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Phenalenyl, the odd alternate hydrocarbon with high symmetry
(Day),*t has the ability to form three redox species, cafion,
radical?® and anior?® Such characteristic features have been
widely utilized for exploring new conjugated electronic systems
such as extended conjugated radiéamphoteric redox speciés,
and electrically and magneticalfintriguing materials. Among
them, phenalenyl radicals link to the studies on solid-state prop-
erties of neutral radicals with heteroatoms which have attracted
renewed attention to search magnetically interesting matérials.
Although hydrocarbon radicals are prototypes of radicals, no
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butyl groups at thregs-positions because the highly reactive
phenalenyl radical requires substituents for stabilization. We now
report the synthesis, crystal structure, and physical properties of
the 2,5,8-tritert-butyl-phenalenyl radicdlb, emphasizing sailent
features of the electronic structure Hf in the crystalline state.
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The radical 1b was synthesized from 2,7-tirt-butyl-
naphthalen@® in 10 steps? Bromination of2 gave3 exclusively
in high yield, which was converted to the aldehytlehrough a
lithiated species. The estgrobtained by the Reformatsky reaction
of 4, was reduced with triethylsilane to affofdt® Hydrolysis of
6 with Lil gave the acidr in high yield, although the conventional
hydrolysis failed. The FriedelCrafts cyclization at low temper-
ature of the acid chloride derived frofgave the phenalanorge
in quantitative yield. The key precursor, the phenal@é@ewas
obtained as pale yellow crystals by reductior8@nd subsequent
dehydration (Scheme 1). Treatment B® with p-chloranil in
degassed toluene gave a blue neutral radical solution. Similar

phenalenyl radicals have been characterized in detail in the solidtreatment in hexane gave the crystalline products as deep blue

state because of easy dimerization and/or air oxidation. In this
context, isolation of persistent phenalenyls in the crystalline state

needles! The radicallb in the crystals is stable in the absence
of air. A slight change was observed after exposurétofo air

has been an important issue. Recently, the cyclopentadienyl radicafor 2 h atroom temperature, and it took more than one week for
stabilized by five isopropyl groups has been reported, as the first them to completely change to a mixture of yellow phenalenone
example of the neutral hydrocarbon radical to be characterized derivatives and unidentified products.

by X-ray crystal structure analyside have introduced tertiary

T Osaka University.

* Osaka City University.

§ Keio Universoty.

Institute for Molecular Science.

(1) (a) Reid, D. HQ. Rev., Chem. Sacl965 19, 274-302. (b) Murata, I.

In Topics in Non-Benzenoid Aromatic Chemistiozoe, T., Breslow, R.,
Hafner, K., Ito, S., Murata, |., Eds.; Hirokawa: Tokyo, 1973; Vol. 1, p 459
190.

(2) (a) Pettit, R.Chem. Ind. (London}1956 1306-1307.J. Am. Chem.
Soc.196Q 82, 1972-1975. (b) Reid, D. HChem. Ind. (London}956 1504~
1505. Kurreck, H.; Kirste, B.; Lubitz, WElectron Nuclear Double Resonance
Spectroscopy of Radicals in Solution; Application to Organic and Biological
Chemistry VCH: Weinheim, New York, 1988. (c) Boekelheide, V.; Larrabee,
C. E.J. Am. Chem. S0d95Q 72, 1245-1249.

(3) Kubo, T.; Yamamoto, K.; Nakasuji, K.; Takui, T. Murata,Angew.
Chem., Int. Ed. Engl1996 35, 439-441.

(4) Nakasuiji, K.; Yoshida, K.; Murata, U. Am. Chem. Sod 982 104,
1432-1433. Nakasuji, K.; Yoshida, K.; Murata, Chem. Lett1982 969—
970. Nakasuiji, K.; Yoshida, K.; Murata,J. Am. Chem. So&983 105 5136~
5137. Murata, |.; Sasaki, S.; Klabunde, K.-U.; Toyoda, J.; Nakasuirigew.
Chem., Int. Ed. Engl199], 30, 172-173. Ohashi, K.; Kubo, T. Masui, T;
Yamamoto, K.; Nakasuji, K.; Takui, T.; Kai, Y.; Murata, J. Am. Chem.
Soc 1998 120, 2018-2027.

(5) Haddon, R. CNature (LondonY1975 256, 394-396. Haddon, R. C.;
Wudl, F.; Kaplan, M. L.; Marshall, J. H.; Cais, R. E.; Bramwell, F.JBAm.
Chem. Soc1978 100, 7629-7633.

(6) Haddon, R. C.; Chichester, S. V.: Stein, S. M.; Marshall, J. H.; Mujsce,
A. M. J. Org. Chem 1987, 52, 711-712. Nakasuji, K.; Yamaguchi, M.;
Murata, I.; Yamaguchi, K.; Fueno, T.; Ohya-Nishiguchi, H.; Sugano, T.
Kinoshita, M.J. Am. Chem. So&989 111, 9265-9267. Hatanaka, K.; Morita,
Y.; Ohba, T.; Yamaguchi, K.; Takui, T.; Kinoshita, M.; Nakasuji, K.
Tetrahedron Lett1996 37, 873-876, 877-880.

(7) For recent overviews, see: Proceedings of the Vth International
Conference on Molecule-based Magnets, Osaka, 1996, edited by Itoh, K.;
Miller, J. S.; Takui, T., Eds.; Gordon and Breach: New York, 19970l.
Cryst. Lig. Cryst.1997 305, 306

(8) Sitzmann, H.; Bock, H.; Boese, R.; Dezember, T.; Havlas, Z.; Kaim,
W.; Moscherosch, MJ. Am. Chem. Sod 993 115 12003-12009.

