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ABSTRACT

A bowl-shaped neutral radical with a corannulene system has been designed and synthesized for the first time as a stable solid in air. An
unequivocal characterization of the electronic properties of the radical shows that an appreciable amount of spin delocalization extends onto
the corannulene unit’s curved surface.

The stabilization and isolation of novel organic neutral
radicals are not only important subjects in the mechanistic
understanding of many organic transformations1 but also the
focus of the current topics in the synthetic organic chemistry
underlying molecule-based magnetic materials.2 It is widely
accepted that a sterically congested organic radical in which
the odd electrons are delocalized over a conjugatedπ-electron
network is significantly more stable than a corresponding
less sterically hindered nondelocalized radical (steric and
resonance stabilization effects).3 Recently, we have suc-
ceeded in the synthesis of new stable organic neutral radicals
based on the phenalenyl skeleton by introduction oftert-

butyl groups and heteroatomic substitutions into planar
π-electronic systems.4

In contrast, neutral radicals with bowl-shaped (curved
surface)π-electronic structures as seen in fullerene deriva-
tives have only been generated as unstable molecules in
solution states.5 Still, corannulene (1) chemistry has become
a focus of studies on metal complexes of curved surface
π-electrons.6 Thus, we decided to study whether the stabi-
lization effects established for planarπ-radical systems also

† Osaka University.
‡ PRESTO-JST.
§ Osaka City University.
(1) Fossey, J.; Lefort, D.; Sorba, J.Free Radicals in Organic Chemistry;

John Wiley & Sons: Chichester, 1995; pp 1-307.
(2) (a) Itoh, K., Kinoshita, M., Eds.Molecular Magnetism; Kodansha,

and Gordon and Breach Science Publishers: Tokyo, 2000; pp 1-347. (b)
Lahti, P. M., Ed. Magnetic Properties of Organic Materials; Marcel
Dekker: New York, 1999; pp 1-728.

(3) (a) Smith, M. B.; March, J.March’s AdVanced Organic Chemistry
Reaction, Mechanisms, and Structure, 5th ed.; John Wiley & Sons: New
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apply to curved surfaceπ-radical systems. We emphasize
that the occurrence of dynamic spin polarization in high spin
states of curved surfaceπ-systems such as fullerenes is a
crucial model for the estimation of three-dimensional inter-
electronic exchange and dipolar interactions.7 As the first
step for the evaluation of suchπ-spin effects, we have
designed a new neutral oxoverdazyl radical conjugated with
corannulene system2.8 In this report, we describe the
synthesis of this bowl-shaped stable neutral radical and its
electronic properties as probed by ESR/ENDOR spectra, DFT
calculations, UV-vis, and CV spectra.

Radical2 was synthesized from corannulene19 in four
steps (Scheme 1). The monobromo derivative of1, prepared

by a literature procedure,10 was converted to aldehyde3 by
treatment with 2 equiv ofn-BuLi followed by DMF.11 The

radical precursor4 was prepared by condensation of3 with
2,4-dimethylcarbonohydrazide in the presence of a catalytic
amount ofp-TsOH‚H2O in CH2Cl2 at room temperature.12

The neutral radical213 was quantitatively obtained as a vivid
red powder by treatment of4 with active PbO2 in CH2Cl2.
In the solid state, most of the radical2 remains unchanged
in air for a few weeks. The radical is also stable for a long
period of time in degassed toluene but decomposes in the
presence of atmospheric oxygen.

Radical2 in degassed toluene solution (1.0× 10-4 M)
shows well-resolved hyperfine coupling in the ESR spectrum
observed at 293 K. The spectrum was obtained at 12.5 kHz
field modulation in order to avoid line shape distortion due
to sideband formation (Figure 1a) with such narrow line

width (0.016 mT). ENDOR spectroscopy (Figure 1c) shows
two pairs of lines that are attributed to the two kinds of
nitrogens, with splittings due to methyl protons on oxover-
dazyl and methyne proton on the corannulene skeleton.14

Importantly, the sharp line at about 14.5 MHz is attributable
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Scheme 1. Preparation of2 from Corannulene1

