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3,6-Di(2-pyridyl)-1,4,2,5-dioxadiazine and a Silver Coordination Polymer with
an Unprecedented Metallosupramolecular Topology

Chris Richardson[a] and Peter J. Steel*[a]
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The new ligand 3,6-di(2-pyridyl)-1,4,2,5-dioxadiazine (6) has
been prepared and reacted with silver tetrafluoroborate to
form a novel coordination polymer in which adjacent chains
are interdigitated and π-stacked.

Introduction

The use of bridging ligands for the controlled self-assem-
bly of one-, two- or three-dimensional metallosupramolecu-
lar species has been the subject of enormous study in recent
years.[1] Particularly stable entities can be obtained by em-
ploying ligands with chelating binding domains at the metal
centres, with 2,2�-bipyridine subunits being the most com-
monly employed.[2] Similarly well studied are the binuclear
ruthenium() complexes[3] of N,N�-chelating bridging li-
gands, such as 2,3-di(2-pyridyl)pyrazine (1),[4,5] 4,6-di(2-py-
ridyl)pyrimidine (2),[6] 2,5-di(2-pyridyl)pyrazine (3),[5] and
3,6-di(2-pyridyl)-1,2,4,5-tetrazine (4),[5,7] which have been
the subject of detailed physicochemical studies of the fun-
damental nature of metal-metal interactions.

For some time now we have been involved in the syn-
thesis of new heterocyclic ligands that incorporate less-com-
monly encountered heterocyclic ring systems as donors to
metal acceptors. For example, we have reported a number
of chelating ligands that contain tetrazole,[8] furoxan,[9]

benzotriazole,[10] benzisoxazole,[11] 1,2,5-thiadiazole[12] and
1,2,3-chalcogenadiazole groups.[13] Most recently, we de-
scribed a study of the binuclear ruthenium() complexes of
3,4-di(2-pyridyl)-1,2,5-oxadiazole (5),[14] which revealed re-
markably strong metal-metal interactions, the magnitude of
which was dependent on the specific diastereoisomer. In an
attempt to probe the origin of this intriguing result, we have
embarked on the synthesis of new ligands that might be
used to prepare metal complexes that provide a means to
test the mechanism of the observed metal-metal interac-
tions systematically. One such issue is the role of the oxygen
atom in ligand 5.

In this context, we now describe the preparation of the
new ligand 3,6-di(2-pyridyl)-1,4,2,5-dioxadiazine (6), which
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is structurally similar to ligands 3 and 4 but differs by being
nonaromatic and having two oxygen atoms in the central
ring. We then describe a novel coordination polymer ob-
tained from its reaction with silver tetrafluoroborate. Sur-
prisingly, despite the fact that 3,6-diaryl-1,4,2,5-dioxadiaz-
ines are readily synthesised,[15] no coordination complexes
of any ligands containing this heterocyclic ring system have
previously been reported.

Results and Discussion

The new ligand 6 was prepared in three steps from 2-
pyridinecarboxaldehyde by conversion into the oxime,
chlorination to the known[16] hydroximinoyl chloride and
subsequent dehydrochlorination-dimerisation to give 6 in
yields that ranged between 55�60%. This reaction proceeds
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via a nitrile oxide intermediate.[15] The ligand was initially
characterised by melting point, elemental analysis, mass
spectrometry and 1H and 13C NMR spectroscopy.[17] How-
ever, attempts to prepare bis(2,2�-bipyridine)ruthenium()
complexes of 6 consistently resulted in the isolation of prod-
ucts containing coordinated picolinate or picolinamide li-
gands, as determined by FAB mass spectrometric analysis.
At this point we became concerned about the integrity of
the ligand itself and therefore undertook a single crystal
X-ray crystal structure determination of 6. Interestingly, a
search of the Cambridge Crystallographic database located
only one structure containing this heterocyclic ring sys-
tem.[18]

Suitable crystals were readily obtained by slow evapora-
tion of an ethyl acetate solution of the ligand. However, we
were disappointed to discover that, although the structure
solved and refined well,[19] the central ring was disordered
with respect to the positions of the nitrogen and oxygen
atoms of the ring, despite the fact that the outer pyridine
rings did not show any such disorder (Figure 1). The molec-
ule crystallizes about a crystallographic centre of inversion
in the monoclinic space group P21/n (see Table 1 for data
collection and refinement parameters). The plane of the
pyridine ring is inclined to the plane of the central ring at
an angle of 21.3(1)° and the molecules pack with the typical
herringbone pattern common for aromatic molecules in this
space group.[20] Thus, in the crystallization process the mo-
lecules pack with the pyridine rings faithfully aligned, but
with the central ring equally arranged in the two possible
conformations. Notwithstanding this result, the structure of
the ligand seemed assured and complexes with other trans-
ition metal precursors were sought.

