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The reaction of the bis(iminophosphorano)methane, CH2(Cy2PdNSMe3)2 (1), with methyl-
lithium (even with excess of the latter) gave the monomeric methanide complex [Li{HC-
(Cy2PdNSiMe3)2-κC,κN,κN′}(OEt2)] (2) in a good yield. The reaction of H2C(Ph2PdNSiMe3)2

(2) with equimolar equivalents of NaH or KH in THF solvent yielded monomeric [M{HC-
(Ph2PdNSiMe3)2-κN,κN′}(THF)2] (M ) Na, 4; K, 5) with evolution of hydrogen gas. The crystal
structures of each complex show the development of a unique coordination sphere around
each alkali metal. In the lithium complex, 3, the central carbon atom of the ligand is bound
to the metal, but such interaction does not occur in the case of either the Na, 4, or the K, 5,
complexes. However in the potassium complex, one of the phenyl rings of the ligand is
π-coordinated to the metal.

Introduction

Alkali metal organometallic compounds exhibit a
pronounced tendency to form oligomeric aggregates,
and as a result few monomeric structures have been
observed in comparison with the large number of oligo-
meric species. Dimeric, trimeric, tetrameric, and ladder
type structures are found throughout the group depend-
ing on the spatial demands of the substituent organic
groups, the ionic radius of the metal ion, and the extent
of solvation.1 Herein we report monomeric lithium,
sodium, and potassium complexes of bis(iminophos-
phorano)methane ligands. A rich and diverse transi-
tion metal chemistry has been developed for these
bis(iminophosphorano)methane ligands, which may
bind as neutral (A) or monoanionic (B) species.2-9

Recently we have reported an interesting series of
transition metal and lanthanide complexes wherein the
backbone methylene linkage of these ligand systems
has been doubly deprotonated (e.g., as C), and so the
ligand is formally dianionic.10-15 This dianionic form of
the ligands either yields a terminal multiple metal-
carbon (carbene) bond from the metal to the central
carbon10,11,13-15 or, alternatively, forms carbene com-
plexes in which the central carbon bridges two metals.12

Several routes have been used to prepare transition
metal complexes of the anionic members of this ligand
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system. In general, the most common avenue is the
preliminary, in situ, preparation of the deprotonated
(generally lithiated) backbone species, which is then
reacted, without isolation, with metal halides. Rarely,
therefore, have the structures of the intermediate alkali
metal bis(iminophosphorano)methane compounds them-
selves been characterized. The structural details of a
few alkali metal monoanionic bis-phosphine derivatives
of the type M{R2PC(H)PR2} wherein the phosphorus
atom is trivalent have been reported.16 We and others
have recently reported the structure of the dilithium salt
Li2{C(Ph2PdNSiMe3)2},17,18 and we also recently re-
ported the structures of the diverse, dimeric, Li and Na
bis(phosphoranimine) complexes.19

Herein, we report a detailed study of the deprotona-
tion of the methylene backbone in bis(iminophosphor-
ano)methane compounds and the first crystal structures
of monomeric lithium, sodium, and potassium complexes
of the monoanionic forms of the bis(iminophosphorano)-
methanide ligands, {HC{R2PdNSiMe3}2

-} (R ) Cy or
Ph). The structural trends for these alkali metals are
discussed and compared with the previous dimeric
derivatives of these same systems,19 the dianionic,
dimeric Li complex,17,18 and also with the free ligand
structures. These compounds represent the first ex-
amples of structural characterization of monomeric
group-1A metal complexes of the entire H2C(R2PdX)2
(X ) O, S, Se, NR) series of ligand systems.

Experimental Section

All experimental manipulations were performed under
rigorously anaerobic conditions using Schlenk techniques or
an argon-filled glovebox. Solvents were dried and distilled
under argon prior to use. Hexane, THF, and toluene were
distilled from Na-K alloy and Na, respectively. NMR solvents
benzene-d6 and toluene-d8 were freshly vacuum transferred
from Na-K alloy. Commercial (Aldrich) supplies of dppm and
MeLi were used as obtained. Sodium and potassium hydrides
obtained as mineral oil dispersions were washed with hexane
and dried before use. The preparation of H2C{Cy2PdNSiMe3}2

(1) is analogous to the preparation of the phenyl-substituted
ligand H2C{Ph2PdNSiMe3}2 2.20 NMR chemical shifts were
determined with reference to the deuterium signal of the
solvent employed. The 1H NMR chemical shifts are reported
in ppm from external Me4Si, and the 31P NMR spectra are
reported in ppm from external 85% H3PO4. Positive values
reflect downfield shifts. Infrared spectra were recorded on a
Nicolet 7199 infrared spectrometer.

