
HETEROCYCLES, Vol. 45, No. 7,1997 1267 

A NONPLANAR THIOPHENE, 3,4-DI-tert-BUTYL-2,5-BIS(TRIIS0- 
PR0PYLSILYL)THIOPHEN 

Juzo Nakayama,* Ting Yu, Yoshiaki Sugihara, Akihiko Ishii, 
and Shigekazu Kumakura 
Department of Chemistry, Faculty of Science, Saitama University, 
Urawa, Saitama 338, Japan 

Abstract - Treatment of 2,5-dibromo-3,4-di-tert-butylthiophene with tert- 
butyllithium followed by reaction with triisopropylsilyl chloride gave a 
highly congested thiophene, 3,4-di-tert-buty-2,5-bis(triisopropylsily1)thio- 
phene, whose thiophene ring is no longer planar. 

We have been investigating the syntheses, structures and reactions of congested thiophenes 
such as 3,4-di-tert-butyl-,la-c 2,3-di-tert-butyl-,Id 3,4-di-1-adamantyl-,le and 3,4-dineo- 
pentylthiophenes.1f The most congested tetrasubstituted thiophene ever synthesized would 
be tetra-tert-butylthiophene whose thiophene ring is no longer planar.2 We have now planed 
to prepare another series of nonplanar tetrasubstituted thiophenea by introducing 
trialkylsilyl groups into the 2- and 5-positions of 3,4-di-tert-butylthiophene (1). We report here 
the preparation of 3,4-di-tert-butyl-2,5-bis(triisopropylsilyl)thiophene (4c) whose thiophene 
ring is nonplanar. 
The thiophene 1, now became readily obtainable in large quantities,la,3 was brominated 
with 2 molar amounts of N-bromosuccinimide to give 2,5-dibromo-3.4-di-tert-butylthiophene 
(2) in 95% yield. Treatment of 2 with 4 molar amounts of tert-butyllithium in THF gave a 
suspension of 3,4-di-tert-butyl-2,5-dilithiothiophene (3). Preparation of 3 by dilithiation of 1 

with alkyllithiums or lithium diisopropylamide was unsuccessful probably because of steric 
hindrance. Heating the suspension of 3 with triisopropylsilyl chloride a t  reflux for 24 h gave 
the desired product, 3,4-di-tert-butyl-2,5-bis(triisopropylsilyl)thiophene (4c), in  42% yield. 
Less congested thiophenes, 3,4-di-tert-butyl-2,5-bis(trimethylsilyl)thiophene (4a) and 3,4-di- 
tert-butyl-2,5-bis(triethylsily1)thiophene (4b), were obtained more easily in much better 
yields. Thus, the reaction of 3 with trimethylsilyl chloride at  room temperature gave 4a in 
97% yield, while the reaction with triethylsilyl chloride required refluxing for the completion to 
give 4b in 95% yield. In the latter synthesis, the use of triethylsilyl trifluoromethane- 
sulfonate gave 4b in a decreased yield (34%). 
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All of 4 gave spectroscopic data4 and elemental analyses which are in harmony with the 
assigned structures. Two tert-butyl and also two trialkylsilyl groups of 4 are equivalent both 
in the IH- and 13~-NMR spectra, showing that the sp2(c ) -C~e3  and sp2(C)-Si~g bonds are 

freely rotating at  room temperature. This is probably due to the highly distorted structures 
of 4 which made the energy gap between the ground state and the transition state of the 
rotation smaller.5 Interestingly, in the 1 3 ~  NMR spectra of 4, the a-carbon signals of 
thiophene ring undergo an up-field shift with increase of steric congestion; 6 139.2 for 4a, 
135.7 for 4b and 133.5 for 4c, whereas the P-carbon signals remain nearly constant; 6 159.2 

for 4a and 160.3 for 4b and 4c. 
An X-Ray crystal structure analysis of 4c was carried out a t  -120 OC (Figures 1-3).6 The 
torsion angles C ~ - C Z - C ~ - C ~  and Cl-C2-C3-C4 that amount to about 39" and 14". 
respectively, make the thiophene ring no longer planar. The torsion angles Sil-Cl-C2-C3 and 
Si2Cq-C3-C2 are about 27' and 32", respectively. The C2-C3 bond (1.48 A) is much longer 
than that of the parent thiophene (1.42 A).7 The C1-C2 (1.39 A) and C3-C4 (1.41 A) bonds 
are also longer than that of the parent thiophene (1.37 A).7 The C5-C2-C3 and C6-C3-C4 
bond angles (126O) are comparable with those of the parent thiophene (125").7 The Cl-C> 
Cg and Cq-C3-Cg bond angles (120') are smaller than those of the parent thiophene (1249, 
but instead Sil-C1-C2 and Si2-Cq-C3 bond angles (142') are far larger than those of the 

parent thiophene (128O), thus driving the triisopropylsilyl groups to the sterically open sulfur 
atom side and making S-C1-Sil and S-Cq-Si2 bond angles (110' and 109") much smaller 

than those of the parent thiophene (120"). The above data reveal that 4c is released from 
steric congestion mainly by expansion of bond angles (particularly Sil-Cl-C2 and Si2-C4-C3 

bond angles) and also by large torsion angles. 
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Figure 1. Crystal structure 
of the thiophene (4c). 

Figure 2. A side view of 4 c  showing the  Figure 3. Selected bond lengths (A) and 
nonplanar structure. Torsion angles ("); angles ("1 of 4c (mean values of the three 
Si(l)-C(l)-C(2)-C(5),  25.5; Si(2)-C(4)- molecules). 
C(3)-C(6), 32.4; C(5)-C(2)-C(4)-C(6), 
38.8; C(l)-C(Z)-C(3)-C(4), 14.1; S-C(1)- 
C(Z)-C(3), 9.7; S-C(4)-C(3)-C(2), 11.4 
(mean values of the three molecules). 

All available data  considered, the extent of the distortion of the molecular structure of 4 c  

from the parent thiophcne seems to be con~parable with that of telra-terl-butylthiophene2~8 

in spite of C-Si bonds being much longer than the corresponding C-C bonds.9 
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