
Tetrahedron Letters No.8, pp. 731-733, 1967. Pergamon Press Ltd. Printed in Great Britain. 

BICYCLOE 1.1.11 PENTANE FROM MERCURY SENSITIZED AND UNSENSITIZED 

GAS PHASE PHOTOLYSES OF BICYCLO[P . 1 . 1) HEXAN-2-ONE* 

Jerrold Meinwald, William Szkrybalo and Donald R. Dimmel 

Department of Chemistry, Cornell University, Ithaca, New York 14850 

(Received 25 November 1966) 

The impact of photochemical techniques on the synthesis of small ring compounds would be 

difficult to overestimate. As examples, the syntheses of bicyclo[i!. 2.01 hexane, 1 the bicyclo- 

[ 2.1.11 hexanes, 2 
bicycle [ 1.1.01 butane, 3 tricycle [ 2.1.0.0 2 ‘ 5l pentanel and tricyclo- 

c2.2.0.02n6 ) hexane5 all owe their success to at least one photochemical step. 

The recently described, convenient photocyclization of 1,5-hexadien-3-one (lJ6 to give 

bicyclo[2.1.11 hexan-a-one (2) prompted us to investigate its gas phase photolysis as a possible 

route to bicycle [ 1.1.11 pentane (3J. 

0 @I 0 

Gas phase decarbonylations’ of bicyclic ketones such as bicycloC3.2.0) heptan-3-one,’ 

camphor, 8 and norcamphor’ have provided good analogy for the usefulness of this method of ring 

contraction for the preparation of highly strained products. Thus, in the mercury sensitized de- 

composition of norcamphor, Srinivasan’ has reported the formation of bicyclo[2.1.11 hexane in 

10% yield, accompanied by 1,5-hexadiene, ally1 cyclopropane and bicyclo[ 2.2.01 hexane. 

Mercury sensitized. gas phase photolysis of 2, using a 2537 13 light source, was found to 

give a mixture of volatile products, 10 
the infrared spectrum of which (3080 and 1650 cm-‘) gave 

clear indication for the presence of olefins. Low temperature glpc analysis of this mixture 
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showed four well-resolved components, considered to be bicyclo[ 1.1.11 pentane (3J (32%), 1,4- 

pentadiene (4J (57%), bicyclo[ 2.1.01 pentane l1 (3 (lo/) D , and vinyl cyclopropane (6J (11%) on the 
.^ 

basis of direct glpc comparisons with authentic samples. IL 

These structural assignments were further supported by the nmr spectrum of the mixture. 

The bicyclo[ 1.1.11 pentane was characterized by peaks at 7.5 5 and 8.16r (lit. 
13 

: 7.55 and 

8.16r) with a 1: 3 area ratio: 1,4-pentadiene and vinylcyclopropane had vinyl protons appearing 

as a broad multiplet from 3.8 to 5.3r, the latter also showed cyclopropyl protons as a multiplet 

centered at 9. ST. The nmr spectra of authentic samples of 1,4-pentadiene and vinylcyclopropane 

were exactly superimposable on the spectrum of the photolysate mixture. The ratio of hydrocar- 

bons 2 to 4 to 5, as determined from the nmr spectrum, was 3:s: 1. 

The over-all conversion of bicyclo[2.1.11 hexan-2-one to bicyclo[ 1.1.11 pentane by this 

technique was 13%. While this route to bicyclo[ 1.1.11 pentane offers certain advantages over 

that previously described, I’ a further improvement could be effected by a non-sensitized photo- 

lysis of 2. Vapor phase irradiation of 2. with a 200-watt Hanovia high-pressure mercury lamp 

through a Vycor filter afforded, in 40-50% conversion, a 40:60 mixture of compounds 3 and 5. 
14 

The unchanged ketone could be recovered easily. The only limitation of this method at present 

is that after a few hours the quartz immersion well becomes coated with polymer and, conse- 

quently, the transmission of useful light is greatly diminished, making large scale runs ineffi- 

cient . 

It is significant to note that while vinylcyclopropane is formed in the sensitized reaction, 

it is not found in the unsensitized one. A likely explanation is that vinylcyclopropane as well 

as 2 are not primary photochemical products derived from the ketone itself, but arise from the 

mercury sensitized photolysis of I,4 -pentadiene. Recent investigations 
15 

have shown that 2 

and 5 are, indeed, products of the mercury sensitized photolysis of 4. 
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