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Formation of 1,2,4-Trioxepines via 9,1O-Dicyanoanthracene( DCA)-sensitized 
Photo-oxidation of Arylvinyloxiranesl.2 
Shigeru Futamura" and Yoshio Kamiya 
Department of Reaction Chemistry, Faculty of Engineering, The University of Tokyo, 7-3- I ,  Hongo, Bunkyo-ku, 
Tokyo, I13 Japan 

9,lO-Dicya noa nth racene-sensitized p hoto-oxidation of a rylvi nyloxiranes in aceton itrile affords the corresponding 
1,2,4-t r ioxe pi nes. 

Photosensitized electron transfer oxidation of strained mole- 
cules is of current interest due to the active oxygen species 
involved and the potential for the synthesis of cyclic dialkyl 
peroxides, and various compounds have been oxidized via 
electron transfer mechanisms. 1,+7 

We report here the 9,10-dicyanoanthracene(DCA)-sensi- 
tized photo-oxidation of arylvinyloxiranes. 2,2-Diphenyl-3- 
(2,2-diphenylvinyl)oxirane (la) mol dm-3) was ir- 
radiated in acetonitrile through an aqueous 75% NaN02 
solution (A > 400 nm) in the presence of DCA (10-4 
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Scheme 1. Reagents and conditions: i ,  hvl9,10-dicyanoanthracene 
(DCA)/02, MeCN, 7 h. 
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Scheme 3. Reagents and conditions: i ,  hvlDCAIO,, MeCN, 2 h. 
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Scheme 2. Conditions: i, heat. 

mol dm-3) with 0 2  bubbling to afford a novel 1,2,4-trioxepine 
(2a), see Scheme 1. 

The trioxepine structure could be differentiated from that of 
3,3-diphenyl-5-(2,2-diphenylvinyl)-l,2,4-trioxolane (3) by 
monitoring its behaviour toward thermal decomposition and 
deoxygenation by triphenylphosphine. The thermal decompo- 
sition of (2a) at 280°C afforded benzophenone (4), 2,2- 
diphenyl-3-formyloxirane (5), phenyl-l,3,3-triphenyl-prop-2- 
enyl ketone (6),? and 3-phenylcinnamaldehyde (7) in 49, 34, 
46, and 12% yields, respectively, see Scheme 2. It is 
interesting to note that 3-phenylcinnamic acid, which is a 
possible decomposition product from (3),$ was not obtained 
in this reaction. The deoxygenation of (2a) by triphenylphos- 
phine in chloroform under nitrogen at room temperature for 
12 h afforded (4), (6), and (7) in 47, 46, and 42% yields, 
respectively. Triphenylphosphine oxide and (7) were obtained 
in stoicheiometric yields. This, and the physical and spectral 
data§ support (2a) as being a 1,2,4-trioxepine. 

t Mass spectral data for (6): mlz 374 (5.9, M + ) ,  269 (loo), 191 (79,  
105(28), 91 (28). 

$ The independent ozonolysis of 1,1,4,4-tetraphenylbuta-1,3-diene in 
CH2C12 at -20 “C afforded (4) and 3-phenylcinnamic acid in low yields 
along with tarry materials. Thus, 3-phenylcinnamic acid is considered 
to be derived from the decomposition of (3), by analogy with the 
thermal decomposition of 3,5-bis(4-methoxyphenyl)-l,2,4-trioxolane 
affording anisic acid and anisaldehyde in comparable yields. 

0 Physicalandspectraldata for (2a): m.p. 109.4-llO.O°C, *H n.m.r. 

lOH), and 7.34 (s, 10H); v,,,, 1635,1214,1079,1053, and 1028 cm-1. 
(CDC13) 6, 5.88 (d, lH,  J 4.8 Hz), 7.13 (d, lH,  J 4.8 Hz), 7.24 (s, 
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Scheme 4 

The product distribution is more complicated for the 
DCA-sensitized photo-oxidation of 2-phenyl-3-styryloxirane 
(lb), see Scheme 3. Trioxepine (2b) was isolated only in 16% 
yield. Neither benzoic acid nor cinnamic acid was obtained in 
this reaction.7 Benzaldehyde (8), 3,3’-diphenyl-2,2’-bioxi- 
rane (9), and cinnamaldehyde (10) are considered to be 
derived from the decomposition of (2b). The 1H n.m.r. and 
mass spectra of (9) were completely superimposable on those 
of the authentic sample synthesized by another method. 

The reaction does not seem to involve singlet oxygen, since 
(1) is stable under the Ru(bpy)32+-sensitized photo-oxidation 
conditions. The DCA fluorescence is quenched and linear 

7 3,5-Diaryl-l,2,4-trioxolanes thermally decompose under the DCA- 
sensitized photo-oxidation conditions to afford substituted benzoic 
acids and benzaldehydes. 



J .  CHEM. SOC., CHEM. COMMUN., 1988 

Stern-Volmer plots are obtained for (la) (k, = 2.41 X 101O 
dm3 mol-1 s-1) and (lb) (kq = 1.91 x 1010 dm3 mol-l s-1). In 
the absence of DCA, (1) is stable under the photo-oxidation 
conditions. It also confirms that DCA, 02, and visible light are 
all necessary for the reaction. 

The addition of 1,2,4-trirnethoxybenzene, which has a 
lower oxidation potential and is unreactive towards DCA- 
sensitized photo-oxygenation in MeCN,g quenches the reac- 
tion, indicating that DCA-sensitized photo-oxidation of (1) 
proceeds via an electron transfer mechanism. A plausible 
reaction mechanism is shown in Scheme 4. 
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