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Abstract - (E)-1,2-Bis(2,2'-hithiaphene-5-yl)ethylene and 

(E)-1,2-his(2,2':5',2"-terthiophene-5-yl)ethylene were synthesized 

by reductive coupling reaction of 2,2'-hithiophene-5-carhaldehyde 

and 2,2':5',2"-terthiophene-5-carbaldehyde, respectively, using a 

law-valent titanium reagent prepared from titanium(1V) chloride 

and zinc powder in tetrahydrofuran. 

Bioactivities of bithiophenes and terthiophenes are recently receiving much 

attention. The most carefully scrutinized of these compounds is 2,2':5',ZW- 

terthiophene (L!) .' Furthermore it was recently reported that the doped 

polythiophene, prepared by electrochemical polymerization of ?c ,  is highly 
conductive.' Stimulated by these facts and also in our continuing synthetic 

study on polythiophenes, we planned the preparation of (E)-1,2-bis(2,Z'-bi- 

thiophene-5-y1)ethylene (2b) and (E)-1,2-his(2,2':5'.2"-terthiophene-5-y1)- 
ethylene (23) with expectation of obtaining biologically active thiophenes and 

also ohtaining excellent materials for the preparation of organic conductors. 

These compounds are heterocyclic higher analogs of trans-stilhene and their two 

trans-substituted polythienyl groups are expected to conjugate through the 

central double hand, thus providing a long conjugated system. This property 

seems especially important in ohtaining organic conductors and also hioactive 

thiophenes in that the hioactivities of if are strongly photoenhanced. 1 

For the preparation of these compounds, we adopted the reductive coupling 

reaction of the corresponding formyl derivatives by use of a low-valent titanium 

reagent. Thus, first, the preparation of (E)-l,2-di(2-thieny1)ethylene (?a) from 
the commercially available thiophene-2-carhaldehyde (24 was attempted by treat- -- 



ment with a law-valent titanium reagent prepared from titanium(1V) chloride and 

zinc powder.3 The reaction in boiling tetrahydrofuran for 4 h satisfactorily 

afforded 2: in 71% yield, the 2-isomer being formed in a trace amount. 

2,2'-Bithiophene-5-carbaldehyde (2b) was thus prepared from 2.2'-hithiophene - - 
(I!) and subjected to the reductive coupling reaction using the foregoing 

low-valent titanium reagent. The reduction in reflwing tetrahydrofuran for 4 h 

afforded the desired (E)-1,2-bis(2,2'-bithiophene-5-yl)ethylene (Zb) in 63% 
yield. Although the 2-isomer was formed in a small amount, it was easily removed 

by recrystallization to furnish pure 2b. 

The Vilsmeier formylation of lc with phosphorus oxychloride and dimethylformamide - - 
at 7 0  "C for 1 h provided 2.2':5',2"-terthiophene-5-carhaldehyde (?f) in 75% 

yield with 18% recovery of ic;. The reductive coupling reaction of 2c with the - - 
low-valent titanium reagent afforded (~)-1,Z-bis(2,2':5',2"-terthiophene-5-y1)- 

ethylene (25) in 68% yield. 
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The ethylene zb is golden yellow crystals, whiLe 3: is brick-red and has 

copper-like luster. Compound 2b is slightly soluble in organic solvents and 3_E 

is hardly soluble in ordinary organic solvents at room temperature. Both 

compounds are strongly fluorescent both in a fluid dilute solution and in a rigid 
1 

environment. The 400 MHz ti-NMR spectrum of 2b determined in CDC13 shows a 
singlet due to its olefinic protons at S 6.96, the value which is reasonable as 

the olefinic proton of (E)-1,2-diarylethylene.4 The low solubility of ?c_ made 

impossible to determine its 'H-NMR spectrum. Figure 1 shows the W spectra of 

compounds ?%-c_ determined in chloroform as solvent. The highest hmax values of 

these compounds shift to longer wavelength and increase in intensities with the 

increase of the number of thiophene ring, thus suggesting that, as expected, 

two polythienyl groups fully conjugate through the central double bond. 

We thank Dr. M. Shimagaki of Riken (The Institute of Physical and Chemical 
1 Research) for the determination of 400 MHz ti-NMR spectrm of compound 3h. 

