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Introduction

The first transition metal phosphoranide or metallophospho-
rane was prepared in 1981 by Riés&ince then a number of

other such compounds have been synthesized primarily by three

routes: oxidative addition to the phosphorus of a metal phos-
phide2 nucleophilic substitution of a transition metal carbonyl
anion on a chlorophosphorafeleprotonation of a phospho-
rane? This last method has proved the most fruitful but has
employed mainly one specific phosphorane as in éq 1.
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In this work, we propose a variation on the deprotonation
method which may provide the most general route to metal
phosphoranides yet.

Experimental Section

General Methods. All manipulations were performed under prepu-
rified nitrogen in a Vacuum Atmospheres HE 553-2 glovebox equipped
with a MO-40 2H purifier or in standard Schlenk type glassware.

Solvents were dried by refluxing first over calcium hydride and then
over sodium benzophenone followed by distillation under Ar. Deu-

terated benzene was purchased from Aldrich Chemicals and dried over

4 A molecular sieves and vacuum transferred prior to use.
HP(OCMeCOO), was prepared by the literature methads was
NIClz(PM&_,)zG
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IH NMR spectra were recorded on a Bruker WH-400 (400 MHz) or
a Varian XL-300 (300 MHz).3P NMR were recorded on a Varian
XL-300 (121.42 MHz) and were referenced to external P(QMst
to +141.0 ppm relative to 85% 4RO..

trans-(PMes),[(C4H6O3)P-PINICI, 1. To a solution of HP(OCMe
COOQ), (0.105 g; 0.445 mmol) in THF (10 mL) was added a 1.6 M
solution of n-butyllithium in hexane (0.3 mL; 0.48 mmol). Then a
solution of [NiCk(PMe;);] (0.120 g; 0.426 mmol) in THF (5 mL) was
added, and the mixture was left stirring for 48 h. The mixture was
filtered through Celite, and the solvent was pumped off, yielding a
brown powder which was recrystallized from toluene and collected.
Yield: 0.135 g (66%).'H NMR (CeDe): 1.23 (virt. t,2J(H,P) = 4.2
Hz), 1.30 (s), 1.32 (s)3*P{*H} NMR (CsDs, ppm): —11.9 (d), 0.5 (1),
2)(P,P)= 150 Hz.

X-ray Crystallographic Analysis of 1. Selected crystallographic
data appear in Table 1. Data were collected on a Rigaku/ADSC CCD
diffractometer. The final unit-cell parameters were based on 16 113
reflections with # = 4.0-60.3. The data were processednd
corrected for Lorentz and polarization effects and absorption (empirical,
based on a three-dimensional analysis of symmetry-equivalent data
using 4th order spherical harmonics).

The structure was solved by the Patterson method. The structure
analysis was initiated in the noncentrosymmetric space grna2;
on the basis of th&-statistics, this choice being validated by subsequent
calculations. The binuclear molecule is situated at a crystallographic
inversion center. The non-hydrogen atoms were refined with aniso-
tropic thermal parameters, and the hydrogen atoms were fixed in
calculated positions with €H = 0.99 A andBy = 1.2Bponded atom NO
correction for secondary extinction was necessary. Neutral atom
scattering factors for all atorfisand anomalous dispersion corrections
for the non-hydrogen atorffavere taken from thénternational Tables
for X-ray Crystallography The polarity was established by parallel
refinement of the mirror image, which generated considerably higher
residuals RandR, factor ratios: 1.42 and 1.58, respectively). Selected
bond lengths and bond angles appear in Table 2. Complete tables of
crystallographic data, atomic coordinates and equivalent isotropic ther-
mal parameters, hydrogen atom parameters, anisotropic thermal pa-
rameters, bond lengths, bond angles, torsion angles, intermolecular con-
tacts, and least-squares planes are included as Supporting Information.

