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Abstract- The Pd(PPh&-catalyzed coupling of 3,4-di-tert-butyl-2- 

thienylmagnesium bromide with 2-bromo-3,4-di-tert-butylthiophene gave 

3,4,3',4'-tetra-tert-butyl-2,2'-bithiophene (5) in moderate yield. X-Ray 
single crystal structure analysis of 5 revealed that its thiophene rings 
remain planer, but their plane is perpendicular to each other. The 

synthesis of 3',4'-di-tert-butyl-2.2':5',2"-terthiophene in a similar way is 

also described. 

We have been investigating the synthesis of highly congested thiophenesl and synthesis of 

thiophene 0li~omers.2 Recently, in connection with the investigation on the structural 

defects of polythiophenes and their alkyl derivatives as electronic devices, the rotational 

isomerization between individual thiophene rings in thiophene oligomers has been examined in 

some detail:3 In this connection, we have now become interested in the preparation of highly 

congested thiophene oligomers. Here we report the preparation of bi- and terthiophenes 

carrying two tert-butyl groups on adjacent position. 

Dedicated to Professor Shigeru Oae on the occasion of his 77th birthday. 



76 HETEROCYCLES, Vol. 44, No. 1,1997 

We have developed a convenient synthesis of 3,4-di-tert-butylthiophene (l) . la Bromination of 

1 with a slight excess of NBS (N-bromosuccinimide) in DMF gave 2-bromo-3,4-di-tert- 

butylthiophene (2) and 2,5-dibromo-3,4-di-tert-butylthiophene (3) in 88% and 5% yields, 

re~~ectively.4 Bromination of 1 with 2 molar amounts of NBS gave 3 in 95% yield. 

NBS (2 equiv) 

DMF 3 95% 

After much effort, i t  proved that the synthesis of 3,4,3',4'-tetra-tert-butyl-2,2'-bithiophene (5) 

by reductive coupling of 2 using a nickel catalyst (prepared by reduction of NiCl2 with zinc 

powder in the presence of PPhs), the method useful for the preparation of a series of 

thiophene oligomers,2h was unsuccessful probably because of steric reasons. We therefore 

examined the synthesis of 5 by coupling of 2 with 3,4-di-tert-butyl-2-thienylmagnesium 

bromide (4). Because 2 is inert to magnesium and thus 4 could not be obtained from 2 

directly, i t  was prepared by treatment of 2 with tert-BuLi and then with MgBr2 (prepared 

from 1,2-dibromoethane and magnesium). The coupling of 2 with 4 ,  catalyzed by 

~ d ( ~ ~ h 3 ) 4 , 5  in refluxing ether for 18 h gave the expected bithiophene (5)6 in 33% yield. 

ii) MgBr2 pd(pph3)4 
2 (BrCH2CH2Er+Mg) 4 ~ 1 ~ 0 ,  reflux 3% 

Next we have examined the preparation of 3',4'-di-tert-b~tyl-2,2':5',2~'-terthiophene (8). The 

attempted synthesis of 8 by Pd(PPhg)4-catalyzed coupling of the dibromide (3) with 2 

molecules of 2-thienylmagnesium bromide did not give any amount of 8; halogen-metal 

exchange between 3 and 2-thienylmagnesium bromide resulted in the formation of 2,2'- 
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bithiophene and 2-bromo-3,4-di-tert-butylthiophene as the major products. We then prepared 

the bis-Grignard reagent (6a) by treatment of the dibromide (3) with 4 molar amounts of tert- 

BuLi and then with MgBr2. The Pd(PPh3)4-catalyzed coupling of 6a with 2-bromothiophene 

in refluxing ether, however, also failed to give the expected terthiophene (8), but gave 3.4-di- 

tert-butyl-2,2'-bithiophene (7)6 in 34% yield. We have then prepared the zinc reagent (6b) by 

treatment of 3 with tert-BuLi and then with ~ n ~ 1 2 . 7  The Pd(PPhg)4-catalyzed coupling of 6 b  

with 2-bromothiophene in refluxing tetrahydrofuran satisfactorily gave the expected 

terthiophene (8)6 in 43% yield along with the bithiophene (7) in 42% yield, although the 

reaction in reflxuing ether gave 8 and 7 only in 3% and 14% yields, respectively. 

6a : MX = MgBr 
6b: MX =ZnCI MX I solvent 7 8 

The bithiophenes (5) and (7) are both colorless crystalline compounds. Their uv-vis spectra 

are given in Figure 1 along with those of 2,2'-bithiophene. The longest Amax of 5 and 7 

appear a t  248.5 ( ~ 8 3 2 0 )  and 247 nm (12400). respectively. The more congested bithiophene 

(5) has a smaller Emax value than that of 7. The position of Lmax of these compounds is 

rather close to that of 3,4-di-tert-butylthiophene (1) (Amax 238.5 nm). 22'-Bithiophene has 

two absorption maxima a t  248 and 306 nm. The latter longer absorption is not observed with 

5 and 7. These facts indicate that  two thiophene rings of 5 and 7 are far from coplanar 

because of steric hindrance caused by bulky tert-butyl groups and thus do not conjugate each 

other. The terthiophene (8) is a colorless crystalline compound, while unsubstituted 2,2':5',2"- 

terthiophene is a yellow one. Thus, amax of 8 appears a t  242 nm (E 15100) with a shoulder a t  

ca. 270 n m  (11700), while those of the unsubstituted terthiophene appear a t  252 and 353 

nm (E 7220 and 19300, respectively) (Figure 2). These observations also lead t o  the 

conclusion that no conjugation takes place between thiophene rings of 8. 
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Figure 1. Uv-Vis Spectra of 5 , 7 ,  and 2,2'-Bithiophene (CHZCIZ a s  the solvent) 
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Figure 2. Uv-Vis Spectra of 8 and 2,2':5',Z0-Terthiophene (CH3CN as  the solvent) 

Figure 3 sho.ws a n  ORTEP drawing structure of the bithiophene 5.8 Two thiophene rings of 6 

a r e  almost  perpendicular to each other; S1-C1-C2-S2 torsion angle i s  89.2(3)". This 

observation is in harmony with the result by uv-vis spectra. The thiophene rings still remain 

nearly planar; two tert-butyl groups are twisled with torsion angles of 9.9 and 8.5'. Relevant 

bond lengths and bond angles d a h  are given in Figure 4. 
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Figure 3. An ORTEP Drawing Structure of 5 
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Figure 4. Relevant Bond Lengths and Bond Angles Data of 6 
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