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Abstract

Adducts of the form AgNO2:PPh3: L (1:1:1) (L = 2,2 0-bipyridyl (bpy), 1,10-phenanthroline (phen), 2,9-dimethylphenanthroline
(dmp)) have been synthesized and characterized by analytical, spectroscopic (IR, far-IR, 1H and 31P NMR) studies, together with a single
crystal X-ray study for the L = dmp adduct, for comparison with the recently reported counterpart adducts of silver(I) nitrate. While the
silver(I) coordination environment is still dominated by the quasi-planar N2AgP motif (Ag–P 2.378(1), Ag–N 2.364(3), 2.392(4) Å), the
interaction of the nitrite is symmetrical (Ag–O 2.512(4), 2.543(5) Å) and invasive, the PAgN2 angle sum diminished to 324.7�.
� 2006 Elsevier B.V. All rights reserved.
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In a recent report [1], in the context of a more wide-
ranging study, we described a synthetic, structural and
spectroscopic examination of the nature of complexes
formed between silver(I) nitrate, tertiary phosphine ligand
(R3P) and oligodentate bases, L, derivative of 2,2 0-bipyr-
idyl (‘bpy’), finding an array of AgNO3:PR3:L (1:1:1) com-
plexes to be readily accessible. In those complexes, the
coordination environment is dominated by a quasi-trigonal
planar N2AgL array, perturbed by the approach of the
counterion diversely in unidentate, semi- and quasi-O,O 0-
bidentate mode, the nitrate counterion being the intermedi-
ate member in a range of studies encompassing oxyanions
of increasing basicity: ClO4 [2], NO3 [1], carboxylate [3].
Although our interest in the complexes of silver(I) salts
with group 15 donors has focussed primarily on the latter
as oxyanion systems worthy of systematic study, other sys-
tems also featuring aspects of interest have attracted our
attention from time to time, one such being nitrite [4,5],
which differs appreciably from nitrate in its behaviour.
The present work describes a minor foray into the systems
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of the above type using silver(I) nitrite rather than nitrate
as the basis for complex formation; we describe here a less
extensive systematic and spectroscopic study of its 1:1:1
complexes, with triphenylphosphine (as the representative
of PR3) and the variously flexible/rigid and more or less
hindered N,N 0-aromatic bidentate bases 2,2 0-bipyridyl
(‘bpy’) 1,10-phenanthroline (‘phen’) and 2,9-dim-
ethylphenanthroline (‘dmp’), together with a single crystal
X-ray study of the latter adduct (Fig. 1).

The adducts [PPh3AgNO2]: L (1:1), 1–3 (Chart 1) [6]
have been synthesized by the reaction of one or two equiv-
alents of N,N 0-bidentate aromatic ligand, L, derivative of
2,2 0-bipyridyl, with one equivalent of the 1:1 silver(I)
nitrite: triphenylphosphine adduct.

½ðPPh3ÞAgNO2�n þ nL !solvent
nf½ðPPh3Þ AgNO2� : Lð1 : 1Þg

ð1Þ
(1: L = phen, 2: L = bpy, 3: L = dmp)

The same products formed when [(PPh3)xAgNO2] (x = 2
or 3) were employed as the starting reagents. On the other
hand, monodentate ligands such as imidazole (Him), or
1-methyl-1H-imidazole-2(3H)-thione (mimt) exhibit a dif-
ferent reactivity, their interaction with [(PPh3)2AgNO2]n
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Fig. 1. A single molecule of AgNO2: PPh3:dmp (1:1:1) 3 projected normal to the Ag. . . nitrite axis (20% probability amplitude displacement ellipsoids
(non-hydrogen atoms), hydrogen atoms having arbitrary radii of 0.1 Å). Ag–P,O(1,2), N(11,21) 2.378(1), 2.512(4), 2.543(5), 2.392(4), 2.364(3) Å; P–Ag–
O(1,2),N(11,21) 119.2(1), 110.4(1), 126.72(8), 127.19(8), O(1)–Ag–O(2),N(11,21) 46.1(2), 111.2(1), 85.3(1), O(2)–Ag–N(11,21) 92.1(1), 118.9(1), N(11)–Ag–
N(21) 70.8(1), Ag–O(1,2)–N(0) 98.6(3), 96.7(3)�. Torsion angles Ag–P–C(n11)–C(n12) (n = 1–3) are: 6.8(4), 68.0(4), 26.5(4)�. Ag lies 0.088(3) Å out of the
dmp skeletal plane (v2 = 373) and 0.07(2) Å out of the NO2 plane.

Chart 1.
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yielding [(PPh3)2AgNO2]: Him (1:1), 4, [7] and [(PPh3)2-
AgNO2]: mimt (1:2) [8], respectively, whereas the interac-
tion of Him with [(PPh3)AgNO2] gives the 1:1 adduct
[(PPh3)AgNO2]: Him (1:1), 5, [7].

