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The reactions of one equivalent of silver(I) tetrafluoroborate
with one equivalent of 4-R-3,6-di(2-pyridyl)pyridazine li-
gands (R = n-C10H21, 4-O2NC6H4, 4-MeOC6H4, 4-F3CC6H4,
4-NCC6H4, 3,5-Br2C6H3, 3,5-(MeO)2C6H3) in acetonitrile are
reported. All complexes have been structurally charac-
terized, and are found to belong to one of four different
solid-state structure types: [AgL2][BF4], [Ag2L2][BF4]2,
{[Ag3L2][BF4]3}n and {[Ag2(NCMe)2L2][BF4]2}n. For the bulk

Introduction

The coordination chemistry of the 3,6-di(2-pyridyl)pyrid-
azine (1) and related ligands is diverse.[1] In the free ligand,
1 contains a trans,trans-configuration (Scheme 1), but one
can envisage that a switch to a cis,cis-configuration upon
coordination permits 1 to function as a bis(bidentate) li-
gand, leading to the formation of a dinuclear complex with
square-planar metal centres, or a tetranuclear grid when the
metal centres are close to tetrahedral (Scheme 1). The latter
self-assembly was first observed by Osborn and co-workers
in the reaction of 1 with copper(I),[2] and more recently by
Dunbar for silver(I).[3] The former has been observed with
silver(I), but only when the ligand is substituted in the 4-
position with a phenyl ring (ligand 2, Scheme 2).[4] In con-
trast, the 1:1 reaction of 1 with AgO3SCF3 in MeNO2 unex-
pectedly yields [Ag(1)2][O3SCF3]2 in which two nitrogen do-
nor atoms remain non-coordinated. However, in solution,
1H NMR spectrosopic data are consistent with species with
a 1:1 stoichiometry.[4] Even more surprising is the observa-
tion that introducing a trimethylsilyl group into the 4-posi-
tion of ligand 1 (ligand 3, Scheme 2) results in the forma-
tion of the pentanuclear, silver-centred complex [Ag5(3)4]5+

when equimolar amounts of AgBF4 and 3 react in acetoni-
trile.[5] With a d10 configuration, silver(I) is a flexible coor-
dination centre and can adopt coordination numbers of be-
tween two and eight.[6] Recently, Hanton has reviewed all
complexes containing square-planar silver(I) centres and
concludes that “predicting the precise requirements for the
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samples of these compounds, elemental analyses are consis-
tent with formulations of [AgL2][BF4], [Ag2L2][BF4]2, but the
two polymeric complexes analyse as 1:1 Ag:L complexes. In
solution, 1H and 13C NMR spectra reveal only one ligand en-
vironment at room temperature for each product.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

formation of a square planar AgI centre remains diffi-
cult”.[6] Recently, we described the synthesis and characteri-
zation of a wide range of 4-substituted and 4,5-disubsti-

Scheme 1. Structure of ligand 1 and metal binding to give a dinu-
clear, near-planar motif or a tetranuclear grid.

Scheme 2. Structures of ligands 1 to 10 with ring labelling used for
NMR spectroscopic assignments; the aryl substituent is ring D.
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tuted 3,6-di(2-pyridyl)pyridazines as a prelude to an investi-
gation of their complex formation.[7] We now report a study
of the reactions of silver(I) tetrafluoroborate with seven 4-
substituted 3,6-di(2-pyridyl)pyridazines (4–10, Scheme 2)
and the solid-state structures of the isolated complexes.

Results and Discussion

To ensure that the study of the complexation reactions
of silver(I) with pyridazines 4 to 10 was comparative, all
reactions were carried out using equimolar amounts of sil-
ver(I) tetrafluoroborate and the ligand under the same con-
ditions (in MeCN, 5 min sonication at room temperature
followed by 15 min heating at reflux) with concentrations
in the range 1.5�10–6 to 3.6�10–6 moldm–3. The products
were precipitated by adding a large excess of diethyl ether
to CH2Cl2 or MeCN solutions of the crude products. 1H
and 13C NMR spectra of CD3CN solutions of the purified
complexes showed the presence of one ligand environment
for each complex. Elemental analytical data were consistent
with the formation of complexes of empirical formulae
[AgL2][BF4] (L = 4 and 10) and [AgL][BF4] (L = 5, 6, 7, 8
and 9). FAB mass spectrometric data for bulk samples of
each silver(I) complex with the pyridazines 4 to 10 showed
the same fragmentation pattern. The highest mass peak in
each case was assigned to [Ag2L2BF4]+ followed by lower
mass peak envelopes consistent with [AgL2]+ and [AgL]+

(see experimental section for data).
We have previously shown[8,9] that crystalline samples of

either [Ag2L2][CF3SO3]2 or [Ag2L3][CF3SO3]2 can be iso-
lated from reactions of 3,6-di(2-pyridyl)-1,2,4,5-tetrazine
with [AgCF3SO3], while solution data suggest the presence
of 1:1 complexes with excess ligand being involved in ex-
change with coordinated ligand to give, on average, only
one ligand environment on the NMR timescale at room
temperature. Thus, even with a common counterion, struc-
tural variation is achievable in the solid state and, therefore,
it is difficult to draw meaningful conclusions about coordi-
nation patterns from the solution spectroscopic data pre-
sented for the reactions of AgBF4 with ligand 4 to 10. X-

Figure 1. Molecular structure of one of the independent cations (labelled cation A) in [Ag(4)2][BF4]; ellipsoids are plotted at the 40%
probability level, and H atoms are omitted. Selected bond parameters for cation A: Ag1–N1 2.336(6), Ag1–N2 2.381(6), Ag1–N5 2.361(6),
Ag1–N6 2.357(7) Å; N1–Ag1–N2 69.8(2), N1–Ag1–N6 116.1(2), N5–Ag1–N6 69.4(2), N2–Ag1–N5 104.5(2)°, and for cation B: Ag2–
N51 2.266(6), Ag2–N52 2.421(7), Ag2–N55 2.305(6), Ag2–N56 2.497(7) Å; N51–Ag2–N52 69.4(2), N51–Ag2–N56 114.5(3), N55–Ag2–
N56 69.7(2), N52–Ag2–N55 106.4(2)°.
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ray quality crystals of each product were obtained, and
crystallographic investigations revealed surprisingly diverse
coordination modes for the ligands.

