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Chapter 3 

Design and synthesis of functionalized 

bithiophene monomers  
 

This chapter describes the design and synthesis of the functionalized bithiophene 

monomers. The first paragraph focuses on choice of maleimide as a functional group and 

gives some information on the chemical modification of the sulfate binding protein used for 

this project. The other paragraphs describe the synthesis of the desired functionalized 

bithiophene monomer. The synthesis is accomplished in nine steps. Most of these steps are 

based on literature procedures that were modified to be compatible with our desired 

products. 
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3.1    Maleimide as a functional group for bioconjugation 

The main goal of the BioFET project was the fabrication of a biosensor based on an organic 

field effect transistor. In the previous chapter, we focused on the conjugated polymer, but 

the design of the desired biomolecule is as important. For proof-of-principle we decided to 

use simple, well-established systems. In paragraph 1.4 we presented a literature overview of 

organic sensors and showed that ion detection is one of most used and successful systems. 

We decided to replace the organic receptor by a biochemical receptor and build a BioFET 

based on simple ion-detection, using a sulfate-binding protein (SBP) from S. Typhimurium 

for this project. This protein, like most other solute-binding proteins, has a high structural 

stability (does not easy denature)1. The crystal structure has been resolved, which makes 

selective structural modification easier1.  

For covalent attachment of the protein to the surface of our BioFET, the conjugated polymer 

needs to be functionalized with groups that can react with the protein. A common target for 

protein attachment is primary amines2. They are abundant, widely distributed, easily 

modified because of their high reactivity, and often present on the surface of a protein. 

Functional groups such as N-hydroxysuccinimide esters and N-hydroxysuccinimide are 

commonly reacted with these amines. Although the abundance of these primary amines is 

favorable for easy functionalization, it reduces control over the position of the attachment. In 

most cases attachment will happen at random positions which can cause a loss of activity 

when it occurs with a primary amine that is critical for the biological activity. Attachment via a 

more selective method is therefore preferred. A well-established method for bioconjugation 

is the use of maleimide in combination with a thiol functional group3,1,2. The thiol functional 

group, which in proteins is only found in cysteines, binds selectively to maleimide. Under 

slightly basic conditions (pH 6.5 - 8) or nucleophilic catalysis, a thiolate is formed, which is a 

powerful nucleophile. This thiolate attacks the electron poor C C bond in a Michael type 

reaction, forming an intermediate carbon-centered anion (strong base). This anion picks up 

a proton, yielding the thiolether as the product. The reactivity of thiolgroup is superior 

compared to hydroxyl or amine functionalities at the mentioned pH, resulting in a high 

reaction speed and good selectivity. The reaction is not limited to maleimide, other functional 

groups containing an electron deficient C=C bond can also be used. The high stability of  

maleimide is the reason for the extensive use of maleimide compared to other electron 

deficient systems.  

The wildtype SBP has no cysteine residues, but several mutants (SBP-SH) were 

constructed by M. Kuiper et al1. containing an isolated cysteine moiety. The activity of each 

of the mutants was tested and the best mutant for this project was chosen.  
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 In Chapter 2 we discussed the polymer system we consider suitable for our project. For a 

good, functional device it is important that functionalization of the polymer with the 

maleimide does not change the electronic properties of the polymer. Adding the electron 

poor maleimide directly to the polymer backbone was therefore not considered and 

functionalization at the end of the aliphatic sidechains was chosen. Bithiophene 3.1 (Figure 

3.1) was chosen as the target monomer. The double functionalization is not necessary for 

effective bioconjugation, but it is needed to obtain the symmetric monomer for our regio-

regular polymer. The retro-synthesis of this monomer is the focus of the next section. 

 

 

 

Figure 3.1 Maleimide functionalized bitihophene monomer to be synthesized. 
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3.1.1   Retro-synthesis of the maleimide functionalized bithiophene 

 

 

Figure 3.2 Basic retro-synthesis of monomer 3.1 using the newly developed coupling reaction (c) from 

Chapter 2 as the starting point.  