[Li{HC(Cy2PdNSiMe3)2-KC,KN,KN′}(OEt2)], 3. Methyl-
lithium (1.4 M solution in diethyl ether, 0.49 mL, 0.69 mmol)
was added to a solution of H2C{Cy2PdNSiMe3}2 (1) (0.2 g, 0.34
mmol) in 5 mL of toluene at room temperature with stirring.
After 3 days stirring the volume of the solution was reduced
to nearly half of the original volume by evaporation under
vacuum, and the flask was allowed to stand at -15 °C for 48

h, whereupon colorless crystals formed. Yield: 0.145 g, 63.8%.
IR (Nujol mull): 1269 m, 1242 s, 1223 s, 1211 s, 1197 s, 1167
s, 1151 s, 1113 m, 1071 w, 1007 m, 987 s, 893 m, 875 m, 850
s, 822s, 777 m, 752 s, 730 w, 666 m, 641 w, 601 m, 562 s. 1H
NMR (400.1 MHz, C6D6, 298 K): δ 3.39 (q, 4 H, CH2, ether),
2.05-1.24 (m, 44 H, CH2 and CH, cyclohexyl), 1.09 (t, 6 H,
CH3, ether), 0.03 (s, 18 H, CH3, CH3Si), -0.02 (s, 1 H, CH,
P-CH-P). 13C{1H} NMR (100.6 MHz, C6D6, 298 K): δ 65.2
(s, 2 C, CH2, ether), 41.2 (d, 1JPC ) 63.0 Hz, 4 C, ipso
cyclohexyl), 27.5 (m, 12 C, ortho and para cyclohexyl), 27.0 (s,
8 C, meta cyclohexyl), 15.1(s, 2 C, CH3, ether), 5.3 (t, 1JPC)128.6
Hz, 1 C, CH, P-CH-P), 5.08 (s, 6 C, CH3Si). 31P{1H} NMR
(161.9 MHz, C6D6, 298 K): δ 36.7 (2 P). Anal. Calcd for C35H73-
LiN2OP2Si2: C, 63.43; H, 11.10; N, 4.23. Found: C, 63.19; H,
10.97 N, 4.30.

[M{HC(Ph2PdNSiMe3)2-KN,KN′}(THF)2] (M ) Na, 4; K,
5). To a solution of H2C(Ph2PdNSiMe3)2 (2) (0.54 mmol) in 10
mL of THF was added 1 equiv of MH (0.54 mmol) with stirring.
The reaction mixture slowly became a clear solution. After 24
h, the solution was filtered and concentrated to a low volume.
The resultant solution was then cooled to -15 °C for 2 days,
whereupon colorless crystals deposited, which were isolated
by filtration and dried. When stored, these crystals slowly lost
solvent and became opaque.

[Na{HC(Ph2PdNSiMe3)2-KN,KN}(THF)2], 4. Yield: 0.31
g, 80%. IR (Nujol mull): 1434 s, 1251 s, 1193 s, 1120 m, 1104
s, 1050 s, 1030 m, 1000 w, 967 s, 894 m, 851 s, 821 s, 739 s,
707 s, 696 s, 667 m, 595 m, 557 m, 530 s, 513 s, 488 s. 1H
NMR (400.1 MHz, C6D6, 298 K): δ 7.92 (m, phenyl), 7.08 (m,
phenyl), 3.50 (m, 8H, CH2-THF), 1.95 (b.s, 1 H, CH, P-CH-
P), 1.30 (m, 8H, CH2-THF), 0.15 (s, 18 H, CH3, CH3Si). 13C{1H}
NMR (100.6 MHz, C6D6, 298 K): δ 143.0 (m, 4 C, ipso phenyl),
131.8 (s, 8 C, ortho phenyl), 129.0 (s, 4 C, para phenyl), 128.2
(s, 8 C, meta phenyl), 68.0 (s, 4 C, CH2-THF), 26.6 (t, 1 C,
1JPC ) 131.1 Hz, CH, P-CH-P), 25.6 (s, 4 C, CH2-THF), 4.5
(s, 6 C, CH3, CH3Si). 31P{1H} NMR (161.9 MHz, C6D6, 298 K):
δ 15.2 (2 P). Anal. Calcd for Na{HC(Ph2PdNSiMe3)2-κN,κN′}-
(THF)2, C39H55N2NaO2P2Si2: C, 64.61; H, 7.65; N, 3.84.
Found: C, 63.98; H, 7.39; N, 3.82.

