
1171 A stirred 10% solution of polycarbonate in tetrahydrofuran was treated 
with 5-10 pmol of 4b. The solution was transferred to a petri dish and 
the solvent removed by evaporation at 55°C. The remaining film of resi- 
due was irradiated with light of wavelengths 1=313 nm and A= 
436 nm. 
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Chem. SOC. 104 (1982) 1616. 
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35 (1987) 1149; c) J.-M. Lehn, Angew. Chem. 100 (1988) 91; Angew. 
Chem. lnr. Ed. Engl. 27 (1986) 89; d) F. P. Schmidchen, Nachr. Chem. 
Tech. Lab. 36 (1988) 8; e) F. Diederich, Angew. Chem. 100 (1988) 372; 
Angew. Chem. lnt .  Ed. Engl. 27 (1988) 312. 
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Synthesis and Structure of 
2,7-Di-?ert- butyldicyclopentaIa, elcyclooctene* * 
By Klaus Hafner,* Georg F. Tbiele, and Carsten Mink 

Bicyclic conjugated n-electron systems with two odd- 
numbered rings, such as pentalene, azulene or heptalene,"' 
can be viewed as annulenes bridged by a single bond. Even 
when an even-numbered ring is inserted between the two 
odd-numbered rings, the bridging bonds in all Kekule 
structures remain single bonds. The only tricyclic systems 
of this kind reported to date are s-indacene 1 and a few of 
its derivatives, in which the substituents have a remarkable 
influence on the bonding behavior.L21 Comparable with the 
12 n-electron system of s-indacene 1 is the 14n-perimeter 
of the dicyclopenta[a,e]cyclooctene 2, for which n-SCF 
calculations indicate that the bond localization is essen- 
tially similar to that in s-indacene.I3l We report here on the 
synthesis and molecular structure of its 2,7-di-tert-butyl 
derivative 10. 

1 2 

5 6 
Scheme I .  a) l,2-Dibromoethane, NaH, dibenzo[ 18]crown-6, bis(2-methoxy- 
ethyl) ether, -30°C to 160"C, 5 h; 2. H 2 0 .  

of a further double bond into the eight-membered ring of 
9 ,  since all attempts to directly dehydrogenate 9 or to 
functionalize the methylene groups met with no success. It 
was possible, however, to carry out an acid-catalyzed tau- 
tomerization of 9 ,  which on reaction with trifluoroacetic 
acid at - 20°C affords a tautomeric mixture (orange-yel- 
low oil) in up to 40% yield. According to the 'H-NMR 
spectrum the mixture contains predominantly the 3,4-dihy- 
dro isomer 11. The driving force behind this reaction may 
be the decrease of the ring strain in the eight-membered 
ring, which, according to inspection of models, has an al- 
most strain-free pseudo boat conformation in 11. In con- 
trast to 9, compound 11 and its tautomers can be depro- 
tonated to the dianion 12 with lithium tetramethylpiperi- 
dide. Oxidation of 12 with molecular oxygen furnishes the 
completely conjugated hydrocarbon 10 in 53% yield as air- 
stable, reddish-brown crystals (m.p. 199°C). 

For construction of the tricyclic skeletal framework of 
10 we chose the cyclizing condensation of a 1,2-dicyclo- 
pentadienylethane with a glyoxal equivalent. The selective 
attack of the glyoxal equivalent at the position adjacent 
to the ethano bridge, which is necessary for the cycliza- 
tion, can be achieved by substitution of the cyclopenta- 
dienyl moiety with a sterically bulky tert-butyl group.l4I The 
corresponding 1,2-bis-(tert-butylcyclopentadienyl)ethane 
4[51 can be readily obtained from sodium tert-butylcyclo- 
pentadienide 3 and 1,2-dibromoethane (colorless oil, yield 
61% (Scheme 1). The alkylation of 3 with 1,2-dibromo- 
ethane at low temperatures initially affords the spiro- 
[4.2]heptadiene 5,16' whose cyclopropane ring is opened 
by nucleophilic attack of a second equivalent of 3 to give 6 
on heating only in the presence of a crown ether.['.'] 

The cyclization of 4 to the eight-membered ring was ac- 
complished by condensation of its dilithium salt 7 with 
glyoxal sulfate 8L4,91 (Scheme 2). The bridged pentafulva- 
diene 9 (red-violet crystals, m.p. 174°C) is formed as the 
sole low molecular weight product in 9% yield. Unex- 
pected difficulties were encountered with the introduction 

[*] Prof. Dr. K. Hafner, Dr. G. F. Thiele, C. Mink 
Institut fur Organische Chemie der Technischen Hochschule 
Petersenstr. 22, D-6100 Darmstadt (FRG) 

[**I This work was supported by the Deutsche Forschungsgemeinschaft, the 
Fonds der Chemischen Industrie, and Degussa AG, Frankfurt am 
Main. 
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Scheme 2. a) nBuLi, TMEDA, n-hexane; b) THF, -70°C to 20°C: c) I. 
CF,COOH, CH2CI2, -25% 30 min; 2. Et3N; d) lithium tetramethylpiperi- 
dide, THF, -70°C to 20°C; e) 02, THF, -70°C. 

