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ABSTRACT

c]

stable in air spin density distribution

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 butyl groups and heteroatomic substitutions into planar
radicals are not only important subjects in the mechanistic z-electronic systems.

understanding of many organic transformatidmst also the

focus of the current topics in the synthetic organic chemistry — 4 5 CHs

underlying molecule-based magnetic materfdtss widely

accepted that a sterically congested organic radical in which N~N1

the odd electrons are delocalized over a conjugateltbctron

network is significantly more stable than a corresponding 1 2
less sterically hindered nondelocalized radical (steric and
resonance stabilization effecfs)Recently, we have suc- In contrast, neutral radicals with bowl-shaped (curved
ceeded in the synthesis of new stable organic neutral radicalssurface)r-electronic structures as seen in fullerene deriva-
based on the phenalenyl skeleton by introductiortent- tives have only been generated as unstable molecules in
solution state$.Still, corannulene (lchemistry has become
t Osaka University. a focus of studies on metal complexes of curved surface
¥ PRESTO-JST. s-electrons’. Thus, we decided to study whether the stabi-
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apply to curved surface-radical systems. We emphasize

radical precurso#t was prepared by condensation3ofvith

that the occurrence of dynamic spin polarization in high spin 2,4-dimethylcarbonohydrazide in the presence of a catalytic

states of curved surface-systems such as fullerenes is a
crucial model for the estimation of three-dimensional inter-
electronic exchange and dipolar interactiénis the first
step for the evaluation of such-spin effects, we have

amount ofp-TSOH-HO in CH,CI, at room temperature.
The neutral radica*® was quantitatively obtained as a vivid
red powder by treatment &f with active PbQ in CH,Cl,.
In the solid state, most of the radicakemains unchanged

designed a new neutral oxoverdazyl radical conjugated with in air for a few weeks. The radical is also stable for a long

corannulene systen22 In this report, we describe the

period of time in degassed toluene but decomposes in the

synthesis of this bowl-shaped stable neutral radical and itspresence of atmospheric oxygen.
electronic properties as probed by ESR/ENDOR spectra, DFT Radical2 in degassed toluene solution (1:010* M)

calculations, UV—vis, and CV spectra.
Radical2 was synthesized from corannulef&in four
steps (Scheme 1). The monobromo derivativé,qfrepared

Scheme 1. Preparation o from Corannulend
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by a literature procedur@,was converted to aldehyd:by
treatment with 2 equiv of-BulLi followed by DMF!! The

(4) (a) Morita, Y.; Ohba, T.; Haneda, N.; Maki, S.; Kawai, J.; Hatanaka,
K.; Sato, K.; Shiomi, D.; Takui, T.; Nakasuji, K. Am. Chem. So000,
122, 4825—-4826. (b) Morita, Y.; Maki, S.; Fukui, K.; Ohba, T.; Kawali, J.;
Sato, K.; Shiomi, D.; Takui, T.; Nakasuji, KOrg. Lett.2001,3, 3099—
3102. (c) Morita, Y.; Nishida, S.; Kawai, J.; Fukui, K.; Nakazawa, S.; Sato,
K.; Shiomi, D.; Takui, T.; Nakasuji, KOrg. Lett.2002,4, 1985—1988. (d)
Morita, Y.; Aoki, T.; Fukui, K.; Nakazawa, S.; Tamaki, K.; Suzuki, S
Fuyuhiro, A.; Yamamoto, K.; Sato, K.; Shiomi, D.; Naito, A.; Takui, T.;
Nakasuji, K.Angew. Chem., Int. E@002,41, 1793—1796. (e) Morita, Y.;
Kawai, J.; Fukui, K.; Nakazawa, S.; Sato, K.; Shiomi, D.; Takui, T.;
Nakasuji, K.Org. Lett.2003,5, 3289—3291.

(5) Krusic, P. J.; Wasserman, E.; Keizer, P. N.; Morton, J. R.; Preston,

K. F. Sciencel991, 254, 1183—-1185. See also overview of open-shell

species based on fullerene derivatives: Tumanskii, B., Kalina O., Eds.

Radical Reactions of Fullerenes and their Dettives; Kluwer Academic
Publishers: Dordrecht; 2001, pp-192.

(6) Petrukhina, M. A.; Andreini, K. W.; Mack, J.; Scott, L. Angew.
Chem., Int. Ed2003,42, 3375—3379 and references therein.

(7) (a) Surjan, P. R.; Németh, K.; Bennati, M.; Grupp, A.; Mehring, M
Chem. Phys. Letl996,251, 115—118. (b) Shohoji, M. C. B. L.; Franco,
M. L. T. M. B.; Lazana, M. C. R. L. R.; Nakazawa, S.; Sato, K.; Shiomi,
D.; Takui, T.J. Am. Chem. SoQ000, 122, 2962—2963. (c) Visser, J.;
Groenen E. J. Xhem. Phys. Let002, 356 43-48.

