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The Ag(�) coordination networks, and{ [Ag(pyrazine) ]NO
2
}=have been constructed in order to{ [Ag(4,4º-bipy) ]NO

2
}=investigate the e†ect of anion upon network topology ; an

unusual sawhorse connection is observed in the structure of
with the nitrite anion acting to “blockÏ{ [Ag(pyrazine) ]NO

2
}=cis coordination sites.

The preparation of extended networks using inorganic coordi-
nation polymers has become an area of increasing study in
recent years.1 One of the reasons that this interest has arisen
is because the synthetic procedure used to construct these
materials allows a high degree of design. Ultimately this may
lead to the development of materials with tuneable properties
including structures with hostÈguest properties similar to
those observed with zeolites,2 and compounds with interesting
electronic or magnetic properties. The high degree of design
arises from the coupling of the well understood coordination
properties of individual metal ions and highly-developed
ligand syntheses with the newer areas of supramolecular
chemistry and crystal engineering.3 We have been studying
the e†ect of individual building-blocks upon network struc-
ture. This has included the control of network topology and
interpenetration in adamantoid networks via ligand design4
and studies on the e†ect of variation of solvent of crys-
tallisation upon network structure.5 The nature of the
counter-anion has also been shown to have a dramatic e†ect
upon network topology and this is particularly noticeable in
Ag(I) chemistry.6,7 Recently we have demonstrated that
replacement of or with results in a fun-AgBF4 AgPF6 AgNO3damental change of the extended structure of a coordination
polymer with the ligand 3,6-di-4-pyridyl-1,2,4,5-tetrazine due
to interactions between the Ag(I) centre and the anionNO3~to give a “helical staircase Ï structure.6 We now report the
extension of these investigations to the use of andAgNO2 ,
report an unusual example of a sawhorse connection within
an extended network.

(pyz\ pyrazine) and M[Ag(4,4@-bipy)]M[Ag(pyz)]NO2N=(4,4@-bipy \ 4,4@-bipyridyl) were prepared as colourlessNO2N=microcrystalline samples by adding a solution of the appropri-
ate ligand in EtOH to a solution of in In orderAgNO2 H2O.¤
to assess the e†ect of the nitrite counter-anion upon network
topology single crystals of both complexes were grown by
slow di†usion between an aqueous solution of and anAgNO2ethanolic solution of the ligand. exists as aM[Ag(pyz)]NO2N=”
three-dimensional network in which each Ag(I) ion adopts a
distorted octahedral environment (Fig. 1) : each Ag(I) centre is
coordinated by two pyrazine ligands, AgÈN 2.277(5) whichA� ,
bridge adjacent Ag(I) ions, and by the chelating nitrite
counter-anion, AgÈO 2.487(6) in the equatorial sites. TheA� ,
two remaining axial coordination sites are occupied by weak
AgÉ É ÉAg interactions (Fig. 1). The AgÉ É ÉAg separation of

3.2168(3) is a typical value for AgÉ É ÉAg interactions unsup-A�
ported by ligands.8 AgÉ É ÉAg interactions have been found to
be signiÐcant in the extended structures of inorganic supramo-
lecular networks. This is perhaps best illustrated by the forma-
tion of short interactions [AgÉ É ÉAg 2.970(2) in theA� ]
extended three-dimensional network formed by M[Ag(4,4@-
bipy)] in which each Ag(I) centre is coordinated byNO3N= ,9
one N-donor from each of two 4,4@-bipy ligands and partici-
pates in one AgÉ É ÉAg interaction to give a T-shaped motif.9

It can be seen that in each Ag(I) ion actsM[Ag(pyz)]NO2N=as a sawhorse junction in the network, with the nitrite block-
ing two cis sites of the junction (Fig. 2). To our knowledge this
represents the Ðrst example of such a junction within a coordi-
nation polymer array. Sawhorse junctions are extremely rare
in inorganic framework structures with the most notable
examples being and Therefore the overallIrF4 , RhF4 PtF4 .10
network topology (Fig. 2) can be thought of as being related
to the solid-state structure of which has been describedIrF4as octahedra which share 4 F atoms, each with one“MIrF6Nother group leaving a pair of cis verticesMIrF6N

Fig. 1 View of the Ag(I) coordination environment in
Selected bond lengths and angles (¡) : Ag(1)ÈM[Ag(pyz)]NO2N= . (A� )

