
Synthesis and X-ray Crystal Structure Determination of the First Lanthanide Complexes Containing
Primary Phosphide Ligands: Ln[P(H)Mes*]2(thf) 4 (Ln ) Yb, Eu)

Gerd W. Rabe,*,† Ilia A. Guzei,‡ and Arnold L. Rheingold‡

Anorganisch-chemisches Institut, Technische Universita¨t München, Lichtenbergstrasse 4, 85747 Garching, Germany,
and Department of Chemistry, University of Delaware, Newark, Delaware 19716

ReceiVed April 11, 1997

As part of an effort to investigate the coordination chemistry
of the lanthanides with phosphide ligand systems as well as
the corresponding bonding aspects, we now extended our
systematic studies toward the reactivity of divalent lanthanide
iodide1 complexes of the general formula LnI2(thf)2 (Ln ) Yb,
Eu) with the potassium salt of aprimary phosphane, namely
KP(H)Mes* (Mes* ) 2,4,6-tBu3C6H2).2 Earlier work has
demonstrated that different structural types ofsecondaryphos-
phide derivatives of the lanthanides3,4 can be prepared and
structurally characterized.
We now report the synthesis and crystal structure determi-

nation of two novel phosphide derivatives of the lanthanides of
the general formula Ln[P(H)Mes*]2(thf)4 (Ln ) Yb (1), Eu (2)).
LnI2(thf)2 (Ln ) Yb, Eu) reacts immediately with 2 equiv of
KP(H)Mes* in tetrahydrofuran at room temperature to give
complexes1 and2, respectively, in 60% yield. Interestingly,
1 and2 are formed using both a 1:1 and a 1:2 ratio of reagents.
Crystals of both orange-yellow1 and bright yellow2 were
obtained from toluene/thf/pyridine at-30 °C.
The molecular structures of1 and 2 were determined

crystallographically5 as formally hexacoordinated Ln[P(H)-
Mes*]2(thf)4 (Figure 1, Ln) Yb). Additionally, two tetrahy-
drofuran solvent molecules are present in both crystal lattices.
It is interesting to note that the presence of pyridine is essential
for a successful induction of crystal growth of1 and 2.
However, pyridine molecules are neither coordinated to the
metal center nor incorporated in the crystal lattice. This
observation is certainly surprising in light of the fact that
pyridine is a stronger base than tetrahydrofuran. Additional
confirmation for the absence of pyridine was obtained from both
the 1H NMR and the13C NMR spectra of crystals of1 in
tetrahydrofuran-d8.
The isomorphous molecular structures of1 and 2 display

distorted octahedral environments around the lanthanide cation,
situated at an inversion center, with the two-[P(H)Mes*]
ligands in trans positions (with a P-Yb-P angle of
162.54(6)° and a P-Eu-P angle of 160.5(1)°, respectively).
The deviation from ideal octahedral geometry can best be seen
by examing the interligand angles. The L-Yb-(cis L) angles

in 1 range from 76.3(2) to 108.5(1)° (76.0(3) to 111.2(2)° for
the corresponding angles in2). The molecular structures of
complexes1 and 2 resemble the structural motif that we
observed earlier in lanthanide bis(phosphido) complexes of the
general formula Ln[PR2]2(L)4 (L ) thf,N-methylimidazole).3g-i

The Yb-P distance in the molecular structure of1 is 3.025
(2) Å. It can be compared, e.g., with the Yb-P distances in
Yb[PPh2]2(thf)4 (2.991(2) Å)3g and in bis(η5-2,5-diphenylphos-
pholyl)Yb(thf)2 (2.959(1) Å)4b and also with the corresponding
distances reported for the divalent ytterbium phosphinomethanide
complex {(thf)Li[C(PMe2)2(SiMe3)]}2‚YbI2(thf) (2.96(1)-
3.08(1) Å)6 and the tertiary phosphane adducts of divalent
Yb[N(SiMe3)2]2[Me2PCH2CH2PMe2] (3.012(4) Å)7 and trivalent
Yb(C5Me5)2Cl[Me2PCH2PMe2] (2.941(3) Å).8
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The Eu-P distance in complex2 (3.143(3) Å) is quite long
compared with the terminal Eu-P distance of 3.034(1) Å3i in
hexacoordinated Eu[PPh2]2(L)4 (L ) N-methylimidazole) and
with the bridging Eu-P distances in four-coordinated Eu[(µ-
PtBu2)2Li(thf)] 2 (2)3f ranging from 3.034(1) to 3.068(1) Å
(average: 3.046 (7) Å). Interestingly, the Eu-P distance in
complex2 is not much shorter than the values ranging from
3.165(2) to 3.249(2) Å reported for the europium phosphane
adduct {Eu[TeSi(SiMe3)3]2(DMPE)2}2(µ-DMPE) (average:
3.20(1) Å), which exhibits the coordination number 7 at the
lanthanide center.9 To the best of our knowlege,10 these are
the only reports on other Eu-P systems that have been
structurally characterized.
The Yb-O distances in1 are 2.480(4) and 2.506(3) Å

