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Abstract: Synthesis of oligothiophenes of well-defined structures that possess 2—8 thiophene units is
performed with a new synthetic strategy involving C—H homocoupling of bromothiophenes and cross-
coupling with organostannanes. Tolerance of the carbon—bromine bond to the palladium-catalyzed C—H
homocoupling results in oligothiophenes bearing C—Br bonds at the terminal thiophene rings, which allow
further transformation by the catalysis of a transition-metal complex.

Introduction in the presence of silver(l) fluoride to afford the corresponding
bithiophenes highly efficientl§:> Worthy of note is that the
homocoupling reaction of 2-bromothiophene also occurs at the
C—H bond and the €Br bond is completely intact. Accord-
ingly, the obtained bithiophene possesses tweB€ bonds,
which are readily available for a variety of transition-metal-
catalyzed coupling and other reactions forming carbcarbon
bonds or carbonheteroatom bondsHerein, we describe further
studies on the homocoupling of several bromothiophene deriva-
tives, and the synthesis of oligothiophenes bearing82
thiophene units of well-defined structure is performed with the
palladium-catalyzed €H homocoupling of bromothiophene
derivatives.
Results and Discussion

When 2-bromothiophenel§) was treated with silver(l)
fluoride in the presence of 3 mol % of P@@hCN) in DMSO,
5,5-dibromo-2,2-bithiophene 2a) was obtained in 77% vyield
as shown in eq 1. The reaction was shown to occur at room

* Present address: Department of Chemical Science and Engineering,teémperature, albeit the related homocoupling reaction of other
Kobe University, 1-1 Rokkodai, Nada, Kobe 657-8501, Japan. thiophene derivatives must be carried out at elevated temper-
(AI*SI}lr?tional Institute of Advanced Industrial Science and Technology gt res (60°C or higher). Despite the use of the palladium
(1) (3) Briehn, C. A.; Schiedel, M.-S.; Bonsen, E. M.; Schuhmann, ieBe, complex as a catalyst, the-@r bond oflawas found to be

P. Angew. Chem., Int. EQ001, 40, 4680-4683. (b) Tour, J. MChem. i i i ithi [2 0 =)
Rev. 1996 96, 537-553. (c) Facchetti, A.; Yoon, M.-H.; Stern, C. L.; Katz, completely intact to afford the dibrominated blthIOph

H. E.; Marks, T. J Angew. Chem., Int. ERR003 42, 3900-3903. (d)
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Macromol. Rapid Commur2002 23, 583-606. (f) Izumi, T.; Kobashi,

Oligothiophenes have recently attracted remarkable attention
as materials showing conductive, semiconductive, nonlinear
optical, and liquid crystalline characteristics. Hence, it becomes
important to synthesize oligothiophene derivatives with well-
defined structures in high efficienéyHomocoupling of thiophene
is one of the most simple and practical pathways for bithiophenes;
thus, repeating homocoupling of thiophene derivatives leads to
further oligomers. Several homocoupling reactions of thiophene
derivatives have been shown to proceed with a transition-metal
catalyst. Dehalogenative coupling of halothiophéraesl oxida-
tive coupling of metalated thiopherfeafford the corresponding
bithiophenes. On the other hand, the coupling of thiophene at
the carbon-hydrogen bond, which is much more straightfor-
ward, would be intriguing. We have preliminarily shown that
palladium-catalyzed homocoupling of several thiophene deriva-
tives takes place at the-€H bond adjacent to the sulfur atom

S.: Takimiya, K.; Aso, Y.: Otsubo, Tl. Am. Chem. S02003 125 5286- Br_@ AdF o N0\ g )
5287. (g) Otsubo, T.; Aso, Y.; Takimiya, KBull. Chem. Soc. Jpr2001, S DMSO. rt S S

74, 1789-1801. (h) Funahashi, M.; Hanna, J.Adv. Mater. 2005 17, !

