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ABSTRACT 

We studied the photooxidation of 2,3,4,5-tetraphenylfuran using O2 under pressure to make 

1,2,3,4-tetraphenyl-2-buten-1,4-dione, of interest in natural product synthesis. We used 

methylene blue as energy sensitizer and a LED source to excite O2 for reaction at room 

temperature. This new methodology is not only inexpensive and green, but also leads to 

diverse access of natural product motifs. Methylene blue is known to absorb 600 – 700 nm light. 

As we increased the wavelength of the LED source, the percent conversion of 2,3,4,5-

tetraphenylfuran to 1,2,3,4-tetraphenyl-2-buten-1,4-dione increased. The Z (cis) diastereomer 

was observed to dominate over the E (trans) diastereomer. The percent conversion from 

starting compound to product was highest using a 627 nm LED source. The highest ratios of Z 

to E products were also observed at this wavelength. We also verified that photoisomerization 

of the 1,2,3,4–tetraphenyl-2-buten-1,4-dione does not occur under the conditions of the 

photooxidation. 
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Singlet oxygen is a powerful, highly reactive oxidizing agent. The singlet state of oxygen 

can be achieved by excitation of ground state triplet O2 by direct irradiation at 1280 nm. 

However, without sensitizer, forming singlet oxygen from ground state O2 is spin 

forbidden and therefore very inefficient. By using sensitizer and appropriate radiation, the 

production of  singlet state O2 very efficient.  

 

There are two types of reaction that can be achieved by singlet oxygen: [2 + 4] 

cycloaddition (the Diels-Alder reaction), and ene reaction.  

  

            General Diels-Alder reaction 

 

   General ene reaction 

 

In our study, we studied [2+4] cycloaddtion (the Diels-Alder reaction) of 2,3,4,5-

tetraphenylfuran and singlet oxygen.  

 

Preparation of 2,3,4,5-tetraphenylfuran 

2-bromo-1,2- diphenylethanone (8.279 g) was used and a color change was observed to 

indicate that there was reaction.  Recrystallization from CHCl3:hexane (8:2) after rotary 

evapaoration. Initial mass of round bottomed flask was 150.546 g, and final mass was 

156.350g to give yield of  5.804 g 1,2,3,4-tetraphenyl-1,4-butanedione  

1,2,3,4-tetraphenyl-1,4-butanedione (5.804 g , 15 mmol) was used. Initial mass of flask  

was 108.464 g and final mass was 112.3223 g, to give 3.8583 g yield of crude product.  

Recrystallization from hexane: ethyl acetate (9:1) gave the product which was vacuum 

filtered. The filter paper was 0.16 g and mass of product and filter paper combined was 

2.158 g. The pure mass of the final product, 2,3,4,5-tetraphenylfuran,  was 1.997g, where 

percent yield was 34%.  

Percent yield of the product was not very high, but it was sufficient enough to carry out 

various trials of photo-oxidation of 2,3,4,5-tetraphenylfuran, because each photo-oxidation 

required ~1.5 mg-2.5 mg. 

 Photooxidation of 2,3,4,5-tetraphenylfuran using methylene blue as sensitizer 

2,3,4,5-Tetraphenylfuran (2.54mg) was used for photooxidation reaction with 627 nm 

light. After reaction, TLC of the starting and after the reaction was checked. (1 acetyl 

acetate: 9 hexane). Tthe different retention factors (Rf ) of the different compounds were 

used to verify the existence of  1,2,3,4-tetraphenyl-2-buten-1,4-dione in the product from 

experiment. Rf for 2,3,4,5-tetraphenylfuran is ~0.9 (lower polarity) and Rf for 1,2,3,4-

tetraphenyl-2-buten-1,4-dione is ~0.4 (higher polarity). Isomers of 1,2,3,4-tetraphenyl-2-

buten-1,4-dione also were observed around Rf=0.4. 1H NMR (CDCl3) of the product was 

used to determine percent conversion and the Z : E ratio of the 1,2,3,4-tetraphenyl-2-

buten-1,4-dione. Mean percent conversion of 1,2,3,4-tetraphenyl-2-buten-1,4-dione at 

627 nm was 92.77%. The mean Z and E ratio in product was 54.46:38.31.  

 

 

Percent conversion and Z and E ratio. 

 

Wavelength (nm) 

% conversion from starting 

material to product % Cis % Trans 

380 8.005 6.94 1.055 

405 8.055 5.185 2.87 

420 48.27 37.175 10.92 

470 17.225 14.56 2.665 

505 18.22 16.625 1.595 

525 33.67 18.715 14.945 

588 23.415 17.75 5.65 

627 92.765 54.46 38.305 

660 71.73 47.52 24.21 

Irradiation at 627nm showed the highest conversion, which indicated efficient oxidation of 2,3,4,5-tetraphenylfuran to 

1,2,3,4-tetraphenyl-2- buten-1,4-dione, because 600nm -700nm is the region where methylene blue, the sensitizer, 

absorbs the red light of the source. As more singlet oxygen forms from this light source, there is more oxidation of 

2,3,4,5-tetraphenylfuran to 1,2,3,4-tetraphenyl-2- buten-1,4-dione. Generally, as LED emission was closer to the 

absorbance region of methylene blue, a higher percent conversion was observed. Z stereochemistry of the product was 

predominantly observed. 

