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A silver(I) coordination polymer containing 1,3,5-triaza-7-
phosphaadamantane (PTA) in an unprecedented bridging,
tridentate P,N,N�-coordination mode is formed by the reac-
tion of PTA with AgNO3 in water.

The synthesis of the air-stable, water-soluble phosphane
ligand 1,3,5-triaza-7-phosphaadamantane (PTA) was first
reported in 1974[1] but only recently has this phosphane
been used as a ligand in a variety of inorganic and organo-
metallic compounds.[2] An important driving force for the
sudden interest in this ligand has been due to further devel-
opments in “green chemistry” and the need for inorganic/
organometallic compounds that are soluble and stable in
aqueous media.[3,4] One strategy to solubilise metal com-
pounds is by the coordination of water-soluble ligands to a
metal centre, which then may impart water solubility to the
entire complex. In almost all of the known PTA metal com-
plexes, the phosphane acts as a P-donor ligand (Figure 1,
A). Very recently, the first examples of transition metal
compounds that contain N-coordinated PTA (Figure 1, B)
have been observed in manganese complexes [MnX2-
(PTA)2(H2O)2] (X = Cl, Br).[5] In 2005, the organometallic
Ru/Ag coordination polymers [CpRu(L)(µ-P,N-PTA)2-
AgCl2]n (L = dmso, H2O) were reported, which constitute
the first, and so far only, examples of a PTA complex in
which the ligand adopts a bridging N,P-coordination mode
(Figure 1, C).[6]

In the past, we have utilised silver(I) phosphane salts of
the type [AgX(P)] (P = tertiary phosphane; X = OTf, ClO4,
NO3) as phosphane transfer reagents in the preparation of
gold(II) complexes by metathesis reactions.[7] Recently, we
reported the synthesis and characterisation of a series of
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Figure 1. Observed coordination modes of PTA.

water-soluble and water-stable gold complexes, which in-
cludes a gold(II) PTA derivative that was prepared with
[Ag(OTf)(PTA)].[8,9] During our studies of various
[AgX(PTA)] derivatives, we isolated and structurally char-
acterised the nitrate derivative [Ag(PTA)(H2O)]NO3. X-ray
quality crystals of [Ag(PTA)(H2O)]NO3

[10] were formed
when aqueous solutions containing equimolar amounts of
PTA and AgNO3 were mixed. This compound is the first
example of a complex that contains PTA in a triply bridg-
ing P,N,N�-coordination mode (Figure 1, D). The basic unit
of this complex consists of a molecule of P-coordinated
PTA and water coordinated to the silver atom (Figure 2).

These monomers are then arranged such that two of the
PTA nitrogen atoms, N-2 and N-3, coordinate to other sil-
ver atoms, i.e. each silver atom is connected to one phos-
phorus atom, P-1, and two nitrogen atoms, N-2 and N-3,
from three different PTA molecules in a T-shaped arrange-
ment. The coordinated water molecule completes the dis-
torted tetrahedral coordination geometry about the silver
atom. The network structure of the complex can be de-
scribed as a polymeric net that contains hexagonal units
(Figure 3).

In the crystal, these polymeric nets are stacked above
each other, and the resulting channels are occupied by the
nitrate anions (Figure 4).

In this complex, the PTA ligand behaves very similarly
to its all-nitrogen analogue hexamethylenetetramine
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Figure 2. Structure of [Ag(PTA)(H2O)]NO3 which shows the atom-
labelling scheme. Displacement ellipsoids are drawn at 50% prob-
ability and hydrogen atoms are omitted for clarity.

Figure 3. Polymeric net structure of [Ag(PTA)(H2O)]NO3 which il-
lustrates the P,N,N�-coordination mode of the PTA ligand. Hydro-
gen atoms, as well as the nitrate anions, are omitted for clarity.

Figure 4. View of [Ag(PTA)(H2O)]NO3 along the c-axis which
shows three polymer nets and the nitrate anions located in the
channels. Hydrogen atoms are omitted for clarity.
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(HMT). A variety of [AgX(HMT)] complexes have been
prepared and structurally characterised and, depending on
the metal/HMT ratios, the solution pH and the type of
counterions, many different two- and three-dimensional
network polymers have been observed.[11–13] In particular,
the polymeric net structure of [Ag(NO3)(HMT)][14] is al-
most identical to that of [Ag(PTA)(H2O)]NO3, with the ex-
ception that a nitrato ligand is O-coordinated to the silver
atom instead of a water molecule, hence the channels in the
3D network of [Ag(NO3)(HMT)] are vacant. The Ag–P
bond length in [Ag(PTA)(H2O)]NO3 [2.3822(12) Å] is
shorter than the Ag–P distances in other silver(I) nitrate
complexes that contain bulky phosphane ligands such
as [Ag(NO3)(PPh3)2] and [Ag(NO3){P(m-MeC6H4)3}]
[2.443(1) and 2.4128(8) Å, respectively].[15] However, if the
bulkiness of the phosphane group is decreased, the Ag–P
bond length becomes shorter as is evident in
[Ag{P(CH2CH2CN)3}2]NO3, whose Ag–P bond length is
2.3832(9) Å.[15] This bond length is very similar to that ob-
served in [Ag(PTA)(H2O)]NO3 in this work, which illus-
trates the small steric bulk of PTA. The two Ag–N distances
[2.441(4) and 2.468(4) Å] are slightly longer than those ob-
served in [Ag(NO3)(HMT)] [2.406(5) and 2.335(6) Å] and
[CpRu(H2O)(µ-P,N-PTA)2AgCl2]n [2.423(6) Å].[6]

In summary we present here the first example of a PTA
ligand that adopts a tridentate, bridging P,N,N�-coordina-
tion mode, which results in a polymeric net structure that
contains hexagonal cavities occupied by nitrate anions.
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