Discussion

Synthetic Route. This synthesis of metallophosphoranes
involves the deprotonation of a hydro spirobicyclic phosphorane
using LiCHg as shown in eqgs 2 and 3 followed by the reaction
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(7) (a)teXsan Crystal Structure Analysis Packageersion 1.8; Molecular
Structure Corp.: The Woodlands, TX, 1997. @)TREK Area
Detector SoftwareMolecular Structure Corp.: The Woodlands, TX,
1997.
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Notes

Table 1. Crystallographic Data
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ci(1)

compd 1

formula GiH30CINIOGPs C(13) C(14) C(11)
fw 481.46 7 (B T

cryst system orthorhombic (B

space group (No.) Pna2; (33) .

a, A 17.8221(7)

b, A 9.3525(10)

c A 13.3040(4) o
v, A® 2217.5(3) )

z 4

Peale, glC? 1.442 C®) o)
T,°C —-93

radiation Mo

o s
transm factors (relative) 0.82..00

R(F)? 0.031 S C®)
R (F?) 0.072

Figure 1. ORTEP view oftrans(PMe;)2[(C4HsO3).P-P]NICl, with
aR = Y||Fo| — |Fdll/S|Fo| (for reflections withl > 30(1)); Ry = 50% probability thermal ellipsoids shown for the non-hydrogen atoms.
CW(IFol — |Fe))¥SwW|Fo[3)Y? (based on all data).

Rather than the expected doublet and triplet in*ffeNMR,
further splitting of the two signals was observed. NMR

simulatiord® however showed that this was the beginning of

Table 2. Selected Bond Lengths (A) and Angles (deg) for
trans-(PMey),[(C4Hs03)-.P-PINICI, 1

m!gg—gz(zl)) 2222%%%((77)) NI((%E% %%igggg second-order effects in an ABystem withd(Pa) = 0.53 ppm
)= - ! : for the phosphoranide signad(Pg) = —11.85 ppm for the
P(1-0(1 1.811(2 P(% 1.618(2 : ;
Pgl)):gw 1.384&; PElI}}g% 1_2128 phosphine signal, an#ll(Pa,Ps) = 150 Hz. (We could then
P(2)-C(9) 1.820(3) P(2)C(10) 1.825(3) return to the!H NMR and likewise simulate the PMeirtual
P(2)-C(11) 1.815(3) P(3)C(12) 1.823(3) triplet as part of an AXX'A’g system with?J(H,P) = 4.2 Hz
P(3)-C(13) 1.821(3) P(3)C(14) 1.812(3) and2)(P,P) = 150 Hz.) The AB spin system in thé!P NMR
CI)-NI(1)-P(1) 177.61(3) CIBNi()-P(2)  85.38(3) spectrum confirmed the stereochemistry about the nickel as
CI(1)-Ni(1)—-P(3)  85.46(3) P(BNi(1)—P(2) 94.84(3) square-planar \{vith Fran.s-disposed phosphines as opposed to an
P(1)-Ni(1)—P(3) 94.32(3) P(INi(1)—P(3)  170.84(3) ABC system with cis-disposed phosphines.
Ni(1)=P(1)-O(1) ~ 91.00(6)  Ni(1}P(1)-O(3)  124.90(7) Crystal Structure of 1. The structure of compound is
(’\)“((11))_—;(11))_—8(%‘;) gg-%gg g'((llgf((ll))__ 8(5,6)) i;g-gggg shown in Figure 1. The geometry about the nickel atom is
O(1)-P(1)-0(6) 87'59(9) 0(3)P(1)-0(4) 88'32(10) square planar with trans PMEgands, which is consistent with
0(3)-P(1)-0(6)  108.96(10) O(4}P(1)}-O(6) 89.70(9) the solution structure as determined by the NMR studies.

Ni(1)-P(2-C(9)  125.94(10) Ni(1}P(2)-C(10) 108.47(11)
Ni(1)-P(2)-C(11) 112.94(10) C(9}P(2)-C(10) 101.2(2)
C(9)-P(2-C(11) 100.91(13) C(16)P(2)-C(11) 105.2(2)
Ni(1)-P(3)-C(12) 125.99(10) Ni(1-P(3)-C(13) 111.72(11)
Ni(1)-P(3)-C(14) 109.57(11) C(12)P(3)-C(13) 101.86(14)
C(12)-P(3)-C(14) 100.4(2)  C(13)YP(3)-C(14) 105.2(2)

