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A new triradical molecule, 2,6,10-tris(dianisylaminium)-3,7,11-tris(hexyloxy)triphenylene 1

catalyzed amination, and subsequent oxidation. It was chemically stable with
S = 3/2 even at room temperature.

3+, was synthesized by oxidative trimerization, palladium-
a half-life > 1 month and displayed the magnetic parameter of

There has been a continuous interest in the synthesis of highsynthesized as a ferromagnetic coupler for the multiradicals.

spin organic moleculébecause they are expected to be the
spin module for forming a magnetically active bulk material.
The high-spin behavior of molecules is derived from the spin

However, these molecules have been obtained via tedious
reaction steps and/or were difficult to utilize as a high-spin
module for extending them to a high-spin polyradical or

alignment among the radicals’ unpaired electrons conjugatedmagnetically active and organic-based material.

with an aromatic pathway in a non-Kekulé and nondisjoint
fashion (or a ferromagnetic connectivif/)The 1,3,5-
substituted benzene céreand z-conjugated cyclic mol-
ecules, such as 2,8,14-benzenedehydro[12]anndlemet-
calix[4]arene-based polyradicd@i$iave been proposed and

(1) (a) Lahti, P. M.Magnetic Properties of Organic Materigl$larcel
Dekker: New York, 1999. (b) Itoh, K.; Kinoshita, NMolecular Magnetism
Kodansha: Tokyo and Gordon and Breach: Amsterdam, 2000. (c) Rajca
A. Chem.—Eur. J.2002, 8, 4834. (d) Baumgarten, M. IRrogress in
Theoretical Chemistry and Physjdsund, A., Shiotani, M., Ed.; Kluwer
Academic Publishers: Dordrecht, 2003; VVol. 10, Chapter 12. (e) Makarova,
T. L.; Palacio, FCarbon Based Magnetism: Arnv@iew of the Magnetism
of Metal Free Carbon-Based Compounds and Materials; Elsevier: Am-
sterdam, 2006. (f) Fukuzaki, E.; Nishide, H.Am. Chem. So@006,128,

996.

(2) Borden, W. T.; Davidson, E. R. Am. Chem. S0d.977,99, 4587.

(3) Stickley, K. R.; Blackstock, S. @. Am. Chem. So&994 116, 11576.

(4) Nishide, H.; Doi, R.; Oyaizu, K.; Tsuchida, B. Org. Chem2001,

66, 1680.

(5) Nishide, H.; Takahashi, M.; Takashima, J.; Pu, Y.; Tsuchidal.E.

Org. Chem.1999,64, 7375.

10.1021/0l060379f CCC: $33.50
Published on Web 04/05/2006

© 2006 American Chemical Society

Triphenylené is known to have a cyclic and planar
m-conjugated skeleton, and its derivatives have been exten-
sively synthesized and studied as discotic liquid crystal
molecules with functionalities, such as a photoconductive
property®° For example, the columnar mesophase stack of
hexapentyloxytriphenylene showed a charge migration with
a significantly high mobility along the colunifiln this study,
we expected the triphenylene core to function as a new

'ferromagnetic coupler: through the planar and the cyclic
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m-conjugated skeleton of triphenylene, which has two rigid  This paper describes a room-temperature robust quartet
pathways for the interaction, the substituted three radicals’ molecule, 2,6,10-tris(dianisylaminium)-3,7,11-tris(hexyloxy)-
unpaired electrons could strongly interact and a spin defecttriphenylenel®*. We selected, for the first time, the 2,6,-
which interrupts the interaction would not be vital, leading 10-substituted triphenylene as a planar arrdonjugated
to a triplet molecule at room temperature. ferromagnetic coupling core for the high-spin alignment. The
Several groups reported the synthesis of symmetrical, 2,6,10-position of the triphenylene was very appropriate for
unsymmetrical, and functionalized triphenylene derivatives. significantly reducing both the steric hindrance of the radical
Some of the triphenylene derivatives are prepared by themoieties and electrostatic repulsion between the cationic
trimerization of halogenated aryls using Pd couplrand radicals, which lead to the chemical stable moleddtewith
lithiation2 The unsymmetrical triphenylen€sare also the spin alignment o8 (spin quantum numberF 3/2.
synthesized by the coupling of the biphenyl precursor and The triphenylene cor& was prepared by the oxidative
the aryl substituted with different substituents. Among these trimerization of the 2-hexyloxyanisowith FeCk (Scheme
synthetic routes of the triphenylene derivatives, the oxidative 1).*° The methoxy groups o8 were converted to triflate
trimerization of phenyl ethét is one of the efficient routes

to obtain a triphenylene with substituent groups on the 2, 6, || NEGNGENENENENEGEGEEEEEEEEEEEEE

and 10 positions, which possibly produce the ferromagnetic Scheme 1

coupling. . o CoHisO_ OCH,
For the molecular design of high-spin molecules, the O

second requisite is the selection of a stable organic radical @00%

species as the spin source. Molecules substituted with the 0CH, FeCl,, CH,CI (;Hzc;l2 ' LiPPh,, THF
triarylmethane radical and the phenoxyl radical have been ¢ CH;0 O Q OCgHy5
studied>6 however, their high-spin states were observed

