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Synthesis and Structural Characterization of Alkyl Oligothiophenes—The First
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Regioselective bromination of alkylated bi- and ter-thiophenes affords key building blocks for the
synthesis of higher, isomerically pure alkyl oligothiophenes. For all new compounds, unequivocal
structural assignment is based on a detailed analysis of the fully coupled *C, '"H NMR spectra.

Polythiophenes are among the best investigated conjugated,
electrically conducting n-systems. As is the rule with polymers,
these materials lack a rigidly defined structural principle, due to
statistical chain-length distribution and interruption of the
conjugated chain by mislinkages and other defects. The physical
properties of such conducting polymers thus cannot be straight-
forwardly correlated to structural parameters. Oligothiophenes
have therefore gained more and more prominence in recent
years. By assembling defined oligomers step by step, via well
understood organic reaction sequences, materials are obtained
where both chain and conjugation length are well controlled
and rigorously defined.?

This painstaking synthetic procedure appears well justified
since such oligomers may serve, on one hand, as model
compounds for the respective polymers; they are far better
soluble as a rule, and thus can be characterized with much
higher precision.® Some of their physical properties, on the
other hand, even surpass those of the polymeric material. For
this reason, oligothiophenes have recently been advanced as
components for molecular electronic* and optical devices.> An
all-a-linked sexithiophene ‘6T has, in fact, been successfully
employed as an active component in an organic field-effect
transistor.* Fully conjugated polyheterocyclic systems are
likewise expected to display high non-linear optical effects.®
Finally, oligothiophenes have been used as starting materials
for the electrochemical preparation of polythiophenes.’

The series of a-conjugated oligothiophenes has recently been
extended to the decamer.® Solubility, however, drops drastically
with increasing chain length, sexithiophene, for instance, being
almost insoluble in organic solvents. Better solubility may be
effected by introducing alkyl side chains into the B-positions of
the thiophene moieties. Such substituents cause significant
steric hindrance, though, resulting in a more or less pronounced
twist between adjacent aromatic rings—as demonstrated ex-
perimentally by a hypsochromic shift of the longest-wave-
length absorption® and by a detailed 'H NMR spectroscopic
analysis '% of both oligothiophenes and the corresponding
poly(alkylthiophenes).!! Theoretical calculations likewise show
how the oligomer’s conformation changes upon introduction of
alkyl substituents in various positions.!°”

In this context, a series of alkyl-substituted oligothiophenes
has recently been synthesized including the dodecamer, the
largest oligothiophene definitely characterized so far.!? Like-
wise, terthiophenes with one, and sexithiophenes with two
solubility enhancing decyl and dodecyl groups, respectively,
have been reported.'3 Owing to the synthetic strategy, isomeric
mixtures of the various oligomers are expected, though, and the
absolute position of the alkyl substituents remains ambiguous.

t NMR analyses.

The compounds thus obtained cannot be assigned, even after
purification, an unequivocal structure.

Within the scope of our work on functionalized polythio-
phenes,!* we have also prepared highly soluble poly(alkyl-
terthiophenes).!> This communication presents the first rigidly
defined synthesis of alkyl oligothiophenes which may serve as
model compounds for the respective polymers. The product
structure of all compounds synthesized in this series has been
characterized unambiguously by a combination of 'H and fully
13C,'H-coupled NMR spectroscopy. Crystallographic analyses
for both an alkylterthiophene and a related dialkylsexithiophene
could additionally be obtained and support the NMR
spectroscopic assignments. !¢

Results and Discussion

Preparation of Alkyl-substituted Oligothiophenes.—a-Conjug-
ated oligothiophenes may be formed either by ring-closure
reactions, e.g. from diacetylenes!’ or 1,4-diketones,!® respec-
tively, or by C-C-linkage reactions between thiophenes and/or
oligothiophenes. In particular, transition metal-catalysed
methods have been developed within the last few years; among
these, the nickel-catalysed coupling of Grignard compounds
with bromoarenes represents the most direct procedure, besides
copper- and palladium-promoted reactions. This so-called
Kumada coupling generally affords excellent yields and high
purity of products.*®

All these coupling reactions require the respective mono-
halo oligothiophenes as starting material. Bromination of
thiophenes with molecular bromine gives a mixture of mono-
and di-bromothiophenes which can be separated by straight-
forward fractional distillation.2® Monobromo oligothiophenes,
on the other hand, are not accessible via this route. 5-Bromo-
2,2'-dithiophene, for instance, was obtained only by a multi-step
sequence, employing extensive protecting-group techniques.??
Direct bromination of oligothiophenes, even under the most
selective conditions, always gives some dibromo derivatives
which cannot be separated on a preparative scale.2? Somewhat
better results are obtained with N-bromosuccinimide (NBS) as
brominating agent in chloroform/acetic acid.?3 Bromination of
arenes with NBS is known to proceed with especially high
selectivity in dipolar-aprotic solvents, e.g. dimethylformamide
(DMF).>* We have therefore applied this technique to the
bromination of oligothiophenes, and observed a marked
increase in selectivity as compared with reactions in either
tetrachloromethane or chloroform/acetic acid mixtures.?®