[K{HC(Ph2PdNSiMe3)2-KN,KN′}(THF)2], 5. Yield: 0.29 g,
72%. IR (Nujol mull): 1434 m, 1258 s, 1241 s, 1209 m, 1173 s,
1161 s, 1098 m, 1069 w, 1028 w, 1002 w, 978 m, 861 m, 844
m, 828 s, 777 w, 746 m, 737 m, 712 m, 699 s, 666 w, 647 w,
590 m, 557 m, 511 m. 1H NMR (400.1 MHz, C6D6, 298 K): δ
7.95 (m, phenyl), 7.16 (m, phenyl), 7.08 (m, phenyl), 3.54 (m,
8H, CH2-THF), 1.82 (t, 2JPH ) 2.8 Hz, 1 H, CH, P-CH-P),
1.40 (m, 8H, CH2-THF), 0.06 (s, 18 H, CH3, CH3Si). 13C{1H}
NMR (100.6 MHz, C6D6, 298 K): δ 144.0 (m, 4 C, ipso phenyl),
131.5 (t, 2JPC ) 5.0 Hz, 8 C, ortho phenyl), 128.9 (s, 8 C, meta
phenyl), 127.7 (s, 4 C, para phenyl), 67.8 (s, 4 C, CH2-THF),
25.7 (s, 4 C, CH2-THF), 24.1 (t, 1 C, 1JPC ) 134.0 Hz, CH,
P-CH-P), 4.6 (s, 6 C, CH3, CH3Si). 31P{1H} NMR (161.9 MHz,
C6D6, 298 K): δ 12.6 (2 P). Anal. Calcd for K{HC(Ph2Pd
NSiMe3)2-κN,κN′}‚THF, C35H47KN2OP2Si2: C, 62.84; H, 7.08;
N, 4.19. Found: C, 62.44; H, 7.10; N, 3.93.

X-ray Crystallography. The diffraction data for 3 were
collected on a Siemans P4/RA diffractometer, and those for 4
and 5 on a Bruker P4/RA/SMART1000 diffractometer system.
The structure solutions were obtained using SHELX-8621 and
DIRDIC-96 direct methods analysis and refined using full-
matrix least-squares on F2 using SHELX-93.22 All the non-
hydrogen atoms were refined anisotropically. The hydrogen

(16) (a) Issleib, v. K.; Abicht, H. P.; Winkelmann, H. Z. Anorg. Allg.
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J. Organomet. Chem. 1986, 299, 137-142. (c) Karsch, H. H.; Deubelly,
B.; Müller, G. J. Organomet. Chem. 1988, 352, 47-59. (d) Karsch, H.
H.; Grauvogl, G.; Mikulcik, P.; Bissinger, P.; Müller, G. J. Organomet.
Chem. 1994, 465, 65-71.
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Angew. Chem., Int. Ed. 1999, 38, 1483-1484.

(18) Ong, C. M.; Stephan, D. W. J. Am. Chem. Soc. 1999, 121, 2939-
2940.

(19) Kamalesh Babu, R. P.; Aparna, K.; McDonald, R.; Cavell, R.
G. Inorg. Chem. 2000, 39, 4981-4984.

(20) Appel, R.; Ruppert, I. Z. Anorg. Allg. Chem. 1974, 406, 131-
144.