Figure 1. UV Spectra of Ethylenes 2: (- , 3h - -  and . - 
3c (- .. -) Determined in CHCl as Solvent - - 3 



EXPERIMENTAL 

(El-1,2-0i(2-thienyl)ethylene (33). To a so l u t i on  o f  1.12 g (10 m o l )  o f  thiophene-2-carbaldehyde 
- 

(;a) i n  50 ml of anhydrous tetrahydrofuran was added 3.3 ml (30 mnol) of  t i tanium(1V) ch l o r i de  

a t  -18 " C  under n i t rogen.  The mix tu re  was s t i r r e d  fo r  0.5 h a t  -18 "C.  To t h i s  mix tu re  was added 

4.0 g (61 mg-atoms) of z inc  powder i n  small por t ions  over a per iod  of 10 min. The r e s u l t i n g  

mixture was s t i r r e d  f o r  0.5 h a t  -18 T, gradua l l y  warmed t o  room temperature, and then re f l uxed  

f o r  4 h. The mix tu re  was cooled, poured onto ice-water, made a l k a l i n e  by adding aqueous 10% 

sodium carbonate so l u t i on .  To t h i s  was added ca. 200 ml of dichloromethane and the  r e s u l t i n g  

two-phase mix tu re  was s t i r r e d  and then f i l t e r e d  through c e l i t e .  The dichloromethane l a y e r  of the  

f i l t r a t e  was separated, washed w i t h  water, d r i e d  over sodium su l fa te ,  and evaporated. The residue 

was chromatographed on a column o f  s i l i c a  ge l .  E l u t i o n  w i t h  carbon t e t r a c h l o r i d e  gave 0.69 g 

(71%) of 33 contaminated w i t h  a t race  amount o f  the  cis-isomer. R e c r y s t a l l i z a t i o n  from hexane 

a f fo rded pure 33, mp 133 "C ( l i t . , 5  mp 133-134 "C). 

2,2'-Bithiophene-5-carbaldehyde (Zb). To ice-cooled and s t i r r e d  1.53 g (10 n o l )  of phosphorus -- - 
oxychlor ide was added 8 ml of  dimethylfotmamide and the  mix tu re  was s t i r r e d  f o r  0.5 h. To the  

r e s u l t i n g  ice-cooled m i x tu re  was added dropwise a s o l u t i o n  o f  1.42 g (8.5 m l )  o f  2 ,2 ' -b i th io -  

phene i n  8 ml of dimethylfomamide over a pe r i od  o f  0.5 h. A f te r  the  completion o f  the  

add i t ion ,  the  mix tu re  was gradua l l y  warned t o  room temperature and then heated a t  100 OC f o r  1 h. 

The mix tu re  was cooled, poured onto ice-water, and ex t rac ted  w i t h  e ther .  The e ther  e x t r a c t  was 

washed w i t h  water, d r i e d  over sodium su l f a t e ,  and evaporated. The res idue was subjected t o  s i l i c a  

gel column chromatography. E l u t i o n  w i t h  hexane gave 0.40 g (28% recovery)  o f  l b  and then -- 
e l u t i o n  w i t h  benzene afforded 0.60 g (48%) of 2''. mp 58 "C ( f rom hexane) ( l i t . , 6  rnp 60 OC) 

(E)-l,2-Bis(2,2'-bithiophene-5-yl)ethylene (3b). -- To a s o l u t i o n  of 389 mg ( 2  m o l )  of 2b i n  20 ml - -- 
of anhydrous tetrahydrofuran was added 0.66 ml (6 n o l )  o f  t i tanium(1V) ch l o r i de  a t  -18 "C under 

n i t rogen.  The m ix tu re  was s t i r r e d  a t  -18 O C  f o r  0.5 h. To t h i s  m i x tu re  was added 0.80 g 

(12 mg-atoms) of  z i nc  powder i n  small por t ions  over a per iod  o f  10 min. The r e s u l t i n g  mix tu re  

was s t i r r e d  a t  -18 "C f o r  0.5 h and a t  0 "C f o r  1 h, g radua l l y  warmed t o  room temperature, and 

then re f luxed f o r  4 h. The cooled reac t i on  mix tu re  was quenched by adding ice-water  and the 

r e s u l t i n g  p r e c i p i t a t e  (a m i x tu re  of organic and inorgan ic  ma te r i a l s )  was co l l ec ted  by f i l t r a t i o n ,  

washed w i t h  water, and a i r - d r i e d  thoroughly. R e c r y s t a l l i z a t i o n  o f  the  p r e c i p i t a t e  from ch lo ro-  

benzene a f fo rded 225 mg (63%) o f  pure 3b as ye l low c r ys ta l s ,  mp 214-215 'C. 'H-NMR an lays is  o f  

the c r y s t a l s  ab ta inab le  from the mother l i q u o r  of  the above r e c r y s t a l l i z a t i o n  i nd i ca tes  t h a t  i t  

contains a small amount of  t h e  c is- isomer whose o l e f i n i c  protons appear a t  6 6.50 as s i n g l e t  

