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Abstract—A new methodology for the synthesis of functionalised 2,2�:6�,2��-terpyridine systems is suggested: sequential synthesis
of the heterocyclic assemblies based on the 1,2,4-triazine ring, direct introduction of the cyano group in the 1,2,4-triazine ring and
the transformation of the latter to a pyridine ring via an aza-Diels–Alder reaction. © 2002 Elsevier Science Ltd. All rights reserved.

Organic molecules bearing the 2,2�:6�,2��-terpyridine
moiety have a geometry is favourable for accepting
various metal centres, therefore such molecules are used
widely in coordination chemistry. Based on compounds
of this series and their complexes, highly sensitive ana-
lytical reagents,1 various sensor systems,2 reagents for
enantioselective synthesis,3 and luminescent agents for
labelled peptide synthesis4 were created. Besides,
2,2�:6�,2��-terpyridines are attractive building blocks for
supramolecular chemistry.5

The most common methods for the synthesis of the
2,2�:6�,2��-terpyridines are by means of combination of
single pyridine blocks or formation of the central
(rarely both terminal) pyridine rings starting from the
corresponding open-chain intermediates (for a review
see Ref. 6).

In the present paper we describe a new methodology
for the synthesis of functionalised terpyridines, based
on the direct introduction of substituents into a 1,2,4-
triazine ring followed by transformation of the latter
into the pyridine ring. In planning such an approach we
proceeded from the following points: (a) 1,2,4-triazine
4-oxides are very electrophilic heterocycles, that allow
the direct introduction to the 1,2,4-triazine ring of
various nucleophiles including the formation of a new
C�C bond;7 (b) 1,2,4-triazines react relatively easier
with electron rich dienophiles in an inverse electron
demand aza-Diels–Alder reaction resulting in their
transformation into pyridines.8 In this situation, suc-
cessful realisation of the suggested methodology
depends on the synthesis of heterocyclic assemblies
based on 1,2,4-triazines. To achieve this aim we used
the method for the synthesis of the 1,2,4-triazine 4-

Scheme 1. Reagents and conditions : (i) EtOH, rt, 12 h; (ii) Pb3O4/AcOH, rt; (III) NEt3, CHCl3, reflux.
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oxides described earlier.9 Thus, condensation of two
molecules of the hydrazone of isonitrozoacetophenone
with pyridine-2,6-dicarboxaldehyde in ethanol followed
by oxidative aromatisation of the intermediate with
Pb3O4 in acetic acid resulted in the formation of 2,6-
bis(4-oxid-6-phenyl-1,2,4-triazin-3-yl)pyridine 1.10 The
presence of the N-oxide group opens a way for func-
tionalisation of the 1,2,4-triazine rings of 1 via nucle-
ophilic substitution of hydrogen.7 Cyanide anion was
chosen as a nucleophile, since the introduction of the
cyano group in the heterocycle allows further modifica-
tions of potential ligands via typical nitrile transforma-
tions. We decided not to use the cyanide ion itself in
this reaction with 1, but instead used its synthetic
equivalent—acetone cyanohydrin in the presence of
triethylamine,11 affording 2,6-bis(5-cyano-6-phenyl-
1,2,4-triazin-3-yl)pyridine 2 (Scheme 1).12 The reaction
proceeded in good yield, hence the 1,2,4-triazines seem
to be useful building-blocks for the preparation of
oligopyridine systems.

One characteristic feature increasing the attraction of
1,2,4-triazines is the possibility of their facile transfor-
mation into a pyridine ring in one step as result of the
inverse electron demand Diels–Alder reaction.8 Thus,
refluxing dinitrile 2 with 2,5-norbornadiene in toluene
yielded 6,6��-dicyano-5,5��-diphenyl-2,2�:6�,2��-terpyridine
L1 (Scheme 2).13

It is appropriate to use in this reaction more electron-
rich dienophiles such as enamines. For instance, treat-
ment of dinitrile 2 with 1-pyrrolidinocyclopentene
proceeded with loss of nitrogen resulting in an interme-
diate cycloadduct, which was aromatised without

purification by the elimination of pyrrolidine by reflux
in acetic acid to afford 2,6-bis(6-cyano-5-phenyl-3,4-
cyclopentenopyridyl-2)-pyridine L2 (Scheme 2).14 The
presence of two aliphatic rings in the molecule L2

increases the solubility in comparison with terpyridine
L1, thereby facilitating the synthesis of complexes with
transition metals.

Refluxing of ligand L2 with Ni(NO3)2·6H2O in acetoni-
trile led to the formation of a complex of molecular
formula of this complex L2Ni(NO3)2.15 The geometry
was established by X-ray analysis (Fig. 1).16 The Ni(II)
atom adepts a strained octahedral environment formed
by three nitrogen atoms of the ligand L2 and three
oxygen atoms of the nitrate anions with chelate and

Scheme 2. Reagents and conditions : (iv) toluene, reflux, 6 h;
(v) toluene, reflux, 1 h; (vi) AcOH, reflux, 1 h.

Figure 1. Geometry of the complex L2Ni(NO3)2.



D. N. Kozhe�niko� et al. / Tetrahedron Letters 43 (2002) 4923–4925 4925

terminal coordination. The terpyridine system is almost
planar, and deviation of the metal atom from the
average plane of the terpyridine is 0.047 A� . Torsion
angles between the planes of the phenyl substituents
and the terpyridine fragment are from 59.3 to 65.4°.

In conclusion, suggested methodology of sequential
synthesis of the heterocyclic assemblies based on the
1,2,4-triazine ring, direct introduction of the cyano
group via nucleophilic substitution of hydrogen and
transformation of the 1,2,4-triazine rings into pyridine
rings by way of the aza-Diels–Alder reaction is a conve-
nient method for the synthesis of functionalised
2,2�:6�,2��-terpyridines. It has to be noted that such
molecules are good acceptors for nickel atoms and,
perhaps, for other d-block elements.
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