594-598. (i) Wu, X.; Chen, T.-A.; Rieke, R. DMacromoleculesl996 1a 2a (77%)

29, 7671-7677. (j) Hassan, J.; Gozzi, C.; Schulz, E.; Lemaire, M.
Organomet. Chen2003 687, 280-283. . X
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40, 857-858. (c) Zembayashi. M. Tamao, K.. Yoshida, J.: Kumada, M.: place with silver(l) nitrate/potassium fluoride system, which is
Tetarahedron Lett1977 18, 4089.
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Table 1. Palladium-Catalyzed C—H Homocoupling of R PdCIy(PhCN), cat. R R
Bromothiophene Derivatives? m AgNO,/KF AW @
bromothiophene method”  time.h yield,%* Br S Br S S Br
’ ’ DMSO, 60 °C
1d (R=H 2d (R=Hex): 99%
Brﬂ A 3 7 1e ((R=MZ))() 2e ((R=M:))(:) 80%
S
L B 24 32 examined. Synthesis of 2-bromo-3-(4-hydroxybutyl)thiophene
a C 12+12 81 1f was carried out as outlined in Scheme 1. Sonogashira
; coupling of 3-bromothiophene with 2-ethanolamine as an
Br A 5 70 activator at 60°C followed by hydrogenation of the triple bond
Brm c 12412 %0 and bromination with NBS affordetf.® Treatment oflf with
S AgNO3/KF (2 equiv) in two portions in the presence of 3 mol
1b % of PACH(PhCN}) afforded 2f in 70% vyield. It should be
pointed out that the homocoupling reaction of a bromothiophene
Br A 5 594 derivative bearing a hydroxy group took place without protection
of the hydroxy group.
BFQ C 12+12 75¢
Scheme 1
1c —="\_-OH OH
aThe reaction was carried out with PAGEhCN) (3 mol %), AgF or Br gfﬂ%%:m??i)(s mol%) 4 1) Hp, Pd/C
AgNOg/KF in DMSO at room temperatur@ Method A: The reaction with {/ \S [CH3(CH,)151sNCI (10 mol%) A\ 2) NBS
AgF (2 equiv). Method B: The reaction with AQNF (2 equiv/2 equiv, E——

addition in one portion). Method C: The reaction with AgMKF (2 equiv/2
equiv, addition in two portionsY. Unless noted, isolated yield was shown.
d The yield was estimated By NMR, using trichloroethene as an internal
standard.

much less expensive than AgF, to aff@alin 52% yield under

similar conditions. Table 1 summarizes the reaction of several
bromothiophene derivatives. It was also found that the addition

of AgF or AgNGOy/KF in several portions improved the yield
of homocoupling. When the addition of AgN®F in two

S THF, 60 °C ) it

ag. o ~NHz (0.5M) 95%

94%

(CH,)4OH PdCI,(PhCN), (3 mol%) (CH2)4OH (CH2)40H
AgNO;-KF
|- IOy > g\ /S\ Br
DMSO, 60 °C S
70% 2f

Since the synthetic protocol for several dibromobithiophene

portions with stirring each 12 h was conducted at room gerivatives was in hand, we envisaged the synthesis of further

temperature2awas obtained in 81% yield. The homocoupling
reaction of 2,3-dibromothiophenellf) and 2,4-dibromo-

oligomers with the palladium-catalyzed homocoupling method.
Selective monodebromination 28l was performed with 1 equiv

bithiophene {c) was shown to take place under conditions of n-putyllithium at —78 °C to afford 3, which was again

similar to those of the reaction dfa. The reaction proceeded
to afford the corresponding tetrabromobithiopheBbsnd 2c

subjected to the palladium-catalyzed-B homocoupling with

AgNO3/KF at 100°C. Quaterthiophené was obtained in 28%

in 70% and 59% yields, respectively. Bromine atoms at the 3- yield after stirring at 100C for 24 h in DMSO. The low yield

and 4-positions were also intact under the palladium-catalyzed of 4 in the homocoupling would be due to the steric congestion
reaction conditions. It was also found that the addition of of the head-to-head unit of the hexyl groups.

