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PREPARATION OF AN o,i?-TYPE OF TER- AND SEPTITHIOPHENES 
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A b s t r a c t  - An a ,@- t ype  o f  th iophene o l igomers ,  2,3':4',ZV'-terthiophene 
and 2 , 3 '  : 4 '  ,ZW:5",3"' :4" '  ,2"":5"",3""':4""' ,2""" -sept i th iophene,  were 

syn thes i zed  t h rough  i n t r a m o l e c u l a r  r e d u c t i v e  c o u p l i n g  r e a c t i o n  o f  d i k e t o  

s u l f i d e s  w i t h  a l ow -va len t  t i t a n i u m  reagen t .  

Thiophene oligomers continue t o  a t t rac t  much attention because o f  t he i r  unique biological ac t i v i t i e s  
1 

and also as star t ing materials for  the preparation o f  organic conductors. I n  our continuing 

synthetic study on thiophene oligomers, we have previously reported the syntheses of a series of an 

a-type o f  thiophene oligomers including o-ter-,2-4 a-quater-,5 u-quinque-,6 ~ s e x i - , ~  a-septi-,6 and 

h-o~t i th iophenes .~  Herein we report the preparation o f  an 0.6-type o f  thiophene oligomers, te r -  and 

septithiophenes (4 and 12). -- 
The synthetic strategy for 4 and 12 stems from our previous thiophene The reductive 

*-  

coupling reaction o f  diketo sulf ides by a low-valent titanium reagent i n  tetrahydmfuran (THF) under 

controlled conditions affords &-3,4-di hydmxythiolanes i n  good yields, while the reduction i n  

re f lux ing THF gives 2.5-dihydrothiophenes i n  good yields; the formers are converted t o  the corre- 

sponding thiophenes by acid-catalyzed dehydration and the la t te rs  by dehydmgenation with 2.3-di- 

chloro-5.6-dicyano-l,4-benzoquinone (DDQ). 
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The Friedel-Crafts reaction of thiophene with chloroacetyl chloride catalyzed by aluminum chloride 

i n  carbon d isul f ide affords 2-(chlomacety1)thiophene (1) i n  85% y ie ld.  The reaction o f  1 with 

sodium sul f ide i n  an aqueous acetone affords the diketo sulfide (2)' i n  97% yield. The intramolecu- 

l a r  reductive coupling reaction of 2 with a low-valent titanium reagent, prepared from titanium(1V) 

chloride and zinc powder i n  THF," a t  0 'C for 4 h afforded &-3,4-dihydroxy-3,4-di(2-thieny1)- 

thiolane (3),11 mp 107-109 'C, i n  89% yie ld.  Treatment o f  3 with a cata ly t ic  amount o f  pto luene- 
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su l f on i c  ac id  (TsOH) gave the terthiophene 4, mp 64-66 "C ( l i t . , ' '  mp 64 "C), i n  95% y i e l d .  13 

TO a s t i r r e d  mix ture  o f  4 (10 mnol) and chloroacetyl  ch lo r i de  (30 mnol) i n  carbon d i s u l f i d e  (35 ml)  

was added aluminum ch lo r i de  (30 mnol) a t  0 'C. The mix ture  was then warmed t o  15 'C and s t i r r e d  

f o r  1.5 h a t  t h i s  temperature.14 Usual workup o f  the  mix ture  fo l lowed by column chromatography 

a f fo rded the expected ch loroacety l  compound 515 i n  79% y i e l d  along w i t h  the bis(chloroacety1) 

de r i va t i ve  f 5  (6%) and t h e  t r i s (ch loroacety1)  de r i va t i ve  715 (13%) w i t h  2% recovery of 4. The 
1 pos i t i on  of the chloroacetyl  group o f  each compound was determined by H-nmr analysis.16 This 

assignment i s  a l so  cons is tent  w i t h  the  observat ion t h a t  the  ace ty la t i on  of the bithiophene 8 occurs 

a t  the pod i t i on  i nd i ca ted  by an armw.17 Treatment of 5 w i t h  sodium s u l f i d e  i n  an aqueous acetone 

afforded the d i ke to  s u l f i d e  9 i n  99% y ie ld .  The reduct ion  of 9 (1 mnol) w i t h  the  low-valent t i t an ium 

reagent, prepared from t i t a n i m ( 1 V )  ch lo r i de  (6 mnol) and z inc  powder (6 mg-atoms) i n  THF (20 ml). 

a t  -18 OC fo r  1 h and a t  0 "C f o r  2 h a f fo rded the dihydroxythiolane 1018 i n  67% y i e l d ,  wh i le  the  -- 
reduct ion  a t  room temperature f o r  6 h gave the dihydrothiophene 1 1 ' ~  i n  81% y i e l d .  Treatment o f  10 -- -- 
w i t h  a c a t a l y t i c  amount of TsOH i n  b o i l i n g  benzene f o r  10 min a f fo rded the expected septithiophene 

19 . 12 i n  98% y i e l d .  Treatment of 11 w i t h  DDQ i n  dioxane a t  room temperature f o r  10 min a l so  gave 12 -- -- -- 
i n  98% y i e l d .  

