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The photochemical dimerisation of butadiene (1, 2), isopre- 

ne (2, 3, 4, 5) and piperylene (2) in the presence of a sensitizer lead 

to the formation or cyolobutane and cyclohexene derivatives an&, in the 

case of isoprene, of cyclooctadiene derivatives too; the dimerisation of 

2,3-dimethylbutadienn has been mentioned briefly (2) without separation 

and characterization of the reaction products. 

During cur research on the synthesis of non-conjugated die= 

nes we started the study of the photosensitised reaction of butadiene 

with other conjugated dienes. 

In this communication we describe the identification of scme 

of the products obtained in the reaction of butadiene with isoprene, pi= 

parylene and 2,3_dimethylbutadiene carried out by irradiation with high 

pressure mercury lamps in the presence of acetophenone as photosensitizer. 

In Table 1 the reaction conditions, the products identified up 

to now and their content witn respect to the total amount of C -C a 12 
hydrom 

carbons are reported. 

Analysis and physical constants of the compounds, among which 

only III was already described in the literature (6) are reported in Table 

2. 'The results oi XXR analysis of products I, II, IV, V and VI, as well a6 

cc trans-1,2-divinylcyclcbutane are reported in Table 3. 

The IR cpectrurn of I shows the presence of vinyl ’ 080, 1632, 

99j wd 910 o71 
-1 

) and methyl (1370 otn-') groups. The vinyl/methyl group 

rztic, pw.luated using the optical densities of the bands at 910 and 1370 
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-1 
om and the c>oeffioients 2.104 mol 

-1 
.ml.om for the methyl group and 

12.104 mol -'.~l.om for the vinyl group.(7) is about 2rl. 

The NM2 spectrum of I shows a symmetrical band at 1.05 p.p.m. 

&om T& a corlplex group having many peaks between 1.2 and 2.2 p.p.m., 

P group of peaks between 2.5 and 3.0 p.p.m. and two groups of peaks in 

the olsfinio proton region. The relative intensities are nioely close 

to 3:4:1:6. 

BJ. oomparing the observed chemical shifts with the chemical 

shirrs of similar oompounds (2), the observed peaks have been respecti- 

vely attributed to methyl protons, ring methylene protons, sllylio ring 

protona,and olefinio protons of vinyl type. On the-basis of IR and NM2 

spectra the fcrmula of methyl-divinyl-cyolobutane has been attributed 

to I. 

The IB spectra of II shows the presence of vinyl (3080, 

1635, 992, 9iC om-'), vinylidene (3080, 1647, 885 om-') and methyl 
-1 

(1370 cm ) groups. The vinyl/methyl group ratio, evaluated as in the 

case of I, is about 1:l. 

The NM2 spectrum of II shows a symmetrical peak at 1.67 

p.p.ma, a oomplex group of peaks between 1.2 and 2.3 p.p.m., a complex 

group between 2.3 and 3.0 p.p.m. and two complex groups of peaks in the 

olefinic proton region. The relative intensities of these groups of peaks 

are close to 3:4:2:5. 

By comparing the chemical shifts of II with the chemical 

shifts of I the observed peaks have been respectively attributed to 

methyl protons, ring methylene protons, allylic ring protons and olefi= 

nio protons. I? have therefore attributed to II the structure of vinyl- 

isopropenyl-oyclobutane. 

II': is identioal with ois, ois-l-methyl-cyolooctadiene-1,5, 

obtainable by .;hsrmel (6) or catalytic (8) addition of butadiene to iso- 

prene. In order to determine the relative position of the ring subeti= 

tuents I and 11: have been heated to about 14O“C. I and II yield III 221, 

Cyolohexene derivatives. This fact praotioally excluded I,3 bisuhPcitSO 
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ted cyciobutans structures (2). 

3n the bd.9i.i cl tna abovs ata we have attributed to I the 

r'ormula. of l-msti~l-l,2-~~iv~n~fl-cyolobutane snd to II the formula of 

l-vinyl-2-isopropenyl-cyclobutane. N? have not established whether the 

two ~lkenyl ,:rou?s in I and II 9r'5 in cis or in trans to one another. 

:-!owy~vrlr, tie 'xl thilt by he.?tln< i zn,i II both cyclohexene derivatives 

znr: Ill ~8 formed might bn taken RC XI inGi"ltion or thl presenca of 

tha tranz: ntructure (2). 

