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Abstract - a-Quinque- and a-septithiophenes were synthesized i n  fou r  steps 

s t a r t i n g  from a-b i -  and a-terthiophenes, respect ively.  One o f  pos i t i ona l  

isomers of each oligothiophene described above i s  a l so  synthesized. 

Recently keen i n t e r e s t  has been focused on a-terthiophene (I).' It shows photoenhanced a c t i v i t y  

against a wide v a r i e t y  o f  organisms, among which especial ly notable i s  a c t i v i t y  against nematodes. 2 

Electrochemical polymerizat ion of 1 affords electroconductive c r y s t a l l i n e  doped polythiophene. 3 - 
Many synthet ic  methods fo r  1 thus have been d e ~ i s e d . ~  In  t h i s  connection i t  i s  important t o  

devise an e f f i c i e n t  synthet ic  method for  higher analogs of 1 .5 Herein we r e p o r t  the preparat ion 

of u-quinque- and a-septithiophenes (2  and 3). 1 

Our synthet ic  s t ra tegy f o r  2 and 3 stems from our previous f i n d i n g  tha t  treatment of properly - - 
subst i tu ted d i ke to  su l f i des  w i t h  Lawesson's reagent affords 2,6-diary1-1,4-dithiin~,~ which, on 

being heated i n  b o i l i n g  2-dichlorobenzene, g ive 2,5-diary1 thiophenes, though no t  exclusively,  w i t h  

ext rus ion o f  the s u l f u r  atom of 4-posi t ion.7 A t yp i ca l  example i s  found i n  our a-terthiophene 

synthesis as depicted below.4a 

Thus the synthesis o f  2 was s ta r ted  from chloroacetylat ion o f  u-bithiophene ( 5 ) .  The Fr iede l -  - 
Cra f t s  reac t ion  of 5 w i t h  chloroacetyl  ch lo r ide  catalyzed by aluminum ch lo r ide  i n  carbon d i s u l f i d e  

a t  room temperature afforded the desired chloroacetyl  der ivat ive 6 (mp 106-107 'C) i n  35% y i e l d  



along w i t h  5,5'-bis(chloroacety1)-2,2'-bithiophene (mp 239 "C) i n  34% y i e l d .  Dropwise add i t i on  of 

an aqueous so lu t i on  o f  sodium s u l f i d e  nonahydrate (0.5 equiv) t o  a s t i r r e d  so lu t i on  o f  6_ i n  acetone 

furnished the d i ke to  s u l f i d e  7 (mp 167-169 'C) i n  98% y i e l d .  Treatment of 7 w i t h  Lawesson's - - 
reagent ( 2  equiv) i n  b o i l i n g  benzene f o r  1 h gave the  1 .4 -d i th i i n  8 (mp>170 "C, dec) i n  60% y i e l d .  

" 

F ina l ly  heat ing 8 i n  r e f l u x i n g  o-dichlorobenzene f o r  1 h a f forded the  expected quinquethiophene 2, - - 
mp 253 'C ( l i t . , 5a  rnp 253 "C),in 56% y i e l d  along w i t h  a small amount o f  i t s  pos i t i ona l  isomer 9 1 

(mp 88-89 'C). The isomeric thiophene 9 was a l so  synthesized independently. We prev ious ly  - 
reported t h a t  treatment of d iketo  s u l f i d e s  w i t h  a low-valent t i t an ium reagent, prepared from 

titanium(1V) ch lo r ide  and zinc powder i n  tetrahydrofuran, leads t o  2,5-dihydrothiophenes i n  good 

yields.' Thus, treatment of 7 w i t h  the above low-valent t i t an ium reagent i n  re f l ux ing  tetrahydro- 

furan afforded the dihydrothiophene 10 i n  86% y i e l d .  Oxidat ion of lO_ w i t h  2,3-dichloro-5,6-di- -- 
cyano-1,4-benzoquinone (DDQ) i n  dioxane a t  room temperature produced 9 i n  87% y i e l d .  - 