Yellow plates of [Ag(4)2][BF4] were grown by slow dif-
fusion of Et2O into an MeCN solution of the complex. The
solid-state structure of [Ag(4)2][BF4] contains two crystallo-
graphically independent, but similar, [Ag(4)2]+ cations. Fig-
ure 1 shows the molecular structure of one cation, and the
caption gives selected bond parameters for both. The 1:2
stoichiometry was consistent with the elemental analysis of
the bulk sample. The coordination environment of the sil-
ver(I) ion is pseudo-square planar, being constrained by the
ligand bite angles of about 70°, and with a deviation of Ag1
from the least-squares plane through the four N atoms of
0.064 Å. Bond lengths and angles within the aromatic rings
of the ligands are as expected.[7,10–15] Free 3,6-di(2-pyridyl)-
pyridazine ligands adopt a trans,trans arrangement.[7,10–15]

In [Ag(4)2][BF4], coordination of ligand 4 to one silver(I)
ion leads to a conformational change to a cis,trans arrange-
ment. Of the two non-coordinated nitrogen atoms in the
Ag1-containing cation, N4 is involved in an interaction
with the silver(I) centre of an adjacent cation [Figure 2,
Ag···N4a 2.98(1) Å; symmetry code a = –x, 1 – y, 1 – z].
The stacking interaction is extended by a close Ag1···Ag1c

contact of 3.438(1) Å; symmetry code a = 1 – x, 1 – y, 1 –
z. Figure 2 illustrates the offset N4···Ag1···Ag1···N4 stacks
that result. In contrast, the Ag2-containing cations form
pairs with Ag···Ag separations of 3.538(2) Å, with pairs of
cations assembling through π-stacking of heterocyclic rings.
The decyl chains are in an extended conformation and are
packed with van der Waals forces between adjacent chains.

Ligand 10 also forms a 1:2 complex with silver(I) and X-
ray quality yellow prisms of [Ag(10)2][BF4] were grown by
slow diffusion of Et2O into a MeCN solution of the com-
plex. Figure 3 shows the molecular structure of the cation,
and illustrates the cis,trans-conformation of the coordinated
ligand. Atom Ag1 lies on an inversion centre and the AgN4

unit is strictly planar. Whereas the angles between the least-
squares planes of the coordinated heterocyclic rings in
[Ag(4)2]+ are 19.2(5) and 15.1(4)°, and 9.6(5) and 12.7(5)°
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Figure 2. Assembly of stacks of the Ag1-containing cations in [Ag(4)2][BF4], symmetry codes: a = –x, 1 – y, 1 – z; b = –1 + x, y, z; c =
1 – x, 1 – y, 1 – z; d = 1 + x, y, z; e = 2 – x, 1 – y, 1 – z.

for the two independent cations, those in [Ag(10)2]+ are sig-
nificantly larger [33.0(1)°]. In contrast to the packing in
[Ag(4)2][BF4] where Ag···Ag and Ag···Npy close contacts
are dominant, cations in [Ag(10)2][BF4] assemble so that
each silver atom is sandwiched between two pyridine rings
as shown in Figure 4, although the rings are slipped with
respect to one another giving two η2-modes of interaction.
The closest contacts are Ag1···C10b 3.310(3) Å and
Ag1···C11b 3.254(3) Å (symmetry code b = x, –1 + y, z),
and the Ag···pycentroid distance of 3.34 Å is at the longer
end of the range quoted for η6 interactions.[16] Much
shorter contacts have been observed in organosilver(I) sys-
tems.[17] The offset stack of cations shown in Figure 4 is
connected to an adjacent stack by hydrogen bonds involv-
ing methoxy atom O1 and a CH group in a pyridine ring
containing atom N4 [O1···H131cC13c 2.38 Å, O1···C13c

3.319(4) Å, O1···H131c–C13c 166°; symmetry code c = 3/2 –
x, 3/2 + y, 3/2 – z].

Figure 3. Molecular structure of the [Ag(10)2]+ cation in [Ag(10)2]-
[BF4]; ellipsoids are plotted at the 40% probability level. H atoms
and anions are omitted. Symmetry code a = –x + 1/2, –y + 1/2, –z.
Selected bond parameters: Ag1–N1 2.304(2), Ag1–N2 2.374(2) Å,
N1–Ag1–N2 71.23(7), N1–Ag1–N2a 108.77(7)°.

Crystalline products of the 1:1 reactions of ligands 5, 8
and 9 with silver(I) tetrafluoroborate proved to be 2:2 com-
plexes. X-ray quality crystals were grown in each case by
diffusion of Et2O vapour into MeCN solutions of the crude
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Figure 4. Packing of [Ag(10)2]+ cations in [Ag(10)2][BF4]. The pyr-
idine–Ag–pyridine sandwiches are shown in space-filling represen-
tations; other N and O atoms are shown in ball-and-stick represen-
tations.

