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The reaction of Y3(OR);Cl:(THF); (R = CMe3) with alkali metal cyclopentadienyl reagents,
MC;R5 (M = Na or K), in toluene disrupts the trimetallic structure of the starting material and
forms the halide-free bimetallic compounds [(CsR5) Y (u-OR)(OR)1; (CsR5 = CsMes, 1; CsHs, 2;
CsHMe, 3; CsH,SiMes, 4). 1 and 4 were also obtained from the reaction of YCla(THF), w1th
2 equiv of NaOCMea and 1 equiv of MC;R; in toluene at reflux. Also prepared in this manner
was the indenyl analog, [(CoH7) Y(u-OR)(OR)1s, 5. X-ray crystallographic data on 1, 2, 4, and
5 reveal that structurally analogous complexes are formed in these reactions despite the different
substituents on the cyclopentadienyl rings. In each of these four complexes, the two
cyclopentadienylligands are arranged in a cis orientation around a (RO)Y (u-OR): Y (OR) central
core which has similar metrical parameters in each compound. Theligand redistribution product
(CsHg)2Y (u-OR)2 Y (C5H5)(OR), 6, is also isolated as a minor component in the reaction between
Y:(OR);,Clo(THF); and NaCsH;. 2-5react with LICH;SiMe; to unexpectedly lose LiCsRsinstead
of LIOR. Crystallization of the 2/LiCH;SiMe;s reaction product in the presence of dimethox-
yethane (DME) yields the cyclopentadienyl-free complex (RO)Y(u-OR)sLis(us-OR)o(THF) (u-
OCH,CH;0OMe),, 7. 7 can be viewed as a (RO)Y (u-OR)[(u-OR);Li(THF)] unit connected to a
Li4O4 cube which has oxygen donor atoms provided by bridging tert-butoxide ligands and two
bidentate ligands formally derived from DME by loss of a methyl group. In the reaction of 4
with LiCH,SiMe;, the cyclopentadienyl component is recovered in a crystalline form as the
polymeric, supersandwich metallocene, [Li(u,n5,75-CsH SiMes)1,, 8. 4 reacts with LiN(SiMey);
by a ligand redistribution pathway to form (C;H;SiMes),Y (u-OR):Li(THF)3, 9. 1 crystallized
from hexanes at —35 °C in space group P2;/c with a = 12.657(3) A, b = 17.412(5) A, ¢ = 18.532(5)
A, 3=99.16(2)°, V = 4032(2) A3, and D¢ueq = 1.22 Mg/m3 for Z = 4. Least squares refinement
of the model based on 3296 reflections (|[F,| > 6.00(|F,))) converged to a final Rp = 8.8%. 2
crystallized from toluene or hexanes at —35 °C in space group P42,m with a = 9.7738(13) A, ¢
=16.133(4) A, V = 1541.1(5) A3, and D¢geq = 1.29 Mg/m3 for Z = 2. Least squares refinement
of the model based on 888 reflections ([Fo| > 4.00(|F,))) converged to a final Rr = 7.3%. 4
crystallized from toluene at -35 °C in space group P2;/c with a = 20.697(4) A, b = 10.1222(14)
A, ¢ =21.264(4) A, 8 = 114.328(13)°, V = 4059.2(12) A3, and Degieq = 1.219 Mg/m3 for Z = 4.
Least squares refinement of the model based on 3724 reﬂectlons (IF| > 8.00(|F,))) converged
to a final Rr = 6.7%. 5 crystallized from hexanes at —35 °C in the space group P2;/c witha =
13.231(2) A, b=15.481(3) A, ¢ = 17.516(5) A, 8 =99.91(2)°, V = 3534.0(13) A3, and Daq = 1.317
Mg/m? for Z = 4. Least squares reflnement of the model based on 3229 reflections (|F,| >
3. 0a(|F°|)) converged to a final Rr = 6.8%. 9 crystallized from hexanes at —35 °C in space group

P2,/c with a = 17.285(12) A, b = 13.022(11) A, ¢ = 17.30(2) &, 8 = 104.63(7)°, V = 3767(6) A3,
and Deja = 1.165 Mg/m3 for Z = 4. Least squares refinement of the model based on 2159
reflections (|F | > 4.00(|F,)) converged to a final Rr = 8.1%.

Introduction

Recent studies evaluating the utility of the tert-butoxide
group as arobust coligand alternative to cyclopentadienyl
ligands in yttrium and lanthanide complexes have revealed
an extensive polymetallic chemistry for these elements.2-®
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Complexes with three to fourteen metals have been
crystallographically characterized with the predominant
structural unit being the trimetallic moiety “Ln3(OR)3-
(u-OR)3(u3-OR) (u3-Z)Z(L)2” (Ln = Y or lanthanide; R =
CMes; Z = OR, O, or halide; L = THF, ROH).3-" The
initial synthetic and structural studies on these tert-
butoxide complexes suggested that this readily-formed
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trimetallic unit would be present whenever these metals
were ligated with two or more tert-butoxide ligands.

However, we have recently found that trimethylalumi-
num disrupts these trimetallic structures forming monoyt-
trium species such as Y[(u-OR)(u-Me)AlMe;ls, (RO)-
(THF) Y[ (4-OR) (u-Me)AlMe:], and (RO) (C)(THF), Y (u-
OR);AlMe,.10 As part of an investigation of the basic
organometallic chemistry of the trimetallic yttrium tert-
butoxide complexes and to further test the stability of the
trimetallic framework, a study of the reactivity of Y3(OR)-
Cly(THF), with alkali metal cyclopentadienyl complexes
was undertaken.

Cyclopentadienyl reagents were chosen for two reasons.
First, since the chemistry of cyclopentadienyl systems has
been extensively studied,!12 the results of our investigation
can be readily compared with data in the literature. Such
comparisons are needed to evaluate the tert-butoxide
group as a coligand for these metals vis-a-vis cyclopen-
tadienyl groups.® Second, the polyhapto nature of cy-
clopentadienyl reagents had the potential to strain the
trimetallic structure into fragmentation.

Y3(OR);Clo(THF); was chosen as the trimetallic reagent
since it possesses a terminal chloride ligand and can be
considered* the trimetallic tert-butoxide analog of the
common cyclopentadienyl starting material (CsH;);YCI-
(THF). Hence, in a sense this tert-butoxide reaction
system is analogous to the conversion of (CsHz): YCI(THF)
to (CsHs);Y(THF).12 A further objective of this study
was to test the tendency of these trimetallic tert-butoxide
complexes to retain halide ligands, a trend which has been
previously observed in several systems.3467

Wereport here that the trimetallicstructure of Y3(OR)-
Clo(THF); is not maintained in reactions with cyclopen-
tadienyl reagents. Instead, a new series of bimetallic
yttrium tert-butoxide products is formed which is unusual
in both structure and reactivity. Each member of the
series contains a central (RO)Y (u-OR), Y (OR) core which
is surprisingly structurally invariant despite the size of
the attached cyclopentadienyl ligands. The [(CsR5) Y (u-
OR)(OR)]; complexes react with alkyllithium reagents to
unexpectedly lose cyclopentadienyl ligands rather than
alkoxide ligands and the resulting products appear to be
quite reactive.

Experimental Section

All compounds described below were handled with rigorous
exclusion of air and water using Schlenk, vacuum line, and
glovebox techniques. Solvents were dried and physical mea-
surements were obtained as previously described.’* NMR spectra
were obtained on General Electric GN and Omega 500-MHz

(10) Evans, W. J.; Boyle, T. J.; Ziller, J. W. J. Am. Chem. Soc. 1993,
115, 5084-5092.

(11) (a) Marks, T. J.; Ernst, R. D. In Comprehensive Organometallic
Chemistry; Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon
Press: Oxford, U.K., 1982; Chapter 21. (b) Forsberg, J. H.; Moeller, T.
In Gmelin Handbook of Inorganic Chemistry, 8th ed.; Moeller, T.,
Kruerke, U., Schleitzer-Rust, E., Eds.; Springer-Verlag: Berlin, 1983;
Part D6, pp 137-282. (c) Schumann, H.; Genthe, W. In Handbook on the
Physics and Chemistry of Rare Earths; Gschneidner, K. A, Jr., Eyring,
L., Eds.; Elsevier: Amsterdam, 1985; Vol. 7, Chapter 53. (d) Evans, W.
J. Adv. Organomet. Chem. 1985, 24, 131-177. (e) Evans, W. J.; Foster,
S. E. J. Organomet. Chem. 1992, 433, 79-94.

(12) Birmingham, J. M.; Wilkinson, G. J. Am. Chem. Soc. 1956, 78,
42-44,

(13) (a) Evans, W. J.; Grate, J. W.; Doedens, R. J. J. Am. Chem. Soc.
1985, 107, 1671-1679. (b) Evans, W. J.; Chamberlain, L. R.; Ulibarri, T.
A.; Ziller, J. W. J. Am. Chem. Soc. 1988, 110, 6423-6432.
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spectrometers at ambient temperature. YCls4 (Rhéne-Poulenc),
Y3(OR);Cly(THF); (R = CMejy),* and NaOCMes,® were prepared
as previously described. The MC;R; reagents were prepared
from the diene and the metal or the metal hydride by standard
procedures.!s LiN(SiMe;), was prepared from n-BuLi (Aldrich)
and HN(SiMes); (Aldrich) in hexanes.

