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Systematic Investigation of Tri- and
Tetrametaphosphimates

SASCHA CORRELL, NORBERT STOCK and WOLFGANG SCHNICK

Department of Chemistry, University of Munich (LMU),
Butenandtstr. 5-13 (Block D), 81377 Munich, Germany

A systematic investigation of tri- and tetrametaphosphimates based on single-crystals is
reviewed and results of a conformation analysis of the cyclic six- and eight-membered P-N
rings of the (PO,NH)3> and (PO,NH),* jons are given.

Keywords: Trimetaphosphimates; Tetrametaphosphimates; Conformation analysis; Pucker-
ing parameters; Crystal structures

INTRODUCTION

In order to synthesize oxonitridophosphates with framework structures,
we are interested in precursor compounds containing P, O and N, e. g.
tri- and tetrametaphosphimates. In contrast to the well investigated
structural chemistry of tri- and tctrametaphosphatesm only little is

known about trimetaphosphimates (tri-p-imidocyclotriphosphates) and
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tetrametaphosphimates (tetra-p-imidocyclotetraphosphates), although
the first syntheses were already described in 1895.1%1 These compounds
were intensively investigated by IR spectroscopy and powder diffrac-
tion, but until recently only few crystal structures were known. There-
fore we have started a systematic synthetic and structural investigation
of tri- and tetrametaphosphimates.!*#! These compounds contain six-
and eight-membered ring anions (PO,NH);* and (PO,NH);*:

3- fo) H 4-
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SYNTHESIS

The starting material for the synthesis of tri- and tetrametaphosphima-

tes are the cyclic chlorophosphazenes (Equ. (1)-(3), e. g. with M').
(PNCL,); + 9 M(OOCCH,) + 6 H,0 - M;(PO:NH), + 6 MC1 + 9 CH,COOH (1)
(PNCl,), + 8 M{O,CCH,) + 8 H,0 — M,(PO:NH), + 4 MC1 + 8 CH;CO,H + 4 HC1(2)

(PNCl,), + (2+2 x) H;0 = H(PO;NH),.2H,0 + 2 x HCl (with x = 3 or 4) (3)

Using the sodium saits or acids tri- and tetrametaphosphimates of
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mono-, bi-, tri-, and tetravalent cations were obtained (e. g. Equ. (4)-(5)).

2 Na,(PO;NH),-yH,0 + x MCl, = M,[(PO:NH),}; + 2 x NaCl + y H,0 (e. g. M") (4)
H.(PO,NH),-2H,0 + % x M,CO; — M,(PO;NH), + (2+% x) H,0 + % x CO; (M") (5)

Most of the reactions were conducted at RT in aqueous solution.
Single-crystals were obtained by evaporation of the solvent or by

diffusion controlled addition of ethanol or methanol to the mixture.

CONFORMATION ANALYSIS

For the detailed characterization and structural comparison of the cyclic
P-N rings in tri- and tetrametaphosphimates a conformation analysis
was carried out. Therefore, torsion angles,'® displacement asymmetry
parameters,!®! and puckering parameters!” were calculated using the
results of the single-crystal structure determinations. Especially the
analysis of the puckering parameters is useful for the exact quantitative
evaluation of the ring conformations. Whereas the puckering para-
meters for six-membered rings are well known, they had to be derived
for eight-membered rings. The conformation analysis shows that the
P;Nj rings in trimetaphosphimates often adopt a chair conformation.
Nevertheless, in some cases a combination of twist boat and boat
conformation is observed. The P;N; rings in tetrametaphosphimates

exhibit a twist boat, a saddle, or a chair conformation.
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CRYSTAL STRUCTURES

The crystal structures of tri- and tetrametaphosphimates are manyfold
and depend on the existing cations. In all structures N-H---O hydrogen
bonds play a crucial role. In the materials with monovalent cations the
N-H---O hydrogen bonds lead to the formation of pairs, double layers,
or to a three-dimensional network of (PO;NH),J' ions and to the for-
mation of strings or columns of (PO;NH),* ions for tri- and tetrameta-
phosphimates, respectively. In the structures of transition metal tri-
metaphosphimates, the (PO;NH)," ions act as mono-, bi-, or tridentate
ligands coordinating the transition metal ions (M). Thus, for example
infinite double chains with alternating metal and (PO,NH);* ions,
isolated ionic complexes {M[(PO,NH);];}*, or complex anions
{M4(p4-0)(p-OH)o[(POzNH)J].,}4' are formed. These structure elements
are interconnected in the crystal by N-H---O and O-H--O hydrogen
bonds and by coordination to the alkaline metal cations.
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