product. The [Ag2(5)2]2+ cation in [Ag2(5)2][BF4]2 is shown
in Figure 5, and the structural motif is similar to that ob-
served for [Ag2L2]2+ in [Ag2L2][CF3SO3]2 where L = 3,6-
di(2-pyridyl)-1,2,4,5-tetrazine.[8,18] The two silver centres in
[Ag2(5)2]2+ are related by a centre of symmetry, and the
coordination sphere is distorted planar, with two short
[2.213(2) and 2.237(2) Å] and two long [2.505(2) and
2.738(2) Å] Ag–N bonds. Figure 5 illustrates that the pyrid-
azine ring is significantly twisted with respect to the two
pyridine rings of the ligand [angles between the least-
squares planes of the rings containing N1 and N2/N3, and
N4 and N2/N3 are 44.1(1) and 24.5(1)°]. The cations are
aligned in offset stacks so that N4-containing pyridine rings
are π-stacked (distances between rings: 3.37 Å, Figure 6).
This interaction is complemented by an η2-interaction in-
volving two C atoms in the N4-containing pyridine ring on
one side of the silver centre [Ag1···C12b 3.412(3),
Ag1···C13b 3.414(3) Å; symmetry code b = x, 1 + y, z]. The
Ag atom deviates significantly (0.166 Å) from the least pla-
nes plane containing the four N donor atoms, being dis-
placed towards the η2 interaction. On the opposite side of
the AgN4 plane, atom Ag1 engages in a contact with the
[BF4]– ion [Ag1···F4 3.885(3) Å]. The rows of cations are
interlinked by non-classical hydrogen bonding between the
cyano N atom and a pyridine CH unit [N5···H21cC2c

2.50 Å, N5···C2c 3.201(4) Å, N5···H21c–C2c 131°; sym-
metry code x, 1/2 – y, 1/2 + z].
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Figure 5. Molecular structure of the [Ag2(5)2]2+ cation in [Ag2(5)2]-
[BF4]2; ellipsoids are plotted at the 40% probability level, and H
atoms are omitted. Selected bond lengths are angles: Ag1–N1
2.213(2), Ag1–N2 2.738(2), Ag1–N3a 2.237(2), Ag1–N4a 2.505(2),
C7–C15 1.486(3), C18–C21 1.436(4), N5–C21 1.141(4), Ag1···Ag1a

4.206 Å; N4a–Ag1–N3a 70.45(8), N4a–Ag1–N1 111.24(8), N3a–
Ag1–N2 109.81(8), N1–Ag1–N2 67.35(7)° (symmetry code a =
–x, –y, –z). The lower diagram shows the bending of the pyridazine
rings away from the coordination plane.

Figure 6. Packing of [Ag2(5)2]2+ cations in [Ag2(5)2][BF4]2. The Ag
atoms and N4-containing pyridine rings involved in η2-contacts are
shown in space filling representations; other N atoms are shown in
ball-and-stick representations.

Crystalline [Ag2(8)2][BF4]2 and [Ag2(9)2][BF4]2 were iso-
lated as the acetonitrile solvates [Ag2(8)2][BF4]2·2.6MeCN
and [Ag2(9)2][BF4]2·2MeCN. Figures 7 and 8 show the
structures of the [Ag2(8)2]2+ and [Ag2(9)2]2+ cations, each
of which is centrosymmetric. The deviations of the coordi-
nated ligands from planarity are similar to those observed
in [Ag2(5)2]2+; in [Ag2(8)2]2+, the angles between the least-
squares planes containing atoms N1 and N2/N3, and N4
and N2/N3 are 35.3(1) and 31.5(1)°, and the corresponding
angles in [Ag2(9)2]2+ are 34.9(2) and 28.9(2)°, respectively.
In each of [Ag2(5)2]2+, [Ag2(8)2]2+ and [Ag2(9)2]2+, the plane
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of the aryl substituent is twisted significantly out of the
plane of the pyridazine ring {angles between least-squares
planes are 52.5(1), 59.3(1) and 53.3(2)°, respectively, for
[Ag2(5)2]2+, [Ag2(8)2]2+ and [Ag2(9)2]2+}. The coordination
environment about the silver centre in [Ag2(8)2]2+ is dis-
torted from planarity, the angles N1–Ag1–N3a and N2–
Ag1–N4a (symmetry code a = –x, –y, –z) being 165.32(6)
and 155.68(6)°, respectively. A similar distortion occurs in
[Ag2(9)2]2+, with the corresponding angles being 165.4(1)
and 158.2(1)°. In [Ag2(8)2]2+, the CF3 groups are disordered
and the F atom positions have been modelled over two sets
with estimated site occupancy factors of 0.5.

Figure 7. Molecular structure of the [Ag2(8)2]2+ cation in [Ag2(8)2]-
[BF4]2·2.6MeCN; ellipsoids are plotted at the 40% probability level.
H Atoms and anions are omitted. Only one set of F atoms of each
disordered CF3 group is shown. Selected bond parameters: Ag1–
N1 2.311(2), Ag1–N2 2.384(2), Ag1–N4a 2.477(2), Ag1–N3a

2.273(2), Ag1···Ag1a 3.6437(3) Å; N1–Ag1–N2 71.11(6), N1–Ag1–
N4a 102.56(6), N3a–Ag1–N2 120.43(6), N4a–Ag1–N3a 70.64(6)°.
Symmetry code: a = –x, –y, –z.

Figure 8. Molecular structure of the [Ag2(9)2]2+ cation in [Ag2(9)2]-
[BF4]2·2MeCN; ellipsoids are plotted at the 40% probability level.
H Atoms and anions are omitted. Selected bond parameters: Ag1–
N1 2.355(4), Ag1–N2 2.369(3), Ag1–N4a 2.430(3), Ag1–N3a

2.312(3), Ag1···Ag1a 3.691(1) Å; N1–Ag1–N2 70.4(1), N1–Ag1–
N4a 103.6(1), N3a–Ag1–N2 119.9(1), N4a–Ag1–N3a 70.6(1)°. Sym-
metry code: a = –x, –y, –z.

