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A quartet triradical molecule, 2,6,10-tris[bis( p-methoxyphen-
yl)aminium]triphenylene, was characterized by the electronic
interaction among the three aminium sites based on the fused-
aromatic, triphenylene-linked, and non-Kekulé¢ connectivity,
which lead to the stable high-spin triradical formation.

Triarylaminium-based and 7r-conjugated polyradicals have
been synthesized in a fashion by satisfying the non-Kekulé, but
non-disjoint connectivity of the radical unpaired electrons on
their aromatic skeleton in order to investigate them as high-spin
organic molecules or as a promising candidate for magnetically-
responsive organic materials.! Typical examples of such
molecules are 1,3,5-tris(diphenylaminium)benzene,? 1,3,5-tris-
[bis(methoxyphenyl)aminium]benzene,® and Waurster’s blue-
based triaminiums.* In these triradical molecules, the arylami-
niums often produced radicals with sufficient chemical stability,
and the significantly delocalized spin density of the arylaminium
radicals could allow for a strong exchange interaction to align
the radical spins. However, quantitative or defect-free generation
of the aminium cationic radicals from the corresponding
polyamine derivatives has not been achieved, because electro-
static repulsions among the formed radical cations on the
connecting skeleton suppressed the subsequent radical cation
formation, especially on the third radical formation.

On the other hand, arylaminium triradicals have been ex-
tended to hyperbranched and dendritic polyradical analogs by
molecular design of non-Kekulé, but non-disjoint aromatic struc-
tures realizing very high-spin organic molecules.’ The radical
generation defect was crucial to forming the target arylaminium
polyradicals, because the formation of polycationic structures
were significantly suppressed by a strong electrostatic repulsion
among the densely populated aminium cations. We recently
synthesized 2,6,10-tris[bis(p-methoxyphenyl)aminium]-3,7,11-
trihexyloxytriphenylene (1°*) to allow planarized conjugation
and appropriate distance among amine sites, and succeeded in
forming robust chemical stability and quartet state even above
room '[emperature.6

In this paper we report for the first time intramolecular
electronic communication of the spins in fused aromatic non-
Kekulé triaminium formation as the stepwise oxidation of 1
(Scheme 1). Analysis of such radical-radical communication
could be important for extending triaminiums toward defect-free
and very high-spin poly(aminium radical) molecules. An
effective electronic communication among the aminium radical
sites through the triphenylene skeleton was described by the
electrochemical and structural analyses of 1.

The electrochemical study of 1 revealed a stepwise three-
electron redox reaction to form 13*. A cyclic voltammogram of 1
ata 50 mV s~! scan rate was repeatedly recorded (Figure 1a) for
more than 100 times in the potential range of 0-1.2V at room
temperature, and its oxidation and reduction currents in the redox
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Scheme 1. Stepwise oxidation of 2,6,10-tris[bis(p-methoxyphenyl)amino]-
3,7,11-trihexyloxytriphenylene (1) to form its trication radical, 2,6,10-tris[bis-
(p-methoxyphenylaminium)-3,7,11-trihexyloxytriphenylene (13*).
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Figure 1. Cyclic voltammogram (solid curve) in a 0.33 mM CH,Cl, solution
of 1 with 0.1 M (C4Ho)sNBF, at 50mV s~ scan rate and the corresponding
simulated voltammogram (dashed curve) (a). Molar fraction profile of 1 (@), 1"
(©), 1** (M), and 1> () equilibrated at each potential vs. Ag/AgCl (b).