[(CsMep) Y (u-OCMes)(OCMes) 1z, 1. Method A. In a glove-
box, NaCsMes (0.36 g, 2.3 mmol) was added to Ys(OR),Clo(THF),
(0.75 g, 0.76 mmol) in toluene (12 mL) in a 25-mL Schlenk flask
fitted with a reflux condensor. The flask was attached to a
Schlenk line, and the mixture was heated at reflux for 12-18 h.
After cooling to room temperature, the solvent was removed by
rotary evaporation and the resulting white powder was extracted
with hexanes. The extract was concentrated and cooled to -35
°Cfor4h. Colorless crystals were formed which were acceptable
for X-ray crystallographicstudies (0.58 g, 70%). HNMR: (C¢De)
6 2.19 (s, 156H, CsMes), 1.32 (s, 18H, OCMej); (CgDy2) 6 2.09 (s,
15H, CsMes), 1.39 (s, 9H, OCMes), 1.13 (s, 9H, OCMej); (toluene-
dg) 6 2.17 (s, 15H, CsMes), 1.33 (s, 9H, OCMey), 1.29 (s, 9H,
OCMejs). 13C NMR: (CgDg) 8 117.5 (CsMes), 72.0 (OCMes), 34.5
(OCMes), 33.5 (OCMes), 12.5 (CsMes); (Cst) 6 118.0 (CsMes),
72.5 (OCMey), 34.6 (OCMey), 34.0 (OCMey), 12.6 (CsMes). IR
(KBr): 2875 (s), 2969 (s), 1457 (w), 1384 (w), 1374 (w), 1354 (m),
1281 (m), 1240 (m), 1205 (m), 1180 (s), 1098 (w), 1057 (s), 1010
(W), 934 (m), 913 (w), 802 (w) cm-1. Anal. Caled for CssHggO(Ya:
C, 58.37; H, 8.98; Y, 24.00. Found: C, 58.17; H, 8.73; Y, 24.35.

Method B. Inaglovebox, YCl; (0.85 g, 4.35 mmol) was stirred
in 20 mL of THF in a Schlenk flask for 10 min and the solvent
was removed by rotary evaporation. To a slurry of this material
in toluene (50 mL) were slowly added NaOCMe; (0.82 g, 8.73
mmol) and KCsMe; (0.76 g, 4.35 mmol) as solids. A condensor
was attached to the flask, and the mixture was heated at reflux
for 12 h. Removal of solvent and extraction with hexanes gave
1(1.0g, 656%).

[(CsH3)Y (u-OCMe;)(OCMey) 12,2. Thereaction of Y3(OR)q-
Clx(THF); (0.20 g, 0.20 mmol) and NaCsHj; (0.053 g, 0.60 mmol)
was run for 6 h as described above for 1 (method A) and produced
a hexane extract of 2 in 80% yield (150 mg). This reaction was
run for a shorter time than that of 1, since other products, which
are yellow, form after 6 h. The formation of this yellow color is
reproducible, and the observation of a yellow tinge in the white
reaction mixture can be used as an end point indicator to signal
that the reactionshould be stopped. Crystallization of the hexane
soluble fraction from a concentrated hexanes solution at -35 °C
yields crystals which are unacceptable for X-ray studies; however,
adequate crystals were grown from toluene at -35 °C (120 mg,
68%). This compound decomposes after several hoursin toluene
atambient temperature. Decompositionin the solid state occurs
after approximately 1 week in a glovebox. 'H NMR (CgDg): 6
6.44 (s, 5H, CsHs), 1.24 (s, 9H, OCMes), 1.16 (s, 9H, OCMey).
Anal. Caled for C26HO.Ys: C, 52.00; H, 7.72; Y, 29.61. Found:
C, 51.80; H, 7.58; Y, 29.80.

[(CsHMe)Y (u-OCMes)(OCMey)1,, 3. 3 was prepared from
Y3(OR);Cl:(THF); (0.35 g, 0.35 mmol) and NaCsH,Me (0.18 g,
1.1 mmol) as described above for 1 (method A) except that the
reaction was heated at reflux for only 6 h. This system also is
more sensitive to the duration of heating time than 1, and the
reaction mixture begins to turn yellow after approximately 7 h
atreflux. 3wasisolated asa white powder after removal of solvent
by rotary evaporation (235 mg, 70%). Crystals were grown from
hexanes at-35°C. 8 decomposes in solution within 12 h at room
temperature. 'HNMR: (CgDg) 5 6.33 (m, 2H, CsH,Me), 6.18 (m,
2H, CsH Me), 2.37 (s, 3H, CsHMe), 1.22 (s, 18H, OCMejs); (CeD12)
5 6.18 (m, 2H, CsHMe), 6.07 (m, 2H, C;HMe), 1.39 (s, 3H,
C5HMe), 1.32 (s, 18H, OCMea) BCNMR (Cst)' 6112.0 (C5H4-
Me),111.2 (CsH Me), 72.9 (OCMejy), 34.2 (OCMes), 33.4 (OCMejy),
15.5 (CsH.Me).

(14) Carter, M. D.; Carter, C. P. J. Inorg. Nucl. Chem. 1962, 24, 387~
1

391.
(15) E.g.: Evans, W. J.; Meadows, J. H.; Wayda, A. L.; Hunter, W.E.;
Atwood, J. L. J. Am. Chem. Soc. 1982, 104, 2008-2014.
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[(CsH SiMe;) Y (u-OCMe;)(OCMe;) ]2, 4. Method A. 4was
prepared from Y3(OR),Cl,(THF), (0.50 g, 0.50 mmol) and KC;H,-
SiMe; (0.27 g, 1.5 mmol) in 15 mL of toluene as described above
for 1 except that the reaction was heated only 7 h. After
approximately 8 h at reflux, the white solution becomes increas-
ingly yellow and large amounts of hexane soluble impurities are
present. 4 is initially isolated as an oil, but it can be obtained
as a powder by drying the oil in vacuo for several hours (0.46 g,
80%). X-ray quality crystals were grown from toluene at —35 °C.
ITHNMR (CgDg): 66.66 (s,4H, C;H,SiMe;3), 1.26 (s, 18H, OCMey),
0.42 (S, 9H, CsH4Si.M€3). 13C NMR (CeDe) 61189 (CsH4SiM63),
115.5 (05H4SiMe3), 72.6 (OCMea), 719 (OCMea), 34.2 (OCM@3),
33.0 (OCMea), 0.93 (CsH4SiM€3). Anal. Caled for 032H3104Y2:
C, 51.60; H, 8.39; Cl, 0.00; Si, 7.54; Y, 23.87. Found: C, 51.34;
H, 8.33; Cl, <0.05; Si, 7.60; Y, 24.15.

Method B. In aglovebox, YCl; (0.30 g, 1.5 mmol) was stirred
in 5-10 mL of THF in a Schlenk flask for 10 min and the solvent
was removed by rotary evaporation. To a slurry of this material
in toluene were slowly added, NaOCMe; (0.30 g, 3.1 mmol) and
KCsH,SiMe; (0.27 g, 1.5 mmol) as solids. A condensor was
attached to the flask, and the mixture was heated at reflux for
6 h. Removal of solvent and extraction gave a slightly lower
yield of 4 than was obtained from method A (0.41 g, 72%), but
thisinitially-obtained product is a solid which can be used without
further purification.

[(CoH7) Y (ui-OCMes)(OCMe;) 2, 5. 5wasisolatedin73% yield
(0.88g) from YCl; (0.67 g, 3.4 mmol), NaOCMe; (0.50 g, 6.8 mmol),
and KCqH- (0.53 g, 3.4 mmol) as described above for 1 (method
B). 'HNMR (THF-dg): 47.50 (m, 2H, CyH7), 6.90 (m, 2H, CyH7),
6.40 (t, 2H, CgH,, J = 3 Hz), 5.92 (d, 1H, CoH4, J = 3 Hz), 1.070,
1.065 (S, 8, 18H, OCMes) 13C NMR (THF-da) 6 128.5 (CQH7),
123.3 (CsH7), 120.6 (CeHy), 119.8 (CyHy), 97.8 (CoHy), 73.3
(OCMey), 34.1 (OCMesz). IR (KBr pellet): 2957 (s), 2960 (s),
1456 (w), 1365 (w), 1355 (w), 1329 (w), 1203 (s), 1012 (m), 992 (m),
931 (w), 921 (w), 768 (m) cm™!. 5 was crystallized from hexanes
at -35 °C. Anal. Caled for C3Hs04Y: Y, 25.38. Found: Y,
26.1.

(CsH;): Y (u-OCMe;): Y (CsHy) (OCMe;), 6. 6 was fortuitously
crystallized from hexane at -35 °C in low yield as a hexane soluble
byproduct in the preparation of 2. 'H NMR (C¢Dg): 6 6.41 (s,
5H, CsHy), 6.17 (s, 5H, CsHj), 6.15 (s, 5H, CsH), 1.32 (s, 9H,
OCMesy), 1.13 (s, 18H, OCMey).

(MesCO)Y (u-OCMes)sLis(us-OCMes)2(THF ) (u-OCH,CH,-
OMe),, 7. In a gloveboz, a solution of LiCH;SiMe; in hexanes
(0.39 mL of a 1.0 M solution (Aldrich), 0.39 mmol) was added by
syringe to [(CsHs)Y(u-OCMe3)(0OCMes)]; (0.12 g, 0.20 mmol)
dissolved in hexanes. A white precipitate formed immediately.
After the reaction mixture was stirred for 12 h, the solvent was
removed by rotary evaporation and the resulting oil (0.14 g) was
extracted with hexanes. The solvent was removed, the resulting
oil was dissolved in a minimum of hexanes, and the solution was
cooled to ~35 °C. When crystals failed to form, the solvent was
removed and crystallization from approximately 2 mL of THF
was tried unsuccessfully. To this mixture was added ten drops
of dimethoxyethane (DME). After approximately 1 week at ~35
°C, small crystals formed. One of these was identified by X-ray
crystallography as 7.

(C;H,SiMe;), Y (u-OCMe;):Li(THF);, 9. In a glovebox,
[(CsHSiMe3) Y (u-OCMes)(OCMes)], (0.32 g, 0.86 mmol) was
added to LiN(SiMes); (0.29 g, 1.7 mmol) dissolved in 5 mL of
hexanes. The reaction mixture was stirred for 8-12 h, and a
precipitate formed. The solvent was removed by rotary evap-
oration, and the resulting solid was extracted with hexanes.
Removal of solvent gave a powder (0.43 g). A concentrated
solution of this powder in hexanes at —35 °C yielded crystals of
9. 'H NMR (CgDg): 8 6.70 (t, 2H, CsH,SiMe;, J = 4 Hz), 6.51
(t, 2H, CsH, SiMes, J = 4 Hz), 3.56 (m, OCMe;, THF), 1.24 (m,
THF), 0.49 (s, 18H, CsH,SiMes), 0.37 (8, Y(IN(SiMes)z)a).

