Tetrahedron 65 (2009) 9833-9842

Contents lists available at ScienceDirect

Tetrahedron

journal homepage: www.elsevier.com/locate/tet

Synthesis and characterization of a,w-disubstituted quaterthiophenes
functionalized with polar groups for solution processed OTFTs

Giuseppe Romanazzi?, Francesco Marinelli®, Piero Mastrorilli ?, Luisa Torsi ¢, Ahlam Sibaouih ¢,
Minna Riisinen 9, Timo Repo 9, Pinalysa CosmaP, Gian Paolo Suranna®*, Cosimo Francesco Nobile ?

2 Dipartimento di Ingegneria delle Acque e di Chimica (DIAC), Politecnico di Bari, via Orabona 4, 70125 Bari, Italy

b Dipartimento di Chimica, Universitd degli Studi di Bari, 70125 Bari, Italy

€ Centro di Eccellenza TIRES, Universita degli Studi di Bari, 70125 Bari, Italy

d Laboratory of Inorganic Chemistry, Department of Chemistry, University of Helsinki, PO Box 55, 00014 Helsinki, Finland

ARTICLE INFO ABSTRACT

Article history:

Received 4 June 2009

Received in revised form 3 September 2009
Accepted 17 September 2009

Available online 19 September 2009

A series of soluble quaterthiophenes (4Ta-g) bearing ester groups in the a,w-terminal positions sepa-
rated from the quaterthiophene core by ethylene (4Ta-c), vinylene (4Td-f) or ethynylene (4Tg) spacers
was synthesized by means of a Pd-catalyzed homocoupling of bithiophenes proceeding via C-H bond
activation. The synthetic approach gave satisfying yields of 4Ta-f but resulted in only 3% yield of 4Tg due
to the competitive hydrofluorination of the triple bond. The quaterthiophenes 4Ta-g were characterized
by NMR, FTIR, UV-vis, PL spectroscopies, HRMS, TGA and CV. Thin-films of 4Ta-g were deposited either
by spin-coating or by thermal evaporation on Si/SiO; for the fabrication of top-contact OTFTs. The de-
vices prepared using 4Ta-c bearing the ester functional group separated from the quaterthiophene core
by an ethylene spacer showed average hole field-effect mobility up to 2.7x103cm?V-'s~! and up to
6x10~3cm?V-1s7! for solution processed and for thermally evaporated OTFTs, respectively. The
remarkably high solubility of 4Ta-c, along with their respectable performances in OTFTs render these

molecules promising for practical applications as active layers in chemically-sensitive devices.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The research on organic semiconductors to be employed in
electronic devices such as organic thin film transistors (OTFTs)
benefits from the continuous improvement of the available syn-
thetic tools.! In this field, monodispersed a,o/-oligothiophenes have
increasingly attracted scientific interest due to their high mobility
and on/off ratios exhibited in devices. Since the discovery of
the charge transport properties of a-sexithiophene? a continuously
increasing interest has been devoted to OTFTs based on both
unsubstituted and substituted thiophene oligomers and, in
particular, several studies have dealt with the synthesis and
characterization of well-defined a,w-dialkylated quaterthiophenes
or sexithiophenes aiming at obtaining more soluble and process-
able derivatives, while preserving or even improving their elec-
tronic properties with respect to a-sexithiophene.

It is well known that the introduction of functional groups dif-
ferent from alkyl ones onto an oligothiophene core, eventually al-
lows the fine tuning of the electronic and optical properties of the
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conjugated backbone>* In the perspective of using oligothio-
phenes as active layers in chemically sensitive OTFTs,>® the func-
tionalization with polar groups assumes a greater importance,
because it can enhance the sensing layer-analyte interactions
needed to achieve a high sensing response.

So far, few reports have dealt with the synthesis of oligothio-
phenes bearing polar side groups and their use in OTFT devices. The
field effect transistor mobilities reported range between 104 and
102 cm?v-1s717

The strategy of introducing different terminal groups to cap the
oligothiophene core, however, can be useful for tuning their elec-
tronic and optical properties or, in the case of some acetylenic-end
substituted oligothiophenes, to obtain liquid crystalline
semiconductors.®

In this framework, we have recently synthesized and tested the
electrical properties of a series of sexithiophenes bearing amide or
ester functionalities in the a,w-positions showing, in the best case,
the remarkable mobility of 1.2x1072 cm?V—1s~ 170

Several synthetic pathways can be applied to the synthesis of
oligothiophenes. Among them, the classical oxidative homo-cou-
pling of thiophenes mediated by FeCl3® or CuCly,'® suffers from
regioselectivity, and the Cu-based procedure even requires a pre-
ventive metallation of the thiophene C-H bond with n-Buli,
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a reagent incompatible with the presence of several functional
groups. Wider functional group tolerance is granted by the Stille
cross-coupling 12, which, however, produces a significant amount
of higher homologues. Recently, Mori et al. have proposed a Pd(II)/
AgF catalyzed homocoupling of thiophenes."® This procedure en-
visages a C-H bond activation and is potentially tolerant towards
several functional groups. To date, only few examples of applica-
tions of Mori’s coupling conditions to the preparation of thiophene-
based semiconducting materials have been reported.!4

Intrigued by the comparable mobility exhibited by the a,w-di-
substituted-quaterthiophenes with respect to the corresponding
sexithiophenes,'> we deemed it worthwhile to apply Mori’s pro-
tocol to obtain soluble a,w-disubstituted-quaterthiophenes bearing
polar groups bound to the oligothiophene core by ethylene, vinyl-
ene'® or ethynylene® spacers (Scheme 1). The higher solubility of
shorter thiophene oligomers may allow their deposition as OTFT
active layers by wet techniques.'” Moreover, quaterthiophenes are
less sensitive to atmospheric doping, that is, known to decrease the
on/off ratio and alter the threshold voltage in OTFTs. ¢
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2. Results and discussion
2.1. Synthesis and characterization

The disconnection approach followed for the preparation of the
quaterthiophenes, object of this study is shown in Scheme 2.

The monofunctionalized bithiophenes 1-6 (Scheme 3) were
subjected to homocoupling using as typical conditions a catalytic
amount (3% mol) of PdClo(PhCN), in the presence of 2 equiv of AgF
in DMSO at 70 °C for one day (Scheme 4).

The oligomers 4Ta-f were obtained in yields ranging from 51 to
71% as yellow (4Ta-c) or red-orange (4Td-f) powders. Their solu-
bility in common organic solvents permitted their purification by
flash chromatography and their characterization by solution NMR
and ESI-MS. For compounds 4Td-f, the E-stereochemistry of their
precursors (1, 3 and 5, respectively) was retained as indicated by
the values of the 3]H,H of 15.6 Hz of vinyl protons and by the 980-
960 cm ™! IR band.
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Scheme 2. The retrosyntetic approach followed for the preparation of 4Ta-g.

The preparation of the oligomer 4Tg, containing the ethyl ester
functionality in direct conjugation with the quaterthiophene core
by an ethynylene spacer (Scheme 1) was also addressed. With this
aim, the bithiophene derivative 7 (Scheme 3) was prepared in 78%
yield by the Pd-catalyzed reaction of 3-zinc ethyl propionate with
5-iodo-2,2’-bithiophene. However, carrying out the homocoupling
of 7 under the conditions reported for the preparation of 4Ta-f
(Scheme 5), only a very low amount (3%) of 4Tg could be isolated,
three fluorinated oligothiophenes: 8 (5%, Z/[E=96/4), 4TgHF (12%)
and 4TgH,F, (26%) being obtained in a consistently higher yield.

