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from thermolysis of (CgHR),Y(CH,SiMeg)(THF) and
(CsH;),YbCH;3/LiCI(THF), and from the reaction of
LiOCH=CH, with [(CsH,R),LnCl], are the dimeric lan-
thanide enolates [(CsHR),Ln(u-OCH=CH,)],. With full
characterization of these enolates in hand, formation of
organolanthanide enolates in other systems should be
readily observable via the distinctive enolate 'H NMR
pattern. Enolate formation should be considered as a
possible competing side reaction when lanthanide alkyls
are used in THF under harsh conditions.
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The trichlorides of lanthanum and the lanthanides react with NaC;Me; or KCsMe; in tetrahydrofuran
in the presence of ether or dimethoxyethane (dme) with formation of bis(pentamethylcyclo-
pentadienyl)lanthanide halogen complexes of the types (CsMez),Lin(u-Cl);Na(Et;0), (Ln = Pr, Gd, Th,
Dy, Ho, Er, Tm, Yb, Lu), (CsMe;),Ln(u-Cl);Na(dme), (Ln = Pr, Gd, Tb, Dy, Ho, Er, Tm), and
(CsMeg),Ln(u-Cl),K(dme), (Ln = La, Ce). The reactions of these organolanthanide halide complexes with
CHgLi or Me;SiCH,Li in the presence of dme or N,N,N’,N’tetramethylethylenediamine (tmed) yield
(CsMeg)Lu(u-CHy),Li(THF),, (CsMe;s)oLn(u-CHg),Li{tmed) (In = La, Pr, Lu), and [Li(dme)]-
[(CsMez),Ln(CH,SiMeg),] (Ln = Pr, Lu), respectively. The new compounds have been characterized by
elemental analyses and IR and NMR spectra. The structure of (C;Me;)oPr(u-Cl);Na(dme),, which has
two slightly different independent molecules per asymmetric unit, has been elucidated through complete
X-ray analysis. The crystals are orthorhombic with a = 16.032 (11) A, b = 16.503 (6) A, ¢ = 25.084 (9)
A, space group P2;ca, D(calcd) = 1.372 g em™, and R = 0.0476, for 3240 observed reflections with I = 34(J).

Introduction

Organolanthanides of the type (C;H;);Ln have been
synthesized for all lanthanide metals and for the group
IIIB (3%!) metals scandium, yttrium, and lanthanum.
However, dicyclopentadienyllanthanide halides were until
recently only known for the heavier lanthanide metals.?
Using the pentamethylcyclopentadienyl group as a bulky,
substituted cyclopentadienyl ligand, Wayda and Evans?®
as well as Tilley and Andersen* succeeded for the first time
in preparing bis(pentamethylcyclopentadienyl) derivatives
of neodymium. Extensive investigations on this class of
compounds, including X-ray structural determinations,
have been carried out with some bis(pentamethylcyclo-
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pentadienyl)ytterbium halides>® as well as some scandi-
um,® yttrium,'>12 samarium,* and lutetium analogues.®'®
Only a few bis(pentamethylcyclopentadienyl)lanthanide
alkyl or aryl compounds are in the literature, e.g.,
(C5Me5)2ScCH3,1° (C5Me5)2SCCGH5,m (C5M85)2SCCH2'
CBH5,10 (C5M35)2YCH(SiMe3)2,12 (C5M65)2YCSH5,12
(CsMe5)2SmCSH5(T'HF),16 (C;,Me,;)2Yb(CH3)2Li(Et20)2,5
(C5Me5)2LuCH3,13'“ (C5MG5)2LUCGH5,13 (C5Me5)2Lu-
CH,SiMe,,'? and (CsMe;),Lu(CHy);PMe,.’> Only four of
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them, (CsMes)zscCHa,“’ (C;Mey),LuCH,,'" (CsMeg),Lu-
(CH,),PMe,,'® and (C;Me;),SmCgH;(THF),'® were char-
acterized by an X-ray structural analysis.