X-ray Data Collection, Structure Determination, and
Refinement. For [(CsMes) Y (u-OCMe;)(OCMes) ]z, 1. Under
nitrogen, a pale yellow-gold crystal of approximate dimensions
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0.40 X 0.43 X 0.47 mm was immersed in Paratone-D oil.}¢ The
oil-coated crystal was then manipulated in air onto a glass fiber
and transferred to the nitrogen stream of a Siemens P3
diffractometer (R3m/V system) which is equipped with a modified
LT-2 low-temperature system. Subsequent setup operations
(determination of accurate unit cell dimensions and orientation
matrix) and collection of low-temperature (173 K) intensity data
were carried out using standard techniques similar to those of
Churchill.l?” Details appear in Table 1.

All 5841 data were corrected for absorption and for Lorentz
and polarization effects, merged to yield a unique data set, and
placed on an approximately absolute scale. The diffraction
symmetry was 2/m with systematic absences for 0k0 where &k =
2n + 1 and h0! for = 2n + 1. The centrosymmetric space group
P21/c[Cgh; No. 14] is therefore uniquely defined.

All erystallographic calculations were carried out using either
our locally modified version of the UCLA Crystallographic
Computing Package'® or the SHELXTL PLUS program set.!®
The analytical scattering factors for neutral atoms were used
throughout the analysis;?* both the real (Af’) and imaginary
(iAf ") components of anomalous dispersion?® were included.
The quantity minimized during least squares analysis was Zw(|F,|
- |[FJ)? where w! = o2([F,)) + 0.0007(|F,))2.

The structure was solved by direct methods (SHELXTL) and
refined by full-matrix least squares techniques. Hydrogen atoms
were included using a riding model with d(C-H) = 0.96 A and
Uliso) = 0.08 A2, Refinement of positional and thermal param-
eters (isotropic for carbon atoms) led to convergence with Rp =
8.8%, Rur = 11.3%, and GOF = 2.86 for 200 variables refined
against those 3296 data with |F,| > 6.00([F,|). A final difference-
Fourier map yielded p(max) = 1.44 e A-3 at a distance of 0.82 A
from C(2).

For [(CsH5) Y (u-OCMe;) (OCMey) ]z, 2. A colorless crystal
of approximate dimensions 0.20 X 0.24 X 0.33 mm was handled
as described above for 1. Details appear in Table I. The 1649
data were handled as described for 1. Any reflection with I(net)
< 0 was assigned the value of |[F| = 0. Systematic absences
revealed the space group to be the noncentrosymmetric tetragonal
Pd2;m [Di; No. 113] or P42,2 [D% No. 90]. It was later
determined that the structure is best described in space group
P421m.

The structure was solved by direct methods (SHELXTL) and
refined by full-matrix least squares techniques. The molecule
is located on a mm symmetry site at (1/2,0, z). The C(7)-C(8)
and C(7)-C(9) distances were fixed at 1.50 A in order to model
disorder which is probably caused by the location of the molecule
on the mirror planes. Hydrogen atoms were included using a
riding model with d(C-H) = 0.96 A and U(iso) = 0.08 A2
Refinement of positional and thermal parameters led to con-
vergence with Rr = 7.3%, Rur = 8.6%, and GOF = 1.79 for 76
variables refined against those 888 data with |F,| > 4.0¢(|F,)). A
final difference-Fourier map yielded p(max) = 1.39 e A3,

For [(CsH,SiMe;) Y (u-OCMes)(OCMes)]z, 4. A colorless
crystal of approximate dimensions 0.20 X 0.40 X 0.47 mm was
handled as described for 1 and examined on a Syntex P2;
automated four-circle diffractometer which is equipped with a
modified LT-1low-temperature system. Details appearin Table
1. The 5874 data were handled asdescribed for 1. Thediffraction
symmetry was 2/m with systematic absences 0k0 for & = 2n +
1. The centrosymmetric monoclinic space group P2;/¢ [C;J,; No.
14] is therefore uniquely defined. Refinement of positional and
thermal parameters led to convergence with Rp = 6.7%, Rayr =
7.3%, and GOF = 1.14 for 361 variables refined against those

(16) Paratone-d oil is an Exxon lube oil additive.

(17) Churchill, M. R.; Lashewycz, R. A.; Rotella, F. J. Inorg. Chem.
1977, 16, 265-271.

(18) (a) UCLA Crystallographic Computing Package; University of
California, Los Angeles, 1981. (b) Strouse, C. Personal communication.

(19) SHELXTL PLUS; Siemens Analytical X-ray Instruments, Inc.:
Madison, WI, 1990.

(20) International Tables for X-ray Crystallography; Kynoch Press:
Birmingham, England, 1974; Vol. IV, (a) pp 99-101, (b) pp 149-150.

(21) Rogers, D. Acta. Crystallogr. 1981, A37, 734-741.
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Table I. Experimental X-ray Data for [(CsMes) Y (u-OCMe;3)(OCMe3) ]z,
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1, [(CsHs) Y (u-OCMe;)(OCMes) L, 2,

[(CsH.SiMe3) Y (u-OCMe;) (OCMes) s, 4, [(CsHo) Y (4-OCMe3) (OCMes), S, and [(CsHLSiMe;),Y (4-OCMe;),Li(THF),, 9

compd 1 2 4 5 9
formula CgsH“04Yz ngH“04Y2 C32H5204Si2Y2 C34H5004Y2 C;usLi(hSizY
fw 740.7 600.4 744.8 700.6 660.8
temp (K) 173 168 168 163 173
cryst syst monoclinic tetragonal monoclinic monoclinic monoclinic
space group P2y/c PA2im P2/c P2i/c P2y/c

[C; No. 14] [D3; No. 113] (C5,; No. 14] {CS,: No. 14] (€5, No. 14]
a(A) 12.657(3) 9.7738(13) 20.697(4) 13.231(2) 17.285(12)
g (A) 17.412(5) 9.7738(13) 10.1222(14) 15.481(3) 13.022(11)
c(A) 18.532(5) 16.133(4) 21.264(4) 17.516(5) 17.30(2)
8 (deg) 99.16(2) 114.32(1) 99.91(2) 104.63(7)
V (A% 4032(2) 1541.4(5) 4059.2(12) 3534.0(13) 3767(6)
4 2 4 4 4
Dulc (Mg/m3) 1.22 1.29 1.219 1317 1.165
diffractometer Siemens P3 Siemens P3 Syntex P2, Siemens P3 Siemens P3
(Mo Ka radiation) (A) 0.710 730 0.710 730 0.710 730 0.710 730 0.710 730
monochromator highly oriented highly oriented highly oriented highly oriented highly oriented
graphite graphite graphite graphite graphite
data colled +h,+k,x] +h,+k,+1 +h,+k,x! +h,+k,x! +h,+k,xl!
scan type 6-26 6-26 6-20 6-20 6-26
scan width (deg) 1.20 (plus K« 1.20 (plus Ke 1.20 (plus K« 1.20 (plus Ka 1.20 (plus Ka
separation) separation) separation) separation) separation)
scan speed (w) 3.0 3.0 3.0 3.0 3.0
20 range (deg) 4.0-45.0 4.0-55.0 4.0-45.0 4.0-45.0° 4.0-45.0
#, (mm-1) 291 3.8 295 3.318 1.647
(Mo Ka) abs corr semiempirical semiempirical semiempirical semiempirical semiempirical
(y-scan method) (¥~scan method) (¢~scan method) (y¥-scan method) (y-scan method)
no. of reflns colld 5841 1649 5874 5102 3907
no. of reflns with 3296 (X = 6) 888 (X =4) 3724 (X =3) 3229 (X=13) 2159 (X = 4)
(Fd > Xo(|Fd)
no. of variables 200 76 361 361 356
Rr (%) 8.8 7.3 6.7 6.8 8.1
Ryr (%) 113 8.5 7.3 7.9 9.1
goodness of fit 2.86 1.79 1.14 1.23 1.42

3724 data with |[F| > 3.00(|F)). A final difference-Fourier
synthesis showed no significant features, p(max) = 0.73 e A3,

For [(CsH7) Y (u-OCMe;3)(OCMes) ]2, 5. A colorless crystal
of approximate dimensions 0.23 X 0.27 X 0.33 mm was handled
as described for 1. Details appear in Table I. The 5102 data
were handled as described for 1. Refinement of positional and
thermal parameters led to convergence with Ry = 6.8%, Rer =
7.9%, and GOF = 1.23 for 361 variables refined against 3229
data with |Fg| > 3.00(|/F.}). A final difference-Fourier synthesis
showed no significant features, p(max) = 0.91 e A-3,

For (C;H;)gY(#-OCMes)zY(Csﬂs)(OCMes), 6. A colorless
crystal of 6 was handled as described for 2. A data set (26 range
4.0-36.0°) was collected at 173 K, but only the atomic connectivity
of the compound could be unambiguously determined. 6
crystallizes from hexanes in space group P2; with a = 9.209(3)
A, b=15.228(8) A, c =12.213(4) A, § = 122.89(2)°, V = 1438.1(9)
A3, and Deyq = 1.37 Mg/m® for Z = 2. Of the 1237 reflections
collected, a least squares refinement of the model based on 851
observed reflections (|Fo| > 4.00]F ) converged to a final Ry =
11.1%.

For (OCMe;) Y (u-OCMey)sLis(us-OCMey)o( THF) (u-OCHS,-
CH,O0Me);, 7. A colorless crystal of approximate dimensions
0.15 % 0.17 X 0.22 mm was mounted under a stream of nitrogen
onto a Syntex P2; diffractometer equipped with a modified LT-1
low-temperature system. A data set (260 range 4.0-40.0°) was
collected at 173 K, but only the atomic connectivity of the
compound could be unambiguously determined. 7 crystallizes
from a THF/hexane mixture in space group P1 with a = 9.575(9)
A, b=11.893(17) A, ¢ = 21.388(24) A, « = 77.60(10)°, 8 = 82.29-
(8)°, v = 80.13(10)°, V = 2322(5) A3, and Deaq = 1.12 Mg/m? for
Z =2, Ofthe 4681 reflections collected, aleast squares refinement
of the model based on 1548 observed reflections (|Fy| > 6.04(F,))
converged to a final Rp = 12.6%.