N(1) 2.277(5), Ag(1)ÈO(5) 2.487(6), Ag(1)É É ÉAg(1iii), Ag(1)É É ÉAg(1iv)
3.2168(3), Ag(1iii)ÈAg(1)ÈAg(1iv) 158.59(5), Ag(1iv)ÈAg(1)ÈN(1) 110.1(1),
Ag(1iii)ÈAg(1)ÈN(1) 79.9(1), Ag(1iv)ÈAg(1)ÈO(5ii) 66.5(1), Ag(1iii)ÈAg(1)È
O(5ii) 93.5(1), N(1)ÈAg(1)ÈO(5ii) 140.7(2), N(1ii)ÈAg(1)ÈO(5) 92.8(2),
O(5)ÈAg(1)ÈO(5ii) 50.1(2), N(1)ÈAg(1)ÈN(1ii) 126.0(3) (symmetry codes :

1 [ z ; ii\ [x, y, iii\ [x [y, [z ;i\ 12 [ x, 12 [ y, 12 [ z ;
iv\ [x, [y, 1[ z ; v \x [ 12, 12 [ y, z[ 12).
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Fig. 2 The overall network structure of (a) viewM[Ag(pyz)]NO2N= :
down the c-axis, (b) view illustrating the development of the three-
dimensional lattice through AgÉ É ÉAg contacts and showing the saw-
horse connections (nitrite anions are removed for clarity) (Ag,
cross-hatched ; O, hatched ; N, dotted, C, plain).

unsharedÏ.10,11 Similarly the network of isM[Ag(pyz)]NO2N=built from octahedra with cis vertices unshared.
The structure of contrasts with thatM[Ag(pyz)]NO2N=observed in the corresponding salt,NO3~Extended chains of alternating Ag(I) ionsM[Ag(pyz)]NO3N= .12

and pyrazine ligands are observed in andM[Ag(pyz)]NO3N=12
signiÐcantly the nitrate anion is non-coordinating, in contrast
to the behaviour of the nitrite anion observed in
M[Ag(pyz)]NO2N= .

Single crystal X-ray studies of M[Ag(4,4@-bipy)]NO2N=”
reveal that a di†erent network structure is adopted to that
observed for The structure consists ofM[Ag(pyz)]NO2N= .
slightly distorted linear chains of alternating Ag(I) ions and
4,4@-bipy ligands, NÈAgÈN 171.98(10)¡ (Fig. 3) with the NO2~anions sitting between adjacent M[Ag(4,4@-bipy)] chains so`N=that each Ag(I) centre forms two weak AgÉ É ÉO interactions of
2.667(2) and one weak AgÉ É ÉN interaction of 2.978(3)A� A� .
SigniÐcantly, no AgÉ É ÉAg interactions are observed in M[Ag(4,
4@-bipy)] in contrast to The bridg-NO2N= , M[Ag(pyz)]NO2N= .
ing 4,4@-bipy ligands in M[Ag(4,4@-bipy)] adopt a veryNO2N=twisted arrangement, with a dihedral angle between the

Fig. 3 View of the structure of M[Ag(4,4@-bipy)] showing theNO2N=linear chains of alternating Ag(I) ions and 4,4@-bipy ligands. Selected
bond lengths and angles (¡) : Ag(1)ÈN(1) 2.208(3) ; N(1)ÈAg(1)ÈN(1i)(A� )
171.98(10) (symmetry codes : y,i\[x ] 12, [z] 12).

pyridyl rings of 41.3¡. This value compares with observed
values of 4.3¡ in [MCu(cnge)2N2(l-4,4@-bipy)][BF4]213(cnge\ 2-cyanoguanidine), and 28.0, 30.0¡ observed in [Cu(4,
4@-bipy)(MeCN) Both twisted and Ñat 4,4@-bipy mol-2]BF4 .13
ecules are incorporated in [Cu(l-4,4@-bipy)-

with a dihedral angle of 9.29¡(H2O)2(FBF3)2] É 4,4@-bipy,
being observed for the coordinated 4,4@bipy ligands. In con-
trast the non-coordinated 4,4@-bipy ligands are constrained to
be ideally planar by crystallographic symmetry.14

The IR spectra of the two complexes andM[Ag(pyz)]NO2N=M[Ag(4,4@-bipy)] are consistent with the non-NO2N=coordinating nitrite anion in M[Ag(4,4@-bipy)]NO2N=cm~1] and the chelating mode of coordi-[lsym(NO2) \ 1243
nation for the anion in M[Ag(pyz)]NO2N= [lsym(NO2)\ 1269
cm~1].17 IR spectra of both the precipitated (microcrystalline)
products and single crystals were found to be identical con-
Ðrming the crystal structures to be representative of the bulk.