We have investigated the synthesis of the whole series
of bis(pentamethylcyclopentadienyl)lanthanide chlorides
and have succeeded in isolating and characterizing a
number of alkali-metal halide adducts of these compounds
including the La, Ce, and Pr derivatives. The synthesis
and characterization of some bis(pentamethylcyclo-
pentadienyl)lanthanide alkyl derivatives is also described.!®

Experimental Section

All reactions and preparations were performed by using Schlenk
tubes in an atmosphere of dried, oxygen-free argon. The solvents
used were dried and freed of oxygen by refluxing and keeping
over NaH or potassium and distilling under argon prior to use.
Anhydrous rare-earth chlorides were prepared from the pure
oxides (Auer-Remy, West Germany) by reaction with NH,C1.1¢
Tetramethylethylenediamine (tmed) was dried and freed of oxygen
by refluxing over KOH and followed by distillation under argon.
Pentamethylcyclopentadiene, CsMesH, was prepared according
to a method described by Burger, Delay, and Mazenod.® Melting
points were determined in sealed, argon-filled capillaries. Ele-
mental analyses were performed on a Perkin-Elmer CHN-Analyzer
240 C. Reasonably satisfactory analyses could be obtained by
using a special Schlenk tube and small aluminium cans for
weighing these extremely sensitive compounds, but not in all cases
because of their especially high sensitivity toward traces of
moisture and air of some compounds. Metal analyses were carried
out by complexometric titration against dithizone,?' chlorine by
titration with 0.1 N AgNO; solution, and lithium using a Per-
kin-Elmer 2380 atomic absorption spectrometer.

Infrared spectra were recorded as paraffin mulls between Csl
plates, using a Perkin-Elmer 560 B (200~4000 cm™) spectrometer.
Mass spectra were obtained on a Varian MAT 311 A. 'H NMR
spectra were obtained in sealed 5-mm tubes and *C NMR spectra
in sealed 10-mm tubes on a Bruker WP 80 SI instrument. We
thank M. Dettlaff for recording the spectra.

Sodium Pentamethylcyclopentadienide (NaC;Me;).
NaNHj, (50% in toluene) was washed three times with dry pentane
and dried in vacuo. A 250-mL Schlenk flask, furnished with a
pressure-equalized dropping funnel, was charged with 9.75 g (0.25
mol) of NaNH, suspended in 50 mL of dry THF. The suspension
was cooled to 0 °C. CzMe;H (27.2 g, 0.2 mol in 100 mL of dry
THF) was added dropwise over a period of 60 min. Gas evolution
was observed shortly after the addition was started. After all the
CsMegH was added, the reaction mixture was allowed to warm
to room temperature and stirred for another 60 min. For removal
of NH; from the solution, the reaction mixture was concentrated
to about 100 mL and THF (100 mL) was added. The suspension
then was filtered to remove unreacted NaNH,. The resulting clear
solution was cooled to -10 °C, and colorless crystals were obtained.
Recrystallization of the crude product from 100 mL of THF at
~10 °C yielded pure NaCsMe; in 70% yield relative to CsMegH.
NaCzMe; was dissolved in THF to obtain an approximately 1 M
solution. The exact concentration was determined by hydrolysis
of an exactly determined volume of this solution and subsequent
titration with 0.1 N HCI against methyl orange.

Potassium Pentamethylcyclopentadienide (KC;Me;g).
CsMegH (34 g, 0.25 mol) in 50 mL of dme was added to a sus-
pension of 9.75 g (0.25 mol) of chopped K with stirring. The
reaction mixture was refluxed for 6 h, and after being left standing
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for additional 12 h at room temperature, the clear solution was
decanted from the precipitated KC;Me;, which was washed twice
with dry pentane; yield 59.4 g (30%) KCsMes(dme).

