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Abstract—The synthesis of bis-, ter-, quater- and sexithiophenes using Stille methodology allows a controlled thiophene chain

elongation. © 2002 Elsevier Science Ltd. All rights reserved.

During the last two decades, chemistry of oligothio-
phenes has received considerable attention. For instance,
in June 2002, a SciFinder® Scholar 2001 data search on
‘oligothiophenes’ revealed 814 hits containing this termi-
nology. Undoubtedly, these ongoing efforts are related
to the moderate resonance energy of thiophene that
allows a good m-electron delocalization, and explains
why polythiophenes are among the best candidates for
second-order NLO applications. Recently, we and others
have shown that increasing the number of thiophene
units in a linker results in a concomitant increase of the
B-values of donor-acceptor systems.'™ In order to
systematically study the influence of oligomerization on
the optical properties, we therefore initiated a palladium-
based, rational synthetic approach toward well-defined,
regioregular oligothiophenes. The synthetic scheme we
adopted expands and improves the scope of Barbarella’s
preliminary approach to bisthiophenes.’ It consists in
employing the key synthon 4 that presents a univocal and
suitable functionality for Stille-type palladium couplings.

Herein, we wish to report a new, convenient synthesis of
regio-controlled poly[r]thiophenes (2 <n <6, Scheme 1).

In particular, we will show how the fine tuning of the
experimental conditions allows the selective preparation
of bis-, ter-, quater- and sexithiophenes. X-Ray crystal
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structure of quaterthiophene 7 (Scheme 4) reveals an
uncommon symmetry where the thiophene units adopt
a syn—anti-syn arrangement rather than the more classi-
cal all-anti (all-trans) geometry.®

Preparation of thiophene 4 involves O-benzylation of
commercially available 3-thienylethanol’ followed by
quantitative and selective bromination of the O-pro-
tected thiophene 2 (Scheme 2).
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Lithium-halogen exchange at —90°C followed by addi-
tion of Me,;SnCl afforded the trimethylstannylthio-
phene 4 in 90% overall yield (three steps). As already
reported by others,® trialkylstannylthiophenes exhibit
low stability upon silica gel chromatography purifica-
tion. Attempts to purify the raw material only led to
destannylation. Fortunately, compound 4 was pure
enough to be used in the following step without any
additional purification.

Validation of the coupling method was first carried out
using 2-bromothiophene and stannylated thiophene 4.
Combination of Pd,dba,; as a catalyst precursor and
AsPh; as ligand was used to generate the catalytic
species for the Stille reaction.® As shown in Scheme 3,
compound 4 smoothly reacted with 2-bromothiophene
at 60°C in DMF under the above mentioned catalytic
conditions, cleanly affording the monosubstituted
bisthiophene 5 in 75% yield. Optimizing the coupling
conditions led to the use of low catalyst loading.
Indeed, it has been determined that only 1.5% of palla-
dium source and 3% of ligand are sufficient to ensure
completion of the coupling reaction. Using the latter
conditions, bisthiophene 5 is isolated in 73% yield.

We next examined the formation of ter- and quaterthio-
phene using the strategy described above.

Coupling 2,5-dibromothiophene with stannane 4 under
palladium catalysis readily afforded terthiophene 6 in
60% yield after 24 h under reflux in DMF (Scheme 4).
When the same strategy was applied to 5,5-dibromo-
2,2'-bisthiophene and trimethylstannylthiophene 4,
quaterthiophene 7 was isolated in 50% yield.'® Interest-
ingly, it is worth noting that reaction of 5,5'-dibromo-
2,2'-bisthiophene with 4 readily proceeds at room
temperature. This enhanced reactivity illustrates the
fact that 5,5'-dibromo-2,2"-bisthiophene more likely
behaves like two independent 2-bromothiophene units

OBn
Pd,dba; (0.015 eq.)
AsPh3 (0.03 eq.
DMF, 60°C, 24 h IS \
-
s Br 5
73 %
Scheme 3.
/ \ OBn
Br S Br
n
4

Pdadbag (0.015 eq.)
(2€9)  Asphs (0.03 eq.), DMF

6-8

BnO
=1)=60 % (reflux, 24 h)
=2)=50% (rt,24 h)
m =4) =traces (rt, 24 h)

oo ~NoO

(n
(n
(n

m
m
2,

Scheme 4.