The synthetic route to the various oligothiophenes, first
prepared in the course of the present study, is outlined in
Schemes 1-6. The central building block in each case is 3-
dodecylthiophene 1, which was obtained via Kumada coupling
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of 3-bromothiophene with dodecylmagnesium bromide.2®
Selective bromination of compound 1 with one mole equivalent
of NBS in DMF gave 2-bromo-3-dodecylthiophene 2 in 75%
yield. By nickel-catalysed coupling of the bromide 2 with 2-
thienylmagnesium bromide, 3-dodecyl-2,2-bithiophene 4 was
formed in 85% yield (Scheme 1). Bromination of 1 with two
mole equivalents of NBS afforded, in a smooth reaction and
in 86%; yield, 2,5-dibromo-3-dodecylthiophene 3. This in turn
was treated with two mole equivalents of 2-thienylmagnesium
bromide, in a nickel-catalysed Grignard coupling, to give 3'-
dodecyl-2,2":5',2"-terthiophene 6 (Scheme 2). The yield of
analytically pure product 6 drops to 31% in this case, how-
ever, since tedious chromatographic purification procedures are
required.
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The physical characteristics of compound 6 have been re-
ported recently, although without either synthetic details or
spectroscopic data.!3** Delabouglise et al.!3¢ have synthesized
3'-decyl-2,2":5’,2"-terthiophene, homologous with compound 6,
by the same procedure, and further elaborated it, via lithiation
and subsequent copper-catalysed coupling, to a mixture of
isomeric didecylsexithiophenes. Direct metallation of bi- and
ter-thiophene with butyllithium, however, is known to give
a substantial percentage of dilithiation (in both «-posi-
tions).225:23¢27 We have therefore tested the selectivity of our
NBS/DMF bromination procedure for dodecylbithiophene 4.
At room temperature, compound 4 reacted with one mole
equivalent of NBS to give a mixture of the two bromobithio-
phenes 5a, b (combined yield 47%), besides an 8% yield of a
dibromo derivative, which was smoothly separated by column
chromatography (Scheme 3). The structure of the isomers 5a
and 5b became immediately apparent from the 'H NMR
spectra (two AB systems for 5a; a singlet and an ABC system
for Sb). Surprisingly, the isomer Sa was formed with high prefer-
ence (88: 12, as determined by HPLC and NMR).
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Scheme 3

Reaction of the alkylterthiophene 6 with one mole equivalent
of NBS at —20°C gave the monobromo products 7 (36%),
besides a little of the dibromo compound 8 (4%). At room
temperature, the yield of the monobromo terthiophenes 7 went
up to 56%, but with a slight increase in the percentage of the
side product 8 (9%) (Scheme 4). The dibromo product 8 may be
prepared independently, in 66% yield, by reaction of 6 with two
mole equivalents of NBS (Scheme 5). At lower temperatures, the
two possible a-bromo terthiophenes are formed almost exclus-
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ively; the isomer ratio 7a/7b was found, by both 'H NMR
and HPLC analysis to be 90:10. Repetitive recrystallization
afforded the isomer 7a in 97% purity, in 26% total yield. The
definitive structural assignment of 7a, which relies mainly on 2D
correlation spectra, is detailed below. This unexpected high
selectivity in either bromination reaction must be attributed to a
better stabilization of the o-complex intermediates leading to
5a/7a where the positive charge can be formulated at the alkyl-
substituted carbon. This is not the case for the alternative attack
of bromine at the alkylated ring.

The isomerically pure bromo(dodecyl)terthiophene 7a is the
key intermediate for the ensuing synthesis of rigidly defined
higher oligomers. It cannot be dimerized to the respective
didodecylsexithiophene 9, however, by a Grignard coupling
reaction; in fact, 7a does not react to give, even in the presence of
entrainers, any Grignard compound. We therefore employed a
method developed by Colon and Kelsey for the coupling of
chloroarenes,® where the catalyst is prepared in situ from nickel
dichloride, triphenylphosphine, and zinc. This procedure has
already been extended to the synthesis of «-sexithiophene
from a-bromoterthiophene.??3* Under the conditions given in
Scheme 6 (75 °C; DMF), the bromoterthiophene 7a was indeed
dimerized to the isomerically pure didodecylsexithiophene 9 in
33% yield (Scheme 6). As expected, the melting point of our
product 9 (110111 °C) was distinctly higher than that reported
by Havinga et al. for their isomeric mixture (80-84 °C).134*
Compared with unsubstituted a-sexithienyl, 9 is excellently
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soluble in organic solvents; thus, its physical properties can be
characterized extensively. Both electrochemical and spectro-
electrochemical investigations, which will be reported separ-
ately,2? establish the well defined chemical character of our
didodecylsexithiophene 9. The structural assignment of com-
pound 9 is also unequivocal, resting on NMR as well as on
crystallographic data.