For (CsH.SiMes)2Y (u-OCMes)Li(THF),, 9. A colorless
crystal of approximate dimensions 0.21 X 0.13 X 0.15 mm was
handled as described for 1. Details appear in Table I. The 3907
data were handled as described for 1. Refinement of positional
and thermal parameters led to convergence with Ry = 8.1%, Ryr

=9.1%, and GOF = 1.42 for 356 variables refined against those
2159 data with |Fy| > 4.00(F,)). A final difference-Fourier
synthesis showed no significant features, p(max) = 0.68 e A-2,

Results

Synthesis. [(CsMe;)Y (u-OCMe3)(OCMes)]s, 1. NaCs-
Me; reacts with Y3(OCMesz);Clo(THF); in toluene over a
48-h period at ambient temperature to form a new hexane
soluble product, 1, which has a '1H NMR spectrum much
simpler than that of the starting alkoxide complex.t
Higher yields of 1 are obtained when the reaction
stoichiometry is changed to 3 equiv of NaCsMes per
trimetallic alkoxide, and the reaction time can be reduced
to 12 h if the reaction is conducted at reflux.

The 'H NMR spectrum of 1 indicated that the trimetallic
structure of Ys(OR);Clo(THF); had been disrupted in this
reaction: in CgDg, singlets attributable to CsMe; and
OCMe; were observed with a 1:2 CsMesz:OCMe;g ratio.
Elemental analysis was also consistent with a “(C;Mes) Y-
(OCMe3)s” empirical formula. X-ray crystallography
identified the complex as [(CsMes) Y (u-OCMegz) (OCMeg) 12,
1 (Figure 1 and eq 1). Lanthanum and cerium analogs of
1 had previously been synthesized from the reaction of
(CsMe5):Ln[CH(SiMes):] (Ln = La, Ce) with tert-bu-
tanol.2

c1‘ /on é %
RO/ \,OR % ..-Ou. M

’Y
—— Y~ ‘ s THF
THF Y\ R Y RO

R 1
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Figure 1. ORTEP diagram of [(CsMes)Y (u-OCMes;)-
(OCMey)]s, 1, with probability ellipsoids drawn at the 50%
level.

Since the 500-MHz 'H NMR spectrum of 1 in C¢Dg did
not display separate resonances for the two types of
alkoxide observed in the crystal structure, the NMR
spectrum was examined in CgD;; and toluene-ds. In both
of these solvents, two separate tert-butoxide signals are
observed, which is consistent with the existence of the
dimeric structure in solution. The 13C NMR spectrum of
1 in CgDg and CgD;2 also contained separate resonances
for the two OCMes groups, but the two OCMe; resonances
were not resolved. In contrast, in the H and 13C NMR
spectra of [(CsMes)La(OCMes)sls in CgDg, all of the
expected resonances were resolved.??

Once the identity of 1 was established, its synthesis
directly from YCl; was examined. Reaction of THF-
solvated yttrium trichloride with 1 equiv of NaCs;Me; and
2 equiv of NaOCMe; in toluene forms 1 in 65% yield (eq
2,M = Na, K). Although the yield of reaction 2 is slightly
lower than that of reaction 1, reaction 2 is the preferable
route to 1 since it does not require the separate synthesis
of Y3(OR);Clz(THF)s.

-NaCl

YCI,(THF), + 2NaOCMe, + MC;Me; —

[(C;Mey) Y (u-OCMey) (OCMe,)], (2)
1

1 shows no signs of decomposition at ambient temper-
ature in a glovebox over a 6-month period. It decomposes
in air, but the decomposition is relatively slow for an
organoyttrium complex. Solid samples require several
minutes before a color change to yellow occurs. NMR
samples of 1 in THF-dg slowly develop a yellow color over
a 1-h period, but at the end of this time, the bulk of the
sample (80-90%) is still predominantly 1. Eventually,
the solution reaction turns orange, a precipitate forms,
and HCsMe; and HOCMe; (identified by 'H NMR
spectroscopy) are produced. Reactions with dry oxygen
produced an orange solid which was insoluble in THF.

[(CsH5)Y (u-OCMe3)(OCMes) 12, 2. Asdescribed below
in the reactivity section, 1 proved to be arather unreactive
complex. To circumvent this problem, the synthesis of
analogs ligated with smaller cyclopentadienyl groups was
examined, since decreasing the steric bulk around the metal
center should result in increased reactivity.!22 NaCsH;

(22) Heeres, H. J.; Teuben, J. H.; Rogers, R. D. J. Organomet. Chem.
1989, 364, 87-96.
(23) Evans, W. J. Polyhedron 1987, 6, 803-835.
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Figure 2. ORTEP diagram of [(CsHs) Y (u-OCMeg)(OCMey)]s,
2, with probability ellipsoids drawn at the 50% level.
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Figure 3. Ball and stick diagram of [(CsHs)2 Y (u-OCMes)s-
Y(CsHs)(OCMej)], 6.

reacts with Y3(OR);Cly(THF);, and again a product with
a simple 'H NMR spectrum was obtained. However, this
reaction product was not as stable as 1 and shorter heating
times were required to prevent the formation of yellow
decomposition products. The NaCs;Hj reaction produces
[(CsHp) Y (u-OCMe3) (OCMes)]s, 2, which was identified
by elemental analysis, NMR spectroscopy, and X-ray
crystallography (Figure 2, eq 3). Although the CsHsligand

~NaOCMey
¥,(OCMey);Cl,(THF), + 3NaCgH,  —
~Nal

[(CsH,) Y(4-OCMe,)(OCMey)], (3)
2

is much smaller than CsMe;s, 2 adopts a dimeric solid state
structure analogous to that of 1 with an identical cis
arrangement of cyclopentadienyl ligands around the
central (Me3CO)Y(u-OCMe3):Y(OCMes) core.

The 'H NMR spectrum of 2 in C¢Dg contains one CsHj
resonance and two OCMe; resonances, which is consistent
with the solid state structure. However in CgDjs, the
OCMe; peaks coincidentally overlap, which is opposite
the situation with 1. The less sterically saturated 2 is
much less stable than 1 and decomposes in the glovebox
overnight in toluene at ambient temperature and over the
period of a week in the solid state.

(CsH5)2Y (u-OCMe;):Y(CsH;s)(OCMey), 6. The
NaC5sHs/Y3(OR)7Clo(THF); reaction (eq 3) produces a
byproduct in low yield which was identified by X-ray
crystallography as the ligand redistribution product
(CsHp)2 Y (u-OCMeg)2 Y (C5Hs) (OCMes), 6 (Figure 3). This
complex differs from 2 in that one CsHj ligand has replaced
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Figure 4. ORTEP diagram of [(CsH,SiMe3)Y (u-OCMesy)-
(OCMe3)],, 4, with probability ellipsoids drawn at the 50%
level.

one OCMe; ligand in 2. This complex is unusual in that
formation of a bimetallic compound with the two metals
in disparate coordination environments occurred instead
of formation of two different bimetallic complexes each
containing a more uniform metal coordination sphere. The
formation of more byproducts in the Cs;Hs reaction
compared to the CsMes reaction is consistent with the
expected greater reactivity of the CsH; products versus
the CsMe;s analogs.

[(CsH,Me)Y (1-OCMe3)(OCMes) ]y, 3, and [(CsHy-
SiMe;) Y (u-OCMe3)(OCMe;s)]2, 4. To modulate the
reactivity/stability of these dimeric mixed ligand cyclo-
pentadienyl alkoxides, complexes containing cyclopen-
tadienyl ligands intermediate in size between CzHs and
CgMes were sought. Given the similarity in structure of
1 and 2, analogous bridged structures were anticipated.
Both NaCsHMe and KCsH SiMe; react with Y3(OR)+-
Cly(THF); to form analogs of 1 and 2, namely [(CsH,-
Me)Y (OCME;:,) (u-OCMes)h, 3, and [(CaH4SiM63)Y(/£-
OCMe3)(OCMes)]s, 4, eqs 4 and 5. The 'H NMR spectra

' -NaOCMeq
Y,(0CMe,),Cl,(THF), + 3NaC;H,Me e
-NaCl

[(C;H,Me)Y (u-OCMe,)(OCMey)1, (4)
3

-KOCMeg
¥;(OCMe,),CLy(THF), + SKC;H,SiMe; —

[(C;H,SiMe,) Y (1-OCMe,) (OCMey)], (5)
4

of 3 and 4 in CgDs, like that of 1, contain single OCMe;
resonances. The spectrum of 4 has one resonance asso-
ciated with the cyclopentadienyl ring protons whereas 3
has the expected two resonances. Complex 4 was char-
acterized by X-ray crystallography and, as anticipated, it
has a structure analogous to that of 1 and 2 (Figure 4).
3 is chemically similar to 2 in that it degrades both in
solution and in the solid state in the glovebox at ambient
temperature. 4 is more stable than 2 and 3 but more
reactive than 1 and represents the best compromise in
reactivity/stability in this series. When 4 is prepared from
Y3(OR)Cly(THF),, it is isolated as an oil. However, direct
preparation of 4 from YCl3(THF), according to the method
in eq 2 produces a solid material which is pure enough to
be used directly in subsequent reactions.
[(CsH7) Y (u-OCMe;) (OCMes) 12, 5. Anindenyl analog
of 1-4 was also sought to determine how steric bulk
localized on one side of the cyclopentadienyl ring would
affect the structure of these mixed ligand species.
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Figure 5. ORTEP diagram of [(CoHy) Y (1-OCMeg)(OCMeg)]y,
5, with probability ellipsoids drawn at the 50% level.

[(CoH7) Y (u-OCMe3)(OCMes)]s, 5, was prepared from
YCIl3(THF), as shown in eq 6, and its structure, Figure 5,

~2NaCl

YCIy(THF), + 2NaOCMe, + KC;H, —

[(CeH,) Y (ui-OCMe,z) (OCMe,)], (6)
5

is analogous to that of 1, 2, and 4. The 'H NMR spectrum
of 5 in THF-dg shows the four resonances associated with
the indenyl ligand and two closely shifted OCMes reso-
nances. The complex is very similar in stability to 4.
However, isolating pure samples is much more difficult
and usually requires recrystallization.