1 (CDC13 as so lven t ) .  : H-NMR (CDC13, 400 MHz) 6 6.94 (2H, d, 5=4 Hz), 6.96 (2H. s) ,  7.03 
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(2H, dld, ?=5 and 4 Hz), 7.07 (2H, d, 5;4 Hz), 7.13 (2H, d l d ,  5;4 and 1 Hz), 7.22 (ZH, d ld ,  

J-5 and 1 Hz); UV ik!E13 423 nm ( E  45100); I R  (KBr) 3064, 1510, 1464, 1428, 1240, 1056, 1048, - 
1 

928, 840, 798, 688 cm' . Anal. Calcd f o r  C18H12S4: C, 60.64; H, 3.39; 8, 35.97%. Found: C, 

60.60; H, 3.39; 8, 35.08%. 

2,2':5',2"-Terthiophene-5-carbaldehyde (?F).  To ice-cooled and s t i r r e d  3.22 g (21 mnol) o f  - 
phosphorus oxych lo r ide  was added 20 ml o f  dimethylformamide and the mix tu re  was s t i r r e d  f o r  15  

min. To t l l i s  was added dropwise a s o l u t i o n  of 4.96 g (20 mnol) o f  2,2':5',ZU-terthiophene (LE) 

i n  20 ml o f  dimethylformamide over a per iod  o f  0.5 h a t  0 "C. The mix tu re  was gradua l l y  warmed 

t o  room temperature and then heated a t  70 "C f o r  1 h .  The m ix tu re  was cooled and poured onto 

ice-water. The r e s u l t i n g  c r y s t a l l i n e  p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  water, 

a i r - d r i ed ,  and chromatographed on a column of s i l i c a  ge l .  E l u t i o n  w i t h  carbon t e t r ach lo r i de  gave 

0.90 g (18% recovery)  o f  and then e l u t i o n  w i t h  benzene a f fo rded 4.13 g (75%) o f  2c, mp .. 
1 140-141 "C ( f rom carbon t e t r a c h l o r i d e ) ,  whose spectroscopic data ( H-NMR, I R ,  and UV) agreed w i t h  

those of n a t u r a l l y  occu r r i ng  2c, mp 135-136 "C. 7 -- 
(E)-1,2-Bis(2,2':5',2"-terthiophene-5-yl)ethylene (SF) .  To a s t i r r e d  and cooled so l u t i on  o f  - 
558 mg (2  mnol) o f  2c i n  40 m l  o f  anhydrous tetrahydrofuran was added 0.66 ml (6 m o l l  o f  -- 
t i tanium(1V) ch l o r i de  a t  -18 "C under n i t rogen over a pe r i od  o f  15 min. The mix tu re  was s t i r r e d  

fo r  15 min a t  -18 "C. To t h i s  mix tu re  was added 0.80 g (12 mg-atoms) o f  z inc powder a t  -18 'C 

over a per iod  o f  15 min. The r e s u l t i n g  mix tu re  was s t i r r e d  f o r  0.5 h a t  -18 "C, waremd t o  room 

temperature, and ref luxed.  On heat ing the c r y s t a l s  o f  3c p r e c i p i t a t e  f rom the r eac t i on  mix tu re  -- 
Af te r  r e f l ux i ng  f o r  6 h, the mix tu re  was cooled and quenched by adding ice-water .  The p r e c i p i -  

t a t e  (a mix tu re  of 3c and inorgan ic  ma te r i a l s )  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  water, -. 
and a i r - d r i e d  thoroughly. R e c r y s t s l l i z a t i o n  o f  the p r e c i p i t a t e  from b o i l i n g  ;-dichlorobenzene 

afforded 356 mg (68%) of 3c as b r i c k - r ed  c r y s t a l s  w i t h  copper - l i ke  l u s t e r ,  mp 291-294 'C. -- 
MS @ 520 ( M ~ ,  TOO%), 260 ( M ~ ~ ,  27%); I R  (KBr) 3064, 1504, 1421, 1226, 1066, 940, 836, 798, 

690 cm-'; UV hk!i13 324 ( E  13400). 460 nm (68400). Anal. Calcd fo r  C26H16S6: C, 59.96; H, 3.10; 

8, 36.94%. Found: C,  59.64; H, 3.05; 8, 36.42%. 
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