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The reaction of ZnMe2 and the N-substituted phosphoramidic
monoester [Et2NH2][(EtO)PO2(C6H5NH)] produces the trinuclear zinc
cluster Zn3(Et2O)2[(EtO)PO2(C6H5NH)]6‚2THF, demonstrating that
the P−N bond can survive under mild solvothermal reaction
conditions.

Metal phosphates (MPOs) have attracted immense interest
during the last 2 decades in view of their practical applica-
tions as molecular sieves, absorbents, and catalysts. In
addition, these inorganic frameworks often exhibit attractive
structural features.1 In the preparation of these materials,
supramolecular design is a useful approach for molecular
level control and rational syntheses of new compounds with
tailored properties.2 Oligonuclear MPOs may be regarded
as building units (BUs) for the construction of porous MPOs
as infinite networks.3 For example, the single four-ring unit
[Zn(H2PO4)2HPO4]2- undergoes an intriguing transformation
to a porous layer structure under certain reaction conditions.4

The imido (RN2-, R ) H, alkyl, aryl) ligand is formally
isoelectronic with an oxido (O2-) ligand.5 The partial
replacement of oxido ligands in zinc phosphates by imido
ligands might be expected to generate materials with more
basic sites whose pore sizes are influenced by the nature of
the R group. Two synthetic approaches have been investi-
gated. The first involves heating of MPOs in a stream of
ammonia gas at high temperatures (500-850 °C).6 This
procedure generates so-called “metal phosphate oxynitrides”
(MPONs), which exhibit effective base-catalytic behavior.6

MPONs have not been structurally characterized, but spec-
troscopic methods indicate that the basic sites involve NH
and NH2 groups.6,7 An alternative procedure employs P-N
reagents, such as OP(NMe2)3

8 or OP(NHtBu)3,9 in hydro-
thermal or solvothermal reactions with metal salts. However,
this method results in complete P-N bond cleavage to give
novel zinc phosphate8 or anionic copper halide9 frameworks
as a result of the templation effect of in situ generated
secondary amines or [tBuNH3]+, respectively. Thus, the
experimental challenge in a chimie douce approach10 to the
synthesis of MPONs from amido-phosphorus reagents is
the protection of the P-N bond. Esters of N-substituted
phosphoramidic acids, EtOP(O)NRR′(OH), are potentially
useful reagents for the synthesis of molecular MPONs, but
they decompose readily via P-N bond cleavage to give
unstable metaphosphates (Scheme 1a) and, hence, pyrophos-
phates.11,12With the idea that coordination to a metal center
may inhibit the condensation of the N-substituted phosphor-
amidic ligand and, hence, prevent cleavage of the P-N bond,
we have investigated the reaction of the N-substituted
phosphoramidic monoester [Et2NH2][(EtO)PO2(C6H5NH)]
with ZnMe2. Here, we report the formation of the novel
trinuclear zinc complex Zn3(Et2O)2[(EtO)PO2(C6H5NH)]6‚
2THF (1), the first example of a structurally characterized
metal amidoorthophosphate, which exhibits a fascinating
hourglass framework.13
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Complex1 was obtained in 39% yield according to the
procedure illustrated in Scheme 1b.14 An X-ray single-crystal
analysis15 revealed that1 is comprised of a neutral trinuclear
cluster with a Zn3P6O12 core that incorporates two distinct
zinc environments (Figure 1). The central Zn1 atom is located
on an inversion center and adopts a regular octahedral

coordination mode with six oxygen atoms of the PON ligand
around it. The Zn1-O bond lengths range from 2.086(3) to
2.011(3) Å. The other zinc centers (Zn2) are tetrahedrally
coordinated by three oxygen atoms of the PON ligand
(|d(Zn-O)| ) 1.936(3)-1.938(4) Å) and one oxygen atom
of the terminal Et2O ligand (Zn-O1 ) 2.027(4) Å). The
O-Zn2-O bond angles range from 105.35(17) to 112.34-
(15)°. The structural parameters involving the Zn2 centers
are typical for four-coordinate zinc in phosphate com-
plexes.4,19 Each bridging PON ligand engages in one Zn-O
linkage with the central Zn1 atom and one Zn-O linkage to
a terminal Zn2 atom in corner-sharing modes (P-O-Zn
bond angle) 119.3(4)-131.5(2)°). The exocyclic P-O bond
distances range from 1.587(4) to 1.591(4) Å, about 0.1 Å
longer than the endocyclic P-O bond distances (1.490(3)-
1.511(3) Å). These geometrical parameters are in good
agreement with previous reports for related zinc phosphates
and phosphonates.4,19-21 The geometry at the nitrogen center
of the amidophosphate ligand is almost planar (e.g.,Σ <
N2 ) 356.5°), indicating that the delocalization of the lone
pair of electrons on nitrogen into the P-O antibonding (σ*)
orbital (the anomeric effect) does not contribute to the
lengthening of the exocyclic P-O bonds.22 The P-N bond
distances of 1.635(5)-1.651(5) Å fall between typical single-
and double-bond values.

There is an octahedral ZnO6 core in the structure of1,
which is believed to be an important component in highly
cross-linked zinc phosphates on the basis of computer
simulations23 and experimental results.24 The connection
between the ZnO6 octahedron and two ZnO4 tetrahedra
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Scheme 1. (a) Decomposition of N-Substituted Phosphoramidic
Monoesters12 and (b) Synthesis of1

Figure 1. Molecular structure of1 (20% thermal ellipsoids). The phenyl
groups attached to nitrogen and the ethyl groups of OEt2 ligands have been
omitted for clarity.
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through six phosphate tetrahedra generates a novel hourglass
structure, which is different from the tooth-wheel BUs
observed in three-dimensional networks.24b This is a new
structural arrangement in zinc phosphates.

The spectroscopic data for1 are consistent with retention
of the solid-state structure in solution. The presence of the
NH group in the anilido substituents is confirmed by a broad
resonance centered at 5.82 ppm in the1H NMR spectrum,
as well as an N-H stretch at 3277 cm-1 in the IR spectrum.
The 1H NMR spectrum displays resonances attributed to
PhNH and EtO groups, Et2O ligands, and lattice THF
molecules, respectively, with the appropriate relative intensi-
ties. The31P NMR spectrum exhibits a singlet at 0.47 ppm,
indicating that the crystallographically inequivalent phos-
phorus sites become chemically equivalent in solution. The
ESI MS spectrum of a solution of1 in chloroform at 298 K

indicates that the{Zn3[(EtO)PO2(C6H5N)] [(EtO)PO2(C6H5-
NH)]5}- anion is a stable fragment.

In summary, the first zinc amidophosphate was obtained
as a trinuclear cluster with a novel hourglass structure under
mild solvothermal conditions. The retention of the P-N bond
in 1 demonstrates that coordination to a metal center can
inhibit P-N bond cleavage of phosphoramidic esters under
mild solvothermal conditions. The influence of the solvent
on the nature of the polynuclear zinc clusters formed in this
process and the application of this method to the synthesis
of other metal amidophosphates are the subject of ongoing
investigations.
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