(21) Sheldrick, G. M. Acta Crystallogr. 1990, A46, 467-473.
(22) Sheldrick, G. M. SHELXL-93. Program for crystal structure

determination; University of Göttingen: Germany, 1993. Refinement
on Fo

2 for all reflections (all of these having Fo
2 g -3σ(Fo

2)). Weighted
R-factors wR2 and all goodnesses of fit S are based on Fo

2; conventional
R-factors R1 are based on Fo, with Fo set to zero for negative Fo

2. The
observed criterion of Fo

2 g 2σ(Fo
2) is used only for calculating R1 and

is not relevant to the choice of reflections for refinement. R-factors
based on Fo

2 are statistically about twice as large as those based on
Fo, and R-factors based on all data will be even larger.
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atoms were placed in calculated positions. Experimental
details are listed in Table 1, and full data are provided as
Supporting Information.

Results and Discussion
Syntheses. The reaction of the cyclohexyl ligand

H2C(Cy2PdNSiMe3)2, 1, with excess MeLi in ether,
consumed only 1 equiv of MeLi to give the air- and
moisture-sensitive bis(di(cyclohexyl)trimethylsilylimino-
phosphorano)methanide lithium complex, [Li{HC(Cy2Pd
NSiMe3)2-κC,κN,κN′}(OEt2)], 2, in good yield (Scheme
1). No evidence for further deprotonation of this ligand
was observed in contrast to the phenyl-substituted
ligand, H2C(Ph2PdNSiMe3)2, 2, which gave, with a
2-fold ratio of MeLi, Li2{C(Ph2PdNSiMe3)2}.17,18 Re-
stricting the quantity of LiMe to an equimolar ratio with
the phenyl ligand 2 gave the expected Li{HC(Ph2Pd
NSiMe3)2, which was recently reported elsewhere,18

supported in that case by NMR evidence but with no
crystal structure. The two ligands H2C(Cy2PdNSMe3)2,
1, and H2C(Ph2PdNSiMe3)2, 2, thus display contrasting
deprotonation chemistry with the alkali metal in that
the former cannot be doubly deprotonated with the
lithium reagent (even under more severe conditions
than those used here), whereas the latter yielded both
protons to the lithiation. We infer that the likely reason
for this difference arises because of the reduced relative
acidity of the protons on the methylene unit on the
backbone of 1 due to the electron-donating action of the
cyclohexyl groups on the phosphorus centers.

Previously we had found dimeric bis((diphenyl)tri-
methylsilylphosphoranimido)methanide complexes of
Li and Na which were derived from reactions of ligand
2 with amides of these alkali metals.19 Treating H2C-
(Ph2PdNSiMe3)2, 2, with equimolar ratios of the alter-
nate, readily available, deprotonating reagents such

as sodium or potassium hydride in THF gave high
yields of the monomeric monomethanide complexes
[M{HC(Ph2PdNSiMe3)2-κN,κN′}(THF)2] (M ) Na, 4; K,
5) accompanied by evolution of hydrogen gas (Scheme
2). When the reaction of 2 was carried out with an
excess (3 equiv) of sodium hydride in THF, only the
monomethanide compound formed and the excess re-
agent had no further effect on this product, even under
prolonged reflux conditions (higher temperatures).
Under similar conditions however, potassium hydride
reacted further; the solution gradually turned from clear
to a deep red color, and several products were formed,
as indicated by 31P NMR spectroscopy; however we have
not yet been able to identify these products.

All the alkali metal complexes were characterized by
analytical, infrared, and multinuclear NMR spectro-
scopic techniques. Infrared spectra of the monomethanide
alkali metal compounds showed the P-N stretch ab-
sorption at slightly lower wavenumber values (1165-
1260 cm-1) than those observed for the free bis-
(iminophosphorano)methane compounds. This suggested
a lengthening and weakening of the PdN bond, which
was confirmed by X-ray diffraction studies (vide infra).
This bond order reduction is presumably the result of
π-electron delocalization within the framework.