 

Our first and very basic retro-synthesis of monomer 3.1 is given in Figure 3.2 . The synthesis 

was designed around our newly developed coupling route which was presented in  

Chapter 2. Because of expected polymerization of the maleimide under the harsh conditions 

used during coupling (i.e., LDA), maleimide had to be added in the final step.  This ment that 

protection and deprotection steps were required. The protecting group should be stable 

towards LDA and not be affected during the bromination step.  Based on this general 

scheme we looked at each step in more detail.  

Traditional methods4,5 for the synthesis of N-alkylated maleimides involve a condensation 

reaction between an amine and maleic anhydride followed by dehydration of the 

intermediate maleamic acid (Figure 3.3a). The use of this reaction is limited by the required 

harsh reaction conditions and need for an additional step. Direct functionalization of a 

primary alcohol with a maleimide is possible using the Mitsunobu conditions4 (Figure 3.3b). 

Unfortunately Hawthorne et al. showed6 that polymeric material was obtained when using  
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Figure 3.3 Several possible routes to form N-alkylated malemide a) traditional condensation reaction 

followed by dehydration b) Mitsunobu Method c) Clevenger Method, nucleophilic substitution followed 

by deprotection. 

 

starting materials with multiple hydroxyl groups, caused by fast nucleophilic addition of the 

hydroxyl group to the C=C bond in maleimide under the Mitsunobu conditions. 

This problem could be solved by using furan-protected maleimide during the 

functionalization followed by deprotection. A similar method was developed by Clevenger 

who showed7,8 that it is possible to do a direct nucleophilic substitution reaction of alkyl 

bromides with a furan-protected maleimide using potassium carbonate as a mild base. A 

retro-Diels-Alder reaction after the functionalization then yields the desired product (Figure 

3.3c).  We decided to use the Clevenger reaction for the synthesis of monomer 3.1 because 

of the many possible substitution reactions with bromoalkanes as a starting point, extending 

our options for the future. We also suspect that brominated monomer 3.2 is more soluble in 

organic solvents than the dihydroxy analogue. 

A method for the synthesis of bromoalkylthiophenes was developed by Bäuerle et al.9 They 

applied the standard Kumada coupling between a p-(methoxy-phenoxy)alkylbromide (n=4-

10) and 3-bromothiophene, yielding the 3-(p-methoxy-phenoxy)alkylthiophene in good 

yields. Unmasking of the bromide can then be performed by refluxing in HBr and acetic 

anhydride. The complete retro-synthesis is given in Figure 3.4. 
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Figure 3.4 Retrosynthesis of the desired bithiophene monomer. (a) toluene, heat. (b) K2CO3, DMF, 

protected maleimide. (c) HBr, acetic anhydride. (d) 1. LDA, THF, 2. CuCl2, THF. (e) NBS, DMF (f) 

3-bromo-thiophene, Ni(dppp)Cl2, THF (g) Mg, THF (h) 1,10-dibromodecane, KOH, methanol. 
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3.1.2   The synthesis 

 
Figure 3.5 Synthesis of 2-bromo-3-[10-(4-methoxyphenoxy)decyl]thiophene 3.7. 

 

Using the synthetic methods described in literature9,10 we synthesized p-methoxy-

phenoxy)decylbromide 3.5 and 3-(p-methoxy-phenoxy)decylthiophene 3.6 in 72% and 

respectively 73% yield. The Kumada coupling reaction between 3-bromothiophene and 3.5 

is slow (72 h). It is therefore important to exclude water and oxygen from the reaction to 

prevent the formation of side-products, especially the homo-coupled product, which is 

difficult to remove. Selective bromination of the 3.6 was done using NBS in DMF, resulting in 

the formation of 3.7 in 61% yield. Complete removal of the overbrominated byproduct is 

difficult and, because it will not cause a problem in the next synthetic step, it was decided to 

tolerate (<5%) this impurity.  

Following our newly developed coupling method we were able to synthesize the desired 

bithiophene monomer 3.8 in 54% yield (Figure 3.6).  

