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Synthesis and X-ray structure of the first 1,3,2,4-diazaphosphaaluminetidine
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Dehydrogenation reaction between AlH3/NMe3 and
ButP[N(H)But]2 leads to ButP(NBut)2AlH/NMe3, the first
neutral 1,3,2,4-diazaphosphaaluminetidine.

Four-membered heterocycles RP(m-NRA)2ERBx (E = main
group element) have been studied extensively during the last
two decades. Several neutral 1,3,2s3l3-diazaphosphatedines
(type 1)1 and 1,3,2s4l5-diazaphosphonatatedines (type 2)2 have
been synthesised and structurally characterised.

We became interested in the synthesis of neutral 1,3,2s3l3-
diazaphosphatedines containing an element of group 13 due to
the lack of structural information. Although 1,3,2,4-diazaphos-
phaboretidines RP(m-NRA)2BRB, synthesised by reactions of (a)
aminoiminophosphanes RNNP–NR2A with BX3 (X = Cl,
Br),1a,4 (b) dilithiated bis(amino)phosphanes RP(NRALi)2 with
dichloroboranes RBCl2,1a (c) iminoboranes RNNBRA with
dichlorophosphanes RPCl2,1a,3 (d) iminoboranes with amino-
iminophosphanes,1a,2 (e) aminoiminoboranes with PCl3,1a,3 and
(f) aminoiminoboranes with aminoiminophosphanes,1a,5 have
been known for several years, to our knowledge, their solid state
structures have not been determined. Investigations concerning
the synthesis of 1,3,2,4-diazaphosphatidines of higher homo-
logues of group 13 were not successful, because reactions (a)
and (b) using Al, Ga or In compounds lead to zwitterionic
complexes (type 3,3 or 44) and the analogous starting com-
pounds for reactions (c)–(f), imino-alanes, -gallanes and
-indanes RNNERA (E = Al, Ga, In), are, as yet, unknown.

We now report the synthesis and structural characterisation of
the first neutral 1,3,2,4- diazaphosphaaluminatidine by a
dehydrogenation reaction. ButP[N(H)But]2 was added to
AlH3/NMe3, which immediately led to gas evolution. The
resulting viscous solid was subsequently heated to 115 °C until
the gas evolution stopped. Cooling to room temperature led to a
light yellow solid, which was dissolved in pentane and stored at
230 °C. Colourless crystalline 1 was obtained and charac-

terised by 1H, 13C and 31P NMR, IR and mass spectroscopy as
well as single crystal X-ray analysis.‡

The 1H NMR spectrum shows a doublet for the ButP group
and a singlet for the ButN moieties, indicating that the two ButN
groups are equivalent. The 31P NMR spectrum shows a singlet
at d 121.2, comparable to that (d 126.6) found in MeP(m-
NBut)2BMe.1a The Al–H resonance was not observed in the 1H
NMR spectrum probably owing to broadening,5 but the IR
spectrum displays a typical Al–H stretching absorption band at
1793 cm21.

Crystals of 1 suitable for a single crystal X-ray structure
determination were grown in pentane at 230 °C. The geometry
at the P atom is pyramidal with an endocyclic N1–P1–N2 bond
angle of 89.6° (Fig. 1). The average P–N bond length [1.732(2)
Å] is comparable to those found in (ButN)ButP(m-NBut)2BBut

[171.0(2) Å],2a RP(m-NBut)2SiMe2 [174.1(3) Å]1c and (Me3-
Si)2NP(m-NRA)2SiBut

2 [176.9(2) Å]6 and reveals the absence of
any double-bond character within the PN2 fragment. The Al
atom shows a distorted tetrahedral environment with an
endocyclic N1–Al1–N2 bond angle of 83.3°. The average Al–N
bond length within the non-planar ring [1.836(2) Å] is
comparable to Al–N compounds with four-coordinate Al
centers bound to three-coordinate N atoms.7 The zwitterionic
complexes P(m-NAr)2AlMe2 (Ar = C6H2But