-[Sl w 
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a-Septithiophene 3 was prepared i n  a s i m i l a r  s t ra tegy.  The Fr iede l -Craf ts  ch loroacety la t ion of ! 
" 

afforded the  chloroacetyl  de r i va t i ve  (mp 164-166 "C) i n  68% y i e l d ,  which reacted w i t h  sodium 

sulf ide t o  g ive the  d i ke to  su l f ide 11 (mp 214-216 'C) i n  98% y i e l d .  The s u l f i d e  ?! i s  s l i g h t l y  -" 
soluble i n  b o i l i n g  benzene, whi le  so lub le  i n  b o i l i n g  chlorobenzene. Therefore, the reac t ion  of !! 
with Lawesson's reagent was ca r r i ed  out  by heat ing the both compounds i n  r e f l u x i n g  chlorobenzene 

5a f o r  1 h. This d i r e c t l y  resu l ted  i n  the formation o f  38% y i e l d  of 3, mp 328 'C ( l i t . ,  mp - 
326-328 OC),along w i t h  2% y i e l d  of i t s  pos i t i ona l  isomer 13' (mp 203 "C) s ince the d i t h i i n  i n t e r -  -- 
mediate !? loses the  s u l f u r  atom under the appl ied condit ions. The thiophene i s  hard ly  so lub le  

i n  organic solvents and therefore p rec ip i ta ted  from the react ion mix ture and was p u r i f i e d  by 
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s ~ b l i m a t i o n . ~  The isomeric thiophene !2 was a lso independently synthesized. Treatment o f  the 

su l f ide 11 w i t h  the  foregoing t i t an ium reagent furnished the dihydrothiophene 14 i n  83% y ie ld ,  "- -- 
which was converted t o  !2 by treatment w i t h  009 i n  dioxane i n  80% y i e l d .  
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C l Z I  

T i C l p n  
1111 
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F i n a l l y  e f f o r t  was made t o  improve the y i e l d  and s e l e c t i v i t y  i n  the  conversion o f  2,6-di- 

(2 - th ieny1) -1 ,Gd i th i i n  (4)  t o  1. I t  i s  known t h a t  monosulfoxides o f  1,4-di thi ins thermal ly lose 

s u l f u r  monoxide t o  produce the corresponding thiophenes.10 Thus, t o  an ice-cooled so lu t i on  of 4 
i n  methylene c h l o r i d e  was added c-chloroperoxybenzoic acid (m-CPBA) u n t i l  4_ i s  completely consumed 

(ca. 1.5 equiv of m-CPBA was used). When t h i s  mixture was warmed and then heated under re f lux ,  a 

mixture o f  1 and i t s  isomeric thiophene !' was formed i n  a y i e l d  o f  l ess  than 50% along w i t h  a - 
considerable amount of the s t a r t i n g  d i t h i i n  4. This suggests t h a t  the s u l f u r  monoxide produced 

~ ~ 

from sulfoxide 15 (15 ' )  reduces 15 (15')  t o  g ive 4 and sulfur dioxide.lO'll Therefore, i n  order "- -- -- -- 
t o  e l iminate t h i s  reac t ion  by scavenging su l fu r  monoxide, a l a rge  excess o f  dimethyl sul foxide was 

OMSO 

-SO heat em S 
r i i  



added t o  the  mix ture a f t e r  the completion o f  the ox idat ion by m-CPBA, and then the r e s u l t i n g  

mixture was heated t o  re f lux .  This resu l ted  i n  the fonnation of a mix ture o f  ! and 1' i n  a r a t i o  

o f  2Z:l i n  90% y i e l d .  The predominant formation o f  ! shows tha t  the s u l f u r  atom o f  4 -pos i t i on  i s  

p re fe ren t ia l l y  ox id ized t o  g i ve  !! by s t e r i c  and/or e lec t ron ic  reasons. The procedure described 

above provides a revised method f o r  conversion o f  4 t o  ?. 
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