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While the alkoxides of yttrium and the lanthanides have been
known for many years,? their application as precursors to electronic
and ceramic materials has generated a renewed interest in well-
characterized homoleptic complexes.?> Recent developments
include characterization of a wide variety of novel structural types
and thermal decomposition studies.* Such studies have dem-
onstrated that the nature of oligomerizationin lanthanide alkoxide
complexes and many of their solution properties are highly
dependent on the steric requirements of the alkoxide ligands.
Herein we report the preliminary results of our study of lanthanide
neopentoxide complexes. This work provides a unique example
of a lanthanide alkoxide complex with spectroscopic evidence for
an agostic Ln--H—C bond both in the solid state and in solution
and may provide additional insight into the initial steps of alkoxy
group breakdown during thermal decomposition reactions.

Reaction of a lanthanide tris(silylamide) (Ln[N(SiMe3),]s,
Ln = La or Nd)® with 3 equiv of dry neopentanol in hexane
solution at 25 °C, followed by cooling to —40 °C, yields colorless
[Ln = La (1)]¢ or pale blue [Ln = Nd (2)]7 crystals of the
homoleptic lanthanide neopentoxide complexes [Ln(OCH,-¢-
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Bu);]4.% Compounds 1 and 2 are oxygen- and moisture-sensitive
and are soluble in noncoordinating hydrocarbon solvents. Vari-
able-temperature 'H and '3C NMR spectra of 1 and 2 in toluene-
dg reveal complex dynamic solution behavior, and interpretation
has been hindered by overlapping resonances in 1, paramagnetism
in 2, and a possible dimer «> tetramer equilibrium in solution.
The infrared spectra® (Nujol mull, KBr plates) of both 1 and 2
show strong absorption bands characteristic of alkoxide ligation?©
and a low »(C-H) stretching frequency at 2688 (1) and 2692 (2)
cm™!, consistent with the presence of agostic Ln--H—C inter-
actionsin thesolid state.!! IR spectrarecorded in benzene solution
revealed similar absorption features at 2680 (1) and 2686 (2)
cm™!, indicating that an agostic interaction is maintained in
solution. While agostic interactions have been proposed for a
variety of f-element complexes on the basis of X-ray crystallo-
graphic studies,!2 to the best of our knowledge, 1 and 2 represent
the first examples of spectroscopic evidence for solution agostic
M:-H—C interactions in an f-element complex.

Single crystals of 1 and 2 were grown at —40 °C from
concentrated hexane and toluene-ds solutions, respectively, and
the solid-state structures were determined from X-ray diffraction
data collected at -70 (1)** and -164 °C (2).!4 The X-ray
structures revealed a tetrameric Lny(OCH,-1-Bu),, unit for both
1 and 2, as shown in Figures 1 and 2, respectively, with four
molecules of toluene per tetramer within the lattice of 2. Both
molecules contain a square of lanthanide metal atoms with
averaged (nonbonding) Ln--Ln distances of 3.85 and 3.74 A for
1and 2, respectively. There are eight u,-OR ligands, four above
and four below the Ln, plane, and terminal Ln-O bonds radiate
from the corners of the Lny square. The overall structure is
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Figure 1. Ball and stick representation of the molecular structure of
Las(OCHy-t-Bu);; (1). Methyl carbon atoms omitted for clarity.
Selected bond distances (A) and angles (deg): La(1)-La(2) 3.865(1),
La(1)-O(1) 2.407(9), La(1)-0(2) 2.445(9), La(1)-0O(3) 2.390(9), La-
(1)-0(4) 2.376(9), La(1)-0O(5) 2.169(7), La(1)-La(2A) 3.850(1), La-
(2)-0(1) 2.418(9), La(2)-0(2) 2.379(9), La(2)-0(6) 2.157(6), La(2)-
O(3A) 2.407(9), La(2)-O(4A) 2.420(10), La(2)-C(16A) 3.099(15),
La(1)-C(6) 3.148, La(1)-O(1)-La(2) 106.4(3), La(1)-O(2)-La(2)
106.5(3), La(2A)-0(4)-C(16) 105.2(8),La(1)-O(3)-La(2A) 106.8 (3),
La(1)-O(4)-La(2A) 106.8(4), La(1)-0(4)-C(16) 147.6(9), La(1)-
0(2)-C(6) 106.5(7), La(2)-0(2)-C(6) 146.7(7).

