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RESEARCH ON THIOPHENES 
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[2,3-b] thiophene* 
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Thieno[2, 3-b]thiophene is prepared in a way similar to that previously 
described for the synthesis of thieno[3, 2-b]thiophene, the method 
being based on intramolecular condensation of methyl (3-formyl-2- 
thieny!mercapto) acetate. The IR and PMR spectra of thieno[2, 3-b]- 
thiophene, 2-ethylthieno[2, a-b] thiophene and 2-ethylthieno[3, 2-b]- 
thiophene are investigated. 

The l i terature indicates that attention has been pr i -  
mari ly  devoted to two methods of synthesizing i somer -  
ic thtenothiophenes viz, cyclizing (a) aliphatic der i -  
vatives, and (b) thiophene derivatives. There are two 
defects inherent in the f i rs t  of these, the thienothio- 
phenes are formed as difficulty separable mixtures of 
i somers ,  and in very low yields. 

A synthesis of thieno[2, 3-b]thiophene0 starting from 
a thiophene derivative, 2-mercaptothiophene, was ca r -  
ried out [1] thus: 

~'Sff "x" SC H2C H ~OC H3")2 C~i6 

but the yield of thieno[2, 3-b]thiophene is low. It should 
be mentioned, incidentally, that the cyclization of thi- 
enyl -2-mercaptoaceta ls  by acid reagents,  used to syn- 
thesize thieno[2, 3-b]thiophene, can be accompanied by 
isomerizat ion.  

It is shown in [3, 4], and also in a paper by the pre-  
sent authors [5] that such isomerizat ion can actually 
take place. 

Thus, when using the method of [1, 2], it was im-  
possible to be sure that the resultant thieno[2, 3-b]thio- 
phene was free from t races  of isomeric  thieno[3, 2-b] 
thiophene. We have prepared the latter compound by a 
new method, based on intramolecular  condensation of 
methyl (2-formyl-  3-thienylmercapto)acet  ate [6]. 

The present  paper gives resul ts  of our experiments 
on preparing thieno[2, 3-b]thiophene by an analogous 

method. Since there is eyelization in alkaline solution, 
the possibility of isomerizat ion is precluded. Starting 
from B-bromothiophene, the method of [7] was used to 
prepare  fl-thiophenaidehyde, and the appropriate ace-  
tal f rom it. Further, by means of a method developed 
in our laboratory [8], the acetal was converted to me-  
thyl (3-formyl-2-thienylmercapto)acetate,  and t rea t -  
ment of the latter with sodium ethoxide gave a carbox- 
ylic acid of composition C7H202S2. The mere  fact that 
an acid of such composition is formed, as well as an 
observation [9] indicating that 3-thiophenealdehyde 
metall izes at position 2, shows that the s t ructure  of 
the acid is V. Thus the sequence of changes leading 
from fl-bromothiophene to the final compound VI and 
its derivative can be represented by: 

B~ /CHO /CH(  OC:H5 

I II II] 

/ C l i o  

S/'\SCHoCOOCH~ 

IVa VII  VI I I  

The last stage, decarboxylation, was effected by 
heating the thieno[2, 3-b]thiophene-2-carboxylic acid 
in quinoline. The yield of VI, calculated on the s ta r t -  
ing ~-bromothiophene, amounted to about 40%. 

It was of interest  to determine whether there was a 
t race  of thieno[3, 2-b]thiophene in its i somer  VI, and 
for that purpose the IR spectra of these compounds 
were investigated.* The lots (Figs. 1 and 2) show that 
the VI spectrum contains a la rger  number of absorp-  
tion bands than the spectrum of thieno[2, 3-b]thiophene, 

*For Par t  IX see [13]. 

*This part  of the work was done by B. V. Lopatin, 

to whom we express  our thanks. 

,oj 
~ 4o 

20- 

0 
4~00 3200 2400 ?gO0 1700 

V tJldllJl 
! ]ltI  

'IV VI 
?500 130n 1100 gClO 700 cm -I 

Fig. 1. IR spect rum of thieno[2, 3-b]thiophene (no solvent). 
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F i g .  2. IR s p e c t r u m  of  t h i e n o [ 3 ,  2 - b ] t h i o p h e n e  ( t ab l e t ed  wi th  K B r ) .  

and t h i s  m a y  be  p r e s u m e d  to be  c o n n e c t e d  wi th  l o w e r -  
ing  of  the  d e g r e e  of  s y m m e t r y  of  t he  m o l e c u l e  on p a s s -  

i n g  f r o m  the  l a t t e r  to VI. B a n d s  wi th  f r e q u e n c i e s  676 

and 1347 c m  -1 w e r e  s e l e c t e d  as  a n a l y t i c a l  b a n d s  fo r  

q u a n t i t a t i v e  d e t e r m i n a t i o n .  T h e i r  h igh  i n t e n s i t i e s  (D = 

0.824 and 0.354 r e s p e c t i v e l y ) ,  e n a b l e  t he  p r e s e n c e  of  

1 -2% (us ing  the  676 c m  - I  l i ne )  o r  3 - 4 %  {using the  1347 

c m  -1 l i ne )  of  t h i eno [3 ,  2 - b ] t h i o p h e n e  in VI to be  d e t e r -  

m i n e d  qu i t e  c o n f i d e n t l y ,  S ince  the  s p e c i m e n  of t h i o -  

p h e n e  p r e p a r e d  by us  d id  n o t  s h o w  t h e  676 and 1347 

c m  -1 a b s o r p t i o n  b a n d s ,  i t  cou ld  be  c o n c l u d e d  t h a t  i t  

d id  no t  c o n t a i n  any  a p p r e c i a b l e  t r a c e  of  t he  i s o m e r .  