Of the few previously reported examples of structurally
characterised complexes both strongly coordinated15AgNO2and uncoordinated/weakly interacting16 have beenNO2~reported. In the former AgÈO bond lengths are comparable to
those observed here.15

Current work is aimed at studying the wider application of
the nitrite anion as a fundamental building-block of extended
coordination polymers and investigating the use of anions as a
controlling factor in Ag(I) supramolecular networks.
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Notes and references
to a solution of (100 mg, 0.65 mmol) in¤ M[Ag(pyz)]NO2N= : AgNO2water (10 cm3) heated to 50 ¡C was added a solution of pyrazine (52

mg, 0.65 mmol) in EtOH (10 cm3). A colourless crystalline precipitate
formed over the period of 5 minutes and the suspension was then
stirred for a further 5 min. The product was Ðltered o† and washed
with diethyl ether and then dried in vacuo. Yield 99 mg, 65%. (Found:
C, 20.26 ; H, 1.59 ; N, 17.39. Calc. for C, 20.51 ; H,C4H4Ag1N3O2 :
1.71 ; N, 17.95%). IR (KBr)/cm~1 : 2928w, 2857w, 1507w, 1411w,
1269s, 1143w, 1095w, 1024w, 800s.

M[Ag(4,4@-bipy)] was prepared similarly as a colourless pre-NO2N=cipitate in 75% yield. (Found: C, 38.32 ; H, 2.37 ; N, 13.38. Calc. for
C, 38.71 ; H, 2.58 ; N, 13.55%). IR (KBr)/cm~1 :C10H8Ag1N3O2 :

3051w, 3027w, 1599s, 1526s, 1487m, 1410m, 1314m, 1243s, 1222s,
1091w, 1070m, 1039w, 1000m, 992m, 963w, 880w, 846m, 804s, 732w,
667w, 621s, 565m, 510s.
” Crystal data : M \ 233.96,M[Ag(pyz)]NO2N= : C4H4AgN3O2 ,
monoclinic, space group C2/c (no. 15), a \ 12.378(5), b \ 7.934(3), c\

b \ 99.07(3)¡, U \ 613.04 Z\ 4, g cm~3,6.322(3) A� , A� 3, Dc\ 2.53
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k(Cu-Ka)\ 26.42 mm~1. A colourless plate (0.31] 0.21] 0.06 mm)
was used for data collection on a Stoe Stadi-4 four-circle di†ractome-
ter (graphite monochromated Cu-Ka radiation, uÈh scans, hmax \ 70¡)
equipped with an Oxford Cryosystems low-temperature device oper-
ating at 220(2) K.18 Absorption corrections utilised t-scan data
(lamina procedure, Of 554 unique reÑec-Tmin \ 0.203, Tmax \ 0.785).
tions 480 with IP 2p(I) were used in all calculations. The(Rint \ 0.10)
structure was solved using Patterson methods19 and all non-H atoms
were located in a subsequent di†erence-Fourier map.20 The structure
was reÐned against F with all non-H atoms modelled with anisotropic
displacement parameters and H-atoms placed in calculated positions.
At Ðnal convergence20 [I[ 2p(I)]\ 0.0443, for 48R1 Rw \ 0.0459
parameters, S \ 1.05, (D/p)max \ 0.02, *omax \
1.65 e [located 0.9 from Ag(1)], eA� ~3 A� *omin \[1.28 A� ~3.

M[Ag(4,4@-bipy)] M \ 310.06, monoclinic,NO2N= : C10H8AgN3O2 ,
space group P2/n (no. 13, alt. 2), a \ 7.2931(12), b \ 6.08(2),
c\ 11.481(3) b \ 102.817(17)¡, U \ 496.8 Z\ 2, gA� , A� 3, Dc\ 2.073
cm~3, k(Cu-Ka)\ 16.195 mm~1. A colourless needle
(0.44] 0.07] 0.02 mm) was used. Data were collected as for

Absorption corrections were carried out byM[Ag(pyz)]NO2N= .
Gaussian integration following reÐnement of the crystal size and mor-
phology against a set of t-scans,21 880(Tmin \ 0.198, Tmax \ 0.720),
unique reÑections of which 838 had IP 2p(I), were(Rint \ 0.014),
used in all calculations. The structure was solved using direct
methods22 and all non-H atoms were located in a subsequent
di†erence-Fourier map.23 The structure was reÐned against F2 with
all non-H atoms modelled with anisotropic displacement parameters ;
H-atoms were placed in calculated positions and were allowed to ride
on their parent atoms. The weighting scheme w~1 \ [p2(Fo2)] (0.0335P)2] 0.0485P], was adopted andP\ [max(Fo2 , 0)] 2Fc2]/3the extinction coefficient reÐned to 0.0010(2). At Ðnal convergence23

[I[ 2p(I)]\ 0.0198, (all data)\ 0.0503 for 75 parameters,R1 wR2S \ 1.081, in Ðnal cycle\ \0.001, e(D/p)max *omax \ 0.50 A� ~3,
e*omax \[0.42 A� ~3.

CCDC reference number 440/081. See http ://www.rsc.org/
suppdata/njc/1998/13/ for crystallographic Ðles in cif format.
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