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Synthesis of pyrimidine based metal ligands
Paul D. Jones and Timothy E. Glass*

The Pennsylvania State University, University Park, PA 16802, USA

Received 11 December 2000; accepted 17 January 2001

Abstract—A convenient synthesis of a pyrimidine based bis-tridentate metal ligand is presented. The pyrimidine core is
constructed via cyclization of an amidine and a substituted propenone. A Stille coupling appends the terminal pyridyl units. The
general methodology presented is amenable to functionality at several positions on the ligand framework. © 2001 Elsevier Science
Ltd. All rights reserved.

Oligopyridine metal ligands have been widely utilized in
the construction of supramolecular structures.1 Lehn has
utilized these ligands in the formation of molecular cages,
racks, helicates, ladders and grids. In particular, pyrim-
idine based bis-tridentate ligands such as 1a–c have been
shown to be useful for constructing a number of supra-
molecular metal complexes as well as helical stands.2

Pyrimidine based ligands such as 1a–c are typically
prepared by palladium mediated cross-coupling of a
bipyridine sub-unit (3) to a central dichloropyrimidine
ring (2)3 (Fig. 1). The range of functionality available in

compound 1 is therefore restricted to the availability of
the coupling partners.

We have been interested in utilizing this class of ligands
for preparing molecular hosts. Toward this end we
required various hydrogen bonding functionality at the
2-position of the pyrimidine (e.g. 1d). However, the
coupling methodology typically employed for this class
of compounds was not amenable to this substitution
pattern. Therefore we explored more general strategies
that would facilitate introduction of functional groups (X
and Y, compound 1).

Figure 1. Pyrimidine based ligands.
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Figure 2. A convergent approach to compound 1.

Various methods are available for the preparation of
pyrimidines.4 Condensation of a b-diketone with
guanidine or amidine is a common method. However,
pyridyl substituted diones such as 4 (Eq. (1)) fail to
condense with either guanidines or amidines. Alterna-
tively, condensation of amidines with a,b-unsaturated
ketones provides pyrimidines after oxidation.5 Therefore,
compound 1 could be derived in a convergent manner
from diarylenone 6, the appropriate amidine and a
substituted pyridyl tin reagent (Fig. 2). Thus, compound
6 would serve as a base structure allowing substituted
pyrimidines to be prepared from the enone portion, and
substituted pyridines to be coupled to the aryl bromide.

Thus, enone 6 was prepared by the condensation of
ketone 76 and aldehyde 87, each of which was derived
from dibromopyridine (Eq. (2)). As enone 6 was unstable
to Stille coupling conditions, the pyrimidine was con-
structed first.

Compound 6 was cyclized with three different amidine
hydrochlorides as well as guanidine hydrochloride to give
the corresponding pyrimidine (Table 1). Optimal condi-
tions entailed using sodium hydroxide base in refluxing
ethanol for 4 h. Aryl, alkyl and amine substituted
pyrimidines can be easily generated from this sequence,

although the electron rich amidines generally give higher
yields than the electron poor. Presumably the initially
formed dihydropyrimidine is air oxidized during the
course of the reaction as this intermediate was never
observed, and pyrimidine 10 was the only isolated
product.

The synthesis of compound 1d was completed as shown
in Scheme 1.9 Hydrolysis of acetal 10a in THF/HCl(aq)

readily produces the aldehyde 11. Conversion of com-
pound 11 to ester 12 is accomplished with cyanide and
MnO2.10 Stille coupling with tributyltin pyridine
appended the terminal pyridine rings. Amidation of
compound 13 with saturated MeOH/NH3 gave the final
product, 1d.

In conclusion, we have developed a novel route to
functionalized oligopyridine ligands. This route relies on
the cyclization of an amidine with a bis(bromopy-

ridyl)propenone to form a pyrimidine ring. Final Stille
coupling of the terminal pyridyl units provides a bis-tri-
dentate metal ligand with opportunities for introducing
functionallity in various positions. The coordination
chemistry of this class of ligands (e.g. 1d) is ongoing in
our laboratory.

Table 1.

Amidine X Yield (%)

(EtO)2CH 479aa

52Me9b
Ph9c 53
NH2 859d

a Prepared according to Ref. 8.
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Scheme 1. (a) HCl, THF, reflux; (b) MnO2, KCN, MeOH, HOAc, reflux; (c) 2-pyridyl tributyltin, Pd(PPh3)4, toluene, 105°C; (d)
MeOH/NH3.
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