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Introduction 

Polythiophene has been well-known as one of the most 
favorable conjugated conducting polymers,

1
 and expected as 

materials for organic solar cell
2
 and liquid crystal device.

3
 There 

has been growing interest due to its high conductivity, 

environmental and thermal stability. However, unsubstituted 

polythiophene is intractable and soluble only in solutions like 

mixtures of arsenic trifluoride and arsenic pentafluoride.
4
 To 

improve solubility in organic solvents and workability, 

substituted polythiophenes with flexible side chains have been 

synthesized in the 1980s.
5
 Notably, Hotta et al. prepared 

substituted thiophene having a n-hexyl chain at the 3-position, 

and polymerized it electrochemically
 

and chemically, and 

characterized the obtained polymer in solution,
 
and formed into 

films.
6
 Thenceforth, poly(3-hexylthiophene) has been used for 

preparation of electronic devices as organic photovoltaics and so 

on.
7
 Besides, 3-silyl substituted thiophenes are expected to 

improve in conductive performance of polymerized thiophenes 

by using steric and electrically positive properties of silyl group. 

Unfortunately, a few reports have been known to synthesize 

poly(3-trimethylsilylthiophene) and measure its electrochemical 

properties.
8
 On the other hand, polythiophenes containing 

perfluoroalkyl groups are also interested, because their 

amphiphilic properties, low surface energy and the electron 

withdrawing nature of the fluorinated alkyl chains, and large 

dipole moments induced by polar C–F bonds have powerful 
effects on the structural order and the orientation of organic 

semiconducting polymers in thin films.
9
 However, there is little 

information about poly(thiophene) having the properties of both 

silyl groups and perfluoroalkyl groups mentioned above. In this 

paper, we describe the convenient synthetic methods of 3-

silylthiophenes possessing perfluoroalkyl groups or other 

hydrocarbon groups on the silicon atom and their polymerization. 

Results and discussion 

Initially the synthesis of 3-silyl substituted thiophenes 1 

possessing perfluoroalkyl groups on the silicon atom was carried 

out. The results are shown in Table 1. According to the literature, 

bromosilane derivatives including two or three 1H,1H,2H,2H-

tridecafluorooctyl groups were prepared as silylation reagents.
10

 

Then the treatment of 3-bromothiophene with n-butyllithium and 

the following reaction with halosilanes afforded the 
corresponding 3-silyl substituted thiophenes 1 in good yields, 

independent of the number of perfluoroalkyl groups on the 

silicon atom.  

To compare the properties of the obtained thiophenes 1 to 

other substituted thiophenes, perfluoroalkyl substituted 
thiophenes without silicon atom were synthesized (Table 2). 3-
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Lithiothiophene prepared by the reaction of 3-bromothiophene 

with n-butyllithium reacted with triisopropyl borate in THF to 

form 3-thienylboronic acid. The reaction of resulted boronic acid 

with perfluoroalkyl iodide in the presence of palladium catalyst 

gave the corresponding 3-perfluoroalkyl substituted thiophenes 2. 

The reaction of perfluoroalkyl iodide including two or three 

methylene spacers provided the desired products in good yields 

(Entries 1 and 2). Though, 1H,1H-tridecafluoroheptyl iodide did 

not react at all under the same conditions (Entry 3).  

To quantify the fluorophilicity (f=ln P)
11

 of the obtained 3-

substituted thiophenes 1 and 2 possessing perfluoroalkyl groups, 

selected perfluorohexane (FC-72)/ethyl acetate and FC-

72/CH2Cl2 partition coefficients
12

 were measured. The data are 

summarized in Table 3. In the case of 1a and 2b having a 

1H,1H,2H,2H-tridecafluorooctyl group, the thiophenes 

respectively contain 51 and 57 wt.% fluorine and exhibited low 

fluorophilicity with slightly positive f values.
11

 The thiophenes 
1b and 1c possessing two or three perfluoroalkyl groups contain 

>60 wt.% fluorine and indicated higher fluorophilicity than 1a 

and 2b. Especially, 1c exhibited a significant fluorophilicity (f 

>3) in FC-72/CH2Cl2. 