The packing in [Ag2(8)2][BF4]2·2.6MeCN is dominated
by cation···anion interactions, and, in contrast to the pack-
ing in [Ag(4)2]+, [Ag(10)2]+ and [Ag2(5)2]2+, exhibits no
close intercation Ag···Ag contacts and only one short
Ag···Cpy contact [Ag1···C14i 3.386(2) Å; symmetry code i =
1/2 + x, 1/2 + y, z]. Figure 9 illustrates that Ag···F(anion) and
CH(aryl)···F(anion) are the dominant packing interactions.
The packing in [Ag2(9)2][BF4]2·2MeCN shares some fea-
tures in common with [Ag2(8)2][BF4]2·2.6MeCN: no close
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Figure 9. Packing of cations (pale grey) and anions (black) in [Ag2(8)2][BF4]2·2.6MeCN. Short contacts: Ag1···F4 2.808(2) Å; F7···H161–
C16 2.54 Å, F7···C16 3.378(3) Å, F7···H161–C16 146°; F7···H21b–C2b 2.45 Å, F7···C2b 3.338(3) Å, F7···H21b–C2b 154°; F6···H11b–
C1b 2.49 Å, F6···C1b 3.177(3) Å, F6···H11b–C1b 129°; F4···H131e–C13e 2.51 Å, F4···C13e 3.232(3) Å, F4···H131e–C13e 132°. Additional
interaction not shown in the Figure: F5···H121f–C12f 2.42 Å, F5···C12f 3.166(3) Å, F5···H121f–C12f 134°. Symmetry codes: b = 1/2 + x,
1/2 + y, z; e = –1/2 – x, –1/2 – y, –z; f = –x, –1 – y, –z.

intercation Ag···Ag contacts, only one short Ag···Cpy con-
tact [Ag1···C14i 3.291(4) Å; symmetry code i = –1 + x, y,
z], and extensive Ag···F(anion) and CH(aryl)···F(anion) in-
teractions.

The 1H and 13C NMR spectra were consistent with a
single ligand environment. Slow diffusion of Et2O vapour
into an MeCN solution of the bulk product unexpectedly
gave rise to X-ray quality colourless plates of the polymer
{[Ag3(7)2](BF4)3}n. The complex crystallizes in the non-chi-
ral C2/c space group. The asymmetric unit and its assembly
into a polymeric chain are illustrated in Figure 10. Atom
Ag2 is three-coordinate with respect to nitrogen donors,
and is related to Ag2a by an inversion centre which lies at
the centre of a near planar Ag2N4 macrocycle which in-
corporates the N-donors of two pyridazine rings. One
[BF4]– ion coordinates on one side of the AgN3 unit
[Ag2···F3 2.720(3) Å]. Atom Ag1 is in a linear environment
(see Figure caption), being coordinated to two pyridine N-
donors, and a C2 axis (parallel to the b axis) runs through
each Ag1 atom. Each polymer chain runs parallel to the c-
axis, and since the repeating unit of the chain contains a
centre of symmetry, the polymer is achiral and are related
to one another simply by translation (Figure 11). The prin-
ciple building block in the {[Ag3(7)2]3+}n chains can be
viewed as being an [Ag2(7)2]2+ unit similar to those ob-
served in [Ag2(5)2]2+, [Ag2(8)2]2+ and [Ag2(9)2]2+. However,
whereas the angles between the least-squares planes of the
pyridine and pyridazine rings in the latter are similar, those
between the rings containing atoms N1 and N2/N4, and N3
and N2/N4 in each [Ag2(7)2]2+ unit are significantly dif-
ferent [19.5(2) and 69.5(2)°]. The twisting of one pyridine
ring switches the coordination environment of the silver(I)
atom from four- to three-coordinate and at the same time,
allows the pendant pyridine nitrogen donor to bind to an-
other metal ion. This results in the propagation of a poly-
mer chain with a 3:2 silver:ligand stoichiometry.
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Figure 10. Top: Molecular structure of the asymmetric unit and
coordination environments of Ag1 and Ag2 in {[Ag3(7)2][BF4]3}n;
ellipsoids are plotted at the 40% probability level. H atoms and
anions are omitted. Selected bond parameters: Ag1–N3 = Ag1–
N3d 2.138(2), Ag2–N1 2.214(2), Ag2–N2 2.416(2), Ag2···Ag2a

3.603 Å; N3–Ag1–N3d 176.4(1), N1–Ag2–N2 71.72(8), N1–Ag2–
N4a 164.91(8), N2–Ag2–N4a 119.71(7)°. Bottom: part of one poly-
meric chain; Ag2–N4a 2.173(2), Ag1···Ag2a = Ag1···Ag2b

3.5517(2) Å. Symmetry codes: a = –x, –y, –z; b = x, –y, 1/2 + z; c
= –x, –y, 2 – z, d = –x, y, 3/2 – z.

The 1:1 reaction of AgBF4 and ligand 6 gave a product,
the FAB mass spectrum of which exhibited peaks assigned
to [Ag(6)]+ (m/z 462), [Ag(6)2]+ (m/z 817), and [Ag2(6)2-
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Figure 11. Packing of chains in {[Ag3(7)2][BF4]3}n; H atoms and
anions are omitted. Each chain runs parallel to the c axis. Ag atoms
are shown in black, and N atoms are shown in ball representation.

BF4]+ (m/z 1013). The 1H and 13C NMR spectra showed
only one ligand environment. However, X-ray quality yel-
low needles, grown by slow diffusion of Et2O vapour into
an MeCN solution of the product, proved to be of the poly-
mer {[Ag2(6)2(NCMe)2][BF4]2·Et2O}n. The structure of one
repeat unit of a polymer chain is depicted in Figure 12; for

Figure 12. Top: Molecular structure of the asymmetric unit in
{[Ag2(6)2(NCMe)2][BF4]2·Et2O}n with H atoms, anions and Et2O
solvent molecules omitted; ellipsoids are plotted at the 20% prob-
ability level. Only the ipso-C atoms of the C6H4NO2 substituents
are shown. Selected bond parameters around Ag1: Ag1–N1
2.282(7), Ag1–N2 2.766(7), Ag1–N7 2.435(7), Ag1–N8 2.329(7),
Ag1–N11 2.381(8) Å; N1–Ag1–N2 66.6(2), N1–Ag1–N7 109.9(2),
N2–Ag1–N7 70.0(2), N2–Ag1–N8 91.5(2), N7–Ag1–N8 67.7(2),
N1–Ag1–N11 95.9(3), N8–Ag1–N11 95.1(3)°. Bottom: coordina-
tion environment about Ag2 in the polymer chain: Ag2–N5
2.274(7), Ag2–N6 2.608(7), Ag2–N12 2.514(9) Å, Ag2–N3a