The structures of 4Tg, 4TgHF and 4TgH,F, were confirmed by
ESI-MS and multinuclear NMR, which showed a remarkably high
stereoselectivity towards the Z isomer'® for 4TgHF and 4TgH,F; as
indicated by the value of 3]H,F:32.7 Hz found for the coupling
constant between the vinyl hydrogen and the fluorine.'”

The formation of hydrofluorination byproducts can be explained
as the consequence of the HF formation during the catalytic
cycle, 3 being the addition of HF to the alkynes activated by elec-
tron-withdrawing groups a favoured process. The addition of HF
can take place directly onto the substrate 7, yielding the fluorinated
product 8, which in turn may react with 7 yielding 4TgHF as well as
with itself, yielding 4TgH,F,. The latter two compounds can obvi-
ously be formed by reaction of 4Tg or 4TgHF with HF.

Our findings parallel the trans-hydrofluorination observed upon
reaction of alkynes activated with highly electron-withdrawing
groups with [HyF3]~ salts?® or with CsF in wet DMF?! where HF is
produced in situ. The main difference between metal-free and
Pd(II)/AgF systems is the higher stereoselectivity observed in the
latter case, pointing out the importance of the fluoride source in
order to trigger and sustain the homocoupling reaction, suggesting
the intermediacy of a fluoropalladium complex in the catalytic
cycle 1€

In order to increase the yield of 4Tg, the homocoupling of 7 was
also carried out in the presence of calcium oxide (from 3 to 10 equiv
with respect to 7) as HF scavenger?? with the result that the for-
mation of the fluorinated oligothiophene 8, 4TgHF and 4TgH,F,
was completely inhibited and that the yields of 4Tg was slightly
higher (up to 9% after 24 h). A plausible explanation for the di-
minished activity of the catalytic system in the presence of CaO may
reside in the formation of Ag>O (by reaction of CaO with AgF),
which is known to be ineffective in the homocoupling reaction.!>?

High resolution ESI-MS spectrograms of 4Ta-g in CHCl3/CH30H
using sodium formiate as calibrant, appear as the superimposition
of the pattern of the monocationic sodium adduct [4T+Na]" with
that of the dicationic disodium adduct [(4T),+2Na]**. Figure 1
shows the representative HRMS spectrogram for 4Tb, in which the
most intense peak (m/z=609.1232) corresponds to that calculated
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Scheme 4. Preparation of the o,w-quaterthiophenes 4Ta-f.

(609.1232) and is due to the all-'°C, all-*S ([4Tb]+Na)* iso-
topomer, while the one appearing at m/z 610.1257 is attributable to
the ([4Tb]+Na)* isotopomers containing one 3C atom or one 33
atom. The weak peak appearing between the former two at m/z
609.6262 (calculated: m/z 609.6247) can be clearly attributed to the
isotopomers of the doubly charged dimer [(4Tb),+2Na]*>* con-
taining either only one 3C atom or one 3S atom.?® A similar be-
haviour in solution for an a,w-disubstituted sexithiophene solution
was already observed by nanospray Fourier-transform ion cyclo-
tron resonance (FT-ICR) mass spectrometry.24

2.2. Optical and thermal properties

The photophysical properties of the oligothiophenes 4Ta-g
were investigated by UV-vis and photoluminescence (PL) spec-
troscopies and are summarized in Table 1.

In CHCl; solution the optical features of 4Ta-c are perfectly
superimposable, showing a structure less absorption maximum at
400 nm (Fig. 2A), a value nearly equal to those found for related
dialkyl quaterthiophenes.> The spectra of 4Td—f (Fig. 2B) are also
superimposable and show a Amax of 455 nm, which is strongly red
shifted with respect to both unsubstituted quaterthiophene
(Amax=390 nm)?® and dialkyl quaterthiophenes. Figure 2A shows
also the emission spectra obtained for 4Ta. The PL spectrum of 4Ta
in solution shows a structured emission band at 462 nm (Apax) With
a vibronic replica at 491 nm and a shoulder at ~522 nm. The
splitting of the emission bands is due to vibronic coupling, in-
dicating that, upon photoexcitation, the emitting species adopt
a more planar structure with a greater quinoid character. This
change in conformation to a more planar structure is manifest in
the Stokes shift, whose magnitude (0.42 eV) is estimated as the
difference between Azps and Aem.

The photoluminescence quantum yields (®) for 4Ta-c were also
determined and their values (0.41-0.43) range between those of
unsubstituted quaterthiophene and dialkylquaterthiophene.?’” The
energy gap in solution, evaluated by the onset of absorption is 2.67 eV.
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Scheme 5. Reactivity of 7 under Mori's homocoupling conditions.
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Figure 1. A: experimental HRMS (ESI) of 4Tb. The arrows point to the signals attrib-
utable to the monomeric ([4Tb]+Na)* ion (all '2C, all 32S-isotopomer) and to the di-
meric ([4Tb],+2Na)** ion (one *C-isotopomer or one 3$-isotopomer); B: calculated
isotope pattern of the monomer ([4Tb]+Na)*; C: calculated isotope pattern of the
dimer ([4Tb],+2Na)>*.

In the solid state, the absorption band of 4Ta is strongly blue-
shifted and shows a maximum located at 350 nm with two shoul-
ders at 421 and 458 nm. The blue shift of the absorption maxima in
the solid state has already been observed for a-oligothiophenes?®
and has been ascribed to the formation of H-aggregates showing
the interacting molecules arranged with their long axes parallel to
each other.??

Concerning the PL features, the emissions of 4Ta-c are sub-
stantially red shifted and quenched in the solid state further sup-
porting the occurrence of an H-type aggregation.°

Analogous considerations can be drawn for the solution optical
properties of 4Td-f (Fig. 2b) the UV-vis absorption maxima of
which fall to 455 nm. The photoluminescence spectra in solution
also show a fine structure, although less resolved compared to 4Ta-
¢, with the maximum located at 528 nm, followed by a vibronic
replica at 561 nm. The Stokes shift of 4Td-f is slightly lower than

Table 1
Optical properties of 4Ta-g
CHCls solution Solid state
4T daps  Aem Stokes EPTC QY. s Aem”
(nm) (nm) shift® (ev) (eV) (®) (nm) (nm)
4Ta 400  462%491, 042 267 041 350% 421, 539,570%
522 458 608
4Tb 400 462,491, 042 2.67 042 350*421, 539, 570%,
522 458 608
4Tc 400  462%,491, 042 267 043 350%421, 539, 570%
522 458 608
4Td 455  528%,561 0.38 237 091 369 592, 601*
4Te 455  528%,561 0.38 237 0.88 369 592, 601*
41f 455  528%,561 0.38 237 0.89 369 592, 601*
4Tg 436 507%,539 0.40 246 070 361 579%, 602

2 The Amax is indicated by an asterisk.
b Estimated as the difference between Aaps and Aem.
¢ Evaluated from the onset of the absorption spectrum in chloroform.
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Figure 2. A: Normalized UV-vis absorption and emission spectra of 4Ta in diluted
CHCl5 solution and as film on quartz; B: Normalized UV-vis absorption and emission
spectra of 4Td in diluted CHCl; solution and as film on quartz.

that of 4Ta-c. The quantum yields in solution of 4Td-f are much
higher than those obtained for 4Ta-c and these values are un-
expectedly high for thiophene-based materials.