However there is some angular distortion within the square plane
presumably due to the large steric demands of the phosphoranide
ligand. The phosphorus atoms on the two phosphine ligands
are bent up toward the chloride ligand and away from the
phosphorus of the phosphoranide ligand; the- I€i—P(phos-
phine) angles are 85.38(3) and 85.48(3)hile the P(phospho-

of the lithiated species with NiglPMes),. While deprotona- ~ fanide)-Ni—P(phosphine) angles are 94.32(3) and 94.84(3)
tions of hydrophosphoranes have been reported previdaslyh The Ni-phosphoranide bond length of 2.1456(7) A is the
a reaction has not yet been employed in the synthesis of Shortest metatP(V) bond length yet recorded. Other bond
metallophosphoranes. This route to metallophosphoranes is€Ndths and angles are included in Table 2.

presented as potentially the most general route yet as both the AISO of interest in phosphorane structures is the geometry

spirobicyclic phosphorane and metal chloride starting materials 220Ut the five-coordinate phosphorus. In compounthe
can be readily varied. geometry is that of a distorted trigonal bipyramid (TBP) with

DN . the metal in an equatorial position which is consistent with all
yi ;Iggj(?]\ge%r[ésvf egil)étpa:;]r’]\gcg olrﬁ 'I('Jrl;ggcr)]\ée(;?\//ln;k;e_sls structurally characterized metalated phosphorahés.this case
[(CaHgO3):P-PINICI, 1, which was chaeacterized By arﬁd the distortion from TBP toward SP is 18.9% as measured by
31P€1I—€;} 3N2MR T the method of Holme&:13 which is a rather small value by

In the I1H NMR " v th ianal b a4 comparison to most other metalated phosphorédhes.
n the  Spectrum only thrée signals were observed, Typically with nonmetalated phosphoranes this distortion is
there was no signal due to the-P proton of the starting

phosphorane confirming that the deproronation had occurred.toward a square pyramidal geometry (SP) and follows closely

Avirtual triolet at 1.23 aned to th thvls of th the Berry pseudorotation mechanidt.We have previously
virtualriplet at 1.25 ppm was assigned (o the methyis ol the 1041 that this is not always true in the case of metalated
PMe; ligands while the inequivalent diastereotopic methyls of

the phosphoranlo!e Ilgan.d gave rise to twg singlets at 1.32 and (9) (a) Kojima, S.; Nakamoto, M.; Kajiyama, K.; Akiba, Ketrahedron

1.30 ppm. The virtual triplet was suggestive of trans-disposed Lett. 1995 2261. (b) Garrigues, B.; Koenig, M.; Munoz, Aetra-

phosphines, and this was confirmed by e NMR. hedron Lett.1979 4205. (c) Lamande, L.; Munoz, A?hosphorus
Sulfur1987 32, 1.

(10) Rappe, A. K.; Casewit, C. NMR Version 1.0 Calleo Scientific
Software Publishers: Fort Collins, CO, 1989.
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(8) (a) International Tables for X-ray Crystallograph¥Kynoch Press:
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Tables for CrystallographyKluwer Academic Publishers: Boston,
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phosphoranes. Likewise with compouhdhe distortion does moiety displays distortion from a trigonal bipyramid that does
not follow the Berry coordinate as indicated by the fact that not follow the Berry pseudorotation coordinate. This complex
the percentage distortions from TBP to SP (18.9%) and from was prepared using a new route: the deprotonation of a hy-
SP to TBP (117.3%) add up to a value significantly greater than dridophosphorane usimgbutyllithium, followed by metathesis
100%. Furthermore the equatorial O3 (1)—0O(6) angle has with a metal chloride. We believe that this route has potential
closed down to 108.9Gather than opened up further as it would for a general route for the preparation of metal phosphoranide
be expected to in the Berry pseudorotation mechanism. At the complexes.

same time the four angles between the nickel and each of the
other substituents about the phosphorus has opened up to a valu . f . " . .
greater than 90 or 120 Therefore it would appear that the Ehemlstry, University of British Columbia, for allowing C.D.M.

distortion about the phosphorus, like that in the square- Ianarto work in the department as an Honorary Visiting Scientist
eometryv of the nickel?l re present’s an attemot to Ies?sen thg Steri and to Professor Michael D. Fryzuk of the department in whose
9 y , [eP P (faboratory much of this work was done. C.D.M. also acknowl-

interactions between the Ni moiety and the other subsutuentseolges the financial support of Trinity Western University.
on the phosphorus.
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