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ABSTRACT 

 

SYNTHESIS AND CHARACTERIZATION OF  

POLYTHIOPHENE DERIVATIVES 

  

 

Publication No. ______ 

 

Xin Chen, PhD. 

 

The University of Texas at Arlington, 2007 

 

Supervising Professor:  Ronald L. Elsenbaumer 

 

In Chapter 1, the history of conducting polymers, especially polythiophene and 

its derivatives, was briefly reviewed. Different approaches of structural modifications to 

afford small bandgap polythiophene derivatives were discussed. The emergence of 

metal-containing polymers (metallopolymers) as functional materials has attracted 

tremendous attention around the world. Introduction of metals into thiophene-based 

oligomers and polymers, whether the backbone or the side chain of the π-conjugated 

framework, the electronic, optical, or magnetic properties of the material are expected
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to be significantly affected by metals through various mechanisms. Synthesis methods 

to prepare poly(thienylene vinylene) were also briefly reviewed in this chapter.  

In Chapter 2, the motivations and objectives were briefly discussed. Two 

structurally similar compounds, thieno[3,4-d]-1,3-dithiole-2-thione and thieno[3,4-d]-

1,3-dithiol-2-one are the starting point of this project due to their unique 

carbondithiolate structures, which may lead to metal-dithiolate coordinated oligomers 

or/and polymers, or polymers crosslinked by DTTTF units. For the preparation of 

monomers, six types of reactions were systematically studied with focus on thieno[3,4-

d]-1,3-dithiol-2-one to prepare different direvatives. Different halogenated compounds, 

Mannich bases, chloromethylated compounds, a number of nucleophilic substituted 

derivatives and a DTTTF analogue from chloromethylated compounds were successful 

synthesized. All products were fully characterized through 1H and 13C-NMR, FT-IR, 

ESI-TOF high resolution mass spectroscopy. The halogenated products were prepared 

through halogensuccinimides or other halogenation reagents such as Br2, I2. These 

halogenated compounds may be candidates to prepare homopolymer and/or copolymers 

bearing carbondithiolate structures by cross-coupling reactions. 4,6-Bis(chloromethyl) 

thieno[3,4-d]-1,3-dithiol-2-one  and its nucleophilic derivatives may be good monomers 

for the two-step precursor polymerization to achieve fully conjugated poly(thienylene 

vinylene) derivatives and even metallopolymers with metal-dithiolate coordinations.  

Attempted polymerization reactions to homopolymers and copolymers through 

directly C-C coupling, such as transitional metal catalyzed cross-coupling, Stille 

reaction, and Ullman reaction, et. al. were discussed in the beginning of Chapter 3. 
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Base-promoted and acid-promoted polymerizations were attempted to afford soluble 

precursor polymers with carbondithiolate structures. However, all the symmetrical 

thiophene derivatives did not successfully yield processable precursor polymers; 

asymmetrical monomers generated some possibilities for future study. Synthesis of 

thiophene-based oligomers, such as dimmers (dithienyl compounds), trimers (trithienyl 

compounds), and heptamers were also explored in chapter 3, followed by preparation of 

thiophene-based copolymers through Wittig-Horner reactions. Properties of oligomers, 

especially trimers were well characterized by NMR, FT-IR, and ESI-TOF. Several 

conjugated DTTTF derivatives from trimers were prepared by the triethyl phosphite 

cross-coupling method. These conjugated DTTTF compounds posses some unique 

properties. They are stable in solid forms, but may be doped in solution forms. The 

copolymers were characterized by elemental analysis, and FT-IR. UV-Vis spectra of 

copolymers show their bandgap values are aroud 1.87eV (UV edge calculation).  

In the Experimental chapter, all reaction conditions of preparation of new 

annulated thiophene derivatives and oligomers were documented in details. Physical 

and spectroscopic properties of these new compounds were also presented in this 

chapter. 

 

KEY WORDS: polythiophene, oligomer, conjugation, synthesis, 

characterization, DTTTF, metallopolymer 
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CHAPTER 1 

BACKGROUND 

 

1.1 Overview 

1.1.1 Conducting polymers 

The discovery of semiconducting and metallic properties of polyacetylene by A. 

G. MacDiarmid, A. J. Heeger, H. Shirakawa and coworkers in 1977(1-5) triggered a 

tremendous research activity including the participation and coordination of synthetic 

chemists, physicists, materials scientists, and electrical engineers. The concept of 

conducting polymer was quickly broadened from polyacetylene to all other conjugated 

hydrocarbon and aromatic heterocyclic polymers such as polythiophene (PT), poly(p-

phenylene) (PPP), poly(phenylene sulfide) (PPS), polypyrrole (PPy), and polyaniline 

(PAni). The most widely studied conductive polymers are list in Table 1.1. 2000 Nobel 

Prize for Chemistry was awarded to A. G. MacDiarmid, A. J. Heeger, H. Shirakawa for 

their pioneering work in conducting polymers, which was the fourth time for research 

on polymer chemistry and physics.  

From molecular structure point of view, the conducting polymers posses a 

highly delocalized π-conjugation system. Fig. 1.1 shows the evolution of band structure 

of polythiophene upon oxidative doping.  Upon oxidative doping (oxidation reactions) 

with oxidants, an electron is removed from the π-system of polythiophene backbone 
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producing a free radical and a spinless positive charge. The radical and cation are 

coupled to each other via local resonance of the charge and the radical. The structural 

distortion site has higher energy level than the rest of polymer chain. This combination 

of the charged site and paramagnetic defect site is viewed as a polaron, and it creats a 

new localized energy state in the gap with a single electron occupies the lower energy 

state (Fig 1.1 b). Upon further doping (oxidation), the bipolaron (two separated charged 

defects) can be produced through either removing free radicals from polarons or 

recombination of polarons. Thus at higher doping level, polarons are replaced with 

bipolarons. The bipolaron states are located in a band gap of 0.71eV from the edge of 

conduction band and 0.61eV from the edge of valence band for polythiophene 

respectively (Fig.1.1 c). Upon continuous doping, bipolaron states will gradually form a                      

 

                            (a)                     (b)                     (c)                    (d)                   (e)                                        
            

Fig. 1.1 Evolution of band structure of polythiophene on doping. 
 

(a) neutral polythiophene, (b) 0.1% doping level with formation of polaron states, (c) 
few percent doping with formation of bipolaron states, (d) 30% doping level with 
formation of bipolaron bands, (e) hypothetical 100% doping level with appearance of 
quasi-metallic band structure.(15) 
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Table 1.1 List of the most widely investigated conjugated polymer systems 

Conjugated Polymer Structure Ref. 

Polyacetylene 

(PA) n  

(4) 

Poly(p-phenylene) 

(PPP) n  

(6) 

Poly(p-phenylene sulfide) 

(PPS) 
S

n  

(7) 

Polythiophene 

(PT) S n  

(8) 

Poly(3-alkylthiophene) 

(P3AT) 
S n

R

 

(9) 

Polypyrrole 

(PPy) nN
H  

(10) 

Polyaniline 

(PAni) (Emeraldine base) 
H
N

H
N N N

n

 

(11) 

Poly(phenylene vinylene) 

(PPV) n  

(12) 

Poly(thienylene vinylene) 

(PTV) n
S

 

(13) 

Poly(1,6-heptadiyne) 

n  

(14) 
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continuous bipolaron bands (Fig.1.1 d). Theoretically, at 100% doping level, the upper 

and the lower bipolaron bands will merge with the conduction and the valence bands 

respectively to produce partially filled bands and metallic conductivity (Fi.g.1.1 e).(15) 

The structural change of polythiophene upon p-doping was illustrated in Scheme 1.1.(16) 

 

Scheme 1.1 Structural change of polythiophene upon p-doping  
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For conjugated polymers with nondegenerate states such as polythiophene, 

bipolaron-transport model well fit the conduction mechanism with experimental data. 

Conjugated polymer (such as trans-polyacetylene) with a degenerate ground state have 

a slightly different mechanism that involved with the formation of solitons.(17-18)  



 

 5

Conduction by polarons or bipolarons is now generally accepted as the 

dominant mechanism of interchain transport. Charges on the polymer backbone must 

hop from chain to chain, as well as move along the chain, for bulk conductivity to be 

possible.(19)  

Applications of conducting polymers can be classified as two main categories: 

(1) utilizing of electrical conductivity. In this category, applications of conducting 

polymers include: anti-electrostatic coating, conducting adhesive, electro-magnetic 

interference shielding, anti-corrosion coating, electrode, organic field effect transistor 

(FET) and nanoelectronic device.  (2) utilizing of electroactivity. Applications in this 

category include: polymer light emitting diode (or flexible flat panel display), 

electrochromic devices (or smart window), chemical or moisture sensor, rechargeable 

battery, solar cell (or other solid electrolyte), electromechanical actuator, molecular 

electronic device, optical switch, nonlinear optical device, radar/microwave absorbing 

coating and biomedical applications, such as artificial nerve, drug release system.(20-21) 

Some applications have been commercialized during the past decade; some are still 

under comprehensive laboratory investigations.  

             1.1.2 Thiophene-based conjugated polymers 

 Thiophene-based conjugated polymers have attracted considerable attention 

during the past two decades due to a wide range of unique electrochemical, electronic, 

and optical applications. Especially low bandgap thiophene-based polymers are very 

promising materials with high conductivities, high degrees of optical transparency, and 
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enhanced nonlinear responsed.(22) Other important factors that determine polythiophene 

(PT) and its derivatives could be one of the most likely candidates for commercial 

applications are because of the high stability of both its doped and undoped states, ease 

of structural modification of polymer backbone, and very good solubility of 3-

substituted polythiophene derivatives. 

   

1.2 Structure modification of polythiophene 

Because polythiophene posses so manyunique properties for possible wide 

range of applications, structural modifications of polythiphene are of great importance. 

Two main objectives of functionalizing polythiophene are, (1) improving electrical 

property: to obtain low bandgap polythiophene derivatives with good conductivity; (2) 

improving physical property: to obtain processable polythiophene derivatives with long 

term stability. 

During the past two decades, tremendous efforts were put into searching for low 

bandgap polythiophene derivatives due to their possessed some practical advantages 

over other higher band-gap materials. The reasons for low band-gap conducting 

polymers include: (1) easy doping with possible intrinsic metallic conductivity, (2) 

improved photoconductivities for solar cell application, (3) large nonlinear optical 

coefficients, and (4) possible transparent materials in doped states.(23)  

There are some other special features which polythiophene usually does not 

afford, such as: good solubility, fast nonlinear optical (NLO) response, excellent 

crystallinity, and better mechanical properties, could possibly achieved by structural 
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modification approaches. In this section, several approaches proved for effectively 

lowering the bandgap, or enhancing other electrical and/or mechanical properties of 

polythiophene derivatives are briefly reviewed. 

 

1.2.1 Functionalization of polythiophenes 

 Initial purpose of functionalization of polythiophene is to synthesize 

processable polythiophene. A milestone in the development of polythiophene 

derivatives is the successful synthesis of poly(3-alkylthiophene) by introducing an alkyl 

group into the β-position of thiophene ring by R. L. Elsenbaumer’s group.(24-25) Poly(3-

alkylthiophene) not only can readily be melt- or solution processed into film that after 

p-doping shows reasonable conductivity,(20) but also allowed the polymer to be fully 

characterized by chemical and physical methods. Since then, comprehensive reseach 

efforts targeting functionalization of polythiophene were extended to several categories: 

(1) attachment of pendant side chains to polythiophene backbone; (2) annulation of 

thiophene ring; (3) introduction of conjugated spacers; (4) synthesis of regioregular 

polythiophene derivatives; (5) synthesis of thiophene-based copolymers; and (6) 

synthesis of thiophene-based metallopolymers.  

Other physical methods or techniques such as: polymer blend (composite)(26) are 

also extensively explored approaches for functionalization of thiophene-based 

polymers, since they are beyond the scope of our research activities, those physical 

methods are not covered in this brief review.  
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1.2.2 Attachment of pendant side chains 

From the electronic effect point of view, the presence of electron donating 

substituent group such as alkyl or alkoxy group can raise the energy level of the highest 

occupied molecular orbital (HOMO), which result in narrowing the band gap of the 

polythiophene derivative;(27) but from the steric effect point of view, introduction of 

substituent groups will reduce the coplanarity of polythiophene backbone, which 

consequently will increase the band gap of polythiophene derivatives.(28) This effect is 

clearly prominent in 3,4-disubstituted polythiophenes. Finding a balance point of both 

electronic and steric effects is a very pivotal step in choosing appropriate substituent 

function groups, which will benefit lowering the band gap of polythiophene derivatives. 

Another advantage of attaching side chain(s) to the thiophene ring is that steric 

factor can prevent α-α and α-β coupling of thiophene moieties during polymerization 

which can result in undesired properties of polymers.(29) Table 1.2 demonstrates how 

mesomeric and steric effects affect the bandgaps of 3-substituted and 3,4-disubstituted 

polythiophene derivatives. From item 1 to item 4, the bandgap data clearly show that 

attaching electron donating groups, such as alkyl group, oxyalkyl group, can lower the 

bandgap of polythiophene derivatives. Study on poly(3-butoxythiophene) and poly(3,4-

dibutoxythiophene) shows steric effect is the predominant factor over electronic effect 

in determining bandgaps of polythiophene derivatives.(41)  
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Table 1.2 Structures and properties of substituted polythiophene derivatives 

No. Structures λmax/nm 
(bandgap eV) 

 Mn (PI)(*) σ  S/cm 
(dopant) 

Ref. 

1 
S n  

418-480 
 (2-2.5) 

-- 100 (ClO4
-) 30-32

2 

S n

C4H9

 

Regiorandom 
432 (2.1) 

Regioregular 
610 (1.7) 

 
- 
 
- 

 
5 (I2) 

 
1350 (I2) 

 
33 

3 

S n

OC8H17

 

570 (1.6)*   - - 34-35

4 

S n

OC8H17C8H17O

 

548 (1.9)* - - 34-35

5 

S n

OBuBuO

 

460 (1.75) - 10-5 (FeCl3) 36 

6 

S n

(CH2)nSO3H

 

n =2 
431(2.6) 

n =6 
402 

5.1x105 
(1.02) 

5.1x105 
(1.02) 

10-2 
(no dopant) 

10-4 
(no dopant) 

37-39

7 

S n

(CH2)10OH

 

  558 1.1x104 (1.6) - 40 

Notes: * bandgap values were estimated from published spectra. 

Polymers with –alkyl-SO3H function groups are not only soluble in water, but 

also can be naturally doped (self-doping) under ambient conditions.(37-39) The UV-Vis 

spectra of poly[2-(3'-thienyl)ethanesulfonic acid] (P3TESH) and poly[6-(3'-thienyl) 

hexanesulfonic acid] (P3THSH) (Fig 1.2) exhibits a π-π* transition peaks around 450nm 

as usual polythiophene derivatives, and they also gives peaks around 800nm, which is 

accounted for formation of polaron and/or bipolaron states in the polythiophene main 

chain.(37) Hydroxy-functionalized polythiophenes provide the opportunities of forming 
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hydrogen bonds between the side chains reduces the rotational mobility of the 

polythiophene backbone while favouring states which are conformationally better 

ordered.(42-43)  

 

Fig. 1.2 UV-Vis-near-IR spectra of poly[2-(3'-thienyl)ethanesulfonic acid] (P3TESH) 
and poly[6-(3'-thienyl)hexanesulfonic acid] (P3THSH)(37) 

 
 

1.2.3 Annulation of thiophene ring 

Poly(isothianapthene) (PITN) was the pioneering work of introducing fused ring 

to attach the thiophene ring which was reported by Wudl in 1984.(44) The annulation of 

the thiophene ring with a cyclohexadiene system afford a highly planarized polymer 

structure which shows a very low band gap of around 1ev. Saturated alkyl ring did not 

show favorable effects on narrowing bandgap or enhancing conductivities. Steric  
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Table1.3 Polymer structures and properties of annulated polythiophenes 

No. Structures λmax/nm 
(bandgap eV) 

Mn (PI) Conductivity 
(S cm-1) 

Ref. 

1 

nS  

885 (~1) - 50 (I2) 44-46 

2 

S n  

510 (~1.8) - 5 (FeCl3) 47 

3 

nS

OO

 

630 (1.6) - 5-10(FeCl3) 
200 (anodic) 

48-49 

4 

nS

OO

R

 

R=C14H29 
577 (1.78) 
R=C6H13 

546 (~1.75*) 

5.65x103 
(1.93) 

5.4x103 
(1.57) 

- 
 
- 

50 
 

 51 

5 

S

SS

n  

413 (2.19) 
 

419 (2.14) 

3.03x103 
(1.9) 

4.75x103 
(1.7) 

 0.1(FeCl3) 
 

0.4 (ClO4
-)♦ 

 

52 
 

6 

nS

NN

(CH2)5CH3H3C(H2C)5

 

915 
 (0.95) 

- 3.6x10-2 
(NOBF4) 

53-54 

7 

nS S

O

 

740 (~1.2) - - 55-57 

8 

S S n

NC CN

 

950 (~0.8) - - 55-57 

9 

S

S
MeO

OMe

n

 

592 (1.65) - 10-2 (PF4
-) ♦ 58 

Notes: * Calculated according to published spectra. ♦electrochemically doped. 
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torsion especially for those fused with a big cycloalkyl rings, will increase bandgaps by 

decreasing the coplanarity of adjacent thiophene rings. Study on poly(cycloalkyl[c] 

thiophene) yield similar result as that on poly(3-alkylthiophene), ring size and 

interchain interaction (steric factor) play a dominant role in determining the bandgap 

and conductivities.(47) Table 1.3 shows some fused ring systems and their properties of 

annulated thiophene-based polymer systems.  

Polythiophene derivatives fused with unsaturated structure usually afford a rigid 

polymer backbone with well-maintained coplanarity of neighboring thiophenes, but 

result in an insoluble and infusible material (Table 1.3, entry 1). The table clearly 

demonstrated that the bandgap can be tuned in the range of 1.0 - 2.2eV. Extremely low 

bandgap values of poly(cyclopenta[2,1-b;3,4-b’]dithiophene-4-one) (Table 1.3 Entry 7) 

and poly(4-dicyanomethylene-4H-cyclopenta[2,1-b;3,4-b’]dithiophene) (Table 1.3 

Entry 8) can be explained by the alternating electron donating and accepting units in 

polymer backbones,(55-57) this donor-acceptor theory will be discussed in more detail in 

section 1.2.6. 

            Among all polythiophene derivatives in this class, poly(3,4-ethylene 

dioxythiophenes) (PEDOT) is the most comprehensively studied material due to its 

interesting properties since it was first synthesized by researchers in Bayer AG in late 

1980s.(59) Oxidatively doped PEDOT possessed high conductivity (up to 300 S/cm), 

high transparency, and high thermal stability in atmospheric environment.(60) The 

insolubility problem soon was overcome by (1) using water soluble poly(styrene 

sulfonic acid) (PSS)(61) as the charge-balancing dopant during polymerization to yield 
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PEDOT/PSS; or (2) attaching an alkyl group on the dioxane ring to afford a soluble 

PEDOT derivatives.(62) Both monomer 2,3-dihydrothieno[3,4-b]-1,4-dioxine (or 3,4-

ethylenedioxythiophene, EDOT) and polymer PEDOT/PSS were made commercially 

available by Bayer AG under trade name BAYTRON M® and BAYTRON P®, 

respectively. Driven by the properties, utilities of PEDOT and commercial availability 

of monomers, thousands of journal papers and patents were published focusing on 

synthesis and application in the past 15 years.  

 

1.2.4 Introducing conjugated ring spacers 

As it was pointed out in the early sections, effective conjugation length and 

coplanarity of thiophene backbone are two dominant factors which determine the 

bandgap and conductivity of conducting polythiophene derivatives. Introducing a 

conjugated spacer, such as C=C double bond or C≡C triple bond not only extend the 

conjugation system of polymer backbone, but also reduce the steric torsion caused by 

interaction between adjacent thiophene rings or its β position substituent groups, thus 

result in narrowing down the bandgap and increasing intrinsic conductivity of the 

polymers. Here we only include vinylene and acetylene groups as conjugated spacers, 

other more complicated structures such as aromatic group will be discussed in the latter 

section as copolymers.   

Table 1.4 shows some polythiophene derivatives and their properties tuned by 

conjugated spacers. It clearly indicates that vinylene and acetylene groups can reduce 
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bandgaps about 0.5 and 1.0eV than the parent polythiophene (Eg = 2.1eV), respectively 

(Entry 1 and 6). 

Table 1.4 Examples of polythiophene derivatives with conjugated spacers 

N
o. 

Structures λmax/nm  
(Eg eV) 

Mn 
 (PI) 

Conductivity 
(S cm-1) 

Ref. 

1 
S n  

540 (1.64) - 40 (I2) 63 

2 

S n

C10H21

 

605 (1.8) 5.4x103 

(1.6) 

10-2(I2) 64 

3 

nS

BuBu

 

550 (1.7) 2.8x103 

(1.5) 

10-2(I2) 64 

4 

S n

OCH2CH3

 

 600 (1.5)  - 1.8 (FeCl3) 65-66  

5 

S

OBuBuO

n  

702 (1.2) 
 

609 (1.62) 

8.7x104 
(2.2) 

5.7x104 
(-) 

1.0 (FeCl3) 
 

1.0 (FeCl3) 

67 
 

68-69 

6 
S n  

496 (1.0) - - 70 

7 

S

S

R

R

n
 

R=H 
519 (1.8) 
R=C4H9 
535 (1.7) 

1.5x103 
(1.5) 

5.5x103 
(1.8) 

1.5 (I2) 
 

3x10-2 (I2) 

71 

 

Generally, conjugated spacers can be introduced into polymer backbone by two 

approaches, (1) metal-catalysized Grignard coupling of thiophene moieties with 

dihaloethylene or dihaloacetylene;(65-66) and (2) two-step precursor polymerization 

consists preparation of a precursor polymer, which is then thermally treated to yield 
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conjugated polymer chains.(63, 72-73) This convenient technique has been developed into 

a widely-accepted method for synthesis of poly(aromatic vinylene)s, which will be 

discussed in Section 1.4 in greater details. 

 

1.2.5 Regioregular polythiophenes 

Since most thiophene derivative monomers are not symmetrical molecules, 

especially well studied 3-alkylthiophene monomers. Because of the lack of symmetry, 

3-alkylthiophenes can be incorporated into a polymer chain with three different 

regioregularities: head-to-tail (HT), head-to-head (HH), tail-to-tail (TT). This gives rise 

to four triad regioisomers in polymer chain: HT-HT, HT-HH, TT-HH, and TT-HT(74-75) 

(Fig 1.3) 

S
S

S

R

R

R

S
S

S

R

R

R

S
S

S

R

RR

S
S

S

R

R R

(a) HT-HT (b) HT-HH

(c) TT-HH (d) TT-HT  

Fig 1.3 Possible triad regioisomers of poly(3-alkylthiophene) 
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It has been shown that HT regiospecific poly(3-alkylthiophene) surpass their 

HH regiospecific or regiorandom  counterparts in electrical, optical, magnetic and 

mechanical properties.  More sterically hindered HH linkages can cause defects in the 

conjugated polymer chains and reduce the desired physical properties of the materials. 

The higher regularity and longer conjugation length of the polymer chain results in a 

lower bandgap and higher intrinsic conductivity.(76-77) Table 1.5 lists the comparative 

study of some poly(3-alkylthiophene)s. 

           Compared with regiorandom counterparts, UV-Vis absorption wavelength (λmax) 

of regioregular poly(3-alkylthiophene)s have red-shifts of 40 to 90 nm, which indicates 

the reducing of the bandgap values of respective regioregular polymers. McCullough 

group’s study(78-79, 83-84) also shows the electrical conductivities (doped with I2) and λmax 

have similar trend, and the longer pendant alkyl groups show better conductivities: 

poly(3-dodecylthiophene)>poly(3-octylthiophene)>poly(3-hexyl thiophene). These data 

might be interpreted by considering that the longer alkyl side chain, the more flexible 

substituted group, the easier the polymer chain can align itself, which result in more 

extensive π-π conjugation and a larger number of conjugated domains. 

          Highly regioregular poly(3-alkylthiophene)s  (HT >90%) can be achieved by (1) 

LDA lithiation of 2-bromo-3-alkylthiophene followed by metal catalyzed Kumada(85) 

cross-coupling of thiophene Grignard reagents (McCullough’s method);(78-79) (2) 

Selective oxidative addition of Reike zinc (Zn*) followed by a Negishi(86) cross-
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coupling reaction (Reike’s method).(80-82) Both methods can afford highly regioselective 

products, and they are illustrated in Scheme 1.2 and Scheme1.3.      

 

Table 1.5 Structures and properties of some regioregular poly(3-alkylthiophenes) 

No. Structures HT /HH 
Ratio 

λmax/nm# 
(Eg eV) 

 Mn  
(PI) 

σ  S/cm 
(dopant) 

Ref. 

1 

S n

C4H9

 

50/50 433 - - 80-82 

2 

S n

C4H9

 

97/3 605 - - 80-82 

3 

S n

C6H13

 

50/50 
 

Regiorandom* 

438 (2.1) 
 

480 

5.65x103 
(4.32)  

- 

 10 (I2) 
 
1 

80-82 
 

78-79 
4 

S n

C6H13

 

HT>98.5% 
 

HT≥99% 

610 (1.7) 
 

613 

2.55x104 
(1.48) 

- 

~103 (I2) 
 

100 (I2) 

83 
 

78-79 
5 

S n

C8H17

 

 Regiorandom* 

 
480 -   1 78-79 

6 

S n

C8H17

 

HT>98.5% 
 

HT≥99% 

608 
 

620 

3.46x104 
(1.13) 

- 

 
 

200 

80-82 
 

83, 
7 

S n

C10H21

 

HT>98.5% 
 
 

606 3.05x104 
(1.39) 

- 80-82 

8 

S n

C12H25

 

HT≅54 436  - 10 84 

9 

S n

C12H25

 

HT≥99 
 
 

630 1.16x104 103 84 

Notes: * Prepared by FeCl3, HT-HH ratio unavailable. 

            # UV-Vis absorption data were solid-state film. 
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Scheme 1.2 McCullough’s approach to regioregular poly(3-alkylthiophene)s 
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Scheme 1.3 Rieke’s approach to regioregular poly(3-alkylthiophene)s 
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          Other metal catalyzed cross-coupling reactions such as Stille(87-88) and Suzuki(89-

90) methods were also applied to the reggioselective systhesis of poly(3-

alkylthiophene)s. Both approaches use LDA for cryogenic lithiation of 2-halo-3-

alkylthiophenes and subsequent treatment by organostannanes or organoboron 

electrophiles to yield suitable monomers. These monomers undergo regiospecific 

polymerization to afford regioregular polythiophenes. McCullough and coworkers(91) 

reported using magnesium-halogen exchange reaction followed by a Ni(II) metallated 

cross-coupling polymerization to synthesis of regioregular polythiophenes, which is 
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called Grignard metathesis (GRIM), and this method can give a poly(3-

alkylthiophene)s with >95% HT-HT coupling. 