The optical properties of 4Tg are reported in Figure 3. In diluted
CHCls3 solution, the absorption maximum falls to 436 nm, which is
slightly blue-shifted with respect to the Apax of the vinylene func-
tionalized 4Td-f due to the lower degree of conjugation of the
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Figure 3. Normalized absorption and emission spectra of 4Tg in diluted CHCl3 solution
and as film on quartz.
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ethynylene with respect to the vinylene groups. The photo-
luminescence spectrum in solution of 4Tg also shows a fine struc-
ture, with the maximum located to 507 nm, followed by a vibronic
replica at 539 nm and its quantum yield in solution falls between
those obtained for 4Ta-c and 4Td-f.

A good thermal stability (evaluated by the decomposition
temperatures at 5% weight loss) for compounds 4Ta-g was revealed
by thermal gravimetric analysis (TGA). Decomposition tempera-
tures range from 310 to 373 °C (Fig. 4), and are significantly higher
than those of quaterthiophene®! and dialkylquaterthiophene.?’
These values rule out the possibility of temperature decarboxy-
lative decompositions’*'# under the conditions typically employed
for the thermal evaporation of semiconductors for the construction
of OTFT.
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Figure 4. A: TGA traces of 4Ta-c; B: TGA traces of 4Td-g.

2.3. Electrochemical properties

The electrochemical properties of 4Ta-g were investigated by
cyclic voltammetry (CV) in order to gain insights into the effects
exerted by both the core and the kind of side-chain substituent on
the HOMO-LUMO energy levels of quaterthiophenes. The obtained
results are summarized in Table 2.

The voltammograms of 4Ta—g are characterized by the presence,
in all cases, of two successive one-electron oxidation waves, the
first reversible and the second one quasi-reversible, which can be
ascribed to the successive formation of a radical cation and of
a dication. Taking —4.8 eV as the HOMO level for the ferrocene
redox system>? the HOMO levels of 4Ta—g could be estimated by

Table 2
Electrochemical properties of 4Ta-g
4T % (V) HOMO (eV)P LUMO (eV)*
4Ta 0.37 —5.17 —2.50
4Tb 0.44 —-5.24 —2.60
4Tc 0.44 —-5.24 —2.60
41d 0.55 -5.35 —2.98
4Te 0.55 —-5.35 —-2.98
4Tf 0.57 -5.37 —3.00
4Tg 0.67 —547 -3.01

2 Half-wave oxidation potential vs Fc/Fc*.
> HOMO=- (4.8+ ES%) [eV].
¢ LUMO=HOMO+(EZ).

the half-wave oxidation potential.>> The LUMO levels for 4Ta-g
were obtained from the optical energy gaps reported in Table 1 as
HOMO+-(EZP).

The HOMO levels of 4Ta-c match well with the work function of
gold (-5.1 eV) and this could be a favourable prerequisite for fa-
cilitating the hole charge injection from the electrode to the organic
layer in the OTFT devices. For 4Td-f and for 4Tg it is worth noting
that both their HOMO and LUMO energy levels are stabilized with
respect to those of 4Ta-c. This stabilization is stronger for the
LUMO due to the effect of conjugation between the quaterthio-
phene core and the carbonyl group.3*

2.4. OTFT characterization

The semiconducting properties of the quaterthiophenes 4Ta-g
were investigated by fabricating OTFT devices in top contact con-
figuration. The transistor characteristics were measured by polar-
izing the devices up to —100V and, since p-type behavior was
expected, negative source-drain and gate voltage biases were ap-
plied. For preliminary transistor measurement, the active layers of
4Ta-g were spin coated from 2mgmL~" chloroform solutions
without further thermal treatment. The field-effect mobility (u),
the on/off ratio (Ion/lofr) and the threshold voltage (Vi) extracted for
these devices are reported in Table 3. While no appreciable modu-
lation was recorded for 4Td-g, all devices based on the oligomers
4Ta-c showed an average y in the range between 8x10~% and
1.6x10~3 cm? V-1 s~ 1 with on/off ratios higher than 10% in all cases.

Table 3

OTFT figures of merit obtained for 4Ta-c
4T Deposition  Best u Average u° Ven? (V) Ton/Iott

method? (ecm?V-1s 1)  (ecm?Vvls!)

4Ta | 1.1x1073 (8.0+£3.0)x107%  —1549 3.8x10°
4Ta 1l 15x1073 (1.340.1)x10> —6.8+1.8 1.1x10*
4Ta 1N 15x1073 (1440.1)x10~>  —2246 46x10°
4Th 1 13x1073 (1.1£0.1)x107>  —11+3 3.8x10°
4T 1 25x1073 (23£0.1)x10~3  —17410 5.9x10°
4Tb 1IN 7.0x1073 (6.0+£1.0)x10>  —10+4 6.0x10°
4Tc 1 1.8x1073 (1.6+0.5)x10>  —11+6 5.7x10%
4Tc 1l 3.6x103 (2.74£05)x10~3  —1345 1.7x10%
4Tc 1 5.5%x1073 (494+0.6)x10>  —13+5 1.2x10%

2 I. spin-coating; II:
evaporation.
b The statistics was carried out on 10 devices.

spin-coating and annealing at 100°C; III: thermal

In order to remove solvent traces from the active layer, another
series of devices was constructed where the active layer was sub-
jected to a vacuum annealing of the film at 100 °C for 30 min. As
a result, the field effect mobility was increased by a factor of ~2
while the on/off ratio was only slightly raised. Figure 5 reports the
best Igs—Vgs output characteristics along with the Igs and IdS”2
versus Vg plots of a 4Tc-based OTFT showing the highest perfor-
mance in terms of both mobility (3.6x1072 cm? V~!s~!) and on/off
ratios (1.7x10%).
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The good thermal stability of all quaterthiophenes described
here, allowed us to deposit 4Ta-c also by thermal evaporation on
a Si/Si0, substrate3> All devices showed u higher than
2x1073 cm? V15! and on/off ratios higher than 10°. The oligomer
4Tb reaches the highest mobility of 7x10~3 cm? V~! s~ 1. The output
characteristics, along with the plots of I4s and 14412 versus Vg of the
relevant device are reported in Figure 6.

3. Conclusions

New soluble quaterthiophenes 4Ta-g in which a quaterthio-
phene core is bonded to ester groups in the a,w-terminal positions
by means of ethylene (4Ta-c), vinylene (4Td-f) or ethynylene (4Tg)
spacers were prepared. The key synthetic step consisted of a Pd-
catalyzed homocoupling of suitable bithiophene precursors via
a AgF-promoted C-H bond activation which was fully successful for
the preparation of 4Ta-f but that suffered from competitive
hydrofluorination of the activated C=C triple bond. Since B-fluoro-
alkenes are interesting compounds for their potential applications
in medicinal chemistry,?® their generation by a stereoselective ad-
dition of HF to activated alkynes might be synthetically exploitable.

Thin-films of compound 4Ta-c deposited by spin-coating
resulted in OTFTs, which showed hole field-effect mobilities up to
36x103cm?V-1s"\. Only slightly better mobilities (up to
7x1073 cm? V' s~1) were obtained by thermal evaporation of the
active layer onto Si/SiO, substrates. The obtained OTFT figures of
merit are remarkable, considering that no device optimization was
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performed.’ Further optimization of the devices based on 4Ta—c
and their use as chemically selective OTFT sensors are underway.

