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The discovery of a highly persistent 4C/3e radical cation1

and a σ-bishomoaromatic 4C/2e dication2 upon oxidation of
the [1.1.1.1] pagodane (stationary points on [2 + 1]- and [2
+ 0]-cycloaddition reaction coordinates3,4) has triggered
modifications of the cage skeleton surrounding the central
cyclobutane ring; e.g., by functionalization/homologation or
by 90° rotation of “half” of the molecular skeletons1,4-6swith
significant consequences with respect to stability, persis-
tence, and behavior of the respective radical cations and
dications.7,8 This paper deals with the synthesis of the
[2.2.2.2]pagodane, its one- and two-electron oxidation,9 and
the nature of the respective ions.

The synthesis of 1 (Scheme 1) follows closely the one
developed for 4,9,14,19-tetrafunctionalized pagodanes (origi-
nal aldol route to dodecahedranes10), with the isodrin
analogue 2 as starting material. The highly strained, rigid
1 is thermally highly persistent, it melts unchanged at 213
°C. At room temperature, D2h symmetry is manifested by
four lH and l3C NMR signals; in the preliminary X-ray
structure the cyclobutane bonds are of similar length.

Unfortunately, diene 7 much desired for ESR and CV
comparison, could not be obtained from 1: The sequence of
bromine addition/bromine elimination7 and isomerization by
photoinduced electron transfer (PET) proved impossible.

According to DFT calculations (B3LYP/6-31G*)11 (Figures
1 and 2) cleaving of the a bonds in 1 to give diene 7 is
thermodynamically more favorable than of the b bonds to
give diene 8. Similarly, the cyclobutanoid “tight” radical
cation 1a•+ and the “extended” radical cation 7•+ are more
stable than 1b•+ and 8•+. This is in contrast to the
observations with the [1.1.1.1]-/[2.2.1.1]pagodanes.1,7 Dis-
tinction between these radical cations should be possible by
ESR spectroscopy: In 1a•+ and 7•+swith the Câ-Hâ bonds
lying almost within the nodal planes orthogonal to the a
bonds in the SOMOsthe Hâ hyperfine coupling constant
(aHâ) should be vanishingly small. In 1b•+ and 8•+swith the
π-system extending mainly in the direction of the b-bondss
aHâ should be relatively large (cf. aHâ ) 1.544 mT in case of
the [1.1.1.1] ion1); aHγ and aHγ′ should be larger in 1a•+ and
7•+ than in 1b•+ and 8•+. The ESR spectra together with
ENDOR and general TRIPLE measurements (Figure 3)
indeed confirmed the calculations: The radical cation gener-
ated by 60Co irradiation of 1 in a Freon (CFCl3) matrix at
-196 °C gives rise to a very narrow ESR signal; the spectral
width of the radical cation prepared at -20 °C in fluid
solution (CH2Cl2, Tl(CO2CF3)3) is even lesssthe assignments
as “tight” 1a•+ (da = 1.75 Å), with the prominent aH of 0.582
mT due to the eight symmetry-equivalent γ′-hydrogens, and
as “extended” 7•+ (da = 2.6 Å), with generally only very small
hfc’s, were straightforward; still, the D2h symmetries implied
are only established within the ESR time scale.

In the multisweep cyclic voltammogram registered at low
temperature and a scan rate of 0.5 V/s (Figure 4), the
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inflection at 1.33 V marks the oxidation 1 f 1a•+ (half-life
ca. 10-1 s), which very rapidly8 expands into 7•+. The latter
is oxidized (1.49 V) to what is most probably the σ-bisho-
moaromatic dication 92+ (ECE). Reduction leads via 7•+

(0.70 V) to diene 7, which then is oxidized (0.77 V) to 7•+.12

The reduction peak at 1.22 V presumably manifests the
reduction of still present 1a•+ to 1 (under modified conditions
a shoulder at ca. 1.4 V is probably due to the reduction 92+

f 7•+). Only very slowly does a side reaction build up
(reduction peak at ca. 0.1 V). For the [1.1.1.1]-/[2.2.1.1]-
pagodanes a second reversible oxidation wave had not been
observed.7

With a significant persistence of a dication, presumably
92+, being disclosed and with experimental structural data
for a σ-bishomoaromatic dication still lacking, activities are
being directed at the generation and spectroscopic charac-
terization of 92+ to its interception as access to the diene 7
(and its ions) and to its isolation with the help of an
appropriate counterion.

Acknowledgment. This work has been supported by
the Deutsche Forschunsgemeinschaft, the Fonds der Che-
mischen Industrie, and the BASF AG. Thanks go to P.
Hauser for CV measurements. F.B. thanks Prof. B. Giese
for his encouragement.

Supporting Information Available: Experimental proce-
dures and spectral data of the new products of Scheme 1 (IR, 1H,
13C NMR, MS) (4 pages).

JO980892+

(12) The half-wave potential of diene 7 (0.73 V) nicely corresponds to
that of a recently published, structurally similar [4]beltene derivative (dπ,π
) 2.92 Å, E1/2 ) 1.27 V, correction for the anhydride ring ca. 0.4 V): Grimme,
W.; Geich, H.; Lex, J.; Heinze, J. J. Chem. Soc., Perkin Trans. 2 1997, 1955.

Figure 1. Selected structural data (Φ: outside (+)/ inside (-) pyramidalization of the central carbons), relative energies (B3LYP/6-
31G*),11 oxidation/reduction potentials (V), and experimental and calculated hfc’s (mT).

Figure 2. Spin density plots (B3LYP/6-31G*) (isosurface at
0.0015).

Figure 3. ESR, ENDOR, and general TRIPLE spectra of 1a•+

(CFCl3 matrix, -196 °C, 60Co) and 7•+ (CH2Cl2, -20 °C, Tl(CF3-
CO2)3); simulations with the data of Figure 1. The marked signals
in the spectrum of 1a•+ stem from paramagnetic impurities in the
quartz tube and presumably from 7•+ present in low concentration,
respectively.

Figure 4. Multisweep cyclic voltammogram (CH2Cl2, 0.1 M
TBAPF6, 0.5 V/s, vs Ag/AgCl, -50 °C); peak potentials (V).
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