Structural Studies of the [(CsR5)Y(u-OCMes)-
(OCMe;3)]: Complexes. [(CsMes)Y(u-OR)(OR)1s, 1,
[(CsH4SiMe3) Y(u-OR)(OR)1,, 4, and [(CoH7)Y(u-OR)-
(OR)1s, 5, all crystallize in the same space group, P2;/c.
[(CsHs) Y (1-OR)(OR)12, 2, on the other hand, crystallizes
in the higher symmetry space group P42;m and the
molecule is located on a mm symmetry site.

In each complex, the cyclopentadienyl ring centroid,
the terminal alkoxide, and the two bridging alkoxides form
a distorted tetrahedron around yttrium. Each metal is
formally six-coordinate, which is the coordination number
most common for yttrium tert-butoxide complexes.>-7 The
overall structure of these complexes is reminiscent of
bridged bent metallocenes of formula [(CsRs)sM(u-Z)]2
(Z = monoanionic ligand),* i.e.

e R po
I.\\‘oll, and M'_.\\ZIH,M
w6 —iﬁ\ ‘&/

Y oo ¥ —
SN\ Z

The large bridging OCMe; ligand in 1, 2, 4, and 5 may
allow the terminal tert-butoxide ligands to become ef-

(24) For example: (a) {{(CsHMe);Ti(u-Z)]; (Z = Cl, Br)} Jungst, R.;
Sekutowski, D.; Davis, J.; Luly, M.; Stucky, G. Inorg. Chem. 1977, 16,
1645-1655. (b) {{CpsZr(u-1)13} Wielstra, Y.; Gambarotta, S.; Meetsma,
A.;deBoer,d.L.Organometallics 1990,8,250-251. (c) {{Cp2Zr(u-PMey)ls}
Chiang, M. Y.; Gambarotta, S.; Van Bolhuis, F. Organometallics 1988,
7,1864-1865. (d) {[Cp.Ti(u-PMey)lo} Payne, R.; Hachgenei, J.; Fritz, G.;
Fenske, D. Z. Naturforsch. 1986, 41B, 1535-1540. (e) {[Cp2Zr(u-S)13}
Bottomley, F.; Drummond, D. F.; Egharevba, G. O.; White, P. S.
Organometallics 1986, 5, 1620~1625. Hey, E.; Lappert, M. F.; Atwood,
J. L.; Bott, 8. G. J. Chem. Soc., Chem. Commun. 1987, 421-422. (f)
{[Cp.Ti(u-SiHg)12} Hencken, G.; Weiss, E. Chem. Ber. 1973, 106, 1747-
1751.
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Table II. Bond Distances and Angles for [(CsMes) Y(u-OCMe;3)(OCMes)h, 1, [(CsHs) Y (p-OCMe;)(OCMes)],, 2,
[(CsH.SiMe;) Y (u-OCMe;) (OCMe3) b, 4, [(CoH7) Y (4-OCMe3) (OCMes)L;, S, and [(CsMes)Ce(u-OCMe;) (OCMe;)],*

1 2 4 S [(CsMes)Ce(OR)2),
Distances (&)
M-O(OR) 1.995(10), 2.018(9) 2.001(12) 2.023(6), 2.015(7) 2.005(6), 2.017(7) 2.116(6), 2.124(6)
M-O(u-OR) 2.282(9), 2.259(9), 2.230(7) 2.233(7), 2.236(5), 2.241(6), 2.205(7), 2.401(6), 2.396(6),
2.229(10), 2.256(10) 2.231(5), 2.242(6) 2.247(7), 2.203(7) 2.380(6), 2.431(6)
Cn-M 2.415 2.389 2411 2416 2.55
C(CsRs)-M (av) 2.68(2) 2.66(2) 2.69(3) 2.70(4)
M.«M 3.570(2) 3.500(3) 3.524(2) 3.510(2)
Angles (deg)
Cn-M-O(OR) 1159,114.8 120.1 124.6,123.4 116.2,119.4 119.5
O(u—~OR)-M-0O(u—-OR) 74.9(3), 75.9(3) 76.0(1) 75.8(2), 75.7(2) 75.8(2), 75.7(2) 74.7(2), 74.4(2)
M-O(z-OR)-M 103.7(4), 105.5(4) 103.4(1) 104.2(2), 103.8(2) 102.9(3), 105.6(3) 104.7(2), 106.1(2)

2R = CMe;, Cn = Cyclopentadienyl ring centroid.

Figure 6. Spacefilling models of the side views of [(CsMe;) Y (k-OCMe3)(OCMey) 1y, 1 (left), and [(CsHs) Y (u-OCMes) (OCMes) ]z,

2 (right).

fectively equivalent to cyclopentadienyl ligands in these
complexes. The structure of the cerium analog,
[(CsMeg)Ce(u-OR)(OR)]5, has previously been reported.??
Yttrium and cerium aryloxide analogs have been synthe-
sized, but these are monomers, (CsMes)Ln(OCsHsButs-
2,6); (Ln = Y, Ce).28

Table Il shows a comparison of important bond distances
and angles in 1, 2, 4, 5, and [(CsMe;)Ce(u-OR)(OR)],.22
The Y-O(terminal OR) distances are very similar in 1, 2,
4, and 5, and the narrow 1.995(10)-2.023(6)-A range is
within the 1.97(2)-2.09(3)-A range of terminal tert-
butozide yttrium distances in the literature.3487 As is
typical, the Y-O(u-OR) distances are longer than the
Y-O(terminal OR) distances. The bridging distances are
also very similar and again their narrow range, 2.203(7)-
2.282(9)-A, falls in the 2.19(2)—2.358(10)-A range previously
observed.3487 The similarity of the Y-O distances as well
asthe Y-O(u-OR)-Y and O(u-OR)-Y-O(u-OR) angles and
the Y.Y distances shows that the central (RO)Y(u-
OR),Y(OR) core is nearly invariant in these complexes.
Even the Y-(ring centroid) distances are equivalent within
experimental error despite the considerable differences
in the size of the rings.

The major metrical difference in the structures of 1, 2,
4, and 5 is the (CsRs ring centroid)-Y-O(OR) angle, which
does not vary regularly: the complex with the largest CsRs
ring, 1, has the smallest angle, but the complex with the
smallest ring, 2, does not have the largest angle. The
variation of this angle in these structurally similar com-
pounds may be one way in which the central core
accommodates CsR; ligands of different sizes.

The other major difference in these structures is the
orientation of the methyl groups of the bridging tert-

(25) Schaverien, C. J.; Frijns, J. H. G.; Heeres, H. J.; van den Hende,
J. R.; Teuben, J. H.; Spek, A. L. J. Chem. Soc., Chem. Commun. 1991,
642-644. Heeres, H. J.; Meetsma, A.; Teuben, J. H.; Rogers, R. D.
Organometallics 1989, 8, 2637-2646.

butoxide ligands. This is most easily seen by examining
the space filling models? in Figure 6 (side views) and Figure
7 (top and bottom views) and considering the triangle
defined by the three methyl groups of the bridging tert-
butoxide ligand which faces out. The extremes in orien-
tation are shown in the views of 1, which has a vertex of
this triangle “up” near the CsMe; groups, and 2, which has
an edge of the triangle “up” near the cyclopentadienyl
groups. It must be remembered that in 2, the methyl
orientations are fixed by the mm site symmetry. Theabove
orientations put asingle methyl group near the large CsMe;
groups of 1 and two methyl groups near the smaller
cyclopentadienyl ligandsin 2;i.e. the orientation is adjusted
to compensate for the size of the cyclopentadienyl ligand.
The other u-OCMe; ligand in 1 has its methyl groups in
anintermediate orientation. Complexes4 and 5 are similar
to 1 in that they have one u-OCMe; group with a single
methyl pointing “up” and the other u-OCMe; group with
the methyl groups in an intermediate orientation (see
supplementary material). Apparently, by varying the
orientation of the methyl groups of the two bridging groups,
the overall steric saturation of the molecules can be
changed according to the different sizes of the cyclopen-
tadienyl ligands.

The metrical parametersin 1,2, 4, and 5 are quite normal
compared to the cerium analog?2 when the 0.11-A difference
in the ionic radii?” of the metals is considered. The Y-ring
centroid distances are also similar to the 2.363(3)-A
distance found in the only other monocyclopentadieny-
lyttrium complex in the Cambridge Crystallographic Data
Base, (CsMes)Y(0C6H3But2-2,6)2.25 The 3.500(3)—
3.570(2)-A Y--Y separations in the central core are
comparable to the 3.53- and 3.58(1)-A Y--Y separations

(26) Space filling model generated from Siemens Analytical X-ray
Instruments-SHELX Graphics package.1®
(27) Shannon, R. D. Acta Crystallogr. 1976, A32, 751-767.
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Figure 7. Space filling models of the top and bottom views of [(CsMes)Y(u-OCMe3z)(OCMes)ls, 1 (left), and [(CsHp)Y (u-

OCMe3)(OCMey)l,, 2 (right).

in eight-coordinate [(CsHs)Y(x-Me)]228 and
[(CsHsMes): Y(u-Me))2,2? but they are shorter than the
3.66(1)- and 3.68(1)-A distances in nine-coordinate
[(CsHsMe)o(THF) Y (u-H)1,¥ and [(CsHsMeg)o(THF) Y (u-
H)1;,% respectively. In comparison the Y--Y distances in
the trimetallic yttrium tert-butoxide complexes
Y3(OCMej3)-Clo(THF)o3 and Y3(OCMeg)sCl(THF)q,* which
contain six-coordinate yttrium, vary over a wide range:
3.50-3.63 and 3.52-3.78 A, respectively.

Structure of (C;H;)2 Y (u-OCMe;3), Y (CsH;) (OCMe;),
6. Although disorder problems and poor crystal quality
preclude a detailed discussion of the metrical parameters
of 6, it is worth considering the overall structure especially
in terms of evaluating the tert-butoxide group as a coligand
alternative to cyclopentadienyl ligands. Complex 6iseven
more similar to the bridged bent metallocenes of formula
Cp:M(u-Z);MCp2?4than 1,2, 4, and 5, as mentioned above.
Comparing 2 and 6, a CsHs for OCMe; substitution has
formally occurred; i.e. in these two complexes an exact
CsHs/OCMe; equivalence exists. Interestingly, the more
symmetrical ligand distribution product [(CsHs)oY (u-
OCMe;)2Y(CsHs)21, which would be the product of yet
another CsHjs for OCMes substitution, is not isolated.
Hence, it is possible that the tert-butoxide and Cz;Hj
ligands can be equivalently substituted only when the size
of the other ligands is just right for formation of a sterically
saturated stable species.?? Although 6, [(CsHSiMe3)sY (i-
OMe)zY(C5H4SiMe3)2],31 and (C5H4SiMea)2Y(OCM93)2-
Li(THF),, 9 (see below), are known to be crystallograph-
ically characterizable, it is possible that the combination
[(CsH5)2Y (u-OCMes): Y (CsHi)q] is not as sterically favored.

