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The development of stable organic radicals has created a new
class of magneticand conducting materiafsAmong them, certain

mr-radicals were found to form unusual molecular aggregates in B
crystals that raised a question on the nature of chemical bonds, as “
seen in exceptionally long>(2.9 A) C—C bond$ or pancake 2
bondd¢>between planat-radicals. The phenomenon has also been O@

observed in liquid phase by ESR/UWVis studies, showing
exothermic enthalpy changes ef6 to —10 kcal mot?! upon ;
m-dimerization3¢ Regardless of whether the radicals are ionic or Figure 1. (A) Schematic drawing of-dimerization of TBPLY1, and (B)

neutral, the attractive force may be dominated by effectiver crystal packing diagramtért-butyl groups are omitted).
interactions between singly occupied molecular orbitals (SOMOS).
However, the structural ambiguity in solution has prevented detailed _ 1* 1"
assessment of the electronic nature of the supramolegttam- 'é 0'8: 107 |333.3 0.2—666?5
plexes. ":’ o6k 0.5

Tri-tert-butylated phenalenyl (TBPLY}, synthesized and iso- o 04} . c—\
lated by our hand$has drawn attention as a good model of a }_\, 02k =55 357 355 65 5e8 50

pancake-bonded dimer, showing a 12-center-2-electron cofacial€ o

. . . . . . 1 1 1 l 1
association with well-define®s; symmetry (Figure 1J.It is also 200 200 600 800 1000
noted thatl is a neutral hydrocarbon that is free from charges, B SN 4+ y M

& 1o )\ [,
counterions, and heteroatoms. These features have facilitated th 1.0 3333 02k 6665

guantum chemical analyses of such intermediate regions in chemlcalq‘:, 0.8

bond formatior? Furthermore,l is believed to form the same Eos[ oor

s-dimer in solution as that in crystal, as indicated by a spectroscopic -3 2045 0] 0

study of Kochi's groug:1°In this report, we have probed into the § 0'(2) i 302 334 336 | 560 ees eno

molecular and electronic structures of this dimericomplex in L L L ' L

solution by direct spectroscopic measurements and theoretical 200 400 600 800 m/zfio

analysis. Figure 2. (A) ESI-MS spectra ionized at 523 K and (B) CSI-MS spectra
The compelling evidence of the dimeric entity @fin the ionized at 273 K ofL in a 1:1 CHCN—toluene solution.

equilibrium state in solution was provided by cold-spray ionization
mass spectrometry (CSI-M%)where substances can be ionized
at much lower temperatures than conventional ESI-MS. The dimer
signal of 1 was clearly observed atvz = 666.5 (Figure 2). The
accompanying signals are reproduced by isotope pattern calculatlon
A peak enhancement ratitys/les; = 25 at the main dimer signal
has demonstrated the advantage of CSI-MS for detecting molecular,
aggregates in solution.

We examined NMR spectroscopy to identify the chemical entity
because a significant dimer concentrationlofvas suggested at
lower temperature3!In 'H NMR at 270 K (Figure 3), a broad
peak at 3.2 ppm is attributed to thert-butyl protons of the
monomerl, which undergoes a downfield shift due to the unpaired
electron density® With decreasing temperature, this peak shifted
upfield, and finally came to the normal region of alkyl protons (1.48
ppm) at 180 K. Also, a new peak emerged in the aromatic region

(6.47 ppm). The intensity ratio of these peaks was 27:6, giving a
sure proof of a highly symmetric structure of the dimer. Moreover,
our 12C signals appeared at 12043 ppm, which meets the
symmetry requirement dDsq. It is noted that thermochromisf
is observed fod as seen in the solution color (Figure 3) and YV
Vis spectrd;13 which coincided with the NMR spectral change.
Thus, the coloring process should be governed bytiémeriza-
tion. To our knowledge, this is the first solution NMR observation
of a pancake-bonded radical dimer.

The emergence of the NMR signals in the aromatic region has
provided a fascinating viewpoint of analysis. To reveal the local
environment of the dimer in terms of aromaticity, we first computed
NMR chemical shifts based on an optimized structure vilth
symmetryl4 giving a satisfactory agreement with the experiment;
all the 'H and13C peaks at 180 K were well reproduced (Figure

3). Next, we focused on nucleus-independent chemical shift (NICS),
Ig:gtg gﬂ;"ﬁrﬁ:\‘}’ersny a representative measure of aromatiéft# As shown in Figure 4,
§ PRESTO-JST. the ring center of ther-dimer became more aromatie 7.1 ppm)
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Figure 3. 'H and13C NMR spectra ofl in hexanedis (3 x 1072 M).

Asterisks denote the peak top positions. Red lines show the calculated

chemical shifts for an optimized-dimer structure (see the inset). The
observed thermochromism in solution is also shown.
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Figure 4. Out-of-plane NICS distributions at the ring center of (A) the
monomerl and (B) ther-dimer of 1 at the interval of 0.6 A. The radius of
each red circle corresponds to the magnitude of each negative NICS. (C)
Another representation of the distributions; the interval is 0.3 A.
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Figure 5. Electrostatic potential surface of (A) the mononieand (B)
the z-dimer of 1.

than that of the monomer3.8 ppm). The trend of the enhancement
was more pronounced in the interior of the dimer. For comparison,
we calculated benzenedimers” and found that the similar effect

was seen but was not so large in magnitude as the present case.

The magnetically shielded interior of the dimerbindicates a
significant increase in electron density there. Then we moved on
to the electrostatic potential surface (Figure 5). Despite the whole
neutrality of the dimer, negative electron density was largely
populated at the internal region, contrasting with the external
environment. The imbalanced electron distribution is totally
consistent with the anomalous NICS distribution. The feature seems

reasonable for a covalent bonding region, where unpaired electrons

are shared by interacting atoms, or interacting molecules in this
caset®

In conclusion, we have reported the first observation of CSI-
MS and NMR spectra in solution of a pancake-bonded radical
dimer, using tritert-butylated phenalenyll. The 12-center-2-
electron-long G-C bond® with the Dsy structure has been
experimentally confirmed and interpreted from the viewpoint of
the local magnetic environment. The aromaticity generation in the
bonding region can be another factor of gaining stability in
mt-dimerization, the generality of which is of interest to be explored
using other model systemig?
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