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Some oompounda derived from the stneitistd photoohe- 

mica1 addition of butadiene to its homologues have been dezoribed 

in a previous communication (1). 

In the oourse of the synthesis of non-oonjugated disnsz, 

the study of the zensitized photoohemioal addition of butadiene to 

oyolopentadiene was subsequently undertaken. 

In thiz oo~~ioation we describe the mixed addition 

produotz obtained from euoh reaction, using benzophenont aa tenti= 

tizer, and a produot (V) that oan be obtained from one of them 

by thermal re-arrangtment~ Table I reports the reaction oonditiona, 

the produots identified, their percentage In the total mixture of 

dimers and pbyzioal con&ants of I, II, III, IV and V, amow which 

I, IV and V have already been described in the litsraturs (2; 6). 

All the produote I-V have a 3i.W. of 120 ae determined 

by mass spectrography. The 1-B. apeotrum of produot I is identloal 

with that of a pure sample of svinyl-2aorbornsne, prepared by 

thermal addition of butadfene to oyolopentadiene (2). Moreover 

the refraotive index of I is identical with that already known 

for vinylnorbornene (2). 

The I.R. speotrum of oompound II show the presence of 

vinyl groups {absorption bands with maxima at 3042, 1635, 992 and 

908 om-') and of cis double bonds in a 5-membered ring (absorption 

bands with maxima at 3078, 1605, 725, and 703 cm"'). The N,E.R. 
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spectrum of II at 100 MC shows a multiplet around 1.5 pp with 

respect to TZS, a complex group of absorption8 between 2.04 and 

2.86 ppm, a multiplet centered at 3.1 ppm and an unresolved peak 

at about 3.3 ppm. The presence is also observed of a group of 

bands between 4.62 and 4.92 ppm, char-oteriatio of terminal vinyl 

protons and of another group between 5.46 and 5.9 ppm, charaoter- 

istio of ethylenio protons on the ring and of nontsnninal vinyl 

protons. The observed absorption8 and their relative intensities 

are in good agreement with the formula foreseen for produot II 

resulting from the reaotion between a butsdiene double bond and 

one of the cyolopentadiene double bonds. 

The 1.R. apaotrum of 111 reveals the preaenoe of vinyl 

groups (absorption bands with maxima at 3W2, 1635, 992 and 906 
-1 

cm ) and of ois double bonds in 8 !&membered ring (absorption 

bands with marima at 3O'PJ, 1600 and 735 om-'). The N&R. epeotrum 

of III, registered by a 100 Ilc/sec apparatus shows a complex group 

of peaks between 1.62 and 2.1 ppm with respeot to TUS, a group of 

peaks between 2.28 and 3.06 ppm, a group of three peaks between 

4.62 and 4.96 ppm, a peak at 5.6 ppm and a multiplet oenterad at 

5.91 ppm. The relative intensities are in the order 3:4:2:2rl. On 

the basis of the observed positions and the aooompliahad decouplinga, 

the bands have been attributed, in the order, to oyolio CH2 and CH, 

to cyolia aflylic CR2 and Cl-i, to an olefinic CR2 of vinyl type, to 

two olefinic CR and to a vinyl CH. On the basis of the 1.R. and N&LB. 

spectra, the formula of vinylbicyclo +,2,q heptens was attributed to 

both products II and IIIj an endo-exo and/or a position (6 or 7) iso- 

merism of the vinyl with rsspeot to the ring double bond might explain 

the differences between the two products. However, producta and III 

by complete hydrogenation to ethyl~3,2,0]bioycloheptane yield tw0 dif= 

ferent compounds; therefore it is possible to exclude that a simple 

isomerism of position exists, as well as that both II and III have 
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the same endo or 8x0 position for the vinyl group. The only poxsi= 

ble differenoes between II and III are therefore a simple endo-exo 

isomerism or an endo-exe isomerism combined with a position iso- 

merism. 

Products II and III show a quits different stability 

and behaviour on heating. Compound II is stable up to about 15O.C; 

at higher temperatures (170°C), it undergoes a re-arrangement 

yielding a product, which, by gas chromatography and 1-R. speotro= 

graphy, was recognized to be 5_vinyl-2-norbornene (I) oontaining 

s small amount of product IV (see below), which is almost certain= 

ly due to a thermal re-arrangement of I (2). On the other hand, 

compound III is unstable already at temperatures below 100°C and 

isomerizes from about 8O'C yielding an isomer (V). 

The I.R. spectrum of V reveals the presence of bands 

that can be attributed to doubIe bonds present in a ring, whereas 

no vinyl bands are present. The N.Y.R. spectrum of V at 100 Moo/se0 

shows a peak at 1.48 ppm with respect to TIIIS, a triplet at 2.06 ppm 

and bands at 2.19 ppm, 2.75 ppm, 5.15 ppm, j.53 ppm. The relative 

intensities are in the order 111:4:2:2:2. 

On tne basis of the positions observed and decoupiings 

performed, we o.sn propose for V the structure of bioyolo[4,2,1]-no= 

nadiene-3,7r 

This struoture is proved by hydrogenation with Pd catalyst at room 

temperature. In fact produot V sbeorbe 2 moles of hydrogen yielding 

cornsound VI, whioh melts at 95~9601 no decrease in m-p. is observed 

by mixing this compound with an authentic sample of bioyolo[4,2,1]- 

nonane (for bicyolo[4,2,l]-non.sne, the following m.p. are reported in 
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the literature: g5-96% ())I 94-95W (4)r 102-103sC (5) ). The 

N.&B. spectrum of VI is identioal with that of an authentia 

aampie of bicyclofi4,2,1]-nonane (3) and also ooinoides with the 

data reported in the literature (4). Product V, although obtained 

by another method, has been briefly described in a reoent patent (6). 

The data available did not enable us to attribute defini= 

to structures to produots II and III. However, by ooneidering that 

hydrogenation leads to two products, one containing the ethyl group 

with sndo configuration, and the other with exe configuration, and 

on the basis of their stability and bshaviour on heating, it is 

possible to propose the struoture of sndo-7-vinyl-bioyolo[3,2,0]- 

heptsnc2 (III a) for produot III, and that of axe-7-vinyl-bioyolo 

-hsptane-2 (II a) for product II I 

r BIIIa 

Struoture III a in fact might explain the easy isomeriaation of the 

produot to bioyclo[4,2,1] -nonadisn+3,7 by 8 Cops re-arrangement (7); 

on the other hand, the formation of 5-vinyl-2-norbornene from II a 

is theoretioally possible through a thermal, radical-type isomri5s- 

tion. 

The 1.R. spectrum of IV is idsntioal with that of a pure 

q ampls of 4,7,8,9-tetrahydroindene (bioyolo[4,3,0]-nonadienc3,7) pre- 

pared by thermal addition of butadisne to oyolopentadiene; moreover, 

it coincides with the data reported in the literature (2). An analogous 

identity is observed in the N.&R. spectra of the two samples. Also 

the refraotivs index of IV coincides with that of a pure sample of 

tetrahydroindsne. 

The results described in this paper show that oyclopenta- 

disne, under the conditions adopted by us, nearly presents the sams 
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tendency to give rise to 1,2 arld 1,4 photochemica! additions. As 

regards butadiene, the 1,2 a<ddition prevails, as already observed 

(1) in the photochemical addition of butadiene to its holaologues. 

The photochemical addition of butadiene to cyclopenta= 

diene is a relativeiy simple method for the obtainment of compounds 

oontain;ng the skeleton of bicyclo(4,2,1]-nonane. 
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