2.528(7), Ag2–N4a 2.303(7) Å; N3a–Ag2–N4a 67.7(2), N3a–Ag2–
N5 113.1(2), N3a–Ag2–N6 71.7(2), N4a–Ag2–N6 100.7(3), N5–
Ag2–N6 68.2(2), N4a–Ag2–N12 91.0(3), N5–Ag2–N12 91.4(3),
N6–Ag2–N12 130.5(3)°. (symmetry code a = –x, 1/2 + y, 1/2 –z).
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clarity, only the ipso-C atom of each C6H4NO2 group is
shown. There are two different silver(I) environments. Each
silver atom is coordinated to two bpy domains, one from
each of two different ligands with Ag–N bond lengths than
lie in the range 2.274(7) to 2.766(7) Å; the fifth coordina-
tion site of each silver centre is occupied by an acetonitrile
ligand. Both coordination spheres are irregular, as illus-
trated for Ag2 in Figure 9 (b). The polymer chain at the top
of Figure 9 (a) is propagated by coordination of atoms N3
and N4 to Ag2b (symmetry code b = 1 – x, –1/2 + y, 1/2 –
z). The polymer chains are helical, but the complex crys-
tallizes in the non-chiral space group P21/c, giving rise to a
racemate as illustrated in Figure 11. Face-to-face π-interac-
tions support the helical assembly and involve pairs of off-
set pyridine and aryl rings containing atoms N1 and C35,
and N5 and C15, respectively. These interactions are weak,
with interplane separations of between 3.65 and 3.86 Å. In
addition, the π-system of the MeCN ligand containing
atoms N11 and C41 is positioned close to the π-cloud of the
pyridine ring containing N4 [closest contacts are C12···C41c

3.40(2) Å, C12···N11c 3.43(2) Å, symmetry code c = 1 – x,
–1/2 + y, 1/2 – z] (Figure 13).

Figure 13. Helical chains of opposite chirality in the unit cell of
{[Ag2(6)2(NCMe)2][BF4]2·Et2O}n. Only the ipso-C atoms of the
C6H4NO2 substituents are shown. Ag atoms are shown in black,
and N atoms are shown in ball representation. Symmetry codes: a
= –x, 1/2 + y, 1/2 – z; b = –x, –y, –z; c = x, 3/2 – y, 1/2 + z; d = –x,
1/2 + y, 1/2 – z; e = x, 1/2 – y, 1/2 + z.

Conclusions

The reactions of one equivalent of silver(I) tetrafluo-
roborate with one equivalent of 4-R-3,6-di(2-pyridyl)pyrid-
azine ligands [R = n-C10H21, 4-O2NC6H4, 4-MeOC6H4, 4-
F3CC6H4, 4-NCC6H4, 3,5-Br2C6H3, 3,5-(MeO)2C6H3] in
acetonitrile are reported. All complexes have been structur-
ally characterized, and are found to belong to one of four
different solid-state structure types: [AgL2][BF4], [Ag2L2]-
[BF4]2, {[Ag3L2][BF4]3}n and {[Ag2(NCMe)2L2][BF4]2}n.
For the bulk samples, elemental analyses are consistent with
formulations of [AgL2][BF4], [Ag2L2][BF4]2, but the two
polymeric complexes analyse as 1:1 Ag:L complexes. It is
difficult to rationalize the preference for one structure type
over another in the solid state, but in solution, 1H and 13C
NMR spectra reveal only one ligand environment at room
temperature for each product. Attempts were made to see
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the single crystal structures corresponded to the structures
of the bulk samples by using powder diffraction experi-
ments. For the complexes containing ligands 4 and 8, we
were able to confirm that each bulk sample consisted of one
single phase. In the case of the other samples the crystalline
material appeared to have decayed (e.g. by solvent loss) and
no useful conclusions could be drawn from the XRDP data.

Experimental Section
General: 1H and 13C NMR spectra were recorded with Bruker Av-
ance DPX 400 or DRX 500 spectrometers; Scheme 2 shows the
numbering scheme adopted for the ligands. Chemical shifts for 1H
and 13C NMR spectra are referenced to residual solvent peaks with
respect to TMS (δ = 0 ppm); all spectra were recorded at room
temperature. FAB (NOBA matrix) mass spectra were recorded
using a Finnigan MAT 8400 mass spectrometers. Ligands were pre-
pared as previously reported.[7] AgBF4 was used as received
(Acros).

Silver(I) Complexes. General Method: All the complexes were pre-
pared using the same procedure. One equivalent of AgBF4 was
combined with one equivalent of the ligand in MeCN (15 cm3).
The reaction mixture was sonicated for 5 min and then stirred un-
der reflux for a further 15 min. The solvent was evaporated to give
the crude silver(I) complex.