10.1021/ja9836242 CCC: $18.00

We have succeeded in crystal structure analysis of an odd
alternant hydrocarbon radical for the first time. Single crystals
of 1b suitable for X-ray crystal structure analysis were obtained
by recrystallization from degassed hexane-at30 °C.*? The
phenalenyl ring possesses a slightly distoibegd symmetry and
nearly planar geometry (Figure 1). The carbon atoms bonded to
the tert-butyl group deviate by+0.064 t0o+0.070 A from the
least-squares plane of the ring. The carboarbon bond lengths
in the ring range from 1.374 to 1.421 A, comparable to those of
naphthalene. The molecule forms a dimeric pair in a staggered
arrangement diert-butyl groups to avoid steric repulsion. In such
an arrangement, effective maximum overlaps are expected be-
tween thex-carbon atoms having a large coefficient in the singly
occupied molecular orbital (SOMO). The nonbonded distances
in the dimeric pair range from 3.201(8) to 3.323(6) A, which are
shorter than twice the van der Waals radius of carbon atom (3.4

(9) Koch, K.-H.; Mulen, K. Chem. Ber.1991, 124, 2091. van Bekkum,

H.; Nieuwstad, Th. J.; van Barneveld, J.; Klapwijk, P.; Wepster, BRécl.
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(10) Grieser, U.; Hafner, KChem. Ber1994 127, 2307.
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Found (Calcd for GHss) C, 89.84 (90.03); H, 9.97 (9.97)%. UV(cyclohexane)
Amax (€) = 544 (103), 393 (308), 374 (3390), 342 (26700), 301 (3700), 238
nm (21300); KBr pellefmax = 612, 486, 332 nm.

(12) X-ray crystal structure analysis dfb was performed at room
temperature with a crystal sealed in a capillary tube under an argon
atmosphere: &Hss, M = 333.54, crystal dimensions 0.20 0.20 x 0.30
mmn, blue color, Rigaku AFC7R diffractometer, MooKradiation,T = 23.0
°C, monoclinic, space group2:/n (No. 14),a= 11.195(6) Ab = 11.017(7)

A, c=17.778(6) A3 = 104.61(3), V = 2121(1) B, Z = 4, Dcarca = 1.044

g cn1 3 6786 reflections collected, 1891 unique intensities reflections observed
[I' > 3.00(1)], 26max = 60.C°, structure solution with direct methods
(SHELX86) and refinement o with 251 parameter® (R,) = 0.069 (0.069),
S(GOF) = 2.36.
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Scheme 1 presence of 1T of static magnetic fiéttiThe results showed that
By a ground-state spin-singlet formation occurred due to the dimer-
R Y. ization of 1b in the crystalline state. The observed large anti-
b X [ 5(X=COOMe Y=0H) ferromagnetic intermolecular exchange interactiolfk2= —
' OO LT OO a[ 6(X=COOMe, Y =H) 2000 K) gave evidence for a strong bonding interaction between
Bu B ey gy | (X=COOH.Y=H) the phenalenyl radicals in the crystals.
a[:S,R:Br The intermolecular interaction in the dimeric pair may be
4,R=CHO responsible for the strong and broad absorption banfi,at=
510-700 nm in the solid-state electronic spectrum measured in
a dispersed KBr pellet, which is not observed in solution. The

By Bu By
O OH polarized reflection spectrum measured on the crystal plane (011)
e, ‘ . ‘ S ‘ showed that the dispersion at ¥510° cm™* is strongly polarized
OO OO OO in the direction offJa. The line connecting the centers of the
Bu . 'Bu Bu Bu 'Bu ‘Bu phenalenyl rings in the dimeric pair is almost perpendicular (§0.1
9

10 to thea axis, while is almost parallel (9°9to the Ja direction
aReagents and conditions: (a)BuLi, then DMF, THF,—78 °C to on (011). Therefore, the band may be a charge-transfer band
rt, 85%. (b)BUCHBrCOOMe, Zn, benzene, reflux, 95%. (c}&it, TFA, between two SOMOs in the dimeric pair, since the transition
CHCl, 1t, 82%. (d) Lil, DMF, reflux, 76%. (e) (1) (COG]) reflux. (2) moment is polarized along the direction connecting the center of

AICIl, CH:Clz, —78 t0—30°Ck, 98%. (f) LAH, THF, 1t84%. (9) PTSA,  the phenalenyl rings. The energy of the SOMO was determined
benzene, reflux, 86%. by the gas-phase He(l) photoelectron spectrum measured at 153
°C.15 The lowest vertical ionization energy of 5.99 eV observed
can be assigned to the ionization from the SOMO of the
phenalenyl molecule.

Some selected properties of the ionic species were also in-
vestigated. The phenalenyl cation skdtBF, was obtained from
10 as red crystals by treatment with triphenylmethyl tetrafluo-
roborate in CHCI,.1® The cyclic voltammogram of the cation gave
two reduction waves at 0.27 andl.26 V17 In contrast to the
parent phenalenyl cation giving irreversible waves, the corre-
sponding waves ola were found to be fully reversible. This
result corresponds with the stability and isolability of the radical
and also suggests the stability of the anion under experimental
conditions. The Kr" value for the hexachloroantimonate td
was determined to be 1-8.612 Attempted isolation of the anion
1cfailed even in an argon atmosphere, probably because of trace
amounts of oxyge#® In conclusion, we have synthesized and
characterized the stable neutral radithland the related ionic
specieslaandlcand have performed a crystal structure analysis
for 1b. To obtain a ferromagnetic overlap, the design of another
overlap pattern of phenelenyl radicals by, for example, different
substitution symmetry, in which the carbon atoms with positive
and negative spin densities overlap each other, would an interest-
ing future work*®
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