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Cation Radicals of 1,3,5-Tris(diarylamino)benzenes
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Abstract: Cyclic voltammetry and ESR studies reveal the nature of the cation radicals of some 1,3.5-
tris(diarylamino)benzenes. Results show effectively delocalized radical cations with long solution lifetimes in cold
media but with much less kinetic stability at ambient temperature than their monomeric triarylaminium cation radical
counterparts. Intramolecular ortho coupling, perhaps via disproportionation, is a postulated cation radical decay mode.

Para-substituted triphenylamine (Ar3N) cation radicals are quite long-lived and have been extensively
studied.'->  The unsubstituted PhsN+- is, however, a short-lived species whose lifetime is limited by
intermolecular para coupling of the ion.? Thus, kinetically stabile AryN+'s require para substitution which
retards this coupling. Many p-substituted ArsN+- species give isolably stable saits which find practical use as
casy-to-handle chemical oxidants. We felt that, as a relatively stable spin center, the triarylaminium cation
group might be well-suited for incorporation into polyfunctional structures designed to promote
intramolecular spin alignment.> In pursuit of this objective, we have prepared a series of 1.3,5-
tris(diarylamino)benzenes (TAB's) 2 and report here their synthesis and one-electron oxidation properties.

A variety of TAB's can be prepared as shown in Scheme | according to a route used previously by
Ishikawa and co-workers.* Condensation of phloroglucinol dihydrate with substituted anilines (1:4.5 molar
ratio), as originally reported by Buu-Hoi,> gives 1,3,5-tris(arylamino)benzenes 1. The resultant triamines 1
are then reacted via a triple Ullmann coupling with the appropriate p-substituted iodobenzene at 180 °C for
24 h to afford 2 in low to moderate yield. Crude products are generally isolated by precipitation from
methanol and are subsequently recrystallized from acetone/ethanol mixtures. Table I gives purified yields
(unoptimized) of compounds 1 and 2 whose structures have been confirmed by NMR analysis.
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Oxidation of the TAB derivatives by cyclic
Table I. 1,3,5-Tris aryl (& diaryl) aminobenzenes.

voltammetry (CV) allows determination of their

X R TAB formal oxidation potential, E*', for single electron loss
H H (12)° 18%  (2a)*745% (Table II).'9 As the p-substituent becomes more
CH3 H (1b) 52% (2b)® 44% electron donating, E*' for the substrate decreases.
t-Bu H (1) 14 % (2c) 20% Also shown in Table II are the E* values for the
OBn H (1d) 29% () 2% corresponding Ar3N species. While these sets of data
OCH3 H (1e)° 60% (2¢)° 45% derive from different solvent conditions,'' it is
CH3 CH3 (If) 14% (2A)0.3% nevertheless striking how closely the TAB derivatives

parallel the monoamines in E*'. Thus, there appears
to be little effect of one meta N atom on another in the TAB's as judged by ease of oxidation for initial
electron loss. This is consistent with the cross-conjugative nature of the amino group connection to the
phenyl core which prohibits direct overlap of the nitrogen lone pairs. The effect of multiple ArN groups in
the TAB structures 2 shows up in the ease of removal of a second electron from the system as compared to
two-electron oxidation of Ar3N. For example, the anodic peak potential for dication formation, Ep,(2), for 2b
is 1.13 and for tri-p-tolylamine is 1.54,'2 consistent with the presence of three rather independent redox
centers in the former and only one in the latter. For 2e, AE™(1,2) is only 0.23 V and AE®'(2,3) only 0.16 V.
We conclude that the primary thermodynamic effect of having three meta-linked Ar,N groups on a phenyl
core, as opposed to a single AroN group, is to facilitate the ease of dication and trication formation, with little

effect on radical cation formation.