AgNO3/KF improved the yield o2b and2c to 90% and 75%,
respectively. A similar effect with the use of the AgNRF

On the other hand, quaterthiophene with opposite héait
regularity was synthesized by the combination of sequential

system instead of AgF was also observed in the related pickel-catalyzed dehalogenative homocoupitfgnd the pal-

palladium-catalyzed €H substitution reaction of thiophene and
thiazole derivative® 7 although the role of the silver reagent is
completely different in that AgF was transformed into Agl in
the C—H substitution, while homocoupling afforded Ag(0).

ladium-catalyzed €H homocoupling. Treatment dfd with
zinc powder in the presence of a nickel catalyst underwent
debrominative homocoupling to affoflin a good yield. The
obtaineds was then subjected to the selective monobromination

We then performed the reactions of thiophene bearing an alkyl ynder mild conditions with NBS. The palladium-catalyzed€
substituent at the 3-position. Bromination of 3-hexylthiophene homocoupling reaction of the monobrominated bithiophéne
and 3-methylthiophene with NBS afforded 2-bromo-3-hexyl- in the presence of AgNEKF furnished? in 50% yield (Scheme

thiophene {d) and 2-bromo-3-methylthiopheneld) regio-
selectively® Treatment ofld with 1 mol % of PdC}(PhCN)

2).

in the presence of silver(l) nitrate and potassium fluoride at 60 (5) See also: (a) Mori, A.; Sekiguchi, A.; Masui, K.; Shimada, T.; Horie, M.;

°C for 6 h underwent homocoupling to give 5dibromo-4,4-
dihexyl-2,2-bithiophene 2d) in 99% vyield. The bithiophene
derived fromle was also obtained in a similar manner. The
reaction with AgF at room temperature toh resulted in giving
2ein 72% yield. The addition of AQNEKF (2 equiv) in two
portions and stirring at 60C for 3 h x 2 improved the yield
(80%).

Homocoupling of a bromothiophene derivative that possessed
a hydroxy group in the alkyl chain at the 3-position was then

Osakada, K.; Kawamoto, M.; Ikeda, J..Am. Chem. So2003 125 1700~
1701. (b) Masui, K.; Mori, A.; Okano, K.; Takamura, K.; Kinoshita, M.;
Ikeda, T.Org. Lett.2004 6, 2011-2014.

(6) (a) Diederich, F., Stang, P. J., Edgetal-Catalyzed Cross-Coupling
Reactions Wiley-VCH: Weinheim, 1998. (b)Metal-Catalyzed Cross-
Coupling Reactions2nd ed.; de Meiere, A., Diederich, F., Eds.; Wiley:
New York, 2004.

(7) Kobayashi, K.; Sugie, A.; Takahashi, M.; Masui, K.; Mori, @rg. Lett
2005 7, 5083-5085.

(8) Barbarella, G.; Bongini, A.; Zambianchi, Macromolecule4994 27, 7,

3039-3045.

(a) Mohamed Ahmed, M. S.; Sekiguchi, A.; Masui, K.: Mori, Bull.

Chem. Soc. Jpn2005 78, 160-168. (b) Sonogashira, K.; Tohda, Y.;

Hagihara, N.Tetrahedron Lett1975 16, 4467.
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Scheme 2
Hex Hex 1) n-BuLi (1 eq) Hex Hex
ITHF, -78 °C
Br/\/\Br—>Br/\/\H
S S 2) H,0 S S
68% 3
2d
PdCIl,(PhCN), (5 mol%) Hex Hex  Hex Hex
AgNO4/KF
. gl N\ I\ I\ g
DMSO, 100 °C S s S s
28%
4
NiCl,(PPhg), (10 mol%)
PPh; (20 mol%) Hex Hex Hex Hex
Zn (1 eq), Kl (2.5 mol%
1 n (1 eq), KI (2.5 mol%) A A NBS Br/\ /\H
THF S s CHCI3-AcOH S S
0,
94% s 779 .
PdCI,(PhCN); (5 mol%) Hex Hex Hex Hex
AgNOZ/KF
S N W A
s S S S

DMSO, 100 °C
50% 7

Alternatively, the intermediate bithiophesewas obtained
from tetrabromobithiophen@c as shown in eq 3. Selective
debromination took place at the 5Fositions in the presence
of Zn in AcOH to give 8,1%2 followed by a nickel-catalyzed
cross-coupling to introduce the hexyl group with Grignard
reagent that also led t&1%2.11

Br Br

I\
s

cat Ni
Zn HexMgBr

2c

MeOH-AcOH

8 (87%) 64%

Synthesis of further oligomers was carried out as outlined in
Scheme 3 with bithiophen@d. To avoid the head-to-head

unsubstituted thienyl group by cross-coupling with 2-thienyl-
stannanes was envisag€d? Quaterthiophen® was obtained

in 76% yield when the Pd/Cu-catalyzed cross-couplin@af
was carried out with 2 equiv of thienyl(tributyl)stannaré®)(

at 60°C for 21 h. Monobromination 0® with NBS followed

by C—H homocoupling led to the octamég.

