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Abstract—Different mono- and bis-terpyridines were synthesized utilizing nucleophilic substitution of 4'-chloro-2,2":6",2"-ter-
pyridine. In the case of the mono-functionalized ligands, different functional groups opposite to the metal binding site could be
introduced; with the bis-functionalized ligands building blocks for metal-containing polymers with a tailored alkyl-chain length
were accessible. As examples, a functionalized terpyridine cadmium(II) complex as well as a fullerene derivative were prepared.

© 2001 Elsevier Science Ltd. All rights reserved.

Since Morgan and Burstall first described the synthesis
of 2,2":6',2"-terpyridine in 1932' there have been many
investigations of this metal-complexing ligand, its com-
plexes and derivatives. These studies concerned com-
plex formation, photochemical properties and most
recently the wuse as building blocks for novel
supramolecular structures such as double helicates,?
dendrimers® or ordered architectures on surfaces.* A
biochemical application is the use of (terpyridine)Cu(II)
as a RNA hydrolysis agent in ribozyme mimetics.’
Bis-functionalized ligands are of special interest due to
their ability to serve as bridging ligands in metal-con-
taining polymers, possibly allowing materials with tail-
ored physical properties.®'° Applications also seem
possible in nanotechnology such as the formation of
ordered architectures or the introduction of metal bind-
ing sites onto colloids or nano-particles, in order to
gain access to materials with new properties (Scheme

1).
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Scheme 1.
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However, for all such purposes suitable functional
groups (X in Scheme 1) such as SH, COOH, NH, or
OH, have to be introduced in reasonable yields. Here
we present the synthesis of different 2,2:6',2"-terpyridi-
nes, functionalized in the 4'-position, as well as some
bis-terpyridine terminated systems. The mono-terpyridi-
nes were synthesized according to a modified procedure
first described by Newkome et al.'' (Scheme 2). All of
the products were obtained by nucleophilic substitution
of 4'-chloro-2,2":6',2"-terpyridine 1'? utilizing an excess
of KOH and dry DMSO as solvent.!* Different thio-
lates and alkoxides also containing another functional
group were used as nucleophiles. Starting with 5-
amino-1-pentanol, the already described aminofunc-
tionalized terpyridine 2 could be synthesized in a
multi-gram scale in 75% yield using a simple precipita-
tion procedure for purification (however, to obtain
completely pure products, column chromatography or
recrystalization should also be applied).

Even better results were obtained using 4-tert-butyloxy-
butanol as nucleophile.!* The corresponding tert-
butyloxy-terminated terpyridine 6 could be isolated in
92% yield. After deprotection the hydroxy-terminated
ligand 7 is accessible in 92% yield. Furthermore, the
direct preparation of hydroxy or thiol-terminated ter-
pyridines is possible utilizing a ten-fold excess of bis-
hydroxy or bis-thiol-functionalized starting material. In
this way compounds 3 and 5 could be prepared in 72
and 24% yields, respectively. The rather low yield in the
thiol case is due to purification problems. However, the
latter ligand represents a very useful compound for the
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preparation of terpyridine coated gold substrates and
particles. The carboxy-terminated terpyridine 4 could
be prepared in 65% yield using in situ ring-opening of
g-caprolactone. In order to synthesize bis-terpyridine
terminated systems, the same basic procedure, as in the
case of the mono-terpyridines only with equimolar
amounts of the reactants, was applied'® (for other
routes to functionalized terpyridine ethers and thio-
ethers see, e.g. Ref. 16 and for other bridging ligands
see, e.g. Ref. 17). Utilizing 6-mercapto-1-hexanol and
1,6-hexanediol the corresponding bis-terpyridine termi-
nated ligands 8 and 9 could be obtained in 66 and 70%
yield, respectively. Furthermore, ethylene glycol deriva-

tives could be utilized, providing a route to highly
soluble systems such as 10.