The removal of the masking groups using HBr in acetic anhydride was unsuccessful. The 

authors of the original article9 already had to add a phase-transfer catalyst in the case of the 

longer-chain monomers to overcome solubility problems, but our bithiophene was just too 

insoluble to form the desired product. Switching to another protection / deprotection strategy 

could solve the solubility problems, but the extra bromination step would likely create more 

problems.  We therefore decided to develop a new unmasking method based on two reports 

(see Figure 3.7). In 1992, Bäuerle et al.11 decribed a method for end-capping thiophene 

oligomers. They synthesized 3-(p-methoxyphenoxy)butylthiophene and added this to BBr3 in 

CH2Cl2. They obtained the desired product in 75% yield, but also a small amount (less then 

1%) of 3-(4-bromobutyl)thiophene. In 1999 Effenberger et al.12 used the 
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Figure 3.6 Dimerization of 3.7 using the newely developed route of Chapter 2. 

 

Figure 3.7 Demasking step using BBr3; a). Bäuerle et al. Adv. Mater. 4, 102 (1992) b) Effenberger et al. 

Synthesis 6, 953 (1999) c). This thesis.  
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same procedure for a protected α-(2-thienyl)alkane (n=20), they only obtained the 

unmasked product in good yields (86%). From these two reports, we concluded that it 

should be possible to use BBr3 to unmask the terminal bromine atoms as long as the 2-

position of the thiophene is blocked to prevent intermolecular Friedel-Crafts alkylation. The 

mechanism was not discussed by Mimura and Bäuerle but is likely similar to the hydroxyl 

demethylation reaction using BBr3 that is often used in the synthesis of pharmaceutical and 

fine chemicals.  

   

 

 

Figure 3.8 Deprotection using BBr3, proposed mechanism. 

The mechanism13 of this ether cleavage has been reported in literature and it is generally 

accepted that it occurs via a Lewis acid activation of the ether bond, followed by the 

intramolecular nucleophilic attack, resulting in the demethylated product and methyl bromide 

(Figure 3.8). If we apply this mechanism to our product we end up with the desired 

deprotected and brominated product 3.9 (Figure 3.7c). We used one equivalent of BBr3, 

which resulted in the formation of the desired product in 56% yield. In theory one equivalent 

of BBr3 can perform the deprotection three times, but we found out that using half of an 

equivalent resulted in lower yields. The presence of 1,4-dihydroxybenzene in the crude 

reaction mixture suggests that demethylation occurs in addition to the desired deprotection. 

This is probably the reason for the lower yields of monomer 3.9  

The literature synthesis14,15 of furan-protected maleimide involves heating of furan and 

maleimide in ether at 90 oC in an autoclave for 10 h. Unfortunately the reported yield is low 

(27%) and we therefore decided to use a slightly different approach. Simmons et al. 

reported16 the successful Diels-Alder coupling of different alkyl furans and n-functionalized 

maleimides in acetone at 55 oC. They obtained the coupled products, as the more stable 

exo-isomers, in good yields (70-96%).  
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Applying these reaction conditions to a mixture of methylfuran and maleimide overnight 

resulted in the formation of the methylfuran-protected maleimide in 74% yield. Also in our 

case one product is formed, as shown by 1H-NMR (Figure 3.9). The very small coupling 

constant of peak d of J=1.8 Hz indicated that this product is also the exo-product. The large 

angle (80o vs 35o) between proton d and e in the exo-product reduces the overlap of the C-H 

orbitals, reducing the coupling constant, which is seen in the 1H-NMR of product 3.10 

(Figure 3.9)17,18. 

Functionalization of the bithiophene unit 3.9, using this protected maleimide, was done by 

stirring 1.2 eq of the protected maleimide (3.10) with potassium carbonate in DMF overnight, 

resulting in the desired bithiophenes 3.11 in 89% yield. Deprotection to the final maleimide 

functionalized product 3.1 was performed by refluxing the product overnight in toluene 

(Figure 3.10). After solvent removal and a small column, 3.1 was obtained in 71% yield. 1H-

NMR showed that the deprotection was almost complete (Figure 3.11). Complete removal of 

the non-deprotected product, however, was unsuccessful. 



Design and synthesis of functionalized bithiophene monomers 

  85 

 

 

Figure 3.9 1H-NMR of methylfuran-protected maleimide 3.10 showing only the more stable exo-product. 

*residual unprotected maleimide. Including a blow-up of peak d..  