[Ag(4)2][BF4]: The reaction was carried out using ligand 4 (60 mg,
0.16 mmol) and AgBF4 (31 mg, 0.16 mmol). [Ag(4)2][BF4] was iso-
lated as a yellow solid (crude 77 mg). A small amount of analyti-
cally pure material was obtained by washing the crude material
with water to remove excess AgBF4. 1H NMR (500 MHz, [D6]-
DMSO): δ = 8.80 (m, 2 H, H6A), 8.76 (m, 2 H, H6C), 8.56 (s, 2 H,
H5B), 8.55 (d, J = 8.0 Hz, 2 H, H3A), 8.13 (td, J = 7.6, 2.0 Hz, 2
H, H4A), 8.07 (td, J = 7.6, 1.6 Hz, 2 H, H4C), 7.96 (d, J = 7.6 Hz,
2 H, H3C), 7.67 (dd, J = 7.6, 5.2 Hz, 2 H, H5A), 7.61 (dd, J = 7.6,
1.6 Hz, 2 H, H5C), 2.82 [t, J = 6.0 Hz, 4 H, H(ringB)CH2], 1.40 [m, 4
H, H(ringB)CH2CH2], 1.13 (m, 28 H, HCH2), 0.79 (t, J = 6.8 Hz, 6 H,
HMe) ppm. 13C NMR (125 MHz, [D6]DMSO): δ = 159.5, 155.6,
154.6, 151.1, 150.4, 149.4, 143.2, 138.5, 137.7, 126.5, 125.9, 124.8,
124.5, 122.4, 31.3 (CringCH2), 31.2 (Calkyl), 28.9 (Calkyl), 28.8 (Calkyl),
28.7 (Calkyl), 28.6 (Calkyl), 28.5 (Calkyl), 28.4 (Calkyl), 22.1 (Calkyl),
13.9 (CMe) ppm. FAB MS: m/z (%) = 375 [4]+, 481 [Ag(4)]+, 857
[Ag(4)2]+, 1052 [Ag2(4)2BF4]+. C48H60AgBF4N8 (943.72): calcd. C
61.09, H 6.41, N 11.87; found C 60.68, H 6.31, N 11.88.

[Ag(5)][BF4]: The reaction was carried out with ligand 5 (80 mg,
0.24 mmol) and AgBF4 (46 mg, 0.24 mmol). [Ag(5)][BF4] was iso-
lated as a yellow solid (120 mg, 0.23 mmol, 93%). 1H NMR
(500 MHz, [D6]DMSO): δ = 8.91 (d, J = 4.0 Hz, 1 H, H6A), 8.77
(m, 2 H, H5B+6C), 8.60 (d, J = 8.0 Hz, 1 H, H3A), 8.19 (td, J = 8.0,
2.0 Hz, 1 H, H4A), 7.88 (m, 3 H, H4C+3D), 7.79 (dd, J = 7.6, 5.2 Hz,
1 H, H5A), 7.60 (dd, J = 7.6, 5.2 Hz, 1 H, H5C), 7.44 (d, J = 8.0 Hz,
3 H, H2D+3C) ppm. 13C NMR (125 MHz, [D6]DMSO): δ = 157.4,
155.3, 152.1, 150.8, 150.6, 149.6, 139.9, 139.8, 138.9, 137.7, 132.5,
130.1, 127.8, 126.7, 126.2, 125.3, 123.7, 118.2, 111.9 ppm. FAB-
MS: m/z (%) = 442 [Ag(5)]+, 778 [Ag(5)2]+, 973 [Ag2(5)2BF4]+.
C21H13AgBF4N5·2/3MeCN (557.37): calcd. C 48.09, H 2.71, N
14.25; found C 49.03, H 2.81, N 13.79.

[Ag(6)][BF4]: The reaction was carried out with ligand 6 (70 mg,
0.20 mmol) and AgBF4 (38 mg, 0.19 mmol). [Ag(6)][BF4] was iso-
lated as a yellow solid (93 mg, 0.17 mmol, 85%). 1H NMR
(500 MHz, [D6]DMSO): δ = 8.83 (ddd, J = 4.8, 1.6, 0.8 Hz, 1 H,

www.eurjic.org © 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2008, 3540–35483546

H6A), 8.69 (d, J = 7.9 Hz, 1 H, H3A), 8.63 (s, 1 H, H5B), 8.39 (ddd,
J = 4.8, 1.6, 0.9 Hz, 1 H, H6C), 8.22 (d, J = 8.9 Hz, 2 H, H2D),
8.13 (td, J = 7.8, 1.8 Hz, 1 H, H4A), 8.08 (d, J = 7.7 Hz, 1 H, H3C),
8.03 (td, J = 7.7, 1.7 Hz, 1 H, H4C), 7.65 (ddd, J = 7.6, 4.8, 1.1 Hz,
1 H, H5A), 7.60 (d, 2 H, H3D), 7.46 (ddd, J = 7.4, 4.8, 1.3 Hz, 1 H,
H5C) ppm. 13C NMR (125 MHz, [D6]DMSO): δ = 157.5, 155.6,
152.4, 150.7, 150.3, 150.0, 147.6, 142.2, 139.3, 138.8, 137.7, 130.6,
127.5, 126.6, 125.1, 123.6, 123.3 ppm. FAB-MS: m/z = 462
[Ag(6)]+, 817 [Ag(6)2]+, 1013 [Ag2(6)2BF4]+. C20H13AgBF4N5O2

(550.02): calcd. C 43.67, H 2.38, N 12.73; found C 43.82, H 2.80,
N 12.70.

[Ag(7)][BF4]: The reaction was carried out with ligand 7 (55 mg,
0.16 mmol) and AgBF4 (32 mg, 0.16 mmol). [Ag(7)][BF4] was iso-
lated as a white solid (68 mg, 0.13 mmol, 82%). 1H NMR
(400 MHz, [D6]DMSO): δ = 8.91 (d, J = 4.1 Hz, 1 H, H6A), 8.84
(d, J = 4.6 Hz, 1 H, H6C), 8.64 (s, 1 H, H5B), 8.59 (d, J = 8.1 Hz,
1 H, H3A), 8.16 (td, J = 7.9, 1.7 Hz, 1 H, H4A), 7.85 (td, J = 7.8,
1.6 Hz, 1 H, H4C), 7.78 (dd, J = 6.8, 4.8 Hz, 1 H, H5A), 7.61 (dd,
J = 8.0, 4.8 Hz, 1 H, H5C), 7.33 (d, J = 7.9 Hz, 1 H, H3C), 7.15 (d,
J = 8.8 Hz, 2 H, H3D), 6.95 (d, J = 8.9 Hz, 2 H, H2D), 3.78 (s, 3
H, HMe) ppm. 13C NMR (100 MHz, [D6]DMSO): δ = 160.4, 157.7,
155.1, 153.0, 150.8, 150.7, 150.0, 141.0, 138.9, 137.6, 130.8 (C2D),
127.2, 126.8, 126.6, 126.2, 125.2, 123.6, 114.3 (C3D), 55.4 (CMe)
ppm. FAB MS: m/z = 448 [Ag(7)]+, 787 [Ag(7)2]+, 983 [Ag2(7)2-
BF4]+. C21H16AgBF4N4O (535.05): calcd. C 47.14, H 3.01, N 10.47;
found C 47.72, H 3.25, N 10.72.

