group Caov)
and through-bond stabilization cannot occur. The stabilization found must be due to interaction

with other bz orbitals
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In conclusion, our data suggest that the stabilization of the phenyl cation by an amino
substituent 18 most effective by a m-donation mechanism (greatest 1n the para position). Through-

bond stabilization by an amino group with an in-plane lone-pair axis 18 less effective but is

t+togt
veST

C
2
®

by any such substitutions may be too smell to be of practical significance, at least as far as
possible solvolytic generation of aryl cations is concerned.
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