All the compounds – air-stable, colourless materials –
are insoluble in diethyl ether and ethanol, and soluble in
chlorinated solvents, acetone, acetonitrile and DMSO.
The conductivity measurements for 1 and 2 are in accor-
dance with the neutral formulation found in the solid state
for derivative 3. Derivative 3 partly dissociates in dichloro-
methane according to the following equation:

½AgðdmpÞðPPh3ÞNO2�! ½ðPPh3ÞAgðdmpÞ�þþðNO�2 Þ ð2Þ
The infrared spectra of 1–3 [9] are consistent with the for-
mulations proposed showing all of the bands required by
the presence of the organic N-donors and unidentate phos-
phine ligands [10]. In the far-IR spectra of all phosphino
derivatives we assigned, on the basis of previous reports,
the broad absorptions near 500 cm�1 and those at 480–
400 cm�1 to Whiffen’s y and t vibrations [11].

In the 1H NMR solution spectra (CDCl3, conc. = 4 mg/
mL) of 1–3, the signals due to the phosphine and N-donor
ligands show a different pattern with respect to those found
for the free donors, which can be taken as evidence for the
existence of complexes also in the chlorinated solvent solution.

The room temperature 31P NMR spectra of complexes
1–3 consist of broad singlets, presumably in consequence
of exchange equilibria that are reasonably fast in relation
to the NMR time scale. Exchange is quenched at low tem-
perature (223 K), and one unresolved doublet or resolved
pairs of doublets, arising from coupling between the phos-
phorus and silver atoms, are observed in the accessible tem-
perature range. For example, two sets of doublets were
found in the spectra of 1 at 223 K. The coupling constant
determined for the doublet at ca. 18 ppm is typical of
a AgPN2O2 environment, whereas the coupling constant
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values for the signal at ca. 11 ppm is 443 Hz, representative
of an AgP2O2 coordination environment and suggesting a
dissociation-equilibrium as that in Eq. (3).

2½AgðphenÞðPPh3ÞðNO2Þ�� ½AgðPPh3Þ2ðNO2Þ�
þ ½AgðphenÞ2ðNO2Þ� ð3Þ

The results of the single crystal X-ray study for 3 [12] are
consistent with the description of the array as of 1:1:1
AgNO2: PR3: dmp stoichiometry and connectivity, all
components being closely associated as a single aggregate,
one of which, devoid of crystallographic symmetry, com-
prises the asymmetric unit of the structure. As with the
nitrate analogue, the core of the molecule comprises the
tightly bound PPh3 and N,N 0-dmp components, the
PAgN2 array comprising a quasi-trigonal planar array. In
the counterpart nitrate structure [2] (which contains two
independent molecules in the asymmetric unit), the planar-
ity of each array is perturbed by the approach of semi-
bidentate nitrate groups Ag–O(,O 0) being 2.678(3)
(3.008(3)) (mol. 1), 2.721(5) (3.012(6) Å) (mol. 2); the
PAgN2 angle sums are 354.6, 353.5�. Here, the nitrite
approaches as a symmetrical bidentate ligand, bound much
more strongly, the PAgN2 angle sum being reduced to
324.7� and Ag–O,O 0 much shorter (2.512(4), 2.543(5) Å).
In compensation, in the nitrate, Ag–N (2.313(4) –
2.355(3), Ææ 2.34(2) Å) are shorter than in the present
(2.392(4), 2.364(3) Å); Ag–P (2.382(1) Å (·2)) are essen-
tially identical. The disposition of the PPh3 ligand appears
to be influenced by the steric effect of the methyl groups,
phenyl rings 1,3 straddling CH3(261), while ring 2, con-
fronting the approach of C(161) lies quasi-normal to that
approach, seemingly without other substantial interaction
since the pair of P–Ag–N angles are essentially identical
(126.72(8), 127.19(9)�), although the two Ag–N distances
differ by ca. 0.03 Å in the manner expected.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.inoche.
2006.11.010.
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radiation, k = 0.71073 Å; single counter instrument, 2h/h scan mode;
T ca. 295 K. 10084 total reflections (hemisphere) merging to 5109
unique (Rint = 0.042), 3795 (I > 3r (I)) ‘observed’; R = 0.043,
Rw = 0.052 (weights: r2(F) + 0.0004(F2)�1). CCDC 609969.

http://dx.doi.org/10.1016/j.inoche.2006.11.010
http://dx.doi.org/10.1016/j.inoche.2006.11.010
http://dx.doi.org/10.1016/j.ica.2006.07.017
http://dx.doi.org/10.1016/j.ica.2006.07.017
http://dx.doi.org/10.1016/j.ica.2006.07.004
http://dx.doi.org/10.1016/j.ica.2006.07.015
http://dx.doi.org/10.1016/j.ica.2006.07.015

	Adducts of silver(I) nitrite with triphenylphosphine and  N,N prime -bidentate aromatic bases, L, of the form AgNO2:PPh3:L (1:1:1)
	Supplementary data
	References