[Ag(8)][BF4]: The reaction was carried out using ligand 8 (40 mg,
0.11 mmol) and AgBF4 (20 mg, 0.10 mmol). [Ag(8)][BF4] was iso-
lated as a pale red solid (46 mg, 0.080 mmol, 73%). 1H NMR
(400 MHz, CD3CN): δ = 8.83 (d, J = 4.3 Hz, 1 H, H6A), 8.70 (d,
J = 4.6 Hz, 1 H, H6C), 8.44 (s, 1 H, H5B), 8.35 (d, J = 8.0 Hz, 1 H,
H3A), 8.07 (td, J = 7.9, 1.5 Hz, 1 H, H4A), 7.73 (td, J = 7.8, 1.6 Hz,
1 H, H4C), 7.68 (m, 3 H, H3D+5A), 7.62 (dd, J = 7.6, 5.2 Hz, 1 H,
H5C), 7.36 (d, J = 8.0 Hz, 2 H, H2D), 7.33 (d, J = 7.8 Hz, 1 H,
H3C) ppm. 13C NMR (100 MHz, CD3CN): δ = /ppm: 158.9
(C3B/6B), 157.0 (C3B/6B), 153.7 (C2C), 151.9 (C6A), 151.8 (C6C), 151.4
(C2A), 141.5 (C1D/4B), 140.6 (C1D/4B), 139.9 (C4A), 138.7 (C4C),
131.6 (q, JCF = 38 Hz, C4D), 131.0 (C2D), 128.8 (C5B), 127.6
(C3C/5A), 127.5 (C3C/5A), 126.8 (q, JCF = 3.8 Hz, C3D), 126.2 (C5C),
125.1 (q, JCF = 265 Hz, CCF3), 124.4 (C3A). FAB MS: m/z = 486
[Ag(8)]+, 864 [Ag(8)2]+, 1059 [Ag2(8)2BF4]+. C21H13AgBF7N4

(573.02): calcd. C 44.02, H 2.29, N 9.78; found C 43.36, H 2.53, N
9.45.

[Ag(9)][BF4]: The reaction was carried out using ligand 9 (60 mg,
0.13 mmol) and AgBF4 (25 mg, 0.13 mmol). [Ag(9)][BF4] was iso-
lated as a yellow solid (46 mg, 0.069 mmol, 53%). 1H NMR
(400 MHz, [D6]DMSO): δ = 8.91 (d, J = 4.0 Hz, 1 H, H6A), 8.79
(s, 1 H, H5B), 8.74 (d, J = 4.4 Hz, 1 H, H6C), 8.63 (d, J = 8.0 Hz,
1 H, H3A), 8.20 (td, J = 8.0, 1.6 Hz, 1 H, H4A), 7.96 (m, 2 H,
H4C+4D), 7.79 (dd, J = 7.6, 5.2 Hz, 1 H, H5A), 7.60 (m, 2 H,
H5C+3C), 7.49 (d, J = 1.6 Hz, 2 H, H2D) ppm. 13C NMR (100 MHz,
[D6]DMSO): δ = 157.5, 155.3, 152.3, 150.8, 150.4, 149.7, 139.0,
138.9, 138.3, 137.7, 133.9, 130.9, 127.7, 126.6, 126.1, 125.1, 123.6,
122.4 ppm. FAB MS: m/z = 575 [Ag(9)]+, 1043 [Ag(9)2]+, 1239
[Ag2(9)2BF4]+. C20H12AgBBr2F4N4·1/2H2O (671.82): calcd. C
35.76, H 1.95, N 8.34; found C 35.69, H 2.14, N 8.33.

[Ag(10)2][BF4]: The reaction was carried out using ligand 10
(60 mg, 0.16 mmol) and AgBF4 (32 mg, 0.16 mmol). [Ag(10)2][BF4]
was isolated as a yellow solid (crude 69 mg). Attempts were made
to purify the bulk sample by washing with water, but analytically
pure material could not be obtained. 1H NMR (500 MHz, [D6]-
DMSO): δ = 8.90 (d, J = 4.1 Hz, 2 H, H6A), 8.83 (d, J = 4.6 Hz, 2
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H, H6C), 8.73 (s, 2 H, H5B), 8.62 (d, J = 8.1 Hz, 2 H, H3A), 8.18
(td, J = 7.8, 1.7 Hz, 2 H, H4A), 7.89 (td, J = 7.8, 1.6 Hz, 2 H, H4C),
7.78 (ddd, J = 7.6, 5.1, 1.0 Hz, 2 H, H5A), 7.62 (dd, J = 7.6, 5.2 Hz,
2 H, H5C), 7.41 (d, J = 7.9 Hz, 2 H, H3C), 6.58 (t, J = 2.2 Hz, 2 H,
H4D), 6.40 (d, J = 2.2 Hz, 4 H, H2D), 3.65 (s, 6 H, HMe) ppm. 13C
NMR (125 MHz, [D6]DMSO): δ = 150.5, 150.4, 138.7, 137.6,
137.3, 127.3, 125.9, 124.9, 123.5, 107.1, 100.8, 55.4 (CMe), quat
ppm. C not observed. FAB MS: m/z = 477 [Ag(10)]+, 847
[Ag(10)2]+, 1043 [Ag2(10)2BF4]+.

