The radical anion of acepentalene
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In the radical anion (1°—) of acepentalene, generated by
photooxidation of the corresponding dianion (12-), the spin
population appears to be evenly distributed over the nine-
membered perimeter due to a rapid interconversion between
two bowl-shaped C; forms and a relatively low lying planar
C,, transition structure (TS).

Although the acepentalene dianion moiety 12— in the recently
isolated acepentalenediide 1-Li>12 is non-planar, it must be
considered as aromatic undergoing a rapid bowl-to-bowl
inversion, according to NMR data. While the parent compound,
neutral acepentalene 1, which thus far was experimentally
characterized only by mass spectrometry, is antiaromatic, based
on computed data,34 the corresponding radical anion, 1°—,
should lie ‘in between’. The aromatic nature of open-shell
species, in genera, is an experimentally unanswered question
which was addressed in a computational investigation just
recently.> In this context, we report on the generation and
combined experimental as well as computational character-
ization of 1-—.

The title species was generated by photooxidation of 12— to
1-—.67 Following this procedure, a 10—3 M solution of 1-Li, in
anhydrous THF was sealed under argon in an EPR cell and UV -
irradiated in situ at 250 K. The resulting spectrum (Fig. 1; g =
2.0022 + 0.0002) exhibits a septet arising from six equivalent
protons spaced by |an| = 0.215+0.005 mT. The spectrum did
not markedly change in the 200270 K temperature range. The
hyperfine components were very broad, having a peak-to-peak
distance of 0.1 mT. The half-life of the observed paramagnetic
species was about 10 min at 250 K, as deduced from the decay
of the EPR signals.

Undoubtedly, the six-proton septet originates from the
radical anion 1°— formed by loss of an electron from 12—. The
equivalence of the protons and the lack of amarked temperature
dependence indicate that any dynamic process must be rapid on
the hyperfine time-scale (107 s—1). In addition to the bowl-to-
bowl inversion, 1*— should be subject to an interconversion
between two Jahn-Teller structures. The large width of the
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Fig. 1 EPR spectrum of the radical anion 1~ in THF; counterion Li+, T =
250 K.

hyperfine componentsisin line with such an effect,8.° although
some broadening may aso be caused by an unresolved
hyperfine splitting from the 7Li nucleus of the Li* counterions
present abundantly in the solution. In contrast to the closed-shell
diamagnetic dianion 12—, the radical anion 1-— should have a
degenerate singly occupied orbital (e or €") if it pertains Cs, or
D3, symmetry. Simple Hiickel molecular orbital (HMO) models
for structures with these symmetrieswould lead to a description
inwhich the unpaired electron density is distributed evenly over
the nine-membered mt-perimeter, so that the spin distribution in
1-— should be similar to that of the hitherto unknown
nonatetraeny! radical. Each of the nine peripheral m-centersin
1-— is thus expected to bear 1/9th of the total spin population
which, using the proportionality factor Q = —2.2t0 —2.6 mT
for cyclic radical anions, yields the coupling constant ay =
—0.24to —0.29 mT. Thefinding that the observed value |ay| is
smaller may be due to the bowl-shaped geometry of 1-—.
Deviations of the m-system from planarity are known to
decrease the |ay| value of the proton attached to a smt-center
because they provide positive contributions to the negative
coupling constant of such a proton.10.11 On the other hand, the
symmetry of 1*— may be lower owing to Jahn—Teller distortion,
modifying the coupling constant.

To elucidate this point further, we utilized computational
methodsto characterize the structure of 1°— and to determinethe
barrier for ring inversion. As done before,3 gradient-corrected
density  functional  theory  (Becke-3—Lee-Yang—Parr,
B3LYP),12-14 in conjunction with the 6-31G* basis set!s as
implemented in the GAUSSIAN 94 program suite,16 was used
for geometry optimizations (B3LY P/6-31G*); stationary points
were characterized by analytical vibrational frequency compu-
tations which were also used to correct for zero-point vibra-
tional energies (ZPVE) and thermal effects. As spin contamina-
tion (expressed in the spin operator expectation value of Slater
determinants, <$>) may pose a problem for open-shell
species, single-point energies on these geometries were eval-
uated at two higher levels of theory, namely at B3LYP/
6-311+G**17.18 and MP4SDQ/cc-pVDZ.19

Computationsin Ca, or D3, symmetry result in electronically
unstable (symmetry breaking) or higher-order stationary struc-
tures, i.e. 1*— undergoes Jahn—Teller distortion to alower, non-
degenerate symmetry (Cs, Fig. 2). The bowl-inversion transi-

Fig. 2B3LYP/6-31G* optimized structures of 1*— (C,) and the TS (C,,) for
the bowl-to-bowl inversion. Ring centers: NICS values (see text).
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Fig. 3 SOMO (left) and spin populations (right) of the acepental ene radical
anion (top) and its transition structure for bowl-to-bowl inversion
(bottom).

tion structure, TS, is, as expected, planar (C,,) and is associated
with arelatively low barrier: AG*,953 = 6.9 and 6.1 kcal mol—
at B3LYP/6-311+G** (< &> = 0.76) and MP4SDQ/cc-pvVDZ
(<S> = 1.13), respectively. This is in accord with a rapid
exchange of the two bowl-shaped 1°— minimaon the EPR time
scale so that the corresponding spectrum shows only a time-
averaged structure. Hence, the hyperfine coupling constants
reflect the electron spin distribution of 1°— and the TS, which
are complementary dueto symmetry (Fig. 3, right). By analogy,
the highest singly occupied molecular orbitals (SOMOs) for
thesetwo structures are similarly shaped (Fig. 3, |eft), so that the
overal spin and electron distribution averaged over both
structures indeed appears to be rather symmetrical, in agree-
ment with the observed EPR spectrum.

