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Lithium and Ytterbium Aminotroponate Complexes
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Deprotonation of iPrATH [iPrAT = 2-(isopropylamino)tropon-
ate] with an excess of nBuLi resulted in the hexameric lith-
ium 2-(isopropylamino)troponate complex [(iPrAT)Li]6. In the
solid state the hexameric core can be understood as two six-
membered Li3O3 rings, which are tied together by the amino-
troponate moieties. Further reaction of [(iPrAT)Li]6 with

Introduction

In the past decade non-metallocene complexes have at-
tracted considerable attention in d-and f-metal chemis-
try.[1,2] In this context, functionalized chelating diamides
have been extensively studied as ligands[3] giving highly
active precatalysts comparable to the well-established
group 4 metallocenes.[4] In lanthanide chemistry anionic
nitrogen-based bidentate ligand systems such as diaza-
dienes,[5] benzamidinates,[6,7] guanidinates,[8,9] amido li-
gands,[10] and other combinations of nitrogen and oxygen
atoms[11] were used as cyclopentadienyl replacements to in-
crease the electrophilicity of the metal center and to create
a different steric environment at the reactive site. In a recent
review article, Piers and Emslie presented a most useful
classification of non-cyclopentadienyl ancillaries in organo
group 3 metal chemistry covering bi-, tri-, tetra-, and poly-
dentate amido and alkoxido ligands.[12] In this context, we
introduced some years ago aminotroponiminato ligands
into the chemistry of the lanthanides,[13] whereas a similar
approach on group 4 elements was reported by other
groups.[14] Aminotroponiminates (A, Scheme 1) are biden-
tate, monoanionic ligands containing a 10π-electron back-
bone, which can form five-membered metallacycles upon
coordination to a metal atom. Due to the presence of the
highly delocalised π-electron system, the nearly planar li-
gand framework shows minimal reactivity towards most nu-
cleophiles and electrophiles. Since the aminotroponiminato
ligand was proved to be a formal substitute for cyclopen-
tadienyl, we started to prepare chiral[15] and achiral[16]

monobridged aminotroponiminates as alternatives for ansa-
metallocenes. It was shown that the bridged ligands coordi-
nate in a chelating or a metal-bridging mode to various lan-
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YbCl3 in a 1:2 stoichiometric ratio gave the dimeric complex
[(iPrAT)3Li2Cl2Yb]2, in which the two [(iPrAT)3Yb] subunits
are bridged by four LiCl units. In the center of this unusual
compound an Li–Cl–Li–Cl square is located.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

thanides.[16] Motivated by these studies we were interested
in aminotroponates (B, Scheme 1) as ligands. In these sys-
tems the imine group formally is replaced by an oxo group.
Thus, both ligand system A and B are closely related.
Whereas, the aminotroponiminato ligand system was intro-
duced into coordination chemistry in the 1960s, and thus a
large number of transition metal complexes were pre-
pared,[17–20] only a few aminotroponato complexes of some
main group[21] and transition metals[20,22,23] are known. In
lanthanide chemistry only the homoleptic tris(aminotro-
poniminato) complexes of yttrium and samarium, which
could structurally not be characterized, were reported.[24]

Scheme 1.

Herein we report on the synthesis of a hexameric lithium
2-(isopropylamino)troponate cluster [(iPrAT)Li]6 [iPrAT =
2-(isopropylamino)troponate] and the further reaction of
this compound with anhydrous ytterbium trichloride.

Results and Discussion

The neutral ligand 2-(isopropylamino)tropone [(iPrAT)-
H] was prepared according to literature procedures from
tropolone.[29] Treatment of (iPrAT)H with an excess of
nBuLi in toluene followed by crystallization from hot tolu-
ene resulted in the hexameric species [(iPrAT)Li]6 (1)
(Scheme 2). The new complex has been characterized by
standard analytical/spectroscopic techniques, and the solid-
state structure was established by single-crystal X-ray dif-
fraction. Selected bond lengths are given in the caption of
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Figure 1. Compound 1, which crystallizes in the triclinic
space group P1̄, forms a hexameric framework in the solid
state (Figure 1). The asymmetric unit consists of lithium 2-
(isopropylamino)troponate trimers. The hexamer shown in
Figure 1 results when the crystallographically imposed sym-
metry is applied. Thus, in the center of the hexamer a crys-
tallographic inversion center is observed. The hexameric
core can be understood as two six-membered Li3O3 rings,
which are tied together by the aminotroponate moieties.
Each of the Li3O3 rings shows a chair-type conformation.
Therefore, the Li–O–Li and O–Li–O bond angles of the
hexameric Li–O core deviate slightly from the ideal 120°
and thus range from 115.0(2)° to 122.5(2)°. The Li–O bond
lengths are in the range of 1.929(4) Å to 1.975(4) Å. The
aminotroponate moieties, which bridge both six-membered
rings, are almost perpendicularly located to the Li3O3 ring
plane. Since no solvent molecules are bound to the lithium
atoms, they are – as a result of the hexamerization – tetra-
coordinated. Similar hexameric structures were observed
before in some lithium alkoxides such as lithium phenol-
ate,[25] [LiC�CSiMe2C6H4OMe]6,[26] and the thiophene de-
rivative [LiOSiMe2(2-C4H3S)]6.[27] The 1H and 13C{1H}
NMR spectra of compound 1 show the expected set of sig-
nals for the (iPrAT)– ligand. The signals of the isopropyl
CH atom of 1 appears as a well-resolved septet at δ =
3.68 ppm, which is in the range of the corresponding potas-
sium compound [(iPrAT) K] (δ = 3.61).[24]