) . CeHys0 OCH,
only in a low-temperature range because of the chemical 3
instability of these radical species. Chemically stable radical CeH130 OH CeH 13o 0,SCF,

species are desired in such high-spin molecules to raise the

temperature range of the spin alignment and possibly use (CF380,),0

them as a module for a molecular-based material. From Pyndme

among the list of radical species, the triarylaminium radical HO O O OCeHiz CF3S0;4 O O OCeHis

is a favorable candidate for the spin source which could fulfill G CoHyO 0,SCF,
the criteria of having both a substantial chemical stability Cofla 5

spin alignment?” From such a viewpoint, a series of high-

even at room temperature and a strong spin polarization forcH,o OCH; oy o N(CaH,OCH,)
H H H H H H 6" 113 6' 14 3/2

spin aminium radical modules have been synthesi?ed,;

however, they often lacked stability at room temperature and pg,(dbay),, BINAP .
the quantitative radical (spin) generation because of their high Cs,CO;, toluene  (CH,0CH,),N O O OCgH1s

oxidation potential and/or side reactions.
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groups in compound via selective ether cleavage and
esterification. The 2,6,10-trig{dianisylamino)-3,7,11-tris-
(hexyloxy)triphenylenel was obtained by Pd coupling of
the triflatess with dianisylamine in the presence of £€;.2°

The yields of the trimerization and ether cleavage were 10
and 75%, respectively, which were comparable to those
previously reportet! for the corresponding reactions and
fairly good for obtainingl. For the process frofato 1, the
triflate is a good leaving group to be substituted with the
dianisylamine by the Pd coupling. may be an effective
intermediate to yield other radical (phenoxyl, galvinoxyl,
nitroxide, and nitronyl nitroxide) precursor-substituted tri-
phenylenes. The NMR, IR, and mass spectra sfipported

its structure. For example, two singlet signals of the protons
and triplet signals of the hexyloxy groups on the triphenylene
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core were ascribed to the symmetrical structurelaind || RN

significantly shifted to a lower magnetic field (8.11, 7.61,
and 3.89 ppm) due to the strong ring current effect of the
triphenylene core in comparison with the protons on the
diphenylamine groups.

Cyclic voltammetry of the triaminotriphenylerdeshowed
characteristic redox waves. The first and second oxidation
waves were chemically reversible (inset a of Figure 1). The
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Figure 2. Electrolytic UV/vis spectrum ofl (0.03 mM) in CH-
Cl; with 0.1 M (CHg)sNBF, at room temperature, at the given
potential of 0.9 V (a) and oxidized at 1.5 V (b) vs Ag/AgCI.

with g = 2.0031, indicating the generation of a nitrogen-

centered radical. The ESR spectrum changed to a strong

unimodal signal attributed to a high concentration with the

Figure 1. Cyclic and differential pulse voltammogram d{0.33 applied time. These results indicated that the triaminotri-

mM) in CH,Cl, with 0.1 M (CHo)aNBF, at room temperature and  phenylenel was oxidized to the aminium radical at 0.9 V,

a50 mV stscan rate. Inset (a): repeatedly recorded voltammogram gnd the radical was chemically stable in &Hp at room

of 1in the potential range of-01.0 V. Inset (b): controlled potential temperature

coulometry at 0.9 V forl (1.67 x 1076 mol) in CH,Cl, with 0.1 P ’ . -

M (C.Ho)sNBF, at room temperature. Potential vs Ag/AgCI. On thelother hand, the absorp.tlon spectrum of the aminium
radical disappeared at the applied potential of 1.5 V, and a

new absorption appeared at 540 nm with isoberic points at

voltammogram was repeatedly recorded 100 times for the 329, 457, and 643 nm (Figure 2b). This spectrum resembled
potential (on 6-1.0 V) sweeps at room temperature. The that of a dicationic phenylenediamiféThe ESR absorption
redox potential wag®' (1) = 0.60 andE®'(2) = 0.73 V vs completely disappeared at the applied potential of 1.5 V.
Ag/AgCl and ascribed to the one- and two-electron processes,These results suggested the overoxidatiof*ofto an ESR-
respectively, also based on the differential pulse voltammetry Silent cationic state. These electrochemical measurements
of 1 (0.59 and 0.68 V, respectively). However, the third indicated that the triaminium triphenyled&" was generated
oxidation wave aE*'(3) = 1.30 V (1.25 V in the differential  at the applied potential of 0.9 V vs Ag/AgCI.

