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Significant Mesomeric Nitrenium Ion Character of the
Cyanodiphenylmethyl Cation, the First Long-Lived
Cyanocarbenium Ion!

Sir:

Nitrenium ions containing divalent positive nitrogen have been
postulated as intermediates in rearrangement, synthesis, and
cleavage of nitrogen-containing organic compounds.>* Evidence
for their existence as distinct species under stable ion conditions
has been negative so far.* Attempted generation of nitrenium
ions by protonating nitrosobenzenes resulted only in iminium-
benzenium dications.*® In principle, a cyano-substituted car-
bocation (1a) in its mesomeric form represents a nitrenium ion

la 1b

(1b), and this aspect has been considered recently in the solvolytic
studies of a-cyano tosylates by Gassman and Talley.® The
solvolytic study® of 1-cyano-1-octyl tosylate and 7-cyano-7-nor-
bornadienyl! tosylate indicated that the extent of mesomeric ni-
trenium ion character in the ions depended on the nature of the
additional substituents on the cationic center.

We report now the preparation and 'H, 3C, and ’N NMR
spectroscopic observation of the cyanodiphenylmethyl cation
1-C¢H; in FSO;H/SO,CIF solution. Careful addition of a solution
of benzophenone cyanchydrin? in SO,CIF to a tenfold excess of
FSO;H in SO,CIF at -78°C resulted in a deep orange solution.
The '"H NMR spectrum of the solution showed an aromatic
multiplet at v 7.6-8.6 which is significantly deshielded over that
in the neutral precursor (=1 ppm; see Table I). In the *C NMR
spectrum, the cationic carbon absorption was observed at § 168.8
followed by a para carbon signal at § 153.3. The cyano carbon
absorbed at § 112.1, about 9 ppm shielded over that in the neutral
precursor. The substantial deshielding of both ortho and para
carbons and the significant shielding of the cyano carbon are
indicative of extensive charge delocalization into the aromatic ring

(1) Stable Carbocations. 232. For part 231 see: Olah, G. A.; Berrier, A.
L.; Arvanaghi, M.; Prakash, G. K. S. J. Am. Chem. Soc., submitted for
publication.

(2) Gassman, P. G. Acc. Chem. Res. 1970, 3, 26-33.

(3) Gassman, P. G.; Hartman, G. D. J. Am. Chem. Soc. 1973, 95,
449-454,

(4) Olah, G. A.; Donovan, D. J. J. Org. Chem. 1978, 43, 1743-1750.

(5) (a) Okamoto, T.; Shudo, K.; Ohta, T. J. Am. Chem. Soc. 1975, 97,
7184-7185. (b) Ohta, T.; Shudo, K.; Okamoto, T. Tetrahedron Lett. 1977,
101-104. (c) Shudo, K.; Ohta, T.; Endo, Y.; Okamoto, T. Ibid. 1977,
105-108.

(6) Gassman, P. G.; Talley, J. J. J. Am, Chem. Soc. 1980, 102, 1214-1216.

(7) Gassman, P. G.; Talley, J. J. Tetrahedron Lett. 1978, 3773-3776.

Table I, 'H,!3C, and ‘N NMR Data of Cyanodiphenylcarbenium
Ion 1-CH, and Its Progenitor Benzophenone Cyanohydrin

substrate 'H, 59 13¢C, 59 15N, 50
1-C,H,° 7.6-8.6 (m) C,'=168.8, 283.0
C,=153.3,
Co:Co' =
148.2, 143.8,
=133.7,
—&N =112.1
cyanohydrin?  7-7.6 (m, 10 H, C;=142.5,C,, 253.0
aromatic), 6.8 Cp, =128,
(s, 1 H, OH) Cp =125.9,
-C=N=125.9,
Cq =751

% 'H and '*C NMR chemical shifts are in ppm from external
capillary tetramethylsilane. 2 '*N NMR chemical shifts are in
ppm from external anhydrous ammonia. € In FSO,H/SO,CIF
solution at 90 °C. ¢ In CDCI, solution at 37 °C.

as well as into the cyano group through the mesomeric nitrenium
ion form. The cation 1-C¢H;s is comparable to the related 1,1-
diphenyl-2-butyny! cation 2° (which also has significant mesomeric
vinyl cation contribution) although the charge delocalization into
the aromatic ring is considerably less in the latter.

