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Abstract - a-Quaterthiophene (1). a-sexithiophene (2),  and u-oct i th iophene (3) - 
( the highest member of a-oligothiophenes ever synthesized) were prepared from 

a-bithiophene, a-terthiophene, and a-quaterthiophene, respect ive ly ,  v i a  mono- 

b romina t ionw i th  !-bromosuccinimide followed by reduct ive coupl ing reac t ion  w i t h  

an ac t i va ted  n i cke l (0 )  reagent. 

a-Oligothiophenes cont inue t o  a t t r a c t  much a t ten t ion .  Among them, s tud ied i n  great  d e t a i l  i s  

1 a-terthiophene, which shows photoenhanced a c t i v i t y  against a wide v a r i e t y  o f  organisms and a l so  

affords e lect roconduct ive,  c r y s t a l l i n e  doped-polythiophene by electrochemical polymerizat ion. 2 

We have r e c e n t l y  developed an e f f i c i e n t  synthesis of a-ter-, a-quinque-, and a - ~ e ~ t i t h i o ~ h e n e s . ~ ' ~  

The syn the t i c  stratagem adopted by us i nvo lved  thermal extrusion o f  s u l f u r  f rom 2.6-diaryl-1,4- 

5,6 d i t h i i n s  which predominantly produces 2.5-diarylthiophenes. A t y p i c a l  example i s  found 

i n  our a-terthiophene synthesis depicted below.3 I n  our systematic study on b i o a c t i v i t i e s  and 

physicochemical proper t ies  of a-oligothiophenes, we were now faced t o  develop an e f f i c i e n t  

synthesis of a-quater-, a-sexi-, and a-oct i th iophenes (1, 2, and 3, r e s p e ~ t i v e l ~ ) , ~  because the  - - 
syn the t i c  methodology descr ibed above i s  d i f f i c u l t  t o  apply t o  t h e  preparat ion of o -o l i qo th io -  

phenes conta in ing even numbers of thiophene r ings.  Herein we r e p o r t  the preparat ion o f  1, 2, and - - 
3 by reduc t i ve  coupl ing reac t ion  o f  a-bromo der i va t i ves  of a-bi-, a-ter- ,  and a-quaterthiophenes, 

respect ive ly .  

Bromination of a-terthiophene (10 mnol), which became read i l y  obta inab le  i n  l a rge  quan t i t i es ,  3 
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with - N-bromosuccinimide (NBS, 10 mnol) i n  a 1: l  mixture of chloroform and acet ic  acid (60 ml) a t  

room temperature produced the monobromo der ivat ive 4, mp 135-136 "C, i n  85% y i e l d  along wi th a 

small amount o f  the dibromo der ivat ive 5, mp 155-157 O C .  Preparation o f  b i a r y l s  by reductive 

coupling reaction o f  a ry l  halides can be attained by using a var iety  o f  meta l l i c  reagents. The 

coupling reagent o f  our choice i s  an act ivated n ickel (0)  reagent. Thus the reagent Ni(PPh3)3 

was prepared in s i k  from 76 mg (0.6 mnol) pf anhydrous nickel dichloride, 1.0 g (15.3 mg-atoms) 

of zinc powder, and 1.0 g (3.8 mnol) o f  triphenylphosphine i n  10 ml o f  dimethylformarnide (DMF) 

according t o  the l i t e r a t u r e  method.' To t h i s  reagent was added a suspension o f  1.63 g (5 mnol) 

o f  4 i n  10 m l  of DMF. The mixture was heated a t  70 'C f o r  3 h. Workup o f  the resu l t ing  mixture 9 

gave the expected thiophene 2, mp 301-302 'C ( l i t .  ,lo mp 304 'C), i n  58% 

I n  a s im i la r  way oligothiophenes 1 and 3 were synthesized. Bromination of c m e r c i a l l y  ava i l -  

able u-bithiophene (0.1 mol) wi th NBS (0.1 mol) i n  a 1:l mixture o f  chloroform and acetic acid 

