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ABSTRACT

Starting from an easily available pyridinol derivative, a route to penta(2-thienyl)pyridine and related symmetrical compounds is reported. Key
reactions are activation of the pyridine core and metal-catalyzed couplings proving the efficacy of these methods even in sterically highly
encumbered systems. UV/vis and fluorescence spectra as well as first cyclovoltametric measurements of the synthesized novel thiophene—pyridine

conjugates are reported.

Owing to their outstanding electronic, optical, and redox
properties (oligo-)thiophene-based 7-conjugated materials
play a very important role as active components in organic
electronic devices, e.g., organic light emitting diodes (OLEDs),
field effect transistors (OFETs), and solar cells (OSCs),
to name but a few. They usually exhibit high stabilities,
unique arrangement, and stacking properties in the bulk or
as films on surfaces. Thiophene moieties feature a high
polarizability resulting in very efficient electronic conjuga-
tion and excellent charge transport properties.! The rich
chemistry of thiophenes allows for a broad structural
diversification and thus the possibility for a very flexible
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tuning of desired electronic properties: In addition to
various chemical and electrochemical polymerization
techniques,"> numerous well established methods for
the functionalization of the thiophene ring® are known,
providing ideal building blocks for substitution reac-
tions and for transition-metal-catalyzed cross-coupling
reactions.?
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Apart from oligomers and polymers containing
(functionalized) thiophene moieties, a variety of donor-,
acceptor-, and donor—acceptor-substituted thiophene
conjugates'“™ have been investigated in the search for
novel promising organic electronic materials. In this re-
spect and also for other applications, many pyridyl-thienyl-
substituted conjugates® have been reported.

Our group has discovered a remarkably flexible method
for the synthesis of highly functionalized pyridine deriva-
tives utilizing a three-component reaction of lithiated
alkoxyallenes, nitriles, and carboxylic acids as precursors,’
which allows the introduction of a broad range of different
substituents in all five positions of the pyridine ring. We
recently employed this methodology for the synthesis of a
series of highly 2-thienyl-substituted pyridine derivatives
showing interesting photophysical properties.® Unfortu-
nately, all our attempts failed to transform key compound
5 into the ultimate goal penta(2-thienyl)pyridine 11. Here
we report now the successful synthesis of this compound
and the use of intermediate 8 for the preparation of other
per(2-thienyl) pyridines with extended zz-systems (13, 16,
and 17). Although we were mainly interested in the photo-
physical and redox properties of these new thiophene-
pyridine conjugates, we also wanted to explore the scope
of modern Pd-catalyzed cross coupling reactions in steri-
cally highly encumbered aromatic systems.

Our reaction sequence started with easily available
tetrasubstituted pyridine derivative 4 which was converted
into pyridinol 8.% Activation of C-3 of compound 4 was
achieved by iodination under basic conditions’ to furnish
3-iodopyridinol 5 (Scheme 1). In order to introduce two
2-thienyl groups in one step, the free hydroxyl group was
converted under standard conditions into triflate 6. The
palladium-catalyzed 2-fold Stille coupling of 6 with
2-(tributylstannyl)thiophene in DMF at 90 °C afforded the
desired tetra(2-thienyl)-substituted pyridine derivative 7.
Dealkylation of the C-5 methoxy group with an excess of
sodium ethanethiolate in hot DMF' furnished the desired
pyridinol 8. For all steps we could improve the reported
yields considerably.®

Scheme 1. Improved Synthesis of
2,4,5,6-Tetra(2-thienyl)pyridin-3-ol (8)
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Key compound 8 was subsequently converted into
pyridyl nonaflate'' 9 in excellent yield by treatment with
sodium hydride and nonafluorobutanesulfonyl fluoride
(NfF) in THF at room temperature (Scheme 2).