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 1la) with such narrow line

b) 337.2 337.7
I | . . L L 1 L
335 337 339 341
Field/mT
c) L A aha.8
I
@@ R
H (1 1)
a N 1) a N 2)
2 2
d) decreasel T increase

25

15
Frequency/MHz

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 fd? in toluene (1.0x 104 M). The
asterisks indicate spectrometer artifacts.

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-

(8) As open-shell species derived from corannulene system, a radical dazyl and methyne proton on the corannulene skel&ton.

anion was generated by reductionbfn a solution in a sealed tube and

characterized by ESR measurements. However, this species is known to be

difficult to handle in air; see for example: (a) Janata, J.; Gendell, J.; Ling,
C.-Y.; Barth, W.; Backes, L.; Mark, Jr., H. B.; Lawton, R. G.AM. Chem.
Soc.1967, 89, 3056-3058. (b) Sato, T.; Yamamoto, A.; Tanaka, Bhem.
Phys. Lett2000,326, 573—579.

(9) We preparedl according to the following references with some
modifications: (a) Seiders, T. J.; Elliott, E. L.; Grube, G. H.; Siegel, J. S.
J. Am. Chem. S0d 999,121, 7804—7813. (b) Sygula, A.; Rabideau, P.
W. J. Am. Chem. So00Q 122, 6323-6324. (c) Xu, G.; Sygula, A.;
Marcinow, Z.; Rabideau, P. WIl'etrahedron Lett2000,41, 9931—-9934.
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Importantly, the sharp line at about 14.5 MHz is attributable

(10) Seiders, T. J.; Elliott, E. L.; Grube, G. H.; Siegel, JJ.SAm. Chem.
So0c.1999,121, 7804—-7813.

(11) (a) Scott, L. T.; Hashemi, M. M.; Bratcher, M. $. Am. Chem.
So0c.1992,114, 1920—1921. (b) Scott, L. T.; Bronstein, H. E.; Preda, D.
V.; Ansems, R. B. M.; Bratcher, M. S.; Hagen,Bure Appl. Chem1999,
71, 209—-219. Full assignment & NMR spectrum in terms of NOESY,
COSY, HMQC, and HMBC measurements and elemental analysss of
see Supporting Information.
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to other protons on the corannulene skeleton. The relative|| GGG

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. Thgvalue of2 was determined to

be 2.0041, which is the same as that of 3-(4-methoxyphenyl)-
oxoverdazyl derivativé.1® The protons and nitrogens af
were assigned in terms of the spin density distribution
calculated by the DFT method using the optimized structure
(Figure 2)1617 Both experiment and theory show that an

Figure 2.
distribution of2 calculated by the DFT methdf.Green-colored
and red-colored circles denote negative and positive spin densities
respectively.

(a) Molecular structure ob and (b) spin density

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

Table 1. Observed and Calculated Hfccs &%

a (mT)

N(1, 5) N(2, 4) H(7, 8) H(11)
obsd, ENDORP +0.519 +0.658 +0.546 +0.060
obsd, ESR® +0.519 +0.650 +0.546 +0.061
calcdd +0.389 +0.542 +0.584 +0.063

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

To obtain further information on the electronic structure
of this radical, we have measured BVis spectra and cyclic
voltammetry forl 22182 4, and5 in CH;CN. The solution
UV spectra are shown in Figure'3The absorption of the

(12) Selected physical datat, mp 197-198°C.; *H NMR (600 MHz,
CDCl) 6 3.29 (s, 6), 4.73 (d) = 10.7 Hz, 2), 5.58 (dt) = 10.5 and 1.4
Hz, 1), 7.78 (dJ = 8.8 Hz, 1), 7.80 (dJ = 8.8 Hz, 1), 7.81 (dJ = 8.8
Hz, 1), 7.82 (dJ = 8.2 Hz, 1), 7.82 (dJ = 8.2 Hz, 1), 7.83 (d) = 8.5
Hz, 1), 7.85 (dJ = 8.8 Hz, 1), 7.90 (dJ = 1.4 Hz, 1), 8.20 ppm (d] =
8.8 Hz, 1); IR (KBr) 3227, 3024, 2925, 1623 ct EI-MS, m/z378 (M*,
15%); HRMS-EI, m/z calcd for G4H1gN4O (MT), 378.1482; found,
378.1475. Anal. Calcd for £H1gN4O: C, 76.17; H, 4.79; N, 14.81.
Found: C, 75.72; H, 4.82; N, 14.49. See also Supporting Information.