Additionally, the synthesis of 3-silylthiophenes possessing 

other hydrocarbon groups on the silicon atom and 3-substituted 

thiophenes having methylene spacers between the silyl group and 

the thiophene ring was examined. These results are summarized 

in Table 4 and Scheme 1 respectively. The direct silylated 

thiophenes 3 having different silyl groups were synthesized by a 
similar reaction to obtain 3-silyl substituted thiophenes 1. In 

these reactions, the yields were affected by the kind of silyl 

groups. The reaction using sterically bulky silylation reagent did 

not proceed well (Entries 3 and 6), however, other reactions gave 

the target products in good yields. On the other hand, 

silylmethylmagnesium chloride or silylpropylmagnesium 

chloride reacted with 3-bromothiophene in the presence of nickel 

catalyst to afford the corresponding 3-silylalkyl substituted 

thiophenes 4 in good yields (Scheme 1).
13

  

Next, the polymer synthesis using the resulting 3-substituted 

thiophenes was investigated. Initially oxidative polymerization of 

3-silylthiophenes 1 or 3 with FeCl3 catalyst was attempted 
(Scheme 2).

14
 In these reactions, desired polythiophenes were not 

obtained, since desilylation was proceeded almost entirely during 

a polymerization. Then, synthesis of polythiophene known as the 

Grignard metathesis (GRIM) method was examined (Scheme 

3).
15

 The starting material, 2,5-dibromo-3-silylthiophene was 

prepared by the treatment of 1b with bromine in good yield. The 
resulted 2,5-dibromo-3-silylthiophene was treated with Grignard 

reagent to form an intermediate 2-bromo-5-bromomagnesio-3-

silylthiophene. To polymerize this intermediate, cross-coupling 

reaction using a catalytic amount of Ni(dppp)Cl2 was carried 

out.  However, the reaction proceeded to afford 2-bromo-3-

silylthiophene exclusively as hydrolysate, and the desired 
polymer was not obtained at all.  
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Then the monomers 1-4 were then polymerized by 

electrochemical technique  (Scheme 4). The corresponding 

polymers 5-8 were electrolytically deposited on glassy carbon 
(GC) from a 0.1 M Bu4NPF6 / nitrobenzene solution containing 

10 mM monomers 1-4, respectively. The potential of the working 

electrode was repetitively cycled from the negative potential 

where the electrolytic reaction did not occur to the potential 

where the monomer oxidized at a scan rate of 100 mVs
-1

.  All 

electrode potentials were referred to an Ag | 0.01 M AgClO4 in 

the experimental electrolyte solution electrode. Figure 1 

illustrates the linear sweep voltammograms of 10 mM monomer 

1a and 1b in a 0.1M Bu4NPF6 /nitrobenzene solution as an 

example. Since the anode current started to increase at about +1.1 

V with either monomer, this response is due to the oxidation of 

thiophene. Figure 2 and 3 show the repetitive cyclic 
voltammograms during the electropolymerization process of 1a 

and 1b. New oxidation-reduction wave appeared from -0.5 V to 

+0.8 V which did not appear in the oxidation of the monomer in 

Figure 1. These waves are found to be derived from polymers 

because they have grown by repeating cycles.  Unfortunately, 3-

silylthiophene 1c was insoluble in nitrobenzene, therefore the 
polymerization of 1c was not achieved. The resulting polymers 5-

8 were insoluble in any organic solvents. After polymerization, 

the coated electrodes were transferred into acetonitrile solution 

containing only 0.1 M Bu4NPF6. Figure 4 shows a cyclic 

voltammogram of polymer 5a over the whole potential range. 

The onset of polymer 5a oxidation occurs at +0.2 V and a set of 
anodic and cathodic peaks are observed at +0.65 V and +0.55 V, 

respectively. On the other hand, the onset of polymer 5a 

reduction occurs around -1.5 V and a set of cathodic anodic 

peaks are observed at -2.2 V and -1.8 V. The small anodic peak 

at ca. -1.6 V is attributable to the formation trapped cations.
16

 A 

similar result was observed in a cyclic voltammogram of polymer 
5b (Figure 5). These results clearly indicate both n- and p- 

dopable nature of poly(3-silylthiophenes) possessing 

perfluoroalkyl groups on the silicon atom, and suggest the 

possibility of materials for supercapacitors (type III),
17

 although 

the polymers 6-8 did not show apparent n-doping process. It is 

noteworthy that the ratio of n- and p-doping charge was polymer 
5b higher than polymer 5a. Though, it is unclear at present why 

polythiophenes having a fluorous silyl group revealed both n- 

and p-doping properties.  