NMR Spectroscopic Structural Assignment.—Only a few 'H
and even fewer 13C NMR data of alkyl 1% and bromo 23304
oligothiophenes have been published. In particular, the assign-
ments of !3C resonances in these compounds !°%23¢3% have not
been confirmed in all cases. NMR data of the decyl and dodecyl
derivative of terthiophene 6 and sexithiophene 9 which would
be comparable to our compounds are either not given!34? in
the respective publications, or are simply listed without any
assignment.!3 We now report 'H NMR data for all new
compounds, and definitive 13C NMR data for representative
members of the series. In particular, in the case of the key
building block 7a, 2D correlation spectra (COSY, HX-COSY)
and fully !3C, H-coupled spectra were required. Furthermore,
2-bromothiophene and 5,5’-dibromo-2,2’-bithiophene had to
be included for comparison.

In Table 1, the ! 3C chemical shift data and all relevant '3C, 'H
coupling constants are collected for 2-bromothiophene and 3-
dodecylthiophene 1, for the dimers 5,5'-dibromo- and 5-bromo-
3’-dodecyl-2,2'-bithiophene 5a, and for the 5-bromo-3’-dodecyl-
2,2":5" 2"-terthiophene 7a in question. The chemical shifts and
C,H coupling constants in Table 1 are arranged in such a
manner that analogy between homologous and thence directly
comparable positions in the various thienyl structures becomes
immediately apparent. Assignment of all the NMR data
compiled in Table 1 is definitive; it is based mainly on the
analysis of selectively decoupled and C,H-correlated spectra.
The substituent pattern of the terthiophene is established
unequivocally as 5-bromo-3'-dodecyl-2,2":5",2"-terthiophene 7a
from the following arguments:

(i) In the first place, the four chemical shifts for C-2 to C-5, i.e.
for the bromo-substituted thienyl ring, are more or less identical
for 5a and 7a; all coupling constants, resolved in the fully
coupled spectra, likewise are numerically identical.

(i1) The dodecyl-substituted carbon in 7a has about the same
chemical shift as has that in 5a. The most prominent coupling
for this carbon in the bithiophene 5a is to the 5'-proton (3J,,,,,
9.4 Hz). This larger long-range coupling is missing from the
coupling pattern of the respective dodecyl-substituted carbon
in 7a. Consequently, both respective «-positions (2',5") are
blocked by a thienyl ring.

(iii) C-2 in 7a displays no coupling into the middle ring, as
does the C-2 carbon resonance in the dibromobithiophene:
3J(C-2,3'-H) 2.2 Hz.

(iv) The C-2' and C-3' chemical shifts are more or less identical
for 5a and 7a, i.e. the partial structures of both compounds on
the ‘right hand side’ of the molecule must be identical.

Taken together, these arguments are compatible only with a
structure which has both the bromo substituent on the outer,
and the dodecyl group on the middle ring, in the same
hemisphere of the terthiophene backbone. This assignment is
further strengthened by the X-ray data obtained for the
sexithiophene 9, which clearly indicate the same structural
features.'® A detailed description of all 'H and !3C NMR data
and assignments will be published separately.

Experimental

'H and '*C NMR spectra: Bruker ACF 250 spectrometer (*H,
250 MHz; '3C, 63 MHz), solvent CDCl,, shifts in ppm (vs.
SiMe, as internal standard), multiplicity, coupling constant(s)
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in Hz, assignment. M.p.s: Elektrotherm 9100; the m.p.s are not
corrected. Preparative column chromatograph: glass columns
of different sizes, packed with silica gel A 60, grain size 0.032—
0.063 mm (Riedel de Haen). HPLC: Shimadzu LC-9A pump
and SPD-M6A detector, Knauer Nucleosil NO, 5 pm columns.
GLC: Carlo Erba Auto-HRGC, detector FID EL 580,
integrator Spectra-Physics DP 700, 20 m OV 1701 glass
column, temperature program 100-300 °C, 16°/min, carrier gas
hydrogen. All experiments were performed under nitrogen as
inert gas with ‘absolute’ solvents. Elemental analysis data of all
new compounds are collected in Table 2.

