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Abstract: Tetrahalo-1 ,Fbenzoquinones, la and 1 b, react with frans,bans-1,4- 
diphenyi-1,3&utadiens 2 to give 1:l adducts 4 which are oxidized to 5 and 6. 
Irradiation of 5 in the presence of oxygen yielded phenanthrene derivatives 7. 

Q&ones are an important class of compounds in organic synthesis, in industry, 

and in Nature.’ Due to their various spectroscopic properties, the photochemistry of 

quinones has been a subject of interest in many areas. ‘-13 tiuinones are known to 

react with olefins to give 1 +dioxanes or oxetane~.‘~ 9,10-Phenanthrenequinone 

reacts with fransJmns-1 &diphenyl-1,9butadiene (DPBe) 2 to give oxetane, a 1 :l 

adductW The adduct undergoes slow thermal dissociation at room temperature. In 

connection with our investigation of the scope of these reactions, we examined the 

photoreactions of o-quinones, such as tetrachloro-1 ,Bbenzoquinone (o_TCBQ) la 

and tetrabromo-1,2-benzoquinone (@TBBQ) lb with conjugated systems, i.e., 

frans,trans-1 +diphenyl-l$butadiene (DPBe) 2, and the oxidation reaction of 4, 

where we also found a convenient route to get phenanthrene derivatives, 7. 

Irradiation of a dichloromethane solution (200 ml) of o-TCBQ la (248 mg, 1.0 

mmol) and DPBe 2 (208 mg, 1 .O mmol) with 350 nm UV light for 2 h afforded 

tetrachloro-1,3-cyclohexadiene derivative 4a quantWively. ‘O*” irradiation of &TBBCJ 

lb (423 mg, 1 .O mmol) and DPBe 2 (208 mg, 1 .O mmol) for 2 h in the similar 

experimental condition also afforded 4b quantitatively.” The formation of 4 probably 
proceeds via unstable [4+2] adducts 3 which would be expected to undergo rapid 
photobisdecarbonylation?J~ ‘l-l -% correlation spectrum of 4a was obtained in 

chloroform-d. Carbon peaks at 135.2. 121.3,88.13, and 78.77 ppm were correlated 

with proton peaks at 6.67 (PhC~=CH-), 5.96 (PhCH=C_K), 4.87 (PhCFJ-CH-). and 

4.70 ppm (Ph-CKCfi-), respectively. 
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la; X&l 
lb; X=Br 

Refluxing a solution of 4a (60 mg, 0.15 mmol) in dichloromethane (100 ml) in the 

presence of 1 eq. of 2,3-dichloro-56dicyano-1 ,Cbenzoquinone (DW, 35 mg, 0.15 

mmol) for 24 h gave rise to 6a14 in 60 % yield, in which ca. 40 % of 4a was 

recovered. ‘H -13C correlation spectrum (CDCg) was obtained to assign the exact 

positions of the carbon atoms of 6a. Carbon peaks at 116.4 ppm and 130.1 ppm 

were correlated with proton peaks at 6.73 ppm (d, J = 15.4 Hz) and 7.06 ppm (d, J = 

15.4 Hz). In contrast, treatment of 4a with 4 eq. of DDQ gave 6a15 in 56 % yield as 
well as 5a in 42 K yield, where the starting material 4a was almost completely 

consumed. &fluxing a solution of 4a (d mg, 0.076 mmol). jn dichloromethane (100 

ml) in the presence of an excess of DW (500 mg, 2.2 mmol) for 46 h gave rise to 

6a in 98 % yield. Only trace amount of 5a was observed in 400 MHz ‘H-NMR 

spectrum (CDCI,) of the reaction mixture. Refluxing a solution of 5a in 

dichloromethane in the presence of DDQ gave rjse to 6a. It was found that A&O 

and chloranil were not useful to oxidize & and 4b, in which only small amount of 

oxidized products, 5 and 6, were isolated. 

The experimental evidence also shows that the 1 :l adducts, 4a and 4b, actually 



provide a convervient entry to phenanthrsrle dsrivatives. 7a and 7b. as well as ths 
oxidized products, SW and S*. trradtation d a dichtoromsthsns sotutkm (106 ml) of 
~(98mg.0.25mmol)with350nmUVlightinthepresenceaf mo&ular oxygen for 
8 h afforded a phenanthrene derivative 7a in 57 % yietd.w This oxidative 

photocyolization reaction could ‘be applied to tetrabromo compound 5b to get 
wibromo phenanthrens 7b in 55 % yield-lb 

Extension of ths chemical properties of various &q&tones will bs investigated. 
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