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In 1968, after the controversy since the beginning of this century,1 the structure of 

the dimer of triphenylmethyl radical (1) was determined to be the quinoid structure 2 

but not the tetraphenylethane structure by 1H NMR study.2 Meanwhile, any structural 

proposal for the dimer of tri-2-thienylmethyl radical (3) has not appeared, although 

properties of 3 were investigated in some detail by ESR and reportedly it dimerized 

below ca. 15-20 “C.3 We report here the formation, structural elucidation, and mutual 

interconversion of two isomeric dimers of 3. 

Ph,C l 

1 

The radical 3, generated by reduction of tri-2-thienylmethylcarbenium tetra- 

fluoroborate (4)4 in 1,2-dimethoxyethane (DME) at 65 “C for 1 h under nitrogen, 

dimerized to give a dark blue gum after usual workup. The gum was separated into a 

sparingly soluble part in carbon tetrachloride and soluble one in the same solvent. The 

former part, blue-gray powder (mp 132 ‘C, dec), consists of nearly pure compound I, 

while the latter is a mixture of compounds II and III containing a small amount of I. 

Purification of the mixture part by column chromatography gave pure II, though III 

was contaminated with I. 

The 1 H NMR spectrum shows that I has one tri-2-thienylmethyl, two nonequivalent 
2-thienyls, and one -CH=CH-CH< system. 5 The 13C NMR spectrum shows two peaks in 

the sp3 carbon region assigned as quatemary (6 55.4) and methine (6 70.3) carbons 

along with peaks due to sp2 carbons. These NMR data are in harmony with two 
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isomeric dimers 5 and 7 (Th=2-thienyl). Treatment of i with t-BuOK affords compound 

8.6 Therefore, structure of I was determined to be the dimer 5. 

Combination of 1 H and * 3 C NMR spectra, which reveal the presence of two 

nonequivalent 2-thienyls, one -CH=CH-CH< system, and two sp2 carbons carrying no 

hydrogen, indicates II to be one of diastereomers of the symmetrical dimer 6 or 9.’ In 

order to differentiate 6 from 9, tris(5-deuterio-2-thienyl)carbenium tetrafluoroborate 

(4.d)8 was synthesized and treated with zinc powder. The 1 H NMR spectrum of the 

resulting 11-d shows the presence of a -CH=CH-CD< system, revealing that it has the 

structure 6-d. Thus, the structure of II was unambiguously determined to be the 

dimer 6 arising from coupling at the 5-position of the 2-thienyl group. The 1 H and 13C 

NMR spectra of III are very similar to those of II. 10 III-d obtained from 4 -d also has 

a -CH=CH-CD< system, and therefore the structure of III was determined to be another 

diastereomeric dimer of 6. 
Further support for the structure of 5 and 6 comes from UV-vis spectra. Both in the 

position of absorption maxima and intensity of molar absorptivities, the spectrum of 5 

closely resembles that of compound 10 11 which has the same conjugated system as 5. 

The spectrum of 6 (II) is similar to those of 5 and 10 in the position of absorption 

maxima, but its molar absorptivities are about double those of these compounds as 

expected from its structure. 
The low isolated yields of 5 (40-452) and 6 (II) (3%) are probably due to the 

sensitivity of these compounds to air1 2 since the 1 H NMR spectrum recorded 

immediately after workup showed that dimer formation was nearly quantitative. The 
ratio of 5 and 6 depends on the reaction time. The reaction at 65 “C for 1 h and 48 h 
afforded 5 and 6 in the ratios 1:0.5 and 1:0.8, respectively. This may imply that 5 
thermally isomerizes to 6. 

Actually, heating a solution of 5 in DME at 65 “C for 1 h and 48 h afforded 5 and 6 

in the ratios 1:0.54 and 1:0.8, respectively, and heating 5 in refluxing DME for 1 h a 1:l 
mixture. On the other hand, heating a solution of 6 (pure diastereomer II) at 65 “C for 

48 h also afforded a 1:l mixture of 5 and 6. These observations clearly show that the 
both dimers thermally dissociate into the radical 4 to afford an equilibrated 1:l 

mixture ultimately, though 5 is the kinetically favored dimer. In fact, 5 is isolated as 

the sole dimer in 36% yield, when 3 is generated at room temperature in ether by 
single electron transfer reaction from t-BuLi to the salt 4.13 

In summary, dimerization of 4 between the radical center and the sterically less 

hindered 5-position of 2-thienyl having a high spin density initially affords the 
kinetically favored dimer 5, which is then thermally equilibrated with another dimer 
6. No hexa-2-thienylethane was formed as no hexaphenylethane formed from 1. 

Despite the fact that 4, in which thiophene rings are more coplanar than benzene rings 
in 114 and its electron spin density is effectively delocalized over the whole 

molecule,3c seems to be a more stable radical than 1, the formation of easily isolable 
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dimers leads to the conclusion that, in triarylmethyl radicals, the relative stability of 

the radical and dimer is controlled much more by steric hindrance than by electron 

delocalization. 
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