4. Experimental section
4.1. General remarks, materials and methods

All syntheses were carried out under dry inert nitrogen atmos-
phere using Schlenk techniques unless otherwise specified. The
solvents were carefully dried and freshly distilled prior to use
according to common laboratory practice.>® The preparation of
5-bromo-2,2'-bithiophene,?®  5-iodo-2,2/-bithiophene,*® bithio-
phene derivatives 1 and 2,”" PdCly(PhCN),,%! PdCly(PPhs),,*? and
Pd(PPhs)4 #* was carried out according to literature procedures. All
other chemicals were purchased from commercially available
sources and used without further purifications. Flash column
chromatography was performed using Merck Kieselgel 60 (230-
400 mesh) silica gel. TH NMR, *C{’H} NMR and '°F NMR spectra
were recorded on a Bruker Avance 400 spectrometer and are
reported in ppm which are referenced to Me4Si ('H and '3C), and
CFCl3 (1°F). FTIR spectra were recorded on a Bruker Vector 22
spectrophotometer. UV-vis spectra were measured with a Shi-
madzu UV-1601 spectrophotometer and fluorescence spectra were
obtained on a Varian Cary Eclipse spectrofluorimeter. Quantum
yields were measured by the optically dilute method** using 9,10-
diphenylanthracene as standard (=0.90 in cyclohexane).*> Cyclic
voltammetry measurements were carried out at 25°C in CHCl3
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solution containing 0.1 M tetrabutylammonium perchlorate (TBAP)
as supporting electrolyte with a glassy carbon working electrode on
an Autolab potentiostat PGSTAT 10 using a three-electrode cell. The
oxidation potentials were measured versus Ag/Ag™ as the pseudor-
eference electrode. The experiments were calibrated with the
standard ferrocene/ferrocenium redox couple.*® The evaluation of
the HOMO level of the polymers was carried out by measuring the
half-wave oxidation potential in the anodic scan. GC-MS data (EI,
70 eV) were acquired on a HP 6890 instrument equipped with a HP-
5MS capillary column (crosslinked 5% Ph Me siloxane:
30.0 mx250 pumx0.25 mm) coupled with a HP 5973 mass spectro-
meter operating at 70 eV (electron impact). The high resolution
mass spectrometry (HRMS) analysis of oligothiophenes was per-
formed using a time-of-flight mass spectrometer equipped with an
electrospray ion source (Bruker microTOF) in positive ion mode.
The sample solutions (CHCl3/CH30H) were introduced by contin-
uous infusion at a flow rate of 180 pL min~' with the aid of a syringe
pump. The instrument was operated with end-plate offset and
capillary voltages set to —500 and —4500V, respectively. The
nebulizer pressure was 0.8 bar (N3), and the drying gas (N3) flow
rate was 7.0 Lmin~L. The capillary exit and skimmer 1 voltages
were 90 and 30 V, respectively. The drying gas temperature was set
at 220 °C. The software used for the simulations was Bruker Dal-
tonics DataAnalysis (version 3.3). The calibration was carried out
with sodium formiate. Thermogravimetric analyses (TGA) were
performed under a nitrogen atmosphere (flow of 40 mLmin~!)
with a Perkin-Elmer Pyris 6 TGA in the range from 30 to 700 °C
with a heating rate of 10 °C min~'. Elemental analyses were per-
formed using a VARIO MICRO-CHNSO Elemental Analyzer.

4.2. Synthetic procedures

4.2.1. Butyl (2E)-3-(2,2'-bithien-5-yl)-propenoate (3). Butyl acrylate
(1.332g, 10.394 mmol), triethylamine (2.10g, 22.79 mmol),
Pd(AcO), (16.8 mg, 0.074 mmol) and P(0-Tol)3 (91.3 mg, 0.30 mmol)
were added to a solution of 5-bromo-2,2’-bithiophene (1.820 g,
7.424 mmol) in anhydrous DMF (12 mL). The reaction mixture was
heated at 120 °C and kept under stirring overnight. After cooling to
room temperature, the mixture was poured into water (50 mL) and
extracted with diethyl ether (3x100 mL). The organic layers were
collected, washed with water (150 mL), dried over anhydrous
NaySO0y, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography (silica gel,
petroleum ether bp 40-60 °C/CH,Cl,=3/2) to afford 3 (1.14 g, 65%)
as yellow oil. 'TH NMR (400 MHz, CDCl3): ¢ 7.73 (d, J=15.6 Hz, 1H),
7.29 (dd, J1=5.1 Hz, =12 Hz, 1H), 7.25 (dd, J;=3.6 Hz, J,=1.2 Hz,
1H), 716 (d, J=3.8 Hz, 1H), 7.12 (d, J=3.8 Hz, 1H), 7.06 (dd, J;=5.1 Hz,
J»=3.6 Hz, 1H), 6.20 (d, J=15.6 Hz, 1H), 4.21 (t, J=6.7 Hz, 2H), 1.70
(m, 2H), 145 (m, 2H), 0.98 (t, J=7.3 Hz, 3H); C{'H} NMR
(100.6 MHz, CDCl3): 6 167.1, 140.3, 138.2, 136.9, 136.8, 132.2, 128.2,
125.7,124.8, 1244, 116.7, 64.5, 30.9, 19.3, 13.9. FTIR (neat) » [cm™!]
3110, 3074, 3029, 2958, 2928, 2895, 2873, 2867, 1713, 1700, 1624,
1618, 1545, 1505, 1475, 1454, 1425, 1388, 1367, 1354, 1329, 1302,
1274, 1228, 1202, 1169-1160, 1127, 1057, 1047, 1033, 998-988, 960,
898, 890, 857, 842, 809, 702, 693. MS (EI, 70 eV): m/z 292 (M™, 100),
236 (58), 219 (64), 192 (78). Anal. Calcd for C15H1602S3: C, 61.61; H,
5.52; S, 21.93. Found: C, 61.37; H, 5.55; S, 21.84.

4.2.2. Butyl 3-(2,2'-bithien-5-yl)-propanoate (4). A solution of 3
(725 mg, 2.48 mmol) in MeOH (50 mL) was slowly added to 264 mg
(0.248 mmol) of supported Pd (10%, on activated charcoal), in
a stainless-steel autoclave equipped with a transducer for online
pressure monitoring. The autoclave was purged three times with
hydrogen, pressurized at constant pressure of 30 atm, and set on
a magnetic stirrer. The substrate conversion was monitored by GC-
MS. After reaction completion, the mixture was filtered through

a short plug of Celite® and the filtrate was evaporated under re-
duced pressure. The residue was purified by flash column chromato-
graphy (silica gel, petroleum ether bp 40-60 °C/CH,Cl,=3/2) to
afford 4 (716 mg, 98%) as pale yellow oil. 'TH NMR (400 MHz, CDCls):
6 7.19 (dd, J;=5.1 Hz, Jo=0.9 Hz, 1H), 7.11 (dd, J;=3.5 Hz, J,=0.9 Hz,
1H), 7.02-6.98 (m, 2H), 6.74 (br d, J=3.6 Hz, 1H), 4.12 (t, J=6.7 Hz,
2H), 3.15 (t, J=7.5 Hz, 2H), 2.70 (t, J=7.5 Hz, 2H), 1.63 (m, 2H), 1.38
(m, 2H), 0.94 (t, J=7.3 Hz, 3H); *C{'H} NMR (100.6 MHz, CDCl3):
0172.5,142.5,137.7,135.6,127.8,125.5,124.0,123.5,123.3, 64.7, 36.0,
30.7, 25.5, 19.2, 13.8. FTIR (neat) » [cm’]] 3112, 3074, 2961, 2927,
2869, 1733, 1520, 1469-1427, 1385, 1352, 1257, 1173, 1124, 1084,
1064, 840, 799, 693. MS (EI, 70 eV): m/z 294 (M*, 49), 237 (22), 192
(39),179 (100). Anal. Calcd for C15H180,S5: C, 61.19; H, 6.16; S, 21.78.
Found: C, 61.01; H, 6.19; S, 21.71.