Bis(diethyl ether)sodium Bis(pentamethyleyclo-
pentadienyl)dichloropraseadymate(III) (1). PrCl; (1.6 g, 6.3
mmol) was suspended in 50 mL of dry THF in a 100-mL Schlenk
flask equipped with a pressure-equalizing dropping funnel. The
magnetically stirred suspension was treated dropwise over 40 min
with 12.6 mmol of NaCzMe; (16.6 mL of a 0.76 M solution in THF)
at room temperature. During the addition the amount of solid
decreased and a cloudy greenish solution was obtained. After all
of the NaC;Me; was added, the mixture was stirred for another
4 h at room temperature. Subsequently the THF was stripped
in vacuo, and the residue was extracted with three 70-mL portions
of dry ether. The combined ether fractions were concentrated
to 80 mL and cooled to 10 °C. Greenish crystals of 1 could be
collected the next day in 42% yield (1.7 g). The compound
decomposed above room temperature, losing ether. Anal. Caled
for CosHg,Cl,NaPrO,: C, 51.46; H, 7.71. Found: C, 51.11; H, 6.81.

From the mother liquor some light green (Cg4Meg) Pr(u-
C1)oPr(Cs;Mej), could be collected; decomp pt 250 °C. Anal. Caled
for C,oHgCl,Prs: C, 53.75; H, 6.78. Found: C, 53.62; H, 7.43.

Bis(diethyl ether)sodium Bis(pentamethylcyclo-
pentadienyl)dichlorogadolinate(III) (2). This compound was
prepared from 4.19 g (15.9 mmol) of GdCl; in 30 mL of THF and
32 mmol of NaC;Me; (39 mL of a 0.815 M solution in THF) by
using the method described for 1. The colorless crystals of 2
decomposed at room temperature during drying in vacuo, losing
ether. Anal. Calcd for the ether-free product CyoH3Cl,GdNa:
C, 46.08; H, 5.80. Found: C, 46.65; H, 6.38.

Bis(diethyl ether)sodium Bis(pentamethylcyclo-
pentadienyl)dichloroterbate(III) (3). This compound was
prepared from 2.99 g (11.3 mmol) of ThCl; in 50 mL of THF and
23 mmol of NaCsMe; (27 mL of a 0.85 M solution in THF) by
using the method described for 1. The colorless crystals lose ether
above 50 °C. Anal. Caled for Cy3Hg,Cl,NaQ,Th: C, 50.08; H,
7.50; Cl, 10.56; T'b, 23.66. Found: C, 49.21; H, 7.21; Cl, 9.70; Tb,
24.83.

Bis(diethyl ether)sodium Bis(pentamethylcyclo-
pentadienyl)dichlorodysprosate(III) (4). This compound was
prepared from 2.89 g (10.756 mmol) of DyCl; in 50 mL of THF
and 22 mmol of NaCzMe; (28 mL of a 0.786 M solution in THF)
by using the method described for 1: yield 3.05 g (42%) of 4. The
colorless crystals lose ether above 50 °C. Mass spectrum: m/e
469 (Cp*,DyCl"), 434 (Cp*,Dy*), 334(Cp*DyCl1*). Anal. Caled
for CysHgoClL,DyO,: C, 49.82; H, 7.46. Found: C, 50.76; H, 7.19.

Bis(pentamethylcyclopentadienyl)holmium Chloride-
Tetrahydrofuran (5). This compound was prepared from 1.78
g (6.56 mmol) of HoCl; in 30 mL of THF and 13.1 mmol of
NaCzMe; (35.0 mL of a 0.375 M solution in THF) by using the
method described for 1. The light brown crystals decompose above
300 °C with evolution of THF. Mass spectrum: m/e 470
(Cp*HoCl*), 435(Cp*,Ho"), 335(Cp*HoCl*). Anal. Caled for
CqH3sClHoO: C, 53.09; H, 7.05; Cl, 6.53; Ho, 30.38. Found: C,
52.65; H, 7.13; Cl, 6.48; Ho, 29.89.

