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It is well known 123 that 5,5+isubstituted cyclopentadienes are thermo- 

dynsmically less stable than the corresponding cyclopentadienes with a free 

methylene group. At 3oO-400° the former dienes undergo irreversible structu- 

ral isomerization to the latter as a result of intramolecular 1,Fshift of 

an alkyl group accompanied by 1,5_shifts of hydrogen t2al. Spiro-cyclopenta- 

dienes may be considered as bicyclic snalogues of 5,Wiisubstituted dienes 

and have been predicted C2al to undergo such sn isomerization. In the present 

paper we report on the thermal behaviour of spiroC4,4lnona-1,3_diene (I) C33. 

It was found that when spiroL4,4lnona-l,fdiene (I) is passed through a 

quartz tube packed with crushed quartz with a contact time of about S sac 

over the temperature range 2W-500' three types of consecutive transformation 

of diene (I) take place as indicated in the scheme: 
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!lJyne 1. At 250-320' under the conditions mentioned diene (I) undergoes 

ready isomerisation to the equilibrium mixture of bicyclot4,3,Olnonadienes 

(II)-( b.p. 42.5-43' (7 mm), $0 1.5103, d$* 0.9544. C9I$2 C5l. 'Ihe OPti- 

mum field (8%) of the mixture (II)- can be obtained at 320'. Ii0 other 

products can be detected in this mixture by v.p*c, analysis. When the mix- 

ture is passed over Pd/C (10%) at 300' it is dehydrogenated to give indane 

(PI) in 9396 yield. The bioyclo[4,3,O]nonadiene structures,with two double 

bonds in the five-membered ring, for the mixture ere supported by W 

(Lt 254 nm, & 3860) C61, IR ($1531, 1559, 1605 and 1629 cm-') and Raman 

(dlt 1528(10), 1556(0-l) and 1630(3)cm-') Spectra data (see ref.2a). 

The composition of the mixture of isomer (II)- was established by 

comparison of intensities of double bond stretching frequencies in the vibra- 

tional spectra of the mixture. On previously found criteria E2a1, the 

frequencies 1528 snd 1630 cm-' may be ascribed to the in-phase ( Y" ) and out- 

-of-phase ( par ) C=C stretching modes of bicycloC4,3,Olnona-l(6), 8-diene 

(III) and the frequencies 1556 and 1605 cm-l to the V& snd &?c of bicycle 

C4,3,01 nona-6,Miene (IV), respectively. Therefore by Raman snd IR spectra 

data the dienee mixture contains at least 80% of isomer (III) snd on the or- 

der of 10% of isomer (IV). 

The absence of a &c of lower frequency than those quoted in the Rsmen 

spectrum shows that- the mixture contains no substantial amount of isomer (II) 

(with monosubstituted double bond system, see ref.2a). 
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(s 5.70 p*p.m., IH) 

This conclusion is supported by the finding that the 

diene mixture (II)- reacts with maleic anbydride to 

give adduct (VII) of diene (III) in 64% yield: m.p. 

105-106° (from benzene-hexene mixture). C,3H,403 C51. 

The structure of adduct (VII) is proved by IR ( Yc:c 

1621 cm-', &_,, 3050 cm-') ES1 snd RMR 191 

spectra data. 

The observed skeletal isomerieation may be well explained by intrsmolecu- 

lsr thermal 1,5-shift of the substituent producing initially diene (II). Under 
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the experimental 

to convert diene 

-(Iv). 

conditions 1,3+hlfts of hydrogen would occur immediately 

(II) to equilibrium mixture of double bond isomers (II)- 

Tyoe 2. At 350-450° diene (I) is found to undergo iSOmeriZatioxl to give 

bicyclo[4,3,OlnOna-?,&die~ (V). Thlo isomerlzation over the 390-420' tem- 

perature range produces in 78% yield the hydrocarbon mlrture conaldtlng 

(by v.p.c.) of 68k (II+III+IV) snd 32% (V). Pure (at least 99.5% by v.P.c.) 

diene (V) was separated from this mixture by distillation with a 100 t.p. 

oolumur b.p. 38.2-38.4' (3 mm), @ 1.5314, dp 0.%67. C+I12 C51. Dieue 

(V) was dehydrogenated to give iudane (VI) (220'; ic set over 10% Pd./C; 

yield: 92%). The structure of this diene is established by UV ( A ~ 245 IR, 

E 12710), Raman (a\) 1653 (71, 1622 (I-2) and>, IX(Vl655 apd1628 cm-l in 

the inverse ratio of inteusities) snd DMR (6 3.05 (IOH) snd 4.69 (2E) p.p.m.) 

spectral data CIOI. 

Under the same conditions transformation of diene mixture (II)- to 

diene (V) occurs more readily thau that of diem (I). Heuce, one w suppose 

that the dieno equilibrium mlrture (II)- is an intemmdiate in (I) - 

(V) conversion. !J!hls isomerization may proceed in dime (IV) by l&zhift 

of hydrogen. !Che (II+III+IV) - (V) conversion is found to be irreversible. 

!Pme 2. At 470-500' indam (VI) (IS at 500' by v.p.c.) Is detected iu 

products of pyrolysis of diem (I). The physical properties aud IB spectru 

of the sample of indsne separated from the pyrolysis products were quite 

similsr to those of sn authentic sample. The rate of conversion to indanr 

rises markedly in the order of (1)L (II+III+IV)~(V). !Pherefore diene (V) 

is assumed to be the starting material of indane formation. Apparently, the 

thermal dehydrogenation of bicycloC4,3,Olnouadienes is similar to that 

observed in the cyclohexadlene series [II]. 

The eIperimantal details will be published 1121. Finally, it a~ be 

uoted that thermal isomerization of dieue (I) is a novel aud conveuiaut 

route to compouuds of the tetrahydroindene series. 
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