To clarify the regioregularity of resulted poly(3-

silylthiopenes) 5, regioselective synthesis of bithiophenes and the 

following electropolymerization of them were investigated 
(Scheme 5). Firstly, the head-to-tail (HT) dimers 9 were prepared 

-0.5

0

0.5

1

1.5

2

2.5

3

-1 -0.5 0 0.5 1 1.5 2

Potential (V) vs. Ag/Ag+

C
u
rr

e
n
t 
D

e
n
si

ty
 (

m
A

/c
m

2
)

(a)

(c)

(b)

 

Figure 1. Linear sweep voltammograms of monomer 1a (a) and 1b (b). 
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Figure 2. Electropolymerization of 10 mM monomer 1a in a 0.1M  

Bu4NPF6 /nitrobenzene solution. Numerical values in the figure  

exhibit cycle number.  
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Figure 4. Cyclic voltammogram of 5a in 0.1 M Bu4NPF6/acetonitrile 

solution with a scan rate of 100 mV/s.  
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Figure 5. Cyclic voltammogram of 5b in 0.1 M Bu4NPF6/acetonitrile 

solution with a scan rate of 100 mV/s. 
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Figure 3. Electropolymerization of 10 mM monomer 1b in a 0.1M 

Bu4NPF6 /nitrobenzene solution. Numerical values in the figure  

exhibit cycle number. 
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as follows. The treatment of 3-silylthiophenes 1 or 3 with NBS 

afforded 2-bromo-3-silylthiophenes,
18

 and then the treatment of 1 

or 3 with n-butyllithium followed by an addition of trimethyltin 

chloride gave 4-silyl-2-stannylthiophenes.
19

 The still coupling of 

the resulting thienyl bromides with thienylstannanes provided the 

corresponding 2,5’-bithiophenes 9 in good yields.
19

 On the other 

hand, self-coupling of thienyllithium derived from the reaction of 
1 or 3 with n-butyllithium in the presence of Cu catalyst yielded 

5,5’-bithiophenes 10.
20

 The electropolymerization of 9a under the 

same condition of polymerization of 1 gave polymer films 11a on 

GC, and the cyclic voltammogram of the polymer 11a indicated 

both n- and p-dopable nature. However, the 

electropolymerization of bithiophene 10a under the same 

condition did not proceed well. The self-coupling reaction of 10a 

will be extremely difficult, because the bulky silyl groups near 

the reaction point have to be close together to react 

intermolecularly. As a consequence, these results suggest that the 

electropolymerization of 1 proceeded to produce the polymer 5 

with HT regioregularity.  

Conclusion 

In conclusion, synthesis of 3-silyl substituted thiophenes 1 

possessing perfluoroalkyl groups on the silicon atom has been 

described. To compare the effect of substituent groups on 
conductive properties of polythiophene derivatives, 3-

perfluoroalkyl substituted thiophenes 2, 3-silylated thiophenes 3 

having different silyl groups, and 3-silylalkyl substituted 

thiophenes 4 having methylene spacers were also prepared. The 

chemical polymerization of the resulting substituted thiophenes 1 

by oxidative polymerization using ferric chloride, and Grignard 

metathesis method did not proceed to afford the desired 

polythiophenes. On the other hand, the corresponding polymer 

films 5 were yielded by electrochemical oxidation. The resulting 

polymers 5 indicate both n- and p-doping properties, so they have 

the possibility of materials for supercapacitors. Further studies 

aimed at interpretation of effect of perfluoroalkylsilyl group on 
both n- and p-doping properties and application of the resulting 

polymer films into supercapacitors are now in progress in our 

laboratory. The results will be reported in due course. 
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