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The chemistry of phosphorus is experiencing a new evolution-
ary phase by virtue of the development and reactivity studies of
low coordinate environments.1 Heterocycle12 (illustrations are
drawn with omission of SiMe3 substituents on nitrogen for clarity)

contains a particularly interesting phosphorus environment which
exhibits unusual reactivity.3,4 As part of our assessment of the
unusual acceptor capabilities of phosphorus in1,4 we have
discovered a novel reaction involving two molecules of1, which
is facilitated by the simple anions Cl- and CN-. The process is
mimicked by a reversible quantitative cycloaddition reaction of
1 with (Me3Si)2NPNSiMe3 featuring a phosphiridine forming
intramolecular cross-ring PfP coordinative interaction.

Equimolar reaction mixtures of1 with PPh4Cl or PPh4CN
exhibit similar31P NMR spectra, with the rapid appearance of a
singlet at 190 ppm assigned to anion2, which has been isolated
as the tetraphenylphosphonium salt.5 The structure of the anion
in the solid state (Figure 1a) is best described as a P2N2

phosphetidine (phosphazane) with a diazaaluminate bridge of the
chemically equivalent phosphorus centers, consistent with analo-
gous bridged phosphazanes.6 The identification of [PPh4][AlCl 4],
as a coproduct of the reaction, has been confirmed by X-ray
crystallographic analysis,7 and NMR studies of the reaction
mixture imply a quantitative reaction of1 with PPh4Cl according
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Figure 1. Solid-state structure of (a) the anion of [PPh4][2] and (b)3.
Displacement ellipsoids are drawn at the 50% probability level, and
hydrogen atoms have been omitted for clarity.
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to reaction eq 1. We speculate that the smaller (sterically

unrestricted) chloride or cyanide anions attack the more electro-
philic and Lewis acidic aluminum center of1, in contrast to the
observations for reactions of1 with quinuclidine andN,N-
tetramethylethylenediamine, which involve NfP coordinative
interactions.4 The result is formal abstraction of AlCl2

+ (ultimately
as [AlCl4]-) from 1, formally releasing the [Me3SiNPNSiMe3]-

anion which ultimately inserts into a second molecule of1
effecting ring expansion.

To obtain a better understanding of eq 1, we have examined
the reaction of1 with (Me3Si)2NPNSiMe3, which analogously
results in the insertion of the iminophosphine (NdP) unit into
the N-P bond or N-Al bond (considering the precedent for
lability of the N-Al bond)3 of 1 to give cycloadduct3 (eq 2).8

The solid-state structure of3 (Figure 1b) reveals a bicyclic
arrangement imposed by a cross-ring P-P interaction that defines
an azadiphosphiridine (PPN) heterocycle.

As documented by the comparative structural parameters in
Table 1, adduct3 can be considered as the formal addition of a
[SiMe3]+ unit at N3 of anion2 which results in significant
structural changes, including opening of the phosphetidine
heterocycle, contraction of all three P2-N bonds, close to
planarisation of P2 within the N2, N3, N4 triangle [sum of the
N-P2-N angles is 349.30(15)°], an extension of the P1-N4
bond, acute reduction of the P1-N4-P2 angle, and substantial
shortening of the P-P vector. The P1-P2 bond distance
[2.1051(13) Å] and P1-N4-P2 angle [73.34(12)°] of 3 are the
smallest yet observed for crystallographically characterized aza-
diphosphiridines.9

The cluster-like cycloadduct3 results from an unprecedented
ring-opening and three bond forming cycloaddition.31P NMR
spectra reveal that3 achieves retro-dissociation equilibrium in

solution (with ring contraction to give1) above RT according to
eq 2, and only at-63 °C are the two doublets assigned to3
observed independently, indicating quantitative association. The
new heterocycle can be interpreted in terms of two resonance
structures: a phosphine (P1) phosphonium (P2) aluminate3a or
a phosphenium (P1) aluminate with an intramolecular phosphine
(P2) coordination3b representing a new contribution to the
developing coordination chemistry of phosphorus as an acceptor.

The donor or ligand label for electron rich sites such as
phosphines is becoming somewhat of a misnomer with the
realization of NfP,10 PfP,11 OfP,12 and SfP13 coordination
complexes as well asπ-arene complexes14 and examples of halide
ion addition to halophosphines to give [PX4]- salts.15 Compound
3 is a new dramatic illustration of such an interaction, effecting
a fold in the six-membered ring and planarization of the phosphine
donor.
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Table 1. Selected Bond Lengths (Å) and Angles (deg) for
[PPh4][2] and 3

[PPh4][2] 3

P1-P2 2.5553(11) 2.1051(13)
P1-N1 1.681(2) 1.673(3)
P1-N3 1.738(2) -
P1-N4 1.731(2) 1.874(3)
P2-N2 1.672(2) 1.626(3)
P2-N3 1.730(3) 1.640(3)
P2-N4 1.723(2) 1.637(3)
N1-P1-N3 104.03(11) -
N1-P1-N4 102.97(12) 108.33(14)
N3-P1-N4 82.94(11) -
N2-P2-N3 104.82(12) 116.42(15)
N2-P2-N4 102.76(12) 114.63(15)
N3-P2-N4 83.40(12) 118.25(15)
P1-N4-P2 95.43(11) 73.34(12)
P1-N3-P2 94.95(12) -
N4-P1-P2 - 48.15(9)
N4-P2-P1 - 58.51(10)

2 1 + 2Ph4PCl f Ph4P[2] + Ph4P[AlCl4] (1)

(Me3Si)2NPNSiMe3 + 1 h 3 (2)
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