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ABSTRACT

A set of rigid, π-conjugated linear mono- and bisterpyridines and star-shaped tristerpyridines have been synthesized using Pd(0)-catalyzed
coupling reactions and the Horner −Wadsworth −Emmons reaction. The terpyridyl ligands obtained feature strong emission in the blue range
with high quantum yields in dilute solution and thin films.

Supramolecular chemistry has evolved into one of the most
active areas of research in modern chemistry. Both the design
and effective preparation of new functional ligands and their
incorporation into supramolecular assemblies by transition
metal complexation mark the key challenges in this field.1

In recent years, oligopyridyl ligands and especially their
transition metal complexes have found numerous applications
as luminescent sensors in molecular biology and medical
diagnostics, in photocatalysis, as active materials in self-
assembled molecular devices, and as photoactive molecular

wires.2 Furthermore, these complexes have been introduced
effectively in electroluminescent materials and for storage
applications in molecular electronics and photonics.3
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The remarkably high binding affinity toward most transi-
tion metal ions by dπfpπ* bonding, together with their
chelation properties, make terpyridines attractive building
blocks for the construction of supramolecular assemblies.
2,2′:6′,2′′-Terpyridines bearingπ-conjugated substituents at
the 4′-position are known to present interesting photophysical
and electrochemical properties.1b,2e,4 The electronic com-
munication between the metal-complexed units of bis- and
tristerpyridines is another fascinating feature pointing out
their potentials in the design of new functional materials.2-4

Light-emitting ligands are considered to be important
structures as hosts for photoinduced energy and electron
transfers in supramolecular chemistry.4 However, unlike for
their 2,2′-bipyridyl counterparts,5 the applications ofπ-con-
jugated terpyridines in these fields have not been elaborated
so far and only a few publications deal with the synthesis
and properties of rigid-linear or star-shaped derivatives.6

In continuation of prior work in the field of terpyridines
and their applications in supramolecular chemistry,1b,c,7 as
well on the design of PPV/PPE hybrid polymers,8 we now
present the synthesis and photophysical investigations of new

rigid π-conjugated mono-, bis-, and tris(2,2′:6′,2′′-terpyrid-
ines). The structures shown in this contribution bearing
various conjugated linkagessincluding alkene, alkyne, and
phenyl moietiessand solubilizing alkoxy chains are promis-
ing with respect to the design of new supramolecular
assemblies, molecular wires, or dendritic structures.

A set of 4′-substituted 2,2′:6′,2′′-terpyridines were chosen
as the starting point for the construction of the rigid mono-,
bis-, and tristerpyridines via Pd(0)-catalyzed coupling reac-
tions and the Horner-Wadsworth-Emmons reaction (HWE).
For this purpose, the Kröhnke-type derivatives1 and2 were
prepared according to methods published previously.9 Scheme
1 summarizes the straightforward syntheses of the key
substrates4 and5 for the HWE reactions.10

The Pd(0)-catalyzed Sonogahira cross-coupling reaction
of the ethynyl-functionalized terpyridine2 (see Supporting
Information for details) with bis(alkoxy)-arylbromides in the
presence of Pd(PPh3)4/CuI as catalyst directly provided the
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Scheme 1. Synthesis of 4′-Substituted 2,2′:6′,2′′-Terpyridines

Scheme 2. Sonogashira Coupling of Ethynyl Terpyridine2
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corresponding mono- and bisterpyridines (6 and 7) in
moderate to good yields as depicted in Scheme 2.6a

In a second approach, the HWE reaction of terpyridines
4-6 using KOtBu as a base afforded the desired C-C double
bonds with highE-selectivity, which was proven by1H NMR
spectroscopy. The general protocol was successfully applied
to synthesize theπ-conjugated mono- and bisterpyridines
8-16 in yields higher than 80% (Schemes 3 and 4, Table
1).

In comparison, the Horner-Wadsworth-Emmons reaction
was found to be the method of choice for the attachment of
π-conjugated spacers to the terpyridine moiety, as the starting
materials are easily accessible via known procedures and the
yields are significantly higher than for the Pd(0)-catalyzed
coupling reactions.

Additionally, the method was successfully extended to the
synthesis of a star-shapedπ-conjugated tristerpyridine17
(yield 66%) starting from the phosphonate-functionalized
terpyridine5 and an aromatic trialdehyde (Scheme 5).11

All terpyridine derivatives shown in this contribution were
fully characterized by NMR spectroscopy, MALDI-TOF
mass spectrometry, and elemental analysis (see Support-
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Scheme 3. HWE Reaction of the Aldehyde-Functionalized
Terpyridines4 and6

Scheme 4. HWE Reaction of the Phosphonate-Functionalized
Terpyridine5

Table 1. Overview of the HWE Reaction of
Phosphonate-Functionalized Terpyridine5 with Various
Aromatic Dialdehydes

Scheme 5. Synthesis of the Star-Shaped Tristerpyridine17
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ing Information). Because of the long alkoxy chains, an
improved solubility in organic solvents of medium polarity
in comparison to unsubstituted analogous substrates was
achieved.

The photophysical properties of theπ-conjugated ter-
pyridines as summarized in Table 2 were investigated by
absorption and emission spectroscopy.

As illustrated in Figure 1, strong absorption around 350
nm was observed for theπ-conjugated terpyridines6 and
10. With increasing conjugation, a distinct red-shift of the
absorption maximum (between 60 and 80 nm), together with
a strong increase in the molar extinction coefficient, for all
bis- and tristerpyridines was found. This effect is most
pronounced for the bisterpyridines13-15 indicating the very
high effective conjugation length of these derivatives.

The emission maxima of the terpyridines cover the whole
blue range (425-500 nm). In comparison to the terpyridines
6 and10 and in similarity to their absorption behavior, the
emission maximum of the higher conjugated derivatives is
also red-shifted. High quantum yields up to 85% were
determined. As a result, the conjugated terpyridines shown
here might be promising candidates for the design of
functional supramolecular materials.

We also compared the emission data obtained for dilute
solutions to those of spin-coated thin films. Because of strong
π-π stacking in the soild state, the emission is quenched
significantly. Thin films were obtained by spin-coating the
materials onto glass slides. In comparison to the solutions,
a red-shifting of the emission maxima of approximately 30
nm with quantum yields of about 25% was observed.

In conclusion, a library ofπ-conjugated terpyridines with
various linkages and geometries have been synthesized.

These compounds are suitable building blocks for the design
of supramolecular assemblies, including block copolymers
or chain-extended polymers, by metal complexation. Strong
blue emission with high quantum yields has been observed
for the solutions and thin films. These properties reveal the
potential of these terpyridine systems with respect to potential
applications as functional materials.
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Table 2. Photophysical Properties of Terpyridines6-17

entry 6 7 8 9 10 11

λabs/nm 348 407 417 394 358 414
λem/nm 440 478 480 459 437 479
Φfl/% 28 68 82 81 21 78

entry 12 13 14 15 16 17

λabs/nm 392 424 423 419 406 433
λem/nm 444 487 471 490 458 461
Φfl/% 85 54 74 68 60 59

Figure 1. Normalized absorption (top) and emission spectra
(bottom) of terpyridines in dilute CHCl3 solution (10-6 mol/L).
Emission spectra were obtained upon excitation at the absorption
maximum.
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