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Abstract: The 9,10-dicyanoanthracene (DCA)-sensitized 

photooxygenation of Ar2C=CH(CH2),CIi=CArZ in acetonitrile was 

studied. When Ar = 4-CH30C6H4, n = 3 and 4, bicyclic peroxides 

were obtained via 1,4-radical cations that are generated by 

intramolecular interaction between two ethenyl moieties of the 

alkadienes. 

Photooxygenation of organic compounds via photoinduced electron 

transfer has received considerable attention in recent years.' This 

photoreaction often affords organic peroxides that are not obtained by 

singlet oxygen promoted photooxygenation. The photoreaction of l,l- 

diarylethenes in the presence of an electron acceptor yields head-to- 

head cyclobutanes under inert gas atmosphere2a8d and 1,2-dioxanes2b-d 

under 302 atmosphere, both via their dimer radical cations. However, it 

is known that 1,1-diarylalkenes except 1,1-diarylethenes undergo neither 

photocyclodimerization nor 1,2-dioxane-forming photooxygenation under 

photoinduced electron transfer conditions.3 We now report that the 

9,10-dicyanoanthracene(DCA)-sensitized photooxygenation of certain l,w- 

bis(diarylethenyl)alkanes affords bicyclic peroxides via 1,4-radical 

cations that are produced by intramolecular interaction between two 

ethenyl moieties of the alkadienes. 

Irradiation of an acetonitrile solution containing 1,1,7,7- 

tetrakis(4-methoxyphenyl)-1,6_heptadiene (lb, 0.25 mmol) and DCA (0.01 

mmol) with a high-pressure mercury lamp through an aqueous NH3-CuS04 

filter solution (>400 nm) under oxygen atmosphere gave trans-2,2,5,5- 

tetrakis(4-methoxyphenyl)-3,4-dioxabicyclo[4.3.Olnonane (2b) in nearly 

quantitative yield.4 Compound 2b was separated into two enantiomers by 
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HPLC using a column packed with 

Both enantiomers thus separated 

a chiral compound (Chiralcel ODTM 

exhibited opposite Cotton effects 

,I .5 
in 

their CD spectra, indicating that 2b has the trans-fused configuration 

at the ring junction; if 2b has the cis-fused configuration, it should 

be a meso compound which is optically inactive.6 

la-g 2b.c.f 3a,g 

a: n = 2, Ar = 4-CH,~H.,. b: n = 3, Ar = 4-CH30CsH,, c: n = 4, 

d: n = 5, AI = 4-CH30GH,, e: n = 8. Ar = 4-CH30GH,, P: n = 3, 

g:n=3, Ar=qHS 

Ar = CCH,OC,H,, 
AI = 4-CH3CaH4. 

Ar~c=CHR + 02 
4a-b 

hv(a400 nm) 
* 

DcA/cH,cN 
3s + Ar*cHcR 

tl 
Ar = 4-CH,OqH,, a: R = CH,, b: R = C5H,, Sa-b 

Table 1. DCA-Sensitized Photooxygenation of l,w-Bis(diarylethenyl)- 

alkanes and 1 ,I -Diarylalkenesa 

Compd E;T2' kg' x IO-" iXd/ Irradn Product(s)/% 

IV /dm3mol -1,-l kJ mol-' time/ min 2 3 5 

la 1.02 

lb 0.90 

lbe 

lbf 

1cg 0.95 

ldg 0.94 

leg 1.03 

lfg 1.06 

lg 1.29 

la 0.98 

4b 0.94 

1.88 

2.11 

0.86f 

1.78 

1.93 

1.84 

1.84 

1.41 

1.66 

1.52 

-75.8 

-87.4 

-82.6 

-83.6 

-74.9 

-72.0 

-49.8 

-79.7 

-83.6 

15 90 

2 98 

16 56 

30 50 

2 97 

10 89 

15 45 

8 80 

12 32 

55 16 16 

45 82 2 

= 0.016 mol dmW3. [DCAI = 5 x 10m4 mol dmm3. Conversion 
b Oxidation potentials vs Ag/Ag+. c Rate constants for the 

fluorescence quenching of DCA in aerated CH3CN: [DCA]= 1 x 10s4 mol dms3 
; ?(DCA, air) = 12.8 ns. d See ref 7. Reduction potential 
of DCA; -1.13 v. See "f Ia. e In CH2C12. In C6H6. g In CH3CN-C6H6 (4:1). 
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The DCA-sensitized photooxygenation of alkadienes la,c-g and 

alkenes 4a-b were also studied. The results are summarized in Table 1. 

The photooxygenation of lc and If gave bicyclic peroxides 2c and 2f, 

respectively. The alkadienes la,d,e did not afford bicyclic peroxides, 

but gave diarylketone 3a. Similarly, lg gave 3g. In the case of lb, 

the yield of 2b decreased with decreasing solvent polarity, and in 

benzene 3a was obtained as a single isolable product. Irradiation of lb 

under argon atmosphere resulted in a quantitative recovery of the 

starting material. It should be noted that the photooxygenation of lb 

in benzene in the presence of tetraphenylporphyrin (a singlet oxygen 

generating sensitizer) gives a complex mixture including 3a. 

The photooxygenation of la-b gave 1,1-bis(4-methoxyphenyllpropan-3- 

one (5a) and 1,1-bis(4-methoxyphenyl)heptan-3-one (5b) respectively, 

along with 3a. In this photoreaction, 1,2-dioxane derivatives were not 

detected. 

The fluorescence of DCA in acetonitrile was quenched by la-g and 

4a-b at nearly diffusion controlled rates. The free energy changes (AG) 

estimated by the Rehm-Weller equation for one-electron transfer from 1 

and 4 to 'DCA* were negative.' 

A proposed mechanism for the photooxygenation is shown in Scheme 1. 

The radical cations 6a-g are produced by one-electron transfer'from la-g 

to 'DCA*. In the cases of lb,c,f, stable 1,4-radical cations 7 are 

formed by intramolecular interaction between the two ethenyl moieties of 

Scheme 1 

‘DCA* + la-g - 

Ar R 

Ar SL + H 
%- 3a 

Ar R C-0. 

+ 02 
Al R 

4 H 
DCA; 

Ar+ - - 3a,Sa-b 
%o. 
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6. The attack of molecular dioxygen on 7 gives 8 from which Zb,c,f are 

produced. In the cases of la,d,e and 4a-b, cyclized 1,4-radical 

cations such as 7 would not be formed, probably by steric constrain of 

the ring and/or steric repulsion between substituents. In the case of 

lg, which has a higher oxidation potential, a radical cation of the type 

6 would be quenched by back electron transfer from DCA' before forming a 

cyclized radical cation of the type 7. Consequently, this compound does 

not give dioxane. The attack of molecular dioxygen on 6 gives 3a,g 

and/or !ia-b. 

The authors are indebted to Mr. T. Deda of the University of Osaka 

Prefecture for measurements of CD spectra, and Daicel Chemical 

Industries Ltd., and Japan Spectroscopic Co., for HPLC measurements. 
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