All the singly deprotonated alkali metal compounds
show 31P resonances shifted (by about 15-20 ppm)
downfield relative to the parent bis(iminophosphorano)-
methanes. Although a triplet signal was expected in the
1H NMR for the single methine proton present on the
P-C-P backbone because of coupling to two equivalent
phosphorus nuclei, the methine 1H signals for both the
lithium (3) and sodium (4) compounds were somewhat
broader (ν1/2 ) 5-9 Hz) than all the other 1H signals in

Table 1. Crystallographic Experimental Details for 3-5
3 4 5

empirical formula C35H73LiN2OP2Si2 C39H55N2NaO2P2Si2 C39H55KN2O2P2Si2
fw 663.01 724.96 741.07
space group P21/n (a nonstandard

setting of P21/c [No. 14])
I2/a (a nonstandard
setting of C2/c [No. 15])

P21/n (a nonstandard
setting of P21/c [No. 14])

unit cell params
a (Å) 10.4393(12) 20.412(14) 10.5559(5)
b (Å) 18.457(2) 10.276(6) 17.5139(9)
c (Å) 21.421(2) 19.489(14) 22.8781(10)
â (deg) 95.089(8) 96.104(18) 93.7960(10)
V (Å3) 4111.0(7) 4065(5) 4220.3(3)
Z 4 4 4
Fcalcd (g cm-3) 1.071 1.185 1.166
µ (mm-1) 0.191 0.211 0.292

(λ [Å]) Mo KR (0.71073) Mo KR (0.71073) Mo KR (0.71073)
temp (°C) -80 -80 -80
indep reflns 7258 3878 8004
final R indicesa

Fo
2g2σ(Fo

2) R1 ) 0.0587, wR2 ) 0.1213 R1 ) 0.0593, wR2 ) 0.1317 R1 ) 0.0470, wR2 ) 0.1196
a R1 ) ∑||Fo| - |Fc||/∑|Fo|; wR2 ) [∑w(Fo

2 - Fc
2)2/∑w(Fo

4)]1/2.

Scheme 1 Scheme 2
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these complexes. The potassium compound 5, however,
had a much sharper 1H methine carbon signal, which
showed clearly the expected triplet signal. In all com-
plexes the 13C{1H} NMR spectrum for the methine
carbon atom was a triplet with 1JPC values of 125-135
Hz. Assignments were confirmed by 13C APT and 1H-
13C HMQC NMR experiments.23

The molecular structures of 3, 4, and 5, illustrated
as ORTEP24 plots in Figures 1, 2, and 3, were deduced
from X-ray crystal analysis. Selected bond distances and
angles are listed in Table 2, and further metrical data
are given in the Supporting Information. In addition to
the monomeric nature of the complexes, which is rare
for alkali metal complexes,1 the complexes display a
unique coordination sphere around each alkali metal
and the heavier congeners differ markedly from the
behavior illustrated by lithium. The core structure in
all three cases, however, consists of a twisted six-
membered metallacycle (Figure 4) formed by chelation
of the two trimethylsilylimine groups to the metal. The
differences occur mainly at the backbone carbanion
center of the ligand. In the case of lithium, the metal
center is bound to the central carbon, consistent with
the propensity displayed by this element to bind to
carbon. The resultant tridentate coordination mode of

the monoanionic bis(phosphoranimine)methanide ligand
is rare3,25,26 and has only been previously demon-
strated by [Ir(I){HC(Ph2PdN-C6H4-4-CH3)2}(cod)]I.3
The Li-C(1) distance of 2.633(7) Å in 3 is only slightly
longer than the Li-C distances that appeared in the
dilithium cluster (2.31-2.45 Å (range)), wherein the
carbanions are bridging the lithium centers,17,18 but
is similar to the average of the two Li-C distances
(2.76(1), 2.47(1) Å) found in the previously reported
dimer.19 The Li-C(1) distance in 3 is also slightly longer
than those found in the usual oligomeric aggregates
such as [PhLi‚TMEDA]2 (TMEDA ) N,N,N′,N′-tetra-
methylethylenediamine) and [PhLi‚OEt2]4.27 Notably,
also, the central framework of complex 3 is folded about
the C(1)-Li vector to form two rather strained four-
membered metallacycles sharing the Li-C(1) edge.

(23) Braun, S.; Kalinowski, H.; Berger, S. 150 and More Basic NMR
Experiments; A Practical Course; Wiley-VCH: New York, 1998.

(24) Johnson, C. K. ORTEP; Report ORNL No. 5138; Oak Ridge Nat.
Labs: Oak Ridge, TN, 1976.