3-Dodecylthiophene 1.—The synthesis was performed in a
slightly changed procedure from that given in ref. 26. I-
Bromodecane (149.54 g, 0.6 mol) was slowly added dropwise to
a suspension of magnesium turnings (iodine etched) (14.59 g, 0.6
mol) in diethyl ether (60 cm?), and the reaction mixture was
heated to reflux for 2 h. The Grignard solution was transferred
to the dropping funnel of a second apparatus via canula and was
added dropwise, through a frit, to an ice-cooled solution of 3-
bromothiophene (83.03 g, 0.5 mol) and Ni(dppp)Cl, (0.271 g,
0.05 mol) in diethyl ether (340 cm?). The mixture was refluxed
for 20 h, cooled to room temperature, and hydrolysed with 1
mol dm™3 HCI. The ether phase was separated, neutralized,
washed with water, dried over sodium sulfate, and evaporated.
The residue was fractionated under reduced pressure (b.p.
112 °C/1072 mmHg). 3-Dodecylthiophene 1 (109.39 g, 87%) was
obtained as a liquid (¢g 6.12 min).

2-Bromo-3-dodecylthiophene 2.—In the absence of light, a
solution of NBS (8.49 g, 48.0 mmol) in DMF (40 cm?) was
slowly added dropwise to a solution of 1 (10.95 g, 43.0 mmol) in
DMF (35 cm?®), and the mixture was stirred for 40 h, poured
onto ice, and extracted several times with diethyl ether. The
organic phases were combined, washed with water, and dried
over sodium sulfate. Evaporation of the solvent and distillation
under reduced pressure yielded 2 (11.52 g, 80.9%) as a slightly
yellow liquid (GLC > 95%). Subsequent fractionated distil-
lation afforded 2 (10.68 g, 75%) in > 989 purity (# 10.35 min);
64(250 MHz; CDCl,) 7.18 (1 H, d, 3J5 , 5.6, 5-H), 6.79 (1 H, d,
3J455.6,4-H),2.56 2H,t,3J,. ,-7.6,1'-H,), 1.40 20 H, 2’-11'-
H,)and 0.88 3 H, t, J 6.5, 12"-H;).

2,5-Dibromo-3-dodecylithiophene 3.—Compound 1 (30 g, 0.12
mol) and NBS (42.6 g, 0.24 mol) in DMF (450 cm?) are allowed
to react under the conditions given for the synthesis of 2. After a
reaction time of 3 h at 40 °C, compound 3 (42.76 g, 86%) was
obtained as a yellowish liquid (b.p. 150-160 °C/10~* mmHg;
GLC > 96%; tg 11.73 min); 64(250 MHz; CDCl,) 6.77 (1 H, s,
4-H),2.50(2H,t,%J,.,.7.6,1'-H,),1.53 (2H,m, 2'"-H,), 1.27 (18
H, 3'-11’-H,) and 0.88 (3 H, t, J 6.6, 12"-H,).

3-Dodecyl-2,2"-bithiophene 4.—From 2-bromothiophene
(2.31 g, 14.2 mmol) and magnesium turnings (0.38 g, 15.6 mmol)
in diethyl ether (50 cm?), the corresponding Grignard reagent
was prepared and coupled with bromide 2 (3.7 g, 11.2 mmol)
and Ni(dppp)Cl, (0.147 g, 0.27 mmol) in diethyl ether (30 cm?),
according to the procedure for the synthesis of 1. The
bithiophene 4 (3.18 g, 85%,) was isolated after distillation under
reduced pressure as a slightly yellow liquid (b.p. 175-
180 °C/5 x 107 mmHg), m.p. 0-10 °C, GLC > 96%, (t 13.27
min); 6,250 MHz; CDCl;)7.27(1 H,dd, 3J5. 4. 5.1,4J5. 3. 1.2,5"-
H),7.14(1H,d,3J5 ,5.4,5-H),7.09(1H,dd, 3J5. ,.3.7,%J5. 5. 1.2,
3-H),7.04(1H,dd,*J, 5.5.2,J, 5.3.7,4-H),6.91 (1H,d, %/, s
5.3,4-H),2.65(2H,t,J7.8,1"-H,), 1.54(2H, m,2"-H,) 1.25(18
H, 3"-11"-H,) and 0.80 3 H, t, J 6.6, 12"-H,).

