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AWme~: 5,S’-Bis[8-(2-thiinyl)naph~ene-l-y1]-2,2’-bithiophene and 5,5”-bis[8-(2-thienyl)naphthalene-l-yl]-2,2’z5’,2”- 
texthiophene were synthesized starting from l,S-di(2-thienyl)naphthalene and 5.5”‘-bis[S-(5,2’-bithiophene-2-yl)- 
naphthalene-1-yl]-2,2’:5’,2”:5”,2”’-quaterthiophene from l,S-bis(5.2’-bithiophent-2-yl)naphthalen to invest&e intra- 
molecular interactions among the duee thiie units that would be cofaeially oriented each other in these molecules. 

Oligothiophenes are attractive building blocks for molecular electronic &vices. Recently, several 

molecules which have two perpendicular oligothiophene units bisected through a spire carbon atom have been 

synthesized with expectation of obtaining new molecular switches.1 On the other hand, we have been 

interested in the molecules that have cofacially oriented a-oligothiophene units in close proximity. In such 

molecules, two thiophene units would interact with each other to produce additional new interesting physico- 

chemicai properties. In this connection, we have investigated the synthesis and pmperties of naphthalenes (la- 

d) that carry two cofacially oriented a-oligothiophene units at the peri positions.2 Inspection of IH and I3C 

NMR and UV/Vis data of la-d and 2a-d including X-ray single crystal structure data of lb suggested that the 

planes of two oligothiophene units of la-d a approximately parallel to each other and are at large angles to the 

plane of naphthalene ring. In accordance with these findings, CV oxidation potential data showed that the 

radical cations formed from la-d were stabilized by intramolecular electron transfer interaction between two 

oligothiophene units. It is thus expected that increase of the number of stacked oligothiophene layers produces 

more effective intramolecular polar/n interactions. We repoxt here the synthesis and properties of 5.5’~bis[8-(2- 

thienyl)naphthalene-1-yl]-2,2’-bithiophene (3a), 5,5”-bis[8-(2-thienyl)naphth~ene-l-y1]-2,2’:5’,2”-terthio- 

phene (3b). and 5,5”‘-bis[8-(5,2’-bithiophene-2-yl)naphthalene-l-yl]-2.2’:5’,2”:5”,2”‘-quaterthiophene (3~) 

that carry three (oligo)thiophene units which would be cofacially oriented through peri positions of 

naphthalenes. To our knowledge, synthesis and properties of this type of lay& compounds have never been 
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Chlorination of the 5-position of the thiophene ring of l&d@-thiinyl)naphthalene (la)2 with 1 equiv. of 

N-chlorosuccinimide (NCS) gave 5a in 70% yield (Scheme 1). Subsequent self-coupling of 5a catalyzed by 

tris(triphenylphosphine)nickel [(Ph3P)3Ni]3 gave the desired 3a4 in 53% yield. Treatment of la with 

phosphorus oxychloride in DMF and the coupling of the resulting formyl derivative with divinyl sulfone.5 

which was catalyzed by 3,4-dimethyl-5-(2-hydroxyethyl)thiazolium iodide, gave the corresponding 1,4- 

diketone 6 in 19% overall yield. The l,rl-diketone 6 was cyclizzd with Lawesson’s reagent6 in refluxing 

toluene to give the expected teithiophene 3b7 in 64% yield. The (PhgP)3Ni_catalyzed self-coupling of Sb, 

which was obtained by chlorination of 1,8-bis(5,2’-bithiophene-2-yl)naphthalene (lbp with 1 equiv. of NCS 

in 56% yield, gave the quaterthiophene 3~8 as reddish brown powder in 29% yield. 
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Scheme 1 

For comparison with 3a-c. dinaphthyl-substituted oligothiophenes 4a-c were synthesized in the manners 

given in Scheme 2. Every reaction worked cleanly to give 4a-c in reasonable overall yields. 
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Both 1H and 13C IWR data show that the naphthalene-to-thiophene bonds of 3a-c are freely rotating at 

room temperanue. In the 1H NMR of 3a, two protons at 4- and 4’qositions of the bitiophene ring appear as 

high as at 6 6.37 ppm probably because of ring current effect induced by two thiophene and naphthalene rings 

which would be parallel to and perpendicular to the plane of the bithiophene ring, respectively. The six 

thiophene ring protons also appear at rather higher field of S 6.5-6.7 ppm (the other two protons at 6 7.10), 

while 4a. in which the effects mentioned above are not expected, does not have any absorption at higher field 

than 6 7.0 ppm. The same holds for 3b. c. A similar relationship was also observed between la-d and 2a-d-2 

X-Ray single crystal shmtum analysis shows that 3a adopts the conformation with S2 symmetry (Fig. 1). 

Interestingly, the inner bithiophene unit of 3a is enthely planar, and, in accordance with the conclusion by 1H 

NMR, the two thiophene rings and one bithiophene ring ate approximately parallel to each other with a dihedral 

angle of about 53” to the planes of the naphthalene rings, and thus they constitute a layered assembly. 

The longest & for each 3a-c is slightly greater than that of the cormsponding 4a-c (Table l), whereas 

the longest & for each lb-d is smaller than that of 2b-d because of twisted wnfanation between thlophene 

unit and naphthalene ring.29 

The CV oxidation potentials (Table 1) were determined with a platinum working electrode and 0.1 M 

electrolyte (tetrabutylammonium perchlorate) in THF (for 4a and 4b in CH3CN). Every compound except 4b 

shows irreversible oxidation peaks probably because electro-polymerization takes place.10 As expected, Eox 

Table 1. WAG Spectra and oxidation Potential Data of 3a-c and 4a-c. 

Fig. 1. ORTEP Drawing of 3a 

Crystal data: C&H&4. Terragonal141/a 

a=13.980(2) A, c=28.956(3) A. 
V=5659(2) A3,Z=8. R=O.O85 

oligotlliophenes hmax Eox 

(ml0 (E) oa 

Oligothiophenes Max Eox 

(W (E) or+Y+ 

3a 375 (u)900) 0.63 
326 (23700) 

4a 357 (30200) 0.76 

3b 402 (36400) 0.50 

3c %=i o-44 

a.Vvs.FermceW nium Couple 

4b 393 (40500) 0.62 

4c 418 (50500) 0.53 
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decreases with an increasing number of thlophene rings without any exception. Eox of 3a-c atrc lower than 

those of the corresponding 4a-c. A similar relationship was observed between la-d and 2a-d and used as a 

measure of interactions between two oligothiophene units in la-d.2 it is thus concluded that radical cation- 

stabilizing intramolecular interactions among the thme (oligo)thiophene units also exist in compounds 3a-c and 

contribute to lowering of tbelr Eox. 
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