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An ytterbium–lithium inverse crown ether complex stabilized by amine-bridged bis(phenolate) ligands
(LYbBr)2(μ4-O)(μ3-Li) (1) [L=Me2NCH2CH2N{CH2-(2-O- C6H2-But

2-3,5)}2] was isolated as a byproduct from
the reaction of LYbCl(THF) with CH3Li in THF in a very low isolated yield. Further study revealed that the
inverse crown ether complexes can be synthesized in a controlled manner by the reaction of bis(phenolate)
lanthanide chloride with an in situ mixture of n-BuLi with water in THF. A second inverse crown ether
complex (L′YbCl)2(μ4-O)(μ3-Li) (2) [L′=Me2NCH2CH2N{CH2-(2-O-C6H2-But-3-Me-5)}2] was prepared in
high isolated yield and well characterized.
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es of crown ether complex and inverse crown ether complex.
In recent years, the synthesis and characterization of inverse
crown ether complexes (II, Chart 1) have received considerable
attention because of their interesting structural feature and wide
applications in homogeneous catalysis [1–6]. In most cases, inverse
crown ether complexes are heterobimetallic complexes (M1≠M2) or
special ate complexes. Generally, M1 is an alkali metal, such as Li, Na
or K, and M2 is a main group or transition metal, focused on Zn, Mg
and Mn etc. Up to date, reports of inverse crown ether complexes
based on rare-earth metals are rare. To the best of our knowledge,
three structurally characterized inverse crown ether complexes
containing rare-earth metals were synthesized. Aspinall et al.
reported, for the first time, the yttrium-lithium inverse crown ether
cluster, which was isolated from the reaction of anhydrous YCl3 with
lithium triaminoamide [7]. Subsequently, Gambarotta et al. [8] and
Martins et al. [9] reported the syntheses and characterization of
samarium-lithium and yttrium-lithium inverse crown ether com-
plexes, respectively. However, all of these complexes are unexpected
products, and their formation mechanism is unclear to date. In all of
these cases, the oxygen source of the oxo anionic core was proposed
to come from the THF solvent, e.g. the in situ C–O cleavage of THF. But
this hypothesis cannot explain the fact that THF is commonly used as
solvent in the preparation of lanthanide amido or alkyl complexes by
the reaction of (organo)lanthanide halide with lithium amides or
lithium alkyls. So it was believed that the oxygen is from other source
presented in the reactions instead of THF. Herein we reported a
controlled synthesis of ytterbium–lithium inverse crown ether
complexes stabilized by amino-amino bis(phenolate) ligands.
We previously reported that the reaction of amino-amino bridged
bis(phenolate) ytterbium chloride LYbCl(THF) [L=Me2NCH2CH2N
{CH2-(2-O-C6H2-But2-3,5)}2] with 1 equiv. of LiCH3 in THF gave an
ytterbium methyl complex in 50% isolated yield [10]. A further study
revealed that, except the desired product, an unexpected byproduct
can be isolated from this reaction in a low yield (b5%), which was
characterized to be an ytterbium–lithium inverse crown ether
complex (LYbBr)2(μ4-O)(μ3-Li) (1) by X-ray structure determination
(Scheme 1) [11,12]. It was believed that the bromide in complex 1
came from the LiBr in the LiCH3 solution through chloride-bromide
exchange reaction.

The molecular structure of complex 1 with selected bond lengths
and angles is shown in Fig. 1. Complex 1 is an ytterbium–lithium
heterobimetallic species, and has centrosymmetric structure. Two
ytterbium atoms, two lithium atoms and four oxygen atoms consist of
an eight-membered ring, and one oxygen atom lies in the middle of
the ring in μ4 mode to form an inverse crown ether structure. The
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Scheme 1. Synthesis of amine bridged bis(phenolate) ytterbium methyl complex and inverse crown ether complex 1.