(400 ml) produced the monobromo der ivat ive 6, mp 28.5-30 T, i n  61% y i e l d  and the dibromo 

derivat ive 7, mp 145-146 'C, i n  7% y ie ld .  Treatment o f  6 (10 mnol) w i th  the foregoing n ickel (0)  

reagent i n  DMF (30 ml) a t  60-70 "C for 5 h afforded a-quaterthiophene (1). mp 215-216 'C ( l i t . ,  10 

mp 210 "C), i n  66% yie ld.  13 

The thiophene 1 i s  hardly soluble i n  a 1 : l  mixture of chloroform and acet ic  ac id a t  room temper- 

ature. Bromination of 1 was therefore carr ied out by heating 1 (3 mnol) w i th  NBS (3 nmol) i n  a 

96:4 re f lux ing  mixture o f  chloroform and acetic ac id (155 ml).  The reaction produced the 

monobromo der ivat ive 8, mp 226-227 "C, i n  51% y i e l d  and the dibromo der ivat ive 9, mp 255-256 T, 

i n  15% y ie ld .  Separation o f  8 and 9 was done by fract ional rec rys ta l l i za t ion  from 1.2-dichloro- 

ethane since 8 i s  more soluble than 9 i n  t h i s  solvent. The f i ne l y  powdered 8 (1.5 mnol) was 

suspended i n  DMF (30 ml) containing the foregoing n ickel (0)  reagent and heated a t  75-80 'C f o r  

5 h. Workup of the reaction mixture14 gave the desired thiophene 3 i n  18% yie ld.  The thiophene 

3 i s  p rac t i ca l l y  insoluble i n  any organic solvents and was pu r i f i ed  by sublimation.14 Although 

preparation of a-septithiophene was previously reported,1,4,10 3 i s  h i ther to  unknown and thus 

constitutes the highest member of o-oligothiophenes ever synthesized. 
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We have thus completed the  preparat ion of a- ter ,  a-quater-, a-quinque-, a-sexi-, a-sept i - ,  and 

a-octithiophenes. Thei r  v i sua l  co lo r  and uv spectrum data a re  sumnarized i n  Table 1. Although 

t h e i r  d e t a i l e d  chemistry i s  under way, the  fo l l ow ing  i s  worthy of mention. The v i sua l  c o l o r  

apparent ly tu rns  deep on going from u-bithiophene t o  a-sexithiophene, bu t  rr-sexi-, a-sept i - ,  and 

a-oct i th iophenes a re  a l l  red  and c lose ly  resemble each other i n  appearance. I n  f a c t  t he  batho- 

chromic s h i f t  observed on going from a-sexi thiophene t o  a-sept i thiophene i s  on ly  2 nm (though 

the  p o s i t i o n  o f  Amax o f  u-sept i thiophene i s  somewhat inaccurate because of i t s  poor s o l u b i l i t y  

i n  the  so lvent ) .  Th is  ind icates t h a t  the re  ex i s t s  the l i m i t  of conjugat ion between thiophene 

r i n g s  i n  t h e  v i c i n i t j  of s i x  o r  seven thiophene r i n g s .  This i s  i n  accordance w i t h  the  f a c t  t h a t  

de-doped polythiophene prepared by electrochemical polymerizat ion o f  a-terthiophene i s  red  l i k e  

a-sexi-, a-sept i - ,  and a-octithiophenes, though i t  consists of about 150 u n i t s  o f  thiophene 

r ings. 2 

Table 1. Visual Color and UV Spectrum Data ( the  Hiqhest Amax Value) of a-Oligothiophenes 

n 

v i sua l  
co lo r  

x&;i13 (nm) 

2 3 4 5 6 7 8 

co lo r less  pa le  chrome orange red  red  red 
ye l l ow  ye l l ow  

3 0 5 ~  360 391 41 6 438 440b - c 

a)  Benzene as so lvent .  b) The value i s  somewhat inaccurate because o f  t he  poor s o l u b i l i t y  

of t he  thiophene. c )  The i n s o l u b i l i t y  of the thiophene made i t  impossible t o  determine i t s  

UV sDectrum. 
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