             Application of symmetrically β-substituted 2,2’-bithiophenes to prepared 

polythiophenes with only one backbone structure was also explored (Scheme 1.4),(92-93) 

which usually gives HH-TT style regiospecific polymers. Some bithiophenes were list 

in Figure 1.2. This type regioregularity neither reduces badgap of polymer, nor enhance  

 

Scheme 1.4 Synthesis of regiospecific polythiophene through bithiophene 

     

S

S

R

R

S

S
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R
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R

R

n
Polymerization

 

conductivity. The reason is evident that there is significant nonplanarity exists in these 

polymers due to strong steric interactions between alkyl substitutents in the head-to-

head coupled rings.(94) 
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(d) 3,3'-dialkoxy-2,2'-bithiophene(c) 4,4'-dialkoxy-2,2'-bithiophene

(a) 4,4'-dialkyl-2,2'-bithiophene (b) 3,3'-dialkyl-2,2'-bithiophene

 

Fig.1.4 Structural illustrations of some bithiophene monomers(92-93) 

 

 1.2.6 Thiophene-based copolymers 

Copolymerization of thiophene derivatives for molecular designing of novel 

polymers possessing desired electrical or physical properties started almost 

simultaneously with the successful synthesis of polyheterocycles.(20) Among all 

copolymers of polythiophene derivatives, two major categories of research efforts were 

conducted world widely (1) synthesis of doner-acceptor alternating copolymers to tailer 

electronic property tuning electronic property such as lowering bandgap, increasing 

intrinsic conductivities, and help better understand the charge-transfer (CT) mechanism 

in these polymer backbones; (2) copolymerization of thiophene derivatives with special 

function groups to afford some specific physical or chemical properties such as better 

solubility; regioregularity; liquid crystallinity; self-assembling structure; etc.  
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1.2.6.1 Donor-acceptor alternating copolymers 

Effectively lowing bandgap with alternating electron donating and electron withdrawing 

units in the polymer backbone structure was proposed by Havinga and coworkers(95-96) 

in 1992. The principal idea is that regular alternation of strong electron donating units 

(donor) which have higher HOMO and electron-accepting units (acceptor) which have 

lower LUMO, intrachain charge transfer will effectively lower the bandgap. Visualize a 

conjugated polymer formed by a regular alternation of donor and acceptor-like moieties, 

which is similar to inorganic doped n-i-p-i superlattice structure(97) (Fig.1.4).  It’s 

known that in such a structure both the valence and conduction bands are curved by 

space charge effects. The bandgap Eg has not changed at each place at itself, but a small 

bandgap Egx is formed when the spatial alternation of the level of the bands is taken in 

account.(95-96) However, calculations have shown that the hybridization of the energy 

levels of the donor and the acceptor, particularly the high-lying HOMO of the donor 

fragment and the low-lying LUMO of the acceptor fragment, yield a D-A monomer 

with an unusually small HOMO-LUMO separation (Fig.1.5, Eg is the bandgap and Egx 

is the smaller bandgap when the spatial alternation of the level of the band is taken into 

account.(97)). Further hybridization upon chain extension then converges to the small 

band gaps.(98-100) Moreover, the steric repulsions between adjacent units relating 

coplanarity should be taken into account too,(101) especially when dealing with 

copolymers with a bulky side chains.  

Most donor-acceptor alternating copolymers were conveniently prepared by one 

of the two approaches: (1) electrochemical or cross-coupling polymerization of D-A-D 
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(donor-acceptor-donor) or A-D-A (acceptor-donor-acceptor) type terthieyl monomers; 

(2) polymerization of A-D (or D-A) type monomers. 

 

                
Fig. 1.5 Schematic band structure of a n-i-p-i superlattice structure. 

 
 
 

                    

      Fig. 1.6 Hybridization of the energy levels of a donor (D) and acceptor (A) fragment 
leads to a D-A monomer with an unusually narrow HOMO-LUMO energy 

separation.(98) 
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It’s well known in chemistry that five-member ring heterocycles such as 

thiophene, furan have a π-electron excessive nature due to the mesomeric effect of 

conjugation with electron lone pair of S or N atoms, which generally are considered as 

electron donors, six-member ring compounds have a π-deficiency nature, thus are 

electron acceptors.(102) 

 

  Copolymers from A-D-A(orD-A-D) terthieyl type monomers 

Terthienyl type monomers are conveniently available, and easily undergo 

electrochemical polymerization to afford polythiophene derivatives. They are readily 

converted into corresponding bishaloterthienyl monomer, followed by polycondensation 

reactions to yield alternating copolymers. Table 1.6 lists some copolymers 

electrochemically synthesized from terthienyl monomers with their corresponding 

bandgap data. Table 1.6 shows badgaps can be reduced down to 0.5ev by alternating 

donor-acceptor strategy (Entry 1-8). Even though some monomers are not true 

terthienyl monomers (Entry 6-9), they share similar structural pattern with terthienyl 

monomers. Exceptional high bandgap of copolymer with pyridine units (Entry 9) might 

be explained by very weak donor of pyridine, steric repulsion of HH-TT alkyl side 

chain configurations, and low molecular weights.(111)  
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              Copolymers from D-A type monomer 

  Copolymerization of D-A type monomers were generally achieved by metal-

catalyzed cross-coupling reactions. These CT-type copolymers synthesized by chemical 

methods have well-determined donor-acceptor alternating structures. Electrochemical 

approaches were also used to polymerize D-A type monomers. Table 1.7 listed some 

CT-type copolymers. Copolymer of 4-dicyanomethylene-4H-cyclopenta[2,1-b;3,4-

b’]dithiophene and 3,4-ethylenedioxythiophene was estimated have a bandgap value of 

0.19eV, which is the lowest ever reported.(114)  

Although donor-acceptor theory is very populous among synthetic chemist for 

providing guidelines for molecular designing of low bandgap conducting copolymer, 

some research point out that concept cannot be used to design organic conductors with 

small bandgap and wide bands.(115) Systematic studies on donor-acceptor polymers have 

not done much yet, especially research efforts dealing with oligomers  and low 

molecular model compounds are inadequate . Additionally, most of this charge transfer 

polymer systems were synthesized by electrochemical method. The structural defects 

and residual doping might cause some deviations from accurate interpretation of 

spectrum and conductivity data.(115-116) Another inherent problem of the D-A 

copolymers are most copolymers bear rigid backbone structures which generally result 

in impossible full characterization of products. 
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Table1.6 Structures and properties of copolymers from terthienyl monomers 

No. Structures λmax/nm 
(bandgap eV) 

 Mn (PI)(*) σ  S/cm 
(dopant) 

Ref. 

1 

S S S n  

584 (1.58) - 0.014 (I2) 103 

2 

S S S n  

1240 (0.65) - 0.02(PF6
-)* 104 

3 

S S S

NN

n  

- (1.0) - - 105 

4 

S S S

NN

n

N
S

N

 

- (0.5) - - 106 

5 

nS S S

N
S

N

 

934 (0.95) - - 107 

6 

n

N
S

N

SS

 

- (1.1) - - 108 

7 

N
S

N

N
S

N

SS

n

 

-(0.50) - 5.6x10-3 (I2) 108 

8 N
S

N

SS

n
N N

 

- (0.7) - - 109 

9 
 
 

nN

SS

R R  

R=C8H17 
458 (2.34) 

6.7x103 (1.8) 8.26x10-5 
(FeCl3) 

110 

Notes: * Electrochemically doped. 
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Table1.7 Alternating CT-type copolymers from D-A monomers 

No. Structures λmax/nm 
(bandgap 

eV) 

Mw (PI)(*) σ  S/cm 
(dopant) 

Ref. 

1 
S N n  

477 (-) 5.4x103 - 112 

2 

nS N

NN

R R

 

R=Ph 
633(1.61)* 

 
 

- 10-6 (I2) 113 

3 

nS

NN

R R

 

603 (-) - <10-8 
(Intrinsic) 

113 

4 

nS S

NC CN

S

OO
-(0.19)# - 6.9x10-4 

(Intrinsic) 
114 

Notes: * Band gap value is calculated from spectra. 

            # Band gap value is electrochemically calculated 

 

 D-A copolymers from dihydroxycopounds 

Dihydroxycompounds are another type of monomers which can provide a 

unique approach to D-A copolymers by acid-induced polycondensation (Scheme 1.5). 

The band gap values of these polymers are listed in Table 1.8.  

Scheme 1.5 Elimination reaction of dihydroxycompounds 
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             Table 1.8 Band gap values of D-A copolymers from dihydroxycompounds 

 No. Structure λmax  
(nm) 

Band gap 
(eV) 

σ  S/cm 
(dopant) 

Ref. 

1 

SS

N
S

N

N
S

N n
 

 751 -    117-118 

2 

SS

N
S

N

N
S

N n

C6H13 C6H13

 

939 0.9  117-118 

3 

n
SS

N
S

N

N
S

N

C6H13 C6H13

C6H13 C6H13

 

961 0.9  119 

4 

n
SS

N
S

N

N
S

N

O
OO

O

 

1069 0.3 1 
(salicylic 

acid) 

120-121 

 

1.2.6.2 Special thiophene-based copolymers 

Minimization of band gap is just one of many directions of manipulation of 

structure-property relationship through copolymerization, Others include synthesis of 

“double-cable” copolymers of enhancing photoinduced charge transfer process for 

photovoltaic devices,(122) high band gap (2.7-2.9eV) copolymers for blue light 

LEDs,(123)  etc. J. W. Brown et al.(124)  reported that copolymerization of 3-

alkylthiophene with certain thiophene moieties contained special side chains can help 

alignment of polymer backbone, thus increase conductivity of bulk material (Fig. 1.6). 
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Fig 1.7 Special polythiophene copolymer 

 
1.2.7 Summary 

           Self-assembly is emerging as an elegant, `bottom-up' method for fabricating 

nano-structured materials.(125) Self-assembly in conjugated polymers is highly desirable 

in order to generate conducting polymers with high electrical conductivities and large 

nonlinear optical responses.(126) The specific physical and chemical interactions of the 

molecules and components with the surfaces are the driving forces for the formation of 

stable organized films at solid substrates.(127) 

           Polythiophene derivatives with strong polar side groups can be self-assembled 

into a stable mono-molecular (or mutli-) layer of π-stacked conjugated polymers which 

are processable on the nanometer scale.(128) Until now, most studies of self-assembling 

of polythiophene derivatives focus on regioregular poly(3-alkylthiophene), and mono-

layer, multi-layer self-assembled structures have been synthesized through 

polythiophene derivatives with certain pendant function groups, such as carboxylic 

acid,(129-130) ether,(131-132) and urea.(133) The conformational order and solid state 

organization are remarkably sensitive to the placement and nature of the substituent 

chains,(134) intermolecular hydrogen bonding and environments are also key factors in 
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determining successful formation of self-assembly structure. From structure point of 

view, self-assembly of polythiophene derivatives belongs to approach 1 (section 1.2.2), 

attaching pendant side chains to functionalize polythiophene. More recently, crystal-like 

ordered films of PEDOT were prepared via an aqueous low-temperature technique 

using liquid crystals as templates to direct the orientation of the growing molecules. The 

highly ordered film looks just like a liquid crystal in terms of its domain structure and 

birefringence, an optical property characteristic of liquid-crystalline materials.(135) Self-

assembly of oligothiophenes was featured in several recent reviews.(136) 

        Other physical methods such as: polymer composite (or polymer blend),(137) 

polymer laminates(138) are also extensively explored approaches for functionalization of 

thiophene-based polymers. Some polythiophenes or its derivatives composites with 

selective nano-dimensional inorganic oxides or sulfides such as TiO2,(139-140) SiO2,(141) 

CdS, ZnS,(142) and polymers such as PVC, PS, PBT, etc. were reported.(143) Poly(3-

octylthiophene) blends with PS, PE, PP showed better environmental stability while 

conductivities with 10-2 S/cm.(144) Generally, physical blend can afford better 

mechanical, thermal properties, and improved stability at the expense of conductivity of 

bulk materials. Conducting polymer nanocomposites are intimate combinations (up to 

almost molecular level) of one or more inorganic nanoparticles with conducting 

polythiophene (or derivatives) that unique electronic properties of the latter can be taken 

together with the existing qualities of the former.(145) 
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            Structural design and synthesis, combined with self-assembly and Langmuir-

Blodgett (LB) techniques, to obtain well-defined π-conjugated nanoscale materials, 

such as nanofibers (nanowires), nanotubes, and/or nanotube dendrites, will remain a 

challenging object in the field of studies on functionalization of polythiophene 

derivatives in the near future. Better understanding of the structure-property relationship 

of polythiophenes derivatives can provide guidelines for choosing specific functioning 

groups to achieve well-controlled structures with high performance electrical and 

mechanical properties. 

 

1.3 Metal containing thiophene-based oligomers and polymers 

Many of the fascinating properties and spectacular functions of biological and 

synthetic materials can be attributed to the presence of metallic elements.  

The introduction of metals into polymers to form metal-polymer complexes 

(metallopolymers) poly(vinylferrocene) was first reported in 1955.(146) Since then, a 

great deal of research efforts was put into preparation of similar, transition metal based 

molecular complexes to mimic these conducting properties. At the same time, progress 

in conducting polymers also accelerated research activities in synthesis and study of 

conjugated polymer systems containing transition metals.(147)   

1.3.1 Metal-containing π- conjugated polymers   

Conjugated metallopolymers can be classified by the kind of interactions metals 

have with polymer backbones (Fig 1.6). In Type I metallopolymer, a metal or metal ion 



 

 31

is tethered to a side chain (generally, an alkyl chain) of linear or cross-linked 

macromolecule, polymer acts primarily as a conductive support. For Type II 

metallopolymer, the ligand of a metal complex is a part of polymer backbone, the metal 

and the macromolecular backbone are electronically coupled. The communication 

between them can affect each others’ properties. In Type III metallopolymer, the metal  

 

M M M M

nPolymer Chain

                                

M M M M
nPolymer Chain

 

Type I                                                                   Type II  

         
M M n

polymer polymer

           

M

 

          Type III                                                                    Type IV 

Fig 1.8 Schematic representations of metallopolymer classification 

or metal group is directly a polymer chain. For this type of arrangement, strong 

electronic interaction and tuned optical and electronic properties are expected. Physical 

incorporation of metal or metal ions in macromolecules results in formation of Type IV 

metallopolymer.(148) Type IV metallopolymer is a class of polymer composite (blend), 

which is not included in this brief review. 
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Metals of metallopolymers function in several distinctive ways (1) 

electronically coupling with π-conjugation system of polymer to modify electrical 

properties of polymers; (2) modifying properties of polymers in a detectable way (3) 

providing structural or mechanical support for polymers, and/or stabilizing polymers; 

(4) was used as scaffold in molecular imprinted polymers (MIPs).(149-151) During the 

past decade, there is steady and growing effort to integrating redox-active metal centers 

into conducting polymer framework to create highly efficient redox conductivity in 

such hybrid metallopolymer materials. Based on interactions between metal centers and 

conducting polymers, electron transfer leads to two distinctively different conductivity 

mechanisms: inner sphere and outer sphere electron transfer. Inner sphere electron 

transfer involves the communication of two metal centers via a mutually bridging ligand 

(conducting polymer backbone).(152) 

The incorporation of metals into conductive polymers has the potential to find 

applications in four key areas such as new catalysts, sensors, electroluminescent 

materials, and biomedical implants.(153)  

1.3.2 Metal-containing oligothiophenes and polythiophenes 

Using oligothiophenes or polythiophenes as ligands was mainly motivated by 

the synthetic accessaibility of a large number of functionalized thiophenes which may 

be used as monomers, as well as the chemical stability of many of these monomers.(154) 

Metal-containing oligothiophenes or polythiophenes can be synthesized by 

polymerization of thiophene-derivatized metal complexes, or incorporation metals into 

polythiophenes with suitable ligands.(155-156)  
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1.3.3 Metal-thiolate coordination complexes 

Thiolate is one of the soft ligands in the field of transition metal complexes, the 

relatively large sulfur pπ orbital lobe of thiolate can readily interact with metal d 

orbitals to form metal-thiolate coordinative bonds (dative covalent bond). Research on 

metal-thiolate coordination focus on two distinctive directions (1) metal-thiolate 

structure present in active sites of metalloenzymes (metalloprotein),(157-158) (2) organic 

metal complexes bearing extended TTF-like dithiolate ligand.  This class of metal 

complexes is the most extensively studied synthetic metal-thiolate materials due to their 

possible applications as organic conductor or superconductor. Fig. 1.7 illustrated some 

complex examples of TTF-like dithiolate lagands binding to metals. 
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Figure 1.9 Some examples of metal-thiolate coordination in TTF-like complexes 
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1.4 Synthesis of poly(thienylene vinylene) derivatives 

It’s well known that the structure plays a dominant role in determining the 

physical and electrical properties of conducting polymers, more and more research has 

focused on manipulating synthesis techniques or methods to achieve desired structures 

which give better physical stability and electronic performance.  

 

1.4.1 Two-step precursor polymerization 

Two-step precursor polymerization involves the first stage of preparing soluable 

and high molecular weight nonconjugated precursor polymer under basic (or acidic) 

condition, followed by the removal of leaving groups under thermal treatment to form 

C=C double bonds between aromatic rings, the process was illustrated in Scheme 1.8. 

Due to its advantages over other direct methods, i.e. processability and high 

molecular weight of products, two-step precursor approach remains as one of major 

routes to introducing conjugated spacers between thienyl rings. A series of different 

leaving groups were attempted in the past 20 years.(63, 65-66, 159-160) 

 

Scheme 1.6 General process of two-step precursor polymerization 
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1.4.2 Wittig-Horner reaction 

Wittig-Horner olefination was also used to build ethylene linkages in the 

polymer, which was illustrated in Scheme 1.9. Although Wittig condensation usually 

affords oligomers or low molecular weight products, it is a versatile and straightforward 

method, allows the ready introduction of a wide variety of aromatic rings and 

manipulation of polymer (or copolymer) structure in a controllable manner.(161-163)   

Scheme 1.7 Wittig-Horner condensation 

S
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R'R

S

R'R

S

R'R

n

ClPh3P PPh3Cl
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                                                                      R=H, alkyl, alkyloxy; R’=H, alkyl, alkyloxy 

1.4.3 Stille coupling reaction 

Pd-catalyzed Stille coupling of vinyl organostannanes with thienyl halides 

represent a very straight approach to build C=C bond between thienyl rings.(164-166) 

Scheme 1.8 Stille coupling reaction 

S
XX

R'R

S

R'R

n

+

(Bu)3Sn

Sn(Bu)3 PdLm

              

                                                                      R=H, alkyl, alkyloxy; R’=H, alkyl, alkyloxy  

1.4.4 Grignard metathesis (GRIM) 

Grignard metathesis is another straightforward cross-coupling reaction 

catalyzed by Ni complex to form vinyl link between aromatic rings.(167-168)  
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Scheme 1.9 Grignard metathesis 

S
MgBrBrMg

R'R

S

R'R

n

+

Cl

Cl
NiLm

 

                                                                      R=H, alkyl, alkyloxy; R’=H, alkyl, alkyloxy 

 

1.4.5 Acyclic diene metathesis   

Reaction of 3-alkyl-2,5-divinylthiophene with the Schrock catalyst (Mo based 

catalysit) yields poly(3-alkyl-thienylene vinylene) of highly pure repeat units with 

defined end groups.(169) 

Scheme 1.10 Acyclic diene metathesis(169) 

 

                 
S

R'R

S

R'R

n

NiLm

 

                                                                                             R=H, alkyl; R’=H, alkyl 

1.4.6 McMurry reaction 

MaMurry reaction is a titanium-induced coupling of carbaldehydes. Self-

coupling reaction of alkylthiophene-2,5-dicarbaldehydes directly afford 

poly(thienylenevinylene)s.(170-171) which was illustrated in Scheme 1.12. McMurry 

reaction was also used to prepare thienylenevinylene oligomers with well-defined 

structures.(172-173) 
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Scheme 1.11 McMurry reaction 

S
CHOOHC

R'R

S

R'R

n

Zn, TiCl4

THF

 

                                                                 R=H, alkyl, alkyloxy; R’=H, alkyl, alkyloxy 

1.4.7 Miscellaneous methods  

Li (174) reported a random polythienylenevinylene compolymer prepared in 

strong base, which is identical to Gilch route for PPV.(175) 

Scheme 1.12 Synthesis of random copolymers 

 

  
1.5 Summary 

 Since polythiophene systems are one class of the most promising commercial 

conducting polymers. It is well understood that manipulating the structure of monomers 
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is of great importance to achieve high performance conducting materials and to fully 

comprehend the structure-property relationship of conjugated polymers. 

As far as synthesis chemists are concerned, it is predictable that several research 

trends will stay on the focus of studies of polythiophene derivatives. 

(1) Molecular design and synthesis of new thiophene derivative monomers for 

high performance (which include high conductivity, good mechanical strength and 

stability, and ease processibility) polythiophene derivatives 

             (2) Synthesizing and/or assembling of highly regioregular and high molecular 

weight linear polythiophene derivatives.  

             (3) Synthesizing metal-incorporated polythiophenes or thiophene-based 

metallated oligomers. The interactions of metal-metal and metal-π conjugation are 

believed to be able enhance either conductivity of material or catalytical capability of 

metal centers.   

              The synthetic chemistry of thiophene derivatives provides a high level of 

structural flexibility, which allows the electronic and physical properties of the resultant 

polymers to be well tunable. Many new applications involved polythiophene derivatives 

might be commercialized in the foreseeable future. 
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CHAPTER 2 

SYNTHESIS OF THIOPHENE DERIVATIVES 

 

2.1 Introduction 

S

SS

O

S

SS

S

1 2  

Fig 2.1 Thieno[3,4-d]-1,3-dithiole-2-thione (1) and thieno[3,4-d]-1,3-dithiol-2-one (2) 

      

Thieno[3,4-d]-1,3-dithiole-2-thione (1) and thieno[3,4-d]-1,3-dithiol-2-one (2) 

(Fig. 2.1) are structurally similar heterocyclic compounds. Both have five-membered 

rings fused with a thiophene ring at the 3 and 4 positions. Compounds 1 and 2 were 

chosen for this study for the following reasons:  

(1) Compared with 3,4-disubstituted thiophene, fused five-membered rings with 

thiophene might help minimize steric effects, therefore improve coplanarity, extend 

conjugation length along polymer chains,  and reduce the band gap of the material. 

(2) By having sulfur directly attached to the 3 and 4 positions of thiophene ring, 

the intrinsic conductivity might be improved and the bandgap lowered due to the 

electron-donating ability of sulfur. 
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(3) A reversible carbondithioate (thieno[3,4-d]-1,3-dithiol-2-one) structure 

could possibly undergo metal-thiolate coordination to form metal-polymer complex. 

(4) Preparing ∆2,2’-bithieno[3,4-d]-1,3-dithiole (DTTTF ) analogues by coupling 

reaction (trialkyl phosphite method(176) might be possible. The links through DTTTF 

between neighboring oligomer or polymer chains may significantly improve 2-

dimensional charge mobility, even afford “superconductive” oligomers or polymers. 

Although tetrathiafulvalene (TTF) derivatives and conducting polymers represented two 

distinctive approaches in pursuing organic conducting materials at the early days, 

during the past several years, synthetic chemistry of TTF derivatives has moved to some 

new directions, i.e. intergrating TTF unit with conjugated polymer backbone to afford 

quasi-two-dimensional dendrimers, oligomers, and even polymers is now being 

investigated.(177-179) 

(5) The increase of sulfur content in the structure might improve dimensionality 

of TTF derivatives, thereby stabilizing the compound.(180)  

 

2.2 Annulations of thiophene ring 

2.2.1 Synthesis of thieno[3,4-d]-1,3-dithiole-2-thione (1) 

Thieno[3,4-d]-1,3-dithiole-2-thione (1) was prepared according to the reference 

literature.(176) 3,4-Dibromothiophene (3) was consecutively treated twice with n-

butyllithium (1.0 equiv.) followed by the addition of elemental sulfur to afford lithium 

3,4-dimercaptothiophene (4) as an intermediate. Without further purification, the 
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reaction mixture was allowed to react with carbon disulfide in aqueous alkaline solution 

to produce compound 1, which illustrated in Scheme 2.1. The yield of 1 is about 22%. 

Scheme 2.1 Synthesis of thieno[3,4-d]-1,3-dithiole-2-thione 

S

S S

S

Br Br
1. n-BuLi  (1.0 eq.)
2. S8  (1.0 eq.)

3. n-BuLi (1.0 eq.)
4. S8  (1.0 eq.)
5. Diethyl ether/-78ºC

1. NaOH

2. CS2/85-90ºC
S

SS

S

3 4 1, 22%  
    

2.2.2 Synthesis of thieno[3,4-d]-1,3-dithiol-2-one(2) 

Thieno[3,4-d]-1,3-dithiol-2-one (2) was also synthesized by a modification 

method (Scheme 2.2). The synthesis begins with the preparation of the same 

intermediate 4, followed by treating 4 with excess COCl2 solution to afford 2. This one 

pot COCl2 method provide better yield in comparison with the oxidation of thieno[3,4-

d]-1,3-dithiole-2-thione (1) by Hg(OAc)2. This one pot method is more convenient and 

efficient giving 40-45% yield of the product. The overall yield of the oxidation with 

Hg(OAc)2 is about 20%(176), Overall, the phosgene method shows a significant 

improvement in terms of  simplicity and yield. 

Scheme 2.2 Synthesis of thieno[3,4-d]-1,3-dithiol-2-one 

S

S S

S

Br Br
1. n-BuLi  (1.0 eq.)
2. S8  (1.0 eq.)

3. n-BuLi (1.0 eq.)
4. S8  (1.0 eq.)
5. Diethyl ether/-78ºC

1. NaOH

2. COCl2/0ºC
S

SS

O

3 4 2, 45%  
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2.3 Halogenation reactions 

Transitional metal catalyzed polycondensation reactions are commonly used 

methods for direct formation of π-conjugated polymer systems. Synthesis of 

halogenated monomers (halide derivatives) becomes a crucial step for the success of 

organometallic polycondensation.  

Halogenation reaction of compound 2 with mild halogenated reagents such as N-

halogensuccinimides, such as N-chlorosuccinimide (NCS), N-bromosuccinimide (NBS), 

and N-iodosuccinimide (NIS), can selectively substitute the 4 and/or 6 positions and 

give a variety of halogenated products with fairly good yields and stability (Scheme 

2.3). Results of these reactions are listed in Table 2.1. 

 

Scheme 2.3 Substitution reactions with N-halogensuccinimide 

2
S

SS

O

N-Halogensuccinimide+

S

SS

O

CH3COOH/CHCl3

YX

5-10
5 X=Y=Cl, 6 X=H Y=Cl
7 X=Y=Br, 8 X=H Y=Br
9 X=Y=I,  10 X=H Y=I  

 
Dibrominated compound 7 can also be prepared with direct bromination using 

Br2 in carbon tetrachloride in 95% yield before purification. Diiodinated compound 9 

was successfully synthesized either by iodination with N-iodosuccinimide (NIS) or by a 

two-step procedure shown in Scheme 2.4. The two-step procedure involves treating 
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compound 2 with mercury acetate at room temperature to give 4,6-diacetoxymercuri- 

thieno[3,4-d]-1,3-dithiol-2-one (compound 11), followed by iodination in dry 

acetonenitrile to afford 9 with an overall yield of 60% after column purification. 

Compound 9 shows limited solubility in regular organic solvents, such as 

dichloromethane, chloroform, and ethyl acetate. 

 

Scheme 2.4 Two-step preparation of 4,6-diiodothieno[3,4-d]-1,3-dithiol-2-one 

S

SS

O

IIS

SS

O

HgOAcAcOHgS

SS

O

Hg(OAc)2

CH3COOH

I2

Acetonenitrile

2 11, 95% 9, 65%  
 

Bromination and iodination reactions of thieno[3,4-d]-1,3-dithiole-2-thione 

(compound 1)were also attempted without success. Charge-transfer complexes, such as 

those reported from the reactions of 4,5-bismethylthio-1,3-dithiole-2-thione with 

dihalogens (I2, Br2),  might be forming during the halogenation process.(181-182) 

To summarize, several halogenated derivatives of thieno[3,4-d]-1,3-dithiol-2-

one were successfully synthesized with fairly good yield. In addition, all bis-substituted 

halides show very good stability at room temperature. With proper catalysts, those 

compounds might be polymerized through cross-coupling reactions to afford 

homopolymers or copolymers. Possible transitional metals catalyzed cross-coupling 

polymerization reactions are still under further investigations in our laboratory. 
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Table 2.1 Halogenated products of thieno[3,4-d]-1,3-dithiol-2-one 

Number Structure Reagent Yield (%) 

 
5 

S

SS

O

ClCl  

 
NCS 

 
84 

 
6 

S

SS

O

Cl  

 
NCS 

 
72 

 
7 

S

SS

O

BrBr  

 
NBS 

 
Br2 

 
87 
 

95 
 
8 

S

SS

O

Br  

 
NBS 

 
81 

 
9 

S

SS

O

II  

 
NIS 

 
I2 

 
82 
 

60 
 

10 

S

SS

O

I  

 
NIS 

 
68 

 

2.4 Aminoalkylation reactions 

Mannich bases of thiophenes are very convenient intermediates for the 

transformation and elaboration into other functional groups. This in turn, might lead to 

the successful preparation of precursor polymers. The first genuine Mannch reactions of 

the thiophene ring were reported by Baker et. al.(183) A number of 3,4-

dialkoxythiophene prepared using Mannich reactions were reported in 2001,(184) 
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however, no five-membered annulated thiophene moieties have been studied so far, 

especially sulfur rich derivatives. 

