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with studies of the protective action of carotenoids in photodynamic sys- 

investigating the dye-sensitized photooxygenation ii certain model com- 

pounds. The photooxygenation of 3-methyl-l-(2,6,6-trimethylcyctohexen-l-yl)-1,3-butadiene 

(I) (4), folloued by reduction, leads to a novel allenic product (II), in addition to products 

resulting from more conventional Diels-Alder type addition of oxygen (III) and ene-type addi- 

tion (IV and V). (Endoperoxide III is inert to the conditions under whichthainitial hydro- 

peroxides are reduced to alcohols II, IV and V.) I 

Photooxygenation of I sensitized by rose bengal was carried out in methanol in the appar- 

atus previously described (5). Oxygen uptake was rapid; 2.84 mnoles of I absorbed 2.M maoles 

of O2 in 11 min, at which time the uptake became very slow. The reaction mixture wan reduced 

overnight at 4' with excess NaBR4, and worked up by ether extraction followed by filtration 

through Celite. Gas chromatography of the residue on a 10 ft. column of 5% FS-1265 gave three 

major peaks, relative retention times 54, 72 and 100, correeponding to II + V, IV, and III, 

. 

6041 



6042 No.57 

respectively. Alcohols II and V could be separated on a 6 ft. column of 10X FFAP, but cndoprrox- 

ide III cannot be isolated from the latter coluan. All four products (which are liquids) could 

also be separated by careful column chromatography on silica gel and elution with methylene 

chloride. 

Compound II was assigned the allenic alcohol structure on the basis of key i.r. bands 

(CC14) at 3665 (OH), 1945 (allene), and 890cm -l (CWL$; u. v. ahsorption (C2H50H) at Amax 222 nip 

(S-25,800) and significant n.m.r. bands (CC14) at 8.98, 8.74, 8.69 (all s, 3 H, sat. GCH3), 

8.36 (s, 1 H, OH), 8.22 (broad s, 3 H, allylic CH3), 5.11 (m, 2 H, C=CH2), and 3.95 r (s, 1 H, 

allenic vinyl) (6). 

Endoperoxide III had key i.r. bands (CC14) at 1650 (WC) and 900 cm -1 (C=CH2), anl no OH 

absorption. The n.m.r. spectrum (CDC13) had resolved bands at 8.89, 8.86, 8.42 (all s, 3 H, sat. 

CH3), 8.17 (broad s, 3 H, allylic CH3), 5.47 (d, j=4 Hz, 1 H, H-C-0),5.09 (m, 2H, C"CH2), and 

4.437 (d, J=4 Hz, lH, isolated olefinic H). The data are very similar to those reported by 

Mousseron for the similar endoperoxide VI (7). 

Allylic alcohol IV had diagnostic i.r. bands (CC1 ) 
4 

at 36,~ (OH), 1650, 1610 (C=C), 97rl 

(trans H-C=C-H), and 885 cm -1 (C=CH2). The U.V. spectrum (C2H50Hj was hmsx 23Onm (S=25,OOOj. 

The n.m.r. spectrum (CC14) had resolved bands at 9.12, 9.10 (both s, 3 H, sat. C-CH3), 8.46 

(m, 4 H, ring CH2), 8.30 (8, 1 H, disappears on axchange with D20, OH), 8.17 (broad 8, 3 H, ally- 

lit CH3), 5.09 (m; 4 H, C=CH2), and 3.297 (AB quartet, J=16 Hz, 2 H, trans H-C=C-H). 

Alcohol V gave a characteristic retro-Diels-Alder fragment at m/e 150 as the base peak 

(loss of isobutylene) ; this cleavage was not observed for the exo~y.:lic isomer IV. The com- 

pound had key i.r. bands (CC14) at 3680 (OH), 1605 (CCC), 970 (trar. H-GC-H) and 885 cm 
-1 

(C=CH2). Insufficient material wss available for a satisfactory n.m.r. spectrum, but on the 

very weak spectrum obtained, indication of C=CH2 and allylic CH3 bands was found. 

In addition to compounds II-V, traces of compounds VII and VIII were found, and were iden- 

tified by comparison with authentic materials produced in the photooxygenation of & - ionone (7b). 

Triene 1 was also oxidized with NaOC1/H202 (5) in diglyme (8); in this 

vious cases (9), the product distribution was essentially identical to that 

ation; the distributions sre summarized in the Table. Since a small amount 

the column,the distributions are not completely reproducible. 