wave almost coincided with each other. A coulometric analysis at
the constant potential of 0.9 V® showed the three-electron oxida-
tion of 1. To determine the redox potentials for the three-electron
redox of 1, the voltammogram was simulated by fitting to the
experimental voltammogram with the three redox potentials of
E\, E,, and E; (0.575, 0.655, and 0.710V, respectively), which
corresponded to the equilibrium constant K; of 22.5 and K, of
8.51 assuming the diffusion coefficients for species 1, 17, 12*,
and 1°7 to be equal. The equilibrium constants, K, and K,, were
defined by the following reactions: 1 4+ 1+ = 2(1%) with K} =
[ PAT2H])! = exp[(nFR™'T ') E, — E)]and 11 4 13+ =
2(1%%) with K, = [12¥P[17]7'[13+]7! = exp[(nFR™' T~ "\(E; —
E»)], respectively, where n, F, R, and T are the number of trans-
ferred electrons, Faraday’s constant, the gas constant, and tem-
perature, respectively. The order of E; < E; < E3 suggested that
the second and third oxidations suffered an electrostatic repulsion
from the formed cationic radical(s). However, the potential shift
was significantly lower than those reported for the redoxes of a
di(arylamine) connected through the m-phenylene skeleton, 1,3-
bis[bis( p-methoxyphenyl)amino]-4,6-dimethylbenzene  (E; =
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0.395 and E, =0.556mV vs. Ag/Ag")” and a tri(arylamine)
connected through 1,3,5-benzene, 1,3,5-tris[bis( p-methoxyphen-
yl)amino]benzene (£, = 0.67, E; = 0.87, and EF3 =0.98V vs.
SCE).?*® Based on Nernstian electron-transfer approximations,”®
the equilibrium constants, K; and K, gave the molar fractions of
the starting triamine 1, the formed cationic radical 1%, dicationic
diradical 1°*, and tricationic triradical 13 at each potential
(Figure 1b). The molar fraction profile revealed the three one-
electron stepwise oxidation processes accompanied by the
disproportionation of 1* and 1?*, and the desired potential for
the oxidizing agent to form 1°* of >0.9V.

Another aspect of the electronic delocalization of the ami-
nium radicals through the triphenylene-skeleton could be dis-
cussed from the viewpoint of a mixed-valence species. The equi-
librium constants, K; and K, described above correspond to the
comproportionation constants’ for the cationic radical site(s) with
the remaining neutral amine site(s) (1" and 1?*). The K, and K,
values were estimated to be 23 and 9 which were significantly
larger than the statistical value®® of 4; the aminium cationic
radicals 17 and 1?* could be categorized as a Robin-Day class 1T
cation. The triphenylene-skeleton allowed the electronic interac-
tion among the aminium radical and the neutral amine sites. The
shoulder absorption in the near-IR region at 6450cm™" (1550
nm) that appeared for the 1 solution under the given potential of
0.70 V was ascribed to an intervalence transfer band or a charge
transfer from the neutral amine to the aminium cationic radical
(See Supporting Information).'® The 2,6,10-substituted triphen-
ylene skeleton acted as an effective 7-conjugation coupler to
yield a relatively strong electronic interaction among the radical
sites, although the distance between them was not short.

The molecular structure of 1 was determined by the X-ray
crystallographic analysis of a single crystal of 1.CH;CN
(Figure 2).!'! The planarized polycyclic fused-aromatic structure
of the triphenylene was determined. The molecule displayed a
propeller-like geometry in each triarylamine moiety; the dihedral
angles between two aryl planes were 65.2, 71.8, and 84.9°,
which were almost in the same range as typical triarylamines
(e.g., the crystallographic data for the tri-p-tolylamine: 58.9,
76.0, and 79.4°),!% in spite of the sterically hindered hexyloxy
groups at the ortho positions of the amino groups. The atomic
arrangement around the nitrogen atom also offered some
information about the 7r-conjugated structure via the triphenyl-
ene. For example, the significant absence of nitrogen displace-
ment from the C3—C7—C14 plane (only 0.047 A) suggested the
sp? character of these nitrogen atoms. These results supported
the molecular design using the planarized triphenylene skeleton
without fatal twist of the triarylamine core that leads to the
effective electronic communication among the radical sites and
results in the high-spin poly(cationic radical) state.

A theoretical calculation was performed based on a density
functional method (DFT) at the UB3LYP/6-31G* level with
Gaussian 03. The parent compounds of 1, 1+, 12+, and 1°*
without hexyl and methyl substituents were modeled and
geometrically optimized by imposing a propeller-conformation
on the triphenylamine moieties (similar to the crystal structure)
as the initial structure. The computed heat of formation revealed
a thermodynamically stable high-spin state for 12+ and 13*; the
computed singlet—triplet energy gap, AEst or 2J (J: the
magnetic exchange coupling constant), for 12+ was calculated
to be 4.30kcalmol™!, supporting the strong ferromagnetic
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Figure 2. ORTEP diagram of 1.CH;CN.

interaction among the aminium radical spins through the
triphenylene skeleton even above room temperature.® A large
spin density was even distributed on the triphenylene in the
tricationic state (See Supporting Information).!® These results
also could support the fact that the triphenylene-linker realized
the formation of 13+ with delocalized spins.

These studies clearly indicated that the non-Kekulé tri-
phenylene skeleton offered planarized conjugation and signifi-
cant electronic interaction during the formation of 13*, which
realized both a defect-free generation and delocalized spins of
the triradical 13*. Such a quartet module could be a building
block for very high-spin poly(aminium radical) molecules.
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