 

2.4.1 Synthesis of mono-substituted Mannich bases 

For both starting materials 1 and 2, using paraformaldehyde and three different 

secondary amines at elevated temperature can afford mono-substituted Mannich bases 

in fairly good yields, the experiment are shown in Scheme 2.5. 

 

Scheme 2.5 Preparation of mono-substituted Mannich bases 

S

SS

X

(HCHO)n

S

SS

X

R
RH•HCl

CH3COOH

120°C
++

1, 2 12-17

1 X=S
2 X=O

12 X=O R=

13 X=O R=

14 X=O R=

N

N

N O 72%

43%

12%

75%

48%

15%

15 X=S R=

16 X=S R=

17 X=S R=

N

N

N O

 
In order to compare the reactivities of three amines, all reactions were 

performed under identical conditions. The results show that the morpholine gives the 

highest yields, followed by piperidine, diethylamine  

 

2.4.2 Initial study of mono-substitution Mannich reactions 

In order to achieve optimum yield of products, effect of solvent and temperature 

were evaluated. The preliminary results are listed in Table 2.2.  
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Table 2.2 Factors affect the yield of compound 10 

Amine Solvent Temperature (ºC) Yield 

OHN

 

CH3COOH 115 72 

OHN

 

CH3COOH/CHCl3 
1/1 

115 
(pressure tube) 

32 

OHN

 

CH3COOH 80 52 

OHN

 

CH3COOH 150 
(pressure tube) 

32 

OHN

 

CHCl3 80 
(pressure tube) 

No product 

Notes: All reactions were run for 24 hours 

 

Results show that less polar solvents such as chloroform afford lower yield. In 

contrast, extra high temperatures do not necessarily show an improvement in the yield, 

it can be explained that extremely high temperature result in the evaporization of 

formaldehyde, and less formaldehyde getting involved in the reaction. 

 

2.4.3 Synthesis of bis-substituted Mannich bases 

Our successful synthesis of mono-substituted Mannich bases leads us to embark 

upon a study of the preparation of the bis-substituted analogues. Unfortunately, further 

aminomethylation on the 6-position has proven to be very difficult, even in the presence 

of the most active morpholine hydrochloride, mainly starting materials were recovered 

(TLC observation) with only low yield of products (Scheme 2.6), results are 

summarized in Table 2.3. Bis-substituted Mannich bases 18 and 20 were isolated with 
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extremely low yields (12-16%). In addition, small amounts of acetate derivatives (19 

and 21) were also isolated and characterized. Equilibrium reactions plus strong polar 

solvent might be blamed for low yields of these reactions.  

 

Scheme 2.6 Preparation of bis-substituted Mannich bases 
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18 X=O
19 X=S
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21 X=S

12 X=O
15 X=S

       

                        

                                              

Table 2.3 Bis-substituted Mannich bases 

Compound No. X Yield (%) 

18 O 12 

19 S 14 

20 O 9 

21 S 8 
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2.4.4 Synthesis of asymmetrical Mannich bases 

            Aminoalkylation reactions of mono-substituted Mannich bases with less active 

piperidine or diethylamine do not proceed to yield symmetrical bis-substituted 

compounds. Instead reactions give asymmetrical acetate derivatives with very low 

yields. The reactions and yields are illustrated in Scheme 2.7. The formation of these 

acetate derivatives might due to the same reason as that observed in the reactions of 

morpholine analogues in section 2.3.4. 

 

Scheme 2.7 Preparation of asymmetrical Mannich bases 
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S

SS
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R
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CH3COOH

120°C
++

S

SS

X

OAcR

13, 14, 16, 17 22-25
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N

N

N

N

22 X=O R=

23 X=O R=

24 X=S R=
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N

N

N

N

, 9%

, 6%

, 12%

, 8%  
 

2.4.5 Summary 

1. A series of mono-substituted Mannich bases of annulated thiophene derivatives 

have been successfully synthesized with good yields. 

2. Bis-substituted Mannich bases were prepared in low yields due to the possible 

competitive alkylation reactions with the solvent. 
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3. Through the study of aminoalkylation reactions of our two annulated thiophene 

derivatives, the reactivities of different amines were comparatively assessed as 

morpholine > piperidine > diethylamine. 

4. Reactivities of thieno[3,4-d]-1,3-dithiole-2-thione (1) and thieno[3,4-d]-1,3-

dithiol-2-one (2) undergoing Mannich reactions under identical condition gave 

similar results.  

5. In very polar solvents, the reactions with less reactive amines such as piperidine 

or diethylamine result in the formation of asymmetrical acetate products, rather 

than the formation of the symmetrical bis-substituted Mannich bases 

                 

2.5 Chloromethylation reactions 

Among all bifunctional thiophene derivatives, 2,5-bis(chloromethyl)thiophene is 

regarded as a useful key compound toward the formation of various 2,5-bis-substituted 

thiophenes.(185) The chloromethylation reaction of thieno[3,4-d]-1,3-dithiol-2-one (2) 

proceeded similarly as the chloromethylation of thiophene,(186) and afforded 4,6-

bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one (26) with good yields (40 to 58%). 

Similar reaction conditions were attempted for the chloromethylation of thieno[3,4-d]-

1,3-dithiole-2-thione (1) without success. This may be due to possible decomposing of 

the product at room temperature.  

 

 

 



 

 50

Scheme 2.8 Synthesis of 4,6-bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one (26) 

S

SS

O

+ (HCHO)n +
CCl4/CHCl3

50°C/4hours
HCl (gas)

S

SS

O

Cl Cl

2 26, 58%  
 

Mono-chloromethylation was performed using concentrated hydrochloric acid 

in the presence of formaldehyde at low temperature. Column purification afford 4-

(chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one (27) in 60% yield (Scheme 2.9) 

 

Scheme 2.9 Preparation of 4-(chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one (27) 

S

SS

O

+
0°C/2 hours

S

SS

O

ClHCl(Conc.):CHCl3 15:1H H

O

+ HCl(gas)

2 27, 60%  
             

      

2.6 Functionalization reactions 

 

4.6-Bis(chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one (26) is regarded as a very 

useful intermediate in the preparation of monomers for polythienylene vinylene (PTV). 

It can be readily converted into other functionalized thiophene derivatives which can be 

good candidates for two-step precursor polymerization. As the brief review of synthesis 
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of poly(thienylene vinylene) mentioned in the previous chapter, monomers with certain 

functional groups are possible candidates for the synthesis of polythienylene vinylenes 

through a precursor route. 

Nucleophilic substitution reactions were explored in transformation of 26 and 

27 into various derivatives having different leaving groups.  

 

2.6.1 Synthesis of alcohol 

4,6-Bis(hydroxymethyl)thieno[3,4-d]-1,3-dithiol-2-one (28) can be easily 

prepared from 26 under mild condition in a fairly good yield (91%). The diol shows 

limited solubility in dichloromethane, chloroform, ethyl acetate; but good solubility was 

observed in strong polar solvents such as DMSO, and DMF. 4-

(hydroxymethyl)thieno[3,4-d]-1,3-dithiol-2-one (29) was prepared by hydrolysis of 27 

using water. The reactions are shown in Scheme 2.10 below. 

 

Scheme 2.10 Preparation of alcohols 

+
Acetone or Dioxane

80°C/24hours
S

SS

O

S
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R'

H2O
R

Cl

SS

O

28, 29
28 R=CH2OH
29 R=H

26, 27
26 R=CH2Cl
27 R=H  
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2.6.2 Synthesis of aldehydes 

Both IBX and PCC are effective oxidation reagents for synthesis of aldehydes 

from alcohols.(187-188) Both 28 and 29 were conveniently oxidized into their aldehyde 

derivatives, respectively, using these oxidizing reagents (Scheme 2.11) 

 

Scheme 2.11 Preparation of aldehydes through oxidation 

S

SS

O

S CHOR'R
OH

SS

O

IBX or PCC+
EtOAc or anhydrous CH2Cl2

28, 29 30, 31

28 R=CH2OH
29 R=H

30 R'=CHO
31 R'=H  

                

2.6.3 Synthesis of Mannich base 

Mannich bases can be synthesized by the nucleophilic substitution reactions of 

less active secondary amines such as diethylamine with 4,6-

bis(chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one (26) under mild conditions with better 

yields in comparison with the aminoalkylation reactions which were performed in harsh 

conditions (Section 2.3.3 and Section 2.3.4). As we discussed in Section 2.3, the less 

reactive amines were very difficult to afford symmetrical bis-substituted Mannich bases. 

However, nucleophilic substitution reactions of 4,6-bis(chloromethyl([3,4-d]-1,3-

dithiol-2-one (26) is a better alternative, as will be discussed below. 
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Synthesis of 4,6-bis((diethylamino)methyl)thieno[3,4-d]-1,3-dithiol-2-one (32) 

is illustrated in Scheme 2.12. 

Scheme 2.12 Preparation of Mannich base 

+
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85−90°C/16hours
S S

SS

O

NN
NH(C2H5)2

SS

Cl Cl

O

26 32, 36%  
                  

2.6.4 Synthesis of bis-pyridinium salt 

              1,1’-[(4,6-thieno[3,4-d]-1,3-dithiol-2-one-diyl)bismethylene ] bis[pyridinium 

chloride] (33) was prepared by refluxing 26 with excess pyridine.  

 

Scheme 2.13 Preparation of bis-pyridinium chloride salt 

           

26 33, 95%

+

S

SS

O

S

SS

O

NN Cl ClN

120°C/12hours
Cl Cl

 
                           

2.6.5 Synthesis of ester (acetate) 

4,6-bis(acetoxymethyl) thieno[3,4-d]-1,3-dithiol-2-one (34) was synthesized 

with potassium acetate in glacial acetic acid (Scheme 2.14). 
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Scheme 2.14 Preparation of 4,6-bis(acetoxymethyl) thieno[3,4-d]-1,3-dithiol-2-one (34)          

26 34, 68%

+
CH3COOH

120°C/24hours
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SS

O

OO

O OS

SS

O
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2.6.6 Synthesis of ether 

Attempts to synthesize bis-sulfonium salts in methanol did not afford the target 

salts. Instead 4,6-bis(methoxymethyl)thieno[3,4-d]-1,3-dithiol-2-one (35) was isolated 

with good yield (60%), the reaction are shown in Scheme 2.15. 

Scheme 2.15 Preparation of 4,6-bis(methoxymethyl)thieno[3,4-d]-1,3-dithiol-2-one 

(35) 

26 35, 60%

+
50°C/24hours

S

SS

O

OO
CH3OH

S

SS

O

ClCl

 
               

2.6.7 Synthesis of bis-substituted sulfide 

Preparation of 4,6-bis((phenylthio)methyl)thieno[3,4-d]-1,3- dithiol-2-one (36) 

is presented in Scheme 2.16. The exact mechanism is unkown. The formation of 

iodomethyl derivative as intermediate followed by nucleophilic displacement of the 

iodine group by thiol might be possible pathway for this reaction. 
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Scheme 2.16 Synthesis of bis-subsituted sulfide 
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2.6.8 Synthesis of bis-substituted sulfoxide 

Compound 36 was oxidized with 2 equvalents of m-chloroperoxybenzoic acid 

(m-CPBA) in low temperature to yield 4,6-bis((phenylsulfinyl)methyl)thieno[3,4-d]-

1,3-dithiol-2-one (37). A distinctive doublet of doublet signal was observed in 1H-NMR, 

as a result of the presence of α-methylene protons. These protons cause H-H coupling 

caused by the two chiral sulfur atoms of the sulfoxide moiety (Scheme 2.17). 

Compound 37 shows limited solubility in chloroform, dichloromethane, DMF, 

and DMSO. 

Scheme 2.17 Synthesis of bis-subsituted sulfoxide 
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            2.6.9 Synthesis of triphenylphosphonium salts 

Triphenylphosphonium salt derivatives were key ingredients for the Wittig 

olefination reactions. Both chloro derivatives 26 and 27 readily formed 

triphenylphosphonium salts in THF at elevated temperatures to give 38 (95% yield) and 

39 (92% yield), respectively (Scheme 2.18). Triphenylphosphonium salts 38 and 39 are 

soluble in both CHCl3 and DMSO. 

UV-Vis spectra of both triphenylphosphonium salts in CHCl3 solution were 

illustrated in Fig. 2.2. The λmax of both 38 and 39 are observed in the UV region. This is 

artributed to π-π* absorption of the aromatic rings. 

 

Scheme 2.18 Preparation of triphenylphosphonium salts 
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38 R'=CH2PPh3Cl
39 R'=H  
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Fig. 2.2 UV-Vis spectra of Compound 38 and 39 

 

2.6.10 Synthesis of xanthate 

It was reported(189-190) that xanthate-leaving groups do not react with indium-tin 

oxide, a commonly used electrode materials for LED fabrications. Hence, xanthate 

derivatives are perfect candidates for the precursor polymerization method. 4,6-

bis[ethoxy(thiocarbonyl)thiomethyl]thieno[3,4-d]-1,3-dithiol-2-one (40) was prepared 

by a nucleophilic substitution reaction with potassium O-ethyl axanthate on 26 as 

shown in Scheme 2.19. 
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Scheme 2.19 Preparation of xanthate 

S

+
CH2Cl2

R.T./ 6 hoursO

S

SK

SS

ClCl

O

S

SS

SS

O

SS

O O

26 40, 97%  
 

2.6.11 Synthesis of thiocarbomate  

Thiocarbomate derivative is one of the newest discovered compounds which can 

undergo precursor polymerization to give polythienylenevinylene.(191) 4,6-Bis(N,N-

diethyldithiocarbomate-methyl)thieno[3,4-d]-1,3-dithiol-2-one (41) was successfully 

synthesized under mild conditions. 

 

Scheme 2.20 Preparation of thiocarbomate 
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2.6.12 Synthesis of asymmetric derivatives  

Asymmetrical derivatives are of great interests for precursor polymerization 

synthesis. Asymmetrical monomers usually bearing a polarizable group in the α 

position, i.e. S(O)R, that can help stabilize the anion (quinodimethane) intermediate 
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formed by deprotonation. A good leaving group in the α’ position, such as Cl, can 

benefit the formation of a precursor polymer.(192)  

These polarizable groups are also good leaving groups at elevated temperatures 

and commonly yield conjugated polymers upon heating (elimination).  

 

(1) Asymmetrical sulfoxide 

One equivalent of m-CPBA can oxidize the bis-substituted sulfide to 

asymmetric 4-((phenylsulfinyl)methyl)-6-((phenylthio)methyl)thieno[3,4-d]-1,3-dithiol-

2-one (42) as major product as shown in Scheme 2.21.  

 

Scheme 2.21 Preparation of asymmetrical sulfoxide 

                               

S

SS

SS
O

O

S

SS

SS

O

m-CPBA(1 eqv)

CHCl3/-20ºC

36 42, 83%                                

 

(2)  Asymmetrical acetate 

4-(Chloromethyl)-6-(acetoxylmethyl)-thieno[3,4-d]-1,3-dithiol-2-one (43) 

(Scheme 2.22) was synthesized under similar conditions for preparation of bis-acetate 

derivative 34  shown in Scheme 2.14. 
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Scheme 2.22 Synthesis of asymmetrical acetate 

+
CH3COOH

80°C/6 hours
CH3COOK (1eqv.)

S

SS

O

OCl

OS

SS

O

Cl Cl

26 43, 38%  
 

             (3) Asymmetrical benzenesulfinate 

4-(Chloromethyl)-6-(phenylsulfinyloxylmethyl)-thieno[3,4-d]-1,3-dithiol-2-one 

(44) was prepared by a refluxing reaction of  26 with sodium benzenesulfinate in THF 

as shown in Scheme 2.23. 

 

Scheme 2.23 Synthesis of asymmetrical benzenesulfinate 

 

+
THF

Reflux/24hours
S S

SS

O

OCl S

SS

Cl Cl

O

O

ONa
S

O

26 44, 68%            
 

(4) Asymmetrical xanthate 

One equivalent of potassium xanthogenate gave a mixture of asymmetrical 

xanthate 4-chloromethyl-6-ethyoxy(thiocarbonyl)thiomethyl-thieno[3,4-d]-1,3-dithiol-

2-one (45), that structure is illustrated in Fig. 2.3, and bis-substituted 4,6-

bis[ethoxy(thiocarbonyl)thiomethyl]thieno[3,4-d]-1,3-dithiol-2-one (40). Column 
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separation with silical gel did not afford pure asymmetrical xanthate compound due to 

similar polarity of two products. 

S

SS

O

SCl O

S
45  

Fig. 2.3 Asymmetric xanthate 

 

2.6.13 Summary 

1. 4,6-Bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one (26) was successfully 

functionalized into a number of symmetrical derivatives possesing various leaving 

groups. 

2. 4-(Chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one (27) was also subject to 

nucleophilic reactions to afford some mono-substituted derivatives. 

3. Some of those thiophene derivatives may be good candidates for precursor 

polymerization, which are still under further investigation in our laboratory to achieve 

polythienylene vinylene polymers. Some of intial work will be discussed in Chapter 3.  

 

2.7 Synthesis of DTTTF derivative 

 

Tetrathiafulvalene (TTF) (Fig. 2.4) is one of the simplest symmetrical 

tetrachalogenafulvalenes. Many charge-transfer salts incorporating TTF units exhibit 
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metallic conductivity and even superconductivity.(193 ) The attempted coupling reactions 

of thieno[3,4-d]-1,3-dithiole-2-thione (1) or thieno[3,4-d]-1,3-dithiol-2-one (2) with 

triethyl phosphite were not successful. Chiang et. al reported several multi-step 

approaches to prepare 2-thieno[3,4-d]-1,3-dithiol-2-ylidene-thieno[3,4-d]-1,3-dithiole 

(DTTTF).(176) These synthetic methods lead to tedious work and low overall yield.   

 

S

S S

S S

S S

S
SS

46 47  

                                     Fig 2.4 TTF (46) and DTTTF(47) 

 

Insertion of a π-conjugating spacer between two 1,4-dithiafulvenyl groups has 

been attracted tremendous interests because of the increased dimensionality and hence 

improved charge transport properties expected for the corresponding cation radical salts 

in the general frame of the chemistry of extended TTF analogues.(194) More recent work 

also shown that these hybrid π-conjugated systems are potentially low bandgap organic 

semiconductors and may be used as building blocks with chromophores for second or 

third-order nonlinear optics.(195-197) 

The coupling reaction of 24 with triethyl phosphite gave an unique compound 

4,4’,6,6’-tetra(diethoxyphosphorylmethyl)-(-2-(thieno[3,4-d]-1,3-dithiol-2-ylidene) 

thieno[3,4-d]-1,3-dithiole (48) with 35% yield (Scheme 2.24). 
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Scheme 2.24 Synthesis of DTTTF-methylphosphonate 
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This phosphonate derivative might undergo Wittig-Horner reaction with 

aldehydes to form hybrid π-conjugated systems incorporating DTTTF units in their 

backbones. Polymerization of this DTTTF analogue is still under investigation is our 

lab. Such a polymer might afford a very unique cross-linking polymeric structure and 

fascinating electronic properties.                   

 

2.8 Conclusion 

1. Successful synthesis of thieno[3,4-d]-1,3-dithiole-2-thione (1) and thieno[3,4-

d]-1,3-dithiol-2-one (2) with one-pot reactions. The phosgene solution method to 

prepare compound 2 provides better yield than oxidation of compound 1. 

2. Successful halogenation reactions of thieno[3,4-d]-1,3-dithiol-2-one (2) 

afford different bis- and mono-substituted halogenated compounds with very good 

yields, and these halogenated derivatives were fully characterized.  
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3. Aminoalkylatioin reactions of thieno[3,4-d]-1,3-dithiole-2-thione (1) and 

thieno[3,4-d]-1,3-dithiol-2-one (2) gave mono-substituted Mannich bases with fairly 

good yields. Preparation of symmetrical Mannich bases was very difficult. 

 4. 4,6-bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one (26) and 4-

chloromethylthieno[3,4-d]-1,3-dithiol-2-one (27) were successfully synthesized. A 

number of symmetrical and asymmetrical thiophene derivatives were prepared from 

both chloromethylated compounds via the nucleophilic reactions. 

5. A phosphoonate derivative bearing a DTTTF structure was also prepared 

from 4,6-bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one (26). 
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CHAPTER 3 

SYNTHESIS OF THIOPHENE OLIGOMERS AND POLYMERS 

 

3.1 Introduction 

As we demonstrated on Chapter 2, thieno[3,4-d]-1,3-dithiol-2-one (2) was 

successfully converted into the halogenated compounds (5-10), two chloromethylated 

compounds and other derivatives. Since the main objective of this project is the 

preparation of oligomers and/or polymers bearing carbondithiolate structures in their 

oligomer and/or polymer backbones for possible metal-dithiolate coordination study in 

the future. Our efforts of this chapter will focus on preparation of oligomers and 

polymers with carbondithiolate structures through different approaches. 

Metal-catalyzed reactions are applied to those halogenated derivatives (5-10) to 

afford oligomers and polymers are the first reasonable approach. Other functionalized 

derivatives from chloromethylated compounds can undergo base-promoted 

polymerization reactions to achieve soluble precursor polymers, which may be 

converted directly into conjugated polymers or metal-coordinated polymers followed by 

thermal elimination reaction to yield conjugated metallopolymers. Other reactions which 

were reviewed in Section 1.4 can also be considered as possible routes to realize 

conjugated oligomers and/or polymers with carbondithiolate structures, especially Wittg 

reactions. 
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3.2 Attempted synthesis of homopolymers 

Homopolymer (P1) bearing a carbondithiolate structure in its repeating units 

may be a fascinating polymer (Fig. 3.1), which may be converted a DTTTF-like 

crosslinked polymer or metal-dithiolate coordinated metallopolymer. Several 

unsuccessful approaches were attempted in preparation of this unique homopolymer.  

S

SS

O

n  

Fig. 3.1 Homopolymer P1 

 

3.2.1 Chemical  polymerization with FeCl3 

When compound 1 was treated with FeCl3 in the presence of either CH3CN or 

CH3NO2, the formation of solid precipitates was not observed as expected. TLC analysis 

showed that the starting materials had disappeared but, the appearance of a streak down 

the TLC was observed. Attempts to isolate any products or byproducts were 

unsuccessful. 

Scheme 3.1 Attempted oxidation reactions of compound 2 

S

SS

O

+ FeCl3
CH3CN/CH3NO2

0ºC/ 24 hours
Gray or dark gray solid
                S1

2
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The FeCl3 chemical polymerization of compound 2 was then investigated 

(Scheme 3.1). Thieno[3,4-d]-1,3-dithiol-2-one (2) was treated with FeCl3 in presence of 

either CH3CN or CH3NO2. From this reaction, a gray (or dark gray) color solid (S1), 

which was not soluable in most common organic solvents, such as chloroform, 

dichloromethane, DMF, and DMSO was isolated. In the FT-IR spectra of the gray solid 

S1, a strong absorption peak at 1716 cm-1 was observed, which was assigned as carbonyl 

C=O stretching. The “dedoping” of S1 was performed with either hydrazine hydrate-

water (1:1 v/v) or ammonium hydroxide-water (1:1 v/v) solutions.(71) Treatment with 

hydrazine resulted in a deep blue solution, and no solid residue was recovered. The gray 

solid S1 was also stirred with ammonium hydroxide solution for 24 hours yielded an 

unidentifiable deep dark solid (S2). FT-IR analysis of S2 showed the disappearance of 

the carbonyl C=O stretching absorption. This led us to believe that the carbondithiolate 

structure has been destroyed during the “dedoping” process. 

 

3.2.2 Cross-coupling polymerization of halide derivatives 

Bis(1,5-cyclooctadiene) nickel(0) (Ni(COD)2) is a very efficient transition-metal 

complex catalyst for cross-coupling polymerization of halogenated aromatic 

compounds.(198) 
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Scheme 3.2 Cross-coupling polymerization reactions 

Ni(COD)2/DMF

120ºC/ 24 hours
S

SS

O

nS

SS
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7, 9 P1

7 X=Br
9 X=I  

 

 The cross-coupling reactions of both monomers 7 and 9 catalyzed by Ni(COD)2 

(Scheme 3.2) did not give the desired homopolymer P1. Monomers 7 and 9, instead 

gave a black unidenfiable solids (S3 and S4), respectively. Starting materials had 

disappeared on TLC plates, however. In addition, the carbonyl C=O stretching 

absorptions were not observed on FR-IR spectra of both solid residues. 

 

3.2.3 Ullman reaction 

Ullman reaction has been successfully exercised for the preparation of 

polythiophene derivatives bearing a carboxylate side chain.(199) Similar reaction 

conditions were applied to compound 7 for polymerization. The copper catalyzed 

Ullman reaction gave a gray-brown solid (S5) as the product. Characterization by FT-IR 

showed similar absorption feartures as that of solid obtained by cross-coupling 

polymerization, In addition, no carbonyl C=O stretching absorption around 1710cm-1 

was observed. 
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3.3 Attempted synthesis of copolymers 

The Stille reaction is also a popular method to build a C-C bond between 

aromatic halides with organotin compounds.(200-201) Palladium(II) complexes PdLn, such 

as [1,1’-bis(diphenylphosphine) ferrocene] dichloropalladium(II) (Pd(dppf)Cl2), and  

bis(triphenylphosphine)palladium(II) dichloride (Pd(pph3)2Cl2) are the most widely used 

catalysts. The mechanism of the polymerization involves a reduction process of Pd(II) to 

give the anionic Pd(0) complex species, which then undergos the formation C-C 

coupling.(202-203) The C-C coupling process involves three steps: oxidative addition of 

Pd(0), transmetallation, followed by a reductive elimination.(204) The simplified scheme 

of the mechanism of Stille reaction is illustrated in Scheme 3.3. 

 

Scheme 3.3 Schematic mechanism of Stille reaction  

 

 

The aromatic organotin compounds 49-56 (shown in Fig. 3.2) were prepared in 

our lab according to reference literature procedures.(200) Synthesis include the treatments 

of thiophene with NBS to give 2- and/or 5-bromothiophene, followed by lithium-
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bromine exchange reaction with n-butyllithium. The reaction is then quenched with 

tributyltin chloride to afford the organotin compounds. All of the tributyltin compounds 

are sensitive to regular silica gel column or distillation, flushing through basified silica 

gel columns can only remove baseline impurities. Therefore, the thiophenetin analogues 

were used without further purification. 

E-1,2-bis(tri-n-butylstannyl)ethylene (57) was purchased from TCI America. 

Attempted Stille reactions to afford the oligomers are illustrated in Scheme 3.4 and the 

results are summarized in Table 3.1. 