Figure 1. X-ray structure of 6 with a disordered central ring

Since we,[21] and others,[22] have found silver salts to be
useful precursors to a variety of interesting metallosupram-
olecular compounds, including novel coordination poly-
mers,[23] we reacted 6 with silver nitrate in methanol solu-
tion to obtain a 1:1 complex AgL(NO3) (7),[24] in excellent
yield (96%). All attempts to produce crystals of this product
suitable for X-ray structure determination were in vain.
Pleasingly, however, reaction of 6 with silver tetrafluorobor-
ate produced the 1:1 M:L complex AgL(BF4) (8),[25] that
upon recystallization from acetonitrile underwent reor-
ganisation to a 1:2 complex AgL2(BF4), (9), which did fur-
nish X-ray quality crystals.

This complex proved to be an intriguing coordination
polymer with an unprecedented architecture. Figure 2
shows a perspective view of the contents of the asymmetric
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Table 1. X-ray crystal data and details of data collections and struc-
ture refinements

6 9Compound

Formula C12H8N4O2 C24H16AgBF4N8O4

Molecular weight 240.22 675.13
Crystal System monoclinic triclinic
a (Å) 6.330(2) 8.011(3)
b (Å) 5.781(2) 12.672(5)
c (Å) 14.431(5) 12.792(5)
α (°) 90 97.402(10)
β (°) 97.449(4) 99.304(18)
γ (°) 90 104.756(14)
V (Å3) 523.6(3) 1219.4(8)
Space group P21/n P1̄
Z 2 2
Dc (Mg·m�3) 1.524 1.839
F(000) 672 908
Temperature (K) 163(2) 163(2)
Crystal form colourless block colourless plate
Crystal size (mm) 0.56 � 0.44 � 0.30 0.52 � 0.20 � 0.04
µ (mm�1) 0.109 0.910
2θ max (°) 53 53
Unique reflections 1065 4833
Parameters 83 379
R[a] [I � 2σ(I)] 0.0383 0.0285
wR[b] (all data) 0.1058 0.0753

[a] R �Σ(|F0| � |Fc|)/Σ|F0|. [b] wR � (Σ[w(F0
2 � Fc

2)2]/Σ[w(F0
2)2])1/2.

unit, along with selected atom labelling and bonding geo-
metry. The asymmetric unit contains one silver atom, two
molecules of 6 and a tetrafluoroborate counterion. One of
the molecules of 6 acts as a tetradentate ligand, chelating
two silver atoms separated by one unit cell translation along
the a axis [8.011(1) Å]. The other acts as a bidentate ligand
coordinating through only two of its four nitrogens, and has
its mean plane approximately orthogonal to the first. The
silver atom is chelated by three ligands, with bonds to the

Figure 2. Perspective view and selected atom labelling of the con-
tents of the asymmetric unit in the X-ray structure of AgL2(BF4),
(9); selected interatomic distances (Å) and angles(°): Ag(1)�N(15)
2.294(2), Ag(1)�N(14A) 2.296(2), Ag(1)�N(13) 2.460(2),
Ag(1)�N(2) 2.619(2), Ag(1)�N(5) 2.697(2), Ag(1)�N(2�A)
2.702(2); N(15)�Ag(1)�N(14A) 147.96(7), N(15)�Ag(1)�N(13)
117.10(7), N(14A)�Ag(1)�N(13) 92.08(7), N(15)�Ag(1)�N(2)
86.31(7), N(14A)�Ag(1)�N(2) 120.16(7), N(13)�Ag(1)�N(2)
64.47(7), N(5�)�Ag(1)�N(15) 65.8(1), N(2�A)�Ag(1)�N(14A)
65.9(1)
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Figure 3. Projection showing the interdigitation of polymer chains

pyridine nitrogens being significantly shorter than those to
the dioxadiazine nitrogens, which provide only weak inter-
actions with the metal. These long bonds lead to small bite
angles (ca. 65°) at the metal. The resulting hexacoordinate
geometry at the metal is trigonal prismatic. Relatively few
X-ray crystal structures have been reported that include an
AgN6 coordination environment[26] and these show various
coordination geometries consistent with the filled-shell na-
ture of the metal ion.

In both independent molecules of 6 within the complex,
the central dioxadiazine ring is far from planar; these exist
in boat conformations with the oxygen atoms being dis-
placed from the planes of the carbon and nitrogen atoms
by ca. 0.20 Å for the bridging ligand and ca. 0.28 Å for the
terminal ligand. In the only other reported crystal structure
containing this heterocyclic ring system[18] there are two in-
dependent molecules, one of which has the dioxadiazine
ring in a chair form and the other in a boat form similar to
that found here.

As a consequence of the bridging nature of one of the
ligands, the complex extends into a fascinating coordination
polymer. As shown in Figure 3, the extended structure con-
sists of two coordination polymer chains which assemble
in such a way that the terminal ligands of each chain are
interdigitated as a result of π-π stacking interactions. The
planes of the individual rings are separated by distances
ranging between 3.0 and 3.5 Å and interacting rings have
their centroids displaced at distances ranging between 3.38
and 3.81 Å. We believe that this is an unprecedented metal-
losupramolecular topology, in which the two sides of a lad-
der-like structure are separated and the rungs are held to-
gether by aromatic interactions.

In conclusion, we have shown for the first time that the
dioxadiazine ring can be incorporated into chelating and
bridging ligands. Studies are in progress to prepare binuc-
lear complexes of this and related ligands with various
transition metals.
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