OBn
1) NBS, 2 eq. I\
= AN/
2)4,2 eq. \ s’2 2
Pdydbags, AsPhg
DMF, rt, 24 h
BnO
9
60%

Scheme 5.

rather than 2,5-dibromothiophene. Surprisingly, traces
of a biproduct—namely sexithiophene 8—were also
isolated from the reaction mixture in ca. 3% yield by
washings with Et,O, and characterized by usual meth-
ods. The presence of the latter can be explained either
by homocoupling of two 5,5-dibromo-2,2'-bisthiophene
units leading to dibromoquaterthiophene prior to bis
Stille reactions or a mono Stille reaction affording
brominated terthiophene subunit and further
dimerization.

The strategy presented in this paper allows the selective
access to oligothiophenes by iterative increase of the
thiophene chain. Thus, sexithiophene 9 was selectively
prepared in two steps starting from quaterthiophene 7
(Scheme 5).

Compound 7 was quantitatively brominated in the two
unsubstituted o-positions affording the corresponding
dibromoquaterthiophene. The latter was then coupled
with stannane 4 affording sexithiophene 9 in 60% yield.
Once again, the catalyst loading could be lowered to
1.5% of palladium precatalyst and 3% of ligand without
visible decrease of the catalytic activity.

A UV-vis study of compounds 1, 5-9 revealed interest-
ing features (Fig. 1). Indeed, in our series, it appears
that the absorption coefficient of the oligothiophenes

generally linearly varies with the number of thiophene
units of the molecule.
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The only exception concerns sexithiophene 9. The
absorption coefficient ¢ being closely related to elec-
tronic delocalization, it appears that 9 is not as conju-
gated as sexithiophene 8. This can be explained by the
increased steric bulk of 9 that possesses four chains
grafted on four thiophenic B-positions. Thus, 9
probably adopts a twisted conformation that accom-
modates the steric hindrance at the expense of the
conjugation.

Single crystals of 7 suitable for X-ray analyses were
obtained by slow diffusion of pentane into a chloro-
form solution containing the quaterthiophene.!' The
study revealed a C2 symmetrical arrangement (Fig. 2)
where the thiophene units adopted a syn—anti-syn con-
formation rather than the expected all-antiplanar
symmetry.

Although already reported in the literature,'>!* such
an arrangement remains unusual as the vast majority
of X-ray crystal structures reveal the more common
all-anti conformation in which the sulfur atoms all
point inward. A commonly admitted explanation for
this peculiar arrangement deals with the minimization
of steric energy involving S-S interactions and repul-
sions due to the presence of the B-substituents. As for
the spatial arrangement, the molecule possesses two
almost coplanar central thiophenes and two external
B-substituted thiophenes slightly twisted—the dihedral
angle is ca. 30°—from the main plane.

In conclusion, we have described selective, rational
accesses to bis-, ter-, quater- and sexithiophenes."
The latter were isolated in moderate to good yields
owing to palladium-based couplings between bro-
mothiophenes and stannylated derivatives. The X-ray
crystal structure of quaterthiophene 7 showed an
unusual syn—anti-syn arrangement of the thiophene
units.