remarkably similar to that of Mo4Cls(O-i-Pr)s,!s except for the
shorter M-M distances in the Mo complex due to the presence
of M-Mbonding. Thelonger M-M distancesin the Lntetramers
are accompanied by a concomitant opening up of the M-u-O-M
angles [viz. 70.4(1)° in the Mo system compared to 106.6(5)°
and 106.3(5)° (av) in 1 and 2]. The local LnOs coordination
geometryin 1and 2 may bedescribed as a distorted square-based
pyramid, with a terminal alkoxide ligand occupying the apical
position. The average La—u,-O distance of 2.40 A (1) is similar
tothe 2.442(14)-A (av) distance seen in the solid-state structure
of La3(O-t-Bu)o(HO-t-Bu),.% Similarly, the terminal La-O
distance 0f 2.163(7) A (av) is comparable to the uniquely identified
terminal La—O bond 0f 2.195(13) A in La3(O-t-Bu)o(HO-1-Bu),.4
The terminal Nd-O distance of 2.138(8) A (2) is comparable to
average terminal Nd-O distances of 2.05(2), 2.174(2),and 2.148-

A E—]
(16) A seen in Ndg(O-i-Pr);;Cl1,¢ Nd(OC-t-Bu,CH,PMe;)s,!?
and NdsO(O-i-Pr),3(HO-i-Pr),,*? respectively. Bridging Nd-O
distances are, as expected, somewhat longer than those of the
terminal alkoxide ligands and average 2.342(12) A. The Ln-
O-C angles of the terminal alkoxide ligands are very obtuse,
averaging 162.45° in 1 and 163.9(14)° in 2.
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Figure 2. Ball and stick representation of the molecular structure of
Nd(OCH;-r-Bu);2 (2). Methyl carbon atoms and lattice toluene
molecules omitted for clarity. Selected bond distances (A) and angles
(deg): Nd(1)-Nd(la) 3.741(3), Nd(1)-0(2) 2.138(8), Nd(1)-O(8)
2.320(12), Nd(1)-O(8a) 2.381(12), Nd(1)-0O(14) 2.332(12), Nd(1)-
O(14a) 2.333(11), Nd(1)-O(2)-C(3) 163.9(14), Nd(1)-O(8)-C(9)
147.5(10), Nd(1a)-0O(8)-C(9) 106.9(10), Nd(1)-O(8)-Nd(1a) 105.4-
(4), Nd(1)-O(14)-Nd(1a) 106.6(5), Nd(1)-0(14)-C(15) 134.5(10),
Nd(1a)-0(14)-C(15) 117.6(10).

Notable features of both structures are the relatively close
approach of several bridging methylene carbon atoms to the Ln
metal centers [La(2A)-C(16) = 3.099(15) and La(1)-C(6) =
3.148(15) A in 1, Figure 1, and Nd(1)-C(9A) = 3.100 A in 2,
Figure 2], consistent with the IR spectral data for the bulk samples,
and the presence of agostic Ln--H—C interactions in the solid
state. The close approach of the methylene carbons is accom-
panied by a distortion and asymmetry in the bridging La-O
distances in 1. Bridging La-O bonds without La-C contacts
average 2.406(9) A, while bridging La—O bonds with close La--C
contacts reveal two significantly different La-O distances
averaging 2.337(9) and 2.433(9) A (Figure 1).

Further studies of this fascinating class of agostic lanthanide
alkoxide complex are in progress.
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