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The irradiation of acyclic conjugated dienes has been a subject 

which has attracted much attention recently. In particular two types 

of transformations have been studied in some detail. The first con- 

cerns the conversion of the dienes by direct irradiation into cyclo- 

butenes 1,2 and bicyclobutanes. 2 The second concerns the photochemical 

behaviour of such dienes when excited by triplet-triplet energy trans- 

fer.374 

The irradiation of the triene, j-methylenehexa-1,5-diene (1) was 

thought to be of interest for several reasons. 

First, it could provide support for the dichotomy of pathways 

mentioned J'5; and secondly the presence of the isolated double bond pre- 

sented possibilities for internal cycloaddition which might proceed so as 

to give the chemically desirable 2,2,0- or the 2,1,1-bicyclohexane systems. 

The feasibility of such cycloaddition has already been demonstrated when 

*This communication is Photochemical Syntheses, Part 12. 
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the chromxphores are separated by two methylene groups. 1,576 

Irraliation of 1 in n- or cyclopentane solutions (0.3s) using a 

450 W Hanovia mercury arc with a Corex filter gave, as far as could be 

discerned, a single monomeric product as indicated by gas-liquid chrom- 

atography. The product, isolated by such chromatography was attributed 

the structure (2) l-(prop-2-enyl)-cyclobut-l-ene [Found: C, 89.59; H, 

10.-&l. It showed absorption for the vinyl group in the infrared at 

918, 9% and 3050 cm -1 and also absorption for the proton on the trisub- 

-1 stituted double bond at 855 cm . The proton magnetic resonance spectrum 

showed the presence of four vinylic protons, two multiplets (at 7 4.83 

and 5.071 being attributed to the terminal protons of the vinyl group. 

Pyrolysi'; of the hydrocarbon in the gas phase at 300" regenerated l.7 

hv, ti2C0 

A, 500"' 

3 1 2 

Irradiation of 1 in n-pentane (0.3s) containing 0.15% benzophenone 

with the 450 W arc, but using a pyrex filter gave in high yield (> 85%) 

a new st.bstance which is attributed structure 3 2-methylene-[2:1:1]- 

bicyclohexane. The hydrocarbon [Found: C, 89.17; H, 10.59$] showed 

absorption in the infrared at 3084, 1670 and 870 cm -1 compatible with 

the presence of an exocyclic methylene group. This "as confirmed by the 
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presence in the proton resonance spectrum of two multiplets of one proton 

each centred at 7 5.35 and 5.05. There were no signals for other vinyllc 

protons. Since the compound survived pyrolysis in the gas phase at 310a7 

the possibility that the substance might be attributed structure 4 could 

be dismissed.8 At 500” the triene was regenerated. 

Cleavage of the double bond by the permanganate-periodate method' 

gave a ketone (5) [Found: C, 74.58; H, 8.791 the carbonyl frequency of 

-1 which in the infrared, at 1755 cm , was in agreement with expectation for 

3, and constituted further evidence against 2.* 

Reduction of the ketone in ethereal solution with lithium aluminium 

hydride gave a single crystalline alcohol isolated by g.1.c: on a 2C$ 

Carbowax-AgN03 on Chromosorb P column. A comparison of this substance 

with an alcohol having the structure (6)l” indicated identity. mc It 

was shown that no rearrangement had taken place during the reduction 

by re-oxidation (sodium dichromate in acetic acid) of the alcohol to the 

ketone. 

0 
OH 

3- 

b > b 

5 6 

* This ketone has also been prepared by Professor F. T. Bond (Oregon 

State Univ.) as described in the accompanying camnun ication. 

++E The substances had identical infrared spectra and retention tties 

on g.1.c. We are very graterul to Professor Meinwald for establishing 

this identity. Very recently 13 the preparation of exe [2:2:OJbicyclo- - 

hexanolhas been reported. 
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In view Of the readily availability of the triene l_ 11 this r&presents 

one of thv simplest routes presently at hand for the preparation of many 

derivatives of the 2,2,1-bicyclohexane series. 12 The evidence here pre- 

sented also supports the suggestion made by Srinivasan that cyclobutene 

formation involves the singlet (cf. Ref. 3, and earlier papers). Since 

excited cyclobutene, however, should be of considerably higher energy 

than the 'v.k.adiene first excited singlet some intermediate stage involv- 

ing electron‘demotion, and leading to the ground state cyclobutene must 

be involved. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

K. J. Crowley, Tetrahedron 2, 1001 (1965). 

R. Srinivasan, J. Am. Chem. Sot. 8&, 4141 (1962). 

R. Srinivasan and 3'. I. Sonntag, J. Am. Chem. Sot. 3, 37778 (1965). 
- 

G. 3. Hanunond, N. J. Turro and A. Fi.s&er, J. Am. Chem. Sot. 3, - 

467,+ (1961). 

R. :. H. Liu and G. S. Hammond, J. Am. Chem. Sot. g, 1892 (1964). 

w. ‘G. Dauben, quoted by K. J. Crowley, Ref. 1, footnote 5. 

D. H. R. Barton and P. de Mayo, J. Chem. Sot. 887 (1954). 

[2:2:0jMcyclohexane undergoes rapid isomerisation to hexa-l,%diene 

at 2300; S. Cremer and R. Srinivasan, Tetrahedron Letters, No. 21, 

24 (1960); see also L. Steel, R. Zand, P. Hurwitz and S. G. Cohen, 

J. Am. Chem. Sot. f3&., 679 (1964) h w o report that the isomerisation - 

proceeds even at 130". 



No.51 

9. R. Lemieux and E. van Rudloff, Can. J. Chem. z, !_701 (1955). 
- 

10. J. Meinwald, Abstracts of the Organic Symposium, Columbus 1963, 

p. 40 

11. L. Skattebbl and S. Solomon, J. Am. Chem. Sot. 3, 4506 (1965). 
- 

12. Another recent approach to this system has been shown to be in 

error and correctly interpreted: J. Meinwald, A. Eckell and 

K. L. Erickson, J. Am. Chem. Sm. 3, 3532 (1.965); for the 
- 

mercury sensitised cyclisation of hem-1,5-diem in the gas 

phase see R. Srinivasan, J. Phvs. Chem., 67, 1367 (1963). 
= 

13. R. N. McDonald and C. E. Reineke, J. Am. Chem. Sm. 87, 3020 
= 

(1965). 