S

Sn(Bu)3
(Bu)3Sn

Sn(Bu)3(Bu)3Sn

Bu

S Sn(Bu)3(Bu)3Sn

Octyl

S Sn(Bu)3(Bu)3Sn
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S Sn(Bu)3(Bu)3Sn

OO

53 54

55 56 57

S Sn(Bu)3

Bu

S Sn(Bu)3

Octyl

49 51

S(Bu)3Sn

Octyl

52

S(Bu)3Sn

Bu

50

 

Fig. 3.2 Schematic presentation of organotin compounds 
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Scheme 3.4 Attempted Stille reactions to oligothiophenes 
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49-52

R=H, butyl, octyl
R'=H, butyl, octyl

Y=H, Sn(Bu)3
Y'=H, Sn(Bu)3  

Table 3.1 Stille reactions to oligothiophenes 

Starting 
material 

Organotin Temp. 
(ºC)  

Catalyst Solvent Notes 

7 49 75 Pd(pph3)2Cl2 THF Recovered strating 
material 7 

7 49 120 Pd(pph3)2Cl2 DMF  Complex mixture of 
products 

7 50 75 Pd(pph3)2Cl2 THF Recovered starting 
material 7 

7 50 120 Pd(pph3)2Cl2 DMF Complex mixture of 
products 

9 50 100 Pd(pph3)2Cl2 DMF Complex mixture of 
products 

7 51 120 Pd(pph3)2Cl2 DMF Complex mixture of 
products 

7 52 120 Pd(pph3)2Cl2 DMF Complex mixture of 
products 

7 51 80 Pd(pddf)Cl2 THF Recovered strating 
material 7 

 

The recovery of starting materials in all of the above described reactions led us 

to assume that the presence of Pd(II) may not necessarily decompose the 

carbondithiolate structure present in the starting materials. Due to the difficulty of the 

purification process of these mono-organotin compounds, it is reasonable to assume that 
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the impurities may be responsible for the failure of obtaining the target oligothiophenes. 

Therefore, we decided to proceed the polymerization reactions with disubstituted 

organotin compounds (53-57). The polymerization reactions are illustrated in Scheme 

3.5, and the results are summarized in Table 3.2. 

Scheme 3.5 Attempted Stille reactions to copolymers  
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R'R
n

Table 3.2 Stille reactions to copolymers 

Halide Organotin 
compounds 

Catalyst Solvent Temp. 
(ºC) 

Product 

7 53 Pd(dppf)Cl2 DMF 100 S6 (redish brown solid ) 

7 54 Pd(dppf)Cl2 DMF 100 S7 (redish black solid) 

7 55 Pd(dppf)Cl2 DMF 150 S8 (black solid) 

7 56 Pd(dppf)Cl2 DMF 150 S9 (black solid) 

7 57 Pd(dppf)Cl2 DMF 150 S10 (black solid) 

9 57 Pd(dppf)Cl2 DMF 150 S11 (black solid) 

 

The Stille reactions of 7 or 9 with the different disubstituted organotin 

compounds (53-57) generally afforded deep color solid (S6-S11) as the products. The 
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FT-IR sepectra of all unidentifiable solids show the disappearance of carbonyl C=O 

strectching (1710 cm-1). That led us to assume that the disruption of carbondithiolate 

structure of starting material 7 and 9 under the harsh conditions occurred during the 

Stille reactions. 

Both back solids S10 and S11 showed that neither the characteristic absorption 

peak of vinylene C-H out-of-plane bending (~930 cm-1) was observed, nor was vinylene 

C-H strectching absorption (~3010 cm-1) detected. These results confirmed there was no 

C=C bond successfully formed during these reactions, resulting in the black solids S10 

and S11.  

 

3.4 Attempted synthesis of precursor polymers 

After all the attempts through metal-catalyzed coupling reactions to make 

homopolymers or copolymers bearing a carbondithiolate structure were exhausted, 

preparing precursor polymers became a rational choice to retain the carbondithiolate 

structure in the repeating unit of polymer. 

The synthesis of precursor polymers was generally performed in dry THF at low 

temperatures. One equivalent of sodium ethoxide (NaOEt), potassium t-butoxide (t-

BuOK), sodium methoxide (MeONa), or lithium diisopropylamide (LDA) was used as 

the base for the deprotonation of acidic α-protons on the pendant groups. The reaction 

mixtures were quenched by pouring into methanol after reactions were complete. These 

target polymers precipitated in methanol and were collected by filtration. The 
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preliminary results of some attempted precursor polymerization reactions are 

summarized in Table 3.3. 

Table 3.3 Attempted precursor polymerization reactions 

Starting 
Material 

Structure Base Solvent Temp. 
(ºC) 

Time 
(hours)

Product 

 
26 

S

SS

ClCl

O

 

 
t-BuOK 

 
THF 

0  
r.t. 

20 
48 

S12 (orange 
solid) 

 
26 

S

SS

ClCl

O

 

 
t-BuOK 

 
THF 

-78 
r.t.  

12 
24 

S13 (orange  
black solid) 

 
26 

S

SS

ClCl

O

 

 
NaOEt 

 
THF 

0 
r.t.  

1 
24 

S14 (yellowish 
gray solid) 

 
26 

S

SS

ClCl

O

 

 
NaOEt 

 
THF 

-78 
r.t.  

1 
24 

S15 (yellow 
solid) 

 
36 

S

SS

SS

O

 

 
t-BuOK 

 
THF 

-78 
r.t.  

8 
24 

No precipitates 
in CH3OH 
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SS
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t-BuOK 

 
THF 

0 
r.t.  

8 
24 

No precipitates 
in CH3OH 

 
37 

S
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SS

O

OO
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-78 
r.t.  

12 
24 

No precipitates 
in CH3OH 

 
37 

S
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SS

O

OO
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CH2Cl2/
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(1:1 v/v) 

-78 
r.t.  

12 
24 

No precipitates 
in CH3OH 

 
37 

S

SS

SS

O
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DMSO 

 

 
r.t.  

 
48 

No precipitates 
in CH3OH 
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O
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24 

No precipitates 
in CH3OH 
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12 
24 

No precipitates 
in CH3OH 

 
41 
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O

SS NN

S S  

 
t-BuOK 
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r.t. 

 
24 

No precipitates 
in CH3OH 
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All unidifiable solids S12, S13, S14 and S15 were not soluble in the regular 

organic solvents such as CH2Cl2, CHCl3, THF, DMF, DMSO, and NMP. The projected 

structure of this polymer is shown in Fig. 3.3. As shown in Fig 3.4, All FT-IR spectra of 

these solids show a distinctive carbonyl C=O stretching at 1720cm-1.  

Compound 36 did not give any precursor polymers at the room temperature or 

the low temperature. Due to the limited solubility of compound 37 in THF, DMSO, the 

low concentration of reaction mixtures may be blamed for the failure of polymerization 

reactions. Neither compound 40 nor 41 yield precursor polymers.  

S

SS

O

Cl

n

P2  

Fig. 3.3 The projected structure of S12-S15 

 

Fig 3.4 FT-IR spectra of S12 and S13 
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Based on the results observed for the polymerization of compound 26, we can 

reasonably assume that the Cl is a very good leaving group for the formation of 

precursor polymers, but the poor processability of the formed precursor polymer bearing 

a Cl group results in the loss of the true meaning of a good “precursor”. Therefore, these 

asymmetrical monomers (42-45), especially those with chloromethylene groups, become 

very promising for the successful precursor polymers with carbondithiolate structures. 

The Cl group benefits the formation of the precursor polymer, the other remaining group 

help improve the solubility of it. The results of polymerization reactions of some 

asymmetrical monomers are listed in Table 3.4. 

 

Table 3.4 The precursor polymerization reactions of some asymmetrical monomers 

Starting 
material 

Structure Base Solvent Temp.
(ºC) 

Time 
(hours)

Product 
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S

SS
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NaOEt 

 
THF 
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24 

 
No precipitates in 

MeOH 
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SS
O
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MeONa 

 
THF 

 
r.t. 

 
24 

No precipitates and 
starting material 

recovered 
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S
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SS
O

O

 

 
t-BuOK 

 
THF 

 
r.t. 

 
24 

 
S16 (Gray balck 

solid) 
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S

SS

SS
O

O

 

 
NaOEt 

 
THF 

 
r.t. 

 
24 

 
P3 (yellow solid) 

 
45* 

S

SS

O

SCl O

S  

 
t-BuOK 

 
THF 

 
r.t. 

 
24 

 
S17 (light yellow 

solid) 

* Compound 45 is used as a mixture with 20~25% compound 40 as impurity. 
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Table 3.4 shows that the reaction of compound 42 with sodium methoxide did 

not proced to form a polymer, and recovery of starting material 42 was observed. S16 

was droped as a precursor polymer because of poor solubility in common organic 

solvents. 1H-NMR and FT-IR spectrum of P3 are inconclusive (Fig. 3.5 and Fig. 3.6).  

P3 was subjected to a thermal elimination reaction in a vaccum oven at 200ºC 

for 8 hours yield a deep brown colored film. The characteristic odor of benzenethiol was 

detected upon heating. This led us to reasonably assume that the sulfide might be the 

pendant group of P3, and the projected structure is shown in Fig. 3.7.  

 

 
 

Fig. 3.5 1H-NMR spectrum of P3 
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Fig. 3.6 FT-IR spectrum of P3 

 

S

SS

O

S

n
P3  

Fig. 3.7 Schematic presentation of P3 

NMR and FT-IR analysis of S17 is inconclusive. The thermal elimination 

reaction (220ºC) yields a black solid. FT-IR spectrum of the resulted black solid does 

not show the characteristic vinylene C-H strectching at 3010 cm-1, nor the vinylene C-H 

out-of-plane bending at 930cm-1. 
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An acid-promoted polymerization method was also applied to several monomers 

without success. The mechanism of the trifluoroacetic acid (TFA) promoted 

polymerization is similar to the base-promoted process. The polymerization proceeds 

through a quinodimethane intermediate (58) generated by protonation, rather than by 

deprotonation which happens in the base-promoted polymerization. 

S

SS

O

R
58  

    Fig. 3.8 The projected quinodimethane intermediate 

The reactions of TFA with compound 37 and 42 were complicated. The 

reactions were monitered by TLC. The disappearance of the starting materials was 

observed. The byproduct was isolated by column chromatography. The NMR analysis of 

the byproducts shows that the isolated compounds may be benzenesulfenic acid.(205) 

That indicates the protonation process occurred. 

 

3.5 Synthesis of thiophene-based oligomers  

 Conjugated monodisperse oligomers play a significant role in the study of the 

properties of organic semiconductors. Detailed knowledge of their molecular structure is 

more easily obtained than their polymeric counterparts. Moreover, conjugated oligomers 

may present the same electrical and optical features of the related high molecular weight 
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polymers.(206) Therefore, synthesis of oligomers is of great importance not only as model 

compounds for the study of polymer synthesis but also as very useful organic materials.  

3.5.1 Preparation of alkylthiophene carboxaldehydes 

Alkylthiophene carboxaldehydes were synthesized from bromo-alkylthiophenes 

by treatment with organolithium, followed by a quenching reaction with 1-

formylpiperidine to generate the desired carboxaldehydes. In general, n-butyllithium is 

considered as the most efficient reagent in lithium-bromine exchange reactions. However 

in our case, tert-butyllithium generated less isomeric impurities and other byproducts 

than n-butyllithium, which lead to easier isolation, especially in the preparation of 

dicarboxaldehyde derivatives. 

 

3.5.1.1 Synthesis of 5-bromo-alkylthiophene-2-carboxaldehydes 

The preparation of 5-bromo-alkylthiophene-2-carboxaldehydes is shown in 

Scheme 3.6. 2,5-Dibromoalkythiophenes (60a-c) were first treated with one equivalent 

n-butyllithium, followed by a quenching reaction with 1-formylpiperidine to afford 5-

bromo-alkythiophene-2-carboxaldehydes (61a-c)  

Scheme 3.6 Synthesis of 5-bromo-alkythiophene-2-carboxaldehydes 

   

S

R

NBS/50°C

S

R

n-BuLi/-78°C

1-Formylpiperidine/THF Br

R' R'
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 81

 

Fig. 3.9 UV-Vis spectra of 5-bromo-alkylthiophene-2-carboxaldehydes (CHCl3) 

UV-Vis spectra of 5-bromo-alkylthiophene-2-carboxaldehydes were illustrated in 

Fig. 3.9. All 5-bromo-alkylthiophene-2-carboxaldehydes show λmax around 315 nm, 

which corresponding to the aromatic π-π* transition. 

 

3.5.1.2 Synthesis of 3-alkylthiophene-2-carboxaldehydes 

3-Alkylthiophene-2-carboxaldehydes (63a and b) were prepared by lithiation of 

2-bromo-3-alkylthiophene (62a and b) followed by a quenching reaction with 1-

formylpiperidine as shown in Scheme 3.7. 

Scheme 3.7 Synthesis of 3-alkylthiophene-2-carboxaldehydes 
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3.5.1.3 Synthesis of 4-alkylthiophene-2-carboxaldehydes 

2-Bromo-4-alkylthiophenes (66a and b) were prepared accordinging to a 

reported literature procesure,(207) which gave highly pure compounds. Lithium-bromine 

exchang reactions followed by a quenching reaction with 1-formylpiperidine 

successfully generated 4-alkylthiophene-2-carboxaldehydes (67a-b) with fairly good 

yields (Scheme.3.8) 

Scheme 3.8 Synthesis of 4-alkylthiophene-2-carboxaldehydes 
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3.5.1.4 Synthesis of alkylthiophene-2,5-dicarboxaldehydes 

A direct lithiation reaction of alkylthiophenes followed by quenching with DMF 

does not give alkylthiophene-2,5-dicarboxaldehydes as expected. Instead, if the 2,5-

dibromoalkylthiophenes are treated with tert-BuLi instead of n-BuLi followed by a 

quenching reaction with 1-formylpiperidine, the desired alkylthiophene-2,5-
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dicarboxaldehyde (68a-c) are isolated with satisfactory yields (Scheme 3.9). UV-Vis 

spectra of alkylthiophene-2,5-dicarboxaldehydes (68a-c)  are shown in Fig.3.10, the λmax 

of these alkylthiophene-2,5-dicarboxaldehydes (68a-c) are 290-310nm, which represent 

the aromatic π-π* transitions. 

Scheme 3.9 Preparation of alkylthiophene-2,5-dicarboxaldehydes 
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68c R=R' =butyl

60a-c 68a-c

 

 

Fig. 3.10 UV-Vis spectra of alkylthiophene-2,5-dicarboxaldehydes (CHCl3) 

3.5.1.5 Synthesis of aldehydes of EDOT 

Aldehyde derivatives, 2,3-dihydrothieno[3,4-b]-1,4-dioxin-5-carboxaldehyde 

(70) and 2,3-dihydrothieno[3,4-b]-1,4-dioxin-5,7-dicarboxaldehyde (72) were prepared 
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according to reported literature procedures.(208) The preparation scheme is shown below 

(Scheme 3.10 and Scheme 3.11). 

In both cases, the desired products were prepared in good yields. However, in 

the case of compound 72, it was necessary  to brominated first followed by the lithiation 

and quenching reactions. 

                                 Scheme 3.10 Preparation of aldehyde of EDOT 
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Scheme 3.11 Preparation of bis-aldehyde of EDOT 
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3.5.2 Preparation of dimmers  

Wittig’s reactions of compound 39 with different thienyl aldehydes (shown on 

Scheme 3.12 and 3.13) were attempted in an effort to prepare dithienyl compounds 73a-

d, and 74. The isolation and purification by column chromatography and precipitation 
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did not successfully yield pure compounds. This may be partially the result of the target 

compounds decomposing at room temperature and under the purification conditions.  

Scheme 3.12 Preparation of dithienyl compounds 
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Scheme 3.13 Preparation of dimer    
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3.5.3 Preparation of trimers  

Trimers (trithienyl compounds) were also prepared using Wittig’s reactions. 

Three similar types of trimers were obtained using similar reaction conditions. To assess 

the steric effects of coupling reactions, the following oligothiophenes were examined as 

model compounds for the preparation of the copolymers. The results of these 

investigations will be discussed next.   
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3.5.3.1 Type 1 trimers (75a-c) 

Type 1 trimers (75a-c) were prepared using t-BuOK as the base and the 

aldehydes 61a-c (Scheme 3.14). Yields from these reactions vary from 28-48%. 

Relatively low yields are partially the result of the work-up and purification procdures. 

Purification usually included two consecutive column purifications followed by 

precipitation in methanol to afford pure target compounds 75a-c.  

 

Scheme 3.14 Preparation of type 1 trimers 
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Fig. 3.11 UV-Vis Spectra of type 1 trimers (CHCl3) 
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We found that bromine substitution appears to favor the stability of the trimers 

and improves the yields of the products. Steric effect can be considered a major factor 

that leads to significant drops in the yield of 3,4-dibutyl moieties. UV-Vis spectra of all 

three trimers bear similar pattern (λmax) and are shown in Fig. 3.11. 

 

3.5.3.2 Type 2 trimers (76a,b) 

The preparation of type 2 trimers is presented in Scheme 3.15. Sodium ethoxide 

was used as the base instead of potassium t-butoxide. After the addition of the 

dialdehydes 68a and b, the trimers 76a and 76b were obtained in 35% and 32%, 

respectively. 

 

Scheme 3.15 Preparation of type 2 trimers 
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Fig. 3.12 UV-Vis Spectra of type 2 trimers (in CHCl3) 

 

The UV-Vis study (Fig. 3.12) shows the absorption of the π-π* transition with 

maximum at 443 nm for 76a and 445 nm for 76b. The characteristic IR absorptions and 

their assignments of type 1 and type 2 trimers are summarized in Table 3.6.  

 

3.5.3.3 Type 3 trimers (77a-c) 

Scheme 3.16 shows the preparation of type 3 trimers. Compared with the trimer 

77a (28% yield) and 77c (32% yield), relatively lower yield of the compound 77b (18% 

yield) clearly demonstrated that alkyl substitution at the 3 position produces more steric 

resistance. Therefore, the formation of vinylene spacers at the 2 position of thienyl ring 

is not favored and leads to lower yield as observed. 
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Scheme 3.16 Preparation of type 3 trimers 
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UV-Vis spectra of type 3 trimers are shown in Fig. 3.13. All type 3 trimers 77a, 

77b and 77c have similar absorption patterns as that of type 1 trimers. Compared with 

their starting materials thienyl aldehydes, the λmax is significantly red-shifted from 

300nm to 435nm. FT-IR spectra of 77a and 77b were illustrated in Fig. 3.14. trans vinyl 

structures of all three types of trimers were confirmed by presence of strong absorptions 

at 913 – 921cm-1.(202) Other characteristic absorptions and their assignments are similar 

to those of other types of trimers which are summarized in Table 3.6. 
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Fig. 3.13 UV-Vis spectra of type 3 trimers (CHCl3) 

 

 

Fig. 3.14 FT-IR spectra of type 3 trimers 
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Table 3.5 Wittig reactions to trithienyl compounds 

No. Structure Solvent Yield 
(%) 

UV λmax 
(nm) 
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Table 3.6 Characteristic IR absorptions and their assignments of trimers 

Assignments 75a 75b 75c 76a 76b 

Aromatic C-H stretching 

 (2,5 position of thienyl ring) 

weak Weak weak 3104 3113 

Vinylene C-H stretching 3007 3009 3015 3009 3015 

Aliphatic (alkyl) C-H stretching 2954 

2923 

2855 

2955 

2922 

2851 

2956 

2928 

2858 

2954 

2923 

2853 

Overlap

2924 

2853 

Carbonyl C=O stretching 1712 1709 1709 1701 1704 

Conjugated C=C-C=C stretching(209) 1672 1668 1665 1643 1647 

Thienyl ring C-C stretching(210) 1608 

1457 

1431 

1605 

1463 

1426 

1600 

1461 

1431 

overlap 

1458 

1435 

Overlap

1460 

1429 

trans vinyl C-H out-of-plane bending 921 917 913 919 921 

Thienyl C-H out-of-plane bending(210) 841 839 845 835 840 

 

3.5.4 Synthesis of heptamers  

Heptamers was prepared using two consective Wittig reactions. The first Wittig 

reaction affords aldehyde derivatives which were found to precipitate in methanol. 

Without further purification, the aldehyde derivatives 78a-b and the monosubstituted 

triphenylphosphonium salts 39 were treated with t-BuOK in THF to give heptathienyl 

compounds (heptamers) 79a and 79b (Scheme 3.17). Characterization of the 

intermediate compounds 78a and 78b is still under inversitigation in our lab, ss a result 
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of the difficulty of the isolation and purification process. The characterization of the 

desired heptamers 79a and 79b has also not been diffcult. Work is still in progress in our 

lab to fully assign and characterize the target heptamers. 

 

Scheme 3.17 Synthesis of heptamers (heptathienyl compounds) 
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3.5.5 Synthesis of conjugated DTTTF derivatives 

Conjugated DTTTF derivatives were prepared by triethylphosphite coupling 

reactions at an elevated temperature (120ºC). The results of these reactions are 

illustrated in Scheme 3.18. 

We observed these conjugated DTTTF derivatives do not dissolve in regular 

organic solvents, such as dichloromethane, benzene, THF, DMF, and DMSO. They are 

only slightly soluble in chloroform.   
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Scheme 3.18 Preparation of DTTTF derivatives 
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FT-IR spectrum of the compound 80a shows a strong absorption band at 921 and 

3007 cm-1, which are characteristic of trans vinyl C-H out-of-plane bending and vinyl C-

H stretching absorption. DTTTF derivatives 80b, 80c and 80d bear similar FT-IR 

patterns as that of 80a, The trans vinyl C-H out-of-plane bending was presented at 918 

cm-1 for 80b, 922 cm-1 for 80c, and 921 cm-1 for 80d. Also, vinyl C-H stretching at 3008 

cm-1, 3009 cm-1, and 3011cm-1 were observed. 

UV-Vis spectra of 80a and 80b show the absorption of the π-π* transition with a 

maximum at 441nm and 442nm, respectively. Compound 80c shows a λmax at 434nm, 

and compound 80d at 433nm. As illustrated in Fig. 3.15, the UV-Vis spectra of DTTTF 

derivatives do not show significant changes from that of their trimer analogues (Fig. 

3.11 and Fig. 3.13). This may be due to no direct conjugation across the TTF links. 
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Since compound 48 does not posses a conjugated structure as compounds 80a-d do, the 

λmax of 48 is shown in UV region at 265nm. 

All four DTTTF derivatives (80a-d) show very good stability in the solid form. 

However, in solution form (such as in chloroform), doping by residual H+ of solvent was 

observed by NMR. This results in the formation charge-transfer complexes, and 

subsequently, the loss of the disctictive doublet of doublet of vinylene protons. 

 

Fig. 3.15 UV-Vis Spectra of DTTTF derivatives (CHCl3) 

 

It was observed that the red color compounds 80a and 80b immediately turned 

into shinning metallic black color upon being heated to their respective melting points. 

This may be due to the thermal elimination of Br result in the formation of polymers and 

followed by an oxidation (doping) of polymers with the thermal elimination product Br2. 

This subsequently, yields doped conjugated polymers. Their electrical properties are still 

under further inversitigation in our laboratory. DTTTF derivatives 80a and 80b can also 
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be good candidates for transitional metal catalyzed polymerizations too. 80c and 80d can 

be ideal monomers for an electrochemical polymerization study. Further studies still 

need to be evaluated of these DTTTF derivatives. 

Scheme 3.19 shows the preparation of trimers bearing EDOT units. The 

synthesis of DTTTF derivatives with EDOT units are still under investigation in our 

labotory. 

Scheme 3.19 Synthesis of trimers with EDOT units 

38

PPh3Cl

S

ClPh3P

SS

O

+

THF:CHCl3 3:1

t-BuOK/-78ºC

S

OO

OHC

S

S

S

SS

O

O O O O

70a,b 81a,b

X

X X

70a X=H
70b X=Br

81a X=H, 18%
81b X=Br, 32%  

 

3.6 Synthesis of thiophene-based copolymers 

3.6.1 Preparation of copolymers 

Wittig reactions to prepare copolymers were carried out in ethanol at room 

temperature with NaOEt as basefor 72hours (Scheme 3.20). Reactions typically take 72 

hours for completion. 

The two copolymer samples were subject to soxhelet extraction with methanol 

48 hours to remove low molecule compounds (such as monomers, by-product 

triphenylphosphine oxide, impurities, etc.), followed by acetone to remove oligomers. 
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NMR analysis of oligomers extracted by acetone show that the repeating units of these 

oligomers are about 4, corresponding to about 8 thienyl rings. The final products were 

dried in vacuum oven at 60°C for 24hours. The copolymer P4 was isolated in 48% yield 

while P5 was isolated in 45% yield. 

Scheme 3.20 Synthesis of polyalkylthiophene copolymers 
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             3.6.2 Elemental analysis of copolymers 

Elemental analysis results are illustrated in Table 3.7. The empirical formula of 

P4 and P5 based on elemental analysis are C16.09H15.66O1.46S4 and C22.53H25.15O2.26S4, 

respectively. These results are consistent with the theoretical formula of P4 and P5, 

which are (C17H16OS4)n and (C21H24OS4)n. 

Table3.7 Elemental analysis results of copolymers 

Sample No. C (%) H (%) S (%) P (%) 

P4              Calculated 56.01 4.42 35.18 0 

                  Found 53.585 4.375 35.555 802 ppm 

P5              Calculated 59.96 5.75 30.49 0 

                  Found 58.775 5.595 27.85 0.295 
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Copolymer P5 might have tripheneylphosphine salt as end groups which might 

explain the high content of phosphorus residue (0.3%), and copolymer P4 might be 

bearing aldehyde end groups, therefore, showing a very low phosphorus content residue.  

 

3.6.3 FT-IR analysis of copolymers 

The copolymer P4 shows distinct peaks at 927 cm-1 for the vinylene out-of-plane 

C-H bending vibrations and 3011 cm-1 for the vinylene C-H strectching vibrations. The 

copolymer P5 shows similar peaks at 925 cm-1 and 3009 cm-1 as a result of the same 

vibrations. 

Table 3.8 further summarizes and characterizes the IR absorptions and their 

assignments for these two copolymers. 

  

 

Fig. 3.16 FT-IR spectra of copolymers 
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Table 3.8 IR absorptions and their assigmments of copolymers 

Copolymer P4 Copolymer P5 Assignments 

3011 3009 Vinylene C-H stretching 

2952, 2926, 2864 2950, 2922, 2851 Aliphatic C-H stretching  

1703 1707 Carbonyl C=O stretching 

1655 1650 Conjugated C=C-C=C stretching(203) 

1598, 1454,1437 1590, 1455, 1433 Thiophene ring C-C stretching 

1058 1063 Thiophene ring C-H in-plane bending 

927 925 Trans vinylene out-of-plane bending 

851 850 Thiophene C-H out-of-plane bending 

747 721 Methylene rocking  

694 698 Aromatic C-C out-of-plane bending 

 

3.6.4 UV-Visible properties of copolymers 

The UV-Vis spectrum of the copolymer P4 shows the absorption of π-π* 

transition with a maximum at 549nm, and the copolymer P5 shows a maximum 

absorption at 551nm for the same π-π* transition (Fig. 17) 

Bandgap calculated from UV edge absorption was 1.87eV (λedge=660 nm) for 

P4, and 1.86eV (λedge=662 nm) for P5, respectively. 
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Fig. 3.17 UV-Vis spectra of copolymers (THF) 

 

3.7 Conclusion 

1. Attempted synthesis of homopolymer P1 through different methods, such as 

FeCl3 chemical polymerization reactions, transitional metal catalyzed cross-coupling 

reactions, and Ullman reaction, resulted in no success. All reactions gave solids that 

could not be identified by traditional methods such as NMR. FT-IR analysis shows the 

disappearance of the distinctive C=O stretching absorption for most compounds, which 

indicates that the carbondithiolate structure may be disrupted during polymerization 

reactions.  

2. Stille reactions of the halogenated derivatives of thieno[3,4-d]-1,3-dithiol-2-

one (26) with organotin compounds were also attempted to synthesize the conjugated 

oligomers and copolymers. The initial results show that the Stille reactions under harsh 

conditions (DMF/100-150ºC) generally yield deep colored solids that, once again, could 
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not be identified. FT-IR analysis of these solids shows that the disruption of the 

carbondithiolate structure of monomers might be accuring. Disappointantly, Stille 

reactions under mild conditions (THF/75ºC) did not accur at all either.. 

3. Base-promoted and acid-promoted polymerization reactions did not yield the 

desired precursor polymers. We did oberve the consumption of the starting materials by 

TLC analysis of these reactions, however. We also found that the selection of leaving 

groups is a crucial step to the successful preparation of soluable precursor polymers. 

