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(Received 15 Aprii 1998) 

The synthesis of 3-octyl-thiophene, 3,3'-dioctyLbithiophene and 3,4',3"-tri(3-octyl)- 
terthiophene has been carried out by using the cross coupling reaction, catalyzed by 
nickel. These oligomers were polymerized by chemical oxidative method with FeC13 and 
electrochemically. The products were characterized by UV, 'H-NMR, I3C-NMR and 
GPC. The behavior and optical properties of the polymers obtained by different 
polymerization methodologies is discussed. 

Keywords: Thiophene oligomers; alkylthiophene; polyalkylthiophene; spectroscopic 
characterization 

INTRODUCTION 

The synthesis of alkylthiophene oligomers is receiving considerable 
attention due to the application on electronic devices such as transistors, 
light emitting diode or photovoltaic cells [ 1 - 51. The introduction of the 
hydrocarbon side chain improves solubility and builds up regio and re- 
gular structures for the modulation of the electrical and optical proper- 
ties of these materials [6- lo]. On the other hand, the polythiophene 
derived from well defined oligomers, where a regio and stereochemi- 
cal control is desirable, result in polymer with a significantly higher 
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266 F. MARTINEZ AND G. NECULQUEO 

conductivity, due to regiospecific synthesis of N 100% head-to-tail 
polyalkylthiophene [l 1 - 151. The processability of these polyalkylthio- 
phene is also highly improved due to the flexible side chains which 
reduces both the chain intractability and the P-coupling during poly- 
merization. 

The nickel-catalized cross-coupling reaction of thienyl bromides 
with thienyl magnesium bromides reagents has been employed. 

In this paper the spectroscopic data of 3-octylthiophene, 2-bromo-3- 
octylthiophene, 2,5-dibromo-3-octylthiophene, 3,3’-di(3-octyl)-2,2’-bi- 
thiophene and 3,4’,3”-tri(3-octy1)-2,2’:5’,2’’-terthiophene is given 
including UV, ‘H-NMR, and 13C-NMR analysis. The UV-visible ab- 
sorption spectra and GPC chromatograms of the polymers are dis- 
cussed in terms of the oligomer size and chemical or electrochemical 
methodology used for the polymerization. 

RESULTS AND DISCUSSIONS 

The alkyl substituted thiophene oligomers were synthesized as shown 
in Scheme 1. In all these couplings reactions the mono or dihaloge- 
nated alkylthiophene are required as starting materials, so the 
monobromo or dibromo oligothiophenes were obtained with N-bro- 
mosuccinimide (NBS). A high selectivity or bromination can be achie- 
ved when the reactions are carried out in dipolar - aprotic solvents 

A B C 

R - n-octyl 
SCHEME I Synthesis of 3-octyl-thiophene oligomers. 
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3-OCTYLSUBSTITUTED THIOPHENES 267 

such as dimethylformamide (DMF) and an adequate temperature 
control reaction. 

The cross-coupling reactions afforded some small amount of 
byproducts and the separation and purification of the reaction mixture 
was possible by column chromatography. The UV absorption 
maxima, A,,, of these oligomers have a smaller A,,, than the 
unsubstituted equivalent thiophene oligomers [ 161, probably due to the 
steric hindrance of the alkyl chain which results in a more or less 
pronounced twisting between the adjacent rings and do not allow a 
complete coplanarity of the rings. An hypsochromic shift of the 
longest wave length absorption has been observed for the alkylthio- 
phene [17] and some theoretical calculation have shown that the 
oligomer conformation change upon introduction of alkyl substituents 
in different positions [18]. The polymers of the three alkyl substituted 
thiophenes were all soluble in common organic solvents such as THF; 
chloroform, dichloromethane, dioxane, etc., giving yellow to orange 
solutions. The UV-visible spectra of the polymers, in chloroform 
solution, electrochemically polymerized are presented in Figure 1. 
Under the polymerization conditions, the polymers showed absorption 
maxima between 400 - 430 nm, however, when the chemically and 
electrochemically polymers are compared, Figure 2, an slightly higher 
A,,,, is observed for the poly-di(3-octy1)bithiophene chemically 
obtained, about 20- 30 nm, above the electrochemical one. The 
conjugation length of this polymer would be higher compared with 
the same polymer obtained via electrochemically where the possibility 
of a, P coupling has been previously demonstrated [19], and by this 
way the interruption of the conjugation length proceeds. On the other 
hand, by comparison of the poly(3-octy1)bithiophene with the poly- 
di(3-octyl)bithiophene, both chemically polymerized, Figure 3, we 
observe a red shift of about 20 nm for the bithiophene based polymer. 
This phenomenon confirms the greater conjugation length that is ob- 
tained when the starting material is richer in a, a’ coupling and can be 
extended to the trimer of tetramer based polymers. 