Reactivity of the [ (CsR;) Y (u-OR)(OR) ]2 Complexes.
The reactivity of the new series of yttrium alkoxide

(28) Holton, J.; Lappert, M. F.; Ballard, D. G. H.; Pearce, R.; Atwood,
J. L.; Hunter, W. E. J. Chem. Soc., Dalton Trans. 1979, 54-61.

(29) Evans, W. J.; Drummond, D. K.; Hanusa, T. P.; Doedens, R. J.
Organometallics 1987, 6, 2279-2285.

(30) Evans, W.J.; Meadows, J. H.; Wayda, A. L.; Hunter, W. E.; Atwood,
J. L. J. Am. Chem. Soc. 1982, 104, 2008-2014.

(31) Evans, W. J.; Sollberger, M. S.; Shreeve, J. L.; Olofson, J. H.;
Hain, J. H,, Jr.; Ziller, J. W. Inorg. Chem. 1992, 31, 2492-2501.

compounds composed of 1-5 was initially examined by
studying reactions with alkyllithium reagents. Previously,
the reaction of (CsMes) Y(OAr); (Ar = CgH3But-2,6) with
LiCH(SiMes)s in toluene had been reported to cause
removal of one aryloxide ligand and formation of
(CsMes) YICH(SiMe3)2](0Ar).25 Similarly, (CsMeg)-
Ce(OAr); was reported to react with 2 equiv of Li-
CH(SiMe3); in pentane to form (CsMes)Ce[CH-
(SiMe3)2]2.2532 In both systems, substitution occurred and
LiOR was preferentially removed rather than LiCsMes.
However, when the reaction of LiCH;SiMes with [(CsMeg)-
Y (u-OCMe3)(OCMes)]s, 1, was carried out, only starting
materials were recovered. Reaction of 1 with LICH2SiMes
in toluene at reflux for 12 h also returned primarily
unreacted 1, although a complicated mixture of minor
products was also observed. The limited reactivity of 1
suggests that the molecule is both sterically and elec-
tronically saturated, as is seen in the space filling diagrams,
Figures 6 and 7.28 Since 2-5 are less sterically saturated,
these complexes proved to be better suited for reactivity
studies.

Reactions of [(C;H;s)Y(u-OR)(OR)]3, 2. Complex 2
reacts immediately with LiCH;SiMe3 in hexanes to form
awhite precipitate. The hexane insoluble product of this
reaction was subsequently identified as LiCsHs by tH NMR
spectroscopy in THF. The hexane soluble product of the
reaction was an oil whose 'H NMR spectrum contained
several resonances for OCMe; and CH;SiMes groups but
no evidence for cyclopentadienyl moieties. The alkyl
resonances displayed couplings of 3 Hz consistent with
2Jyy splitting.3® Attempts to obtain crystals from this oil

(32) Heeres, H. J.; Meetsma, A.; Teuben, J. H. J. Chem. Soc., Chem.
Commun. 1988, 962-963.

(33) 2Jyy coupling constants for yttrium alkyl complexes are typically
2-5 Hz.28.28,34.35

(34) Heeres, H. J.; Heeres, A.; Teuben, J. H. Organometallics 1990, 9,
1508-1510 and references therein.

(85) den Haan, K. H.; Teuben, J. H. J. Chem. Soc., Chem. Commun.
1986, 682-683.

(36) Evans, W. J.; Boyle, T. J.; Ziller, J. W. Organometallics 1992, 11,
3903-3907.
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Figure 8. Ball and stick diagram of (Me3CO)Y(u-
OCMe3)3Li5(Ma-OCMe;;)z(THF) (#-OCHchzoMe)g, 7.

Figure 9. ORTEP diagram of (C;H;SiMe;3),Y (u-
OCMeg).Li(THF),, 9, with probability ellipsoids drawn at
the 50% level.

using hexanes or THF were unsuccessful. However, from
a mixture of ten drops of DME in approximately 2 mL of
THF, crystals were isolated. Although the crystal chosen
did not provide a strong diffraction pattern, the data were
sufficient to establish unequivocally the composition of
the compound as (Me;CO) Y (u-OCMeg)sLis(us-OCMes)s-
(THF)(u-OCH;CH;0Me),, 7, Figure 8.

Structure of (RO)Y(u-OR)sLis(us-OR)2(THF)(u-
OCH,CH;OMe);, 7. The description of this complex is
facilitated by considering it as three subunits: a“Y(OR)3”
moiety, a “(THF)Li(OR)” moiety (involving Li(4), O(4),
and 0(9)), and a cube containing four oxygen atoms and
four lithium atoms, i.e. “Li;O4”. The yttrium in 7 is six-
coordinate, as is typical for yttrium tert-butoxide com-
plexes. Three of the coordination positions arise from the
Y (OR);3 unit, which has one terminal OR, one OR bridged
tothe (THF)Li(OR) unit, and one OR bridged to the Li O,
cube. Another coordination site is occupied by the bridging
tert-butoxide ligand of the (THF)Li(OR) unit, and the
remaining two coordination positions arise from
MeOCH,CH:0 oxygen atoms shared with the Li,O4 cube.
In a sense, 7 is composed of the Y(OCMeg); unit, which
has never been isolated in an unbridged form, coordinated
with lithium alkoxide moieties.

The lithium atom in the (THF)Li(OR) unit is three-
coordinate with the third connection arising from a
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bridging OR group of the Y(OR); moiety. The tert-
butoxide oxygen atom of the (THF)Li(OR) group, O(4),
islinked to Li(4), yttrium, and a lithium in the Li;O4 cube.
In the LisO4 cube, two of the oxygen atoms arise from
bridging tert-butoxide ligands. The other two oxygen
atoms are the anionic parts of two OCH;CH;OMe groups
formally related to the DME in the crystallization system
by loss of a methyl group. Each of the lithium atoms in
the cube is four coordinate due to one exopolyhedral
attachment. For Li(2) and Li(5), this fourth donor oxygen
atom arises from the ether group in OCH;CH;OMe. For
Li(1), a connection is made to one of the bridging OR
groups of the Y(OR)s unit and Li(3) is bridged to the
bridging OR in (THF)Li(OR).

Reactions with [(CsHSiMe;3) Y (u-OR)(OR)]2,4. (a)
LiCH,SiMe;. Complex 4 also reacts immediately with
LiCH;SiMe; and again oily products are formed. As
described previously, the polymeric supersandwich met-
allocene, [Li(u,n%7%-CsH,SiMe3s)]l,, 8 (eq 7),% can be

[(C4H,SiMe,) Y (1-OCMe,) (OCMe,)], +

hexanes
4LiCH,SiMe, — “Y(OCMe,),(CH,SiMey),” +
[Li(#,'ﬂsyﬂs‘(C5H4SiM33)]n )]
8

crystallized from this reaction mixture and shows that
again the cyclopentadienide ligand is lost in this alkyl-
lithium reaction. 8 was the first nonsolvated lithium salt
of a simple cyclopentadienyl ligand to be crystallograph-
ically characterized. No other single products have been
isolated in pure form from the reaction of 4 with
L10H281Me3

(b) LiN(SiMe3)2. In efforts to generate a cyclopen-
tadienyl-free reaction product which would be more readily
isolated, the reaction of 4 with LiN(SiMeg); was investi-
gated. The larger size of this anionic reagent and the
greater electronegativity of its donor atom offered the
potential to generate well characterized “Y(OR)3_.[N-
(SiMes)2].” complexes if cyclopentadienyl cleavage again
occurred. 4 reacts with LiN(SiMes); in hexanes, but the
reaction differs from the LiCH;SiMej reactions in that no
precipitate was formed initially. However, after 8 h, a
white powder was observed. The hexane soluble products
of this reaction were isolated and identified as Y[N-
(SiMeg)s]s®" and [(CsHSiMes): Y (1-OCMes).Li(THF)s],
9 (Figure 9, eq 8). In this reaction, the formation of the

[(C,H,SiMe,) Y (1-OCMe,) (OCMe,)1, +
9LiN(SiMeg), — YIN(SiMe,),], +

hexanes

(CsH,SiMey),Y (u-OCMe,),Li(THF), (8)
9

tris(amide) complex shows that the cyclopentadienyl
ligand was again removed, but in this case, ligand
redistribution was more extensive and the (RO)Y(u-
OR);Y(OR) unit was disrupted. The stability of Y[N-
(SiMes3)3]s may drive this reaction in this direction.
Structure of [ (CsH SiMe;). Y (ui-OCMe;).Li(THF),],
9. Complex 9 is another example of a well-known class of
complexes with general formula (CsR5)2Lin(u-Z)eMLsy, in
which R is usually methyl but can be hydrogen, Z is a

(37) Bradley, D. C.; Ghotra, J. S.; Hart, F. A. J. Chem. Soc., Dalton
Trans. 1978, 1021-1023.
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Table III. Bond Distances and Angles for
[(CsH.SiMe;),Y (1-OCMe;),Li(THF),, 94

distance (A) angle (deg)
Y-O(u-OR) 0(3)-Y(1)-0(4) 81.8(4)
Y-0(3) 2.148(10)
Y-0(4) 2.157(11)  Cn(1)-Y(1)-O(3) 108.5
Li-O(u—OR) Cn(2)-Y(1)-0(3) 1131
Li(1)-0(3) 1.950(28) Cn(1)-Y(1)-O(4) 1126
Li(1)-0(4) 1.968(26) Cn(2)-Y(1)-O(4) 109.8
Li~-O(OR)
Li(1)-O(1) 2.069(28)
Li(1)-0(2) 2.014(25)
YeoLi 0O(3)-Li(1)-0(4) 92.0(12)
Y(1)-Li(1) 2.987(26)
Others
Cn-Y 2.458 Y(1)-0(3)-Li(1) 93.5(8)
C(CsRs)-Y (av) 2.74(4) Y(1)-0(4)-Li(1) 92.7(9)

