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Tetramethyloctadehydro-[26] and -[28]annulenediones have been synthesized; the corresponding dicationic species 
in D2S04 showed paratropicity and diatropicity, respectively, affording the first confirmation of tropicity alternation 
in monocyclic annulenediones. 

We have reported the alternation of para- and dia-tropicity 
between (4n + 2)n- and 4n n-electron systems in di- or tri- 
methyltetradehydroannulenones 1 with 13- to 25-membered 
rings.1.2 Judging from the fact that the annulenones 1 showed 
a smaller degree of para- and dia-tropicity than the corres- 
ponding carbocyclic annulenes,3 annulenediones with an 
additional carbonyl group were expected to show even smaller 
tropicity than annulenones. However, a dimethylhexa- 
dehydro[ 16jannulenedione prepared by Lombard0 and Sond- 
heimefl proved to be diatropic. Also, we have recently 
reported the preparation of methano-bridged didehydro-[20] 
2 5 ~  and -[24]annulenedione 3,5b both of which showed 
extremely strong diatropicity in D2S04 due to the formation of 
the highly delocalized dicationic species, but we could not 
obtain paratropic species in this series of compounds because 
of synthetic difficulties. Thus, although several annulene- 
diones have been prepared,6 those which show paratropicity 
have not so far been observed probably due to lower thermal 
stability of paratropic 4nx systems than diatropic (4n + 2)n 
ones.7 

In this paper, we report the synthesis of tetramethyl- 
octadehydro-[26] 4 and -[28]annulenedione 5 ,  and their tropic 
nature as revealed by *H NMR spectroscopy in CDC13 and 

The annulenediones 4 and 5 were synthesized as illustrated 
in Scheme 1. The intermolecular oxidative coupling of the 
dimethyl ketone 6 1 ~  or the cross-coupling of 6 and 716 afforded 
the tetramethyl diketone 88 or 9 in ca. 30% yield.9 Condensa- 
tion of 8 and 9 with (2)-3-methyl-2-penten-4-ynal 10s in the 
presence of ethanolic sodium ethoxide in benzene afforded 
the acyclic diketones 11 (73%) and 12 (60%), respectively. 
The intramolecular oxidative coupling of 11 was carried out 
with copper(i1) acetate monohydrate in pyridine-methanol 
under high dilution conditions with diethyl ether as an 
entraining solvent to give the [26]annulenedione 4 in 45% 
yield.10 Compound 12 afforded the [28]annulenedione 5 in 
14% yield under similar conditions.10 

DzS04. 

Table 1 1H NMR spectral data of 4 and 5 at 26°C~ 

The 1H NMR spectral data of 4 and 5 in CDC13 (Table 1) are 
consistent with the structures shown. It is concluded from 
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Compd. Solvent Outer olefin protons Inner olefin protons Methyl protons 

4 CDC13 6.29 (d, 15.0, HC) 8.19(dd, 15.0,11.8, HB) 1.98 (s) 

D2S01 5.20 (d, 15.0, HC) 11.93 (dd, 15.0,11.8, HB) 1.62 (s) 
6.51 (d, 11.8, HA) 

5.87 (d, 11.8, HA) 

5 CDC13 6.45 (d, 15.0, HD) 
6.45 (d, 15.0) HC 
6.46 (d, 15.0) HC' 
6.47 (d, 15.0) I HD' 
6.51 (dd, 14.8,11.5, HF) 
6.60(d, 11.6) HA 
6.60(d, 11.7) HA' 
6.65 (d, 11.6) 1 HF' 
6.64(d, 11.6, HH) 

D2S04 7.82-8.05 (m, 9H) 

7.07(dd, 14.8,11.6, HG) 2.01 (s, Mea) 

2.07 (s) 
2.08 (s) 

7.43(dd, 15.0,11.5, HE) 2.04 (s) 

4.47(br,lH),4.99(br,lH) 2.55(~),2.60(s) 
5.08 (br. lH), 5.17 (br, 1H) 2.69 (s), 2.72 (s) 
5.31 (br, 1H) 

(I Internal and external tetramethylsilane was used as the reference in CDC13 and D2S04, respectively. 
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these NMR data that neither of these compounds show 
detectable tropicity in CDC13. 

When the [26]annulenedione 4 was dissolved in D2S04, a 
deeply coloured solution was obtained indicating the forma- 
tion of the protonated dicationic species, although this species 
was unstable and rapidly decomposed. In the 1H NMR 
spectrum (Table l), the inner olefinic protons were shifted 
downfield by ca. 3.7 ppm relative to the corresponding signal 
in CDC13, while the outer olefinic protons and the methyl 
protons appeared upfield by ca. 0.8 and 0.4 ppm, respectively. 

This is clearly ascribed to the induction of paramagnetic ring 
current as expected for the 24n-electron species 4a. 

Dissolution of [28]annulenedione 5 in D2S04 resulted in the 
formation of the dicationic species 5a which again was 
unstable and decomposed over several hours at ambient 
temperature. In the 1H NMR spectrum, complex nine-proton 
signals were observed in a narrow range of 6 7.82-8.05 and 
five broad peaks each representing one proton were observed 
at a high-field region of 6 4.4-5.4 together with four singlets 
due to the methyl groups. Although no detailed coupling 
information was obtained, the nine-proton signals at low field 
would reasonably be assigned to the outer olefinic protons and 
five-proton signals at high field to the inner olefinic protons. 
Thus, the average downfield shifts of the outer olefinic protons 
upon changing the solvent from CDC13 to D2S04 amount to 
CQ. 1.4 pprn and the upfield shifts of the inner protons amount 
to ca. 2.5 ppm. These shifts together with the downfield shifts 
of the methyl protons by CQ. 0.6 pprn indicate that the species 
in D2S04 is clearly diatropic as expected for a 26n-electron 
system. 

These findings therefore confirmed that the annulenediones 
4 and 5 in D2S04 exist as the respective dicationic species 
which are significantly paratropic and diatropic, respectively. 
This is the first confirmation of the alternation of the tropic 
nature between (4n + 2)n and 4n n electron systems in 
monocyclic annulenediones. 11 
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