Table I summarizes the molecular weight (Mn, Mw) of the poly(3- 
octy1)thiophene and poly-di(3-ocyt1)bithiophene under different poly- 
merization methods. The GPC chromatograms of electropolymerized 
polymers ( poly-di(3-octy1)bithiophene) showed a fraction of high 
molecular weight which was not observed in those polymers obtained 
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FIGURE 1 
bithiophene (c) poly-tri(3-octyl)terrhiophene, electrochemically polymerized. 

Absorption spectra of (a) poly(3-octy1)thiophene (b) poly-di(3-octyl)- 

via chemical oxidation, Figure 4. This behavior can be associated to 
the crosslinking process of the electropolymerization which has been 
observed in other electroobtained alkylthiophene polymers, the one 
finally produce insoluble materials, when the polymerization time 
exceeds 30 or more hours [19]. 

CHARACTERIZATION 

The 'H and I3C-NMR spectral data were obtained from Bruker WP- 
270 NMR spectrometer. The ultraviolet-visible spectra were recorded 
using a Perkin Elmer Lambda 11 UV spectrophotometer. The molec- 
ular weights were determined using a gel permeation chromatograph 
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FIGURE 2 Absorption spectra of poly-di(3-0ctyl)bithiophene (a) chemically poly- 
merized (b) electrochemically polymerized. 

(GPC Bruker LC-2B, refractive index detector and 10’- lo5 A Bruker 
columns relative to polystyrene standards). The polymers samples 
were dissolved and eluted with tetrahydrofuran. 

EXPERIMENTAL 

3-octylthiophene (a) 

Into a dry flask was placed 5.6 g (0.23 mmol) of magnesium turnings 
and iodine in diethyl ether (60 ml) which was purged with argon. Then 
40 ml, (0.23 mol) of l-bromooctane was slowly added maintaining 
reflux for 2 h. Then the octylmagnesium bromide obtained was added 
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FIGURE 3 Absorption spectra of (a) poly-di(3-octy1)bithiophene (b) poly(3-oc- 
fyl)thiophene, both chemically polymerized. 

TABLE I 
thiophene polymers 

Gel permeation chromatographic results of chemically and electrochemically 

Pol.~(3-oclyl )thiophene Poly-di(li-oct)~[)bithiophene 
chemical rlectrochetn. chemical electrochem 

~~ 

Mw (gimol) 37.000 59.000 52.000 90.100 * 
Mn (gimol) 23.300 44.000 24.400 93.000 * 
*high molecular weight fraction. 

slowly to an ice-cooled solution of (1 8 ml, 0.19 mol) 3-bromothiophene 
and 100 mg, 0.019 mol) of Ni (dppp) C12 in 80 ml of diethyl ether. The 
mixture was refluxed for 18h, cooled to room temperature, and 
hydrolyzed with 1 M HCI. The organic phase was separated, washed 
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FIGURE 4 GPC chromatograms of poly-di(3-octy1)bithiophene (a) chemically poly- 
merized (b) electrochemically polymerized. 

with distilled water until pH neutral, dried over MgS04 for 3 h and 
then the solvent was removed by rotary evaporation. The product 
was purified by distillation under reduced pressure yielded 23.17 g, 
62% of 3-octylthiophene obtained as a liquid colorless. A,,, CHC13, 
236.8 nm. 'H-NMR (270 MHz, CDC13, ppm) 0.96 (t, 3H); 1.34- 1.63 
(m, IOH); 2,68 (t, 2H); 6.96 (d, I H, thiophene ring, H-4)); 6.97 (d, IH, 
thiophene ring, H-5), 6.98 (s, IH, thiophene ring, H-2). I3C-NMR 
(75 MHz, CDCL3, ppm): Aromatics: 143.2 C(3); 128.3 C(4); 125.0 
C(5); 119.5 C(2). Aliphatics: 31.89; 30.56; 30.27; 29.71; 29.44; 29.36; 
22.68; 14.10. 

2-bromo-3-octylthiophene (b) 

In the absence of light, to a solution of 16.81 g. (0.085mol) 3- 
octylthiophene in 35 ml of dimethylformamide (DMF) were slowly 
added 15.24 g. (0.085 mol) of N-bromosuccinimide in 50 ml of DMF. 
The mixture was stirred for 40 h, and poured onto ice, and extracted 
several times with diethyl ether. The organic phase was washed with 
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212 F. MARTINEZ AND G. NECULQUEO 

distilled water and dried over sodium sulfate, the solvent was extracted 
and the product was purified by vacuum fractional distillation. The 
product, 19 g of yellow liquid was obtained in 79% yield. A,,, CHC13, 
240.4 nm. 'H-NMR (270 MHz, CDC13, ppm) 0.9 (t, 3H); 1.25- 1.39 
(m, l0H); 2,59 (t, 2H); 6.80 (d, l H ,  thiophene ring, H-4)); 7.19 
(d, IH, thiophene ring, H-5). I3C-NMR (75 MHz, CDCL3, ppm) Aro- 
matics: 141.86 C(3); 128.13 C(4); 125.03 C(5); 108.79 C(2). Aliphatics: 
31.96; 31.90; 29.75; 29.39; 29.26; 29.25; 22.69; 14.11. 

