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Abstract: Anthracene derivative 4 annelated with four bieycio[2.2.2]octeae (BCO) units was newly 
synthesized by the Diels--Alder reaction of BCO dimer withp-benzoquinone as a key reaction, and its 
electronic properties w~'e investigated. The remarkable effect of BCO annelation wasobserved in its 
redox belmvior, and 4 was readily transformed into stable cation radical 4 +" and dication 42 +. 
© 1997 Elsevier Science Ltd. 

Among the commonly known polycyclic arenes, anthracene has a relatively low ionization potential. 1,2 It 

acts as a good ~t-donor in the formation of charge transfer complexes, 2--4 and can be readily converted to the 

corresponing cationic species.2, 5,6 The redox behavior of anthracene has therefore been the subject of extensive 

study. 7 However, compared with the readily available 9- or 9,10-disubstituted derivatives, those having 

multiple alkyl substituents at 1- to 8-positions seem to be less studied 8 in spite of their possibly enhanced n- 

donor ability. 

In the previous studies, we have synthesized several monocyclic conjugated ~r-systems annelated with 

bicyclo[2.2.2]octene (abbreviated as BCO) frameworks such as 1,9 2,10 and 3.11 It has been found that cation 

210 and dication 32+ 12 as well as cation radical 1 +" 9 and 3 +. 13 are remarkably stabilized by inductive and 

hyperconjugative effects, in addition to the steric protection, by bicyclic o-frameworks surrounding the ~- 

systems. The similar stabilization can be expected for the cationic species of polycyclic arenes annelated with 

BCO units, and the properties of such n-systems are quite intriguing In this paper, we report the synthesis and 

properties of anthracene 4, which is fully annelated with BCO units. 

1 2 3 4 

The Diels-Alder reaction of two equivalents of BCO dimer 5 14 with p-benzoquinone m refluxing o-xylene 

afforded a mixture of syn- and anti-isomers of adducts 6 and 6 '  as white precipitates. These adducts were 

dehydrogenated by DDQ to give anthraquinone 7, which was reduced in boiling diphenylsilane 15 to give 

desired anthracene 4 16 as a yellow solid (Scheme 1). 
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The X-ray crystallography 17 of 4 (Fig. 1) revealed 

that the anthracene n-system is planar and that the 

annelation with four BCO frameworks induces only slight 

modification to the bond alternation intrinsic to parent 

anthracene. The averaged bond lengths (A) are 1.372 (C 1- 

C2), 1.416 (C2-C3), 1.427 (C1-C9a) 1.444 (C9a-C4a), 

and 1.397 (C9-C9a); whereas the reported values for the 

corresponding bonds in anthracene are 1.375, 1.418, 

1.444, 1.433, and 1.405.18 

The UV-vis spectrum of 4 exhibited fine structure 

between 350 and 420 nm. These absorptions are 

characteristic to anthracene 19, but are bathochromically 

shifted by 30 to 40 nm, which is attributed to the 

substantial elevation of the occupied orbitals. 

The remarkable effect of BCO annelation upon the 

HOMO level was observed in the redox behavior. As 

shown in Fig. 2, anthracene was only irreversibly oxidized 

at +1.04 V v s  ferrocene/ferricenium upon cyclic 

voltammetry in dichloromethane. Even 1,2,3,4,5,6,7,8- 

octamethylanthracene has been reported to show only one 

reversible oxidation wave at El~2 = +0.86 V v s  Ag/AgCI 20 

(calibrated to +0.36 V v s  Fc/Fc+) 21 in the same solvent. In 

contrast, compound 4 exhibited a well-defined reversible 

oxidation wave at a low potential such as Ell2 = +0.21 V 

and an irreversible one at +0.87 V. These results indicate 

that 4 can yield a stable cation radical and a less stable 

dication upon consecutive oxidation. 
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Fig. 1. ORTEP view of the X-ray 
crystal structure of 4. 
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Fig. 2. Cyclic voltammograms of 4 and 
anthracene in CH2C12 with Bu4NCIO4 as a 
supporting electrolyte; scan rate, 0.1 V s -t. 

In fact, oxidation of 4 by one equivalent of NO+SbC16 - in dichloromethane gave a red-violet solution, 

which exhibited a triplet ESR signal of 4 +" due to the coupling with 9,10-hydrogens (all = 0.54 mT, g = 

2.003). After evaporation, a black solidwas obtained, which was considered as cation radical salt 4+'SbCI6 - 

since it provided the same ESR spectrum upon dissolution in dichloromethane. 
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When a solution of 4 in CD2CI2 was treated with a large excess of a stronger oxidant, SbFs, at -78 "C in 

a vacuum-sealed tube, the color of the solution immediately changed to greenish-blue. The IH and 13C NMR 

spectra of this solution (Fig. 3) clearly indicated the generation of dication 42+ as described below. In IH 

NMR, signals of both bridgehead and 9,10-protons are up-field shifted compared to 4 due to the effect of 

paramagnetic ring current. In 13C NMR, the most deshielded peak can be assigned to that of C-9,10 from the 

comparison with the parent anthracene dication, 6 and the averaged chemical shift of sp2-carbons (&av 155.1) is 

in good agreement with that predicted by the extended Spiesecke-Schneider correlation: 6 iSl3Cav(CalC ) = 

-156.8eav + 289.9 = 155.5. 
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Fig. 3. IH (300 MHz) and 13C (75 MHz) NMR spectra of 4 (in CDCI3) and 42+ (in CD2CI2). 

It is well-known that anthracene serves as a diene in Diels-Alder reaction under forcing conditions. 

Normally it requires heating at 100 °C for anthracene to undergo the [4+2] cycloaddtion with highly reactive 

dienophiles such as dicyanoacetylene. 22 In sharp contrast, compound 4 readily reacted with dicyanoacetylene 

in dichloromethane at room temperature to give [4+2] adduct 8 23 a single product. Compound 4 reacted also 

with TCNE under the same conditions to give adduct 9 24 in a quantitative yield. These results can be taken as 

another piece of evidnce for the substantial elevation of the HOMO in 4. 
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