Selected data for the mono-terpyridine ligands 2 to 5
are given in Table 1. The characterization of the ligands
was carried out using NMR spectroscopy and MALDI-
TOF mass spectrometry, as well as elemental analysis.
In particular, 'H NMR spectroscopy was very useful
for the characterization of the described compounds.
The successful nucleophilic substitution can be easily
detected by a characteristic shift of the 3',5-proton
signals in the '"H NMR spectra depending on the kind
of nucleophile used. A shift of the '"H NMR signals

Table 1. Comparison of some of the mono-terpyridine ligands: reaction conditions and yields

No. X Reagent Time (h) Temp. (°C) Mp (°C) 3.5 (ppm) Yield (%)
2 NH, 5-Amino-1-pentanol!! 4 80 104 8.03 75
3 OH 1,6-Hexanediol ' 4 80 111 8.01 72
4 COOH e-Caprolactone 22 80 187 7.99 65
5 SH 1,6-Dimercaptohexane 4 80 87 8.33 24
NOH
HANNNN0
|
2 I I 1. Methanol / H,0
N 2. NH,4PFg (x 40)
3 _— CHClz, pyridine, 40°C, 6 N 47%
+ 70°C,2h
75%

Cd(OAc),

Scheme 3.
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from 0 8.48 ppm for the 4'-chloro-terpyridine 1 to 8.03
ppm in the case of the hydroxy-based nucleophile 2 or
to 8.33 ppm in the case of the thiol-based nucleophile 5
can be observed. Both signals appear in the spectra of
both the oxo-ether and thio-ether containing compound
9. For the compounds with higher mass, the existence
of the desired products could be proved by MALDI-
TOF-MS measurements. The prepared terpyridine
derivatives represent very interesting building blocks for
attachment to polymers, surfaces or biological systems,
as well as for direct use in metal complexation. The
latter direction would lead to new interesting metallo-
supramolecular building blocks. As a first example
concerning complexation in functionalized metallo-
supramolecular units, we reacted hydroxy-functional-
ized terpyridine with cadmium(II) acetate.'® The
corresponding octahedral metal complex 11 was formed
in a methanol/water mixture and could be isolated in
75% yield after anion exchange utilizing a large excess
of ammonium hexafluorophosphate. Furthermore, a
fullerene carboxylic acid chloride 12'° was reacted with
2. The resulting unit 13 was isolated after size exclusion
chromatography in 47% yield (Scheme 3).°

The synthetic route described yields a variety of differ-
ent mono-functionalized terpyridines as well as bis-ter-
pyridine compounds in gram to multi-gram quantities.
As first applications a bis-hydroxy-functionalized ter-
pyridine cadmium(II) complex and a fullerene deriva-
tive were prepared. Studies on the incorporation of
such ligands and supramolecular building blocks into
polymers with special photochemical properties as well
as attachment to metal surfaces and nanoparticles are
currently in progress.
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Mono-terpyridines 2-6: General synthetic strategy: To a
stirred suspension of powdered KOH (11.6 g, 206 mmol)
in dry DMSO (180 ml) at 80°C, the alcohol (43.0 mmol)
was added. After 30 min, 4'-chloro-2,2:6',2"-terpyridine
was added (11.5 g, 43.0 mmol) and the mixture was
stirred for 4 h at 70°C and then poured into 2 1 of
distilled water. The aqueous phase was extracted with
CH,CI, (3x200 ml). The combined organic phases were
dried over Na,SO, and evaporated in vacuo, and the
residue was recrystallized from ethyl acetate or purified
by column chromatography (CH,Cl,/MeOH). 7: 6 (3.01
g, 8 mmol) was dissolved in dry dioxane (200 ml). Hydro-
chloric acid (4N, 50 ml) was added dropwise and the
mixture was refluxed for 6 h. After removal of the
dioxane, aqueous NaHCO; (260 ml, 1 M) was added and
the mixture was extracted with CH,Cl, (3x200 ml). The
combined organic phases were dried over Na,SO, and the
solvent was removed in vacuo yielding 2.35 g of 7 (92%)
as a white solid.

See, e.g. Eisenbach, C. D.; Godldel, A.; Terskan-Reinold,
M.; Schubert, U. S. Macromol. Chem. Phys. 1995, 196,
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. General synthetic strategy: The same route was used as

described in Ref. 11 only with equimolar amounts of the
reactants.
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To a solution of 3 (191 mg, 0.55 mmol) in distilled
methanol (19 ml) cadmium(Il)-acetate hydrate (627 mg,
0.27 mmol) was added and refluxed for 2 h. Ammonium
hexafluorophosphate (3.90 g, 23.9 mmol) in distilled
water (3 ml) was added and the mixture was stirred for 10
minutes. The precipitate was filtered off and washed with
water (3x20 ml), methanol (3x20 ml) and diethyl ether
(3%20 ml). The white solid was recrystallized from diethyl
ether/acetone yielding 225 mg (75%) of 11 as a white
solid.

12 was directly used after formation (FD-MS characteri-
zation). Harth, E. Dissertation, Mainz, 1998.
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