12 H z  

Fig. 3. PM_R s p e c t r u m  

of  t h i o p h e n e  p r o t o n s  of  
t h i e n o [ 3 ,  2 - b ] t h i o p h e n e  

(CCl~ s o l v e n t ) .  

As  would  be  e x p e c t e d ,  t h e  two i s o m e r i c  t h i e n o t h i o -  

p h e n e s  d i f f e r e d  in  P M R  s p e c t r u m  ( s e e  T a b l e  and F i g s .  

3 , 4 ) . *  

The s i g n a l s  of t h e  C=C doub l e  bond  p r o t o n s  a r e  in 

t h e  6 . 7 - 7 , 3  p p m  r e g i o n .  C o m p a r i s o n  o f  e t h y l - s u b s t i -  

t u t e d  IX and X s h o w s  the  X s i g n a l s  to  be  in  a w e a k e r  

field than the IX ones. 
Though clear-cut evidence for assigning signals to 

position 4 or 5 is lacking, however, comparing the 
spectra of VI, IX, and X with the spectrum of thio- 
phene, the weak field signal can be assigned to a pro- 
ton in the a position, and the strong field one to one 
in the/3 position with respect to sulfur. Not the least 
spin-spin interaction was observed in the spectra of 
VI and IX (in any case it is under 0.3 cps)o In X the 
Ga6 constant is somewhat less than in the unsubstituted 
thieno[3, 2-b]thiophene (G361.5)-[10]. The occurrence 
of remote interaction between protons 3 and 6 can be 
regarded as a characteristic of thieno[3, 2-b]thiophene~ 

In X the signal from the position 2 proton, and in 
X that from the position 3 have a fine structure 
due to interaction with CH~ group protons. 

*The  a u t h o r s  t h a n k  V. F .  B y s t r o v  f o r  d e t e r m i n i n g  and  

a n a l y z i n g  t h e  P M R  s p e c t r a  of  t h e  c o m p o u n d s  s e t  ou t  

in  t h e  t a b l e .  

E t h y l  g r o u p  s i g n a l s  a r e  o b s e r v e d  s e p a r a t e l y  f o r  

CH 2 and CHa, and h a v e  an o r d i n a r y  f ine  s t r u c t u r e ,  a 

q u a d r u p l e t  and a t r i p l e t  r e s p e c t i v e l y .  

E X P E R I M E N T A L  

3-Thiophenealdehyde (II) was prepared as previously described 
n s~ - 5 [7], yield 70%, bp 79"-82" (15ram); D 1. 820. 2,4-Dinitrophenyl- 

hydrazone mp 235-237 ~ (ex EtOH-AeOEt). The literature [7] gives mp 
235~ ~ . 

3-Thiophenealdehyde diethylacetal (Ill). A mixture of 54 g (0.48 
mole) II, 106.8 g (0.68 mole) ethyl orthoformate, 240 ml absolute 
EtOH, and 5 drops cone. HC1 was refluxed for 6 hr. After cooling the 
solution was poured into 1 l water, and the oil that precipitated ex- 
tracted with ether. The ether extract was washed with water, then 
dried over MgSO 4, yield 64.7 g (73%) acetal bp 96"-102"(12 mm); 
n}~ 1.4950. Found: C 57.85; 58.06; H 7.43; 7.42; S 3.7.22; 17.01%. 
calculated for C9Hx402S: C 58.06; H 7.59; S 17.20%. 

Methyl(8-f~rrnyl-2-tialenylmereapto)aeetate (IV). 110 ml ether 
solution of BuLl (concentration 0.071 g/ml) was added dropwise to 223 
(0.12 mole) acetal III in 50 ml dry ether, cooled to -30  ~ under dry ni- 
trogen, and stirred. When addition was complete and the products had 
warmed up to room temperature, they were refluxed for 20 m/n, cool- 
ed again to -30 ~ and 3.9 g (0.12 g-at) dry S added. Then cooling was 
terminated, and the mixture stirred so long as any S remained unre- 
acted. The products were again cooled to -30% 13.4 g methyl chloro- 
acetate added dropwise and the mixture refluxed for 2 hr, cooled to 
between -5 ~ and -10 ~ and 90 ml 25% ammonium chloride solution 
added. A white flocculent precipitate formed, and gradually dissolved. 
The water layer was separated off and extracted with ether, the ether 
extract combined with the ether layer, and the whole dried over 
MgSO 4. Yield 19.5 g (80%) substance bp 156~-161 ~ (4 mm), which 
solidified. After recrystallizing from EtOH and washing with heptane 
it had mp 53-55 ~ Found: C 44.85; 44,88; H 3,61; 3.62; S 29.04; 
29.34~/r calculated for C8HsOsS~: C 44.42; H 3.74; S 26.69%. 

i ! 