Initial data suggests that the asymmetrical monomers might be the promissing direction 

for these kinds of reactions, especially those having a chloromethylene pendant group. 

4. The preparation of dithienyl compounds (dimers) through Wittig reactions 

were attempted but were not successful characterized due to the instability of the 

compounds at room temperature and under the reaction conditions. 

5. Three types of trithienyl compounds (trimers) were successfully synthesized 

and fully characterized by NMR, FT-IR, and ESI-TOF. As thiophene-based oligomers, 

their properties were examined. The UV spectroscopy shows λmax of those trimers red-

shift to the visible region (around 450 nm), which corresponds to the delocalization of π 

electrons in the extended of conjugated structure.. 

6. Four conjugated DTTTF derivatives were also synthesized by coupling 

reaction with triethyl phosphite. These DTTTF derivatives were characterized by 1H-

NMR, elemental analysis, and FT-IR. UV-Vis spectra of these conjugated DTTTF 

derivatives show similar λmax values as their trimer analogues.  
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7. All four DTTTF derivatives were not soluable in common organic solvents, 

such as dichloromethane, THF, CH3CN, DMF, and DMSO. However, these DTTTF 

derivatives are stable in solid forms, but the solvation process of the derivatives in 

chloroform leads to the formation of “doped” charge-tranfer complexes. This accurance 

was observed by NMR and UV-Vis analysis. 

8. Two copolymers were successfully synthesized by Witting-Horner olefination 

reactions. Elemental analysis results show that the empirical formulas were consistant 

with the theoretical calculations. 

9. UV-Vis analysis of copolymer P4 and P5 show λmax at 549 and 551nm, 

respectively. Compared with model trithienyl compounds, which have λmax around 440 

~455nm, the λmax of copolymers show a significant red shift. This further demonstrates 

that the delocalization of π electrons due to extension of conjugation of thienyl 

backbones is accuring. Bandgap of P4 and P5 were 1.87eV and 1.86eV which were 

calculated from UV absorption edges. 

 

3.8 Futurework 

1. Electrochemistry study of compound 1, 2, trimers, DTTTF derivatives.  

2. Selection of catalysts of cross-coupling reactions might be possible to afford 

polymers with carbondithiolate structures. In our work presented in this dissertation, 

only three catalysts were examined for cross-coupling reactions. Tests with other 

transitional metal complexes may yield homopolymers and/or copolymers bearing 

carbondithiolate structures. 
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3. Further investigation of synthesis of precursor polymers, especially synthesis 

of asymmetrical monomers, may lead to discovery of conjugated poly(thienylene 

vinylene) with carbondithiolate structures. Our initial study shows both chlorine and 

sulfoxide groups are good leaving groups for the preparation of non-conjugated 

precursor polymers, unfortunately chlorine is not good leaving group to yield conjugated 

polymers during thermal elimination reaction. 

4. Polymerization reactions of DTTTF derivatives, such as compound 48 and 

80a-d. Conjugated polymers cross-linked by DTTTF units might posses some unique 

properties as conductive materials. 

5. Study of metal-dithiolate coordination. Metal-coordinated trimers, polymers 

are still in progress in our lab. These oligomers and polymers with carbondithiolate 

structures presented in this dissertation are possible candidates for the introduction of 

metal ions to form metal-dithiolate coordination complexes.  

6. Applications of copolymers and DTTTF derivatives.  
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CHAPTER 4 

EXPERIMENTAL 

  

4.1 General 

Dry diethyl ether and tetrahydrofuran (THF) were freshly distilled from sodium 

benzophenone ketyl. Dry N,N’-dimethylformamide (DMF) was vacuum distilled with 

calcium hydride (CaH2). Dry acetonitrile and dichloromethane was freshly distilled with 

calcium hydride. Dry chloroform was freshly distilled with calcium chloride. 

Methylsulfoxide (DMSO) was dried with 4Å molecular sieve. Other chemicals and 

solvents were used as received. n-Butyllithium in hexanes solution was purchased from 

Aldrich-Sigma Chemicals, and was titrated by diphenylacetic acid method.(211) 3,4-

Dibromothiophene was either purchased from Oakwood Chemical or prepared in the 

lab from thiophene according to literature(212). Other chemicals were purchased from 

Aldrich-Sigma Chemicals, and used without further purification. 

1H- and 13C-NMR spectra were obtained on a JOEL Eclipse Plus 500 NMR 

spectrometer or JEOL ECX 300 NMR spectrometer. 1H-NMR spectra were recorded at 

500.16MHz (or 300.53MHz at ECX 300) in CDCl3 (unless otherwise noted) and 

chemical shift were reported as δ (ppm) relative to internal standard tetramethylsilane 

(TMS) as 0.00 ppm. 13C-NMR spectra were taken at 125.77MHz (or 75.57MHz at ECX 

300) in CDCl3 (unless otherwise specified) and reported in ppm relative to either TMS 
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at 0.00 or residual CHCl3 at 77.05 ppm. For samples dissolved in DMSO-d6, either 

TMS at 0.00 or residual DMSO were used as internal reference (δ=2.5 for 1H-NMR and 

δ=39.5 for 13C-NMR sepectra). 

FT-IR spectra were obtained on Bruker Vector 22 FT-IR spectrometer. Powder 

samples were prepared as pellets with KBr; liquid samples were recorded on KBr plates 

in transmittance. The plots were reported in ν as cm-1. 

Melting points were obtained in capillary tubes on a Mel-Temp II apparatus, 

and the thermometer was uncorrected. 

High resolution electrospray ionization time-of-flight (ESI-TOF) experiments 

were performed on an Agilent ESI-TOF mass spectrometer at Scripps Center for Mass 

Spectrometry (La Jolla, CA 92037). Sample was electrosprayed into the TOF reflectron 

analyzer at an ESI voltage of 4000V and a flow rate of 200 microliters/minutes. GC-MS 

experiments are performed on the Agilent 5973 Gas Chromatograph Mass Spectrometer 

at Scripps Center for Mass Spectrometry. The sample is first resolved into its 

components in the GC using a DB5 column and the effluent detected by generating 

positive ions in the electron ionization source and performing quadrupole mass analysis 

on these ions. Typically, 1µl of a 1mg/ml solution is injected into the GC mass 

spectrometer. Mass spectra were obtained on a Finnigan Mat TSQ70 mass spectrometer 

(EI mode) using a solid sampling probe at Department of Chemistry and Biochemistry. 

UV-Visble spectra were obtained on Cary 50 UV-Visble spectrometer. Scan 

control parameters were set up as: average time 0.125second; data interval 0.5nm; scan 

rate 240nm/min; scan range 800-200nm. 
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C, H, N, and S elemental analysis were performed by Quantitative Technologies 

Inc. (Whitehouse, NJ 08888), or obtained on a Perkin-Elmer 2400 CHN analyzer. 

 

4.2 Synthesis 

3,4-Dibromothiophene (3)    

To a three-neck flask with reflux condenser 200g tetrabromothiophene 

(0.5mol), 500ml dry THF, and 48g magnesium turnings (2mol) were added 

and stirred vigorously, solution of 1,2-dibromoethane (189g, 1mol) in 1000ml THF was 

added dropwise into the flask cautiously (strong exothermic reaction) and the mixture 

was stirred at room temperature for 24 hours then poured into 2000ml cold water, the 

magnesium residues were removed by filtration. The organic layer was separated and 

aqueous layer was extracted with CHCl3 (3 x 400ml). The combined organic phases 

were washes with brine (300ml), water (3 x 400ml), dried with magnesium sulfate, and 

evaporated. The dark oil-like residue was distilled in vacuo, yield 88g (73%, lit.(150) 

75% yield) colorless liquid. 1H-NMR (CDCl3): 7.30 (s, 2H), 13C-NMR (CDCl3): 124.0, 

114.1 

 

3-Butylthiophene (59a) 

3-Butylthiophene was obtained by the similar method as that for 3,4-

dibutylthiophene, using 3-bromothiophene instead as starting material. 

Vacuum distillation afforded 3-butylthiophene as colorless oil with 90% yield. 

1H-NMR (CDCl3):  7.26-7.27(m, 1H), 6.97-6.98(m, 1H), 6.95-6.96(m, 1H), 2.68(t, 

S

BrBr

S

Bu
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J=7.8Hz, 2H), 1.66(m, 2H), 1.42(m, 2H), 0.98(t, J=7.8Hz, 3H). 13C-NMR (CDCl3): 

143.4, 128.5, 125.2, 120.0, 32.9, 30.2, 22.6, 14.1. 

 

 3-Octylthiophene (59b) 

3-Octylthiophene was prepared by the same method as that for 3-

butylthiophene, 1-bromooctane was used instead of 1-bromobutane as 

starting material. Vacuum distillation usually affords 3-octylthiophene as colorless oil 

with 92% yield. 1H-NMR (CDCl3):  7.23-7.22(m, 1H), 6.94-6.91(m, 2H), 2.62(t, 

J=7.3Hz, 2H),  1.66-1.57(m, 2H), 1.30-1.27(m, 10H),  0.90-0.86(t, J=7.3Hz, 3H). 13C-

NMR (CDCl3): 143.4, 128.4, 125.1, 119.8, 32.0, 30.7, 30.4, 29.5, 29.4, 29.3, 22.8, 14.2. 

 

3,4-Dibutylthiophene (59c) 

To magnesium turnings (2.4g, 100mmol) in 50ml dry diethyl ether was 

added dropwise 1-bromobutane ether solution (14.4g, 105mmol in 30mL 

diethyl ether) at room temperature. The reaction mixture was maintained to mild reflux 

until the disappearance of all magnesium and transferred via a cannula to a solution of 

3,4-dibromothiophene (10g, 41mmol) and [1,3-bis(diphenylphosphino)propane]-

nickel(II)chloride (55mg, 0.1mmol) in ether (75mL) at 0°C. The mixture was stirred at 

room temperature for overnight before being poured into cold water. The aqueous layer 

was extracted with diethyl ether (75ml x 3). The combined organic layers were washed 

with brine, water, and dried over MgSO4. After solvent was removed under vacuum, the 

residue was purified by column chromatography (silica gel, hexanes) to afford 6.6g 3,4-

S

Octyl

S

BuBu
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dibutylthiophene as colorless oil, which corresponding to a yield of  82%. 1H-NMR 

(CDCl3): 6.91 (s, 2H), 2.53(t, J=7.8Hz, 4H), 1.63(m, 4H), 1.42(m, 4H), 0.98(t, J=7.8Hz, 

6H). 13C-NMR (CDCl3): 142.3, 120.1, 32.1, 28.7, 22.9, 14.2.  

 

Thieno[3,4-d]-1,3-dithiole-2-thione (1)  

A solution of 3,4-dibromothiophene (2.84g, 12mmol) in anhydrous diethyl 

ether (25ml) was stirred and cooled to -78ºC (dry ice and acetone bath) under 

argon for 30 minutes.  5.4ml n-butyllithium (2.2M in hexanes, calibrated by 

diphenylacetic acid method) was added via syringe pump at speed of 10ml/hour. The 

solution was stirred for 30 minutes, then 381mg sulfur (12mmol) was added. After 

being stirred for 45 minutes, n-butyllithium (5.4ml, 12mmol) was added and the 

reaction mixture was stirred at -78ºC for another 30 minutes, sulfur (380mg. 12mmol) 

was added and the mixture was stirred for additional 45 minutes to give a yellow 

solution.  0.5ml H2O was dropped into the reaction mixture by syringe, then the mixture 

was kept at -78ºC for overnight (about 8-10 hours). The solution was allowed to come 

to ambient temperature while diethyl ether was removed by vacuum.  25ml 2M NaOH 

was added to the pale-yellow solid. After the solid fully dissolved into an amber color 

solution, 8ml CS2 was added by syringe under argon protection. The mixture was 

refluxed under argon for 4 hours at heated oil bath (85-90ºC) and then allowed to stand 

at room temperature for additional 8-10 hours. After removed the excess carbon 

disulfide under vacuum, the dark reaction mixture was filtered and washed with D.I. 

water to give a yellow solid. Recrystallization of the solid from dichloromethane-

S

SS

S
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hexanes (1:5 v/v) gave 524mg (22% yield, usually yield varies from 10% ~ 22%) of 

thieno[3,4-d]-1,3-dithiol-2-thione  as amber needles. Melting point: 142-143°C (lit.(126b) 

142-143°C). 1H-NMR (CDCl3): 7.24 (s, 2H). 13C-NMR (CDCl3): 218.8, 138.0, 113.4 

FT-IR: 3083, 1448, 1414, 1319, 1113, 1066, 868, 836, 7760, 498, 448 cm-1. MS: 

m/e188.9. Elemental Analysis: Anal. Calcd. for C5H2S4: C 31.55, H 1.06, S 67.39. 

Found C 31.90, H 0.91, S 67.00 

 

Thieno[3,4-d]-1,3-dithiol-2-one (2) 

A solution of 3,4-dibromothiophene (3.20g, 13mmol) in anhydrous diethyl 

ether (25ml) was stirred and cooled to -78ºC (dry ice and acetone bath) under 

argon for 30 minutes.  5.5ml (14mmol) n-butyllithium (2.5M in hexanes, 

calibrated by diphenylacetic acid method) was added via syringe at a speed of 

10ml/hour. The solution was stirred for 30 minutes, then 423mg sulfur (13mmol) was 

added. After being stirred for 60 minutes, n-butyllithium (5.5ml, 14mmol) was added by 

syringe and the reaction mixture was stirred at -78ºC for 0.5h. Sulfur (423mg. 13mmol) 

was added and the mixture was stirred for additional 1 hour to give a yellow solution.  

1ml H2O was dropped into the reaction mixture by syringe, then the mixture was kept at 

-78ºC for overnight (about 8-10 hours), the solution was allowed to come to ambient 

temperature while diethyl ether was removed by vacuum.  25ml 2M NaOH was added 

to the pale-yellow solid after ether was removed. After the solid fully dissolved into an 

amber color solution, 15g COCl2 solution (~20% phosgene in tolune, excess) was added 

by syringe at 0 ºC under argon protection. The mixture was kept in ice bath (0ºC) under 

S

SS

O
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argon for 4 hours   and then allowed to stand at room temperature for additional 8 hours 

to give a yellow mixture. The yellow mixture was extracted with benzene (3 x 40ml). 

The organic phase was washed with brine (120ml), D.I. water (3 x 120ml), and dried 

with MgSO4, the solvent was removed in vacuo. Column chromatography (silica gel, 

dichloromethane-hexanes 1:2.5 v/v) gave 1.07g thieno[3,4-d]-1,3-dithiol-2-one (48% 

yield, general yield varies from 40~48 %)  as white powder. Melting point: 106-107°C 

(lit.(126b) 107-108°C). 1H-NMR (CDCl3): 7.31 (s, 2H). 13C-NMR (CDCl3): 193.9, 128.5, 

115.3 FT-IR: 3098, 1686, 1635, 1473, 1398, 1316, 1162, 1118, 974, 875, 855, 844, 824, 

780, 692, 541, 495, 461, 441 cm-1. MS: 173.1. Elemental Analysis: Anal. Calcd. for 

C5H2OS3: C 34.46, H 1.16, S 55.20, Found C 34.50, H 0.98, S 54.40 

 

4,6-Dichlorothieno[3,4-d]-1,3-dithiol-2-one (5) 

To a stirred solution of thieno[3,4-d]-1,3-dithiol-2-one 510mg, 3mmol) 

dissolved in a  1:1 solvent mixture of chloroform (25 mL) and acetic 

acid (25 mL) was added slowly N-chlorosuccinimide (NCS 1.20g, 

9mmol) at room temperature under argon protection. The mixture was allowed to stir at 

room temperature for overnight, then poured into water. The organic layer was 

separated, and water layer was extracted with chloroform (50 mL x 3). The combined 

organic layers were washed with saturated Na2CO3 solution, D.I. water, brine, dried 

over magnesium sulfate, and concentrated under vacuum. Column purification (silica 

gel, CH2Cl2-hexanes 1:5 v/v) gives 610mg 4,6-dichlorothieno[3,4-d]-1,3-dithiol-2-one 

as white needles corresponding to a yield of 84%. Melting point: 112-113°C. 13C-NMR 

S

SS

O

ClCl
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(CDCl3):  189.6, 126.3, 117.0 FT-IR (KBr):   1698, 1653, 1530, 1293, 1077, 905, 839, 

812, 665, 537, 462 cm-1. GC-MS(M+.): 242  

 

4-Chlorothieno[3,4-d]-1,3-dithiol-2-one (6) 

4-chlorothieno[3,4-d]-1,3-dithiol-2-one was obtained by the same method as 

that for 4,6-dichlorothieno[3,4-d]-1,3-dithiol-2-one, using 1.0eqv. NCS 

instead. White solid, yield 72%, melting point: 95-96°C. 1H-NMR (CDCl3):  

7.11 (s, 1H). 13C-NMR (CDCl3):  191.8, 127.5, 127.1, 120.2, 113.6 FT-IR (KBr):  3118, 

1701, 1673, 1641, 1518, 1432, 1307, 1138, 1060, 939, 868, 851, 837, 776, 727, 541, 

463 cm-1. GC-MS (M+.): 208 

 

4,6-Dibromothieno[3,4-d]-1,3-dithiol-2-one (7) 

Method 1. 4,6-dibromothieno[3,4-d]-1,3-dithiol-2-one was synthesized 

by a method similar to that for 4,6-dichlorothieno[3,4-d]-1,3-dithiol-2-

one, using N-bromosuccinimide (NBS) instead. Column purification 

afforded 87% yield of 4,6-dibromothieno[3,4-d]-1,3-dithiol-2-one as white needles. 

Method 2. To a solution of thieno[3,4-d]-1,3-dithiol-2-one (1.74 g, 10 mmol) in 

CCl4 at 0°C was added dropwise of Br2 (1.5 mL, 29 mmol). After addition of bromine, 

the reaction mixture was allowed to warm up to room temperature, and to stir for 

another 4 hours.  75 mL chloroform was added into reaction mixture and washed with 

0.1M NaOH, saturated Na2CO3, D.I. water, brine, and dried over MgSO4. Removing 
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solvent in vacuo gives 3.15 g of dibromothieno[3,4-d]-1,3-dithiol-2-one with 95% yield. 

Melting point: 130-131°C. 13C-NMR (CDCl3):  189.1, 130.0, 101.0 FT-IR (KBr): 1734, 

1700, 1648, 1519, 1278, 1046, 899, 837, 792, 612, 542, 471, 459cm-1. GC-MS (M+.): 

330 

 

4-Bromothieno[3,4-d]-1,3-dithiol-2-one (8) 

4-Bromothieno[3,4-d]-1,3-dithiol-2-one was obtained by the same method 

as that for 4-chlorothieno[3,4-d]-1,3-dithiol-2-one, using 1 equivalent N-

bromosuccinimide (NBS) instead. White solid, yield 81%, melting point: 

100-101°C. 1H-NMR (CDCl3):  7.24 (s, 1H). 13C-NMR (CDCl3): 191.6, 130.8, 127.5, 

116.5, 102.1 FT-IR (KBr): 3116, 1698, 1664, 1638, 1509, 1422, 1301, 929, 866, 833, 

758, 726, 534 cm-1.  GC-MS (M+.): 252 

 

4,6-Diiodothieno[3,4-d]-1,3-dithiol-2-one (9) 

Method 1: To a stirred suspension of 4,6-diacetoxymercuri-thieno[3,4-d]-

1,3-dithiol-2-one (558 mg, 0.8 mmol) in 50mL dry CH3CN was added 

dropwise of a solution of iodine (447 mg, 1.8mmol) in acetonitrile 

(25mL) . The reaction mixture was allowed to stir for overnight to give a pale-green 

suspension. After solvent was removed under vacuum, the white solid residue was 

dissolved in a KI aqueous solution. The product was extracted with chloroform (100mL 

x 3), washed with D.I. water, brine, dried over MgSO4, and concentrated in vacuo. 
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Column purification (silica gel, CH2Cl2-hexanes 1:5 v/v) afford 218mg pale-yellow 

needle of 4,6-diiodothieno[3,4-d]-1,3-dithiol-2-one in a yield of 65%. The 

corresponding overall yield of two steps is 60%.  

Method 2 (NIS): A suspension of 175mg thieno[3,4-d]-1,3-dithiol-2-one and 565mg N-

iodosuccinimide (NIS) in 7.5ml glacial acetic acid and 7.5ml chloroform was heated to 

55°C and stirred for 8 hours. After cooled to room temperature, the reaction mixture 

was poured into water, extracted with CHCl3 (75mlx3), washed with water, dried over 

MgSO4, and concentrated in in vacuo. Column purification afford 350mg 4,6-

diiodothieno[3,4-d]-1,3-dithiol-2-one corresponding to a yield of 82%. Melting point: 

185-186°C. 13C-NMR (CDCl3):  188.1, 136.1, 64.8 FT-IR (KBr): 1727, 1689, 1644, 

1272, 892, 842, 775, 583, 459 cm-1. GC-MS (M+.): 426 

 

4-Iodothieno[3,4-d]-1,3-dithiol-2-one (10) 

4-Iodothieno[3,4-d][1,3]dithiol-2-one was obtained by similar method of 

preparation of 4,6-diiodothieno[3,4-d]-1,3-dithiol-2-one (Method 2). 1eqv. 

N-iodosuccinimide (NIS)    was used instead of 2.5eqv. Pale-yellow solid, 

yield: 68%. Melting point: 114-115°C. 1H-NMR (CDCl3): 7.36 (s, 1H). 13C-NMR 

(CDCl3): 190.9, 136.8, 127.4, 120.9, 62.4 FT-IR (KBr): 3104, 1696, 1633, 1294, 908, 

864, 842, 828, 732, 548, 524, 459 cm-1. GC-MS (M+.): 300 
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4,6-Diacetoxymercuri-thieno[3,4-d]-1,3-dithiol-2-one (11) 

To a solution of thieno[3,4-d]-1,3-dithiol-2-one (174 mg, 1 

mmol) in glacial acetic acid (10 mL) was added dropwise of 

a solution of mercury (II) acetate (675 mg, 2.1 mmol) in 

acetic acid (10 mL) over 30 minutes. A white precipitate formed during addition 

process, and the reaction mixture was allowed to stir for another 8 hours. The white 

precipitate was collected by gritted glass filter, washed with methanol, diethyl ether, 

and dried in vacuum oven at 50°C for overnight to give a white solid of 4,6-

diacetoxymercuri- thieno[3,4-d]-1,3-dithiol-2-one (660 mg, yield 95%). The compound 

is insoluble in common organic solvents, m.p.>250°C, 1H-NMR (DMSO-d6):  1.94 (s, 

6H), 13C-NMR (DMSO-d6): 195.0, 174.9, 138.3, 133.8.  23.3 

 

General procedure for synthesis of mono-substituted Mannich bases   

A mixture of thieno[3,4-d]-1,3-dithiol-2-one (or thieno[3,4-d]-1,3-dithiole-2-

thione, 5 mmol), paraformaldhyde ( 6mmol), amines (6mmol), and 20 ml glacial acetic 

acid was heated to 120°C in sealed tube. The solution was kept at 120°C for 24 hours. 

After it cooled to room temperature, 20ml H2O was added, the reaction mixture was 

extracted with CHCl3, and washed with saturated NaHCO3, brine, D.I. water. Drying 

over MgSO4 and column chromatography purification on silica gel (eluent EtOAc-

hexanes) afforded mono-substituted Mannich bases. 
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4-(Morpholinomethyl)thieno[3,4-d]-1,3-dithiol-2-one (12) 

Purification by column chromatography (silica gel, EtOAc:Hexanes 

1:4 v/v) affords 4-(Morpholinomethyl)thieno[3,4-d]-1,3-dithiol-2-

one as pale-yellow solid with a yield of 72%. Melting point: 61-

62°C. 1H-NMR (CDCl3): 7.15(s, 1H), 3.75(t, J=4.6Hz, 4H), 3.65(s, 2H), 2.52 (t, 

J=4.6Hz, 4H). 13C-NMR (CDCl3): 195.1, 130.7, 125.6, 113.4, 66.7, 56.4, 53.4. FT-IR 

(KBr): 31296, 2964, 2852, 2812, 1632, 1452, 1351, 1294, 1111, 1029, 995, 949, 924, 

857, 824, 761, 616, 462 cm-1. MS: m/e 273.0. ESI-TOF(High Accuracy): MH+ 

274.0031, expected 274.0025 

 

4-((Piperidin-1-yl)methyl)thieno[3,4-d]-1,3-dithiol-2-one (13) 

Purification by column chromatography (silica gel, EtOAc:hexanes 

1:10 v/v) affords 4-((piperidin-1-yl)methyl)thieno[3,4-d]-1,3-dithiol-

2-one as colorless oil with a yield of 43%. 1H-NMR (CDCl3): 7.10(s, 

1H), 3.57(s, 2H), 2.44(brs, 4H), 1.58-1.63(m, 4H), 1.45(brs, 2H). 13C-NMR (CDCl3): 

195.7, 132.0, 127.7, 125.5, 112.9, 56.7, 54.4, 25.7, 24.1. FT-IR (KBr): 3109, 2935, 

2852, 2800, 2758, 1700, 1647, 1442, 1346, 1300, 1157, 1111, 1038, 994, 947, 821, 776, 

460 cm-1. MS: m/e 271.0. ESI-TOF(High Accuracy): MH+ 272.0244, expected 

272.0232.  

 

 

 

S

SS

O

N

O

S

SS

O

N



 

 116

4-((Diethylamino)methyl)thieno[3,4-d]-1,3-dithiol-2-one (14) 

Purification by column chromatography (silica gel, EtOAc:Hexanes 

1:15 v/v) affords 4-((diethylamino)methyl)thieno[3,4-d]-1,3-dithiol-2-

one as colorless oil with a corresponding yield of 12%. 1H-NMR 

(CDCl3): 7.11(s, 1H), 3.70(s, 2H), 2.58 (t, J=7.3Hz, 4H), 1.06 (t, J=7.3Hz, 6H). 13C-

NMR (CDCl3): 195.8, 133.4, 127.8, 125.0, 112.8, 51.5, 46.9, 11.6. FT-IR (KBr): 3108, 

2969, 2933, 2814, 1699, 1641, 1456, 1373, 1309, 1202, 1167, 1060, 947, 839, 715, 632, 

473, 457 cm-1. ESI-TOF(High Accuracy): MH+ 260.0226, expected 260.0232 

 

4-(Morpholinomethyl)thieno[3,4-d]-1,3-dithiole-1-thione (15) 

Purification by column chromatography (silica gel, EtOAc:Hexanes 

1:10 v/v) affords 4-(morpholinomethyl)thieno[3,4-d]-1,3-dithiole-1-

thione as yellow needles with a yield of  75%. Melting point: 94-95°C. 