Fig. 1. Structure of complex 1 drawn with 20% probability ellipsoids. Hydrogen atoms are omitted for clarity. Selected bond distances (Å) and angles (deg): Yb(1)–O(1) 2.175(4), Yb
(1)–O(2) 2.179(4), Yb(1)–O(3) 2.0918(2), Yb(1)–N(1) 2.453(5), Yb(1)–N(2) 2.515(5), Yb(1)–Br(1) 2.7170(7), Li(1)–O(1) 1.882(11), Li(1A)–O(2) 1.854(12), Li(1)–O(3) 1.975(11);
O(1)–Yb(1)–O(2) 157.6(2), O(3)–Yb(1)–N(2) 168.8(1), Br(1)–Yb(1)–O(1) 95.7(1), O(1)–Yb(1)–N(1) 81.0(2), N(1)–Yb(1)–O(2) 83.7(2), O(2)–Yb(1)–Br(1) 103.5(1), O(1)–Li(1)–
O(2A) 169.7(8), O(1)–Li(1)–O(3) 94.9(5), O(3)–Li(1)–O(2A) 94.9(5), Li(1)–O(3)–Li(1A) 180.0(2).
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ytterbium center is six-coordinate and bound to three oxygen atoms
and two nitrogen atoms and one bromide to form a slightly distorted
octahedral coordination geometry, in which O(1), O(2), N(1) and Br
(1) can be considered to occupy the equatorial positions with the sum
of the bond angles of 363.9(1)°, and N(2) and O(3) to occupy the axial
Scheme 2. Synthesis of invers
positions. The average Yb–O(Ar) bond distance of 2.177(4) Å is
obviously longer than that in LYbCl(THF) (2.111(4) Å) [10] because of
the formation of bridge bonding, but it compares well with the
corresponding bond distance in (LYCH2SiMe3)2(μ4- O)(μ3-Li) (2.230
(3) Å) [9] when the difference in ionic radii is considered. The lithium
e crown ether complex 2.
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Fig. 2. Structure of complex 2 drawn with 20% probability ellipsoids. Hydrogen atoms
are omitted for clarity. Selected bond distances (Å) and angles (deg): Yb(1)–O(1) 2.187
(2), Yb(1)–O(2) 2.179(2), Yb(1)–O(3) 2.1145(3), Yb(1)–N(1) 2.460(2), Yb(1)–N(2)
2.542(2), Yb(1)–Cl(1) 2.5464(8), Li(1A)–O(1) 1.853(6), Li(1)–O(2) 1.889(5), Li(1)–O
(3) 1.948(5); O(1)–Yb(1)–O(2) 158.97(7), O(3)–Yb(1)–N(2) 164.88(5), Cl(1)–Yb(1)–
O(1) 101.02(6), O(1)–Yb(1)–N(1) 84.32(7), N(1)–Yb(1)–O(2) 81.99(7), O(2)–Yb(1)–
Cl(1) 96.36(5), O(1A)–Li(1)–O(2) 167.6(3), O(2)–Li(1)–O(3) 95.9(2), O(3)–Li(1)–O
(1A) 96.2(2), Li(1)–O(3)–Li(1A) 180.0(1).
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atom is coordinated by three oxygen atoms, and the bond distances of
Li–O are in the range usually found between Li cations and neutral
oxygen donor ligands.

The isolation and characterization of complex 1 encouraged us to
further explore its formation mechanism. The structure of complex 1
can be considered as two LYbBr moieties connected by one Li2O
molecule. So we tried to synthesize the inverse crown ether complex
by the reaction of L′YbCl(THF) [L′=Me2NCH2CH2N{CH2-(2-O-C6H2-
But-3-Me-5)}2] [13] with Li2O in THF. But the attempts were
unsuccessful because Li2O is insoluble in THF. We noticed that all of
the rare-earth metal containing inverse crown ether complexes were
isolated from the reactions of lanthanide chlorides with lithium amide
or lithium alkyls, whereas these lithium reagents are extremely
sensitive to moisture. Therefore, it was postulated that the Li2O might
be from the in situ hydrolysis reaction of the lithium reagent by
moisture. To prove this hypothesis, a reaction was designed. Firstly, n-
BuLi was mixed with 0.5 equiv of water in THF to give a transparent
solution. To this solution was added a THF solution of L′YbCl(THF).
After workup, the desired inverse crown ether complex (L′YbCl)2(μ4-
O)(μ3-Li) was isolated from a concentrated toluene solution in high
yield as colorless crystals (Scheme 2) [14].

Complex 2was well characterized including X-ray structure determi-
nation [15]. The molecular diagram is depicted in Fig. 2, with selected
bond lengths andangles. Complex2 alsohas a square-likeYb2Li2 structure
linked by four oxygen atoms from two amino-amino bridged bis
(phenolate) ligands, and one μ4-O lies in the core of the ring to form an
inverse crownether structure. Each of the ytterbiumatoms is coordinated
by three oxygen atoms, two nitrogen atoms and one chloride to form a
distorted octahedral geometry. The Yb–O, Yb–N, and Li–O bond distances
accord with the corresponding bond distances in complex 1.

In summary, we have synthesized and structurally characterized
two ytterbium–lithium inverse crown ether complexes. An efficient
and straightforward approach was developed for the controlled
synthesis of this kind of complexes.
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CCDC 787033 and 787034 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.
ac.uk/data_request/cif. Supplementary data to this article can be
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