 

 

Figure 3.10 Functionalization of 3.9 forming the final product 3.1. 
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Figure 3.11 1H-NMR spectra of the functionalization process of monomer 3.1. *residual monomer 3.11. 
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3.2   Conclusion 

We successfully synthesized monomer 3.1. The synthesis was performed in nine steps, 

involving a masking step, synthesis of the functionalized thiophene, coupling of the 

thiophene to form bithiophene, functionalization with a protected maleimide, followed by 

deprotection.  

The modified McCulloch coupling developed in Chapter 2 proved to be a very useful 

coupling method also for functionalized thiophenes and resulted in the formation of the 

masked monomer 3.8. 

Demasking using HBr in acetic acid was unsuccessful, but the use of BBr3 in CH2Cl2 was 

found to be a suitable alternative for the monomer. A better understanding of the mechanism 

is important for further improvements of both the reaction and its yield.  

After demasking, monomer 3.9 was formed, which is an important synthon for other 

functionalized bithiophenes. The symmetry of the monomer makes it an ideal candidate for 

research where regio-regular polymers or oligomers are needed. Monomer 3.9 was made 

on a gram scale, which is important for possible commercial applications. 

Functionalization of monomer 3.9 was done using the Clevenger procedure with methyl-

furan protected maleimide. This protected maleimide was made using the modified 

Simmons reaction which proved to be very useful. Product 3.10 was obtained as the stable 

exo-product in good yields. The final step of the synthesis involves heating 3.10 to perform a 

retro Diels-Alder reaction yielding the desired monomer 3.1.  

Although each individual step of the synthesis of monomer 3.1 has an average to good yield, 

the need for a total of nine steps, meant that only batches of several hundred milligrams of 

product 3.1 could be synthesized. Time-wise the synthesis of 3.6, starting at 3.4 is the most 

rate limiting, which is caused by the slow Kumada coupling. Replacing these steps would be 

most beneficial for the total synthesis.  
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3.3   Experimental 

 

Measurements 

NMRs were measured using a Varian VXR-300 (300 MHz) or a Varian Gemini-200 (200 

MHz) instrument at 25 ˚C. FT-IR spectra were recorded on a Nicolet Nexus FT-IR 

spectrometer. Solids were measured in KBr using a Smart Collector DRIFT setup. ATR-IR 

spectra where recorded on a Bruker IFS88.  

 

Materials and Methods 

All reagents and solvents were purchased from commercial sources and used without 

further purification unless indicated otherwise. Kumada, Stille, and Suzuki coupling reactions 

were performed under dry conditions and nitrogen atmosphere 

 

 

1-[(10-bromodecyl)oxy]-4-methoxybenzene [3.5] 

This compound was made according to literature procedure.10 To 100 gram of 

1,10-dibromodecane (0.33 mol) was added 20.7 gram (0.17 mol) of n-

methoxyphenol. The mixture was heated until both starting materials where 

molten (60 °C). The mixture was stirred and 8.0 gram (0.2 mol) NaOH,  dissolved 

in 100 ml MeOH, was added dropwise. The resulting mixture was refluxed for 6 

hrs, cooled to RT and then precipitated into water. The product was extracted 

with 3x 200 ml of chloroform, washed with water and brine, dried (MgSO4) and the solvent 

was removed in vacuo. The product was purified via distillation under reduced pressure (160 

°C - 170 °C (8 mTorr)) followed by recrystallization from hexanes. Yield 40.7 gram (0,12 mol, 

72%).  
1H NMR (300 MHz, CDCl3) δ = 6.81 (s, 4H), 3.88 (t, J=6.5 Hz, 2H), 3.75 (s, 3H), 3.39 (t, 

J=6.8 Hz, 2H), 1.92 – 1.78 (m, 2H), 1.79 – 1.66 (m, 2H), 1.16-1.50 (m, 13H). 13C NMR (50 

MHz, CDCl3) δ = 153.87, 153.50, 115.63, 114.82, 68.84, 55.95, 34.24, 33.04, 29.65, 29.59, 

29.56, 28.95, 28.37, 26.25.  
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3-[10-(4-methoxyphenoxy)decyl]thiophene [3.6] 