1H-NMR (CDCl3): 7.08(s, 1H), 3.77(t, J=4.6Hz, 4H), 3.62(s, 2H), 2.53(t, J=4.6Hz, 

4H), 13C-NMR (CDCl3): 221.1, 137.1, 135.0, 128.5, 111.0, 66.6, 56.0, 53.4 FT-IR 

(KBr): 3098, 2971, 2858, 2804, 1454, 1346, 1330, 1288, 1173, 1112, 1056, 997, 910, 

862, 765, 734, 619, 543, 543, 500 cm-1. MS: m/e 289.0. ESI-TOF(High Accuracy): 

MH+ 289.9810, expected 289.9796 

 

 

 

 

S

SS

O

N

S

SS

S

N

O



 

 117

4-((Piperidin-1-yl)methyl)thieno[3,4-d]-1,3-dithiole-2-thione (16) 

Purification by column chromatography (silica gel, EtOAc:hexanes 

1:10 v/v) affords 4-((piperidin-1-yl)methyl)thieno[3,4-d]-1,3-

dithiole-2-thione as amber solid of a 48% yield. Melting point: 89-

91°C. 1H-NMR (CDCl3): 7.04(s, 1H), 3.54(s, 2H), 2.45(m, 4H), 1.64(m, 4H), 1.46(m, 

2H) 13C-NMR (CDCl3): 222.1, 137.0, 135.0, 130.0, 110.6, 56.6, 54.6, 25.7, 24.2 FT-IR 

(KBr): 3100, 2935, 2851, 2800, 2758, 1441, 1367, 1346, 1299, 1157, 1109, 1060, 994, 

858, 824, 775, 713, 496, 469, 439 cm-1 MS: m/e 286.9 ESI-TOF(High Accuracy): MH+ 

288.0016, expected 288.0004 

 

4-((Diethylamino)methyl)thieno[3,4-d]-1,3-dithiole-2-thione (17) 

Purification by column chromatography (Silica gel, EtOAc:Hexanes 

1:10 v/v) affords 4-((diethylamino)methyl)thieno[3,4-d]-1,3-dithiole-

2-thione as an amber oil with a 12% yield. 1H-NMR (CDCl3): 

7.04(s, 1H) 3.66(s, 2H), 2.60(q, J=7.3Hz, 4H), 1.07(t, J=7.3Hz, 6H) 13C-NMR (CDCl3): 

222.3, 136.9, 134.7, 131.3, 110.4, 51.0, 47.0, 11.5 FT-IR (KBr): 3103, 2969, 2932, 

2817, 1454, 1373, 1309, 1201, 1166, 1060, 994, 857, 827, 712, 496, 465 cm-1 ESI-

TOF(High Accuracy): MH+ 276.0007, expected 276.0004 

 

General procedure for synthesis of bis-substituted Mannich bases   

           A mixture of thieno[3,4-d]-1,3-dithiol-2-one (or thieno[3,4-d]-1,3-dithiole-2-

thione, 5 mmol), paraformaldhyde ( 12.5mmol), amines (12.5mmol), and 20 ml glacial 
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acetic acid was heated to 120°C. The solution was kept at 120°C for 24 hours. After 

cooled down to room temperature, 20ml H2O was added, the reaction mixture was 

extracted with CHCl3, and washed with saturated NaHCO3, brine, D.I. water. Drying 

over MgSO4 and column chromatography purification (silica gel, eluent EtOAc-

hexanes) afforded bis-substituted Mannich bases. 

 

4,6-Bis(morpholinomethyl)thieno[3,4-d]-1,3-dithiol-2-one (18) 

Purification by column chromatography (silica gel, EtOAc: 

hexanes 1:10 v/v) affords 4,6-bis(morpholinomethyl) 

thieno[3,4-d]-1,3-dithiol-2-one as pale-orange needles with 

a yield of 12%. Melting point: 128-134°C (decomposed). 1H-NMR (CDCl3): 3.74 (t, 

J=4.6Hz, 8H), 3.60 (s, 4H), 2.52 (t, J=4.6Hz, 8H) 13C-NMR (CDCl3): 195.9, 128.6, 

125.3, 66.8, 56.5, 53.4 FT-IR (KBr): 2972, 2915, 2865, 2803, 1645, 1451, 1349, 1332, 

1302, 1113, 1065, 1032, 1008, 919, 859, 802, 625 cm-1 MS: m/e 372.0 ESI-TOF(High 

Accuracy): MH+ 373.0718, expected 373.0709 

 

4,6-Bis(morpholinomethyl)thieno[3,4-d]-1,3-dithiole-2-thione (19) 

Purification by column chromatography (silica gel, EtOAc: 

hexanes 1:12.5 v/v) affords 4,6-bis(morpholinomethyl) 

thieno[3,4-d]-1,3-dithiole-2-thione as yellow needles with 

a yield of 14%. Melting point: 150-154°C (Decomposed) 1H-NMR (CDCl3): 3.77(t, 

J=4.6Hz, 8H), 3.57(s, 4H), 2.53(t, J=4.6Hz, 8H) 13C-NMR (CDCl3): 223.0, 134.5, 
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126.0, 66.8, 56.2, 53.5 FT-IR (KBr): 2956, 2851, 2817, 1451, 1348, 1276, 1114, 1063, 

1006, 927, 861, 789 cm-1 MS: m/e 388.0 ESI-TOF(High Accuracy): MH+ 389.0493, 

expected 389.0486 

 

(4-(Morpholinomethyl)-2-oxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (20) 

Purification by column chromatography (silica gel, 

EtOAc: hexanes 1:10) affords (4-(morpholinomethyl)-2-

oxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate as pale-

white solid with a  yield of 8%. Melting point: 57-58°C 1H-NMR (CDCl3): 5.17(s, 2H), 

3.75(t, J=4.6Hz, 4H), 3.62(s, 2H), 2.53(m, 4H), 2.11(s, 3H) 13C-NMR (CDCl3): 194.1, 

170.5, 131.6, 128.6, 125.2, 125.1, 66.7, 59.3, 56.3, 53.4, 33.4, 20.7 FT-IR(KBr): 2964, 

2942, 2856, 2810, 1738, 1661, 1450, 1374, 1353, 1291, 1230, 1144, 1107, 1065, 1022, 

1005, 957, 924, 905, 855, 820, 789, 753, 620, 597, 555,458, 428 cm-1 MS: m/e 343.0 

ESI-TOF(High Accuracy): MH+ 346.0231, expected 346.0236 

 

(4-Morpholinomethyl)-2-thioxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (21) 

Purification process was performed on column 

chromatography (silica gel, EtOAc: hexanes 1:10) to 

provide (4-morpholinomethyl)-2-thioxothieno[3,4-d]-

1,3-dithiol-6-yl) methyl acetate as amber oil with a yield of 12%. 1H-NMR (CDCl3): 

5.14(s, 2H), 3.77(t, J=4.6Hz, 4H), 3.58(s, 2H), 2.54(t, J=4.1Hz, 4H), 2.12(s, 3H) 13C-

NMR (CDCl3): 220.3, 170.4, 137.4, 134.6, 128.9, 122.6, 66.7, 59.0, 56.1, 53.5, 20.7 FT-
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IR (KBr): 2957, 2857, 2820, 1740, 1453, 1223, 1108, 1067, 1008, 953, 923, 859, 826, 

788, 750, 625, 531 cm-1 MS: m/e 361.0 ESI-TOF(High Accuracy): MH+  362.0019, 

expected 362.0008 

 

(4-(Piperidin-1-yl)methyl)-2-oxothieno[3,4-d]-1,3-dithiol-6-yl)methylacetate (22) 

Column purification (silica gel, EtOAc: hexanes 1:10 v/v) 

affords (4-(piperidin-1-yl) methyl)-2-oxothieno[3,4-d]-

1,3-dithiol-6-yl)methyl acetate as colorless oil with a 

yield of 9%.  1H-NMR (CDCl3): 5.16(s, 2H), 3.55(s, 2H), 2.45(brs, 4H), 2.15(s, 3H), 

1.60-1.64(m, 4H), 1.45(brs, 2H) 13C-NMR (CDCl3): 194.7, 170.4, 133.0, 128.4, 124.8, 

124.5, 59.3, 56.7, 54.5, 25.6, 24.1, 20.6 FT-IR (KBr): 2936, 2854, 2801, 1744, 1668, 

1442, 1374, 1222, 1110, 1038, 962, 918, 813, 460, 435, 419, 406 cm-1 MS: m/e 343.0 

ESI-TOF(High Accuracy): MH+ 344.0452, expected 344.0443 

 

(4-(Diethylamino)methyl)-2-oxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (23) 

Column purification (silica gel, EtOAc: hexanes 1:10 v/v) 

affords (4-(diethylamino)methyl)-2-oxothieno[3,4-d]-1,3 

-dithiol-6-yl)methyl acetate as colorless oil with a yield 

of 6%. 1H-NMR (CDCl3): 5.17(s, 2H), 3.66(s, 2H), 2.58(q, J=7.3Hz, 4H), 2.11(s, 3H), 

1.06(t, J=7.3Hz, 6H) 13C-NMR (CDCl3): 194.8, 170.6, 134.5, 128.6, 124.5, 124.5, 59.5, 

51.5, 47.0, 20.8, 11.6 FT-IR (KBr):2970, 2816, 1744, 1669, 1454, 1376, 1116, 1021, 
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963, 913, 809, 773, 543, 460 cm-1 ESI-TOF(High Accuracy): MH+ 332.0447, expected 

332.0443 

 

(4-(Piperidin-1-yl)methyl)-2-thioxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (24) 

Column purification (silica gel, EtOAc: hexanes 1:10 

v/v) yields (4-(piperidin-1-yl)methyl)-2-thioxothieno 

[3,4-d]-1,3-dithiol-6-yl) methyl acetate as amber oil of 

8% yield. 1H-NMR (CDCl3): 5.13(s, 2H), 3.51(s, 2H), 2.46(brs, 4H), 2.11(s, 3H), 1.62-

1.67(m, 4H), 1.46(brs, 2H) 13C-NMR (CDCl3): 221.2, 170.4, 134.4, 130.4, 122.0, 59.1, 

56.4,54.7, 25.7, 24.1, 20.7 FT-IR (KBr):  2935, 2853, 2802, 1743, 1661, 1441, 1374, 

1221, 1109, 1067, 962, 857, 776, 407 cm-1 MS: m/e 358.9 ESI-TOF(High Accuracy): 

MH+ 360.0224, expected 360.0215 

 

(4-(Diethylamino)methyl)-2-thioxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (25) 

Column purification (silica gel, EtOAc: hexanes 1:10 

v/v) yields (4-(diethylamino)methyl)-2-thioxothieno[3,4-

d]-1,3-dithiol-6-yl)methyl acetate as amber oil with a 

yield of 8 %. 1H-NMR (CDCl3): 5.14(s, 2H), 3.62(s, 2H), 2.60(q, J=7.3Hz, 4H), 2.12(s, 

3H), 1.07(t, J=7.3Hz, 6H) 13C-NMR (CDCl3): 221.1, 170.5, 137.3, 134.3, 131.7, 122.0, 

59.2, 51.0, 47.1, 20.7, 11.5 FT-IR (KBr): 2969, 2817, 1743, 1659, 1452, 1376, 1221, 

1115, 963, 826, 758, 617, 496 cm-1 ESI-TOF(High Accuracy): MH+ 348.0216, expected 

348.0215 

S

SS

S

NO

O

H3C

S

SS

S

NO

O

H3C



 

 122

4,6-Bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one (26) 

Through a stirred mixture of thieno[3,4-d]-1,3-dithiol-2-one (1.05g, 

6mmol), paraformaldehyde (405mg, 12.6mmol), and anhydrous zinc 

chloride (571mg, 4.2mmol) in CCl4 (60ml) was passed dry HCl gas at 

50-55°C for 2.5 hours. 30ml CHCl3 was added into the mixture and then dry HCl gas 

passed through the solution for an additional 1 hour. After the whole mixture was 

cooled to room temperature, it was filtered through gritted glass filter.The clear solution 

was washed with saturated NaHCO3, D.I. water, dried over MgSO4. The solvent was 

removed in vacuo. The pale-yellow solid residue was gone through column 

chromatography (silica gel, CH2Cl2:hexanes 1:2 v/v) to give 914 mg 4,6-

bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one as white needles with a yield of  

56.5%  Melting point: 108-113°C (decomposed or polymerized) 1H-NMR (CDCl3): 

4.72 (s, 4H) 13C-NMR (CDCl3): 191.1, 128.8, 128.5, 38.9 FT-IR(KBr): 3025, 1736, 

1683, 1638, 1469, 1433, 1314, 1262, 1217, 1199, 1152, 1121, 952, 912, 824, 742, 684, 

640, 537, 461cm-1 GC-MS M+
. 270 Elemental Analysis: Anal. Calcd. for C7H4Cl2OS3: 

C 31.00, H 1.49, Cl 26.14, S 35.47, Found: C 31.15, H 1.47, Cl 25.96, S 35.29  

 

4-(Chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one (27) 

A mixture of 200mg thieno[3,4-d]-1,3-dithiol-2-one dissolved in 2ml 

chloroform and 20ml concentrated hydrochloric acid was stirred 

vigorously, maintained at a temperature of 0-5°C by ice bath,  and bubbled 

with hydrogen chloride gas. 1.0ml of 37% formaldehyde water solution (diluted 10 
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times) was slowly added. After addition of formaldehyde, the reaction mixture was 

stirred for 45 minutes at 0-5°C, and extracted with CHCl3. The extract was washed with 

water and then with saturated sodium bicarbonate solution, dried over MgSO4 and 

solvent was removed by rotary evaporator. The residue was purified by column 

chromatography (silica gel, eluent: EtOAc/hexanes 1:15 v/v) and gave 156mg (yield 

61%) 4-(chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one as white solid. Melting point: 93-

94°C 1H-NMR (CDCl3): 7.27(s, 1H), 4.75(s, 2H) 13C-NMR (CDCl3): 192.6, 128.7, 

128.6, 128.3, 115.5, 39.1 FT-IR (KBr): 3111, 3003, 2956, 1686, 1644, 1434, 1309, 

1265, 1210, 1130, 960, 877, 839, 741, 679, 638, 548, 514, 463 cm-1 ESI-TOF(High 

Accuracy): MH+ 222.9107, expected 222.9107 

 

4,6-Bis(hydroxymethyl)thieno[3,4-d]-1,3-dithiol-2-one (28) 

4,6-Bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one (445mg, 

1.64 mmol) was dissolved in 10ml acetone and 4 ml H2O, the 

solution then was heated to 80°C (reflux) under N2 protection for 

24 hours. After the solution cooled down to room temperature, acetone was removed 

under vacuumn to afford 348 mg pale-white solid of 4,6-bis(hydroxymethyl)thieno[3,4-

d]-1,3-dithiol-2-one corresponding to a yield of 91%. Further purification was 

performed with column chromatography (silica gel, EtOAc/hexanes 1:2 v/v) to afford 

4,6-bis(hydroxymethyl)thieno [3,4-d]-1,3-dithiol-2-one as white neddles. Melting point: 

104.5 -106.0°C 1H-NMR (DMSO-d6): 5.89 (t, J=5.2Hz, 2H), 4.64 (d, J=4.6Hz, 4H) 13C-

NMR (DMSO): 194.9, 133.6, 122.0, 57.7 FT-IR (KBr): 3217, 2864, 1709, 1656, 1507, 
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1463, 1398, 1327, 1219, 1161, 1029, 916, 791, 683, 460 cm-1. MS: m/e 234.1 ESI-

TOF(High Accuracy): MH+ 234.9552, expected 234.9552 Elemental Analysis: Anal. 

Calcd. for C7H6O3S3: C 35.88, H 2.59, S 41.05. Found: C 36.15, H 2.34, S 41.19  

 

4-(Hydroxymethyl)thieno[3,4-d]-1,3-dithiol-2-one (29) 

550mg 4-(Chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one dissolved in 

25mL acetone and 5mL water. The reaction mixture was stirred at 70ºC 

for 24 hours (mild reflux). After cooling to room temperature, acetone 

was removed under vacuum, and the residue was dissolved in 100mL CHCl3. After 

washed with D.I. water, dried under MgSO4, CHCl3 removed by rotary evaporator, the 

residue was purified with silica gel column chromatography (EtOAc/Hexanes 1:3 v/vv), 

and afforded 425mg (84% yield) 4-(hydroxymethyl)thieno[3,4-d]-1,3-dithiol-2-one as 

white solid. Melting point: 62-63°C 1H-NMR (CDCl3): 7.22(s, 1H), 4.83(s, 2H), 2.39(s, 

1H) 13C-NMR (CDCl3): 194.0, 132.8, 128.1, 125.8, 114.4, 59.6 FT-IR (KBr): 3218, 

3100, 2917, 2853, 1688, 1647, 1449, 1376, 1314, 1168, 1121, 1030, 1005, 947, 878, 

827, 725, 619, 547, 463 cm-1. ESI-TOF(High Accuracy): MH+ 204.9446, expected 

204.9446 

 

2-Oxothieno[3,4-d]-1,3-dithiole-4,6-dicarbaldehyde (30) 

Method 1 (PCC oxidation). To a stirred suspension of pyridinium 

chlorochromate (PCC) (480mg, 2.2mmole) and sodium acetate 
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(180mg, 2.2mmole) in 20 ml dry dichloromethane with 30mg pre-treated 4Å molecular 

sieve was added a suspension of diol 4,6-bis(hydroxymethyl)thieno[3,4-d]-1,3-dithiol-

2-one (235mg, 1mmole) in 35ml dry dichloromethane at room temperature. After 4 

hours, the gray suspension was filtered through grit-glass filter filled with Celite® 521, 

and the solvent was removed under reduced pressure. The residue was purified by silica 

gel column chromatography (eluent: dichloromethane/hexanes 5:1 v/v) to give 172mg 

(75% yield) 2-oxothieno[3,4-d]-1,3-dithiole-4,6-dicarbaldehyde as pale-yellow needles. 

Methpd 2 (IBX oxidation). A mixture of 4,6-bis(hydroxymethyl)thieno[3,4-d]-

1,3-dithiol-2-one (235mg, 1mmole) and 2-iodoxybenzoic acid (IBX, 860 mg, 3 mmole) 

in 30 ml ethyl acetate was heated to 80°C for 4 hours. After cooling, the reaction 

mixture was filtered through glass filter, and solid residue was washed with additional 

40 ml ethyl acetate. Combined organic phase was washed with water and brine, and 

dried over magnesium sulfate. After solvent removed under vacuum, the residue was 

purified with silica gel column chromatography, and afforded 189mg (82% yield) of 2-

oxothieno[3,4-d]-1,3-dithiole-4,6-dicarbaldehyde as pale- yellow needles. Melting 

point: 215-216°C 1H-NMR (DMSO): 10.07(s, 2H) 13C-NMR (DMSO):  195.1, 184.0, 

135.3, 132.7 FT-IR (KBr): 2886, 1717, 1667, 1489, 1429, 1396, 1326, 1304, 1169, 

1147, 944, 917, 857, 804, 612, 557, 514, 468 cm-1 ESI-TOF(High Accuracy): MH+ 

230.9239, expected 230.9250 
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2-Oxothieno[3,4-d]-1,3-dithiole-4-carbaldehyde (31) 

Experiment procedures of synthesis of 2-oxothieno[3,4-d]-1,3-dithiole-4-

carbaldehyde is similar to preparation of  2-oxothieno[3,4-d]-1,3-dithiole-

4,6-dicarbaldehyde, 1 equivalent IBX was used as oxidant.  Purification 

by silica gel column chromatography (EtOAC/hexanes 1:3 v/v) afforded 2-

oxothieno[3,4-d]-1,3-dithiole-4-carbaldehyde as white needles with  82% yield. Melting 

point: 165-166°C 1H-NMR: 9.88(s, 1H), 7.71(s, 1H) 13C-NMR: 193.6, 179.8, 135.5, 

130.7, 130.6, 123.5 FT-IR (KBr): 3110, 2892, 1688, 1646, 1498, 1403, 1328, 1174, 

965, 937, 848, 824, 769, 651, 543 cm-1 ESI-TOF(High Accuracy): MH+ 202.9290, 

expected 202.9298 

 

4,6-Bis((diethylamino)methyl)thieno[3,4-d]-1,3-dithiol-2-one (32) 

A solution of 135mg 4,6-bis(chloromethyl) thieno[3,4-d]-

1,3-dithiol-2-one (0.5 mmol) and 0.5ml diethylamine (excess) 

in 10ml CCl4 was heated to 50°C for 12 hours to give an 

amber-yellow solution. The reaction solution was then added 10ml CHCl3, washed with 

saturated NaHCO3 solution, water, dried over MgSO4, and concentrated under vacuum. 

Column purification gave 64mg 4,6-bis((diethylamino)methyl)thieno[3,4-d] -1,3-

dithiol-2-one as an amber oil corresponding to a yield of 37%. 1H-NMR (CDCl3):  

3.65(s, 4H), 2.57(q, J=6.87, 8H), 1.06 (t, J=6.87Hz, 12H) 13C-NMR (CDCl3): 197.0, 

130.8, 124.4, 51.5, 46.9, 11.6 FT-IR (KBr):  2969, 2934, 2813, 1667, 1455, 1385, 1357, 
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1295, 1202, 1167, 1117, 1060, 996, 920, 796, 735, 482, 469 cm-1 ESI-TOF(High 

Accuracy): MH+ 345.1125, expected 345.1123 

 

1, 1’-[(4,6-Thieno[3,4-d]-1,3-dithiol-2-one-diyl)bismethylene]bis[pyridinium 

chloride] (33) 

271 mg 4,6-Bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-

one (1 mmol) was dissolved in 5 ml pyridine. The solution 

heated to 90°C as white precipitates started forming from the clear solution, and stood 

at 90°C for 12 hours till all starting material disappeared on TLC plate. After the 

reaction mixture cooled to room temperature, pale-white solid was filtered and washed 

with diethyl ether and hexanes. The solid was dissolved in CH2Cl2, and precipitated in 

diethyl ether, then filtered. The final product was dried in vacuum oven at 60°C for 24 

hours, and gave 407 mg pale-white solid 1, 1’-[(4,6-thieno[3,4-d]-1,3-dithiol-2-one-

diyl)bismethylene]bis[pyridinium chloride] which is corresponding to a yield of 95%. 

Melting point: > 400°C (decomposed after 250°C, color turns into black) 1H-NMR 

(D2O): 8.78-8.79 (m, 4H), 8.48-8.51 (m, 2H), 7.98-8.01 (m, 4H), 6.03 (s, 4H) 13C-NMR 

(D2O): 193.0, 147.1, 144.2, 132.3, 128.9, 125.6, 57.6 FT-IR (KBr): 3016, 2941, 2854, 

1682, 1628, 1500, 1485, 1449, 1219, 1162, 1138, 831, 758, 686 cm-1 ESI-TOF(High 

Accuracy): MNa+ 450.9517, expected 450.9537 Elemental Analysis: Anal. Calcd. for 

C17H14Cl2N2OS3: C 47.55, H 3.29, Cl 16.51, N 6.52, S 22.40. Found: C 45.22, H 3.22, 

Cl 14.47, N 5.93, S 20.68. 
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4,6-Bis(acetoxymethyl) thieno[3,4-d]-1,3-dithiol-2-one (34) 

A mixture of 4,6-bis(chloromethyl) thieno[3,4-d]-1,3-

dithiol-2-one (271mg, 1mmol) and potassium acetate 

(245mg, 2.5mmol) in 10ml glacial acetic acid was heated to 

120°C under N2 protection for 8 hours. The reaction mixture was extracted with CHCl3, 

column purification (silica gel, EtOAc/hexanes 1:2 v/v), the pale-yellow residue gave 

216mg white solid of 4,6-bis(acetoxymethyl) thieno[3,4-d]-1,3-dithiol-2-one 

corresponding to a yield of 68%. Melting point: 118.5 -119.5°C 1H-NMR (CDCl3): 

5.18(s, 4H), 2.11 (s, 6H) 13C-NMR (CDCl3): 192.1, 170.4, 128.3, 127.9, 59.3, 20.6 FT-

IR (KBr): 2954, 1734, 1681, 1438, 1383, 1270, 1214, 1020, 961, 842, 817, 770, 753, 

614, 581, 549, 445 cm-1 MS: m/e 318.0  ESI-TOF(High Accuracy): MNa+ 340.9571, 

expected 340.9583 Elemental Analysis: Anal. Calcd. for C11H10O5S3: C 41.49, H 3.17, 

S 30.21. Found: C 41.44, H 3.11, S 29.79  

 

4,6-Bis(methoxymethyl)thieno[3,4-d]-1,3-dithiol-2-one (35) 

135mg 4,6-Bis(chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one 

(0.5 mmol) was dissolved in 10ml methanol, the solution then 

was heated to 50-55°C (reflux) under N2 protection for 48 hours 

until all starting material was disappeared in TLC plate. Regular workup procedures 

were applied. Column chromatographic purification (silica gel, EtOAc/hexanes 1:5 v/v) 

gave 78mg white solid of 4,6-bis(methoxymethyl)thieno[3,4-d]-1,3-dithiol-2-one 

corresponding to a yield of 60%. Melting point: 54-55°C 1H-NMR (CDCl3): 4.58 (m, 
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4H), 3.41 (m, 6H) 13C-NMR (CDCl3): 193.7, 129.4, 126.3, 68.3, 58.4 FT-IR (KBr): 

2937, 2828, 1699, 1655, 1466, 1372, 1191, 1090, 967, 948, 928, 842, 787, 744, 543, 

461 cm-1. MS: m/e 261.9 ESI-TOF(High Accuracy): MH+ 262.9857, expected 262.9865 

 

4,6-Bis((phenylthio)methyl)thieno[3,4-d]-1,3-dithiol-2-one (36) 

A mixture of 4,6-bis(chloromethyl) thieno[3,4-d]-1,3-

dithiol-2-one (2.834g, 10.4mmol), sodium 

thiophenolate (4.60g, 30.0mmol), and sodium iodide 

(4.71g, 30.0mmol) in 150ml dry THF was heated to 50-55°C under N2 protection for 4 

hours, then cool to room temperature. After removal of THF under vacuum, the solid 

residue was subject to column purification (silica gel, THF/hexanes 1:10), 3.133g white 

solid of  4,6-bis((phenylthio)methyl)thieno[3,4-d]-1,3- dithiol-2-one was collected, 

which corresponding to a yield of 75%. Melting point: 94-96°C 1H-NMR (CDCl3): 

7.23-7.29 (m, 10H), 4.13 (s, 4H) 13C-NMR (CDCl3): 192.8, 133.9, 131.2, 129.1, 127.6, 

126.0, 33.8 FT-IR (KBr): 3076, 3058, 2911, 1730, 1671, 1631, 1470, 1438, 1408, 1298, 

1230, 1142, 1102, 1065, 1022, 927, 912, 843, 822, 731, 692, 545, 515, 491, 455 cm-1 

ESI-TOF(High Accuracy): MH+ 418.9732, expected 418.9721 

 

4,6-Bis((phenylsulfinyl)methyl)thieno[3,4-d]-1,3-dithiol-2-one (37) 

A solution of 465mg 4,6-bis((phenylthio)methyl) 

thieno[3,4-d]-1,3-dithiol-2-one (1.1mmol) in 10ml 
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CHCl3 was cooled to -15~-18°C by NaCl/ice bath for 30 minutes. 22 ml 0.1M m-CPBA 

solution was slowly added into the flask by syringe, the reaction mixture was stirred for 

another two hours, and monitored by TLC. Then the reaction mixture was put into 

freezer (-20°C) for overnight, and regular work up procedures were applied. Column 

chromatographic purification (silica gel, CH3OH/CH2Cl2 1:25 v/v) gave 395mg 4,6-

bis((phenylsulfinyl)methyl)thieno[3,4-d]-1,3-dithiol-2-one as white solid corresponding 

to a yield of 78%. Melting point: 183-184 °C (decomposed) 1H-NMR (DMSO-d6): 

7.45-7.56 (m, 10H), 4.66(d, J=14.10, 2H), 4.45(d, J=14.10, 2H) 13C-NMR (DMSO-d6): 

192.6, 142.0, 131.3, 129.1, 127.6, 124.4, 122.3, 54.8 FT-IR (KBr): 3054, 2965, 2916, 

1722, 1667, 1635, 1582, 1475, 1444, 1388, 1305, 1110, 1087, 1048, 913, 824, 747, 691, 

548, 527, 502cm-1 ESI-TOF(High Accuracy): MNa+ 472.9455, expected 472.9439 

 

1,1’-[(4,6-Thieno[3,4-d]-1,3-dithiol-2-one-diyl)bismethylene] bis[triphenyl 

phosphonium chloride] (38) 

274mg 4,6-Bis(chloromethyl)thieno[3,4-d]-1,3-

dithiol-2-one (1 mmol) and 655mg triphenyl 

phosphine (2.5 mmols) was dissolved in 10ml dry 

THF in an one-neck flask with condenser, the clear solution then was heated to 80-85°C 

(mild reflux) under N2 protection for 24 hours until all starting material was disappeared 

on TLC plate. White precipitates were collected by gritted glass filter, washed with 

diethyl ether several times, and dried over vacuum oven for overnight at 60°C gave 

758g 1,1’-[(4,6-thieno[3,4-d]-1,3-dithiol-2-one-diyl)bismethylene] bis[triphenyl 
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phosphonium chloride] as a white solid corresponding yield of 95%. Melting point: 

>250°C (decomposed after 200°C, white solid turns into black) 1H-NMR (300MHz, 

DMSO-d6):   7.91-7.96(m, 6H), 7.70-7.73(m, 24H), 5.87(d, JP-H=13.07Hz, 4H) 13C-

NMR (300MHz, DMSO-d6): 191.6, 135.4, 133.6-133.8(m), 130.0-130.2(m), 130.0, 

120.8-120.9(m), 117.0(d, Jc-p=86.7Hz), 24.6((d, Jc-p=52.0Hz) FT-IR (KBr): 3053, 2987, 

2826, 2744, 1642, 1586, 1485, 1437, 1320, 1111, 996, 936, 882, 753, 741, 731, 712, 

689, 549, 514, 483, 459 cm-1 ESI-TOF(High Accuracy): MNa+ 817.0520, expected 

817.0516 

 

[(4-Thieno[3,4-d]-1,3-dithiol-2-one-yl)methylene] [triphenylphosphonium chloride] 

(39) 

Preparation procedures were similar to that of 38 yield [(4-

thieno[3,4-d]-1,3-dithiol-2-one-yl)methylene] [triphenyl 

phosphonium chloride] as a white solid with 92% yield. Melting 

point: >250°C. 1H-NMR (300MHz, DMSO-d6): 7.90-7.96(m, 4H), 7.71-7.82(m, 12H), 

5.67(d, JP-H=14.2Hz, 2H) 13C-NMR (300MHz, DMSO-d6 ): 193.5, 135.4(d, Jc-

p=2.2Hz), 134.0(d, Jc-p=10.1Hz), 130.4(d, Jc-p=8.7Hz), 130.2(d, Jc-p=13.0Hz), 126.5(d, 

Jc-p=3.6Hz), 120.0(d, Jc-p=4.3Hz), 119.2(d, Jc-p=10.1Hz), 117.2(d, Jc-p=86.0Hz), 24.8(d, 

Jc-p=50.0Hz)(213) FT-IR (KBr):  2993, 2834, 2757, 1689, 1640, 1484, 1435, 1328, 1109, 

995, 948, 901, 843, 735, 689, 537, 502 cm-1 ESI-TOF(High Accuracy): [M-H]- 

482.9872, expected 482.9873 
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4,6-Bis[ethoxy(thiocarbonyl)thiomethyl]thieno[3,4-d]-1,3-dithiol-2-one (40) 

A solution of 4,6-bis(chloromethyl)thieno[3,4-d]-

1,3-dithiol-2-one (820mg, 3.05mmol), O-

ethoxyanthic acid potassium salt (1.250g, 7.5mmol), 

and tetra-n-butylammonium bromide (320mg, 1mmol) in dry dichloromethane (60ml) 

was stirred at room temperature for 8 hours. The concentrated residue was purified by 

column chromatography (silica gel, CH2Cl2/hexanes 1:1 v/v) to give 1.307g (yield 97%) 

4,6-bis[ethoxy(thiocarbonyl)thiomethyl]thieno[3,4-d]-1,3-dithiol-2-one as a white solid. 