3'-Dodecyi-2,2":5' 2"-terthiophene 6.—From 2-bromothio-
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Table 1
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13C chemical shifts and '3C, 'H coupling constants of selected bromo-, alkyl- and alkyl(bromo)-thiophenes

C-2

C3

c-4

C-2

C-¥

-4

C-5

Cc-2”

C-3”

c-4

C-5”

126.82

1J(C-2, 2-H)
2J(C-2, 3-H)
3J(C-2, 4-H)

127.51
1J(C-3,3-H)
2J(C-3,4-H)

129.71

1J(C-4, 4-H)
2J(C-4, 3-H)
3J(C-4, 2-H)

112.04

2J(C-5, 4-H)
3J(C-5, 3-H)
3)(C-5, 2-H)

184.6
49
11.4

169.1
4.5

172.6
8.6

22
14.0

119.73
L(C-2,2-H) 1826
3C-2,4-H) 9.6
3(C-2,5-H) 54
3JC-2,«-CH,) 5.4

143.24
2 C-¥,4-H) 54
jC-3,2-H) 38
3I(C-¥,5-H) 9.2

128.26

L(C-4,4-H) 1652
2jc-4,5-H) 40
3jC-4',2-H) 13.0
3J(C4',«-CH,) 9.2

124.99
LJ(C-5', §"-H)
2jC-s,4-H) 5.2
3C-5,2-H) 10

3 4
Br. S 2/ \5
5 Br

WA
Ty

4

137.80

2)(C-2, 3-H)
3J(C-2, 4-H)
3J(C-2, 3'-H)

124.16
1J(C-3, 3-H)
2J(C-3,4-H)

130.67
LJ(C-4, 4-H)
2J(C-4, 3-H)

111.54
2J(C-5, 4-H)
3J(C-5, 3-H)

5.2
11.0
2.2

169.3
47

173.5
49

1.6
14.8

137.80

(C-2,3-H) 54
3(C-2,4H) 9.1

4JC-2,5-H) 1.9

12621
1JC-3,3-H) 169.3
2jC-3,4-H) 47
130.13

1(C-4,4-H) 1729

2jC4,3-H) 52

111.74
2J(C-5, 4-H) 1.5
3J(C-5, 3-H)

129.55
a

140.24
JCH,4-H) 54
3)C-¥,5-H) 94

129.88
L(C-4,4-H) 1659
2jC-4,5-H) 46

3J(C-¥,s-CH,) 8.3
124.21

L(C-5,5-H) 186.4
2)C-5,4-H) 63

137.42
2jCc-2,3-H) S
3I(C-2,4-H) 105
126.06

1J(C-3,3-H) 1693
2)C-3,4H) 47
130.23

LJ(C-4,4-H) 168.6

2jC-4,3-H) 5.1

111.84
24C-5,4H) 17
3(C-5,3-H) 150

128.47
a

14091
jC-3,4-H) 37
2J(C-¥,«-CH,) 1.8

126.45

1J(C-4,4-H) 164.8

3J(C-4', «-CH,) 5.0
135.67

C-s, 4-H) 3.1
3(C-5,3-H) 5.0
4J(C-5, x-CH,) 1.3

136.98

Z)Cc-2,3-H) 43
3J(C-2",4"-H) 10.1
3J(C-2",5"-H) 6.5

123.78

1J(C-3", 3"-H) 166.8
2jC-3",4-H) 3.6
3C-3",5-H) 9.2

127.88

1J(C-4", 4"-H) 168.6
jc4,3-H) 3.6
2 C-4,5-H) 5.1

124.56
L{C-5", 5"-H) 187.1
2)C-5",4-H) 69
3C-5,3-H) 107

“ Couplings not resolved.
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Table 2 Elemental analytical data for the thiophenes 2-9

Requires (%)
Formula M.p./b.p. Found (%)
Com-  (molar °C/
pound mass) mmHg) C H Br S
2 C,¢H,,BrS 122-125 58.00 8.21 24.11  9.68
(331.9) 0.001 57.9 8.3 24.3 9.5
3 C,¢H,6Br,S  150-160 46.84 6.39 3895 782
(410.2) 0.001 47.1 6.5 38.9 7.95
4 C,0H3,0S, 175-178 71.80 9.04 19.17
(334.6) 0.005 71.9 9.0 19.1
5a CyoH,oBrS,  185-190 58.10 7.07 19.32 15.51
(413.5) 0.005 58.2 7.2 19.6 15.55
6 C,.H3.S; 39-40 69.18 7.74 23.08
416.7) 69.2 7.8 23.0
Ta C,4H;,BrS; 43-435 58.16 6.31 16.12  19.41
(495.6) 58.3 6.4 16.2 19.2
8 C,,H,,Br,S, 48-49 50.18 5.26 27.82  16.75
(574.5) 50.1 5.3 279 16.5
9 C,sHe,Se 110-111  69.43 740 23.17
(830.9) 69.5 7.5 229

