Communications to the Editor

planned structure of immobilized OX/RED is not achieved
owing to synthetic misadventure during immobilization, sub-
stantial variation in E°’g,,s could result. Last, if immobilized
OX or RED interact strongly (or differently) with the under-
lying electrode material, as in classical electrode adsorption,’#
or coherently with each other to form two-dimensional pseu-
docrystalline phases,® shifts in E°’,,r would result. Absence
of large E°’ s — E® 5o differences does not of course prove
these effects absent, merely that in general they are of modest
size.

Table I results show that immobilized OX/RED electro-
chemistry is thermodynamically predictable. The examples
of Table I include also new immobilization schemes extrapo-
lated from solution chemistry; this surface synthetic ability
indirectly favors chemical reliability of step II. Thus, sur-
face-bound aminosilane is employed as an amide former (e.g.,
R9, 01, 03) and also as a nucleophilic reagent (e.g., 04), just
as one would expect from solution chemistry. Likewise, sur-
face-bound pyridinesilane behaves as a ligand as expected (e.g.,
R11, 011, and immobilization of the important ruthenium
bipyridyl system is achieved). The butyryl chloride silane is
a new reagent which formed amides (e.g., 05, O7) with ease.
Acid chloride functionalities on carbon bind amines (R1, R7,
06) in the expected manner. Preparation of a family of im-
mobilized metallotetraphenylporphyrins (R2-R6) was possible
using reaction conditions similar to solution metalations; R2
is a particularly interesting member of this family.

Unaddressed above is the important but separate question
of step I and II kinetics, which must be understood before
electrocatalytic design can be truly predictive. One qualitative
example of designed electrocatalysis using a chemically
modified electrode has appeared.?
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Nonbonded Interactions in Phenylcarbenium Ions
Sir:

The intriguing concept of nonbonded electronic interactions,
as developed recently by Epiotis, provides an explanation for
several cases of torsional isomerism where a more sterically

0002-7863/78,/1500-5215$01.00/0

5215

crowded geometry is more stable than less crowded geome-
tries.1-7 In this communication we suggest that nonbonded
interaction may also have a substantial influence on the dis-
tribution of electrons within a molecule, particularly in
charged, conjugated systems.® Specifically, attractive and
repulsive nonbonded interactions are discussed in relation to
the distribution of charge in phenylcarbenium ions (benzyl
cations) with the aim of providing an explanation for some
unusual 13C NMR chemical shifts.

The concept of nonbonded electronic interactions is based
on orbital symmetry arguments and as such may be expressed
in various ways. The simplest approach is to consider whether
a possible interaction is aromatic, nonaromatic, or antiaro-
matic.3? Nonbonded interactions of this type occur when two
atoms (not formally bonded) approach closely enough for or-
bital overlap so that the overlap completes a continuous cycle
of overlapping orbitals. With Hiickel topology for the cyclic
array of orbitals, attractive nonbonded interactions will be
present if the cycle is aromatic, i.e., when 4V + 2 electrons are
in the cycle. Repulsive nonbonded interactions are expected
for a cycle of 4N electrons.

In phenylcarbenium ions substituted at the carbenium
center, nonbonded w-electron interactions can be considered
for a 4-atom cycle of p orbitals that is completed by long-range
overlap between the substituent and the syn ortho carbon, in
analogy with cis-1,2-disubstituted ethylenes.!:3-5 Considering
only the two resonance structures that place charge in the ortho
positions, it can be seen that, with the substituent contributing
2 7 electrons,19 the 4-atom cycle contains 4 7 electrons and is
thus.antiaromatic when the charge is at the syn ortho carbon.
Resonance structure 1 with repulsive, antiaromatic interactions
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should contribute less to the resonance hybrid than structure
2 where such effects are absent; hence, less positive charge is
expected to reside at the syn ortho carbon than the anti ortho
carbon.