145 4 1415
932
-—

C—C=C—CHz

@/195 7 165.
2a @\

To ascertain the extent of mesomeric nitrenium ion character
in 1-C¢H,, we prepared the 109% 1N-enriched ion from the 1’N-
enriched cyanohydrin precursor.’ In the "N NMR spectrum,
the cyano nitrogen was observed as a singlet (with no proton
coupling) at 6 283.0, which is 30 ppm deshielded over that in the
neutral precursor (6 253.0). The lack of any proton coupling with
the nitrogen clearly supports the formation of cyanodiphenylmethy!
cation 1-C¢H; and rules out any additional protonation on nitrogen.
In fact, a substantial 1N shielding is observed for nitrilium ions
(RC=NHM") over the neutral nitrile precursor!® (ca. 100 ppm).
The observed 30-ppm deshielding clearly indicates carbon—nitrogen
double-bond character. In fact, the N chemical shift is more
comparable to that of an imine (around & 318).1° The observed
15N chemical shift data clearly support substantial mesomeric
nitrenium ion contribution to the overall structure of the cation
1-C¢Hs, in spite of competitive aryl ring delocalization.

Attempts to prepare analogous 1-cyano-1-cyclopentyl, 9-
cyano-9-fluorenyl, 1-cyano-1-phenethyl, and 2-cyano-2-norborny!
cations from their corresponding cyanchydrins’ under a variety
of superacidic conditions were, however, unsuccessful. They in-
dicated the formation of respective protonated carbonyl compounds
along with a complex mixture of byproducts. We are continuing
our studies of the clusive nitrenium ions under stable ion conditions.

(8) (a) Olah, G. A.; Spear, R. J.; Westerman, P. W.; Denis J-M. J. Am.
Chem. Soc. 1974, 96, 5855-5859. (b) Prakash, G. K. S. Ph.D. Dissertation,
University of Southern California, 1978.

(9) The 10% *N-enriched cyanohydrin was prepared from 10% !*N-en-
riched trimethylsilyl cyanide which in turn was synthesized from enriched
silver cyanide and trimethylsilyl chloride. The enriched silver cyanide was
obtained by reacting aqueous silver nitrate solution with aqueous enriched
sodium cyanide.

(10) Levy, G. C.; Lichter, R. L. “Nitrogen-15 Nuclear Magnetic Reso-
nance Spectroscopy”, Wiley-Interscience: New York, 1979; p 67.
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Polymer Films on Electrodes. 4. Nafion-Coated
Electrodes and Electrogenerated Chemiluminescence of
Surface-Attached Ru(bpy)s**

Sir:

A pyrolytic graphite electrode coated with the perfluorinated
ion-exchange polymer Nafion (1) and containing Ru(bpy);** (bpy
= 2,2'-bipyridine) was prepared. Electrogenerated chemilu-

- (CFaCF,)(CFCRp),~

0—(C3Fg )—0—CFaCF—S03 Na©
1

minescence at the polymer layer is produced upon oxidation of
the 2+ Ru species in the presence of oxalate ion.

Electroactive groups can be bound guite readily to an electrode
surface in the form of a polymer layer,” where either the polymer
itself is electroactive [e.g., poly(vinylferrocene)]?® or the elec-
troactive molecules are later attached into the polymer [e.g.,
Ru(NH,)¢** on polyacrylic acid].*>* In the latter example, Oyama
and Anson demonstrated that ions from solution could be bound
to the polymer by exploiting its ion-exchange properties (elec-
trostatic binding).*

Nafion (1), an ion-exchange polymer which is very resistant
to chemical attack, even by strong oxidants at elevated temper-
atures, has found increasing use as a membrane material. We
have found that a pyrolytic graphite (PG) electrode can be coated
with this material. In a typical experiment, a layer of ~1.4 mg
of Nafion polymer/cm? of electrode surface was prepared by dip
coating. The electrode was dipped into a solution of ~2% Nafion
(equiv wt ~970) in ethanol, then taken out and dried in the air,
leaving the polymer film on the surface. The film thickness can
be estimated by using the density of dry commercial Nafion
membranes (~2 g cm™) as ~7 um (dry). The polymer-coated
electrode was then immersed for 10-15 min in a solution of 5 mM
Ru(bpy);Cl, in 0.1 M H,SO,, rinsed thoroughly with distilled
water, and transferred to the electrochemical cell. Electrodes
prepared in this manner acquire a deep orange color, demon-
strating the large amount of Ru(bpy),** incorporated into the
polymer.

