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“Generation of C10H4 species in a low-temperature argon matrix: Consecutive photolysis of 1,2;5,6-naphthalenetetracarboxylic dianhydride”

Synthesis of 1,2;5,6-naphthalenetetracarboxylic dianhydride.   

1,5-Dibromo-2,6-dimethylnaphthalene: 1,5-Dibromo-2,6-dimethylnaphthalene was obtained from bromine and 2,6-dimethylnaphthalene by the method of Arnold and Liggett 1.   

1,5-Dicyano-2,6-dimethynaphthalene:   1,5-Dicyano-2,6-dimethynaphthalene was obtained from copper cyanide and 1,5-dibromo-2,6-dimethylnaphthalene by the method of Friedman and Shechter2.    

1,2,5,6-naphthalenetetracarboxylic acid and 1,2;5,6-naphthalenetetracarboxylic dianhydride:   1,5-Dicyano-2,6-dimethynaphthalene was oxidized to 1,2,5,6-naphthalenetetracarboxylic acid by Dozen’s method.3   In a 200 mL stainless steel autoclave, 2.1 g of 1,5-dicyano-2,6-dimethynaphthalene was added to 23 mL of aqueous solution containing Na2Cr2O7 (8.9 g) and NaOH (0.8 g).  The mixture was sealed and stirred over 290 ˚C for 6 h.   After it was cooled and filtrated, the basic solution was treated with ether.   Crude 1,2,5,6-naphthalenetetracarboxylic acid was reprecipitated from washed water layer by adding the hydrochloric acid.   Yellow precipitate was collected by filteration, then applied to next reaction without further purification.   Obtained 2.4 g of crude 1,2,5,6-naphthalenetetracarboxylic acid was stirred in 120 mL of acetic anhydride for 3 h under reflux.   After the solvent was distilled off, pure 1,2;5,6-naphthalenetetracarboxylic dianhydride was obtained by repeated recrystallizaion from acetic anhydride. (Yield: 58 %)  Elemental analysis: Observed: C:62.37, H:1.41, O:36.13 (Calc. C:62.70, H:1.50, O:35.79)  MASS: M+ 267.9956 (calc. 268.0008)  Matrix IR and UV spectral data was described in Ref. 10 in manuscript.

TD-DFT calculations.
TD-DFT calculations were performed using the Gaussian98 program package.   The B3LYP method and 6-31G** basis set were used in these calculations.   Geometries optimized at the same level were applied to the TD-DFT calculations.   UV-VIS bands (cm-1) observed for tetraethynylethene (Ref. 8) are listed with theoretically-predicted transition energies (nm, without scaling) and oscillator strengths in parentheses:  313, 301 (322, 0.4571), 264, 250 (259, 0.1467).   Although the TD-DFT calculation overestimated the transition energy of the lowest transition, the shape of the spectrum was well-described: the most intense band in this spectrum is the lowest transition band.   Therefore, this method can describe the electronic absorption spectra of compounds with a cross-conjugated p-system.   Since the transition energy of the lowest transition of 5 was estimated at 351 nm, the lowest transition band should be observed in a longer wavelength region than that of tetraethynylethene.   Moreover, the oscillator strength of the lowest transition should be smaller than that of the transition predicted at 218 nm.   
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