Bis(diethyl ether)sodium Bis(pentamethylcyclo-
pentadienyl)dichloroerbate(III) (6). This compound was
prepared from 2.00 g (7.31 mmo)) of ErCl; in 30 mL of THF and
15 mmol of NaC;Me; (50 mL of a 0.30 M solution in THF) by
using the method described for 1. The pink crystals lose ether
above 50 °C. Anal. Caled for CogHyCl,ErNaOy: C, 49.47; H, 7.41.
Found: C, 48.86; H, 7.26.

Bis(diethyl ether)sodium Bis(pentamethylcyclo-
pentadienyl)dichlorothulate(III) (7). This compound was
prepared from 3.62 g (13.2 mmol) of TmCl; in 30 mL of THF and
26.3 mmol of NaC;Me; (31 mL of a 0.85 M solution in THF) by
using the method described for 1. The green crystals decompose
above 50 °C, losing ether. Anal. Caled for Cy5HgoCl,NaQ,Tm:
C, 49.35; H, 7.39. Found: C, 49.47; H, 7.14.

Bis(diethyl ether)sodium Bis(pentamethylcyclo-
pentadienyl)dichloroytterbate(III) (8). This compound was
prepared from 1.57 g (5.62 mmol) of YbCl; in 30 mL of THF and
11.2 mmol of NaCsMe; (13.2 mL of a 0.85 M solution in THF)
by using the method described for 1. After addition of NaCzMe;
to the YbCl, suspension, a blue solution appears which later turned
to purple; yield 2.43 g (63%) of purple crystals of 8, which lose
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ether at 190 °C. The ether-free material decomposed at 270 °C.
Anal. Caled for Co3Hg,Cl,NaO,Yh: C, 49.04; H, 7.36; Cl, 10.34;
Na, 3.35; Yb, 25.24. Found: C, 48.77; H, 7.05; Cl, 10.18; Na, 3.34;
Yb, 25.55.

Bis(diethyl ether)sodium Bis(pentamethylcyclo-
pentadienyl)dichlorolutetate(IIT) (9). This compound was
prepared from 1.7 g (6.04 mmol) of LuCl; in 30 mL of THF and
12.1 mmol of NaCzMe; (14.2 mL of a 0.85 M solution in THF)
by using the method described for 1; yield 2.36 g (57%) colorless
crystals of 9, which lose ether at 65 °C. The ether-free material
decomposes at 360 °C. Anal. Caled for CoeHgyCl,LuNaOy: C,
48.91; H, 7.33; Cl, 10.31; Na, 3.34; Lu, 25.45, Found: C, 49.37;
H, 7.63; Cl, 10.55; Na, 2.89; Lu, 27.35.

Bis(dimethoxyethane-0,0)potassium Bis(pentamethyl-
cyclopentadienyl)dichlorolanthanate(IIT) (10). Solid
KC;Me;(dme) (13.2 g, 50 mmol) was added via a Schlenk tube
at room temperature to a slurry of 6.1 g (24.9 mmol) of LaCl; in
150 mL of THF. The mixture was stirred at room temperature
for several days until most of the solid material dissolved. Volatile
materials were removed in vacuo, and the residue was extracted
three times with 50 mL of dme each. After filtration the clear
solution was cooled to —20 °C. Colorless crystals were obtained
by decanting the solvent and carefully drying in vacuo; yield 2.61
g (15%) of colorless 10, which lose dme above 60 °C. Anal. Caled
for CogHgCLKLa0,: C, 48.07; H, 7.20. Found: C, 47.52; H, 6.59.

Bis(dimethoxyethane-0,0")potassium Bis(pentamethyl-
cyclopentadienyl)dichlorocerate(III) (11). This compound
was prepared from 3.77 g (15.3 mmol) of CeCl; in 100 mL of THF
and 8.17 g (30.9 mmol) of KC;Me;(dme) by using the method
described for 10. After 5 days of stirring at room temperature
and 2 days of refluxing, 1.50 g (14%) of yellow 11 was isolated.
Mass spectrum: m/e 445 (Cp*,CeCl"), 410 (Cp*,Ce*), 310
(Cp*CeCl*). Anal. Caled for CogHg,CeClLKO, C, 47.99; H, 7.19.
Found: C, 50.10; H, 7.05.