Scheme 2. Synthesis of Penta(2-thienyl)pyridine Derivative 11¢

TH,0, EtzN
CH,Cly, 1t

method  yield method  yield
a 35% a 38%
b 40% b 41%

c 31% c 26%

“Reagents and conditions: (a) thiophene-2-boronic acid, Pd(PPhs),,
K,CO3, DMF, 80 °C, 3 h; (b) 2-(tributylstannyl)thiophene, Pd(PPh;),,
DMF, 90 °C, 3 h; (c) thiophene, n-BuLi, ZnBr,, Pd(PPh3),, THF,
60 °C, 3 h.

Alternatively, 8 and triflic anhydride/triethylamine af-
forded pyridyl triflate 10. The crucial final palladium-
catalyzed couplings of nonaflate 9 and triflate 10, respec-
tively, were challenging because of the steric hindrance
exhibited by the neighboring substituents. Gratifyingly, the
attempted Suzuki, Stille, or Negishi couplings with 9 or 10
and the corresponding 2-thienyl metal precursors delivered
the targeted penta(2-thienyl)pyridine 11, albeit all reactions
provided only moderate yields in the range of 26 to 41%.

After successful synthesis of penta(2-thienyl)pyridine
11, we subjected intermediate 10 to other coupling reac-
tions to gain additional symmetric per(2-thienylated) com-
pounds. The 2-fold Suzuki reaction of triflate 10 with
thiophene-2,5-diboronic acid 12 furnished the expected
product 13 with good efficacy (Scheme 3). This unique
compound contains not less than nine thiophene rings!
Surprisingly, the reaction of 10 with benzene-1,4-diboronic
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acid under similar conditions failed to give the related
product with a central benzene unit.

Scheme 3. Twofold Suzuki Coupling of 10 Leading to
Thiophene Derivative 13
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43%

Next, we examined metal-catalyzed coupling reac-
tions with alkynes (Scheme 4). We were very pleased
to observe that the coupling of pyridyl triflate 10 with
(triisopropylsilyl)acetylene under standard Sonogashira
conditions'? afforded alkyne 14 in excellent yield. Depro-
tection with tetra-n-butylammonium fluoride (TBAF)
gave monosubstituted alkyne 15 in 97% yield, which on
reaction with pyridyl triflate 10 under similar Sonogashira
conditions furnished bis[penta-2-(thienyl)pyridyl]-
substituted alkyne 16. Alkyne 15 was also subjected to
Glaser coupling conditions, hence providing the expected
bis[penta-2-(thienyl)pyridylJsubstituted butadiyne 17 in
good yield. All these successful reactions show that me-
tal-catalyzed couplings of highly substituted compounds
such as 10 occur with surprising efficacies.

Scheme 4. Synthesis of Dipyridylalkyne 16 and Butadiyne 17
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With the symmetric per(2-thienyl)-substituted pyridine
derivatives 11, 13, 16, and 17 and alkyne 15 in hand, we
studied their photophysical properties as neutral and

(12) Selected reviews: (a) Sonogashira, K. In Handbook of Organo-
palladium Chemistry for Organic Synthesis; Negishi, E.-i., de Meijere, A.,
Eds.; Wiley: New York, 2002; pp 493—529. (b) Negishi, E.-i.; Anastasia, L.
Chem. Rev. 2003, 103, 1979-2017. (c) Doucet, H.; Hierso, J.-C. Angew.
Chem. 2007, 119, 850-888. Angew. Chem., Int. Ed.2007,46,834-871.(d)
Chinchilla, R.; Najera, C. Chem. Rev. 2007, 107, 874-922.
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protonated species (Table 1 and Figure 1). In chloroform
solution, all compounds show UV absorptions with
maxima between 307 and 329 nm with shoulders ranging
up to 434 nm for 17. After excitation at wavelengths
corresponding to the absorption maxima, the compounds
show fluorescence with maximum emission wavelengths
between 430 nm (11 and 15) and 520 nm (13 and 16)
resulting in Stokes shifts of 120—210 nm. As expected, the
maximum absorption and emission wavelengths are sig-
nificantly red-shifted for the corresponding pyridinium
salts, measured in a 99:1 mixture of chloroform and
trifluoroacetic acid.'>'* Here, maximum emission wave-
lengths range from about 510 to 530 nm.