Compound II is the product of an ene reaction involving transfer of an 

at least formally. This is the first case in which such a product has been 

case, as in all pre- 

of the photooxygen- 

of III decomposes on 

2 
sp -type hydrogen, 

isolated in a photo- 

oxygenation (10); furthermore, we have found no analogous transfer of an sp2-H with carbon or 

nitrogen enophiles. The stereochemistry of compound II (OH and isopropenyl groups cis) is ten- 

. 
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tatively assigned on the assumption that the stereochemical course of the reaction is the same 

as that in the normal photooxygenation, in which the entering oxygen is & to the transferred 

hydrogen (11) . 

TABLE 

Products of Oxygenation of Triene I. 

Amounts of Product Formed (7JB 

Conditions II III IV V 

hv/02 
Rose Bengal, 
Methanol 

8 61 27 4 

NaOC1/H202 

(Diglyme) 

10 51 33 5 

a. Reduced with NaBH4 before analysis. Amounts determined by 

gas chromatography, internal standard. Volatiles accounted 

for 85% of the total residue in each case; minor products 

and any unreacted I omitted. 

A further interesting feature of this reaction is that product II has a structure analo- 

gous to that of fucoxanthin(IX)and similar carotenoids (12) and .>f a compound (X) isolated from 

a grasshopper defensive secretion (13). The close similarity bla-ween the products of photo- 

oxygenation and of biosynthetic oxygenation in other cases has been remarked upon by several 

authors (7a, 9, 14). Photooxygenation may prove to be a synthetically useful route to struc- 

tures containing this allenic alcohol moiety, in spite of the fact that II is a minor component 

of the oxygenation mixture and the fact that we have so far been unable to observe a similar 

reaction in other polyene systems (15). 

OH 
AcO 

OH 

H 
OH 

X 



6044 No.57 

NOTES AND REFERENCES 

1. Paper VII: C. S. Foote and R. Denny, J. Am. Chem. Sot., in press. 

Supported by NSF grants CP-5835 and GP-8293. 

2. J. S. Guggenheim Fellow, 1967-68. 

3. R. Y.Stanier, Brookhaven Svm~. Biol. 11, 143 (1959); M. M. Mathews, Nature 203, 1092 (1964); 
- 

W. A. Maxwell, J. D. MacMillan and C. D. Chichester, Photochem. Photobiol. 5,567 (1966). 

4. C. D. Robeson, U. S. Patent 2,835,713 (1958). The compound was most conveniently prepared 

by a Wittig reaction from g-ionone. 

5. 6. S. Foote, S. Wexler, W. Ando, and R. Higgins, J. Am. Chem.Soc.90, 975 (1968). 
- 

6. A vinylallene with one more alkyl substituent on the 1,3-butadiene chromophore than the 
-1 

proposed structure had vmax 1930 cm , km, 227 mm (c=19,400): W. Oroshnik, A. D. Mebane 

and G. Karmas, J. Am. (hem. Sot. 75, 1050 (1953). 

7. (a) M. Mousseron-Canet, J.-P. Dalle, and J.-C. Mani, Bull. Sot. Chim. (France), 1561 (1968); 

(b) M. Mousseron-Canet, J.-C. Mani, and J.-P. Dalle, ibid. 608 (1967). 

8. Diglyme is an effective solvent: C. S. Foote and G. Uhde, unpublished. 

9. C. S. Foote, Accounts of Chem. Research & 104 (1968). 

10. An analogous product has been isolated from a photooxygenation by M. Mousseron-Canet, 

J.-P. Dalle, and J.-C. Mani, Tetrahedron Letters No.&6037 (1968) . We are grateful 

to Mme. Mousseron for communication of unpublished results. 

11. A. Nickon and J. F. Bagli, J. Am. Chem. Sot. 83, 1498 (1961). 
- 

12. B. C. L. Wheedon, @em. in Britain, 424 (1967). 

13. J. Meinwald, K. Erickson, M. Hartshorn, Y. C. Meinwald, and T. Eisner, Tetrahedron Letters 

NO. 25 2959 (1968). . -9 
14. W. Bergmann and M. B. Meyers, m. @, 46 (1959); J. E. Baldwin, H. H. Basson, and 

H. Krauss, Jr., Chem. Comn. 984 (1968). 

15. M. Brenner, unpublished. 

16. All new compounds have been characterized by satisfactory analyses or high resolution mass 

spectra. w 