This compound was made according to literature procedure.9  The reaction 

was performed under dry conditions and nitrogen atmosphere. To 150 ml of 

dry THF was added 20 gram of 3.5. The mixture was stirred until a clear 

solution was obtained. In a second flask 1.82 gram of magnesium was 

activated for several hours by stirring with broken glass. The magnesium turns 

black when correctly activated. To the activated magnesium the solution of 20 

gram 3.5 in 150 ml of THF was added dropwise and the mixture was heated to 

reflux. After refluxing overnight, the product was transferred via a cannula to a 

cooled (0 °C) mixture of 9.1 gram of 3-bromothiophene in 20 ml of dry THF and 352 mg of 

Ni(dppp)Cl2. The mixture was stirred at 0 °C for 2 hrs and then refluxed for 48 h. The mixture 

was cooled to RT and while cooling (ice), 100 ml of saturated NH4Cl was added dropwise. 

The water layer was extracted with 3x 100 ml dichloromethane and the extract was washed 

with 2x 100 ml water and once with 100 ml of brine. The solution was dried (MgSO4) and the 

solvent was removed. The product was purified using column chromatography (silica, DCM / 

heptane 1:1) followed by recrystallization from methanol. Yield 14.00 gram of white powder.  
1H NMR (300 MHz, CDCl3) δ = 7.22 (dd, J=4.9, 3.0 Hz, 1H), 6.92 (d, J=4.1 Hz, 2H), 6.81 (s, 

4H), 3.88 (t, J=6.5 Hz, 2H), 3.75 (s, 3H), 2.60 (t, J=7.5 Hz, 2H), 1.82 – 1.67 (m, 2H), 1.67 – 

1.49 (m, 2H), 1.49 – 1.19 (m, 14H). 13C NMR (50 MHz, CDCl3) δ = 153.64, 153.28, 143.38, 

128.26, 125.00, 119.73, 115.40, 114.58, 68.64, 55.71, 30.53, 30.26, 29.52, 29.48, 29.40, 

29.37, 29.29, 26.03.  

 

2-bromo-3-[10-(4-methoxyphenoxy)decyl]thiophene [3.7] 

The reaction was performed in the dark. To 200 ml of chloroform was added 15 

gram (43.4 mmol) of 3-[10-(4-methoxyphenoxy)decyl]thiophene. The mixture 

was stirred until everything was dissolved and then cooled to 0 °C. 100 ml of 

acetic acid was then added and 8.9 gram (50.0 mmol) of NBS was added in 

portions over one hour. The reaction was stirred at 0 °C for 3 h then allowed to 

warm up to RT overnight. The mixture was precipitated in 300 ml of  

2 M HCl. The layers where separated and the organic layer was washed 

several times with 2 M HCl, water,  and brine. The solution was  dried (MgSO4) 

and the solvent was removed in vacuo. Yielding a redish oil. Removal of the byproducts was 

done by recrystallization at RT from hexanes, filtration and then removal of the solvent. 

Yielding 14.0 gram (32.9 mmol, 76%) of slightly yellow oil.  
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1H NMR (300 MHz, CDCl3) δ = 7.16 (d, J=5.6 Hz, 1H), 6.81 (s, 4H), 6.77 (d, J=5.6 Hz, 1H), 

3.88 (t, J=6.5 Hz, 3H), 3.75 (s, 3H), 2.54 (t, J=6.5 Hz, 3H), 1.83 – 1.66 (m, 2H), 1.66-1.48 

(m, 2H), 1.48-1.21 (broad, 12H). 13C NMR (50 MHz, CDCl3) δ = 153.60, 153.25, 141.88, 

128.17, 125.08, 115.36, 114.55, 108.73, 68.59, 55.66, 29.66, 29.34, 29.14, 26.00. 