Melting point: 98-100°C 1H-NMR (CDCl3): 4.67(q, J=7.22Hz, 4H), 4.48(s, 4H), 1.43(t, 

J=7.22Hz, 6H) 13C-NMR (CDCl3): 212.0, 191.9, 127.8, 126.7, 70.9, 34.5, 13.8 FT-IR 

(KBr): 2981, 2941, 2900, 1713, 1677, 1455, 1387, 1361, 1259, 1232, 1151, 1110, 1042, 

930, 903, 816, 741, 695, 544, 461 cm-1 ESI-TOF(High Accuracy): MH+ 442.9065, 

expected 442.9061 

 

4,6-Bis(N,N-diethyldithiocarbomate-methyl)thieno[3,4-d]-1,3-dithiol-2-one (41) 

To a 50 mL ethanol solution of 4,6-bis 

(chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one 

(272mg, 1mmol), sodium diethyldithiocarbamate 

trihydrate (580mg. 2.5mmol) was added as a solid. The reaction mixture was stirred at 

room temperature for 2 hours. After ethanol was removed under vacuum, the solid 

residue was dissolved in 80mL chloroform, then washed with water and brine, and dried 
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over MgSO4. Concentration under vacuum followed by column chromatography (silica 

gel, EtOAC/hexanes 1:2.5 v/v) afforded 418mg 4,6-bis(N,N-diethyldithiocarbomate-

methyl)thieno[3,4-d]-1,3-dithiol-2-one as yellowish amber color gel which 

corresponding to a yield of 85%. 1H-NMR (CDCl3): 4.72(s, 4H), 4.02(q, J=6.88Hz, 

4H), 3.73(q, J=6.88Hz, 4H), 1.30(t, J=6.88Hz, 6H), 1.29(t, J=6.88Hz, 6H)  13C-NMR 

(CDCl3): 193.0, 192.8, 128.3, 126.3, 50.0, 47.0, 35.7, 12.6, 11.6 FT-IR (KBr): 2976, 

2932, 2871, 1671, 1489, 1458, 1419, 1379, 1354, 1300, 1271, 1204, 1144, 1069, 1008, 

982, 916, 830, 562, 458, 429 cm-1 ESI-TOF(High Accuracy): MNa+ 518.9826, expected 

518.9834 

 

4-((Phenylsulfinyl)methyl)-6-((phenylthio)methyl)methyl)thieno[3,4-d]-1,3- dithiol-

2-one (42) 

A solution of 419mg 4,6-bis((phenylthio)methyl) 

thieno[3,4-d]-1,3-dithiol-2-one (1mmol) in 10ml 

CHCl3 was cooled to -15~-18°C by NaCl/ice bath for 30 minutes. 10ml 0.1M m-CPBA 

solution (1 eqv.) was slowly added into the flask by syringe, the reaction mixture was 

stirred for another two hours after the addition of m-CPBA. Then the reaction mixture 

was washed with water, and concentrated in vacuo. Column chromatography 

purification (silica gel, EtOAc/CH2Cl2 1:10 v/v) gave 360mg compound 42 as white 

solid corresponding to a yield of 83%. Melting point: 152-154°C. 1H-NMR (CDCl3): 

7.25-7.50(m, 10H), 4.18(s, 2H), 4.14(d, J=14.10Hz, 1H),  4.06(d, J=14.1Hz, 1H) 13C-

NMR (CDCl3): 191.9, 141.9, 133.9, 132.0, 131.9, 131.0, 129.8, 129.3, 129.2, 127.7, 

S

SS

SS

O

O



 

 134

126.1, 124.3, 118.4, 57.3, 33.61 FT-IR (KBr): 3057, 2964, 1727, 1669, 1634, 1473, 

1439, 1401, 1302, 1231, 1107, 1087, 1068, 1048, 998, 913, 824, 741, 693, 533, 492, 

470, 456 cm-1 ESI-TOF(High Accuracy): MNa+ 456.9478, expected 456.9495 

 

4-(Chloromethyl)-6-(acetoxylmethyl)thieno[3,4-d]-1,3-dithiol-2-one (43) 

Synthesis of 4-(chloromethyl)-6-(acetoxylmethyl)thieno[3,4-d]-

1,3-dithiol-2-one was similar to the preparation of 4,6-

bis(acetoxymethyl) thieno[3,4-d]-1,3-dithiol-2-one. One 

equivalent of potassium acetate was used in stead. Column purification (silica gel, 

EtOAc/hexanes 1:5 v/v) affords compound as white solid with 38% yield. Melting point: 

88-89°C. 1H-NMR (CDCl3): 5.19(s, 2H), 4.71(s, 2H), 2.12(s, 2H) 13C-NMR (CDCl3): 

191.6, 170.4, 129.1, 128.6, 128.3, 127.7, 59.2, 39.0, 20.6 FT-IR (KBr): 3026, 2949, 

1736, 1677, 1649, 1440, 1379, 1270, 1222, 1171, 1015, 959, 824, 746, 688, 641, 546, 

464 cm-1 ESI-TOF(High Accuracy): MH+ 294.9305, expected 294.9319 

 

4-(Chloromethyl)-6-(phenylsulfinyloxylmethyl)thieno[3,4-d]-1,3-dithiol-2-one (44) 

Yield 68%, Melting point: 136-137°C. 1H-NMR (CDCl3): 

7.75-7.77(m, 2H), 7.67-7.70(m, 1H), 7.52-7.56(m, 2H), 

4.68(s, 2H), 4.45(s, 2H) 13C-NMR (CDCl3): 190.8, 137.1, 

134.7, 131.2, 130.7, 129.6, 128.6, 128.2, 119.0, 57.1, 38.8 FT-IR (KBr):3061, 2968, 

2916, 1686, 1476, 1446, 1396, 1322, 1265, 1210, 1138, 1082, 931, 824, 740, 688, 644, 

622, 547, 529, 458 cm-1 ESI-TOF(High Accuracy): MH+ 376.9195, expected 376.9196 
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4,4’,6,6’-Tetra(diethoxyphosphorylmethyl)-(-2-(thieno[3,4-d]-1,3-dithiol-2-ylidene) 

thieno[3,4-d]-1,3-dithiole (48) 

Preparation of DTTTF-type derivative was performed as 

following: 274mg 4,6-bis(chloromethyl)thieno[3,4-d]-1,3-

dithiol-2-one (1 mmol) and 1.0g triethyl phosphite (excess) 

was put in an one-neck flask with condenser, the mixture 

then was heated to 150-160°C  under N2 protection for 4 hours until all starting material 

was disappeared on TLC plate. After the mixture cooled down to room temperature, the 

yellow precipitates were collected by filter, and washed with diethyl ether and hexanes 

several times. Dry under vacuum at 65°C for overnight affords 146mg product as 

yellow needles corresponding to a yield of 32%. Melting point: 167-168°C 1H-NMR 

(CDCl3): 4.12(m, 8H), 3.13(t, JP-H  =18.8Hz , 8H),  1.32(t, J=7.3Hz, 24H) 13C-NMR 

(CDCl3): 134.0(m), 119.6, 118.4, 29.2, 27.2, 16.5 FT-IR (KBr): 2981, 2940, 2904, 

1477, 1443, 1392, 1368, 1315, 1252, 1163, 1098, 1028, 970, 887, 783, 639, 539cm-1 

ESI-TOF(High Accuracy): MH+ 917.0496, expected 917.0493 Elemental Analysis: 

Anal. Calcd. for C30H48O12P4S6: C 39.29, H 5.28 Found: C: 39.30, H 5.02 

 

General procedures for bromination of alkylthiophenes 

A mixture of 10 mmol alkylthiophene and 1.78 g (10 mmol) NBS in 30 ml ethanol was 

stirred at 50ºC for 4 hours. The reaction mixture was extracted with chloroform. The 

organic layer was washed with water, brine, and concentrated under vacuum. The liquid 

residue was purified by column chromatography (silica gel, hexanes). 
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2,5-Dibromo-3-butylthiophene (60a) 

Colorless oil, 1H-NMR (CDCl3): 6.77(s, 1H), 2.51(t, J=7.3Hz, 2H), 

1.50-1.56(m, 2H), 1.31-1.38(m, 2H), 0.93(t, J=7.3Hz, 3H) 13C-NMR 

(CDCl3): 143.0, 131.0, 110.3, 107.9, 31.7, 29.2, 22.2, 13.8 FT-IR (KBr): 2956, 2928, 

2858, 1542, 1464, 1417, 1378, 1179, 1087, 1010, 997, 911, 826, 746, 650, 476 cm-1 

 

2,5-Dibromo-3-octylthiophene (60b) 

Colorless oil, 1H-NMR (CDCl3): 6.77(s, 1H), 2.50(t, J=7.57Hz, 2H), 

1.48-1.58(m, 2H), 1.26-1.31(m, 10H), 0.88(t, J=6.9Hz, 3H) 13C-NMR 

(CDCl3): 143.0, 131.0, 110.3, 108.0, 31.9, 29.6, 29.5, 29.4, 29.2, 29.1, 22.7, 14.1 FT-IR 

(KBr): 2925, 2853, 1539, 1460, 1409, 1376, 1225, 991, 829, 713, 684, 635, 580 cm-1 

 

2,5-Dibromo-3,4-dibutylthiophene (60c) 

Colorless oil, 1H-NMR (CDCl3): 2.54(m, 4H), 1.36-1.48(m, 8H), 

0.95(t, J=7.3Hz, 6H) 13C-NMR (CDCl3): 141.4, 107.9, 31.7, 28.7, 

22.7, 13.9 FT-IR (KBr): 2957, 2929, 2860, 1544, 1464, 1378, 1299, 1252, 1193, 1143, 

1104, 1086, 968, 927, 746, 728 cm-1 

 

General procedure for synthesis of 5-bromo-alkyl-2-thiophenecarboxaldehydes   

A solution of 2,5-dibromo-alkylthiophene (5mmol) in anhydrous THF (30ml) was 

stirred and cooled to -78ºC under argon for 30 minutes.  5.5mmol n-butyllithium was 

added slowly via a syringe pump. The solution was stirred for another 30 minutes, 1-
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formylpiperidine (6mmol in 10ml THF) was added dropwise. The reaction mixture was 

allowed to warm up to room temperature for overnight, poured in water, and extracted 

with chloroform. Column purification (silica gel, EtOAc/hexanes) affords 5-bromo-4-

alkyl-2-thiophenecarboxaldehydes. 

 

5-Bromo-4-butyl-2-thiophenecarboxaldehyde (61a) 

Pale-yellow oil, yield 85%. 1H-NMR (CDCl3): 9.75(s, 1H), 7.46(s, 

1H), 2.61(t, J=7.8Hz, 2H), 1.57-1.63(m, 2H), 1.34-1.42(m, 2H), 

0.95(t, J=7.3Hz, 3H) 13C-NMR (CDCl3): 181.9, 143.9, 142.9, 136.8, 122.1, 31.6, 29.2, 

22.2, 13.8 FT-IR (KBr): 2957, 2929, 2860, 1670, 1544, 1429, 1376, 1236, 1155, 1086, 

1004, 852, 731, 668, 489 cm-1 

 

5-Bromo-4-octyl-2-thiophenecarboxaldehyde (61b) 

Yellow oil, yield 78%. 1H-NMR (CDCl3): 9.76(s, 1H), 7.46(s, 1H), 

2.59(t, J=7.6Hz, 2H), 1.56-1.65(m, 2H), 1.27-1.33(m, 10H), 0.88(t, 

J=6.5Hz, 3H) 13C-NMR (CDCl3): 181.9, 144.0, 142.9, 136.8, 122.1, 31.9, 29.5, 29.3, 

29.2, 29.1, 22.7, 14.1 (carbon peaks of octyl groups overlapped, only seven alkyl carbon 

peaks were counted) FT-IR (KBr): 2926, 2855, 1674, 1544, 1429, 1376, 1236, 1153, 

1100, 1004, 853, 728, 668 cm-1 
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5-Bromo-3,4-dibutyl-2-thiophenecarboxaldehyde (61c) 

Pale-yellow oil, yield 68%. 1H-NMR (CDCl3): 9.92(s, 1H), 2.89(t, 

J=7.2Hz, 2H), 2.56(t, J=7.2Hz, 2H), 1.36-1.62(m, 8H), 0.93-0.99(m, 

6H) 13C-NMR (CDCl3): 181.3, 151.4, 143.7, 138.3, 122.5, 34.4, 31.6, 27.7, 27.5, 22.7, 

13.9, 13.8 FT-IR (KBr): 2957, 2930, 2861, 1660, 1535, 1437, 1387, 1365, 1282, 1232, 

1127, 1081, 933, 676 cm-1 

 

General procedure for synthesis of 3- or 4-alkyl-2-thiophenecarboxaldehydes   

A solution of 2-bromo-3(or 4)-alkylthiophene (10mmol) in anhydrous THF (40ml) was 

stirred and cooled to -78ºC under argon for 30 minutes.  4.4ml n-butyllithium (2.5 M in 

hexanes, 1.1 equivalents) was slowly added via syringe pump. After addition of n-

butyllithium, the solution was stirred for another 30 minutes, then 1.7g 1-

formylpiperidine (15mmol in 10ml THF) was added dropwise. The reaction mixture 

was allowed to warm up to room temperature, and stirred for overnight to give a pale-

yellow solution. The reaction mixture was quenched with water, and extracted with 

chloroform. The organic phase was washed with water and brine, dried over MgSO4. 

After solvent removed under vacuum, the oil-like residue was purified by column 

chromatography (silica gel, EtOAc/hexanes 1:20 v/v) to afford 3- or 4-alkyl-2-

thiophenecarboxaldehydes. 
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3-Butylthiophene-2-carboxaldehyde (63a) 

Colorless oil, 85% yield. 1H-NMR (CDCl3): 10.04(d, J=1.0Hz, 1H), 

7.64(d, J=4.8Hz, 1H), 7.01(d, J=4.8Hz, 1H), 2.97(t, J=7.6Hz, 2H), 1.60-

1.80(m, 2H), 1.32-1.45(m, 2H), 0.91-0.96(t, J=7.2Hz, 3H). 13C-NMR (CDCl3): 182.1, 

152.8, 137.5, 134.3, 130.6, 33.4, 28.1, 22.3, 13.7 FT-IR (KBr): 3101, 2957, 2930, 2862, 

1659, 1525, 1458, 1425, 1390, 1241, 1223, 1081, 840, 743, 666cm-1 

 

3-Octylthiophene-2-carboxaldehyde (63b) 

Pale-yellow oil, 82% yield. 1H-NMR (CDCl3): 10.04(d, J=1.0Hz, 1H), 

7.62(d, J=4.8Hz, 1H), 7.00(d, J=5.2Hz, 1H), 2.96(t, J=7.6Hz, 2H), 1.62-

1.70(m, 2H), 1.26-1.32(m, 2H), 0.88(t, J=7.2Hz, 1H) 13C-NMR (CDCl3): 182.2, 152.9, 

137.6, 134.4, 130.7, 31.8, 31.4, 29.3, 29.2, 29.1, 28.4, 22.6, 14.0 FT-IR (KBr): 3102, 

2926, 2855, 2725, 1662, 1526, 1464, 1391, 1378, 1242, 1212, 839, 746, 667cm-1 

 

4-Butylthiophene-2-carboxaldehyde (67a) 

Pale-yellow oil, yield 87%. 1H-NMR (CDCl3): 9.87(d, J=1.4Hz, 1H), 

7.61(d, J=1.4Hz, 1H), 7.37(bs, 1H), 2.65((t, J=7.6Hz, 2H), 1.57-1.67(m, 

2H), 1.31-1.43(m, 2H), 0.94(t, J=7.2Hz, 3H) 13C-NMR (CDCl3): 183.0, 144.7, 143.6, 

137.2, 130.4, 32.5, 29.8, 22.2, 13.8 FT-IR (KBr): 3006, 2957, 2930, 2860, 1672, 1543, 

1435, 1389, 1238, 1186, 1134, 860, 773, 666cm-1 
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4-Octylthiophene-2-carboxaldehyde (67b) 

Pale-yellow oil, yield 85%. 1H-NMR (CDCl3): 9.88(d, J=1.4Hz, 1H), 

7.61(d, J=1.4Hz, 1H), 7.37(bs, 1H), 2.64(t, J=7.6Hz, 2H), 1.58-

1.68(m, 2H), 1.26-1.36(m, 10H), 0.88(t, J=6.9Hz, 3H) 13C-NMR (CDCl3): 183.0, 144.8, 

143.6, 137.2, 130.4, 31.9, 30.4, 30.2, 29.4, 29.2, 29,1, 22.7, 14.1 FT-IR (KBr): 3087, 

2926, 2854, 1672, 1544, 1435, 1388, 1237, 1189, 1133, 865, 774, 665cm-1 

 

General procedure for synthesis of alkyl-2,5-thiophenedicarboxaldehydes   

A solution of 2,5-dibromo-alkylthiophene (10mmol) in anhydrous THF (40ml) was 

stirred and cooled to -78ºC under argon. 24.7ml tert-butyllithium (1.7M in pentane, 4.2 

equivalents) was added dropwise. After addition of tert-butyllithium, the solution was 

stirred for another 30 minutes, 2.9g 1-formylpiperidine in 10 ml THF was added. The 

reaction mixture was allowed to warm up to room temperature, and stirred for overnight 

to give a pale-yellow solution. The reaction mixture was quenched with water, and 

extracted with chloroform. The organic phase was washed with water, dried over 

MgSO4. After solvent removed under vacuum, the oil-like residue was purified by 

column chromatography (silica gel, EtOAc/hexanes) to afford alkyl-2,5-thiophene 

dicarboxaldehydes. 
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3-Butyl-2,5-thiophenedicarboxaldehyde (68a) 

Colorless oil, yield 81%. 1H-NMR (CDCl3): 10.14(s, 1H), 9.97(s, 

1H), 7.66(s, 1H), 3.01(t, J=7.8Hz, 2H), 1.65-1.71(m, 2H), 1.36-

1.42(m, 2H), 0.96(t, J=7.3Hz, 3H)  13C-NMR (CDCl3): 183.4, 183.0, 152.0, 147.9, 

143.4, 137.3, 33.3, 28.3, 22.4, 13.8 FT-IR (KBr): 2958, 2931, 2861, 1667, 1533, 1458, 

1399, 1212, 1153, 860, 732, 683, 495 cm-1 

 

3-Octyl-2,5-thiophenedicarboxaldehyde (68b) 

Pale-red oil, yield 62%. 1H-NMR (CDCl3): 10.14(s, 1H), 9.98(s, 

1H), 7.65(s, 1H), 3.00(t, J=7.8Hz, 2H), 1.65-1.71(m, 2H), 1.23-

1.38(m, 10H), 0.88(t, J=6.9Hz, 3H) 13C-NMR (CDCl3): 183.4, 183.0, 152.1, 147.9, 

143.3, 137.2, 31.8, 31.1, 29.3, 29.2, 29.1, 28.5, 22.6, 14.1 FT-IR (KBr): 2926, 2855, 

1669, 1533, 1458, 1399, 1377, 1223, 1150, 864, 742, 692 cm-1 

 

3,4-Dibutyl-2,5-thiophenedicarboxaldehyde (68c) 

White solid, yield 67%. Melting point: 60-61°C. 1H-NMR (CDCl3): 

10.12(s, 2H), 2.92(t, J=7.8Hz, 4H), 1.54-1.69(m, 4H), 1.41-1.48(m, 

4H), 0.97(t, J=7.3Hz, 6H) 13C-NMR (CDCl3): 183.3, 151.7, 143.3, 34.3, 26.4, 22.7, 

13.8 FT-IR (KBr): 2958, 2931, 2872, 1674, 1524, 1458, 1379, 1232, 1118, 1066, 702 

cm-1 
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2,3-Dihydrothieno[3,4-b]-1,4-dioxin-5-carboxaldehyde (70a) 

White solid, yield 82%, melting point: 137-138°C. 1H-NMR (CDCl3): 

9.91(d, J=1.37Hz, 1H), 6.80(d, J=1.37Hz, 1H), 4.36-4.38(m, 2H), 4.27-

4.29 (m, 2H) 13C-NMR (CDCl3): 180.2, 148.5, 141.8, 118.6, 110.8, 65.3, 64.4. FT-

IR(KBr): 3107, 2958, 2843, 1649, 1493, 1441, 1374, 1264, 1177, 1061, 1012, 960, 909, 

846, 761, 669, 570, 454 cm-1 

 

2,5-Dibromo-3,4-ethylenedioxythiophene (71) 

Silver gray solid, yield: 87%, melting point: 98-99ºC. 1H-NMR (CDCl3): 

4.27(s, 4H) 13C-NMR (CDCl3): 139.7, 86.6, 65.0 

 

2,3-Dihydrothieno[3,4-b]-1,4-dioxin-5,7-dicarboxaldehyde (72) 

Yellow needle, Yield: 55%, melting point: 141-142ºC. 1H-NMR 

(CDCl3): 10.03(s, 2H), 4.47(s, 4H) 13C-NMR (CDCl3): 181.0, 147.3, 

124.0, 65.1 FT-IR (KBr): 2958, 2837, 1665, 1647, 1503, 1465, 

1394, 1369, 1271, 1232, 1200, 1104, 1080, 1008, 845, 801, 694 cm-1 

 

7-Bromo-2,3-dihydrothieno[3,4-b]-1,4-dioxine-5-carboxaldehyde (70b) 

White solid, yield 80%. 1H-NMR (CDCl3): 9.82(s, 1H), 4.35-4.38(m, 

4H) 13C-NMR (CDCl3): 178.9, 147.7, 140.2, 118.5, 101.7, 65.3, 64.8 

FT-IR (KBr): 2956, 2874, 1642, 1498, 1435, 1380, 1360, 1251, 1231, 

1131, 1088, 1023, 989, 956, 911, 843, 667, 517 cm-1 
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General procedures for preparation of type 1 trimers  

A solution of 0.5mmol 1,1’-[(4,6-thieno[3,4-d]-1,3-dithiol-2-one-diyl)bismethylene] 

bis[triphenylphosphonium chloride] and 1 mmol 5-bromo-2-carboxaldehyde 

alkylthiophene in anhydrous THF (10ml) and dry CHCl3 10ml was stirred and cooled to 

-78ºC under argon for 10 minutes. 10ml potassium tert-butoxide solution (0.5M in 

THF) was added slowly via syringe. After addition of the base, the reaction mixture was 

allowed to warm up to room temperature, and stirred for 24 hours. The reaction mixture 

was quenched with glacial acetic acid, and extracted with chloroform. Organic layer 

was collected, washed with water, dried over MgSO4, and concentrated. Crude products 

were purified by silica gel columns (EtOAc:hexanes) to afford type 1 oligomers.  

 

4,6-Bis((E)-2-(5-bromo-4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one 

(75a) 

Orange red solid, yield 43%. Melting point: 

148-149ºC. 1H-NMR (CDCl3): 6,76(d, 

J=15.8Hz, 2H), 6.75(s, 2H), 6.54(d, J=15.8Hz, 

2H), 2.51(t, J=7.2Hz, 4H), 1.51-1.61(m, 4H), 1.30-1.42(m, 4H), 0.94(t, J=7.6Hz, 6H) 

13C-NMR (CDCl3): 191.1, 143.2, 140.8, 130.3, 128.3, 126.0, 123.5, 118.0, 109.8, 31.7, 

29.2, 22.3, 13.9 FT-IR (KBr): 3007, 2954, 2923, 2855, 1713, 1671, 1607, 1542, 1458, 

1432, 1374, 1260, 1084, 1000, 919, 841, 808, 777, 749, 648, 567, 546,499, 458 cm-1 

ESI-TOF(High Accuracy): MH+ 658.8879, expected 658.8870 
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4,6-Bis((E)-2-(5-bromo-4-Octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one 

(75b) 

Orange red solid, yield 48%. Melting point: 109-

110 ºC. 1H-NMR (CDCl3): 6.75(d, J=15.6Hz, 

2H), 6.74(s, 2H), 6.53(d, J=15.6Hz, 2H), 2.49 (t, 

J=7.3Hz, 4H), 1.53-1.58(m, 4H), 1.25-1.31(m, 20H), 0.89(t, J=6.9Hz, 6H) 13C-NMR 

(CDCl3): 191.1, 143.2, 140.7, 130.1, 128.3, 126.0, 123.6, 117.9, 109.9, 31.9, 29.6, 29.5, 

29.4, 29.3, 22.7, 14.2(carbon peaks of octyl groups overlapped) FT-IR (KBr):3009, 

2922, 2851, 1709, 1667, 1606, 1544, 1463, 1426, 1369, 1264, 1165, 1003, 940, 917, 

839, 802, 756, 701, 579, 453 cm-1 ESI-TOF(High Accuracy): MH+ 771.0129, expected 

771.0122 

 

4,6-Bis((E)-2-(5-bromo-3,4-dibutylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3- dithiol-2-

one (75c) 

Red solid, yield 28%. Melting point: 105-106ºC. 

