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The treatment of Me;SiN=P(NHBut); with three equivalents
of LiBum in toluene produces {Liz[P(NBut);(NSiMes)]},
comprised of a LigNg cyclic ladder capped on the two
hexagonal faces by u3;-PNSiMe; groups; the corresponding
reaction of O=P(NHBut); yields the face-sharing double-
cubane {Li,(THF)P(O)(NBu!),(NHBut)}, with a central
Li,O, ring.

Polyimido anions of the main group elements are of current
interest in view of the novel cluster structures formed by their
alkali metal derivatives and the versatile ligand properties of the
anions themselves.l In addition, the chalcogen-containing
systems {Lij[E(NBut)s]}2 (E = S, Se) form highly coloured,
persistent radicals upon oxidation.23 Phosphorus-centred ani-
ons have attracted considerabl e attention.4 Known isoelectronic
analogues of common oxo-anions include [P(NR)s]— (met-
aphosphates),>  [P(NR)4]3— (orthophosphates),6  and
[HP(NR)3]2— (phosphites).” The only example of a tetra-
kisimidophosphate was isolated in low yield as the solvent-
separated ion  pair  [Li(THF)4*[(THF).Li(u-NR)P(u-
NR).Li(THF),]— (R = naph) by the curious redox reaction
between P,l,4 and Li>Nnaph (generated in situ) in THF/NEt3.6

In connection with our interest in the structural consequences
of the replacement of one (or more) of the imido groupsin the
anions of these clusters by an oxo ligand,®2 we wished to
compare homoleptic [P(NR),]3— systemswith theisoelectronic,
heteroleptic anions [OP(NR)3]3—. To this end we have devel-
oped a rational synthesis of tetrakisimidophosphates from the
iminophosphoranes MesSIN=P(NHR)s (1a, R = But, 1b, R =
Cy). We report, here, the synthesis and X-ray structures of
{Li3[P(NBut)3(NSiMe3)]} 2, 2, the first unsolvated trilithium
tetrakisimidophosphate and the face-sharing double-cubane
{Lix(THF)[P(O)(NBut),(NHBU)]} », 3.

The trisamidoimidophosphoranes la and 1b are readily
obtained by reaction of ClsP=NSiMes® with three equivalents of
LiNHR. For example, 1ais obtained in ca. 50% yield as an air-
stable crystalline solid by this route. The reaction of la with
three equivalents of LiBu" in toluene at 23 °C effected
trilithiation to give 2 in ca. 70% yield.t

An X-ray analysis of 2 revealed a centrosymmetric dimer
with threefold symmetry (Fig. 1).% The structure is comprised
of a LigNe cyclic ladder (hexagonal prism) with the two
PNSiMe; groups capping the hexagonal facesin aus(N,N’,N”)
fashion. This structural pattern is also found for {Lig[Sb(N-
But)z]o} 10 and {Lig(THF)[SI(NPri)s(NHPri)]}.22 A notable
feature of the structure of 2 is the perfect linearity of the exo-
cluster PNSi arrangement. An amost linear configuration
[174(2)°] has been observed for the exocyclic P=N-SiMes
linkages in the rhenium complex (MesSiN) P(u-NSiMes),[us-
Re(CO)3]P(NSIMes)[N(SiMes)]2 in which a four-coordinate
phosphorus center is surrounded by four NSiMes groups.12 The
P=N and Si-N bond lengths of 1.550(2) and 1.659(2) A,
respectively, in 2 are typical for imidophosphoranes, e.g.
[Py-P(NSIMe3)(NHSIMe3)].13 However, the bond angle
ZPNSi is 146.89(11)° in the latter complex. Consequently, the
structure of 1a was & so determined for comparison with that of
2.1 The value of ZPNSi in 1a is also 180.0°, prompting the
suggestion that the linearity of the PNSi unitsin 1la and 2 is
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Fig. 1 Structure of 2. For clarity only the «-carbon atoms of But groups are
shown. Selected bond distances [A] and bond angles [°]: P(1)-N(1)
1.5502(18), P(1)-N(2) 1.6980(10), Si(1)-N(1), 1.6586(18); P(1)-N(1)-
Si(1) 180.0, N(1)—P(1)-N(2) 116.07(4), N(2)—P(1)-N(2) 102.14(4). Sym-
metry transformations used to generate equivaent atoms: * —x, —y, —z **
YV, X—=VY,Z'—X+Y,=XZ"Y, —X+Y,Z"X—VY, X, —Z

determined by the steric influence of the three tert-butyl groups
(Fig. 2). This rationale is corroborated by the observation that
ZPNSi = 131.7(2)° intheless sterically crowded 1b.14 The P—
N bond lengths within the cluster core of 2 are ca. 0.03 A longer
than those in 1a, reflecting the forma negative charge on
nitrogen in 2.