The 'H-NMR spectrum of 10 shows a significant down- 
field shift of all signals compared to those of the dihydro 
compound 9, thus indicating a noticeable diatropism. The 

Angew. Chem Int .  Ed. Engl. 27 (1988) No. 9 0 VCH Verlagsgesellschaft mbH. 0-6940 Weinheim, 1988 0570-0833/88/0909-1191$ 02.50/0 1191 
Hafner, Klaus: Synthesis and Structure of 2,7-Di-tert-butyldicyclopenta[a,e]cyclooctene aus Angewandte Chemie international Edition 27, Jahrgang 1988, Nr. 9 

Copyright © 1988 Wiley by Verlag Chemie, GmbH, Germany



presence of only three signals in the 'H-NMR spectrum 
and of six signals in the I3C-NMR spectrum (Table 1) is 
consistent with a molecular structure with DZh symmetry 

Table I .  Spectroscopic data of 4, 9,  and 10. 'H-NMR (CDCI,, 300 MHz), 
"C-NMR (CDCI,, 75.47 MHz), UV (n-hexane). 

4 :  'H-NMR: 6=1.14-1.28 (m, ISH, tBu), 2.48-3.02 (m, 8H,  CHI), 5.75-6.26 
(m, 4H, olefin-H); UV: A,,,,,(lg&)=253 nm (3.83) 
9: 'H-NMR: 6=1.16 (s, ISH, tBu), 2.39, 2.86 (2 br. s, 4H, CH2), 5.65 (d, 
J=2.2 Hz, 2H,  1/8-H), 6.15 (s, 2H,  3/6-H), 6.52 (s, 2H, 9/10-H); UV: 
1,,,(1g&)=228 (3.88) sh, 262 (3.47) sh, 327 (4.17) sh, 344 (4.40) sh, 358 (4.52), 
376 (4.40), 458 nm (2 78) 
10: 'H-NMR: S= 1.33 (s, ISH, tBu), 6.84 (s, 4H,  1/3/6/8-H), 7.27 (s, 4 H ,  
4/5/9/10-H); "C-NMR: 6=30.22 (4, C(CH3)3), 32.85 (s, C(CH,),), 124.90 

(s, C-217); UV. Lm,,(lg&)=217 (4.19), 324 (4.88) sh, 335 (5.02), 413 (3.51) sh, 
(d, C-l/3/6/8), 126.15 (d, C-4/5/9/10), 139.30 (s, C-3a/5a/Sa/lOa), 160.87 

425 (3.54) sh, 435 (3.59), 460 (3.53), 923 (1.99), 1015 (1.93) sh, 1064 (1.91) sh, 
1375 nm (1.64) sh 

and delocalized n-electron system. This is confirmed by 
the X-ray structure analysis,"" which reveals a planar ring 
system with inversion center for 10 (Fig. 1). The maximum 
distance of the ring-C atoms from the mean plane is k 1.5 
pm. The perimeter of the molecule, with C C  bond lengths 
of about 140 pm, exhibits substantial bond equivalency, 
whereas the two bridges are noticeably longer (149 pm). 
Thus, the bridging bonds have predominantly single-bond 
character, as in azulene." 'I 

Y z 

Fig 1 Crystal structure of 10 (ORTEP, vibration ellipsoids at the 50% prob- 
ability level) at room temperature with selected bond lengths [pm] 

The analogy to azulene also extends to the electronic 
spectrum of 10, which like that of azulene consists of three 
structural band systems whose extinctions decrease with 
increasing wavelength. Their positions compared to  those 
of the bands of azulene, however, are strongly batho- 
chromically shifted, so that the longest wavelength absorp- 
tions already lie in the near IR. 

10 not only belongs to the few hydrocarbons with a pla- 
nar eight-membered but, in addition, it is also a 
completely planar 14 n-electron system which has no fur- 
ther cyclic conjugated subunits apart from the 14 n perim- 
eter. The molecular structure and spectroscopic properties 
justify the classification of 10 as a non-benzenoid aromatic 
hydrocarbon. 
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Centrohexaindan, The First Hydrocarbon with 
Topologically Non-Planar Molecular Structure** 
By Dietmar Kuck* and Andreas Schuster 

Herein we report on the synthesis of centrohexaindan 
1 (hexabenzohexacyclo[5.5.2.24~10. 1 1~7.04.'7.0'0~i7]heptadec- 
ane) and some properties of this unique hydrocarbon. 

1 

Like dodecahedrane 2['.21 among the spherically anne- 
lated polyquinanes, the "C1,-hexaquinane"[31 3 is the most 
fascinating member of the centrally annelated so-called 
centrop~lyquinanes.[~~ In contrast to 1, however, centro- 
hexacyclic hydrocarbons like the centrohexaquinane 3 
and the corresponding hexaene 4 have not yet been syn- 
thesized, even though they are of considerable interest re- 
garding their special ring c o ~ p l i n g . [ ~ - ~ ]  

2 3 + 5 
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