Zo~n~oui~ds IV snd V 'were isolate(i in thz form CC a hardly 

se;yuxbl- viixtura, whose IR s~aztrum sh"ms th? pressnce of vinyl groups j 

(3G76, 1633, 99G, 910 cm-') of tran.; (952 m-l) and cis (710 cm-') dou= 

ble bond.; nn,i o_ Tnethyl groups (137U cm 
-1 

). 

4nong the "eonization products trans-1,2-cyclobutane dicar= 

1. ., h"q/Ll" ~"1: ~IZS b,?en irjolated (mop. l29OC, lit.(g) 131°C, no m.p. de= 

pression in mixture witn an ?dthantic samnl?). 

The XX? spxtrum oi the mixture o_ IV and d s'hows a group 

0: r‘o'ir pa3.k.: n5a.r I.6 pap.m. due to cis and tran- methyl protons couplad 

with olei'inic protons, a complex group of Teaks between 1.5 and 2.2 due 

to ring methylpne protons, a complex group oi peaks between 1.4 and 1.9 

p.p.m. 5ue to ring allylic protons and a com,slex group of peak!: in trie 

o:e;inic proton region. The intensity ratios are 3:4:2:5. 

Accor~iing to the above rdsti an#i c"n.jinering the XX, th+ 

analysis snci ths mods ol' formation, 'N$ hav- attributed t" both IV ar1.i J 

t!le structurs 0: trsn~-l-vin:rl-?-propi3n;rl cgciobutsn:, IV cn; 7 'i-i'er= 

ins only ,'"I. the stvic cou;ic(uration ol" tne internai doubl? bon.i 0;' the 

?rop+nyl group. 
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I,70 p.p.m. lue to methyl protons of different type, a group of peaks 

between 1.4 and 2.2 p.p.m. due to ring methylene protons, a group of 

peaks betwee? 2.4 and 3.0 due to allylic ring protons and a croup of 

peaks in the clefinic proton region. The intensity ratios are 3:3:4:1:5. 

3y heating VI to 140°C, VII (see below) and cyclohexene de= 

rivatives ar? formed. As in the case of I and II, this fact has been 

taken as an indication that the two alksnyl groups in VI are in 1 and 

2 position. h this basis, and taking into account the mode of format= 

ion, we have attributed to VI the formula of I-vinyl-2-methyl-2-iscprc= 

penyl cyclob-ltsne. We have not established whether the two alkenyi 

groups in VI are in cis or trans to one another. Howaver, the fairly 

high stabili;y of VI and the fact that on heating it rearranges to cy= 

clohexene derivatives besides VII may show (2) that the two alksnyl 

groups are ix trans to one another. 

3eside VI, the phctcc!lemical addition of butadiene to di= 

methylbutadiane gives a product (15:; wt of the total reaction products), 

that has bee]: found by v.p.c. of t(id reaction mixture kept at the reac= 

ticn temperazure, but is unstable even at Teem temperature and rearran= 

ges slowly tt) a new hydrocarbon VII. 

'?he IR spectrum of VII SLOWS the bands at 3010, 1655 and 

715 cm 
-1 , dut: to tha C-H and C=C stretching and to the cis cut-ci-plane 

deformation xspectively. A very weak band due to the C=C stretching o; 

a tetrasubst..tuted double bond can be noticed at 1700 cm 
-1 

. Thz presen= 

ce of methyl groups and the cis,cis-cyclooctadien?-I,5 structure are 

shown by the bands at 1375 and 149C cm-' respectivslyQ Cn this basis, 

we have attrbuted to VII the structure of 1,2-dimethyl-cis,cii;-cycle= 

ccta&iepb-1,'j. Its unstable ~rscurscr might be the cis isomer of \iI. 

"he photochemical addition oE butadiene to iscprzne an? 

pipsrylene illdicatnn that t.le reaction between two vinyl +?cups is 

slower than ~.hat botwcn a vinyl and vinyliriene group an&i i‘rster than 

that between a vinyl and an intern,<1 double bond. These r?sultr: are in 



agreement with those obtained by Hammond (2) in the photochemical di= 

merisation of isoprene and piperylene. 

The photoaddition of butadiene to dimethylbutadiene appears 

to be strongly favoured in comparison to the dimerisation of the two 

dienes. This fact shows that, contrary to what has been observed in 

the dimerisation of isoprene, the addition of a vinylidene double bond 

to a vinyl double bond is favoured with respect to the reaction between 

two vinylidene double bonds. 
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