The reaction of OP(NHBuUf)3 with an excess of LiBunin THF
at 23 °C produced the dilithium derivative { Li(THF)[P(O)(N-
But),(NHBW)]}, (3) in 65% yield as an air- and moisture-
sensitive white solid.T The H NMR spectrum of 3 in dg-THF
showed two sets of NBut resonances at 6 1.35 and 1.20 with
relative intensities 1:2, in addition to an NH resonance at &
1.68, suggesting that only partial lithiation had occurred. The X-
ray analysis of 2 confirmed this conclusion (Fig. 3). The
structure consists of a centrosymmetric dimer in which two

Fig. 2 Structure of 1a. Selected bond distances [A] and bond angles [°]:
P(1)-N(2) 1.5200(18), P(1)-N(1) 1.6670(11), Si(1)-N(2) 1.6674(18); P(1)—
N(2)-Si(1) 180.0, N(1)—P(1)-N(2) 115.68(4), N(1)—P(1)-N(1)* 102.61(5).
Symmetry transformations used to generate equivalent atoms: * —y, X —,
Z** —X+Yy, =X Z
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Fig. 3 Structure of 3. For clarity only the «-carbon atoms of But groups and
oxygen atoms of THF molecules are shown. Selected bond distances [A]
and bond angles[°]: P(1)-O(1) 1.5504(16), P(1)-N(1) 1.677(2), P(1)-N(2),
1.619(2), P(1)-N(3) 1.613(2), Li-O (range) 1.936(4)-2.134(4), Li-N
(range) 1.925(4)-2.270(5). Symmetry transformations used to generate
equivalent atoms: *—x, —y, —z+ 1.

[P(O)(NBut)2(NHBuUY)]2—  dianions  (isoelectronic  with
[HPO,4]2-) arelinked by four Li+ cations. Theterminal N(H)But
groups attached to each phosphorus atom appear to be favorably
oriented for deprotonation. However, attempts to metallate 3
with excess LiBun or KCH,Ph in boiling THF were un-
successful. The amido-trissimidosilicate {Liz(THF)[Si(N-
Pri)s(NHPri)]} exhibits a similar reluctance to undergo further
metallation.1t The formation of 3 also provides an interesting
contrast with the reaction of SP(NHBuUt)z with two (or more)
equivalents of LiBun, which results in P=S bond cleavage to
give the trissmidometaphosphate [(THF)LiP(NBut)3] .15

In summary, arational synthesis of tetrakisimidophosphates
has been developed that will facilitate investigations of the
coordination chemistry of these multidentate trianions. In view
of the versatile ligand properties of the isoelectronic [PO4]3—
trianion and the variety of coordination complexes formed by
polyimido anions of antimony,16 sulfurl? and tellurium,1a18 this
chemistry is likely to be extensive. In addition, solutions of 2
become deep blue upon exposure to oxygen, cf. the formation of
radicals upon oxidation of the chalcogen-centred polyimido
anionsin {Li,[E(NBu)3]}, (E = S, Se).23 EPR investigations
of these phosphorus-containing radicals are in progress.

We thank the NSERC (Canada) for financial support and Dr.
R. MacDonad (University of Alberta) for the collection of X-
ray datafor 3.

Notes and references

T Synthesisof 1la: ClsPNSiMes® (1.56 g, 6.96 mmol) was added slowly to
astirred slurry of LiINHBut (1.65 g, 20.9 mmol) in Et,O (25 mL) at 23 °C.
After 4 h, the mixture was filtered to give a clear yellow solution. The
solvent was removed in vacuo and the resulting residue was recrystallized
from n-pentane (7 mL) at —35 °C to give la asapale yellow powder (1.12
g, 3.35 mmol, 48%). X-Ray quality crystalswere obtained from an-pentane
solution at —18 °C. 1H NMR (CDCl3, 23 °C): 6 1.95 (d, 2J(*H-31P) = 6.0
Hz, NH, 3H), 1.24 (s, But, 27H), —0.01 (s, SiM ez, 9H). 13C NMR (CDCl3,
23 °C): 6 50.26 [C(CH3)3] 31.72 [C(CH3)3], 3.79 (SiMe3). 3P NMR
(CDClg, 23°C): 6 —