Scheme 2.

Next, we were interested to learn about the coordination
behavior of the (iPrAT)– ligand in lanthanide chemistry. In
an earlier work, we had already reported on the homoleptic
tris(aminotroponiminato) complexes of yttrium and samar-
ium [(iPrAT)3Ln], which were obtained by treatment of [(iPr-
AT)K] with LnCl3. Unfortunately, these compounds could
structurally not be characterized and therefore not much is
known about the coordination chemistry of the (iPrAT)–

ligand in lanthanide chemistry. Now, we decided to change
the reaction conditions and the aminotroponate starting
material to obtain crystalline material. Reaction of 1 and
YbCl3 in a 1:2 stoichiometric ratio resulted in the dimeric
lithium chloride bridged compound [(iPrAT)3Li2Cl2Yb]2
(2), which is an “ate” complex (Scheme 3). The solid-state
structure of compound 2 was investigated by single-crystal
X-ray diffraction. Selected bond lengths and angles are
given in the caption of Figure 2. Compound 2 crystallizes
in the triclinic space group P1̄ and has two independent
molecules in the asymmetric unit. In the solid state, com-
pound 2 consists of two [(iPrAT)3Yb] subunits which are
bridged by four LiCl units. In this unique structure, the Yb
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Figure 1. Solid-state structure of 1 showing the atom labeling
scheme. Hydrogen atoms are omitted for clarity. Selected distances
[Å] and angles [°]: Li1–N1 1.990(5), Li1–O1 1.972(4), Li1–O2
1.942(4), Li1–O3� 1.952(4), Li2–N2 1.985(5), Li2–O1 1.929(4), Li2–
O2 1.972(4), Li2–O2� 1.939(4), Li2–O3 1.954(5), Li3–N3� 1.988(4),
Li3–O1 1.944(4), Li3–O2� 1.939(4), Li3–O3� 1.975(4); Li1–O1–Li2
84.5(2), Li1–O1–Li3 83.0(2), Li1–O2–Li2 84.1(2), Li1–O2–Li3�
118.8(2), Li1–O3�–Li3 82.7(2), Li1�–O3–Li2 122.5(2), Li2–O3–Li3�
83.0(2), Li2–O2–Li3� 83.5(2), N1–Li1–O1 82.00(2), N1–Li1–O2
122.3(2), N1–Li1–O3� 121.7(2), O1–Li1–O2 95.5(2), O1–Li1–O3�
97.0(2), O2–Li1–O3� 115.7(2), N2–Li2–O1 124.6(2), N2–Li2–O2
82.1(2), N2–Li2–O3 120.3(2), O1–Li2 O2 95.9(2), O1–Li2 O3
115.0(2), O2–Li2–O3 96.5(2), N3�–Li3–O1 117.5(2), N3�–Li3–O2�
123.1(2), N3�–Li3–O3� 82.01(15), O1–Li3–O2� 119.1(2), O1–Li3
O3� 97.2(2), O2�–Li3–O3� 96.9(2).

atoms are heptacoordinated by three (iPrAT)– ligands and
one chlorine atom (Cl2). The center of compound 2 con-
tains an Li–Cl–Li–Cl square with a crystallographic inver-
sion center. Each of the lithium atoms of the central square
plane (Li1 and Li1�) is tetracoordinated by two chlorine
atoms (Cl1 and Cl1�) and two oxygen atoms of the
(iPrAT)– ligands. The other lithium atom (Li2) bridges the
central Li–Cl–Li–Cl square and the [(iPrAT)3LnCl]– sub-
unit by being coordinated by Cl1 and Cl2. The fourfold
coordination is completed by two THF molecules. Within
this complicated structure, the bond lengths and angles are
in the expected range. The bond angles of Cl1–Li1–Cl1�

Scheme 3.
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[98.7(4)°] and Li1–Cl1–Li1� [81.3(4)°] within the central Li–
Cl–Li–Cl square indicate a deviation from the ideal square-
planar geometry.