4.2.3. Hexyl (2E)-3-(2,2'-bithien-5-yl)-propenoate (5). Following
the procedure reported for compound 3, compound 5 was prepared
using 1.998 g (8.150 mmol) of 5-bromo-2,2’-bithiophene, 1.782 g
(11.410 mmol) of hexyl acrylate, 2.310 g (22.828 mmol) of triethyl-
amine, 18.3 mg (0.0815 mmol) of Pd(AcO),, 99.2 mg (0.326 mmol)
of P(0-Tol)3, and 14 mL of anhydrous DMF, respectively. The crude
product was purified by flash column chromatography (silica gel,
petroleum ether bp 40-60 °C/ CH,Cl,=4/1) to afford 5 (1.83 g, 70%)
as yellow oil. '"H NMR (400 MHz, CDCls): 6 7.73 (d, J=15.6 Hz, 1H),
7.29 (dd, J1=5.1 Hz, =0.9 Hz, 1H), 7.24 (dd, J1=3.6 Hz, J=0.9 Hz,
1H), 7.16 (d, J=3.8 Hz, 1H), 7.12 (d, J=3.8 Hz, 1H), 7.05 (dd, J;=5.1 Hz,
J»=3.6 Hz, 1H), 6.20 (d, J=15.6 Hz, 1H), 4.20 (t, J=6.7 Hz, 2H), 1.70
(m, 2H), 1.46-1.30 (br m, 6H), 0.98 (t, J=6.8 Hz, 3H). *C{'H} NMR
(100.6 MHz, CDCl3): 6 167.1, 140.3, 138.2, 136.9, 136.8, 132.2, 128.2,
125.7,124.8,124.4,116.7, 64.8, 31.6, 28.8, 25.7, 22.7,14.2. FTIR (neat)
v [em~1]: 3110, 3073, 2960, 2929, 2870, 2858, 1713, 1622, 1548,
1506, 1454, 1425, 1386, 1369, 1353, 1303, 1269, 1223, 1201, 1167,
1080, 1050, 1020, 970, 890, 842, 795, 695. MS (EI, 70 eV): m/z 320
(M™,100),236 (81),219(67),192 (83). Anal. Calcd for C17H2002S;: C,
63.71; H, 6.29; S, 20.01. Found: C, 63.52; H, 6.31; S, 19.93.

4.2.4. Hexyl 3-(2,2'-bithien-5-yl)-propanoate (6). Compound 6 was
prepared as pale yellow oil following the procedure reported for 4
using 770 mg (2.40 mmol) of 5, 256 mg (0.24 mmol) of supported
Pd (10%w on activated charcoal), and 48 mL of MeOH, respectively.
Yield: 736 mg (95%). 'H NMR (400 MHz, CDCl3): 6 7.19 (dd,
J1=5.2 Hz, J,=0.9 Hz, 1H), 7.11 (dd, J;=3.5 Hz, J,=0.9 Hz, 1H), 7.02-
6.98 (m, 2H), 6.74 (br d, J=3.6 Hz, 1H), 4.1 (t, J=6.7 Hz, 2H), 3.15
(t,J=7.5 Hz, 2H), 2.71 (t, J=7.5 Hz, 2H), 1.63 (m, 2H), 1.29-1.25 (br m,
6H), 0.90 (t, J=7.0 Hz, 3H); 3c{'H} NMR (100.6 MHz, CDCl5):
8172.5,142.5,137.7,135.6,127.8,125.5,124.1,123.5,123.3, 64.7, 36.0,
31.5, 28.6, 25.7, 25.5, 22.6, 14.1. FTIR (neat) » [cm’l]: 3109, 3071,
2958, 2933, 2872, 2858, 1737, 1519, 1468, 1457, 1428, 1392, 1357,
1297,1255, 1208, 1174, 1125, 1080, 1051, 910, 887, 840, 799, 694. MS
(EIL, 70 eV): m/z 322 (M™, 68), 237 (40), 192 (48), 179 (100). Anal.
Calcd for C17H2205S5: C, 63.61; H, 6.91; S, 19.89. Found: C, 63.36; H,
6.95; S, 19.81.

4.2.5. Ethyl (2,2'-bithien-5-yl)-propynoate (7). 5.7 mL (11.40 mmol)
of a 2.0 M THF/hexane solution of LDA was added to a solution of
ethyl propynoate (1.120 g, 11.417 mmol) in THF (9 mL) kept at
—78 °C and under stirring. After 15 min, 22.8 mL (11.40 mmol) of
a 0.5 M THEF solution of anhydrous ZnCl, was added by a syringe.
The solution was gradually warmed to room temperature within
30 min and subsequently transferred via a cannula to a flask con-
taining a mixture of 5-iodo-2,2’-bithiophene (2.404 g, 8.228 mmol),
Pd(PPh3)4 (0.475 g, 0.411 mmol), and toluene (60 mL). The reaction
mixture was subsequently heated at 80 °C and kept under stirring
for 4 h. After cooling down to room temperature, diethyl ether
(70 mL) and a saturated NH4Cl solution (100 mL) were added to the
reaction mixture. The organic layer was separated, washed with
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water, dried over anhydrous Na;SO, filtered, and concentrated
under reduced pressure. The residue was purified by flash column
chromatography (silica gel, petroleum ether bp 40-60 °C/
CH,Cl,=7/3) to afford 7 (1693 g, 78%) as yellow solid. Mp=57-
58 °C. '"H NMR (400 MHz, CDCl3): 3 7.41 (d, J=4.0 Hz, 1H), 7.31 (dd,
J1=5.1 Hz, J,=1.0 Hz, 1H), 7.26 (dd, J;=3.6 Hz, Jo=1.0 Hz, 1H), 7.10 (d,
J=4.0 Hz, 1H), 7.06 (dd, J1=5.1 Hz, ]o=3.6 Hz, 1H), 4.32 (q, J=7.2 Hz,
2H), 1.38 (t, J=7.2 Hz, 3H). *C{'H} NMR (100.6 MHz, CDCl3): 6 154.0,
143.0, 137.7, 136.0, 128.2, 126.2, 125.3, 123.8, 117.6, 85.9, 80.3, 62.2,
14.2. FTIR (neat) » [cm™~1]: 3118, 3058, 2988, 2943, 2943, 2911, 2853,
2207, 2165, 1707, 1689, 1546, 1535, 1505, 1479, 1455, 1445, 1422,
1391, 1369, 1354, 1322, 1270, 1242, 1224, 1212, 1198, 1169, 1080,
1059, 1047, 1016, 860, 843, 826, 794, 740, 709, 698. MS (EI, 70 eV):
mfz 262 (M*, 37), 217 (22), 190 (100), 145 (16). Anal. Calcd for
Cy3H100,S;,: C, 59.92; H, 3.84; S, 24.45. Found: C, 59.77; H, 3.86; S,
24.35.