Table I1. Formal oxidation potentials (E”") for some TAB's and AraN's (V vs. SCE).
TAB Substrate? 2a 2b 2 2d 2e 2f

E”(1)b 095 082 081 069 065 081
E"(2) 0.88

Ar3N Substrates®
E“(1) 0922 0752 0.76'2 0.522

a) CHCl, (0.1 M BugNBF;) b) E* for 2a’ and 2b® have been previously measured
as 1.00 and 0.74, respectively ¢) CH3CN (0.1 M Et4NCIOy)

Only in the case of the p-OMe substituted system, 2e, is enough kinetic stability imparted to 2+* to
yield a long-lived dication intermediate on the CV timescale (msec). At -78 °C, the third oxidation wave for
2e becomes electrochemically reversible,® but still the dications and trications of the other substrates of
Table I remain short-lived. The < msec lifetimes of especially 2b** and 2¢+* surprised us. To the extent
these dications might be viewed as dual, weakly interacting intramolecular Ar3N+- moieties, we had expected
their lifetimes would be comparable to the corresponding Ar3N+- molecules, but such is not the case. In fact,
even the monocations 2b*- and 2¢*- decay in seconds to minutes in solution at room temperature, although
they are stable for hours below -40 °C. We suspect that facile intramolecular coupling at the ortho positions
of adjacent aryl rings may be responsible for the short cation lifetimes but have yet to isolate any
decomposition products. One possibility is that 2++, which is accessible by disproportionation of 2+ (only ~
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5 kcal mol-! endothermic for the TAB*-’s), undergoes a biradical intramolecular ortho coupling.'? The
greater kinetic stability observed for 2e*+ may result from the strong p-OMe donors diminishing the ortho
spin density in this case.'* However, it is notable that even the ortho-substituted derivative 2f does not give a
long-lived dication. We are continuing to explore the structure/lifetime relationship for other 2++ derivatives.

ESR spectra of four 2+'s generated by chemical oxidation of 2 by one molar equiv of thianthrenium
perchlorate (TH+CIO4) '3 (CAUTION)!® in CH,Cl at -78 °C have been obtained. The spectra of 2e*-, 2¢*-
and 2d*- all display a 10-line pattern with a line separation of ~ 3 Gauss. The signals seem to derive from
observed a(3N) and a(3H) (core ring hydrogens) splittings of comparable magnitude. The ESR spectrum of
2¢* and its simulation'7 are shown in Figure 1. In the case of 2b*-, a single broad peak is observed by ESR.
The normal fine structure is lost presumably because the small, unresolved a(18H) splitting from the methyl
groups effectively broadens the lines. The 2+ solutions remain ESR active for hours at < -40 °C.

Beavacl A \/\ﬁ -

Figure 1. ESR spectrum of 2¢* at -78 °C in CHCl,.

The observed a(3N) splittings suggest that cation radicals of 2 are delocalized structures having three
equivalent N atoms or at least that such is the average structure on the ESR timescale. The analogous ArzN*:
ESR spectra show a(N) values of 9.0 - 9.5 G,? and therefore, a(3N) of ~ 3 G appears appropriate for
effectively delocalized TAB cation radicals. AM 1/UHF calculation '® of 1,3,5-triaminobenzene cation radical
(3+) suggests that 3+ prefers a Cyy Jahn-Teller structure (a 2Aj state) in which all NH groups remain
conjugated to the phenyl core but the nitrogens exists nominally in two sets. The salient nonbonding (N lone

pair rich) MO’s are depicted below. For a 2A; structure to be consistent with the 2*- ESR data requires

b4 ap

either fortuitous near equivalence of absolute N (2 + 1) and H (2 + 1) spin densities or time averaging of
such. It is also possible that the cation radical is actually 2B}, in which real or apparent 3-fold symmetry of
the spin density could give the observed ESR spectrum. Distinction between these possibilities, and
validation of this semi-empirical prediction, awaits a higher level theoretical analysis. Preparation of an
isolably stable cation radical of structure type 2 would allow more in-depth investigation of its structure and
is currently one goal of our future work.
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