Chart I presents the 13C NMR chemical shifts for ring
carbons in some stable phenylcarbenium ions.!! The ortho and
para carbons are deshielded owing to positive charge, but there
is a large difference between the ortho carbons in ions 3-5. The
difference is 12.9 ppmin 3, 11.2 ppmin4,and 11.5 ppmin 5.
The syn ortho carbon is substantially shielded relative to the
anti ortho carbon or the para carbon, consistent with the pre-
diction of less positive charge due to repulsive nonbonded in-
teractions. However, it is difficult to quantitatively assess this
postulated effect in terms of w-electron densities, because the
well known y-substituent effect is probably operative also in
shielding both ortho carbons. The shielding effect of a v sub-
stituent is usually larger in a syn or gauche alignment relative
to anti, but no other cases have been reported where the dif-
ference between syn and anti effects approaches the magnitude
of 11-13 ppm.'2

The data for ion 6 indicate that the shielding of the syn ortho
carbons is not a constant effect of the nearby carbenium sub-
stituent. If the shielding effect were constant and additive,
extrapolation from ions 3 and 5 would predict a difference of
1.4 ppm instead of the 6.5-ppm difference observed for the
ortho carbons in ion 6. A reasonable conclusion is that orbital
interaction is more effective for fluorine than methyl, so that
the repulsive interaction involving the fluorine atom dominates.
The methyl repulsive interaction would shift charge from the
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Chart I. 13C chemical shifts are in parts per million relative to external
(capillary) MesSi.
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syn ortho carbon partially to the anti ortho carbon, but in 6
such a shift would be unfavorable because of the fluorine in-
teraction.

Even more unusual 13C chemical shift behavior occurs in
the p- methoxyphenylcarbenium ion 7 and the p- methoxy-
benzenium ion 8. The rotation of the methoxy group is “frozen
out” in these ions. The carbons ortho to methoxy have non-
equivalent chemical shifts as expected, but the carbons meta
to methoxy also differ by >5 ppm. Since the meta carbons are
not sterically proximate to the methoxy group, it is difficult
to ascribe this large difference to any direct substituent in-
fluence. However, considering only the two resonance struc-
tures which place charge at the relevant positions, it can be seen
that an aromatic cycle exists in structure 9 which is analogous
to the aromatic cycle responsible for the attractive nonbonded
interactions in methyl vinyl ether.® Structure 10 has double
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bonds cross-conjugated with the possible cycle, so the non-
bonded = interaction would be nonaromatic. Thus, a greater
contribution of 9 than 10 to the resonance hybrid could account
for the chemical-shift difference for the carbons meta to me-
thoxy on the basis of m-electron densities.!3

The postulated difference in charge densities is verified by
protonation of m-methylanisole and m-fluoroanisole in
FSO3H/SO,CIF to form benzenium ions (11). At =70 °C,
methoxy rotation is slow. The relative amounts of the two
conformers (11a:11b) are 74:26 when X = F, and 76:24 when
X = CHs. The electron-releasing substituents favor confor-
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mation 11a in which the carbon bearing the substituent is
predicted to have greater positive charge than that in 11b.

Preliminary MO calculations are consistent with the above
arguments.!4 Using the CNDO/2 method, a standard calcu-
lation!3 of ion 3 was compared to a calculation in which the
overlap between the p, orbital on F and the p, orbital on the
syn ortho carbon was artifically set to zero. In changing from
zero to normal overlap, the energy increased, thereby dem-
onstrating that the interaction is net antibonding. Also, the
positive charge on the syn ortho carbon decreased while it in-
creased on the anti carbon. The reverse was true for 7.
Changing the overlap between the methyl orbitals and the p;
orbital on the ortho carbon from zero to normal in 7 results in
an energy decrease consistent with a bonding interaction, and
the charges again were altered in the direction consistent with
our qualitative argument. We are now trying to quantitatively
evaluate the influence of nonbonded interactions on charge
distributions in further detailed MO and experimental stud-
ies.
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