On the other hand, treatment of the thienyl tin reagent with
exces2d afforded terthiophen&3in 71% yield (based ot0).

The palladium-catalyzed -©H homocoupling reaction 013
gave the corresponding hexaniet.

Properties of oligothiophened, 7, 9, 12, and 14 were
compared. The tetram& was prepared by bromination 6f
with 2 equiv of NBS. Table 2 shows the results of BVis
absorption and photoluminescent spectra of the oligothiophenes.

structure that may cause steric congestion, introduction of the Among tetramers9' exhibited the highestmax values of UV~

Scheme 3

Q—SnBus

10

PACI,(PPhg), (10 mol%) Hex Hex Hex Hex
Cul (10 mol%), CsF (2.5 eq)
2d ’ - NN N\ NBS e NN N
DMF S S S S THF S S S S
76% 9 63% 1
PdCI,(PhCN), (5 mol%) Hex Hex Hex Hex
ANOSKT R o N N O O O O O
DMSO, 60 °C S S S S S S S S
53%
12
Hex, Hex
" 2d s N 7N Y
S S S
71%
13
PdCl,(PhCN), (5 mol%) Hex Hex Hex Hex
AINOSE R (W W O W O O
DMSO, 60 °C S S S S S S
52%
14

10932 J. AM. CHEM. SOC. = VOL. 128, NO. 33, 2006



Well-Defined Oligothiophenes ARTICLES

Table 2. Properties of Oligothiophene 4, 7, 9', 12, and 144 Measurement of UVvis and photoluminescent spectrald
UV-vis emission revealedinax of 405 nm and emission peak of 492 nd &
cmpd A T Y- P o 0.15), respectively. Further studies on liquid crystalline char-
2@ men 355 27900 269 0.05 acteristics anql electron .mobllllty af5 and several related
7 (4 mer) 351 27900 460 001 compounds will be described in due course.
9 (4 mer) 384 31600 471 (498) 0.04 — Hex
12(8 mer 437 75500 542 (578 0.08 o
1426 mer; 422 43600 521 2547? 574) 0.13 . Mm Eg%g’msl‘)%)(s mol%)
ayVv—vis spectra were measured as~10M chloroform solution. S S s S aq. THi‘EO/OﬁHz 0.5M)
Emission spectra were measured as®1 chloroform solution? In the 9 HO 82% ‘
parentheses, shoulder peaks of emission are shb@uantum yield,®
was estimated by comparison of standard aqueous 1.0 M quinine sulfate Hex Hex
solution @ = 0.546). e NN TN TN @
s S S S
vis and emission spectra, whifeand 7, which bear head-to- 15
head structures of two hexyl groups, showkgyx values of Conclusion
shorter wavelength due to the steric repulsion. Thg values ) ) _
of UV—vis and emission spectra in further oligomézand In summary, G-H homocoupling of bromothiophene deriva-
14 red-shifted to 46-70 nm. tives was found to take place under mild conditions. The use

Since oligothiophene®, 12, and14 possess bromo groups, Of the new activator system, AgN(KF, was shown to be
it would be possible to introduce several functional groups at Similarly effective as AgF. Several oligothiophenes were
the end with transtion-metal-catalyzed reactions. Oligo- Synthesized efficiently with repeating palladium-catalyzeerC
thiophenes bearing alkynyl moieties have recently been revealed’omocoupling in the presence of the silver reagent system as
to show conductivities with novel electron transport behaviors @n activator. In addition, cross-coupling of thienyl tin reagent
as well as liquid crystalline characteristi¢dndeed, the reaction ~ With bromothiophene would also be remarkable for the ho-
of dibromogquaterthiopher@ with 1-octyne was carried out with ~ Mologation of thiophene unit for the synthesis of oligo-
a Pd/Cu catalyst system in the presence of 2-ethanolamine aghiophenes. With these methodologies, further oligomers of well-
an activator to affordl5 in 82% yield as shown in eq %. defined structure would be prepared in a similar manner.
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