Figure 1. (a) Observed hyperfine ESR spectrum at 293 K
(microwave frequency 9.477225 GHz) and (b) the corresponding
simulated spectrum, (c) ENDOR, and (d) TRIPLE (pump frequency,
6.81 MHz) spectra at 270 K for2 in toluene (1.0× 10-4 M). The
asterisks indicate spectrometer artifacts.
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to other protons on the corannulene skeleton. The relative
signs of the hyperfine coupling constants (hfccs) of two types
of protons were determined by TRIPLE spectroscopy (Figure
1d) to be the same. The spectral simulation (Figure 1b) was
satisfactory on the basis of the set of hfccs obtained by
ENDOR spectroscopy. Theg-value of2 was determined to
be 2.0041, which is the same as that of 3-(4-methoxyphenyl)-
oxoverdazyl derivative5.15 The protons and nitrogens of2
were assigned in terms of the spin density distribution
calculated by the DFT method using the optimized structure
(Figure 2).16,17 Both experiment and theory show that an

appreciable amount of spin density is delocalized onto the
corannulene moiety with most of the spin density localized
on the oxoverdazyl moiety (Table 1).

To obtain further information on the electronic structure
of this radical, we have measured UV-vis spectra and cyclic
voltammetry for1,9a,18 2, 4, and5 in CH3CN. The solution
UV spectra are shown in Figure 3.19 The absorption of the

oxoverdazyl moiety of2 was observed as a broad band
between 300 and 450 nm, overlapping with those of the
corannulene moiety. Since the peak maxima for2 shift by
only 3-6 nm relative to the corresponding peaks for1 in
the region of 220∼300 nm, we suggest that theπ-conjugation
between the corannulene moiety and the oxoverdazyl unit
of 2 is weak in the ground state.

The cyclic voltammograms for1,8a,9a2, 4, and520 in CH3-
CN solution are shown in Figure 4. The reduction potentials
for the corannulene moieties for2 and4 are nearly identical
to that for corannulene1. The radical2, however, shows an
irreversible oxidation wave at+0.24 V (peak potential),
while 5 shows a reversible oxidation wave at+0.24 V (half
wave potential). These results indicate measurable electronic
perturbation on the oxoverdazyl unit induced by the coran-
nulene curved surfaceπ-system.
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Figure 2. (a) Molecular structure of5 and (b) spin density
distribution of2 calculated by the DFT method.16 Green-colored
and red-colored circles denote negative and positive spin densities,
respectively.

Table 1. Observed and Calculated Hfccs for2a

a (mT)

N(1, 5) N(2, 4) H(7, 8) H(11)

obsd, ENDORb (0.519 (0.658 +0.546 +0.060
obsd, ESRc (0.519 (0.650 +0.546 +0.061
calcdd +0.389 +0.542 +0.584 +0.063

a Relative signs of the hfccs were determined by TRIPLE spectroscopy.
b Hfccs were determined by ENDOR spectrum in a toluene solution at 270
K. c Hfccs were determined by ESR spectrum in a toluene solution at 290
K and spectral simulation.d Values were calculated by using Gaussian 98
with the UBLYP/6-31G**//UBLYP/6-31G** method.

Figure 3. UV-vis spectra of1 (1.1× 10-5 M, black line),2 (1.4
× 10-5 M, red line),4 (1.0 × 10-5 M, green line), and5 (1.1 ×
10-5 M, blue line) in CH3CN solutions. Spectra for1, 4, and5
were measured using an open quartz cell, while spectra for2 were
measured using a sealed quartz cell. The ordinate scale of the inset
is magnified 40 times.19
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In conclusion, we have for the first time accomplished
the synthesis of a stable neutral radical2 conjugated with a
bowl-shapedπ-electronic structure, in which theπ-spin

density delocalization is extended on the corannulene moiety
from the oxoverdazyl moiety.21 The high stability of this
radical enables us to study dynamic behavior of theπ-spin
on the corannulene moiety that presumably is undergoing a
concave-convex inversion in solution and to examine the
solid-state properties related to intermolecularπ-spin inter-
actions of2. Furthermore, generation of a photoexcited triplet
state of the corannulene moiety of2 and elucidation of the
intramolecular spin alignment with oxoverdazyl moiety also
will be of great interest and will be reported in due course.22,23
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(21) Preparation of imino nitroxide derivative of1 was also carried out,
and the result will be reported elsewhere.
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references therein.
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Figure 4. Cyclic voltammograms for1, 2, 4, and 5 at room
temperature in CH3CN solutions (3× 10-3 M) containing Bu4-
NClO4 (0.1 M). For detailed experimental conditions, see Support-
ing Information.
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