Figure 2.
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Selected characterization. Compound 5: 'H NMR (400
MHz, CDCl,): ¢ 7.32 (m, 5H), 7.3 (dd, J=5.2, 1.2 Hz,
1H), 7.19 (d, J=5.2 Hz, 1H), 7.12 (dd, J=3.6, 1.2 Hz,
1H), 7.05 (dd, J=5.2, 3.6 Hz, 1H), 7.0 (d, J=5.2 Hz,
1H), 4.53 (s, 2H), 3.71 (t, J=7.1 Hz, 2H), 3.1 (t, J=7.1
Hz, 2H); '*C NMR (100 MHz, CDCl,): 138.4, 135.8,
135.6, 131.8, 130.1, 128.4, 127.6, 127.5, 127.4, 126.3,
125.6, 124.0, 72.9, 70.1, 29.6; MALDI-TOF HRMS calcd
for C;H,(0S,: (M+Na)* 323.0549. Found 323.0535;
UV-vis (CHCL;) nm: /4, (¢)=293 (8614). Compound 6:
'"H NMR (200 MHz, CDCl,): 6 7.30 (m, 10H), 7.20 (d,
J=5.1 Hz, 2H), 7.05 (s, 2H), 7.00 (d, J=5.1 Hz, 2H),
4.53 (s, 4H), 3.72 (t, J=6.9 Hz, 4H), 3.11 (t, /=6.9 Hz,
4H); 3C NMR (100 MHz, CDCl,): 138.4, 136.0, 135.9,
131.6, 130.3, 128.4, 127.7, 126.7, 124.2, 73.0, 70.2, 29.8;
MALDI-TOF HRMS calcd for C;,H,30,S5: 516.1423.

Found 516.1246; UV-vis (CHCl;)) nm: /., (¢)=334
(17 000). Compound 7: '"H NMR (200 MHz, CDCL,): &
7.34 (m, 10H), 7.20 (d, J=5.2 Hz, 2H), 7.01 (d, J=5.2
Hz, 2H), 7.12 (d, J=3.9 Hz, 2H), 7.05 (d, J=3.9 Hz,
2H), 4.56 (s, 4H), 3.75 (t, J=6.9 Hz, 4H), 3.14 (t, J=06.9
Hz, 4H); '*C NMR (50 MHz, CDCl;): 138.5, 137.1,
135.9, 135.1, 131.7, 130.5, 128.6, 127.8, 127.1, 124.3,
124.2, 73.1, 70.2, 30; MALDI-TOF HRMS calcd for
C5,H3,0,S,: 598.1123. Found 598.1044; UV-vis (CHCI,)
nm: A, (6)=377 (28000). Compound 8: '"H NMR (200
MHz, CDCl,): ¢ 7.31 (m, 10H), 7.19 (d, J=5.1 Hz, 2H),
7.10 (d, J=3.9 Hz, 2H), 7.08 (s, 4H), 7.03 (d, /=3.9 Hz,
2H), 7.0 (d, J=5.1 Hz, 2H), 4.54 (s, 4H), 3.72 (t, J=6.9
Hz, 4H), 3.11 (t, J=6.9 Hz, 4H); *C NMR (50 MHz
CDCl,): 139.0, 137.1, 136.6, 136.3, 136.2, 1354, 131.7,
130.8, 128.6, 127.9, 127.8, 127.3, 124.8, 124.8, 124.5, 73.2,
70.4, 30.1; MALDI-TOF HRMS caled for C4,H3,0,S4:
(M+H)* 762.0883. Found 761.9950; UV-vis (CHCl;) nm:
Jmax (£)=428 (50174). Compound 9: 'H NMR (400
MHz, CDCl,): ¢ 7.35 (m, 20H), 7.20 (d, J=5.1 Hz, 2H),
7.10 (d, J=3.6 Hz, 2H), 7.09 (d, J=3.6 Hz, 2H), 7.08 (s,
2H), 7.02 (d, J=5.1 Hz, 2H), 4.58 (s, 4H), 4.56 (s, 4H),
3.78 (t, J=17.1 Hz, 4H), 3.76 (t, J=7.1 Hz, 4H), 3.16 (t,
J=7.1 Hz, 8H); '*C NMR (100 MHz, CDCl;): 138.5,
138.4, 137.1, 136.3, 1359, 134.7, 134.3, 131.7, 131.7,
130.4, 129.5, 128.5, 127.7, 126.9, 126.8, 124.2, 124.1, 73.1,
73.1, 70.2, 70.0, 30.1, 29.9, 29.8; MALDI-TOF HRMS
caled for C¢,H;,0,S4: 1030.2316. Found 1030.2341; UV-
vis (CHCly) nm: A,,,, (e)=411 (27292).
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