Figure 2. Solid-state structure of one of the two independent mole-
cules of 2 showing the atom labeling scheme. Hydrogen atoms are
omitted for clarity. Selected distances [Å] and angles [°] of one of
the two independent molecules in the unit cell: Li1–O1 1.921(13),
Li1–O2 1.920(12), Li1–Cl1 2.334(11), Li1–Cl1� 2.355(13), Li2–O4
1.939(14), Li2–O5 1.922(13), Li2–Cl1 2.323(13), Li2–Cl2 2.366(13),
Yb1–O1 2.251(4), Yb1–O2 2.225(5), Yb1–O3 2.152(5), Yb1–N1
2.506(6), Yb1–N2 2.517(6), Yb1–N3 2.468(6), Yb1–Cl2 2.663(2);
O1–Li1–O2 83.9(5), O1–Li1–Cl1 117.2(6), O2–Li1–Cl1 113.2(6),
O2–Li1–Cl1� 121.9(6), O1–Li1–Cl1� 123.2(6), Cl1–Li1–Cl1�
98.7(4), O4–Li2–O5 103.3(6), O4–Li2–Cl1 106.1(6), O4–Li2–Cl2
105.0(6), O5–Li2–Cl1 109.9(6), O5–Li2–Cl2 112.8(7), Cl1–Li2–Cl2
118.2(5), Li1–Cl1–Li1� 81.3(4), O1–Yb1–O2 70.0(2), O1–Yb1–O3
144.3(2), O1–Yb1–N1 65.6(2), O1–Yb1–N2 133.5(2), O1–Yb1–N3
95.7(2), O2–Yb1–O3 136.6(2), O2–Yb1–N1 135.6(2), O2–Yb1–N2
65.5(2), O2–Yb1–N3 88.3(2), O3–Yb1–N1 83.6(2), O3–Yb1–N2
81.1(2), O3–Yb1–N3 67.3(2), N1–Yb1–N2 157.4(2), N1–Yb1–N3
93.4(2), N3–Yb1–N2 95.9(2), O1–Yb1–Cl2 87.40(13), O2–Yb1–Cl2
97.11(13), O3–Yb1–Cl2 107.63(14), N1–Yb1–Cl2 83.64(14), N2–
Yb1–Cl2 85.27(14), N3–Yb1–Cl2 174.5(2).

Whereas the incorporation of one LiCl unit into the co-
ordination sphere is quite common {e.g. in [(η5-C5Me5)2-
Sm(µ-Cl)2Li(THF)2][28]}, the inclusion of four units of an
alkali metal salt is, to the best of our knowledge, unique in
lanthanide chemistry.

Conclusion

We have prepared the hexameric lithium 2-(isopro-
pylamino)troponate complex [(iPrAT)Li]6 by reaction of
(iPrAT)H with nBuLi. Further reaction of [(iPrAT)Li]6 with
YbCl3 in a 1:2 stoichiometric ratio resulted in the unusual
dimeric complex [(iPrAT)3Li2Cl2Yb]2, in which the two
[(iPrAT)3Yb] subunits are bridged by four LiCl units. Even
though the incorporation of one LiCl unit is well known in
lanthanide chemistry, the insertion of four LiCl units is, to
the best of our knowledge, unknown.

Experimental Section
General Considerations: All manipulations of air-sensitive materials
were performed with the rigorous exclusion of oxygen and moisture
in flame-dried Schlenk-type glassware either on a dual manifold
Schlenk line, interfaced to a high-vacuum (10–3 Torr) line, or in an
argon-filled MBraun glove box. THF was predried with Na wire
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and distilled under nitrogen from Na/K alloy benzophenone ketyl
prior to use. Hydrocarbon solvents (toluene and n-pentane) were
distilled under nitrogen from LiAlH4. All solvents for vacuum-line
manipulations were stored in vacuo over LiAlH4 in resealable
flasks. Deuterated solvents were obtained from Chemotrade or Eu-
riso-Top GmbH (99 atom-% D). NMR spectra were recorded with
a Jeol JNM-LA 400 FT-NMR spectrometer. Chemical shifts are
referenced to internal solvent resonances and are reported relative
to tetramethylsilane. IR spectra were obtained with a Shimadzu
FTIR-8400s spectrometer. Raman spectra were recorded with a
Bruker RFS 100 instrument. The melting point was measured with
a hot-stage microscope under vacuum in a sealed capillary and is
uncorrected. Elemental analyses were carried out with an Ele-
mentar vario EL III apparatus. 2-(Isopropylamino)tropone[29] and
YbCl3[30] were prepared according to literature procedures.