Synthesis of 2: asolutlon of LiBun in hexanes (2.5 M, 4.05 mL, 10.1
mmol) was added to a solution of (ButNH)zPNSiMe; (1.12 g, 3.35 mmol)
intoluene (20 mL) at 23 °C. After 4 h the solution was decanted, and the last
traces of solvent were removed in vacuo. The residue was washed with n-
pentane (10 mL) to give 2 as afine white powder (0.81 g, 2.28 mmol, 68%).
X-Ray quality crystals were obtained from a solution of the crude product
in n-hexane at 23 °C. *H NMR (dg-THF): 6 1.26 (s, But, 27H), —0.03 (s,

SiMe;, 9H). 13C NMR (dg-THF, 23 °C): 6 50.81 [C(CH3)3], 36.33
[C(CH3)3], 5.92 (SiMey). 31P NMR (solid state): 6 6.7.

SYynthesis of 3: a solution of LiBun in hexanes (2.5 M, 4.55 mL, 11.38

mmol) was added to a solution of OP(NHBuUt)31° (1.00 g, 3.79 mmoal) in
THF (30 mL) at 23 °C. After 18 h the solvent was removed under vacuum
and the product was washed with pentane (2 X 5 mL) to give a white
powder. Recrystallization from THF/hexane at 23 °C gave X-ray quality
crystals of 3 (0.854 g, 1.22 mmol, 65%). 1H NMR (dg-THF, 23°C): § 3.58
(m, [O(CH2)2(CHy)2]), 1.74 (m, [O(CH)2(CH>),]), 1.68 (s, 1H, NH), 1.35
(s, 9H, But), 1.20 (s, 18H, But). 31P {1H} NMR (dg-THF, 173K): 6 17.7 (3);
(solid state): 618.0(s). ’Li NMR (CgDg, 23 °C): § —2.38(s). IR/cm—1: 3388
[V(N-H)]. EIMS (m/z, %): 248, 79 [(M — Li»0)*].
f_ Crystal data for 1a: CysH39N4PSi, M = 334.56, trigonal, space group
R3,a = b = 14.7950(4), ¢ = 16.3978(4) A, « = B = 90, y = 120°,V =
3108.46(14) A3, Z = 6, D, = 1.072 gcm-3, uy(Mo-Ka) = 1.9cm-1, T=
173 K. Crystal dimensions 0.25 X 0.25 X 0.20 mm. Data collection,
structural solution and refinement were as described for 2. R; = 0.045[1 >
20(1)] and wR, = 0.108 (all data).

_Crystal data for 2: CysHssLisN4PSi, M = 352.36, trigonal, space group
R3,a = b = 14.8927(4), c = 16.0178(6) A, & = = 90, y = 120°,V =
3076.6(2) A3, Z = 6,D. = 1.141 gcm-3, uy(Mo-Ka) = 1.95cm-1. Crystal
dimensions 0.25 x 0.20 X 0.15 mm. Data were collected at 173 K on a
Nonius Kappa CCD diffractometer and corrected for absorption. The
structure was solved by direct methods (SIR 92), expanded using Fourier
techniques (DIRDIF 94) and refined anisotropically using SHELX97-2.
The final agreement factorswere R; = 0.038 [l > 20(1)] and wR, = 0.122
(al data).

_Crystal data for 3: C3,H75L14NgO4P2, M = 694.66, triclinic, space group
P1, a = 10.3775(15), b = 10.5873(16), ¢ = 115111(17) A, o =
103.906(2), B = 92.088(2), y = 119.424(2)°, V = 1051.3(3) A3,Z = 1, D,
= 1.097 gcm—3, y(Mo-Ka) = 1.42 cm—1. Datawere collected at 193K on
aBruker AXS P4/RA/SMART 1000 CCD diffractometer on acrystal (0.43
x 0.40 x 0.17 mm) coated with Paratone oil. The structure was solved by
direct methods (SHELXS-97) and the non-hydrogen atoms were refined
anisotropically using data that were corrected for absorption (SHELXL97-
2). The final agreement factors were R; = 0.0552 [I > 20(1)], wRy =
0.1534 (al data).

CCDC reference numbers 190648, 190649 and 190650. See http:/
Www.rsc.org/suppdata/cc/b2/b207197e/ for crystallographic datain CIF or
other electronic format.
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