2,5-dibromo-3-octylthiophene (c) 

In the absence of light, to a solution 15.14g (0.077mol) of 3- 
octylthiophene in 30 ml de DMF was slowly added 27.79 g (0.15 mol) 
of NBS in 130 ml of DMF. The mixture was stirred for 3 h at 40"C, 
and poured onto ice, and extracted several times with dichloro- 
methane. The organic phase was washed with distilled water and dried 
over sodium sulfate, the solvent was extracted and the product was 
purified by vacuum fractional distillation. A,,, CHC13, 245.2 nm. 'H- 
NMR(270 MHz, CDC13, ppm) 0.91 (t, 3H), 1.30 (m, IOH), I .53 
(m, 2H), 2.52 (t, 2H), 6,78 (s, 1H). I3C-NMR(75 MHz, CDCL3, ppm) 
Aromatics: 142.90 C(3); 130.87 C(4); 110.28 C(2); 107.90 C(5). 
Aliphatics: 31.86; 29.56; 29.45; 29.33; 29.21; 29.1 1; 22.26; 14.13. 

3,3'-di(3-octyl)-2,2'-bithiophene (d) 

3.9 g, (0.014 mol) of 3-octylthiophene magnesium bromide was added 
slowly to an ice-cooled solution 3.1 of g (0.01 1 mol) of 2-bromo-3- 
octylthiophene and 100 mg. of NiC12(dppp) in 60 ml THF The mixture 
was refluxed for about 40 h, hydrolyzed with 1 MHC1, washed with 
distilled water, dried with MgS04 and extracted the solvent. The product 
an brown oil was purified by silica gel chromatography using hexane- 
chloroform mixture yielded 3,3'-dioctyl bithiophene as a slightly 
yellow liquid (oil). A,,, CHC13, 247.6 nm. 'H-NMR (270 MHz, 
CDC13, ppm) 0.9 (m, 6H), 1.2 (m, 20H), 1.5 (m, 4H), 2.5 (m, 4H), 6.93 
(d, 2H), 7.24 (d, 2H). 13C-NMR (75 MHz, CDCL3, ppm): Aromatics: 
142.32 C(3); 128.76 C(4); 128.52 C(2); 125.87 C(5). Aliphatics: 31.91; 
30.76; 29.47; 29.44; 29.26; 28.33; 22.70; 14.13. 
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3-OCTY LSUBSTITUTED THIOPHENES 273 

3,4’,3’r-tri(3-octyl)-2,2’:5’,2rf-terthiophene (e) 

3.9 g (0.014 mol) 3-octylthiophene magnesium bromide was added slow- 
ly to an ice-cooled solution of g. of 2,5-dibromo-3-octylthiophene and 
120 mg. of NiClddppp) in ml THF. The mixture was observed by chro- 
matography. The mixture was then hydrolyzed with 1M HCl, washed 
with distilled water and dried over MgS04. A,,, CHC13, 3 14.5 nm. 
H-NMR (270 MHz, CDC13, ppm) 0.9 (t, 9H), 1.3 (m, 30H), 1.6 (m, 6H), 

2.5 (m,4H), 2.7 (m,2H), 6.93 (d, lH), 6.95 (d, lH), 6.97 (s, IH), 7.14 
(d, lH), 7.3 (d, IH). 13C-NMR (75 MHz, CDCL3, ppm). Aromatics: 
142.9 C(4’, 3”); 140.0 C(3); 130.5 C(2); 129.1 C(4,4”); 128.6 C(5’, 2”); 
127.6 C(3’); 125.8 C(5”); 124.2 C(2’); 123.9 C(5). Aliphatics: 32.7; 31.3; 
31.2; 30.2; 29.9; 29.8; 29.4; 23.4; 23.2; 14.6. 

1 

POLYMER IZATl ON 

The 3-octylthiophene, 3,3’-dioctylbithiophene and 3,4’,3’’-tri(3-octyl)- 
terthiophene were polymerized, using 0,2 M solution of FeC13 in aceto- 
nitrile/chloroform mixture (5: 1) at room temperature under argon 
atmosphere. After being stirred for 48 h., the polymer were precipitated 
in methanol, filtered, washed thoroughly with methanol- acetone mix- 
ture and then dried under vacuum at 60°C during 12 h. The electro- 
chemical polymerization was carried out using 0.1 M of oligomers, 
acetonitrile or acetonitrile/dichloromethane mixture and 0.05 M of 
tetrabutylammonium perchlorate (TBAC104) as electrolyte. A two 
compartment cell was used with platinum working electrodes. Current 
densities of 3 mA/cm2 were used and the polymerizations were per- 
formed at room temperature and purged with argon or nitrogen for 
about 10 minutes before applying the current. The polymer films were 
carefully separated from electrodes, washed with methanol and then 
dried under vacuum at 60°C during 12 h. 
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