 

5,5'-dibromo-4,4'-[10-(4-methoxyphenoxy)decyl]-2,2'-bithiophene [3.8] 

The reaction was performed under dry conditions and under 

nitrogen atmosphere. 3.4 gram (33 mmol) diisopropylamine was 

added to 80 ml of dry THF and then cooled to 0 °C. 12 ml (30 mmol) 

of n-BuLi (2.5 M) was added dropwise (T < 5 °C). After addition, the 

mixture was stirred for an extra hour, cooled to -78 °C and 12.0 

gram (28 mmol) 3.7 in 40 ml dry THF was added dropwise over 30 

min. The mixture was stirred at -78 °C for an hour and then 12.0 

gram (89 mmol) of CuCl2 was added at once and the reaction was 

allowed to warm-up overnight. The reaction was quenched by 

addition of 100 ml of water. The product was extracted with DCM 

and the organic layer was washed several times with 2 M HCl to 

remove the copper salts. The organic layer was then washed with 

brine and dried (Na2SO4) and the solvent was removed in vacuo. 

The crude product was further purified using flash column 

chromatography (silica, CH2Cl2/hexane 1:1), followed by recrystallization from 90 ml ethyl 

acetate. Yielding 6.4 gram (7.55 mmol; 54%) of pure product.  
1H NMR (300 MHz, CDCl3) δ = 6.81 (s, 8H), 6.75 (s, 2H), 3.88 (t, J=6.5 Hz, 4H), 3.74 (s, 

6H), 2.49 (t, J=7.6 Hz, 4H), 1.87 – 1.63 (m, 4H), 1.53 (s, 4H), 1.48 – 1.12 (m, 20H). 13C 

NMR (50 MHz, CDCl3) δ = 153.60, 153.26, 142.93, 136.13, 124.44, 115.38, 114.57, 107.84, 

68.62, 55.72, 29.60, 29.52, 29.45, 29.38, 29.34, 29.16, 26.04. ATR-IR (cm-1):  2928, 2916, 

2850, 1507, 1463, 1442, 1417, 1390, 1230, 1180, 1103, 1037, 1026, 1013, 821, 791, 744, 

723, 643, 635, 617 



Design and synthesis of functionalized bithiophene monomers 

  91 

 

5,5'-dibromo-4,4'-bis(10-bromodecyl)-2,2'-bithiophene [3.9] 

The deprotection was based on two literature procedures.11,12 The 

reaction was performed under dry conditions and under nitrogen 

atmosphere. To 50 ml of dry CH2Cl2 was added 4.0 gram (4.72 

mmol) of 3.8. 10 ml of a 1M solution of BBr3 (CH2Cl2) was added 

dropwise and the resulting green solution was stirred for 30 min at 

RT. The mixture was  refluxed for 1.5 h, cooled to RT and 

hydrolyzed by addition of 40 ml of saturated NH4Cl. Extra CH2Cl2 

was added and the layers were separated. The organic layer was washed with water, 

saturated NaHCO3 solution and brine. The solution was dried and the solvent was removed. 

The crude product was further purified using column chromatography (silica, hexanes) and 

recrystallized from 15 ml of ethyl acetate yielding 1.65 gram (3.07 mmol, 65%) of white 

powder.  
1H NMR (300 MHz, CDCl3) δ = 6.77 (s, 2H), 3.40 (t, J=6.8 Hz, 4H), 2.51 (t, J=7.6 Hz, 4H), 

1.95 – 1.73 (m, 4H), 1.57 (m, 4H), 1.48 – 1.17 (m, 20H). 13C NMR (50 MHz, CDCl3) δ = 

143.14, 136.36, 124.66, 108.09, 34.32, 33.04, 29.81, 29.75, 29.62, 29.55, 29.36, 28.97, 

28.39. ATR-IR (cm-1): 2921, 2848, 1530, 1462, 1431, 1405, 1292, 1273, 1248, 1226, 1193, 

1008, 939, 822, 756, 822, 724, 642, 633, 618, 605 

 

 

1-methyl-10-oxa-4-azatricyclo[5.2.1.02,6]dec-8-ene-3,5-dione [3.10] 

This compound was made  by a modification of the literature literature 

procedure.26 To 50 ml of acetone was added 4.85 gram (50 mmol) 

maleimide and 4.92 gram (60 mmol) of methylfuran. The mixture was 

heated to 55 °C for 24 h. The acetone was removed under reduced 

pressure (RT). The product was further purified using column 

chromatography (silica). The unreacted methylfuran and maleimide was removed using 

ethyl acetate/hexane 1:1, the product was obtained upon elution with ethyl acetate. Yield 6,7 

gram (37 mmol, 74%) of a white powder.  
1H NMR (300 MHz, DMSO) δ = 11.14 (s, 1H), 6.52 (dd, J=5.6Hz, 1.8 Hz, 1H), 6.35 (d, J=5.5 