4.2.6. Bis-ethyl 3-(2,2':5',2":5",2" -quaterthiophen-5,5" -diyl)-dipro-
panoate (4Ta). AgF (589 mg, 4.64 mmol) was added in one portion
to a mixture of PdCly(PhCN), (27 mg, 0.07 mmol), 2 (618 mg,
2.32 mmol), and DMSO (23 mL). The reaction mixture was allowed
to reach 70 °C and kept under stirring for 24 h. It was then cooled to
room temperature, diluted with CHCl3 (100 mL), and filtered
through a short plug of Celite® on a sintered glass filter (G3), which
was successively washed with other CHCl3 (200 mL). The filtrate was
washed with water (2x100 mL) and brine (100 mL). The organic
layer was dried over anhydrous Na;SO,, filtered, and concentrated
under reduced pressure. The residue was purified by flash column
chromatography (silica gel, CHCl3/hexane=3/2) to afford 4Ta
(370 mg, 60%) as yellow solid. TH NMR (400 MHz, CDCl5): 6 7.05
(d, J=3.8 Hz, 2H), 7.01 (d, J=3.8 Hz, 2H), 6.99 (d, J=3.6 Hz, 2H), 6.75
(d, J=3.6 Hz, 2H), 4.18 (q, J=7.2 Hz, 4H), 3.15 (t, J=7.5 Hz, 4H), 2.70 (t,
J=75Hz, 4H), 1.28 (t, J=7.2Hz, 6H). C{'H} NMR (100.6 MHz,
CDCls3): 6 172.4,142.8, 136.5, 135.6, 135.3, 125.7, 124.3, 123.9, 123.5,
60.8, 36.0, 25.5, 14.3. FTIR (KBr pellet) » [cm~']: 3095, 3075, 3059,
2978, 2917, 2872, 2847,1729, 1515, 1467, 1442, 1436, 1419, 1395, 1380,
1339, 1303, 1180, 1163, 1098, 1066, 1032, 1019, 1005, 898, 864, 845,
806, 792. HRMS (ESI): m/z calculated for [CygHpg04S4+Na]t:
553.0606 found: 553.0599. Anal. Calcd for CogH604S4: C, 58.84; H,
4.94; S, 24.17. Found: C, 58.61; H, 4.96; S, 24.07.

4.2.7. Bis-butyl 3-(2,2':5',2":5" 2" -quaterthiophen-5,5" -diyl)-dipro-
panoate (4Tb). Compound 4Tb was synthesized following the
procedure reported for 4Ta using 518 mg (1.76 mmol) of 4, 20.2 mg
(0.052 mmol) of PdCl,(PhCN),, 447 mg (3.52 mmol) of AgF, and
18 mL of DMSO, respectively. The crude product was purified by
flash column chromatography (silica gel, petroleum ether bp 40-
60 °C/CH,Cl,=1/4) to afford 4Tb (264 mg, 51%) as yellow solid. 'H
NMR (400 MHz, CDCl3): 6 7.05 (d, J=3.8 Hz, 2H), 7.01 (d, J=3.8 Hz,
2H), 6.99 (d, J=3.6 Hz, 2H), 6.75 (d, J=3.6 Hz, 2H), 4.12 (t, ]=6.7 Hz,
4H), 3.15 (t, J=7.5 Hz, 4H), 2.71 (t, J=7.5 Hz, 4H), 1.63 (m, 4H), 1.38
(m, 4H), 0.94 (t, J=7.3 Hz, 6H). 3*c{'H} NMR (100.6 MHz, CDCl3):
6 172.5, 142.8, 136.5, 135.6, 135.3, 125.7, 124.2, 123.9, 123.5, 64.7,
36.0, 30.7, 25.5, 19.2; 13.8. FTIR (KBr pellet) » [cm~!]: 3058, 2959,
2934, 2913, 2874, 2847, 1725, 1515, 1468, 1440, 1421, 1396, 1378,
1339, 1305, 1275, 1188, 1170, 1121, 1067, 1018, 1049, 846, 807, 792.
HRMS (ESI): m/z calculated for [C3gH3404S4+Na]": 609.1232 found:
609.1232. Anal. Calcd for C39H3404S4: C, 61.40; H, 5.84; S, 21.85.
Found: C, 61.15; H, 5.69; S, 21.98.

4.2.8. Bis-hexyl 3-(2,2':5',2":5" 2" -quaterthiophen-5,5" -diyl) dipro-
panoate (4Tc). Compound 4Tc was synthesized following the pro-
cedure described for 4Ta using 420 mg (1.30 mmol) of 6, 15 mg
(0.039 mmol) of PACl;(PhCN),, 330 mg (2.60 mmol) of AgF,and 13 mL
of DMSO, respectively. The crude product was purified by flash col-
umn chromatography (silica gel, petroleum ether bp 40-60 °C/

CH,Cly=1/1) to afford 4Tc (247 mg, 59%) as yellow solid. '"H NMR
(400 MHz, CDCls): 6 7.05 (d, J=3.8 Hz, 2H), 7.01 (d, J=3.8 Hz, 2H), 6.99
(d, J=3.6 Hz, 2H), 6.75 (d, J=3.6 Hz, 2H), 4.1 (t, ]=6.7 Hz, 4H), 3.15 (t,
J=7.5Hz, 4H), 2.71 (t, ]=7.5 Hz, 4H), 1.63 (I, 4H), 1.39-1.25 (m, 12H),
0.90 (t, J=7.0 Hz, 6H). *C{'"H} NMR (100.6 MHz, CDCl): § 172.5,142.8,
136.5,135.6,135.3,125.7,124.2,123.9,123.5, 65.0, 36.0, 31.5, 28.6, 25.7,
25.5, 22.6, 14.1. FTIR (KBr pellet) » [cm™']: 3095, 3074, 3059, 2955,
2918, 2871, 2857,1726, 1515, 1505, 1468, 1442, 1437, 1420, 1397, 1378,
1338, 1306, 1275, 1237, 1186, 1172,1120, 1017, 898, 890, 846, 805, 791.
HRMS (ESI): m/z calculated for [C34H4204S4+Na]": 665.1858 found:
665.1857. Anal. Calcd for C34H4204S4: C,63.51; H,6.58; S,19.95. Found:
C,63.48; H, 6.62; S,19.42.