Bis(dimethoxyethane-0,0)sodium Bis(pentamethyl-
cyclopentadienyl)dichloropraseodymate(III) (12). This
compound was prepared like 1 from 2.34 g (9.5 mmol) of PrCl,
and 19.0 mmol of NaCsMe; (25 mL of a 0.76 M solution in THF).
Upon the addition of NaC;Me; to the PrCl; suspension, the
reaction mixture turned to green. The crystals are recrystallized
from dme; yield 3.1 g (47%) of light green crystals of 12, which
lose dme at 152 °C. Anal. Caled for CosHgyCloNaO,Pr: C, 49.06;
H, 7.35; C}, 10.34; Pr, 20.56. Found: C, 48.53; H, 7.52; Cl, 10.34;
Pr, 20.34.

Bis(dimethoxyethane-0,0)sodium Bis(pentamethyl-
cyclopentadienyl)dichlorogadolinate(III) (13). This com-
pound was prepared from 3.60 g (13.7 mmol) of GdCl; in 40 mL.
of THF and 28 mmol of NaC;Me; (36 mL of a 0.77 M solution
in THF) by using the method described for 12: yield 4.7 g (49%)
of colorless crystals of 13; decomp pt 50 °C. Mass spectrum: m/e
483 (Cp*,GdCl*), 428 (Cp*,Gd*), 328 (Cp*GdCl*). Anal. Caled.
for CygH5oCl,GANaO,: C, 47.94; H, 7.18. Found: C, 46.76; H,
7.25.

Bis(dimethoxyethane-O,0)sodium Bis(pentamethyl-
cyclopentadienyl)dichloroterbate(III) (14). This compound
was prepared from 1.28 g (4.76 mmol) of ThCl; in 40 mL of THF
and 10 mmol of NaCs;Me; (13 mL of a 0.77 M solution in THF)
by using the method described for 12: yield 2.16 g (64.5%) of
colorless crystals of 14; decomp pt 50 °C. Mass spectrum: m/e
464 (Cp*;TbCl™), 428 (Cp*,Tb*), 329 (Cp*TbCl*). Anal. Calcd
for CogHCl,NaO,Th: C, 47.80; H, 7.16; Cl, 10.08; Th, 22.59.
Found: C, 47.22; H, 7.38; Cl, 9.58; Tb, 22.40.

Bis(dimethoxyethane-0,0)sodium Bis(pentamethyl-
cyclopentadienyl)dichlorodysprosate(III) (15). This com-
pound was prepared from 2.89 g (10.75 mmol) of DyCl; in 100
mL of THF and 22 mmol of NaC;Mes (28 mL of a 0.77 M solution
in THF) by using the method described for 12: yield 3.27 g (43%)
of colorless crystals of 15; decomp pt 50 °C. Mass spectrum: m/e
469 (Cp*,DyCl"), 434 (Cp*,Dy*), 334 (Cp*DyCl*). Anal. Calcd
for CysH,Cl,DyNaO,: C, 47.56; H, 7.13; Cl, 10.03; Dy, 22.98.
Found: C, 47.23; H, 7.54; Cl, 9.56; Dy, 21.57.

Bis(dimethoxyethane-0,0)sodium Bis(pentamethyl-
cyclopentadienyl)dichloroholmate(III) (16). This compound
was prepared from 2.78 g (10.2 mmol) of HoCl; in 30 mL of THF
and 21 mmol of NaCsMe; (34 mL of a 0.61 M solution in THF)
by using the method described for 12: yield 2.91 g (40%) of
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brownish crystals of 16; decomp pt 50 °C. Mass spectrum; m/e
470 (Cp*,HoCl"), 435 (Cp*;Ho™"), 335 (Cp*HoCl*). Anal. Calcd
for CygH5,Cl,HoNaO,: C, 47.40; H, 7.10; Cl, 9.99; Ho, 23.25.
Found: C, 45.80; H, 7.15; Cl, 9.34; Ho, 22.37.