Theinversion barrier for 1*— islow and comparable to that of
land 12—: AH* = 5.4 and 7.1 kcal mol-t at B3LY P/6-311+G*/
/B3LYP/6-31G* + ZPVE, respectively.3 The inherent strain
energy in the TS apparently is overcome by a significant
aromatic character of the five-membered rings in the TS as
assessed by computing the nucleus-independent chemical shifts
(NICS computed in the geometric ring centers; NICSis a probe
for aromaticity: negative values correspond to aromatic,
positive to antiaromatic character) 20 which are much smaller in
the TSthanin 1*— (Fig. 2). While 1°— clearly has antiaromatic
cyclopentadienyl moieties, the TS consists of two aromatic and
one antiaromatic ring. The same arguments hold true for 1
which is, at least in its bowl-shaped singlet state, highly
antiaromatic (the ground state is a triplet).

2190 Chem. Commun., 1999, 2189-2190

This work was supported by the Deutsche Forschungsge-
meinschaft (Fellowship to P. R. S.), the Fonds der Chemischen
Industrie, and the companies BASF, Bayer, Chemetall, Degussa
and Hls (gifts of chemicals).

Notes and references

1 R. Haag, F.-M. Schungel, B. Ohlhorst, T. Lendvai, H. Butenschon, T.
Clark, M. Noltemeyer, T. Haumann, R. Boeseand A. de Meijere, Chem.
Eur. J., 1998, 4, 7.

2 R. Haag, R. Fleischer, D. Stalke and A. de Meijere, Angew. Chem.,,
1995, 107, 1642; Angew. Chem., Int. Ed. Engl., 1995, 34, 1492.

3 T. K. Zywietz, H. Jiao, P. v. R. Schleyer and A. de Meijere, J. Org.
Chem., 1998, 63, 3417.

4 R.Haag, D. Schroder, T. Zywietz, H. Jiao, H. Schwarz, P. v. R. Schleyer
and A. de Meijere, Angew. Chem., 1996, 108, 1413; Angew. Chem., Int.
Ed. Engl. 1996, 35, 1317.

5 V. Gogonea, P. v. R. Schleyer and P. R. Schreiner, Angew. Chem., 1998,

110, 2045; Angew. Chem.,, Int. Ed. Engl., 1998, 37, 1945.

D. Wilhelm, J. L. Courtneidge and A. G. Davies, J. Chem. Soc., Chem.

Commun., 1984, 810.

7 W. Huber, Tetrahedron Lett., 1985, 26, 181.

8 W. D. Hobey and A. D. McLachlan, J. Chem. Phys., 1960, 33, 1695.

9 H. M. McConnell and A. D. McLachlan, J. Chem. Phys., 1961, 34, 1.

10 F. Gerson, K. Millen and E. Vogel, Helv. Chim. Acta, 1971, 54,
2731.

11 F. Gerson, K. Miillen and E. Vogel, J. Am. Chem. Soc., 1972, 94,

2924.

12 C. Lee, W. Yang and R. G. Parr, Phys. Rev. B, 1988, 37, 785.

13 A. D. Becke, Phys. Rev. A, 1988, 38, 3098.

14 A. D. Becke, J. Chem. Phys,, 1993, 98, 1372.

15 P. C. Hariharan and J. A. Pople, Theor. Chim. Acta, 1973, 28, 213.

16 M. J. Frisch, G.W. Trucks, H. B. Schlegel, P. M. W. Gill, B. G. Johnson,
M. A. Robb, J. R. Cheeseman, T. Keith, G. A. Petersson, J. A.
Montgomery, K. Raghavachari, M. A. Al-Laham, V. G. Zakrzewski,
J. V. Ortiz, J. B. Foresman, J. Cioslowski, B. B. Stefanov, A.
Nanayakkara, M. Challacombe, C. Y. Peng, P. Y. Ayada, W. Chen,
M. W. Wong, J. L. Andres, E. S. Replogle, R. Gomperts, R. L. Martin,
D. J. Fox, J. S. Binkley, D. J. Defrees, J. Baker, J. P. Stewart, M. Head-
Gordon, C. Gonzalez and J. A. Pople, GAUSSIAN 94, Rev. C3,
Pittsburgh PA, 1995.

17 T. Clark, J. Chandrasekhar, G. W. Spitznagel and P. v. R. Schleyer,
J. Comput. Chem., 1983, 4, 294.

18 G. W. Spitznagel, T. Clark, J. Chandrasekhar and P. v. R. Schleyer,
J. Comput. Chem., 1982, 3, 363.

19 T. H. Dunning Jr., in Basis Sets: Correlation-Consistent, ed. P. v. R.
Schleyer, N. L. Allinger, T. Clark, J. Gasteiger, P. A. Kollman, H. F.
Schaefer 11l and P. R. Schreiner, Wiley, Chichester, 1998, pp.
88-115.

20 P.v. R. Schleyer, C. Maerker, A. Dransfeld, H. Jiao, and N. J. R. van
Eikema Hommes, J. Am. Chem. Soc., 1996, 118, 6317.

o

Communication 9/06972K



