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Abstract

2-(1%,3%-Di-tert-butyl-pentafulven-6%-yl)-tropone (7) was synthesized by reaction of 6-lithio-1,3-di-tert-
butyl-pentafulvene (5) with 2-chlorotropone (6). At elevated temperatures 7 cyclizes to a mixture of the
tautomeric azulene derivatives 8 and 9. With P2S5 7 is transformed into the spiroadduct 12, presumably
via the pentafulvenyl-tropothione 11, which could not be isolated. Compound 12 reacts by a thermally
induced rearrangement to the stable cyclohepta-thialene derivative 14. © 2000 Elsevier Science Ltd. All
rights reserved.
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Recently, extended experimental and theoretical studies on s-indacene (1) revealed a rather
unexpected bonding system of the tricyclic hydrocarbon, proving its exceptional position among
the 4n p-electron systems known so far.1 The equilibrium structure of 1 has D2h symmetry and
a delocalized 12p-electron system, although it formally represents an antiaromatic 4n-perimeter
disturbed by two central single bonds.2

These findings prompted us3 to synthesize the next higher homologue of 1, the still unknown
cyclohept[ f ]indene (2),4 in order to study the molecular properties of this 14p-electron system.
As potential building blocks for a synthesis of 2, the likewise unknown pentafulvenyl-tropone 3
or the corresponding thione 4 seem to be suitable.
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Herein, we report on an efficient synthesis of the 2-(1%,3%-di-tert-butyl-pentafulven-6%-yl)-tro-
pone (7) and its conversion into the tautomeric cyclopent[a ]azulene derivatives 8 and 9 as well
as into the cyclohepta-thiaspirononatriene system 12 which can be transformed into the novel
cyclohepta[b ]thialene 14 by a thermally induced rearrangement.

For the synthesis of pentafulvenyl-tropone 7, the easily available 6-bromo-1,3-di-tert-butyl-
pentafulvene5 proved to be an appropriate starting material. Halogen–metal exchange with
tert-butyllithium at −110°C affords 6-lithiopentafulvene 55 which reacts with 2-chlorotropone
(6) to give 7 in 71% yield as thermally fairly stable, reddish brown crystals6 (Scheme 1).

Scheme 1. (a) THF/Et2O/n-pentane (4:1:1), −110°C

At elevated temperature, 7 reacts in analogy to 6-(2%-dialkylaminovinyl)-pentafulvenes,7

presumably by an 8p-electrocyclization followed by subsequent 1,5-H shifts, to give a mixture of
the cyclopent[a ]azulene derivatives 8 and 9 (1:1.7 in CDCl3). O-Acetylation of the inseparable
mixture with acetyl chloride furnishes the acetoxyazulene 10 as deep blue crystals in 41% yield6

(Scheme 2).

Scheme 2. (a) Toluene, 110°C, 25 min; (b) n-pentane, pyridine, acetyl chloride, 0°C

Unexpectedly, the treatment of the pentafulvenyl-tropone 7 with phosphorus pentasulfide in
analogy to the synthesis of tropothione8 does not yield the desired pentafulvenyl-tropothione 11,
but instead 49% of the racemic cyclohepta-1-thiaspiro[4.4]nonatriene 129 as red needles6 (Scheme
3). The structure of 12 could be unequivocally deduced by its 1H and 13C NMR as well as MS
spectra. The formation of 12 can be rationalized by an initial conversion of 7 into the
tropothione 11 which should be thermally rather unstable, like the parent tropothione.8 While
the latter dimerizes by a ground state nontopochemically controlled reaction in the solid state10

Scheme 3. (a) 2 equiv. P2S5, 2 equiv. Et3N, 0°C, 30 min
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and reacts with cyclopentadiene, pentafulvenes, diphenylketene or maleic anhydride, respec-
tively, in [8+2]-cycloadditions to the corresponding adducts,11 11 presumably rearranges by a
10p-electrocyclization of its 2-vinyltropothione moiety to give the more stable isomeric spiro
adduct 12. In boiling toluene 12 is converted into the tricyclic thialene derivative 14 which is
obtained as deep blue leaflets in 44% yield.6 Conceivably 12 reacts either by a cycloreversion and
a subsequent 14p-electrocyclization of 11 or by a 1,5-vinyl shift12 to 13 which, by two 1,5-H
shifts, furnishes 14. The driving force for the formation of 14, a thia-dihydro derivative of the
target molecule 2, is obviously the generation of the aromatic thialene (cyclopenta[b ]thiapyran)
substructure with 10p-electrons13 (Scheme 4).