4R = CMe;s, Cn = Cyclopentadienyl ring centroid.

monoanionicligand, M is an alkali metal, and L is a neutral
donor ligand.?® Although many complexes of this type
have been reported,?® 9 is the first crystallographically
characterized yttrium complex in which Z is a simple
alkoxide ligand. The bond distances and angles (Table
III) around the formally eight-coordinate yttrium center
and the four-coordinate lithium are quite normal when
compared to related species. Hence, the O(u-OR)—Y—
O(u-OR) angle of 81.8(4)° is in the range reported for
(CsMes)sLin(u-Z)sML; complexes, 82-87°,38 and the Y-O(u-
OR) distances, 2.157(11) and 2.148(10) A, are comparable
to the 2.19(2)-2.358(10)-A range found in yttrium tert-
butoxide complexes.’-” However, these parameters are
rather different from those of the symmetrical homome-
tallic alkoxide bridged dimers [(CsHsMe)oY (u-OCH==
CH,)1,% and [(CsHSiMes):Y (u-OCHg)12,3! which have
Ou-OR)—Y—O0O(u-OR’) angles of 73.1(1)-73.6° and
Y—O(u-OR’) distances of 2.217(3)-2.290(3) A. The
2.04(3)-A Li—O(THF) distance also differs from the
1.90(1)-1.93(3)-A distances found in (CsMes)sY (u-
Cl);Li(THF)g*® and [CsH3(SiMeg)2]sNd(u-CloLi(THF)o.40
These data are consistent with the larger size of OCMes
as a bridging ligand in [(CsR5)oLn(x-Z)]2 complexes and
their analogs.

The 2.74(4)-A average Y-C(CsHSiMes) distance is
equivalent within experimental error to the analogous
2.63(1)-2.67(1)-A distances in [(CsH,SiMes): Y (u-OCHj)1,
and [(C;HsSiMes)sY (u-C1)15.31 As in these last two
examples, the SiMe; groups in 9 are in a trans orientation.
The angle between the plane defined by Si(1), its ring
centroid, and yttrium and the plane defined by Si(2), its
ring centroid, and yttrium is 109.2°.

Reactions of LiCH,SiMe; with [(CsHMe)Y (-
OR)(OR)];,3,and [(CsH7)Y (u-OR)(OR)]2, 5. Reactions
of 3 and 5 with LiCH,SiMeg gave results similar to those
found for 2 and 4. In all of these reactions, hexane soluble
products were formed which had 'H NMR spectra which
lacked cyclopentadienyl resonances and contained reso-
nances for OCMe; and CH,SiMej ligands. Addition of
LiCH.SiMes to 2-5 apparently generates a highly reactive
system, since all of these reactions appear to be quite
sensitive to specific reaction conditions including which

(38) Evans, W. J.; Boyle, T. J.; Ziller, J. W. Inorg. Chem. 1992, 31,
1120-1122 and reference therein.

(39) Evans, W. J.; Dominguez, R.; Hanusa, T. P. Organometallics 1986,
5, 1291-1296.

(40) Lappert, M. F.; Singh, A.; Atwood, J. L.; Hunter, W. E. J. Chem.
Soc., Chem. Commun. 1981, 1191-1193,
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cyclopentadienyl complex is used as the precursor. Hence,
although the spectra of the cyclopentadienyl-free products
(e.g. “Y(OCMey)3.-(CH3SiMeg),”) generated from 2—4 are
similar, they are not identical.

Discussion

Implications in Yttrium tert-Butoxide Chemistry.
The reaction of cyclopentadienyl reagents with
Y3(OR);Clo(THF); to form the bimetallic complexes 1-5
is surprising in several respects in terms of yttrium tert-
butoxide chemistry. First,thesereactionsprovide another
example of a reaction system in which the previously
predominant trimetallic framework of yttrium tert-bu-
toxide complexes is dismantled. Evidently, the trimeth-
ylaluminum reaction reported earlier? is not the only case
in which the trimetallic yttrium tert-butoxide unit frag-
ments. Obviously, reagents much different in reactivity
from the Lewis acidic AlMe; can affect this fragmentation.
In both of these systems, the isolated yttrium products
contain the bridging and terminal tert-butoxide ligands
necessary for formation of trimetallic species, but further
oligomerization does not occur. These two reaction
systems show that generalizations regarding a specific
preferred polymetallic substructure cannot be made for
organometallic yttrium tert-butoxide systems with cur-
rently available data. Inaddition, the generalization that
halide is retained in yttrium tert-butoxide complexes3486.7
breaks down in both of these organometallic reaction
systems. Clearly, yttrium tert-butoxide complexes have
a more diverse chemistry than was indicated by initial
studies.

It is also surprising that the series of [(CsRs)Y(u-
OCMe;) (0CMej)]; bridged dimers which are generated
in these reactions are structurally analogous despite the
differences in the sizes of the cyclopentadienyl ligands.
There are relatively few examples in the yttrium and
lanthanide literature in which both CsHz and CsMe;s
ligands form complexes which are structurally analogous.
For example, (CsMes)3Sm4! differs from (CsH;):Sm(py)42
and [(CsHs)3sSm],,*# (CsMes)oClY (u-Cl) Y(CsMes),* dif-
fers from [(CsHsMe)sYb(u-Cl)]48 and {{CsH3(SiMeg)s]o-
Yb(u-Chis,47 [(CsMes)sMeLu(u-Me)Lu(Cs;Me;),® differs
from [(CsHg)oLin(u-Me)lz (Ln = Y, Yb),28 etc. The pair
(CsMes):LuCl{THF)* and (CsH;),LuCl(THF)® is one of
the rare examples in yttrium®! and lanthanide chemistry
in which crystallographically characterized CsMe; and
Cs;H;s complexes of analogous formula have the same
structure.

(41) Evans, W. J.; Gonzales, S. L.; Ziller, J. W.J. Am. Chem. Soc. 1991,
113, 7423-7424.

(42) Deacon, G. B.; Gatehouse, B. M.; Platts, S. N.; Wilkinson, D. L.
Aust. J. Chem. 1987, 40, 907-914.

(43) Wong, C.-H.; Lee, T.-Y.; Lee, Y.-T. Acta Crystallogr., Sect. B
1969, 25, 2580-2587.

(44) See also Stults, S. D.; Andersen, R. A.; Zalkin, A. Organometallics
1990, 9, 115-122.

(45) Evans, W. J.; Peterson, T. T.; Rausch, M. D.; Hunter, W. E.; Zhang,
H.; Atwood, J. L. Organometallics 1985, 4, 554-559.

(46) Baker, E. C.; Brown, L. D.; Raymond, K. N. Inorg. Chem. 1975,
14, 1376-1379.

(47) Lappert, M. F.; Singh, A.; Atwood, J. L.; Hunter, W. E. J. Chem.
Soc., Chem. Commun. 1981, 1190-1191.

(48) Watson, P. L.; Parshall, G. W. Acc. Chem. Res. 1985, 18, 51-56
and references therein,

(49) Gong, L.; Streitweiser, A.; Zalkin, A. J. Chem. Soc., Chem.
Commun. 1987, 460-461.

(50) Ni, C.; Zhang, Z.; Deng, D.; Qian, C. J. Organomet. Chem. 1986,
306, 209-214.

(51) An yttrium analog of (CsMes)o:LUCI(THF) is known: Evans, W.
J.; Grate, J. W.; Levan, K. R.; Bloom, L.; Peterson, T. T.; Doedens, R. J.;
Zhang, H.; Atwood, J. L. Inorg. Chem. 1986, 25, 3614-3619.
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Thesimilarity of 1,2, 4, and 5 suggests that the (RO)Y (u-
OR):Y(OR) inner core of these molecules may be quite
flexible in accommodating two additional anionic orga-
nometallic ligands when R is CMe;. The facile formation
of the bridged cyclopentadienyl tert-butoxide dimers and
the stability of the CsMe; complex 1 under forcing reaction
conditions suggests that these complexes are well balanced
sterically and electronically. The (RO)Y(u-OR);Y(OR)
core is also formally present in a fused form in the
trimetallic complexes such as Y3(OR);Clo(THF); and
Y3(OR)o(THF)2.3-7 Hence, this bimetallic moiety may be
the more fundamental structural unit in yttrium tert-
butoxide chemistry. Although the steric and electronic
stability limits of this [ Y2(OR)4]12* unit have not been fully
explored, it does appear from the reactions of LICH2SiMe;
that this unit does not readily form stable complexes with
monodentate alkyl anions of moderate size.

The visual similarity of 1, 2, 4 and 5 to bridged
bis(cyclopentadienyl) complexes of formula [(CsRs)s-
M(Z)15% (see above) is consistent with the idea that the
tert-butoxide group can be an acceptable substitute for
cyclopentadienide as a coligand in complexes of yttrium
and the lanthanides. The direct substitution of CsHs in
2 for OCMe; in 6 further supports the idea that tert-
butoxide and cyclopentadienide ligands can be isostruc-
turally interchanged in certain cases.

Structural Features. Each yttriumin i, 2, 4, and 5
is formally six-coordinate, which is the common coordi-
nation number in yttrium tert-butoxide complexes.’>7
Since there are twice as many tert-butoxide ligands as
cyclopentadienyl ligands in these complexes, it is reason-
able that the observed coordination number is typical of
tert-butoxide complexes rather than cyclopentadienylyt-
trium complexes which are typically eight-coordinate.52
Interestingly, in (CsHs)2Y (u-OCMes): Y (OCMe;)(C:Hs), 6,
both eight-coordinate and six-coordinate yttrium centers
arefound. To our knowledge, this is the first polymetallic
yttrium complex which has metals which differ in coor-
dination number by 2. The closest example is a complex
like (CsMe5):ClY (u-CD)Y(CsMes):#® which has yttrium
centers which differ by 1 in formal coordination number.