(25) Valderrama, M.; Contreras, R.; Bascuñan, M.; Alegria, S.; Boys,
D. Polyhedron 1995, 14, 2239-2246.

(26) Browning, J.; Dixon, K. R.; Hilts, R. W. Organometallics 1989,
8, 552-554.

(27) Hope, H.; Power, P. P. J. Am. Chem. Soc. 1983, 105, 5320-
5324.

Figure 1. Perspective ORTEP24 view of [Li{HC(Cy2Pd
NSiMe3)2-κC,κN,κN′}(OEt2)] (3) showing the atom-labeling
scheme. Hydrogen atoms are omitted for clarity except for
the methine hydrogen. Non-hydrogen atoms are repre-
sented by Gaussian ellipsoids at 20% probability level.

Figure 2. ORTEP24 view of Na{HC(Ph2PdNSiMe3)-
κN,κN′}(THF)2 (4) showing the atom-labeling scheme.
Hydrogen atoms are omitted for clarity except for the
methine hydrogen. Non-hydrogen atoms are represented
by Gaussian ellipsoids at the 20% probability level.

Figure 3. Perspective ORTEP24 view of [K{HC(Ph2Pd
NSiMe3)2-κN,κN′}(THF)2] (5) showing the atom-labeling
scheme. Hydrogen atoms are omitted for clarity except for
the methine hydrogen. Non-hydrogen atoms are repre-
sented by Gaussian ellipsoids at 20% probability level.

Table 2. Selected Metrical Parameters for
Complexes 3-5

M ) Li (3) M ) Na (4)a M ) K (5)

A. Bond Distances (Å)
M- - -C(1)b,c 2.633(7) 3.739(7) 4.145(2)
M-N(1) 2.033(6) 2.416(4) 2.798(2)
M-N(2) 2.012(7) 2.416(4) 2.731(2)
M-O (or O(1)) 2.001(6) 2.346(4) 2.677(3)
M-O(2) (4 and 5) 2.346(4) 2.731(2)
endocyclic P-C: P(1)-C(1) 1.726(3) 1.708(3) 1.711(2)

P(2)-C(1) 1.731(3) 1.708(3) 1.712(2)
exocyclic P-C (mean) 1.848(3) 1.828(4) 1.830(2)
P(1)-N(1) 1.589(3) 1.582(3) 1.572(2)
P(2)-N(2) 1.593(3) 1.582(3) 1.571(2)
Si-N (mean) 1.690(3) 1.681(3) 1.671(2)

B. Bond Angles (deg)
P(1)-C(1)-P(2) 131.0(2) 126.3(3) 121.2(1)
P(1)-N(1)-M 97.6(2) 111.4(2) 114.0(1)
P(2)-N(2)-M 98.8(2) 111.4(2) 107.1(1)
N(1)-M-N(2) 118.6(3) 96.8(2) 84.6(1)
N(1)-P(1)-C(1) 110.5(2) 116.4(2) 116.8(1)
N(2)-P(2)-C(1) 113.2(2) 116.4(2) 118.8(1)

a Symmetrically equivalent lengths and angles are given twice.
This more symmetric complex is labeled differently: N(1) ) N,
N(2) ) N′, P(1) ) P, P(2) ) P′, O(1) ) O, O(2) ) O′. b Intraatomic
distances between the metal atom and the central methanide
carbon. c In complex 5, longer range metal-carbon and metal-
hydrogen interactions are K‚‚‚C(31) ) 3.456(3) Å and K‚‚‚C(36) )
3.416(3) Å and, with methyl hydrogens on Si(2), K‚‚‚H(4A) ) 2.73
Å, K‚‚‚H(7C) ) 2.92 Å, K‚‚‚H(5A′) ) 3.15 Å (not shown).
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The sodium (4) and potassium (5) complexes have 2
mol of coordinated THF and have generally similar
structural features in that, in contrast to the lithium
complex (3), these complexes show the carbanion to be
well separated from the metal center (the nonbonded
Na to C(1) distance is 3.7 Å and the nonbonded K to
C(1) distance is even larger at 4.1 Å). The separation
between the central carbanion carbon and Na is even
greater than that observed (2.9-3.0 Å) in the sodium
dimer complex reported previously.19