Crystal Structure Determinations: General: Data were collected on
an Enraf Nonius Kappa CCD instrument; data reduction, solution
and refinement used the progams COLLECT,[19] SIR92,[20]

DENZO/SCALEPACK[21] and CRYSTALS.[22] Structures have
been analyzed using Mercury v. 1.4.2.[23]

Crystal Data for [Ag(4)2][BF4]: C48H60AgBF4N8, M = 943.73, tri-
clinic, space group P1̄, a = 8.1443(7), b = 24.585(2), c =
25.804(2) Å, α = 115.007(4), β = 98.246(4), γ = 97.300(4)°, U =
4531.2(6) Å3, Z = 4, Dc = 1.383 Mgm–3, µ(Mo-Kα) = 0.505 mm–1,
T = 173 K, 14192 reflections collected. Refinement of 10252 reflec-
tions (1117 parameters) with I �2.0σ (I) converged at final R1 =
0.0653 (R1 all data = 0.1176), wR2 = 0.1592 (wR2 all data = 0.2018),
gof = 0.977.

Crystal Data for [Ag2(5)2][BF4]2: C42H26Ag2B2F8N10, M = 1060.08,
monoclinic, space group P21/c, a = 10.0117(9), b = 9.835(1), c =
19.485(1) Å, β = 95.780(6)°, U = 1908.9(3) Å3, Z = 2, Dc =
1.844 Mgm–3, µ(Mo-Kα) = 1.115 mm–1, T = 173 K, 4383 reflections
collected. Refinement of 3148 reflections (289 parameters) with I
�3.0σ (I) converged at final R1 = 0.0359 (R1 all data = 0.0412),
wR2 = 0.0305 (wR2 all data = 0.0315), gof = 1.047.

Crystal Data for {[Ag2(6)2(NCMe)2][BF4]2·Et2O}n: C48H42Ag2B2-
F8N12O5, M = 1256.28, monoclinic, space group P21/c, a =
14.2235(5), b = 12.1001(5), c = 29.266(1) Å, β = 94.027(2)°, U =
5024.5(3) Å3, Z = 4, Dc = 1.661 Mgm–3, µ(Mo-Kα) = 0.869 mm–1,
T = 173 K, 8400 reflections collected. Refinement of 8323 reflec-
tions (721 parameters) with I �2.0σ (I) converged at final R1 =
0.0578 (R1 all data = 0.1144), wR2 = 0.1385 (wR2 all data = 0.1818),
gof = 1.001.

Crystal Data for {[Ag3(7)2][BF4]3}n: C42H30Ag3B3F12N8O2, M =
1264.78, monoclinic, space group C2/c, a = 25.5134(2), b =
11.6105(1), c = 17.6852(2) Å, β = 122.0663(4)°, U = 4439.51(7) Å3,
Z = 4, Dc = 1.892 Mgm–3, µ(Mo-Kα) = 1.409 mm–1, T = 173 K,
6493 reflections collected. Refinement of 4328 reflections (344 pa-
rameters) with I �3.0σ (I) converged at final R1 = 0.0266 (R1 all
data = 0.0438), wR2 = 0.0239 (wR2 all data = 0.0415), gof = 1.258.

Crystal Data for [Ag2(8)2][BF4]2·2.6MeCN: C47.2H33.8Ag2B2-
F14N10.6, M = 1252.79, monoclinic, space group C2/c, a =
12.7058(5), b = 10.9051(4), c = 35.415(1) Å, β = 93.137(1)°, U =
4899.6(3) Å3, Z = 4, Dc = 1.698 Mgm–3, µ(Mo-Kα) = 0.900 mm–1,
T = 173 K, 5587 reflections collected. Refinement of 4350 reflec-
tions (415 parameters) with I �3.0σ (I) converged at final R1 =
0.0326 (R1 all data = 0.0448), wR2 = 0.0339 (wR2 all data = 0.0371),
gof = 1.128.

Crystal Data for [Ag2(9)2][BF4]2·2MeCN: C44H30Ag2B2Br4F8N10,
M = 1407.75, monoclinic, space group P21/a, a = 8.1005(9), b =
34.509(4), c = 8.4695(8) Å, β = 97.13(1)°, U = 2349.3(4) Å3, Z =
4, Dc = 1.990 Mgm–3, µ(Mo-Kα) = 4.313 mm–1, T = 173 K, 6410
reflections collected. Refinement of 4025 reflections (316 param-
eters) with I �3.0σ (I) converged at final R1 = 0.0405 (R1 all data
= 0.0720), wR2 = 0.0455 (wR2 all data = 0.0700), gof = 1.040.

Crystal Data for [Ag(10)2][BF4]: C44H36AgBF4N8O4, M = 935.49,
monoclinic, space group C2/c, a = 34.923(2), b = 6.6039(8), c =
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20.747(1) Å, β = 123.92(1)°, U = 3970.4(8) Å3, Z = 4, Dc =
1.565 Mgm–3, µ(Mo-Kα) = 0.583 mm–1, T = 173 K, 4209 reflections
collected. Refinement of 3113 reflections (300 parameters) with I
�2.0σ (I) converged at final R1 = 0.0380 (R1 all data = 0.0572),
wR2 = 0.0410 (wR2 all data = 0.0437), gof = 1.194.

CCDC-678489 (for [Ag(4)2][BF4]), -678490 (for [Ag2(5)2][BF4]2),
-678487 (for {[Ag2(6)2(NCMe)2][BF4]2·Et2O}n), -678491 (for
{[Ag3(7)2][BF4]3}n), -678485 (for [Ag2(8)2][BF4]2·2.6MeCN),
-678486 (for [Ag2(9)2][BF4]2·2MeCN) and -678488 (for [Ag(10)2]-
[BF4]) contain the supplementary crystallographic data. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.)
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