[au]

.. (2 (1) (2)

05

i absorption/!

260 310 360 410 460 510 560 610 660
wavelength [nm]

Figure 1. UV/vis spectra (dashed lines) and emission spectra
(solid lines) of compound 17 in CHCI; (1) and CHCIl3/TFA
99:1) (2).

The electrochemical properties of our new compounds
were investigated and compared with 2,4,6-tris(2-thienyl)-
pyridine (18).® Cyclic voltammetry of 18 in acetonitrile
showed irreversible oxidations at potentials of 1.36 and
1.86 V. Penta(2-thienyl)pyridine (11) gave very similar
values of 1.33 and 1.76 V, indicating that the two addi-
tional thienyl group do not strongly contribute to the
s-system due to nonplanarity. Figure 2 shows the cyclic
voltammogram of 11 running 30 scans.

Compounds 13, 16, and 17 are not sufficiently soluble in
acetonitrile; in chloroform solution they undergo irreversible
oxidations at potentials of ca. 1.4 V. In all cases investigated,
precipitation of a film was observed at the anode.'> Not
surprisingly, the electrochemical oxidation induced poly-
merization of the compounds, a behavior well-known from
related compounds such as 1,3,S—trisalrylbenzenes.16

In conclusion, we demonstrated the versatility of inter-
mediates such as 4 for the syntheses of symmetrical per-
(2-thienyl) pyridine derivatives. We also gave proof of the

(13) For related pH-sensitive fluorescence phenomena, see: (a)
Monkman, A. P.; Palsson, L.-O.; Higgins, R. W. T.; Wang, C.; Bryce,
M. R.; Batsanov, A. S.; Howard, J. A. K. J. Am. Chem. Soc. 2002, 124,
6049-6055. (b) Baxter, P. N. W. J. Org. Chem. 2004, 69, 1813—1821 and
reference 19 cited therein. (c) References 5f and 6b.
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strong decrease in the fluorescence intensity was observed for the
protonated species of 13, 15, 16, and 17.

(15) See the Supporting Information for further details.
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Lapkowski, M. Electrochim. Acta 2010, 55, 7419-7426 and references
cited therein.
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Table 1. Absorption and Emission Data of the Oligo 2-Thienyl-Substituted Pyridine Derivatives

Aabs (nmM)*® log €° Aem (nm)®  Stokes shift Aabs (nm)® in log €% in Aem (NM)® in Stokes shift

compd inCHCl; in CHCl3 in CHCI3 (nm) CHCI3/TFA (99:1) CHCI3/TFA (99:1) CHCI3/TFA (99:1) (nm)

11 307 4.38 429 122 4.20 516 184
348 (sh) 4.13 290 (sh) 4.12
404 (sh) 4.14

13 307 4.75 516 209 4.60 517 127
363 (sh) 4.63 430 (sh) 329 (sh) 4.57

15 315 4.43 435 120 4.26 508 173
390 (sh) 4.17

16 324 4.67 519 195 4.54 523 188
314 (sh) 4.67 468 (sh) 310 (sh) 4.49
364 (sh) 4.49 410 (sh) 4.45

17 329 4.62 462 133 4.56 527 178
411 (sh) 4.54 442 (sh) 4.49

434 (sh) 4.52

“UV/vis absorption; measured at ¢ = 107°=107° mol L™! in 1 cm cuvettes; sh = shoulder. * Extinction coefficient. ¢ Photoluminescence after
excitation at maximum absorption wavelength; measured at ¢ = 107°=10"° mol L™ in 1 cm cuvettes.
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Figure 2. Cyclic voltammogram of 11 obtained in the range
of 0.1—1.9 V on platinum electrodes; potential sweep rate v =
100 mV/s; 0.030 mM solution in 0.1 M BuyNPF in acetonitrile.
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power of Pd-catalyzed processes in sterically highly encum-
bered systems. The resulting per(2-thienyl) pyridines showed
interesting photophysical properties revealing fairly large
Stokes shifts. The electrochemistry of these compounds has
been investigated showing irreversible oxidation.
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