phene (48.6 g, 0.298 mol) and magnesium turnings (7.9 g, 0.3
mol) in diethyl ether (100 cm?), the corresponding Grignard
reagent was prepared and coupled with dibromide 3 (42.76 g,
0.103 mol) and Ni(dppp)Cl, (0.275 g, 0.5 mmol) in diethyl ether
(100 cm?), according to the procedure for the synthesis of 1. The
reaction mixture in this case was extracted with dichloro-
methane, and the crude product was purified by chromato-
graphy on silica gel [eluent hexane-dichloromethane (40: 1)].
Recrystallization from methanol gave the terthiophene 6 (13.3 g,
31%) as yellow solid, m.p. 3940 °C; GLC > 98%,; # 23.25 min;
34(250 MHz; CDCl3) 7.31 (1 H, dd, 3Js. 4. 4.9, *Js. 5. 1.2, 5-H),
7.21(1H,dd, /5. 4. 5.1,%J5.. 3. 1.2,5"-H), 7.16 (1 H,dd, *J ;.. 4
3.6, *J3. 5. 1.2,3"-H), 7.13 (1 H, dd, J5 , 3.7, 3J5 5 1.2, 3-H),
7.07 (1 H, dd, 3J, 5 4.9, 3J, 3 3.7, 4-H), 7.02 (1 H, dd, *J,. 5~
5.1,3J,.5.3.6,4"-H), 7.02 (1 H, s, 4-H), 2.65 (2 H, t, J 7.8,
1”-H,), 1.58 (2 H, m, 2"-H,), 1.25 (18 H, 3"-11"-H,)
and 0.81 3 H, t, 3J,,... 45~ 6.5, 12"-H,).

5-Bromo-3'-dodecyl-2,2'-bithiophene Sa.—Compound 4 (1.5
g, 4.5 mmol) and NBS (0.8 g, 4.5 mmol) in DMF (15 cm?) were
allowed to react as described for the synthesis of 2. The NBS
was added over a period of 90 min, and the reaction mixture was
subsequently stirred for 5 h. After the usual work-up, the
product mixture (containing 4, 5a/b and the dibromo com-
pound) was purified by chromatography on silica gel (eluent
hexane), to afford Sa/b (88:12) (0.87 g, 47%,) as a pale yellow oil,
b.p. 185-190 °C/5 x 10> mmHg; m.p. 5-10 °C; GLC > 99%; tx
13.30 min; §,,(250 MHz; CDCl,) 7.17 (1 H, d, 3J5. 4. 5.2, 5'-H),
7.00(1 H,d,3J;,3.8,3-H), 6.91 (1 H,d, J,. 5. 5.2, 4-H), 6.84
(1H,d,3J,;38,4-H),269 (2H,t,J 7.8, 1"-H,), 1.60 (2 H,
m, 2”-H,), 1.25 (18 H, 3”-11"-H,) and 0.88 (3 H, t, J 6.6, 12"-
H,).

5-Bromo-3'-dodecyl-2,2":5' 2" -terthiophene 7a.—Compound 6
(4 g, 9.6 mmol) and NBS (3.4 g, 19.2 mmol) in DMF (80 cm?)
were allowed to react as described for the synthesis of 2. The
NBS was added over a period of 30 min, and the mixture was
subsequently stirred for 12 h. After the usual work-up, the
product mixture (containing 6, 7 and 8) was purified by
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chromatography on silica gel [eluent hexane-dichloromethane
(30: 1)] to afford crude regioisomers 7a/b (2.68 g, 567;,96.5:3.5)
as a pale yellow oil. Repeated recrystallization from ethanol
yielded 7a (1.25 g, 26%) as a yellow solid, m.p. 43-43.5°C;
HPLC > 98%‘ 04(250 MHz; CDCl;) 7.24 (1 H, dd, 315 a4 5.0,
e 5"-H)718(1Hdd 3504 3.6, *J3. 50 11,
3”-H), 704(1H dd, 3J,. 3.3.6,3J,-5-5.0,4"-H), 7.04 (1 H, d,
3J,33.8,4-H),7.02(1 H,s,4-H), 6.89 (1 H, d, °J5 , 3.8, 3-H),
268 2H,t,3,.,. 78, 1"-H,), 1.65 2 H, m, 2"-H,), 1.25
(18 H, 3"-11"-H,) and 0.88 (3 H, t, J 6.6, 12"-H,).
Additionally, pure dibromo derivative 8 (0.53 g, 9.4%) was
isolated by chromatography as a separate fraction.