The sodium complex crystallizes in a highly sym-
metric space group; thus the two Na-N and Na-O
distances (Table 2) are equal by symmetry. The potas-
sium complex, 5, interestingly, however, shows an
additional π-acid coordination interaction between the
alkali metal and two carbon atoms of one of the phenyl
rings of the ligand {K‚‚‚C(31) ) 3.456(3) Å, K‚‚‚C(36) )
3.416(3) Å} and also agostic interactions with the
trimethylsilyl methyl group protons on Si(2) {K‚‚‚H(4A)
) 2.73 Å, K‚‚‚H(7C) ) 2.92 Å, K‚‚‚H(5A′) ) 3.15 Å}
These interactions distort the molecular structure such
that the potassium complex does not yield a symmetric
space group nor symmetrically equivalent M-N and
M-O bond lengths. The P-C bond lengths to the
carbanion center are essentially identical, as they are
relatively remote from the distortion center.

The Li-N distances {Li(1)-N(1) ) 2.033(6) Å,
Li(1)-N(2) ) 2.012(7) Å} lie in the range generally
observed for lithium amides,28 lithium monophosphin-
imines,29 and lithium aminidinates.30 The sodium-
nitrogen distances in 4 are shorter than the Na-N bond
distances observed in normal neutral amine-coordinated
complexes31 and lie in the range reported for sodium
amide derivatives.28 The potassium-nitrogen distances

in 5 are, as expected, longer than other alkali metal-
nitrogen distances and lie in the range observed for
amidinate complexes of potassium.32

The bis(iminophosphorano)methanide ligands fully
encapsulate the alkali metal cations, and so there are
no intermolecular interactions observed in these crystal
lattices.

In all three complexes, 3, 4, and 5, the exocylic P-C
bond distances are normal, but the endocyclic P-C bond
distances overall are significantly shortened, suggesting
that there is a considerable delocalization throughout
the N-P-C-P-N backbone of the ligand in all cases.
The P-C-P bond angles (131.0(2)° for 3, 126.3(3)° for
4, 121.2(1)° for 5) are significantly expanded relative to
the corresponding values in the parent ligands, H2C-
{Ph2PdNSiMe3}2 (112.4(2)° 33) and H2C{Cy2PdNSiMe3}2
(117.4(1)°).34

Conclusion

Monomeric lithium, sodium, and potassium bisphos-
phinimine methanide salts can be obtained as well-
defined crystalline materials. These compounds, which
represent the first examples of monomeric group-1A
metal complex of the complete H2C(R2PdE)2 (E ) O, S,
Se, NR) ligand system to be structurally characterized,
show a unique coordination geometry about each of
the alkali metal centers. Only the lithium derivative
shows significant binding to the carbanionic center. The
sodium and potassium complexes do not show signifi-
cant metal-carbanion interaction, but the potassium
complex shows π-acid and agostic interactions with the
other parts of the ligand which do not appear in the
sodium system. The potassium complex thus has a lower
molecular (and crystal) symmetry than the sodium
complex. In all cases the structures also show evidence
of extensive delocalization within the internal metalla-
cyclic ring structure.
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(33) Müller, A.; Möhlen, M.; Neumüller, B.; Faza, N.; Massa, W.;
Dehnicke, K. Z. Anorg. Allg. Chem. 1999, 625, 1748-1751.

(34) Kamalesh Babu, R. P.; McDonald, R.; Cavell, R. G. Unpublished
results. X-ray structure of H2C{Cy2PdNSiMe3}2, University of Alberta
Structure Report RGC 9802 (important bond parameters are mean
endocyclic P-C ) 1.819(2) Å, exocyclic P-C ) 1.837(2) Å, P-N )
1.547(2) Å, and P-C-P ) 117.4(1)°.

Figure 4. Views of six-membered M, N(1), P(1), C(1), P(2),
N(2) metallacycle rings in complexes 3, 4, and 5 ap-
proximately along the M-C(1) axis.

Monomeric Alkali Metal (Li, Na, K) Complexes Organometallics, Vol. 20, No. 7, 2001 1455

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 2
9,

 2
00

9
Pu

bl
is

he
d 

on
 M

ar
ch

 8
, 2

00
1 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

00
09

82
g