(13) Selected physical dat&2, mp 159-160 °C (dec); TLCRs 0.73
(THF); IR (KBr) 3031, 2931, 1685 cni; EI-MS, m/z 375 (M", 31%);
HRMS-EInvz calcd for G4H15N4O (M*) 375.1248, found 375.1235. Anal.
Calcd for (G4H1sN4O)(CH:Cl2)o4s C, 71.00; H, 3.87; N, 13.55. Found:
C, 71.00; H, 3.90; N, 13.56.
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Figure 3. UV—vis spectra ofl (1.1 x 107> M, black line),2 (1.4

x 1075 M, red line),4 (1.0 x 105 M, green line), and (1.1 x

1075 M, blue line) in CHCN solutions. Spectra fot, 4, and5

were measured using an open quartz cell, while spectrai@re
measured using a sealed quartz cell. The ordinate scale of the inset
is magnified 40 time$?

oxoverdazyl moiety of2 was observed as a broad band

between 300 and 450 nm, overlapping with those of the

corannulene moiety. Since the peak maximaZahift by
only 3—6 nm relative to the corresponding peaks fan
the region of 226-300 nm, we suggest that theconjugation
between the corannulene moiety and the oxoverdazyl unit
of 2 is weak in the ground state.

The cyclic voltammograms fdk,8292, 4, and5%° in CHs-
CN solution are shown in Figure 4. The reduction potentials
for the corannulene moieties farand4 are nearly identical
to that for corannuleng. The radical, however, shows an
irreversible oxidation wave at-0.24 V (peak potential),
while 5 shows a reversible oxidation wave-80.24 V (half
wave potential). These results indicate measurable electronic
perturbation on the oxoverdazyl unit induced by the coran-
nulene curved surface-system.

(14) Since the conditiopa/2| > vN (N = nuclear Larmor frequency
of 1N) is applied for the present case, a pait#i-ENDOR lines appear
ataN/2 & vN for eachN hyperfine coupling. This explains the accidental
overlapping of the two ENDOR lines, which resulted in an apparent single
line at 8.25 MHzX*N-TRIPLE measurements did not allow us to determine
the relative signs oéN.

(15) Neugebauer, F. A.; Fischer, H.; Siegel,Ghem. Ber1988,121,
815—822. As the microwave power was increased, the solution-ESR
absorption o was readily saturated as compared to thei,aeflecting a
slow spin-relaxation behavior that may be caused by a slow molecular
tumbling due to the sizable corannulene moiety. See Supporting Information.

(16) Spin densities fo2 were calculated by Gaussian 98 with the
UBLYP/6-31G**//[UBLYP/6-31G** method; see Supporting Information.

(17) (a) DFT calculation estimated that 6.3 and 93.7% of absolute spin
densities are populated by the corannulene and oxoverdazyl moieties,
respectively. (b) The oxoverdazyl moiety exhibits a torsion angle 0f°18.9
relative to the aromatic ring system of corannulene; see Supporting
Information.

(18) (a) Barth, W. E.; Lawton, R. G. Am. Chem. S0d.966,88, 380—

381. (b) Grube, G. H.; Elliott, E. L.; Steffens, R. J.; Jones, C. S.; Baldridge,
K. K.; Siegel, J. SOrg. Lett.2003,5, 713—716.

(19) There are few UV—vis spectra reported for corannulene deriva-
tives: full absorption data are given in Supporting Information. See also:
Verdieck, J. F.; Jankowski, W. A. IMolecular Luminescence: An
International ConferencgeLim, E. C., Ed.; W. A. Benjamin Inc.: New York,
1969; pp 829—836.

(20) For redox properties of the 1,5-dimethyl-6-oxoverdazyl system,
see: Barr, C. L.; Chase, P. A; Hicks, R. G.; Lemaire, M. T.; Stevens, C.
L. J. Org. Chem1999,64, 8893—8897.
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Figure 4. Cyclic voltammograms forl, 2, 4, and5 at room
temperature in CECN solutions (3x 1073 M) containing Buy-
NCIO, (0.1 M). For detailed experimental conditions, see Support-
ing Information.

In conclusion, we have for the first time accomplished
the synthesis of a stable neutral radi2alonjugated with a
bowl-shapedz-electronic structure, in which the-spin

1400

density delocalization is extended on the corannulene moiety
from the oxoverdazyl moietit The high stability of this
radical enables us to study dynamic behavior ofthepin

on the corannulene moiety that presumably is undergoing a
concave—convex inversion in solution and to examine the
solid-state properties related to intermolecutaspin inter-
actions of2. Furthermore, generation of a photoexcited triplet
state of the corannulene moiety #fand elucidation of the
intramolecular spin alignment with oxoverdazyl moiety also
will be of great interest and will be reported in due codfsg.
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(21) Preparation of imino nitroxide derivative bfwas also carried out,
and the result will be reported elsewhere.

(22) Intramolecular spin alignment between a stable radical and the
metastable excited triplet state has been observed; see: Teki, Y.; Miyamoto,
S.; Nakatsuji, M.; Miura, Y.J. Am. Chem. So2001,123, 294—305 and
references therein.

(23) For studies on fluorescence and phosphorescence of corannulene,
see: (a) Bramwell, F. B.; Gendell, J. Chem. Phys197Q 52, 5656-

5661. (b) Refs 9a, 18b, and 19.
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