12Hz 

F i g .  4. P1VIlt s p e c t r u m  

of  t h i o p h e n e  p r o t o n s  of  

2 - e t h y l t h i e n o [  3, 2 - b ] -  

t h i o p h e n e  (CCI~ s o l v e n t ) ,  

Thieno[2, 3-b]thiophene-2-carboxylic acid (V). I g (0.005 mole) 
IV in 5 ml MeOH was added to a warm stirred solution of 0.32 g (0.013 
g-at) Na in 20 ml MeOH, and the mixture stirred and refluxed for 
3 hr, A voluminous yellow precipitate formed; most of the MeOH was 
then distilled off, and the precipitate dissolved in water. The ma- 
terial not dissolved tn the water was filtered off, the aqueous solution 
was cooled with ice water while it was acidified with cone. HC1 until 
acid to Congo Red. A pale yellow precipitate formed, 0.73 g (86~ 
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C h e m i c a l  Shifts and Sp in-sp in  I n t e r a c t i o n  Constants  (CC14 solut ions)  
(d in ppm on TMS) 

v~ ~ f ~--~3 
" ~  s 2 

IX ~ - - ' ~ \ C 2  ii s 

~S ~C2H 

Compound 62 6~ . CH2 CH3 

7.27 7.t7 

6,58 

~4 85 

7.17 7,27 

(G23=Gs4=5.2• eps) 

6.77 I 6.92 

(G4s= 5.3• 

6.98 (~6) I 7.05 

(G36=0.5• cps) 
(Gs6 = 5 . 5 -  +- O. I cps) 

6.76 

2.69 

2.82 

1.2T 

1.3~ 

mp 243~176 After reerystallizing from EtOH it had mp 249 ~ The 
l i t e ra ture  [11] gives mp 247 ~ Found: C 45.69; 45.65; H 2,17; 2.24; S 
34.72; 34.55%, calculated for CTHaO2~: C 45.64; H 2.19; S 34.82~ 

(3-Formyl-2-thienylmercapto)acetic acid (IVa), This was synthe- 
sized by a method similar to that used for the thiophene-2-carboxylic 
acid V, the mixture being refluxed for 2 hr. 2.9 g IV gave 2.05 IVa, 
mp 127~ ~ (ex EtOH). Found: C 41.89; 42.04; H 2.82; 2.94; S 31.80; 
31.76%, calculated for CTH6Os82: C 41.56; H 2.99; S 32.21%, 

Methyl thieao[2, 3-b]tlflophene-2-carboxylate (VII). A saturated 
ethereal solution of diazomethane containing 0.094 g diazomethane 
was added dropwise to a boiling EtOH solution of 0.21 g (0.001 mole) 
V (only pa~t dissolved). Yield of VII 0.2 g. After vacuum distillation 
it had mp 102.5-103". The literature gives [12] mp 106.5". Found: 
C 48.64; 48.63; Ha. 42; 3.10; S 31.81; 32.12qc, calculated for CsHsOzS2: 
C 48.46; H 3.08; S 32.32%. 

Thieno[2, 3-b]thiophene (VI). This was prepared by decarboxylat- 
ing 3,3 g (0.015 mole) thiophene-2-carboxylic acid in 25 ml quino- 
line in the presence of 0.08 g Cu powder [6]. It was necessary to work 
up the product carefully to remove all the quinoline. The ether ex- 
tract was dried over CaC1 z, the ether distilled off, and the residue 
vacuum distilled, yield 1.8 g (92%) material, 68.5" (3 mm); n~ 
1.6675. The literature [11] gives bp 102" (16 ram). Found: C 51.32; 
51.75; H 2.98; 3.07; S 45.18; 45.08% calculated for C6HaS2: C 51.40; 
H 2.87; S 45.75%. The analysis and mp corresponded to thteno[2, 3-b]- 
thiophene VI, mp 6"-6.5*. 

2-Acetylthioeno[2, 3-b]thiophene (VIII). This was synthesized from 
thieno[2, 3-b]thiophene (0.5 g, 3.6 mM) and AcOC1 (0.26 ml) in the 
presence of SnC14 (0.35 ml), in 10 mi dry benzene. Yield of VIII 0.6 
g, mp 108*-110 ~ After steam distillation and recrystatlization it had 

o 4 ~ mp 113 -11 . The literature [11] gives mp 114~ ~ Found: C 52.68; 
52.q9; H 3.31; 3.24; S 35.12; 34.96%, calculated for C8H808~: C 52.71; 
H 3.35; S 35.17%. 
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