Scheme 4. (a) Toluene, 110°C, 1 h

Physical data of compounds 7, 10, 12, 14.14,15 Compound 7: reddish brown crystals, mp
116–117°C (dec.), MS (EI): m/z (%) 294 [M+, 28%]; 1H NMR: d 1.13 (s, 9H, 3%-C(CH3)3), 1.35
(s, 9H, 1%-C(CH3)3), 5.81 (d, 1H, J=1.9 Hz, 4%-H), 6.22 (d, 1H, J=1.9 Hz, 2%-H), 7.00–7.18 (m,
4H, 4-H�7-H), 7.50 (d, 1H, J=8.7 Hz, 3-H), 7.65 (s, 1H, 6%-H); 13C NMR: d 29.17, 32.18, 32.36,
33.11, 111.38, 127.52, 133.10, 133.36, 133.63, 135.63, 138.59, 141.03, 146.71, 148.18, 149.71,
158.51, 186.68; UV–vis (n-hexane): lmax (lg o)=221 nm (4.22), 272 (4.02) (sh), 277 (4.03), 369
(4.09). Compound 10: deep blue crystals, mp 154–156°C (dec.), MS (EI): m/z (%) 336 [M+, 37%];
1H NMR: d 1.02 (s, 9H, 1-C(CH3)3), 1.39 (s, 9H, 3-C(CH3)3), 2.47 (s, 3H, CH3CO), 3.41 (d, 1H,
J=1.9 Hz, 1-H), 6.53 (d, 1H, J=1.9 Hz, 2-H), 6.93 (d, 1H, J=10.9 Hz, 6-H), 7.03 (t, 1H, J=9.9
Hz, 7-H), 7.16 (s, 1H, 4-H), 7.35 (t, 1H, J=10.2 Hz, 8-H), 8.24 (d, 1H, J=10.2 Hz, 9-H); 13C
NMR: d 21.21, 28.27, 29.71, 33.04, 34.58, 55.58, 103.67, 119.34, 120.73, 130.12, 131.73, 133.44,
136.71, 138.94, 139.83, 151.35, 160.22, 169.64; UV–vis (dioxane): lmax (lg o)=258 nm (4.12), 283
(4.29) (sh), 292 (4.46) (sh), 302 (4.68), 313 (4.73), 331 (3.92), 349 (3.43), 367 (3.60), 386 (3.77),
406 (3.76), 542 (2.42) (sh), 571 (2.54), 613 (2.51), 663 (2.14). Compound 12: red needles, mp
114–115°C (dec.), MS (EI): m/z (%) 310 [M+, 25%]; 1H NMR: d 1.09 (s, 9H, 8-C(CH3)3), 1.29
(s, 9H, 6-C(CH3)3), 4.77 (d, 1H, J=1.5 Hz, 4-H), 5.39–5.53 (m, 3H, 2%-H–4%-H), 5.68 (ddd, 1H,
J1=J2=1.3 Hz, J3=8.0 Hz, 1%-H), 5.78 (d, 1H, J=1.9 Hz, 9-H), 5.85–6.00 (m, 1H, 5%-H), 5.99
(d, 1H, J=1.9 Hz, 7-H); 13C NMR: d 29.03, 31.36, 31.71, 35.01, 74.18, 114.42, 124.99, 126.01,
126.31, 126.61, 126.86, 126.89, 128.35, 133.25, 144.16, 149.32, 156.66, 163.75; UV–vis (n-hex-
ane): lmax (lg o)=257 nm (4.18) (sh), 262 (4.24), 268 (4.21) (sh), 310 (4.23), 372 (3.03) (sh), 434
(3.00) (sh), 451 (3.06), 481 (3.06), 518 (2.93), 560 (2.61). Compound 14: deep blue leaflets, mp
96–97°C, MS (EI): m/z (%) 310 [M+, 28%]; 1H NMR: d 1.42 (s, 9H, 7-C(CH3)3), 1.45 (s, 9H,
5-C(CH3)3), 3.12 (d, 2H, J=6.8 Hz, 1%-H), 5.58 (dt, 1H, J1=7.0 Hz, J2=9.4 Hz, 2%-H), 6.14 (dd,
1H, J1=5.4 Hz, J2=9.4 Hz, 3%-H), 6.49 (dt, 1H, J1=5.4 Hz, J2=11.3 Hz, 4%-H), 6.93 (s, 1H,
6-H), 6.96 (d, 1H, J=11.3 Hz, 5%-H), 7.87 (s, 1H, 4-H); 13C NMR: d 29.90, 32.42, 32.85, 33.28,
112.40, 122.58, 123.64, 127.44, 127.51, 127.96, 131.26, 131.38, 132.02, 133.20, 134.29, 135.27;
UV–vis (cyclohexane): lmax (lg o)=240 nm (4.13), 278 (4.17), 335 (4.07), 370 (3.69) (sh), 390
(3.38) (sh), 557 (2.90).
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