
Tetrahedron Letters NO. 30, pp 278l - 2784. 
@Pergamon Press Ltd. 1979. Printed in Great Britain. 

0040-4039/79/0722-2781$02.00/O 
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Abstract: Photosensitized singlet oxygenation of 1,3,5-cyclooctatriene affords 
the (4.2.2)- and (2.2.2)-type endoperoxides, which were reduced with diimide, 
thermally isomerized, and deoxygenated with triphenylphosphine. 

Cycloocta-1,3,5-triene (k) is a versatile substrate for cycloaddition in 

view of its diverse dienic reactivity. 
3 
Thus, in principle the (2+4) -cycloadducts 

;2: and 2.2. can be obtained, representing respectively the (i-2.2)- and (2.2.2)- 

products of the monocyclic (;tla) and bicyclic (t_b) valence isomers (eq. 1). For 

example, with N-phenyl-1,2,4-triazoline-3,5-dione we confirmed that the respective 

urazole derivatives zc and 2.Q were formed in 80% and 20% yields.5 

Since singlet oxygen resembles g-phenyl-1,2,4-triazoline-3,5-dione in its 

dienophilic reactivity, we decided to explore the photosensitized oxygenation of 
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cycloocta-1,3,5-triene (t) in the interest of providing a convenient and efficient 

entry into novel bicyclic peroxides of potential synthetic utility. Herewith we 

report our results on the synthesis, characterization, and chemical transformation 

of the (4.2.2)- and (2.2.2)-cycloadducts 2% and 5,1_ (X = 0), respectively. 

Tetraphenylporphyrin (TPP)-sensitized photooxygenation of cycloocta-1,3,5- 

triene (&) in Ccl4 at 30°C under irradiation with a General Electric 150 W sodium 

street lamp afforded the two cycloadducts 5% and zk (X = 0) in 82% and 18% yields, 

respectively. The (4.2.2)-cycloadduct &, mp 42-44"C, and the (2.2.2)-cycloadduct 

ZJ, mp 83-84"C, both sublimed at 30°C and 0,l torr, gave a satisfactory elemental 

analysis6 for the C8H1002 summation formula. The 'H-NMR spectra (CC14, TMS) show 

peaks for isomer 2,: at 6 1.59-2.60 ppm (4H; Hd,Hd,,He,He,; multiplet), 6 4.57 ppm 

(1H; Hf; multiplet), 6 4.86 ppm (1H; * Ha, multiplet) and 6 5.39-6,54 (4H; Hb,Hc, 

Hg and Hh; multiplet), and for isomer zk at 6 1.32 ppm (2H, H,; multiplet),& lo82 

ppm (2H; Hc,; multiplet), 6 2.70 ppm (2H; Hb; multiplet),h 4.15 ppm (2H; Ha; mul- 

tiplet) and 66.37 ppm (2H; Hd; multiplet). The IR spectra (CC14, cm-l) show charac- 

teristic bands for isomer & at 3020 (olefinic C-H), 2910 (aliphatic C-H), 1635 

(C=C) and for isomer & at 3020 (olefinic C-H), 2940 (aliphatic C-H), and 1610 

(C=C). Both endoperoxide isomers show parent peaks at m/e 138 in the MS (70 eV). 

Additional support for these structural assignments comes from chemical transfor- 

mations including diimide reduction to the saturated endoperoxides $0 and Jk, 

thermal isomerization of & t o the bisepoxide $& and triphenylphosphine deoxyge- 

nation into 2% and zkO These results are detailed below. 

Lb 

Reduction of the cycloadducts ,&+ and & (X = 0) in situ with a 5-fold ex- 

cess of diimide, generated from potassium azodicarboxylate, in MeOH at 0-20°C 
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afforded the saturated endoperoxides 2% and & in 86% and 94% yields, respec- 

tively. The physical data are mp 95-96°C (lit.' mp 96-98°C) for a$ and mp 98°C 

(sublimed at 40°C and 0.1 torr) for $J; the latter gave a satisfactory elemental 

analysis for the C8H12 2 0 summation formula. The 'H-NMR spectrum (CC14, TMS) of 

?b, shows 6 0.83-1.33 ppm (2H; Hc; multiplet), 6 1.63-2.12 ppm (2H; IIc,; multi- 

plet), 6 2.08 ppm (4H; Hd; multiplet), 6 2.86 ppm (2H; Hb; multiplet), and6 3.75 

ppm (2H; Ha; multiplet). 

Thermal isomerization of z! in Ccl4 at 110°C afforded the bisepoxide $!t 

in 96% yield, mp 69°C (sublimed at 40°C and 0.1 torr). The 'H-NMR spectrum (CC14, 

TMS) shows 6 2.88 ppm (2H; Hc; multiplet), 6 1.30-2.10 ppm (4H; Hd; multiplet), 

and 6 2.10-2.55 ppm (4H; Ha and Hb; multiplet). The bisepoxide $+ gave a satisfac- 

tory elemental analysis6 for the CgH1002 summation formula. 

On treatment with triphenylphosphine in CH2C12 at 30°C the products z$ and 

~~ were obtained in 62% and 74% yields, respectively. Both are clear liquids with 

bp 60°C at 10 torr and nD 2o l-5254 for >c7 and bp 30°C at 3 torr and ni" lo5060 

for 2g, which gave a satisfactory elemental analysis6 for the C8H100 summation 

formula. The 'H-NMR spectrum (CC14, TMS) of >b, shows resonances at6 l-94-2.64ppm 

(6H; H,,H,,,H, and Ha,; multiplet), 6 3.11 ppm (2H; Hc and Hd; multiplet), and 

6 5.79 ppm (2H; Hb and Hbl; multiplet) and the IR spectrum (CC14, cm-') exhibits 

bands at 3020 (olefinic C-H), 2960 (aliphatic C-H), and 1640 (C=C), and the MS 

(70 eV) shows the molecular ion peak at m/e 122. 

The experimental data presented here clearly establish the formation of the 

(2+4)-cycloadducts & and $k of the respective monocyclic &e and bicyclic @ va- 

lence isomers with singlet oxygen. Thus, singlet oxygenation of cycloocta-1,3,5- 

triene (J-) constitutes a convenient entry into the preparation of novel endope- 

roxides of versatile synthetic potential. 
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