Such an electrode, denoted as PG/Nafion, Ru(bpy);2*, shows
the cyclic voltammetric behavior characteristic of the Ru-
(bpy);>*/** couple when immersed in a solution containing only
supporting electrolyte (Figure 1a). However, the observed ox-
idation and reduction peaks are broad and separated by 170 mV
at this scan rate, markedly deviating from the expected behavior

(1) (a) Produced by E. I. duPont de Nemours and Co., Wilmington, DE
(b) Grot, W. Chem.-Ing.-Tech. 1978, 50, 299.

(2) (a) Peerce, P. J.; Bard, A. J. J. Electroanal. Chem. Interfacial Elec-
trochem., in press. (b) Merz, A.; Bard, A. J. J. Am. Chem. Soc. 1978, 100,
3222, (c) Itaya, K.; Bard, A. J. Anal. Chem. 1978, 50, 1487,

(3) (a) Van de Mark, M. R.; Miller, L. L. J. Am. Chem. Soc. 1978, 100,
639, 3223 (b) Daum, P.; Murray, R. W. J. Electroanal. Chem. Interfacial.
Electrochem. 1979, 103, 289. (c) Kaufman, F. B.; Engler, E. M. J. Am.
Chem. Soc, 1979, 101, 547.

(4) (a) Brown, A. P.; Anson, F. C. Anal. Chem. 1977, 49, 1589. (b)
Ozy;mi, N.; Anson, F. C. J. Electrochem. Soc. 1980, 127, 640. (c) ibid. 1980,
127, 247,
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Figure 1. (a) Current-potential curve (sweep rate, 0.1 V/s) for a PG/
Nafion, Ru(bpy):** electrode in 0.2 M Na,SO,. (b) Same as (a), with
addition of 50 mM Na,C,0,. (c) ecl intensity vs. potential, in the same
solution as (b) (anodic scan only). The electrode was a PG (Union
Carbide Corp.) cylinder, 0.5-cm diameter, with the basal plane as the
active surface.

of a surface-confined electroactive species.?®** Such deviations
are caused by limitations in the overall rate of the redox process
by mass transfer within the film, charge transfer at the sub-
strate/film interface, and associated chemical reactions of the
electroactive forms, as well as by nonidealities in the film struc-
ture,23%55 For these films, the peak currents, measured over a
range of scan rates (v) of 0.01-1 V/s, were proportional to v'/%,
indicating that the current was controlled by diffusion in these
thick polymer layers,?®

The amount of Ru(bpy);** attached to the surface was de-
termined by first oxidizing the film at +1.60 V, and then de-
termining the charge required to reduce the film when the potential
was stepped to +0.60 V until the current dropped to zero (several
minutes). For typical films, the surface concentration of Ru-
(bpy)s?* is (2-4) X 107 mol/cm?

The behavior of the same electrode in an aqueous solution
containing 50 mM sodium oxalate is shown in Figure 1b. In the
absence of Ru(bpy);** on the Nafion-coated electrode, oxalate
itself is oxidized at potentials more positive than Ru(bpy);*.
However, on the modified electrode, oxalate is catalytically ox-
idized by the Ru(bpy),** attached to the surface. This is clearly
seen in Figure 1b by the increase in the anodic peak current and
decrease in the cathodic peak current, caused by the reaction of
Ru(III) with C;O4F. Basically, the same catalysis is also observed
when a solution containing Ru(bpy);?* and C,0,% is oxidized on
Pt or carbon electrodes in aqueous solution.®

When the potential of a PG/Nafion, Ru(bpy),?* electrode in
an aqueous solution containing 50 mM Na,C,0, and 0.2 M
Na,S0, (pH ~6) is stepped to +1.4 V, a constant, very intense
orange luminescence is observed, clearly visible to the non-
dark-adapted eye. The ecl intensity upon scanning the potential
in the positive direction is shown in Figure 1c. The detailed shape
of the intensity—potential and intensity-time curves is currently
under further investigation. The ecl spectrum is identical with
the known luminescence spectrum of Ru(bpy);?*".%”  The
mechanism of the ecl reaction is very likely the same as that
previously proposed for the simultaneous oxidation of dissolved

(5) (a) Laviron, E. J. Electroanal. Chem. Interfacial Electrochem. 1972,
39, 1; Ibid. 1974, 52, 395. (b) ibid. 1979, 101, 19.

(6) Rubinstein, 1.; Bard, A. J. J. Am. Chem. Soc., in press.

(7) (a) Tokel, N. E.; Bard, A. J. J. Am. Chem. Soc. 1972, 94, 2862. (b)
Tokel-Takvoryan, N. E;; Hemingway, R. E.; Bard, A. J. ibid. 1973, 95, 6582.
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