4.2.9. Bis-ethyl (2E) 3-(2,2':5',2":5" 2" -quaterthiophen-5,5" -diyl)-
dipropenoate (4Td). Compound 4Td was synthesized following the
procedure reported for 4Ta using 561 mg (2.12 mmol) of 1, 24.5 mg
(0.064 mmol) of PdCl(PhCN),, 538 mg (4.24 mmol) of AgF, and
21 mL of DMSO, respectively. The crude product was purified by flash
column chromatography (silica gel, CHCl3;/hexane=3/2 followed by
elution with CHCl3) to afford 4Td (363 mg, 65%) as red-orange solid.
TH NMR (400 MHz, CDCl3): 6 7.74 (d, J=15.6 Hz, 2H), 7.20-7.16 (br m,
4H),7.15-7.12 (br m,4H),6.20(d, J=15.6 Hz,2H),4.27(q,J=7.1 Hz,4H),
1.35 (t,J=7.1 Hz, 6H). 3C{'H} NMR (100.6 MHz, CDCls): 6 166.9,139.7,
138.5, 136.8, 136.8, 135.9, 132.3, 125.6, 124.9, 124.5, 116.9, 60.7, 14.4.
FTIR (KBr pellet) » [cm~']: 3080, 3072, 3060, 3006, 2983, 2961, 2939,
1711,1623, 1500, 1452, 1441, 1396, 1367, 1353, 1307, 1253, 1235, 1206,
1192,1175,1160, 1097, 1070, 1049, 1027, 974, 869, 849, 804, 791. HRMS
(ESI): m/z calculated for [CeH2204S4+Na]™: 549.0302 found:
549.0293. Anal. Calcd for CygH2204S4: C, 59.29; H, 4.21; S, 24.35.
Found: C 59.11; H 4.23; S 24.25.

4.2.10. Bis-butyl (2E) 3-(2,2':5,2":5" 2" -quaterthiophen-5,5" -diyl)-
dipropenoate (4Te). Compound 4Te was synthesized following the
procedure described for 4Ta using 439 mg (1.50 mmol) of 3,17.3 mg
(0.045 mmol) of PdCly(PhCN),, 381 mg (3.00 mmol) of AgF, and
15 mL of DMSO, respectively. The crude product was purified by
flash column chromatography (silica gel, petroleum ether bp 40-
60 °C/CH,Cly=1/4) to afford 4Te (315 mg, 72%) as red-orange solid.
'H NMR (400 MHz, CDCls): 6 7.73 (d, J=15.6 Hz, 2H), 7.20-7.11 (br
m, 8H), 6.21 (d, J=15.6 Hz, 2H), 4.22 (t, J=6.7 Hz, 4H), 1.70 (m, 4H),
145 (m, 4H), 0.98 (t, J=7.3 Hz, 6H). 3C{'H} NMR (100.6 MHz,
CDCl3): 6 167.0, 139.7, 138.6, 136.8, 136.7, 135.9, 132.3, 125.6, 124.9,
124.5,116.9, 64.6, 30.9, 19.3, 13.9. FTIR (KBr pellet) » [cm~']: 3080,
3072, 3061, 2960, 2935, 2874, 1711, 1625, 1541, 1501, 1468, 1441,
1396, 1354, 1306, 1255, 1236,1207, 1194, 1163, 1118, 1071, 1050, 1010,
972, 918, 900, 875, 849, 806, 792. HRMS (ESI): m/z calculated for
[C30H3004S4+Na]™: 605.0919 found: 605.0903. Anal. Calcd for
C30H3004S4: C, 61.82; H, 5.19; S, 22.01. Found: C 62.01; H 5.23; S
21.89.

4.2.11. Bis-hexyl (2E) 3-(2,2':5',2":5",2" -quaterthiophen-5,5" -diyl)
dipropenoate (4Tf). Compound 4Tf was synthesized following the
procedure described for 4Ta using 660 mg (2.06 mmol) of 5, 24 mg
(0.062 mmol) of PdCly(PhCN),, 523 mg (4.12 mmol) of AgF, and
20 mL of DMSO, respectively. The crude product was purified by
flash column chromatography (silica gel, petroleum ether bp 40-
60 °C/CH,Cl,=1/6) to afford 4Tf (415 mg, 63%) as red-orange solid.
"H NMR (400 MHz, CDCl3): 6 7.73 (d, J=15.6 Hz, 2H), 7.19-7.15 (br m,
4H), 7.14-7.11 (br m, 4H), 6.20 (d, J=15.6 Hz, 2H), 4.20 (q, J=6.7 Hz,
4H), 1.71 (m, 4H), 1.46-1.30 (br m, 12H), 0.92 (t, J=6.7 Hz, 6H).
13¢{TH} NMR (100.6 MHz, CDCl3): 6 167.0, 139.7, 138.5, 136.8, 136.7,
135.9, 132.3, 125.6, 124.9, 124.5, 116.9, 64.9, 31.6, 28.8, 25.7, 22.7,
14.1. FTIR (KBr pellet) » [cm~'] 3074, 3062, 3030, 2955, 2927, 2872,
2858,1717,1697,1622,1541,1500, 1468, 1441, 1395, 1353, 1329, 1310,
1276, 1252, 1235, 1204, 1191, 1161, 1124, 1070, 1047, 1028, 980,
970, 853, 846, 804, 790. HRMS (ESI): m/z calculated for
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[C34H3804S44+Na]™: 661.1545 found: 661.1542. Anal. Calcd for: C,
63.82; H, 5.99; S, 20.07. Found: C, 63.63; H, 5.91; S, 19.92.