1 St ruc ture  proof f o r  12 was mainly based on 400 MHz H-nmr analysis.19 The thiophene 12 i s  a wh i te  -- -- 
c r y s t a l l i n e  compound and e a s i l y  soluble i n  organic solvents, wh i le  i t s  pos i t i ona l  i s a e r ,  a -sept i -  

thiophene, i s  deep red  and p r a c t i c a l l y  inso lub le  i n  organic The highest absorpt ion 

maximum o f  4 and 12 appears 280 and 284 nm, respect ively,  i n  uv-v is  spectrum (cyclohexane aa solvent) ,  -- 
and i s  comparable of t h a t  o f  8 which appears a t  283 nm i n  ethanol.17 The absorpt ion coeff ic ient ,  

i nc iden ta l l y .  increases w i t h  increasing numbers of thiophene r i ng .  These imply t h a t  s i g n i f i c a n t  

conjugat ion between each thiophene r i n g  does no t  occur i n  t h i s  system, and thus 12 e x i s t s  as the -- 
compound i n  which the u n i t  of 8 i s  merely repeated. 

F i n a l l y  we challenged t h e  prepara t ion  o f  a pentadecathiophene (13). App l ica t ion  o f  the  above -- 
react ion  sequence t o  12 gave a compound which c o r r e c t l y  has a molecu!ar formula o f  C60H32S15 by -- 
~ I S . ~ ~  Current ly,  however, no conclusive evidence fo r  s t ruc tu re  13 i s  ava i lab le .  20 

-- 
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without purification of the dihydroxythiolane 3. 

14. The reaction is sensitive to the reaction temperature, time, quantities of chloroacetyl chloride 
and aluminum chloride, and quantity and kind of solvent. Themaximum yield of 5 was obtained 

under the conditions described. 

15. 5: mp 68.5-69 'C; ]H-nmr (CDC13) 6 4.50 (2H, s), 6.78-7.43 (6H, m), 7.53 (lH, d, JP4 Hz). 

6: mp 122-122.5 'C; 'n-nmr (CDC13) 6 4.50 (48, s) ,  6.90 (ZH, d, 5.4 Hz), 7.50 (2H, s) ,  7.63 

(ZH, d, 5-4 HZ). 

7: mp 214 'C; '~-nmr (CDC13) 6 4.23 (ZH, s), 4.50 (2H, s), 4.67 (2H, s) ,  6.85 (lH, d, 5=4 Hz), 

7.18 (lH, d, 514 Hz), 7.59 (IH, d, 5-4 Hz), 7.81 (lH, d. 5-4 Hz), 7.87 (lH, s ) .  
1 

16. The H-nmr spectrum of 6 shows that it has a symmetrical structure; the methylene protons 

appear at 6 4.50 as singlet, the protons of the central thiophene ring at 6 7.50, and those of 

the terminal thiophene rings at 6 6.90 and 7.63 as doublets with 5-4 Hz. This coupling constant 

value is harmony with the assigned structure of 6 because the coupling constant values in di- 

substituted thiophene rings range 3.5-4.3 Hz for L3,4, 1-2 Hz for 52,4, and )5.0 Hz for JZv3 - 
(W. BrUgel, 'Handbook of NMR Spectral Parameters.' Heyden, London, 1979, Vol. 3, p. 662). 

1 This in turn means that the first chloroacetylation bf 4 occurs to give 5; in H-nmr of 5, the 

one proton of the thiophene ring carrying ehloroacetyl group appears at S 7.53 as doublet with 

5-4 Hz, though the other doublet is overlapped with signals due to other ring protons.14 - 
17. H. Wynberg, A. Logothetis, and D. VerPloeg, J .  &. Chem. Soc., 1957, 79, 1972. 

1 - - 
18. 10: H-nmr (CDC13) 6 3.20 (28, d, 5-12 Hz, methylene), 3.37 (2H, 8 ,  OH), 3.53 (2H, d, JP12 HE, -- 

methylene), 6.40-7.35 (14H, m, ring protons). 

11: 'n-ronr (CDC1 ) 6 4.07 (4H, 8 ,  methylene), 6.50-7.50 (14H, m, ring protons). -- 3 1 
19. 12: mp 126-127 'C (from c~clohexane); H-nmr (400 KHz, CDCl ) S 6.74 (2H, d, 5=3.7 Hz), 6.80 -- 3 

(ZH, d, 5.3.7 Hz), 6.91 (2H, dd, 5-4.9 and 3.5 Hz), 6.92 (2H, dd, 5=3.5 and 1.5 Hz), 7.19 

(2% dd, 5-4.9 and 1.5 Hz), 7.33 (2H, B ) ,  7.35 (4H, s); ir (KBr) 3088, 1398, 1230, 1196, 886, 
eyclohexane 866, 838, 796, 750, 698, 586 =cl; ms 576 (M', 100%); uv Amax (E) 244 (38000). 

284 nm (38000). Anal. Calcd for CZ8H16S7: C, 58.30;'~. 2.80; S, 38.90. Found: C, 58.27; H, 

2.85; S, 38.59. 

20. The compound is a glassy powder which does not show a distinct melting point and has a tendency 
1 to form inelusion complexes with organic solvents (detected by H-nmr). The uv-vis end ir 
1 spectra are similar to those of 12 and the very complex 400 MHz H-nmr spectrum did not give - - 

conclusive evidence for structure 13. Uv-vis hcYclohexane -- max 
(E) 243 (68900). 287 nm (93900) 

(as C60H32S15); ir (KBr) 3096, 1230, 1200. 868, 838, 790. 698 ms (EI) M+& (relative 

intensity, %) 1232 (loo), 1233 (80), 1234 (99), 1235 (61). 1236 (43), 1237 (22), 1238 (11); 

mle (relative intensity, %) 1232 (loo), 1068 (5). 986 (5). 904 (50). 616 @I2+, 34), 209 (17). - - 
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