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PHOTO :SOMERIZATION OF BIS(TRIFLUOROMETHYL)THIOPHENES 

Yoshiro Kobayashi*, Kosuke Kawada, Akira Ando and Itsumaro Kumadaki 

Tokyo College of Pharmacy, Horinouchi, Hachioji, Tokyo 192-03, Japan 

Summary: The photolysis of 2,3-bis(trifluoromethyl)thiophene gave an 

equilibrium mixture of 2,3- and 3,4-bis(trifluoromethyl)Dewar thiophenes, 

while that of 2,5-bis(trifluoromethyl)thiophene gave 2,4-bis(trifluoromethyl)- 

thiophene, which seemed to be formed through an intermediate other than the 

Dewar form. 

The photoreaction of thiophene derivatives has long been investigated 

since the photoisomerization of 2-arylthiophene to 3-arylthiophene was first 

reported. 1) A number of valence bond isomers of thiophene have been proposed 

as intermediates for the isomerization. 2) 

. 

Among these, a cyclopropenylthioketone intermediate proposed by Couture 

et al. based on the fact that the photolysis of a thiophene in the presente of 

a primary amine gives a pyrrole compound, was believed to be the most probable 

one.3) However, any of these intermediates had not been isolated, until a 

Dewar type isomer was obtained by the photoreaction of tetrakis(trifluoro- 

methyl)thiophene. 4) The remarkable stability of this Dewar thiophene can be 

explained as due to the presente of the trifluoromethyl groups; perfluoroalkyl 

group generally stabilize a strained ring system. 5) 
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The process of this addition reaction with 2,5-dimethyl furan was followed 

by "F-nmr. The signa1 of &b disappeared immediately after addition of 2,5- 

dimethyl furan; at the same time, the signals of & appeared, and then the 

signals of 22 decreased gradually as those of 8_ increased. Finally, the 

signals of 2a and 26 disappeared completely and only new signals of 8_were rv 
observed. 

From these results, it was confirmed that Dewar isomers 2,a and 2,b form a 

equilibrium mixture and the equilibrium is inclined to 22, probably because 

the steric and dipole repulsion between the trifluoromethyl groups on 22 

is smaller than that of 2&. However, the reactivity of 2J as a dienophile in 

the Diels-Alder reaction seems higher than 22 because of the electron with- 

drawing effect of two trifluoromethyl groups on the olefin and because of 

unfavorable repulsion of the trifluoromethyl group on the bridge-head of 2_a 

toward the diene component. Therefore, furan reacts with 26 favorably, and 

in particular, 2,5_dimethylfuran, a sterically bulky diene, gives the adduct 

8_ exclusively. 

In contrast to 2,3-bis(trifluoromethyl)thiophene (&), irradiation of 2,5- 

bis(trifluoromethyl)thiophene (3, under the same conditions gave no Dewar 

isomers, but 2,4-bis(trifluoromethyl)thiophene (4) was isolated with the 

recovery of 3. Compound 4 could not be formed by walk-mechanism of sulfur 

atorn") . In the Dewar isomer of 3 but through a cyclopropenylthioketone isomer 

or one of the tricyclic isomers shown below. 2) 
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3,4-Bis(trifluoromethyl)thiophehe (5) exhibits an ultraviolet absorption 

at 226nm, a much shorter wavelength than that of any of the other trifluoro- 

methylated thiophenes. The photolysis of _5_ gave only a trace of 4, as 

detected by g.1.c. 

In conclusion, two trifluoromethyl groups are sufficient for formation of 

Dewar thiophenes, provided they are placed in proper positions in the ring. 

Another type of isomerization not through a Dewar thiophene was observed, 

depending on the positions of the trifluoromethyl groups. 
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