5,5”-Dibromo-3'-dodecyl-2,2":5',2"-terthiophene 8 —Com-
pound 6 (2 g, 4.8 mmol) and NBS (2.76 g, 15 mmol) in DMF (70
cm?) were allowed to react as described for the synthesis of 2.
The NBS was added over a period of 30 min and the mixture
was subsequently stirred for 40 h, to yield compound 8 (1.84 g,
66%,) asayellow solid, m.p. 48-49 °C; 64(250 MHz; CDCl;) 7.00
(1H,d,3J,539,4H),699 (1H,d, 3/, 3 3.9,4"-H), 6.90 (1
H,s, 4'-H) 6.87(1H,d,3/5. 43.9,3"-H), 684(1H d, 375,39,
3-H),2.65(2H,t,J;. 5. 7.8,1"-H), 1.60(2H, m, 2"-H,), 1.25(18
H, 3”"-11"-H,) and 0.88 (3 H, t, J 6.59, 12""-H;). Additionally,
the monobromo derivatives 7 (0.23 g, 9.6%) were isolated by
chromatography as a separate fraction.

4',3"-Didodecyl-2,2":5',2":5",2"":5" ,2"":5" 2" -sexithiophene

9.—Anhydrous nickel dichloride (25.3 mg, 0.2 mmol), zinc (0.33
g, 5 mmol), and triphenylphosphine (0.33 g, 1.26 mmol) were
heated to 70 °C in DMF (5 cm?) for 1 h. The reddish-brown
solution turned green upon addition of alkyl(bromo)thiophene
7a (0.8 g, 1.6 mmol). The reaction mixture was heated to 70 °C
for 7 h, and filtered while hot. The product precipitated upon
cooling. Successive chromatography on silica gel [eluent
hexane-dichloromethane (3:1)] afforded the pure sexithienyl 9
(0.23 g, 33%) as orange microcrystals, m.p. 110-111 °C; 5H(250
MHz; CDCl;) 7.22 [2 H, dd, 3J5 45+ 4 ) 5.0, “J5‘3(5- oy
1.1, 5- and 5"-H], 7.17 [2 H, dd, *J;4p-a 3 X
4J3.53.50 1.1, 3-and 3""-H], 7.13 [2 H, dd J3 C @ 30
38,%J551.2,3" and4”'H] 7.04[2H,dd,*J . 33,4 3.8, 4-
and 3"-H],7.02[2H,dd, *J, s 54 5.0, 314 3,3 3.6,4-
and 4™-H], 7.02 (2 H, 3’ and 4”-H), 2.77 (4 H, t, J 7.8,
CH,C,,H,,), 1.68 (4 H, m, CH,CH,C, H,,), 1.25 (36 H,
CH,CH,[CH,],Me) and 0.88 (6 H, t, J 6.6, 2 x Me).

Acknowledgements

We gratefully acknowledge financial support by the Deutsche
Forschungsgemeinschaft (SFB 329) and the Bundesminister fiir
Forschung und Technologie (TK 0325).*

* M. B. Cis indebted to the GTZ (Deutsche Gesellschaft fiir Technische
Zusammenarbeit, Eschborn) for a Ph.D. scholarship, administered by
the DAAD (Deutsche Academischer Austauschdienst, Bonn).

References

I 8th Communication on thiophenes; 7th communication: P. Biuerle,
G. Goétz, P. Emele and H. Port, Adv. Mater., 1992, 4, 564.

2 F. Martinez, R. Voelkel, D. Naegele and H. Naarmann, Mol. Cryst.
Lig. Cryst., 1989, 167, 227.

3 P. Béuerle, Adv. Mater., 1992, 4, 102.

4 F.Garnier, G. Horowitz and D. Fichou, Synth. Met., 1989, 28, C705;
D. Fichou, G. Horowitz, Y. Nishikitani and F. Garnier, Synth. Met.,
1989, 28, C723; F. Garnier, G. Horowitz, X. Peng and D. Fichou,
Adv. Mater., 1990, 2, 592; B. Xu, D. Fichou, G. Horowitz and F.
Garnier, Adv. Mater., 1991, 3, 150.

5 K. Yoshino, Synth. Met., 1989, 28, C669.



494

6 H. Thienpont, G. L.J. A. Rikken, E. W. Meijer, W. ten Hoeve and H.
Wynberg, Phys. Rev. Lett., 1990, 65, 2141; D. Fichou, F. Gamier, F.
Charra, F. Kajzar and J. Messier, Special Publication of the Royal
Society of Chemistry, 1989, vol. 69, p. 176; M. T. Zhao, M. Samoc,
B. P. Singh and P. N. Prasad, J. Phys. Chem., 1989, 93, 7916.

7 L. Laguren-Davidson, C. Van Pham, H. Zimmerand H. B. Mark, Jr.,
J. Electrochem. Soc., Electrochem. Sci. Technol., 1988, 135, 1406.

8 Z.Xu, D. Fichou, G. Horowitzand F. Garnier, J. Electroanal. Chem.,
Interfacial Electrochem., 1989, 267, 339.

9 D. D. Cunningham, L. Laguren-Davidson, H. B. Mark, Jr., C. Van
Pham and H. Zimmer, J. Chem. Soc., Chem. Commun., 1987, 1021.