pulse voltammetry) was irreversible, which was probably ~ On the basis of the electrochemical oxidation result, AgBF
ascribed to overoxidation of the aminium cation or oxidation (E*" = 0.65 vs ferrocene in Ci€l,*%) was selected as the
of the triphenylene core. Controlled potential coulometry was 0Oxidizing agent ofl to yield 1**. AgBF, is also characterized
carried out on thd solution at 0.90 V (inset b of Figure 1), by its counteranion that possibly stabilizes the formed

which quantitatively supported the triequivalent (three elec- aminium cationic radical. The triaminotriphenylefievas
trons) oxidation ofl at the given potential. treated with an equimolar amount of AgB8olubilized in

The CHCI, solution of the triaminotriphenyleng was the acidic mixture of trifluoroacetic acid, trifluoro anhydride,
electrochemically oxidized at the applied potential of 0.9 or and CHCI, (vol 0.25/0.25/99.5). Upon oxidation, the solution
1.5 V, and the reaction was monitored by in situ UV/vis turned a deep green, and the ESR spectrum gave a strong
and ESR spectroscopies. The UV/vis absorptign,= 270, unimodal signal ¢ = 2.003). The half-life of1** was
343, nm) of the starting ESR-silefitdecreased under the estimated by the ESR signal intensity to be 1.2 months at
applied potential of 0.9 V, and new absorptions appeared atroom temperature. The ESR at 100 K gave a quartet signal
442 and 782 nm with isoberic points at 276 and 365 nm Wwith aD value of 0.0022 cmt. TheD value was compatible
(Figure 2a). These absorptions fairly agreed with those of a with that (0.0026 cm') reported for the 1,3,5-benzene-based
triarylaminium radical previously report@Upon the initial ~ cationic triradical 1,3,5-tris(triphenylenediamino)benzéfie,

oxidation, the ESR showed a three-line absorption spectrumwhich supported the formation of a N-centered and sym-
metrical triradical.
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The magnetization and static magnetic susceptibility of with a very strong spin-exchange interaction between the

the triaminium triphenylen&3* in the frozen acidic CkCl>

unpaired electrons fat3*.

were measured by SQUID. The magnetization normalized The magnetic susceptibility df™ was also measured by

with the saturated magnetization (MJWs the ratio of
magnetic field and temperaturél(T — 6)) plots for 13*
with a spin concentration (per the amine residue) 0f0.9
were very close to the theoretical Brillouin curve 8=
3/2, indicating the quartet state d4f*. The ratio of the
effective magnetic momengs) and the Bohr magneton
(us), merlus, vS temperature plots are shown in the inset of
Figure 3. Theuer/us values of13+ were almost constant in
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Figure 3. Normalized plots of magnetizatioM(M) vs the ratio
of the magnetic field and temperatukd/(T — 8)) for the triaminium
triphenylene radical®* with a spin concentration of 0.90 in GF
COOH/(CRCO)0/CH,CI, (0.25/0.25/99.5 vol %) af = 2.5 (@),

3 (0), and 5 ) K and theoretical Brillouin curves corresponding
to S= 2/2, 3/2, and 4/2. Insetuer/us vs T plots for 13* with a
spin concentration of 0.90.

the range of 20—150 ® and agreed with the theoretical
value of 3.87 forS= 3/2. These SQUID data indicated that
the aminium triphenylend3* is in a quartet ground state

1838

the NMR shift method and the Evans equatfan the acidic
CD,ClI; solution at high temperature. The susceptibility was
estimated from the peak shift for a concentration series of
the standard peak of cyclohexane in the deutrateldsC
solution. Theuer/us value at 297 K was 3.78 (3.87 for the
theoretical value o6 = 3/2) and was constant up to 333 K
(60°C).28 These results revealed that a quartet state is stable
even at room temperature.

In summary, three aminium radicals substituted on the 2,6,-
10-triphenylene inl3* were strongly coupled through the
s-conjugated triphenylene core to be a quartet molecule even
at room temperature. This quartet molecule is expected to
be an effective module forming a high-spin polyradical and
a high-spin liquid crystal.
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