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The ligand exchange on nonamethylimido-
diphosphoramide (NIPA) complexes is found to 
be very slow comparatively to analogous mono-
dentate ligands; the rates determined by 1H or 
31P NMR spectroscopy are: k(25°C)=4.3x 
lO-2 s"1; 31.6 s-1 • M-1; 3.7 X 104 S"1 • M_1 and 
1.35 X 104 s"1 • M-1 for Mg2+, Ca2+, Sr2+ and Li+ 
cations respectively. For the Al3+, Ga3+, In3+ 

and Be2+ ions no exchange could be detected by 
XH NMR spectroscopy up to 120 °C, indicating 
rates lower than about 10-3 s -1. 

Recently, we described NMR studies of complexes 
of beryllium (II) [1], aluminum (III) [2], gallium 
(III) [3], indium (III) [3] with organophosphorus 
ligands, such as alkyl phosphates (trimethylphos-
phate, TMPA) or phosphoramides (hexamethyl-
phosphorotriamide, HMPA). The ligand exchange 
rates and mechanisms were investigated in an inert 
solvent: nitromethane (NM) or propylene carbonate 
(PC). However dynamic NMR methods are re-
stricted to systems for which coordinate bonds are 
strong enough to insure a slow exchange between 
free and bound ligand molecules on the NMR time-
scale. In this respect, usual monodentate and bi-
dentate neutral ligands do not form sufficiently 
stable complexes with the alkaline and alkaline-
earth cations. This fact has led to use multidentate 
ligands, antibiotic compounds such as valinomycin 
[4], or synthetic crown ethers [5] and cryptands [6]. 

This paper describes a very simple and efficient 
bidentate ligand, the nonamethylimidodiphosphor-
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amide (NIPA) (Me2N)2(0)PNMeP(0)(NMe2)2, which 
may be considered as a kind of dimer of HMPT. 
The metallic complexes investigated (as their Per-
chlorate salts), A1(NIPA)33+ (1); In(NIPA)33+ (3); 
Mg(NIPA)32+ (5); Ca(NIPA)32+ (6); Sr(NIPA)32+ (7); 
Li(NIPA)2+ (8) had in fact already been described 
in the solid state [7, 8]. We have prepared the 
above complexes, and two new ones: Ga(NIPA)33+ 

(2) and Be(NIPA)22+ (4). They were dissolved in an 
inert solvent: NM (—20° < T < 100 °C), or PC 
(T > 100 °C), or a mixture of NM with methylene 
chloride (T < —20 °C). The solutions were mixed 
with an excess of free NIPA and examined by 
*H{31P} and 3 iP{iH} spectroscopy. The *H NMR 
spectrum displays two groups of signals for free 
and bound molecules, at room temperature for 
complexes 1 to 5, and at —20 °C for 6. The most 
labile complexes 7 and 8 were preferably studied 
from their 31P spectrum, where the chemical shifts 
between free and bound molecules are slightly larger 
( ~ 3 p p m ) , at —70 °C. No exchange could be 
detected on the NMR timescale for complexes 1 to 
4 even at temperatures as high as 120 °C indicating 
rates shorter than about 10~3 s - 1 . By comparison, 
monodentate organophosphorus ligands are ex-
changing at much lower temperatures: at 5° 
and 95 °C for Be(TMPA)42+ and Be(HMPA)42+, 30° 
and — 3 0 °C for A1(TMPA)63+ and A1(HMPA)43+, 
0 °C for Ga(TMPA)e3+ and In(TMPA)63+, —90 °C 
for Mg(TMPA)62+ and less than —93 °C for 
Ca(TMPA)62+ [9]. The exchange was always found 
to be faster than the upper limit for alkaline and 
alkaline-earth complexes with molecular monoden-
tate or bidentate ligands (organophosphorus com-
pounds or others). 

Kinetic parameters of the exchange were deter-
mined for systems 5, 6, 7 and 8 by total lineshape 
analysis. The exchange rate is found to be inde-
pendent (Mg2+) of or proportional (Ca2+, Sr2+, Li+) 
to the free ligand concentration with k (25 °C) = 
4,3 X 10-2 s - 1 ; 31,6 s"1 • M-i ; 3,7 x 104 s-1 • M"1 

and 1,35 X l O ^ - M - i ; zlH* = 66,3, 30.7, 23.4 
and 33.0 kJ • m o H ; AS* = —50, —113, —79 and 
— 5 4 J • K _ 1 • mol - 1 respectively. 

In conclusion, the bidentate phosphoramide lig-
ands might constitute a new class of sequestering 
agents challenging the well-known crown ethers 
and cryptands on account of their greater ease of 
preparation. 
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