4.2.12. Ethyl 3-(2,2’-bithien-5-yl)-3-fluoro propenoate (8), Bis-ethyl 3-
(2,2':5,2":5" 2" -quaterthiophen-5,5" -diyl) dipropynoate (4Tg), and
ethyl(Z) 3-(5"-ethoxycarbonylethynyl-[2,2';5',2";5" 2" |[quaterthiophen-
5-yl)-3-fluoro-propenoate (4TgHF) and Bis-ethyl (Z) 3-(2,2':5,2":5",2"" -
quaterthiophen-5,5" -diyl)-3-fluoro dipropenoate (4TgH>F>). To a mixture
of PdCly(PhCN), (17.7 mg, 0.0462 mmol), 7 (404 mg, 1.54 mmol), and
DMSO (16 mL), was added AgF (391 mg, 3.08 mmol) in one portion.
After the addition, the reaction was heated to 70 °C and kept under
stirring for 24 h. The mixture was then cooled to room temperature,
diluted with CHCls (80 mL), and filtered through a short plug of Celite®
on a sintered glass filter (G3), which was successively washed with
other CHCl3 (150 mL). The filtrate was washed with water (2x100 mL)
and brine (100 mL). The organic layer was dried over anhydrous Na;SOy,
filtered, and concentrated under reduced pressure. The purification of
the residue by flash column chromatography (silica gel, petroleum ether
bp 40-60 °C/CH,Cl,=7/3, followed by petroleum ether bp 40-60 °C/
CH,Cl,=1/1, petroleum ether bp 40-60 °C/CH,Cl,=3/7 and CH)(Cl,)
afforded 22 mg of 8 (5%; Z|[E=96/4) as yellow oil, 12 mg of 4Tg (3%) as
yellow solid, 50 mg of 4TgHF (12%) as orange solid, and 113 mg of
4TgH,F, (26%) as red solid, respectively. 8: 'H NMR (400 MHz, CDCl3):
6 740 (d, J=40 Hz, 1H), 7.32 (dd, J;=5.1 Hz, J,=1.0 Hz, 1H), 7.26 (dd,
J1=3.6 Hz, ,=1.0 Hz, 1H), 715 (dd, J;=4.0 Hz, J,=0.8 Hz, 1H), 7.07 (dd,
J1=51Hz, h=36Hz, 1H), 576 (d, }Jyr=243Hz, 1H (E)), 569 (d,
3JuF=32.7Hz, 1H (2)), 426 (q, J=72 Hz, 2H), 134 (t, J=72 Hz, 3H).
Bc{'H} NMR (100.6 MHz, CDCl): 6 163.9 (d, 3Jq0)r=2.7 Hz), 161.3 (d,
Yep=2736Hz), 1418, 1360, 1317 (d, 3Jcp=323Hz), 1297 (d,
2Jcp=5.2 Hz), 128.3,126.27,125.3, 124.4, 95.8 (d, 2c;=6.1 Hz), 60.5, 14.4.
19F NMR (376.6 MHz, CDCl3): 6 —82.93 (d, 3Jpy=24.3 Hz), -93.20 (d,
3Jkn=32.7 Hz). FTIR (neat) » [cm™'] 3107, 3075, 2978, 2958, 2926, 1718,
1640, 1549, 1510, 1501, 1456, 1425, 1394, 1371, 1335, 1316, 1271, 1223,
1205, 1155, 1097, 1084, 1069, 1040, 1014, 949, 891, 842, 805, 699. MS (EI,
70 eV): m/z 282 (M*, 82), 237 (66), 210 (100), 165 (31). Anal. Calcd for
C13H11FO,S;: €, 55.30; H, 3.93; S, 22.71. Found: C, 55.14; H, 3.95; S, 22.62.
4Tg: 'H NMR (400 MHz, CDCl5): & 743 (d, J=4.0 Hz, 2H), 721 (d,
J=3.8Hz, 2H), 716 (d, J=3.8 Hz, 2H), 714 (d, J=40Hz, 2H), 428 (q,
J=72 Hz, 4H), 1.34 (t, J=7.2 Hz, 6H). 3C{'H} NMR (100.6 MHz, CDCl5):
0153.9,142.2, 1376, 135.2, 126.0, 125.0, 123.8, 117.9, 86.1, 80.0, 62.2, 14.1.
FTIR (KBr pellet) » [cm™'] 3094, 3065, 2985, 2938, 2200, 1699, 1437,
1365, 1295, 1249, 1227, 1213, 1194, 1154, 1069, 1053, 1016, 847, 794, 740,
742. HRMS (ESI): m/z calculated for [CygH1804S4+Na]*: 544.9980 found:
544.9974. Anal. Calcd for Co6H1804S4: C, 59.75; H, 3.47; S, 24.54. Found:
C, 60.05; H, 3.50; S, 24.28. 4TgHF: 'H NMR (400 MHz, CDCls): 6 741 (m,
2H), 718 (d, J=4.0 Hz, 2H), 7.14 (m, 3H), 710 (d, J=4.0 Hz, 1H), 5.70 (d,
3J4F=32.7 Hz, 1H), 432 (q, J=7.2 Hz, 2H), 4.26 (q, J=7.2 Hz, 2H), 1.36 (m,
6H). *C{"H} NMR (100.6 MHz, CDCls): 6 163.8 (d, *Jci0)r=2.5 Hz), 161.1
(d, lJC,F:273.2 Hz), 154.0, 142.3, 1411, 137.7, 1372, 1371, 135.3, 132.0
(%Jcp=322 Hz), 129.7 (d, 3Jcp=5.2 Hz), 1261, 125.1, 125.0, 124.5, 1238,
118.0, 961 (d, %Jcp=6.1 Hz), 86.2, 80.1, 62.3, 60.6, 144, 14.2. °F NMR
(376.6 MHz, CDCl3): 6 —93.20 (d, 3Jpy=32.7 Hz). FTIR (KBr pellet) v
[Cm_ll 3095, 3077, 3066, 3051, 2980, 2936, 2905, 2202, 1701, 1638, 1541,
1521, 1501, 1451, 1439, 1391, 1368, 1352, 1331, 1289, 1277, 1252, 1232,
1218, 1204, 1195, 1159, 1097, 1069, 1050, 1019, 940, 848, 795, 745. HRMS
(ESI): mjz calculated for [CyeH1904S4F+Na]™: 565.0042 found:
565.0040. Anal. Calcd for CogH1904S4F: C, 57.54; H, 3.53; S, 23.63. Found:
C,57.89; H, 3.61; S, 23.44. 4TgH,F>: TH NMR (400 MHz, CDCl3): 6 740 (d,
J=40 Hz, 2H), 717 (d, J=4.0 Hz, 2H), 713 (m, 4H), 5.70 (d, }Jy=32.7 Hz,
2H), 426 (q, J=72Hz, 4H), 134 (t, J=72Hz, 6H). Bc{'H} NMR
(100.6 MHz, CDCl): 6 163.8 (d, 3Jci0)r=2.5 Hz), 161.0 (d, 'Jc=273.3 Hz),
1411, 1371, 135.3, 132.0 (¥cp=32.2 Hz), 129.7 (}Jcp=5.3 Hz), 126.1, 1251,
1245, 961 (¥cr=6.1Hz), 606, 144. 9F NMR (376.6 MHz, CDCls):
6 —93.20 (d, }Jpy=32.7 Hz). FTIR (KBr pellet) » [cm™'] 3091, 3077, 3063,
3052, 2980, 2935, 2904, 2871, 1700, 1642, 1542, 1451, 1441, 1394, 1368,
1336, 1320, 1268, 1230, 1195, 1156, 1095, 1075, 1046, 1014, 940, 848, 792,

784. HRMS (ESI): m/z calculated for [CogH004S4F2+Na]™: 585.0105
found: 585.0101. Anal. Calcd for CogH2004S4F>: C, 55.50; H, 3.58; S, 22.79.
Found: C, 55.85; H, 3.87; S, 22.57.

4.3. Device fabrication

Organic thin film transistors were fabricated in ‘top contact’
configuration. The devices are constituted by a heavily n-doped
silicon substrate (resistivity: 0.02-1 Q cm) coated by a thermally
grown 300 nm thick SiO oxide layer (G;=10 nFcm™2). All Si/SiO,
substrates were cleaned as follows: the substrates were rinsed with
deionized water, acetone, deionized water and dried in nitrogen
flow. Subsequently they were sonicated in isopropanol for 10 min
and then washed again with a further step water/acetone/water and
dried again with nitrogen. Finally the substrates were sonicated in
methanol for 10 min and rinsed with the last water/acetone/water
washing step and dried with nitrogen flow. A gold ohmic contact
created directly on the silicon substrate works as the gate contact.
Films of 4Ta-g were deposited on the substrate either by spin-
coating from anhydrous CHCl3 solutions (2 mg mL™!) at 2000 rpm
for 30 s or by vacuum sublimation (10~° Torr). The spin coated thin
films were also annealed at 100 °C for 30 min in high vacuum con-
dition (10~ Torr). The film thicknesses were measured by a KLA
Tencor T10 profilometer and were found to be 50 nm for vacuum
deposited films and 30 nm for spin-coated films. The drain and
source electrodes were fabricated on the organic semiconducting
layer by gold thermal evaporation through a shadow mask. The
resulting channel dimensions were L=200 pm and W=4 mm. The
Igs—Vgs current-voltage characteristics were evaluated by an Agilent
4155B semiconductor parameter analyzer operating the device in
a common source configuration and in the accumulation mode. The
Vs and Vg potentials ranged between 0V and —100 V. The field-
effect mobility (1) and the threshold voltage (Viy), in saturation re-
gimes (Vgs>Vg), were extracted using the equation:

Vigs =

w
(Cilu'ﬂ) (Vg — Vin)

where Igs is the drain-source current, C; is the capacitance per unit
area of the gate dielectric layer, V; is the gate voltage.
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