 

Photoisomerization of 1,2,3,4–tetraphenyl-2-buten-1,4-dione  

1H NMR of 1,2,3,4–tetraphenyl-2-buten-1,4-dione before and after reaction were acquired using  380 nm and 627 nm 

light sources to determine whether photoisomerization of the product occurs under the conditions of the 

photooxidation. 

nm Before Z:E ratio in % After Z:E ratio in % 

380 4 to 1 4.2 to 1 

627 5.3 to 1 7.5 to 1 

At both light frequencies, the change is Z:E ratio was less than 5%. We concluded that photoisomerization of the 

1,2,3,4–tetraphenyl-2-buten-1,4-dione does not occur under the conditions of the photooxidation. 

METHODS 

Preparation of 2,3,4,5-tetraphenylfuran 

   1,2,3,4-Tetraphenyl-1,4-butanedione.  2-Bromo-1,2- diphenylethanone (8.26 g, 15 mmol), Zn dust (2.0g) and little 

amount of I2 was added with anhydrous THF (60mL). The mixture was heated with stirring at a bath temp of 65 °C for 16 

hours (variac setting 40-45 V) then cooled to room temperature. The stirring bar was removed, and the mixture was 

separated by vacuum filtration.  The filtrate was collected in a 250 mL Erlenmeyer flask, then diluted with H2O (120 mL) 

and extracted with CHCl3 (50mL) 3 times. The combined CHCl3 extracts were washed with H2O (25 mL) and with 

MgSO4. The filterate vacuum filtrated  into tared round bottomed flask. The CHCl3 was removed by rotary evaporation 

and crude product was obtained. For purification, the crude product was recyrstallized from CHCl3:hexane (8:2). 

   2,3,4,5-Tetraphenylfuran.   A solution of 1,2,3,4-tetraphenyl-1,4-butanedione (5.804 g, 15 mmol) in 75 mL benzene 

containing a catalytic amount of p-toluenesulfonic acid was heated at reflux with azeotropic removal of water overnight.  

Cooling to room temperature was followed by washing the bezene solution with aq. Sodium bicarbonate, water and brine.  

Drying with MgSO4, vacuum filtration and rotary evaporation gave the crude furan, which was purified by flash column 

chromatography (9:1 hexane : ethyl acetate) as a whitle, crystalline solid. 

Photo-oxidation of 2,3,4,5-tetraphenylfuran using methylene blue as sensitizer 

    2,3,4,5-Tetraphenylfuran (1.5 mg-2.5 mg) and 5 mL of a 30 μmolar solution of methylene blue in CH2Cl2 

were sealed in an air tight aluminum foil-wrapped 10 mL hypovial equipped with a magnetic stirring bar. 

The contents of the hypovial were subjected to a freeze-pump-thaw-nitrogen puge cycle, then 15 mL of 

pure O2 was injected using a gas-tight syringe. The contents of reaction vial were stirred rapidly at room 

temperature (27 °C) and irradiated with three 125mW, 627nm LED’s. The reaction was light-sealed by 

drapping with a black cloth. After 30 min, the vial was vented by inserting a syringe needle and the septum 

was removed. The solution of the vial was filtered through a Pasteur pipette containing aluminum oxide 

and cotton. The filtrate was collected into a tared 25mL round bottomed flask. The Pasteur pipette was 

washed 3 times with dichloromethane and was also collected into the round bottomed flask. The filtrate 

was concentrated by rotary evaporation, and the residue were investigated with TLC (1 acetyl acetate : 9 

hexane) and1H MNR (CDCl3). 

Photoisomerization of 1,2,3,4–tetraphenyl-2-buten-1,4-dione  

1,2,3,4–Tetraphenyl-2-buten-1,4-dione (1.5 mg-2.5 mg) and 5 mL of methylene blue solution in CH2Cl2 

were used in the same procedure as described above. 1H NMR (CDCl3) of 1,2,3,4–tetraphenyl-2-buten-

1,4-dione before and after reaction were recorded. 

As expected, photooxidation of 2,3,4,5-tetraphenylfuran to make 1,2,3,4-tetraphenyl-2- buten-

1,4-dione was most effective at the wavelength where the absorbance of sensitizer occurs, 

using 627 nm and 660 nm LED’s are sources.  627nm was the most effective LED source for 

photooxidation when using methylene blue as sensitizer. The Z diastereomer of the product 

preferentially formed over the E isomer. Further, we concluded that there is no 

photoisomerization of the product during the reaction.  
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