Hz, 1H), 4.99 (d, J=1.8 Hz, 1H), 2.97 (d, J=6.4 Hz, 1H), 2.70 (d, J=6.4, 1H), 1.56 (s, 3H). 13C 

NMR (75 MHz, DMSO) δ = 177.85, 176.59, 140.33, 136.96, 87.54, 80.10, 51.71, 50.42, 

15.53 
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. 

5,5'-dibromo-4,4'-bis(10-(1-methyl-10-oxa-4-azatricyclo[5.2.1.02,6]dec-8-ene-3,5-

dionedecyl))-2,2'-bithiophene [3.11] 

To 30 ml of DMF was added 1.0 gram (1.28 

mmol) of 3.9, 0.5 gram (2.8 mmol) of 3.10 and 

375 mg (2.8 mmol) of K2CO3. The mixture was 

stirred for 24 h under nitrogen atmosphere and 

then poured into water. The product was 

extracted with ethyl acetate and the organic layer 

was washed several times with water and brine. 

The solvent was removed and the crude product 

was purified using column chromatography 

(silica, ethyl acetate/hexanes 1:1). Drying under 

reduced pressure at RT resulted in 1.1 gram 

(1.14 mmol, 89%) of off-white product.  

1H NMR (300 MHz, CDCl3) δ = 6.74 (s, 2H), 6.47 (dd, J=5.5, 1.3 Hz, 2H), 6.28 (d, J=5.6 Hz, 

2H), 5.15 (s, 2H), 3.44 (t, J=7.3 Hz, 4H), 2.91 (d, J=6.4 Hz, 2H), 2.66 (d, J=6.4 Hz, 2H), 2.48 

(t, J=7.3 Hz, 4H), 1.69 (s, 6H), 1.62 – 1.40 (m, 8H), 1.24 (m, 24H). 13C NMR (50 MHz, 

CDCl3) δ = 176.50, 175.26, 143.16, 140.77, 137.10, 136.34, 124.66, 108.03, 88.31, 80.83, 

50.71, 49.53, 39.07, 29.83, 29.75, 29.61, 29.53, 29.39, 29.26, 27.80, 26.81, 15.88.  ATR-IR 

(cm-1):  2925, 2854, 1770, 1695, 1438, 1400, 1347, 1264, 1165, 1143, 1104, 1070, 980, 

946, 912, 891,870, 844, 732, 702, 679, 649, 621, 612 
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1,1'-[(5,5'-dibromo-2,2'-bithiene-4,4'-diyl)didecane-2,1-diyl]bis(1H-pyrrole-2,5-dione) 

[3.1] 

To 40 ml of toluene was added 1.0 gram (1.03 mmol) of 3.11. 

Te solution was refluxed and the reaction was followed using 

TLC (hexanes / ethyl acetate 3:1). After 3 h the deprotection 

was complete and the solvent removed. The crude product 

was further purified using column chromatography (silica, 

hexanes/ethyl acetate 3:1). Yield: 568 mg (0.73 mmol, 71%) of 

a slightly yellow solid.  
1H NMR (300 MHz, CDCl3) δ = 6.75 (s, 2H), 6.65 (s, 4H), 3.48 

(t, J=7.3 Hz, 4H), 2.48 (t, J=7.6 Hz, 4H), 1.66 – 1.39 (b, 8H), 

1.39 – 1.10 (b, 24H). 13C NMR (50 MHz, CDCl3) δ = 171.11, 143.13, 136.32, 134.22, 124.63, 

108.03, 38.12, 29.83, 29.73, 29.64, 29.62, 29.52, 29.36, 29.29, 28.74, 26.92. ATR-IR (cm-1):  

3086, 2920, 2849, 1693, 1541, 1445, 1406, 1368, 1335, 1184, 1122, 1009, 836, 816, 728, 

694, 670, 644, 631, 618 
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