[(iPrAT)Li]6 (1): A 2.5  solution of nBuLi in hexane (6.0 mL,
15.0 mmol) was slowly added to a cooled (0 °C) solution of
(iPrAT)H (2.0 g, 12.0 mmol) in toluene (20 mL). The solution was
slowly warmed to room temperature, and subsequently stirred for
another 2 h. The solution was concentrated in vacuo, and the prod-
uct was obtained analytically pure as a yellow powder. X-ray qual-
ity crystals were obtained from an oversaturated toluene solution
at 60 °C. Yield: 1.0 g (50%). M.p. 114 °C. 1H NMR ([D8]THF,
400 MHz, room temp.): δ = 1.15 [d, 3JH,H = 6.2 Hz, 6 H, CH-
(CH3)2], 3.68 [sept, 3JH,H = 6.2 Hz, 1 H, CH(CH3)2], 5.92 (d, 3JH,H

= 9.3 Hz, 1 H, CHring), 6.35 (d, 3JH,H = 10.4 Hz, 1 H, CHring), 6.59
(m, 3 H, CHring) ppm. 13C{1H} NMR ([D8]THF, 110.4 MHz, room
temp.): δ = 23.9 [CH(CH3)2], 48.6 [CH(CH3)2], 108.5 (Cring), 115.8
(Cring), 116.1 (Cring), 133.6 (Cring), 134.9 (Cring), 165.2 (Cring), 179.7
(Cring). Raman (solid): ν̃ = 3048 (w), 3024 (w), 2966 (w), 2929 (w),
2914 (w), 2866 (w), 1610 (m), 1574 (m), 1518 (vs), 1484 (s), 1410
(vs), 1278 (s), 1233 (m), 951 (m), 756 (s), 486 (s) cm–1.

[(iPrAT)3Li2Cl2Yb]2 (2): THF (30 mL) was condensed into a mix-
ture of [(iPrAT)Li]6 (1.1 g, 1.1 mmol) and YbCl3 (0.61 g, 2.2 mmol)
at –78 °C, and the mixture was stirred at room temp. for 30 h. The
solvent was removed in vacuo, and the remaining residue was ex-
tracted with a mixture of toluene and THF. The product was ob-
tained after several crystallization steps as yellow X-ray quality
crystals from hot THF. Yield: 0.56 g (29%). IR (KBr ): ν̃ = 2966
(m), 2928 (m), 2876 (m), 1599 (m), 1576 (m), 1508 (vs), 1470 (m),
1443 (s), 1408 (s), 1337 (s), 1273 (m), 1219 (m), 1165 (w), 1132 (w),
1045 (w), 885 (w), 752 (w), 719 (m) cm–1. C76H104Cl4Li4N6O10Yb2

(1777.35): calcd. C 51.36, H 5.90, N 4.73; found C 51.28, H 5.58,
N 4.64.

X-ray Crystallographic Studies of 1 and 2: Crystals of 1 were ob-
tained from toluene. Crystals of 2 were grown from hot THF. A
suitable crystal was covered with mineral oil (Aldrich) and
mounted onto a glass fiber. The crystal was transferred directly to
the cold (–73 °C) N2 stream of a STOE IPDS 2T diffractometer.
Subsequent computations were carried out with an Intel Pen-
tium IV PC. Data collection and refinement: SHELXS-97,[31]

SHELXL-97.[32] C60H72Li6N6O6 (1): triclinic, space group P1̄ (No.
2); lattice constants a = 10.4506(13), b = 12.9331(15), c =
13.149(2) Å, α = 63.654(9), β = 66.625(9), γ = 75.714(9)°, V =
1456.4(3) Å3, Z = 1; µ(Mo-Kα) = 0.073 mm–1; 2θmax. = 50.2°; 4846
[Rint = 0.0485] independent reflections measured, of which 4846
were considered observed with I�2σ(I); max. residual electron
density 0.034 and –0.170 e/A–3; 352 parameters (all non-hydrogen
atoms were calculated anisotropically; the positions of the hydro-
gen atoms were calculated for idealised positions); R1 = 0.0545;
wR2 = 0.1208. C76H104Cl4Li4N6O10Yb2 (2): triclinic, space group
P1̄ (No. 2); lattice constants a = 12.7077(8), b = 16.6165(9), c =
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20.1610(11) Å, α = 99.400(4), β = 94.849(5), γ = 103.038(5)°, V =
4058.9(4) Å3, Z = 2; µ(Mo-Kα) = 2.479 mm–1; 2θmax. = 50.2°; 14276
[Rint = 0.0741] independent reflections measured, of which 10562
were considered observed with I�2σ(I); max. residual electron
density 1.085 and –1.350 e/A–3; 859 parameters (all non hydrogen
atoms except the disordered THF molecules were calculated aniso-
tropically; the positions of the hydrogen atoms were calculated for
idealised positions); R1 = 0.0523; wR2 = 0.1384. CCDC-669222
and -669223 contain the supplementary crystallographic 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.
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