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N,N-DIMETHYL-p-ANISIDINIUM CATION. ESR EVIDENCE
FOR INTERMOLECULAR SPIN-LONE PAIR INTERACTION
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Abstract. ESR characterisation of N,N-dimethyl-p-anisidinium dimer radical ca-

tion is reported.

Exceptionally long-lived radical cations have been obtained from certain
bicyclic diamines with bridgehead nitrogens and the peculiar reason of their re-
markable persistency has been accounted for by the substantial stabilization
(10-20 Kcal mol_l) due to the formation of an intramolecular N-N three-electron
¢ bond involving spin-bearing and lone pair orbital.1
By analogy, in the case of monoamines stabilized dimer radical cations might be
generated upon an intermolecular interaction between aminium radicals and neu-
tral amines. This kind of interaction has been recently invoked in order to ra-
tionalize some results concerning the gquenching of singlet trans-stilbene-amine
exciplexes by ground-state amines.2 However, to our present knowledge, just an
early report3 exists in which the formation of a dimer such as the bimolecular
triphenylamine radical cation could be directly deduced from ESR spectra.

In the course of our recent studies on the mechanisms of oxidation of ter-
tiary amines with metal peroxides we needed information for an unequivocal in-
terpretation of ESR experiments in which an aminium radical cation was believed
to be involved.To this purpose we undertook an ESR investigation of the N,N-di-
methyl-p-anidisine (%)/Tl(CHscOO)3 system. We believe the results reported here
provide an intriguing example of aminium dimer radical that deserves separate
reporting.

Coloured paramagnetic solutions were obtained from i by treatment with tal-
lium triacetate (%) in CHCl3 or MeNO,. However, while a blue (Xmax=607.9nm) s0-

2
lution invariably resulted in the first solvent, differently coloured solutions
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could be generated in MeNO_ depending on the ratio of the reactants.

2
At %:%Sl a blue solution (xmax=609.4nm) was still obtained, while a red one
(Amax=481.9nm) appeared when a large excess of 2 (%:%>3) was employed.5

At intermediate values of the %:% ratio we observed a red colour initially deve-
loping and then becoming violet or blue within a few minutes.

The MeNO2 red solution showed a complex ESR spectrum (Fig. 1) which persisted
suitably intense for one or two hours. This spectrum can be undoubtedly assigned
to N,N-dimethyl-p-anisidinium cation (%T) since it could be satisfactorily simu-
lated on the basis of the hyperfine splitting constants reported in the litera-
ture6 for %T, as obtained by electrochemical oxidation in MeCN.

The spectrum recorded for both the CHCl3 and MeN02 solutions remained unchanched
for a longer time (15 hours) and, as shown in Fig. 2, it displays a different
hyperfine structure, although the "g'" factor (2.0027) resulted the same within
the experimental error. Furthermore, it is worth noting that, when an appropiate

amount of % or % was added to the red or the blue MeNO_ solution respectively,

2
the colours as well as the ESR spectra of these solutions resulted reciprocally
replaceable. These findings clearly indicate that the blue radical is reversibly
related to the red amine radical cation %T, and this through a process involving
parent amine %, precisely as expected for a three-electron ¢ bonded dimer amine

radical cation.

In principle two distinct possibilities of spin-lone pair interaction exist in

our case, one leading to the formation of a symmetric N-N bonded bimolecular ion

(3f) and the other to an unsymmetric N-O dimer (éf).
Y]

+ +
Me Me Me Me
MeO—@—I!I- . -1!14©—0Me MeO-@—I- . -é—@—NMeZ
&e &e &e
3t 4%t
~ ~

However, analysis of the ESR characteristics allows an unambiguous identi-
fication of the blue radical as QT. In fact the spectrum of Figure 2 exhibits a
main hyperfine pattern consisting of an even number of equally spaced lines whi-
ch would be determined by the situation at the three-electron bond where an hi-
gher gpin density should be envisaged for both of the proposed structures.

This even number of resonances can be attributed to magnetic interaction of the
unpaired electron with a set of accidentally equivalent nuclei including one ni-

+
trogen and nine protons (total spin=5.5) such as that contained in radical ﬁ',
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Figure 1: ESR spectrum of the red radical obtained by oxidation of % with %: a)

observed; b) simulated using the coupling constants reported for gf in
reference 6 and a line-width of 1G.

a) b)
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Figure 2: ESR spectrum of the blue radical obtained by oxidation of 1 with 2: a)
observed; b) simulated using the splitting constants reported (see te-
xt) and a line-width of 1G.
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while a major odd multiplet should be expected for a system of accidentally e-
quivalent nuclei consisting of two nitrogens and twelve protons (total spin=8)
such as that present in radical gf.
Moreover this interpretation is substantiated by the satisfactory computer simu-
lation which could be obtained using the following splitting constants: a=6.75G
(1N,9H) and a=2.0G (4H). The minor differences persisting between the experi-
mental and simulated spectrum might be taken as to reflect possible differences
among the splitting constants of nitrogen and methyl protons of N(CH3)2 and OCH3
group; however, interferences due to the simultaneous presence of minor amounts
of N-N dimer gf cannot be completely ruled out.

In summary, this study demonstrates that radical cation kf can be stabili-
zed by spin lone-pair interaction with parent amine %. This interaction becomes

favoured in a less polar solvent such as CHCl_ as compared with MeNO2 and it le-

3
ads, for evident steric reasons, to the formation of N-O bonded dimer radical QT.
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