Complex 7 provides another example of the complicated
yttrium tert-butoxide structure which can result when
lithium is present. A previous example involved the
reaction of YCl; with 2 equiv of MOCMes:4 with M = Na,
Y;3(OR):Clo(THF), is cleanly formed in 80 % yield, but for
M = Li, {[Y4(OR)100Cl:] [Lis(OR)2l}e, which has a polylith-
ium component composed of two [Liy(OR);] units, is
obtained. The formation of (RO)2Sm(us-OR)2(u3-OR)4Li5
is another example of this phenomenon.?® The LisO4cube
in 7 is not a surprising arrangement when compared with
the large number of Li;O4 moieties which have been
crystallographically characterized.53:54

Complex 7 also constitutes another example of a
structure which contains the Y(OCMej3); unit ligated by

(52) Evans, W. J.; Foster, S. E. J. Organomet. Chem. 1992, 433, 79-94.

(63) Schumann, H.; Kociok-Kohn, G.; Dietrich, A.; Gorlitz, F. H. Z.
Naturforsch. 1991, 46B, 896-900.

(54) (a) Maetzke, T.; Seebach, D. Organometallics 1990, 9, 3032-3037.
(b) Schmidt-Bise, D.; Klingebiel, U. Chem. Ber. 1989, 122, 815-821. (c)
Williard, P. G.; Salvino, J. M. Tetrahedron Lett. 1985, 26, 3931-3934. (d)
Graalmann, O.; Klingebiel, U.; Clegg, W.; Haase, M.; Sheldrick, G. M.
Angew. Chem., Int. Ed. Engl. 1984, 23, 891-892. (e) Jastrzebski, J. T.
B.H,; Van Koten, G.; Christophersen, M. J. N.; Stam, C. H. J. Organomet.
Chem. 1985, 292, 319-324. (f) Seebach, D.; Amstutz, R.; Laube, T.;
Schweizer, W. B.; Dunitz, J. D. J. Am. Chem. Soc. 1985, 107, 5403-5409.
(g) Williard, P. G.; Tata, J. R.; Schlessinger, R. H.; Adams, A. D.; Iwanowicz,
E.J.J.Am.Chem. Soc. 1988, 110,7901-7908. (h) Gais, H.-J.; Dingerdissen,
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other metal-ligand groups. This has been previously seen
in (ROYTHF)Y[(u-OR)(u-Me)AlMeg]s and Y[(u-OR)(u-
Me)AlMe;ls® as well as in all of the trimetallic yttrium
tert-butoxide complexes, such as Y3(OR)g(THF),,5
Y3(OR)sCI(THF);,2 Y3(OR)7Clo(THF)5,¢ etc.87 Appar-
ently, the Y(OCMey); unit is not sufficiently sterically
saturated to exist on its own. This is a major difference
from (CsH;);Y(THF).535 Evensimplesolvated speciessuch
as Y(OCMejz)sLs analogous to the series Ln(OEPhy);-
(THF); (E = C, Si; Ln = La, Ce, Y)%57 and to Y[{OCMe-
(CF3)213(THF)5% have not beenisolated. The Y(OCMes);
unit clearly has a propensity to form polymetallic bridged
complexes with yttrium and other metals, a result which
is reasonable on the basis of its high electrophilicity and
limited steric saturation.

Reactivity. Initial reactivity studies on 1-5 suggest
that tert-butoxide coligand environments may provide
complexes which display new patterns of yttrium and
lanthanide chemistry alternative to cyclopentadienyl-
based chemistry. For example, as discussed above, alkyl-
lithium reagents typically react with the cyclopentadienyl
alkoxide complexes, (CsMes)Ln(OAr); (Ln = Ce, Y), in
pentane and toluene to substitute the alkoxide ligand
rather than a cyclopentadienyl ligand.2532 Since the
[(CsR5)Y (u-OCMe3)(OCMes) ]2 complexes have tert-bu-
toxide ligands in the terminal positions which are usually
reactive,?® similar reactivity was expected here. Further-
more, the aryloxide complexes Ln(OAr); (OAr =
0OCgH3But:-2,6; Ln = La, Ce) react with LiCsMes in toluene
to add a cyclopentadienyl unit, displace an alkoxide, and
form (CsMeg)Ln(OAr)s products.®® However, with the tert-
butoxide complexes, 2, 4, and 5, the opposite reaction, i.e.
loss of a cyclopentadienyl ligand, occurs in both pentane
and toluene (eqgs 6 and 7).

The removal of cyclopentadienyl ligands rather than
alkoxide ligands suggests that the (Me3CO) Y (u-OCMey)s-
Y(OCMe;) inner core may have some special stability
which may provide the basis for new yttrium reactivity.
Data further supporting this idea include the limited
reactivity of [(CsMes)Y(u-OCMes)(OCMes)], and the
structural similarity of 1, 2, 4, and 5. The opportunity for
new chemistry via these alkoxide ligands may be quite
broadly available: since tert-butoxide and cyclopentadi-
enyl ligands appear to be structurally equivalent coligands
with certain combinations of ligands, a wide range of tert-
butoxide complexes may be accessible.

The fact that a simple alkylalkoxide complex analogous
to [(CsRs)sLnR]e or (CsRs):LnR(THF) has not been
readily isolated is consistent with the idea that alkoxide
coligands may provide different types of reactivity to
yttrium. Analogous complexes such as [(RO);LnR]. and
(RO);LnR(THF) may be too sterically unsaturated to be
isolable and even an alkyl derivative of the inner alkoxide
core found in 1-5, i.e. R"(RO)Y(#-OR);Y(OR)R’ may be

U.; Kriiger, C.; Angermund, K. J. Am. Chem. Soc. 1987, 109, 3775-3776.
(i) Arnett, E. M.; Nichols, M. A.; McPhail, A. T. J. Am. Chem. Soc. 1990,
112,7069-7060. (j) Dippel, K.; Keweloh, N. K.; Jones, P. G.; Klingebiel,
U.; Schmidt, D. Z. Naturforsch. 1987, 42B, 1253-1254.

(55) Rogers, R. D.; Atwood, J. L.; Emad, A.; Sikora, D. J.; Rausch, M.
D. J. Organomet. Chem. 1981, 216, 383-392.

(56) Evans, W. J.; Golden, R. E,; Ziller, J. W. Inorg. Chem. 1991, 30,
4963-4968.

(57) McGeary, M. J.; Coan, P. S.; Folting, K.; Streib, W. E.; Caulton,
K. G. Inorg. Chem. 1991, 30, 1723-1735.

(58) Bradley, D. C.; Chudzynska, H.; Hammond, M. E,; Hursthouse,
M. B.; Motevalli, M.; Ruowen, W. Polyhedron 1992, 375-379.

(59) Heeres, H. J.; Teuben, J. H. Recl. Trav. Chim. Pays-Bas 1990,
109, 226~229.
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too sterically open to isolate. Since the low stability can
translate into high reactivity, this provides opportunities
for new reaction chemistry. The isolation of MeOCH2-
CH,0 ligands from the DME recrystallized complex 7 is
consistent with this high reactivity.

Formation of MeOCH2CHO moieties from DME has
been observed previously in systems containing silicon,80
tungsten,®.62 neodymium, and praseodymium®® and a
magnesium—mercury-silicon mixture,% butlittle is known
about the mechanisms of these reactions. Crystallographic
verification of a DME-derived MeOCH.CHO ligand has
been obtained for [Mgs(OC:H,OMe)s-:2DME][Hg-
(SiMeyPh););,84 and several examples of this ligand derived
from MeOCH,CHOH are now in the literature.® Un-
fortunately, the reaction which led to 7 is too complicated
to reveal the mechanistic origin of the MeOCH;CH,0
ligand.

(60) Wittenberg, D.; Aoki, D.; Gilman, H. J. Am. Chem. Soc. 1958, 80,
5933-5936.

(61) Britnell, D.; Drew, M. G. B.; Fowles, G. W. A.; Rice, D. A. Inorg.
Nucl. Chem. Lett. 19783, 9, 415-4117.

(62) Fowles, G. A. W.; Rice, D. A.; Shanton, K. J. J. Chem. Soc., Dalton
Trans. 1978, 1658-1661.

(63) Razuvaev, G. A.; Kalinina, G. S.; Fedorova, E. A. J. Organomet.
Chem. 1980, 190, 157-165.

(64) Sadurski, E. A.; Ilsley, W. H.; Thomas, R. D.; Glick, M. D.; Oliver,
J. P. J. Chem. Soc., Chem. Commun. 1978, 100, 7761-7762.

(65) An yttrium derivative of this ligand, [Y(OC;H,0Me)s);p, has been
prepared from the alcohol HOCH,CH;0CHs: Poncelet, O.; Hubert-
Pfalzgraf, L. G.; Daran, J.-C.; Astier, R. J. Chem. Soc., Chem. Commun.
1989, 1846-1848. Other examples of this ligand prepared from the alcohol
include: (a) Caulton, K. G.; Chisholm, M. H.; Drake, S. R.; Huffman, J.
C. J. Chem. Soc., Chem. Commun. 1990, 1498-1499. (b) Matchett, M.
A.; Chiang, M. Y.; Buhro, W. E. Inorg. Chem. 1990, 29, 358-360. (c)
Massiani, M.-C.; Papiernik, R.; Hubert-Pfalzgraf, L. G.; Daran, J.-C. J.
Chem. Soc., Chem. Commun. 1990, 301-302.

Organometallics, Vol. 12, No. 10, 1993 4009

Conclusion

Cyclopentadienyl reagents react with trimetallic yttrium
tert-butoxide complexes to generate a new series of halide-
free bimetallic mixed ligand complexes of formula
[(C5R5) Y(u-OCMe3)(OCMeg)]le. The similar structures of
the several examples which were crystallographically
characterized suggest that with the proper combination
of ligands, the (RO)Y(u-OR):Y(OR) core may be quite
flexible to external substitution. For R = CMeg, cyclo-
pentadienyl ligands are the preferred extra two ligands.
For other alkoxides a different set of external groups may
be preferred. The reactivity of the [(CsRs)Y (u-OCMej3)-
(OCMey)]; complexes with LiCH;SiMej suggests that the
tert-butoxide coligand will generate chemistry different
from that observed with the cyclopentadienyl-ligated
systems and that highly reactive complexes may be
accessible using a combination of alkyl and alkoxide ligands
in this way.
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