10 (a) G. Barbarella, A. Bongini and M. Zambianchi, Adv. Mater., 1991,
3,494; (b) J. L. Bredas, G. B. Street, B. Themans and J. M. Andre, J.
Chem. Phys., 1985, 83, 1323,

11 M. Zagorska, I. Kulszewicz-Bajer, M. Lapkowski, J. Laska, M.
Hasik and A. Pron, Synth. Met., 1991, 43, 3009.

12 A.Yassar, D. Delabouglise, M. Hmyene, B. Nessak, G. Horowitzand
F. Garnier, Adv. Mater., 1992, 4,490; D. M. deLeeuw, Synth. Met.,in
the press. (Proceedings of the International Conference on Synthetic
Metals, Goteborg, 1992).

13 (a) W. ten Hoeve, H. Wynberg, E. E. Havinga and E. W. Meijer, J.
Am. Chem. Soc., 1991, 113, 5887; (b) E. E. Havinga, I. Rotte, E. W.
Meijer, W. ten Hoeve and H. Wynberg, Synth. Met.,1991,41,473; (c)
D. Delabouglise, M. Hmyene, G. Horowitz, A. Yassar and F.
Garnier, Adv. Mater., 1992, 4, 107.

14 P. Béuerle and K.-U. Gaudl, Synth. Met., 1991, 43, 3037.

15 P. Béuerle and K.-U. Gaudl, unpublished results; M. Andersson, Q.
Pei, T. Hjertberg, O. Inganis, O. Wennerstrom and J. E. Osterholm,
Synth. Met., in the press (Proceedings of the International
Conference on Synthetic Metals, Goteborg, 1992).

16 P. Bauerle, K.-U. Gaudl, F. Pfau and S. Henkel, unpublished results.

17 J. Kagan and S. K. Arora, J. Org. Chem., 1983, 48, 4317.

18 A. Merz and F. Ellinger, Synthesis, 1991, 462.

19 K. Tamao, S. Kodama, I. Nakajima, M. Kumada, A. Minato and K.
Suzuki, Tetrahedron, 1982, 28, 3347.

J. CHEM. SOC. PERKIN TRANS. 2 1993

20 F. F. Blicke and J. H. Burckhalter, J. Am. Chem. Soc., 1942, 64,477,
M. A. Keegstra and L. Brandsma, Synthesis, 1988, 890.

21 R. F. Curtis and G. T. Phillips, J. Chem. Soc., 1965, 5134.

22 (a) 1. H. Uhlenbrock and J. D. Bijloo, Recl. Trav. Chim. Pays-Bas,
1960,79, 1181; (b) R. Kellogg, A. P. Schaap and H. Wynberg, J. Org.
Chem., 1969, 34, 343.

23 (a) J. Nakayama, T. Konishi, S. Murabayashi and M. Hoshino,
Heterocycles, 1987, 26, 1793; (b) C. van Pham, A. Burkhardt, R.
Shabana, D. D. Cunningham, H. B. Mark, Jr. and H. Zimmer,
Phosphorus Sulfur Silicon Relat. Elem., 1989, 46, 153; (¢) A.
McEachern, C. Soucy, L. C. Leitch, J. T. Arnason and P. Morand,
Tetrahedron, 1988, 44, 2403.

24 R. H. Mitchell, Y.-H. Laiand R. V. Williams, J. Org. Chem., 1979, 44,
4733,

25 F. Wiirthner, P. Biuerle and F. Effenberger, unpublished results.

26 M. Sato, S. Tanaka and K. Kaeriyama, J. Chem. Soc., Chem.
Commun., 1986, 873.

27 J. Kagan and S. K. Arora, Heterocycles, 1983, 20, 1937; Tetrahedron
Lert., 1983, 24, 4043; T. Kauffmann, Angew. Chem., 1974, 86,321; H.
Wynberg and A. Bantjes, J. Am. Chem. Soc., 1960, 82, 1447; D. S.
Noyce and D. A. Forsyth, J. Org. Chem., 1974, 39, 2828; J. Kagan,
S. K. Arora and A. Ustiinol, J. Org. Chem., 1983, 48, 4076.

28 J. Colon and D. R. Kelsey, J. Org. Chem., 1986, 51, 2627.

29 P. Biduerle, U. Segelbacher, K.-U. Gaudl, D. Huttenlocher and M.
Mehring, Angew. Chem., in the press.

30 A. Carpita, R. Rossiand C. A. Veracini, Tetrahedron, 1985,41, 1919;
R. Rossi, A. Carpita, M. Ciofalo and J. L. Houben, Gazz. Chim. Ital.,
1990, 120, 793.

Paper 2/0535TH
Received 6th October 1992
Accepted 12th November 1992



