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REACTION OF SINGLET OXYGEN WITH TRANS~CYCLOOCTEHWE.
EVIDENCE FOR A 1,2-DIOXETANE INTERMEDIATE.

Y. Inouel and N.J. Turro*
Chemistry Department, Columbia University

New York, New York 10027

ABSTRACT Evidence is presented that the reaction of 102 with trans—-cyclooctene yields an unstable
trans~fused bicyclic dioxetane as a significant product.

INTRODUCTION. The reaction of singlet molecular oxygen (102) with alkenes generally yields an
allylic hydroperoxide as the major product.2 The absence of allylic hydrogens or the presence of

structural constraints that inhibit abstraction of allylic hydrogens usually renders an alkene
unreactive toward l02. The reaction of "strained" alkenes with 1o2 is of special interest, since

the release of strain during reaction may contribute to an increased reactivity of these sub-
. . R . R 3
strates. We report here an investigation of the reaction of l02 with trans-cyclooctene (1l-t)

a strained alkene that possesses abstractable allylic hydrogen atoms, and we compare the chemis-

try of lft and 102 to that of cis-cyclooctene (1-c) with 102.

RESULTS. Product Studies. The reaction of 1l-t with l02 (generated by methylene blue photosensi-

2 . . . .
tization~, thermolysis of 1,4-dimethylnaphthalene endoperox1de6, or thermal decomposition of
triphenyl phosphite ozonide7) produces chemiluminescence and yields the products shown in eq. 1.

Takle 1 lists the product8 ratios as a function of the method employed to produce 102.
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1-c¢ was found to be completely unreactive to oxidation by 1,4-naphthalene endoperoxideg.
Low yield of products 2 and 3 could be detected when l-c was oxidized by methylene blue photo-
sensitization or with triphenyl phosphite ozonide. Neither the dialdehyde 4 nor chemilumines-
cence was observed. Furthermore, no significant l-t + l-c isomerization was observed during
any of the reactions studied.

. 10 . s . -
Chemiluminescence Studies. The chemiluminescence spectrum, determined by thermolysis of a

solution of naphthalene endoperoxide and l-t show a maximum (CH2C12 or CHC13) at v400 nm and
was found to be experimentally indistinguishable in position and shape from the photoexcited
fluorescence spectrum of 1,8—octanedialll (0.1 M in CH2012 or CHC13). The decay of chemilumi-
nescence was found to be first order in the temperature range 40° - 70°C. Activation parameters

of Ea =23 + 1 keal/mole and log A = 12.5 + 0.5 were derived from the decay of chemiluminescence
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irrespective of the method of oxidation.12

The observed chemiluminescence produced upon oxidation of 1-t was greatly enhanced by addi~
tion of 9,l0-dibromcanthracene. 9,10-Diphenylanthracene was a less effective enhancer of chemi-~

luminescence.

DISCUSSION. The observaticn of 4 and of chemiluminescence upon oxidation of 1-t is consistent

with the formation of a dioxetane 5 (eg. 2) as a reactive intermediate.

: 1 _H
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In particular, the identy of the chemiluminescence spectrum and the photoexcited fluorescence
of 1,8-octanedial and the activation parameters provide strong support for this conclusion.

Since 5 is strongly implicated in the reaction of 1-t with 102, a trapping experiment which
would provide both support for the intermediary of 5 and reveal the stereochemistry at the dioxe-
tane ring fusion was attempted. The reaction of triphenylphosphine with dioxetanes is reported
to yield an epoxide stereospecifically and with configurational inversion of one of the dioxetane
carbons and retention of the other.l4

1-t was subjected to methylene blue sensitized photooxidation at 0°C. The reaction mixture
was then treated with triphenylphosphine. Product distribution (relative to the product distri-
bution obtained without addition of phosphine) showed a decided increase in the vield of 2-c and
a corresponding decrease in the yield of 4 (Table 2). The yield of 2-t, on the other hand, was
comparable whether or not phosphite was employed in the workup. These results are consistent

with a stereospecific reaction of 1l-t with lO (eq. 2).

2

CONCLUSION. 1-t and lc display a striking difference in their reactivity toward 1O At least

5
a portion of the reaction of 1-t with lO2 proceeds through a stereospecific {2 + 2] c¢ycloaddition
to form a trans-fused dioxetane, 5. We interpret the differing yields of allylic hydroperoxide

observed to be due to oxidation pathways for 1-t that do not involve 102.
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Table 1. Reaction of 1t with Various 5
1 ) Product ¥Yield, %*
02 Source (temp.) [it]. M  Sclvent it Ty 5t 3 A
(a) Photooxygenation (0°C) 0.02 CH2012 47 5.7 1.6 24 10.3
(b) 1,4-Dimethylnaphthalene 0.1 CH2C‘12 - 7.3 0.4 1.0 2.6
endoperoxide (71°C)
0.1 CH3CN 81 3.7 0.3 1.2 2.6
0.1 Freon 112 94 1.1 0.1 0.8 2.2
0.1 HeOH 99 0.3 ¢] o] ¢}
(c) (PhO)3P03 (-17°C} 0.2 CH2C12 - 2.5 8.5 11 7.0
0.1 CH2C12 - 2.6 8.3 4.2 4.2
*Yield based on lt used.
Table 2. Methylene Blue Sensitized Photooxygenation in CH2C12 at 0°C and Subsequent Tresatment
with Triphenyl Phosphine.
[1t], M [Ph3P], M Product Yield, % Chemiluminescence
- it 2 2z 3 4
0.02 0 47 5.7 1.6 - 10.3 Detected
Q.02 0.03* 52 8.8 1.7 24 7.7 None
+3.1 -2.6

* Triphenyl phosphine was added after the photolysis.
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