1H-NMR (CDCl3): 6.92(d, J=15.6Hz, 2H), 

6.60(d, J=15.6Hz, 2H), 2.62(t, J=7.3Hz, 4H), 

2.51(t, J=7.3Hz, 4H), 1.39-1.51(m, 16H), 0.95-1.00(m, 12H) 13C-NMR (CDCl3): 191.5, 

142.8, 141.8, 135.8, 130.4, 125.3, 122.3, 117.4, 109.9, 33.5, 31.7, 28.2, 27.6, 22.8, 22.7, 

14.0, 13.9 1 (carbon peaks of butyl groups overlapped) FT-IR (KBr): 3015, 2928, 2860, 

1709, 1666, 1600, 1461, 1431, 1382, 1255, 1083, 914, 847, 747, 707, 454 cm-1 ESI-

TOF(High Accuracy): MH+ 771.0102, expected 771.0122 
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General procedures for preparation of type-2 trimers  

A solution of 1mmol [(4,6-thieno[3,4-d]-1,3-dithiol-2-one-yl)methylene] [triphenyl 

phosphonium chloride]  and 0.5 mmol 2,5-dicarboxaldehyde of alkylthiophene  in 

anhydrous EtOH (20ml) and dry CHCl3 10ml was stirred and cooled to -78ºC under 

argon. 10ml sodium ethoxide solution (0.8M in ethanol) was added slowly via syringe. 

After addition of the base, the reaction mixture was allowed to room temperature, and 

stirred for 24 hours. The reaction mixture was quenched with glacial acetic acid, and 

extracted with chloroform. Organic layer was collected, washed with water, dried over 

MgSO4, and concentrated. Crude products were purified by columns (silica gel, 

EtOAc:hexanes), followed by precipitation in methanol to afford type 2 trimers. 

 

 4-((1E)-2-(4-Butyl-5-((E)-2-(2-oxothieno[3,4-d]-1,3-dithiol-4-yl)vinyl)thiophen-2-yl) 

vinyl)thieno[3,4-d]-1,3-dithiol-2-one (76a)  

Deep red solid, yield 35%. Melting point: 138-

139ºC. 1H-NMR (CDCl3): 7.16(s, 2H), 7.00(d, 

J=15.8Hz, 1H), 6.94(d, J=15.8Hz, 1H), 6.88(s, 1H), 

6.78(d, J=15.8Hz, 1H), 6.77(d, J=15.8Hz, 1H), 2.64(t, J=7.6Hz, 2H), 1.51-1.65(m, 

2H), 1.34-1.43(m, 2H), 0.97(t, J=7.2Hz, 3H) 13C-NMR (CDCl3): 192.8, 192.7, 143.7, 

139.7, 135.5, 132.4, 132.0, 130.7, 128.7, 125.5, 124.9, 123.7, 122.1, 119.0, 118.3, 

113.7, 113.5, 32.9, 28.2, 22.4, 14.0 (carbon peaks of aromatic regions overlapped, only 

15 aromatic carbon peaks were counted) FT-IR (KBr): 3105, 3010, 2954, 2923, 2853, 
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1701, 1642, 1458, 1375, 1311, 1263, 1161, 949, 919, 835, 717, 581, 547, 519, 460 cm-1 

ESI-TOF(High Accuracy): MH+ 536.9262, expected 536.9268 

 

4-((1E)-2-(4-Octyl-5-((E)-2-(2-oxothieno[3,4-d]-1,3-dithiol-4-yl)vinyl) thiophen-2-

yl) vinyl)thieno[3,4-d]-1,3-dithiol-2-one (76b) 

Deep red solid, yield 32%. Melting point: 145-146ºC. 

1H-NMR (CDCl3): 7.16(s, 2H), 7.00(d, J=15.8Hz, 

1H), 6.94(d, J=15.8Hz, 1H), 6.88(s, 1H), 6.78(d, 

J=15.8Hz, 1H), 6.76(d, J=15.8Hz, 1H), 2.62(t, J=7.2Hz, 2H), 1.59-1.64(m, 2H), 1.25-

1.35(m, 10H), 0.88(t, J=6.5Hz, 3H) 13C-NMR (CDCl3): 192.8, 192.7, 143.9, 139.7, 

135.5, 132.4, 132.1, 130.8, 128.9, 125.6, 125.0, 123.8, 122.1, 119.1, 118.3, 113.8, 

113.6, 32.0, 30.9, 29.5, 29.3, 28.5, 22.8, 14.2 (carbon peaks of aromatic regions 

overlapped, only 15 aromatic carbon peaks were counted) FT-IR (KBr): 3110, 2924, 

2853, 1704, 1647, 1540, 1521, 1458, 1432, 1315, 920, 838, 724, 656, 548, 521, 462 cm-

1 ESI-TOF(High Accuracy): MH+ 592.9888, expected 592.9894 

 

General procedures for preparation of type 3 trimers 

Synthesis of type 3 trimers was similar to the preparation of type 1 trimers. Further 

purification process was achieved by column (silica gel, hexanes/EtOAc), followed by 

dissolving in chloroform, and droping slowly into methanol. Precipitates were coloected 

by filtering, washed with methanol and a few milliliters hexanes, and dried over 

vacuum oven at 45ºC for overnight. 
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4,6-Bis((E)-2-(4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (77a) 

Yellow solid, yield 25%, melting point: 105-106 

ºC. 1H-NMR (CDCl3): 6.95(s, 2H), 6.93(d, 

J=15.6Hz, 2H), 6.85(s, 2H), 6.73(d, J=15.6Hz, 

2H), 2.57(t, J=7.2Hz, 4H), 1.57-1.63(m, 4H), 1.34-

1.39(m, 4H), 0.94(t, J=7.2Hz, 6H) 13C-NMR (CDCl3): 191.6, 144.2, 141.0, 130.2, 

128.7, 125.6, 124.3, 120.6, 117.8, 32.5, 30.1, 22.3, 13.9 FT-IR (KBr): 3097, 3013, 

2956, 2924, 2857, 1709, 1666, 1544, 1461, 1436, 1378, 1240, 923, 857, 780, 754, 732, 

590 cm-1 ESI-TOF (High Accuracy): MH+ 503.0654, expected 503.0660 

 

4,6-Bis((E)-2-(3-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (77b) 

Red solid, yield 18%, melting point: 87-88 ºC. 1H-

NMR (CDCl3): 7.15(d, J=5.2Hz, 2H), 7.00(d, 

J=15.6Hz, 2H), 6.87(d, J=5.2Hz, 2H), 6.71(d, 

J=15.6Hz, 2H), 2.68(t, J=7.3Hz, 4H), 1.57-1.63(m,  

2H), 1.35-1.43(m, 4H), 0.96(t, J=7.3Hz, 6H) 13C-NMR (CDCl3): 191.8, 142.8, 135.2, 

130.4, 130.1, 125.2, 124.4, 122.6, 117.5, 33.1, 28.3, 22.5, 14.0 FT-IR (KBr):  3082, 

3009, 2955, 2924, 2857, 1702, 1660, 1600, 1459, 1415, 1254, 918, 848, 827, 757, 709, 

634cm-1 ESI-TOF(High Accuracy): MH+ 503.0648, expected 503.0660 
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4,6-Bis((E)-2-(4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (77c) 

Red solid, yield 32%. Melting point:  102-103ºC. 

1H-NMR (CDCl3): 6.94(s, 2H), 6.92(d, 

J=15.6Hz, 2H), 6.85(s, 2H), 6.72(d, J=15.6Hz, 

2H), 2.56(t, J=7.8Hz, 4H), 1.58-1.62(m, 4H), 1.27-1.31(m, 20H), 0.89(t, J=6.9Hz, 6H) 

13C-NMR (CDCl3): 191.6, 144.3, 141.0, 130.2, 128.7, 125.6, 124.3, 120.6, 117.8, 31.9, 

30.4, 30.3, 29.4, 29.3, 29.2, 22.7, 14.1. FT-IR (KBr): 3089, 3006, 2955, 2919, 2849, 

1711, 1667, 1606, 1467, 1241, 921, 845, 757, 724, 700, 651, 587 cm-1 ESI-TOF (High 

Accuracy): MH+ 615.1918, expected 615.1912 

 

4,6-Bis((E)-2-(5-formyl-4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one 

(78a) 

Red solid. 1H-NMR (CDCl3): 10.00(s, 2H), 

7.03(s, 2H), 6.98(d, J=15.6Hz, 2H), 6.93(d, 

J=15.6Hz, 2H), 2.93(t, J=7.8Hz, 4H), 1.65-1.70(m, 4H), 1.37-1.45(m, 4H), 0.96(t, 

J=7.3Hz, 6H). 

 

4,6-Bis((E)-2-(5-formyl-4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one 

(78b) 

Deep red solid. 1H-NMR (CDCl3): 10.00(s, 

2H), 7.02(s, 2H), 6.98(d, J=15.6Hz, 2H), 
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6.93(d, J=15.6Hz, 2H), 2.92(t, J=7.8Hz, 4H), 1.65-1.72(m, 4H), 1.25-1.37(m, 20H), 

0.89(t, J=6.9Hz, 6H). 

 

2-(4,6-Bis((E)-2-(5-bromo-4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-

ylidene)-4,6-bis((E)-2-(5-bromo-4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3- 

dithiole (80a) 

To a dry flask equipped with a condenser added 

90mg (0.136mmol) ( 4,6-bis((E)-2-(5-bromo-4-

butylthiophen-2-yl)vinyl)thieno [3,4-d]-1,3-

dithiol-2-one (75a) and 1g triethyl phophite 

(excess), the mixture was stirred at 120ºC for 8hours under argon protection. After 

cooled down to room temperature, the reaction mixture was filtered, solid portion was 

collected, washed with small amount of diethyl ether, hexanes, and dried over vacuum 

oven at 60ºC for 24 hours afford 62mg 2-(4,6-Bis((E)-2-(5-bromo-4-butylthiophen-2-

yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-ylidene)-4,6-bis((E)-2-(5-bromo-4-butylthiophen-2-

yl)vinyl)thieno[3,4-d]-1,3-dithiole as red solid corresponding to a yield of 71%.  

Melting point:  211-212ºC (decomposed, turned into black immediately) 1H-NMR 

(CDCl3): 6.51(s, 4H), 6.31(d, J=15.6Hz, 4H), 6.17(d, J=15.6Hz, 4H), 2.35(t, J=7.2Hz, 

8H), 1.46-1.52(m, 8H), 1.32-1.39(m, 8H), 0.96(t, J=7.2Hz, 12H) FT-IR (KBr):3007, 

2953, 2925, 2857, 1648, 1542, 1510, 1459, 1429, 1318, 1258, 1007, 920, 830, 766 cm-1 

Elemental Analysis: Anal. Calcd. for C50H48Br4S10: C 46.58, H 3.75 Found: C 46.50, H 

3.47. MADLI-TOF: [M] 1283.7, expected: 1283.8 

S

SS

SS

S

SS

SS

BrBr

Br Br

Bu Bu

BuBu



 

 150

2-(4,6-Bis((E)-2-(5-bromo-4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-

ylidene)-4,6-bis((E)-2-(5-bromo-4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3- 

dithiole (80b) 

Preparation of 80b is similar to that of 80a, 

which affords the product as a red solid with a 

yield of 73%. Melting point: 155-157ºC 

(decomposed, turned into black immediately). 

1H-NMR (CDCl3): 6.69(s, 4H), 6.58(d, 

J=15.6Hz, 4H), 6.43(d, J=15.6Hz, 4H), 2.46(d, J=7.2Hz, 8H), 1.53-1.57(m, 8H), 1.29-

1.34(m, 40H), 0.90(t, J=7.2Hz, 12H) FT-IR (KBr): 3007, 2924, 2853, 1648, 1545, 

1513, 1462, 1433, 1315, 1261, 1016, 918, 834, 767 cm-1 Elemental Analysis: Anal. 

Calcd. for C66H80Br4S10: C 52.37, H 5.33 Found: C 52.21, H 5.10 MALDI-TOF: [M] 

1508.01, expected: 1508.02 

 

2-(4,6-Bis((E)-2-(4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-ylidene)-4,6-

bis((E)-2-(4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiole (80c) 

Preparation process is similar to synthesis of 80a. 

Red solid, yield 48%. Melting point: 221-222ºC 

(turned into black from red). 1H-NMR(CDCl3): 

6.94(s, 4H), 6.82(s, 4H), 6.81(d, J=15.6Hz, 4H), 

6.66(d, J=15.6Hz, 4H), 2.57(t, J=7.2Hz, 8H), 1.58-
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1.64(m, 8H), 1.35-1.40(m, 8H), 0.94(t, J=7.2Hz, 12H) 13C-NMR(CDCl3): 144.0, 141.4, 

132.7, 128.3, 126.4, 123.6, 120.1, 118.7, 118.1, 32.5, 30.1, 22.4, 13.9 FT-IR(KBr): 

3092, 3009, 2953, 2923, 2856, 1645, 1541, 1460, 1322, 1262, 1237, 922, 842, 741 cm-1. 

Elemental Analysis: Anal. Calcd. for C50H52S10: C 61.68, H 5.38 Found: C 61.48, H 

5.19  MALDI-TOF: [M] 972.16, expected: 972.13 

 

2-(4,6-Bis((E)-2-(4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-ylidene)-4,6-

bis((E)-2-(4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiole (80d) 

The preparation of compound 80d is same as that 

of 80c. Red solid, yield 32%. 1H-NMR (CDCl3): 

6.85(s, 4H), 6.74(s, 4H), 6.70(d, J=15.6Hz, 4H), 

6.56(d, J=15.6Hz, 4H), 2.51(t, J=7.8Hz, 8H), 

1.56-1.62(m, 8H), 1.26-1.32(m, 40H), 0.90(t, 

J=6.9Hz, 12H) 13C-NMR (CDCl3): 144.0, 141.5, 132.9, 128.2, 126.3, 123.4, 120.0, 

118.2, 118.1, 32.0, 30.5, 30.4, 29.5, 29.4, 29.3, 22.7, 14.2. FT-IR: 3012, 2921, 2851, 

1602, 1543, 1462, 1375, 1298, 1266, 1180, 923, 860, 807, 767, 722, 585 cm-1 Elemental 

analysis: Anal. Calcd. for C66H84S10: C 66.17, H 7.07 Found: C 65.98, H 6.82 MALDI-

TOF: [M] 1196.4, expected 1196.4 
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4-((E)-2-(2,3-Dihydrothieno[3,4-b]-1,4-dioxin-5-yl)vinyl)-6-((E)-2-(2,3-dihydro 

thieno[3,4-b]-1,4-dioxin-7-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (81a) 

Red solid, yield 18%. Melting point: 230-232ºC 

(decomposed). 1H-NMR (CDCl3): 6.86(d, J=15.5Hz, 

2H), 6.73(d, J=15.5Hz, 2H), 6.29(s, 2H), 4.30-

4.32(m, 4H), 4.22-4.25(m, 4H) 13C-NMR (CDCl3): 

192.0, 142.1, 140.3, 130.6, 125.5, 120.5, 116.5, 116.0, 99.4, 65.0, 64.7 FT-IR (KBr): 

3101, 2978, 2920, 2871, 1711, 1660, 1602, 1500, 1482, 1441, 1365, 1255, 1168, 1067, 

961, 928, 904, 851, 712, 677cm-1 ESI-TOF (High Accuracy): MH+ 506.9515, expected 

506.9518. 

 

4,6-Bis((E)-2-(5-bromo-2,3-dihydrothieno[3,4-b]-1,4-dioxin-7-yl)vinyl)thieno[3,4-

d]-1,3-dithiol-2-one (81b) 

Red solid, yield 32%. Melting point: >250ºC  

1H-NMR (CDCl3): 6.62(d, J=11.5Hz, 2H), 

6.34(d, J=11.5Hz, 2H), 4.24-4.26(m, 4H), 4.21-

4.22(m, 4H) FT-IR (KBr):2979, 2927, 2872, 

1718, 1666, 1608, 1578, 1487, 1435, 1362, 1267, 1089, 952, 915, 805, 762, 584 cm-1.  

ESI-TOF (High Accuracy): MH+ 662.7722, expected 662.7728. 
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APPENDIX 1 
 

1H and 13C-NMR spectra of thieno[3,4-d]-1,3-dithiole-2-thione (1)
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APPENDIX 2 
 

1H and 13C-NMR spectra of thieno[3,4-d]-1,3-dithiol-2-one (2)
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APPENDIX 3 
 

13C-NMR spectrum of 4,6-dichlorothieno[3,4-d]-1,3-dithiol-2-one (5)
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1H and 13C-NMR spectrum of 4-chlorothieno[3,4-d]-1,3-dithiol-2-one (6)
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APPENDIX 5 
 

 13C-NMR spectrum of 4,6-dibromothieno[3,4-d]-1,3-dithiol-2-one (7)
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APPENDIX 6 
 

1H and 13C-NMR spectra of 4-bromothieno[3,4-d]-1,3-dithiol-2-one (8)
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APPENDIX 7 
 

 13C-NMR spectrum of 4,6-diiodothieno[3,4-d]-1,3-dithiol-2-one (9)
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1H and 13C-NMR spectra of 4-iodothieno[3,4-d]-1,3-dithiol-2-one (10)
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APPENDIX 9 
 

1H and 13C-NMR spectra of  
4,6-diacetoxymercuri-thieno[3,4-d]-1,3-dithiol-2-one (11) 
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APPENDIX 10 
 
 

1H and 13C-NMR spectra of  
4-(morpholinomethyl)thieno[3,4-d]-1,3-dithiol-2-one (12)
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APPENDIX 11 
 

1H and 13C-NMR spectra of  
4-((piperidin-1-yl)methyl)thieno[3,4-d]-1,3-dithiol-2-one (13)
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APPENDIX 12 
 

1H and 13C-NMR spectra of 
4-((diethylamino)methyl)thieno[3,4-d]-1,3-dithiol-2-one (14) 
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APPENDIX 13 
 

1H and 13C-NMR spectra of 
4-(morpholinomethyl)thieno[3,4-d]-1,3-dithiole-2-thione (15)
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APPENDIX 14 
 

1H and 13C-NMR spectra of 
4-((piperidin-1-yl)methyl)thieno[3,4-d]-1,3-dithiole-2-thione (16) 
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APPENDIX 15 
 

1H and 13C-NMR spectra of 
4-((diethylamino)methyl)thieno[3,4-d]-1,3-dithiole-2-thione (17)
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APPENDIX 16 
 

1H and 13C-NMR spectra of 
4,6-bis(morpholinomethyl)thieno[3,4-d]-1,3-dithiol-2-one (18)
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APPENDIX 17 
 

1H and 13C-NMR spectra of 
4,6-bis(morpholinomethyl)thieno[3,4-d]-1,3-dithiole-2-thione (19)
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APPENDIX 18 
 

1H and 13C-NMR spectra of 
(4-(morpholinomethyl)-2-oxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (20)
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1H and 13C-NMR spectra of 
(4-morpholinomethyl)-2-thioxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (21)
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1H and 13C-NMR spectra of 
(4-(piperidin-1-yl)methyl)-2-oxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (22)



 

 208

S

S
S

O

N
A c

O



 

 209

S

S
S

O

N
A c

O



 

 210

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 21 
 
 

1H and 13C-NMR spectra of 
(4-(diethylamino)methyl)-2-oxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (23)
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1H and 13C-NMR spectra of 
(4-(piperidin-1-yl)methyl)-2-thioxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (24)
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1H and 13C-NMR spectra of 
(4-(diethylamino)methyl)-2-thioxothieno[3,4-d]-1,3-dithiol-6-yl)methyl acetate (25)
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1H and 13C-NMR spectra of  
4,6-bis(chloromethyl) thieno[3,4-d]-1,3-dithiol-2-one (26)
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1H and 13C-NMR spectra of 4-(chloromethyl)thieno[3,4-d]-1,3-dithiol-2-one (27)
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1H and 13C-NMR spectra of  
4,6-bis(hydroxymethyl)thieno[3,4-d]-1,3-dithiol-2-one (28) 

(DMSO-d6)  
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1H and 13C-NMR spectra of 4-(hydroxymethyl)thieno[3,4-d]-1,3-dithiol-2-one (29)
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1H and 13C-NMR spectra of 2-oxothieno[3,4-d]-1,3-dithiole-4,6-dicarbaldehyde (30) 
(DMSO-d6) 
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1H and 13C-NMR spectra of 2-oxothieno[3,4-d]-1,3-dithiole-4-carbaldehyde (31)
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1H and 13C-NMR spectra of 
4,6-bis((diethylamino)methyl)thieno[3,4-d]-1,3-dithiol-2-one (32) 
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1H and 13C-NMR spectra of  
1, 1’-[(4,6-thieno[3,4-d]-1,3-dithiol-2-onediyl)bismethylene]bis[pyridinium chloride] 

(33) 
(D2O) 
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1H and 13C-NMR spectra of  
4,6-bis(acetoxymethyl) thieno[3,4-d]-1,3-dithiol-2-one (34)
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1H and 13C-NMR spectra of  
4,6-bis(methoxymethyl)thieno[3,4-d]-1,3-dithiol-2-one (35)
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1H and 13C-NMR spectra of  
4,6-bis((phenylthio)methyl)thieno[3,4-d]-1,3-dithiol-2-one (36) 
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1H and 13C-NMR spectra of  
4,6-bis((phenylsulfinyl)methyl)thieno[3,4-d]-1,3-dithiol-2-one (37)
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1H and 13C-NMR spectra of 1,1’-[(4,6-thieno[3,4-d]-1,3-dithiol-2-one-diyl) 
bismethylene] bis[triphenylphosphonium chloride] (38) 
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1H and 13C-NMR spectra of 
[(4-thieno[3,4-d]-1,3-dithiol-2-one-yl)methylene] [triphenylphosphonium chloride] 

(39)
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1H and 13C-NMR spectra of 
4,6-bis[ethoxy(thiocarbonyl)thiomethyl]thieno[3,4-d]-1,3-dithiol-2-one (40)



 

 262

S

S
S

O

S
S

O
O

S
S



 

 263

S

S
S

O

S
S

O
O

S
S



 

 264

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 39 
 

1H and 13C-NMR spectra of 
4,6-bis(N,N-diethyldithiocarbomate-methyl)thieno[3,4-d]-1,3-dithiol-2-one (41)
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1H and 13C-NMR spectra of 4-((phenylsulfinyl)methyl)-6-
((phenylthio)methyl)methyl)thieno[3,4-d]-1,3-dithiol-2-one (42)
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1H and 13C-NMR spectra of  
4-(chloromethyl)-6-(acetoxylmethyl)-thieno[3,4-d]-1,3-dithiol-2-one (43)
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1H and 13C-NMR spectra of 
4-(chloromethyl)-6-(phenylsulfinyloxylmethyl)-thieno[3,4-d]-1,3-dithiol-2-one (44)
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1H and 13C-NMR spectra of 4,4’,6,6’-tetra(diethoxyphosphorylmethyl)-(-2-
(thieno[3,4-d]-1,3-dithiol-2-ylidene)thieno[3,4-d]-1,3-dithiole (48) 
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1H and 13C-NMR spectra of 2,5-dibromo-3-butylthiophene (60a) 
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1H and 13C-NMR spectra of 2,5-dibromo-3-octylthiophene (60b) 
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1H and 13C-NMR spectra of 2,5-dibromo-3,4-dibutylthiophene (60c)
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1H and 13C-NMR spectra of 5-bromo-4-butyl-2-thiophenecarboxaldehyde (61a)



 

 290

S
O

H
C

Br

Bu



 

 291

S
O

H
C

Br

Bu



 

 292

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 48 
 

1H and 13C-NMR spectra of 5-bromo-4-octyl-2-thiophenecarboxaldehyde (61b) 
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1H and 13C-NMR spectra of 5-bromo-3,4-dibutyl-2-thiophenecarboxaldehyde (61c)
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1H and 13C-NMR spectra of 3-butyl-2-thiophenecarboxaldehyde (63a)
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1H and 13C-NMR spectra of 3-octyl-2-thiophenecarboxaldehyde (63b)
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1H and 13C-NMR spectra of 4-butyl-2-thiophenecarboxaldehyde (67a)
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1H and 13C-NMR spectra of 4-octyl-2-thiophenecarboxaldehyde (67b)
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1H and 13C-NMR spectra of 3-butyl-2,5-thiophenedicarboxaldehyde (68a)
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1H and 13C-NMR spectra of 3-octyl-2,5-thiophenedicarboxaldehyde (68b)
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1H and 13C-NMR spectra of 3,4-dibutyl-2,5-thiophenedicarboxaldehyde (68c)
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1H and 13C-NMR spectra of 2,3-dihydrothieno[3,4-b]-1,4-dioxine-5-carboxaldehyde 
(70a)
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1H and 13C-NMR Spectra of  
 7-bromo-2,3-dihydrothieno[3,4-b]-1,4-dioxine-5-carboxaldehyde (70b)
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1H and 13C-NMR Spectra of  
 2,3-dihydrothieno[3,4-b]-1,4-dioxine-5,7-dicarboxaldehyde (72)



 

 326

S

O
O

O
H

C
C

H
O



 

 327

S

O
O

O
H

C
C

H
O



 

 328

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 60 
 

1H and 13C-NMR spectra of 
4,6-bis((E)-2-(5-bromo-4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one 

(75a)
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1H and 13C-NMR spectra of 
4,6-bis((E)-2-(5-bromo-4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one 

(75b)
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1H and 13C-NMR spectra of 
4,6-bis((E)-2-(5-bromo-3,4-dibutylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3- dithiol-2-

one (75c)
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1H and 13C-NMR spectra of 
4-((1E)-2-(4-butyl-5-((E)-2-(2-oxothieno[3,4-d]-1,3-dithiol-4-yl)vinyl) thiophen-2-

yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (76a)
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1H and 13C-NMR Spectra of 
4-((1E)-2-(4-octyl-5-((E)-2-(2-oxothieno[3,4-d]-1,3-dithiol-4-yl)vinyl) thiophen-2-

yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (76b)
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1H and 13C-NMR spectra of 
4,6-bis((E)-2-(4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (77a)
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1H and 13C-NMR spectra of 
4,6-bis((E)-2-(3-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (77b) 
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1H and 13C-NMR spectra of 
4,6-bis((E)-2-(4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (77c) 
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1H-NMR spectrum of 
4,6-bis((E)-2-(5-formyl-4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one 

(78a)
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1H-NMR spectrum of 
4,6-bis((E)-2-(5-formyl-4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one 

(78b)
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APPENDIX 70 
 

1H-NMR spectrum of 
2-(4,6-bis((E)-2-(5-bromo-4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-

ylidene)-4,6-bis((E)-2-(5-bromo-4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3- 
dithiole (80a)
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APPENDIX 71 
 
 

1H-NMR spectrum of 
2-(4,6-bis((E)-2-(5-bromo-4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-

ylidene)-4,6-bis((E)-2-(5-bromo-4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiole 
(80b)
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APPENDIX 72 
 

1H and 13C-NMR spectra of 
2-(4,6-bis((E)-2-(4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-ylidene)-4,6-

bis((E)-2-(4-butylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiole (80c) 
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APPENDIX 73 
 

1H and 13C-NMR spectra of 
2-(4,6-bis((E)-2-(4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-ylidene)-4,6-

bis((E)-2-(4-octylthiophen-2-yl)vinyl)thieno[3,4-d]-1,3-dithiole (80d) 
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APPENDIX 74 
 

1H and 13C-NMR spectra of 
4-((E)-2-(2,3-dihydrothieno[3,4-b]-1,4-dioxin-5-yl)vinyl)-6-((E)-2-(2,3-

dihydrothieno[3,4-b]-1,4-dioxin-7-yl)vinyl)thieno[3,4-d]-1,3-dithiol-2-one (81a) 
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APPENDIX 75 
 

1H-NMR Spectrum of 
4,6-bis((E)-2-(5-bromo-2,3-dihydrothieno[3,4-b]-1,4-dioxin-7-yl)vinyl)thieno[3,4-d]-

1,3-dithiol-2-one (81b) 
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