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The direct photolysis of linear conjuoated dienes has provided a wealth of information 

bearinq on the nature and reactivity of excited sinqlet states in oraanic molecules. Eleaant 

studies by Srinivasan' and other workers' have revealed that alkyl-substituted 1,3-butadiene 

sinqlets undergo three principal reactions in solution: cvclobutene formation, cyclopropene 

(or methylenecyclopropane) formation by hydrogen 
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Recent work3 in our laboratories has demonstrated 

to formation of the two methylenecyclopentene isomers IV 
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and V. The ratio of IV to V remains 

2.3 to 1.0 regardless of the stereochemistry of I, and this observation was rationalized in 
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In order to compare the photochemical fate of I with the thermal pathway we have carried 

out the direct (in quartz) photolysis of a 0.11 M acetonitrile solution of diene I (1:l mixture 

of cis and trans isomers) at O-10" using a low pressure mercury vapor lamp. -- The three C8H12 
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photoisomers thus forned in a 5:1:1 ratio were isolated by preparative glc at 70" using a 

25' x l/4" column of 15% Carbowax 2DM on Chromosorb P. The major product was identified as 

1-isopropylidene-2-vilylcyclopropane (III)5 by 100 MHz decoupling studies which established 

the chemical shifts aid coupling constants in Table I. The two minor isomers were similarly 

identified as 1-methylene-2,2-dimethyl-3-vinylcyclopropane (II) and l,l-dimethylspiro[2.3]- 

hex-4-ene (VI). 

Table I. Nmr Chemical Shifts and Coupling Constantsa 

ii- 

II 1.09(3H,s);1.21(3H,s);1.8(1H,m);4.8-5.7(5H,m) 

/ 

"X 
O.95(2H~m);l.79(3H,s);1.8l(3H,s);2.07(lH,m);4.42(Hx,dd,Jxy=2.5,Jxz= 

III 9.5)~5.OO(Hy,dd.Jyx~2.5,Jyz-17);5.72(Hz,m,Jza=7.5,Jzx=g.5,Jzy=l7) 

* 

H 
Y 

'II 
0.62(2H,s);l.09(6H,s);2.40(lH,d,Jab=12.8); 

Ha HX 

2.72(lH,d);6.02(1H,d,Jxy=2.6);6.22(1H,m) 

Hb 

are in 

aAll nmr spectra were taken in CDC13 with a TMS internal standard; chemical shifts 

parts per million relative to TMS, coupling constants in hertz. 

Accompanying the C8H12 photoisomers were significant amounts of C4 primary photofrag- 

mentation products icentified as vinylacetylene (VII) and isobutylene (VIII) by glc and ms 

comparison with authentic samples. Analogy with earlier work suggests that these fragments 

arise by cheletropic' fragmentation of excited singlet I to olefin and allylidenecarbene. 

Indeed, benzophenone-sensitized photolysis of I produced neither C8H12 isomers nor fragments 
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VII and VIII, but led largely to polymerization. Quantum yields for the direct photolysis of 

I are given in Table II; no methylenecyclopentenes (IV, V) were detected. 

Table II. Quantim Yields7 for Products from Direct Photolysis of I (1:l &-LCans) 

Compound P 

Vinylacetylene (VII) 0.029 

Isobutylene (VIII) 0.038 

Cyclopropane II 0.046 

Spirohexene VI 0.048 

Cyclopropane III 0.232 

Despite moderate loss of I by photopolymerization, the data of Table II suggest an 

efficient "hidden" energy-dissipating step to account for the fate of over half of the excited 

singlets formed. By employing a sample of I kinetically enriched8 in the thermally more 

stable geometric isomer we have been able to show (nmr) that rapid cis-trans isomerization -- 

occurs during photolysis, met being 0.55 + 0.04. 7 Thus approximately 91% of the diene sin- 

glets formed undergo unimolecular photochemistry. 

We conclude that ring-opening reactions in I compete effectively with the conventional 

pericyclic reactions of singlet butadienes. In addition, it is remarkable that the major 

photoisomerization of I, which gives III, involves migration of the less substituted ring 

carbon. This selectivity is the reverse of that observed in the corresponding thermal 

methylenecyclopropane rearrangement' and could suggest a planar singlet vinyltrimethylene- 

methane intermediate (IX) in the photochemical process in contrast to the orthogonal species 

(X) previously invoked3"' in the thermal rearrangement. A stereochemical test of this 

hypothesis is in progress. 
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