3-2,4,6),3a,4 P(m-
NSiMe3)AlCl23a (type 3) and [(Ph2P)NPPh2N(SiMe3)AlMe2]4b

(type 4) show significantly shorter P–N [average of 1.617(4),
1.614(6) and 1.613(1) Å, respectively] and longer Al–N bond
lengths [average of 1.977(4), 1.890(6) and 1.947(2) Å,

Fig. 1 The molecular structure of 1 (50% thermal ellipsoids). Selected bond
lengths (Å) and angles (°): C(1)–P(1) 1.902(2), P(1)–N(1) 1.732(2), P(1)–
N(2) 1.732(1), Al(1)–N(1) 1.846(2), Al(1)–N(2) 1.826(2), Al(1)–N(3)
2.028(2), Al(1)–H(1) 1.478(5); N(1)–P(1)–N(2) 89.6(1), C(1)–P(1)–N(1)
105.0(1), C(1)–P(1)–N(2) 106.3(1), N(1)–Al(1)–N(2) 83.3(1), N(1)–Al(1)–
N(3) 118.2(1), N(2)–Al(1)–N(3) 116.2(1), C(5)–N(1)–Al(1) 123.3(1),
C(5)–N(1)–P(1) 120.7(1), C(9)–N(2)–P(1) 126.4(1), C(9)–N(2)–Al(1)
131.8(1), H(1)–Al(1)–N(1) 122.9(7), H(1)–Al(1)–N(2) 121.3(7), H(1)–
Al(1)–N(3) 96.8(8).
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respectively], while coordination of a Lewis base to a complex
of type 3 as shown in P(m-NSiMe3)2AlCl2·quinuclidine8 leads
to comparable Al–N [average 1.855(10) Å] and less shortened
P–N bond lengths [average of 1.673(10) Å]. The Al–H bond
length [1.478(5) Å] and the terminal Al–N bond length
[2.028(2) Å] in 1 are within the expected range.5
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schaft, Forschung und Technologie (BMBF). S. Schulz grate-
fully thanks Professor E. Niecke for financial support.

Notes and references
† 1: mp 112 °C; yield 73%; NMR data: 1H (C6D6, 25 °C) d 1.20 (d, 3JPH

10.3 Hz, 9H, ButP), 1.57 (d, 4JPH 0.7 Hz, 18H, ButN), 1.99 (s, 9H, NMe3);
13C (C6D6, 25 °C) d 27.99 (d, 2JPC 18.3 Hz, Me3CP), 33.93 (d, 1JPC 45.4 Hz,
Me3CP), 35.56 (d, 3JPC 8.8 Hz, Me3CN), 48.12 (s, NMe3), 51.35 (d, 2JPC

17.2 Hz, Me3CN); 31P (C6D6, 25 °C) d 121.2; IR (Nujol) n/cm21 1793 (Al–
H), 1205, 1007, 802, 736, 630, 577 cm21; EI-MS (20 eV, 150 °C) m/z (%):
317 (5) M+, 258 (15) [M 2 NMe3]+, 201 (100) [M 2 NMe3 2 But]+.
‡ Crystal data for 1: C15H37AlN3P, M = 317.4, orthorhombic, space group
Pbca (no. 61), a = 12.8335(4), b = 16.7315(5), c = 18.6500(6) Å, V =
4004.6(2) Å3, Z = 8, Dc = 1.053 g cm23, m(Mo-Ka) = 0.178 mm21,
F(000) = 1408, 48091 reflections measured (4824 unique), R [I > 2s(I)]
= 0.050, wR2 (all data) = 0.15357, GOF = 1.004 for 184 parameters and
two restraints. Data were collected on a Nonius Kappa-CCD diffractometer
using Mo-Ka radiation (l = 0.71073 Å). The structure was solved by direct
methods (SHELXS-97)9 and refined by full-matrix least squares on F2. All
non-hydrogen atoms were refined anisotropically and hydrogen atoms by a
riding model (SHELXL-97).10 CCDC 182/1214. See http://www.rsc.org/
suppdata/cc/1999/879/ for crystallographic files in .cif format.
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