(2.551(7) and 2.587(6) Å for2, respectively). They are slightly
longer than the corresponding distances which we reported
earlier for Yb[PPh2]2(thf)4 (2.430(4) and 2.437(4) Å).3g The
closest nonbonding Yb‚‚‚C distances in1 are 3.96(1) Å [C(10)]
and 4.72(1) Å [C(16)]. These distances seem too large even
for very weak agostic interactions in our Ln[P(H)Mes*]2(thf)4
complexes.
The geometry around the phosphorus atom in the Ln[P(H)-

Mes*]2(thf)4 species is distinctly pyramidal; e.g., the sum of
bond angles around the phosphorus atom in1 is 313°. This
value can be compared with that reported for the molecular
structure of Yb[PPh2]2(thf)4 (∑P) 332.7°),3g which was found
to exhibit a less pronounced pyramidal environment around the
phosphorus atom. The Yb-P-C angle of 121.4(1)° (1) and
the corresponding angle of 117.1(3)° in 2 can be compared,
e.g., with the corresponding angles of 110.2(1) and 119.4(1)°
reported for Yb[PPh2]2(thf)4.3g

Both 1 and2 desolvate rapidly upon exposure to vacuum,
thus precluding a reliable characterization by elemental analysis.
Analytical data (C, H, P) for both1 and2 are consistent with
the formulation Ln[P(H)Mes*]2(thf)x (x < 4), with differing
numbers of tetrahydrofuran molecules, depending on the time
the samples were exposed to vacuum.11

NMR spectroscopic investigations of the europium species
2were found to be difficult because of the strong paramagnetism
of europium(II).11 However, the diamagnetic ytterbium deriva-
tive 1 could be studied in solution using mulitnuclear NMR
spectroscopy (1H, 13C, 31P,171Yb).11 The proton-decoupled31P
NMR spectrum of crystals of1‚2thf in tetrahydrofuran-d8 at
room temperature shows a singlet at-90.1 ppm. Very broad
171Yb satellites were detected with a P-Yb coupling constant
of approximately 650 Hz. The corresponding signal in the
proton-coupled31P NMR spectrum shows splitting into doublets
with a P-H coupling constant of 179 Hz, thereby documenting
the presence of the P-H proton. The31P NMR spectrum of1
at-60 °C consists of a singlet at-88.9 ppm with much better
resolved ytterbium satellites (JP-Yb ) 647 Hz). The171Yb NMR
spectrum at-60 °C exhibits a triplet at 406.9 ppm (JYb-P )
647 Hz). Were were unable to detect any signals in the171Yb
NMR spectrum of complex1 at room temperature. This
observation might be attributed to a fast interligand exchange.
The synthesis of1 and2 introduces a novel class of lanthanide

bis(phosphido) complexes, based on primary phosphides. For-
mation of 1 and 2 demonstrates that, with careful control of
stoichiometry, stable lanthanide complexes are accessible using
primary phosphides (e.g. the-P(H)Mes* ligand) as the only
anionic ligands. We were able to show that this ligand system
meets the electrostatic and steric requirements necessary to form
thermally stable, isolable complexes of the lanthanides, without
using sterically demanding supporting ligands such as, e.g.,
pentamethylcyclopentadienyl (Cp*) or cyclooctatetraenyl (COT).
Furthermore, we could prove that the-P(H)Mes* ligand
provides the steric bulk needed to saturate the coordination
environment of the relatively large12 divalent lanthanide cations.
The utility of complexes1 and2 as suitable precursors for the
generation of lanthanide phosphinidene species of the type
[(thf)xLndP-R] or related species remains to be determined.
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Figure 1. Molecular structure of Yb[P(H)Mes*]2(thf)4 (1) showing a
distorted octahedral coordination environment around the lanthanide
center. Selected interatomic separations (Å) and angles (deg): Yb-P
) 3.025(2), Yb-O(1) ) 2.480(4), Yb-O(2) ) 2.506(3), P-C(1) )
1.859(4), P-H ) 1.400(2); P-Yb-P ) 162.54(6), Yb-P-C(1) )
121.4(1), O(1)-Yb-O(1A) ) 79.6(3), O(1)-Yb-O(2) ) 152.4(2),
O(1A)-Yb-O(2) ) 76.3(2), O(2)-Yb-O(2A) ) 130.0(2), O(1)-
Yb-P) 108.5(1), O(1A)-Yb-P) 85.1(1), O(2)-Yb-P) 82.8(1),
O(2A)-Yb-P ) 89.4(1)°.
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