Bis(dimethoxyethane-O,0)sodium Bis(pentamethyl-
cyclopentadienyl)dichloroerbate(III) (17). This compound
was prepared from 2.2 g (8.0 mmol) of ErCl, in 50 mL THF and
14.6 mmol NaC;Me; (19 mL of a 0.77 M solution in THF) by using
the method described for 12: yield 2.35 g (41.3%) of pink crystals
of 17; decomp pt 50 °C. Mass spectrum: m/e 473 (Cp*,ErCl*),
436 (Cp*,Er*), 338 (Cp*ErCl*). Anal. Caled for CogHyCLErNaO,:
C, 47.25; H, 7.06; Cl, 9.96; Er, 23.49. Found: C, 46.24; H, 7.16;
Cl, 10.04; Er, 24.39.

Bis(dimethoxyethane-0,0)sodium Bis(pentamethyl-
cyclopentadienyl)dichlorothulate(IIT) (18). This compound
was prepared from 2.73 g (9.92 mmol) of TmCl in 50 mL of THF
and 20 mmol of NaCs;Me; (26 mL of a 0.77 M solution in THF)
by using the method described for 12: yield 5.17 g (73%) of
green-yellow crystals of 18; decomp pt 50 °C. Mass spectrum:
m/e 474 (Cp*,TmCl*), 438 (Cp*,Tm™), 339 (Cp*TmCl*). Anal.
Caled for CogHzCL,NaO,/Tm: C, 47.18; H, 7.06; Cl, 9.94; Tm, 23.68.
Found: C, 46.42; H, 7.12; Cl, 9.33; Tm, 22.89.

(N,N,N,N-Tetramethylethylenediamine)lithium Di-
methylbis(pentamethylcyclopentadienyl)lanthanate(III)
(19). A slurry of 5.49 g (20.8 mmol) of KC;Mes(dme) in 50 mL
of tetrahydrofuran was added at room temperature to a slurry
of 2.56 g (10.4 mmol) of LaCl; in 50 mL of tetrahydrofuran. The
mixture was stirred for 2 days and then cooled to ~78 °C. After
that, 1.37 mL (10.4 mmol) of tmed and 13.3 mL of a 1.57 M
solution of methyllithium in diethyl ether were added within 2
h. The solution was stirred at ~78 °C for 1 h and warmed to room
temperature. Volatile materials were removed, and the oily residue
was diluted in diethyl ether. After filtration the clear solution
was cooled to —20 °C overnight. Colorless crystals were obtained
the next day by decanting the solvent and carefully drying in
vacuo: vield 0.58 g (10%) of 19; decomp pt 40 °C. Anal. Calcd
for CoHspLiaLiNy: C, 59.78; H, 9.32; N, 4.98. Found: C, 56.94;
H, 9.57; N, 4.83.

(N,N,N,N-Tetramethylethylenediamine)lithium Di-
methylbis(pentamethylcyclopentadienyl) praseodymate(IIl)
(20). This compound was prepared from 1.97 g (7.96 mmol) of
PrCl;, 15.9 mmol of NaC;Me; (20.1 mL of a 0.76 M solution in
THF), 1 mL (8 mmol) of tmed, and 10.1 mL of an 1.57 M solution
of methyllithium in diethyl ether by using the method described
for 19. Greenish crystals of 20 were obtained: yield 1.756 g (39%);
decomp pt 125 °C. Anal. Caled for Cy3Hs,LiN,Pr: C, 59.57; H,
9.28; Li, 1.23. Found: C, 58.13; H, 9.86; Li, 1.04.

(N,N,N,N-Tetramethylethylenediamine)lithium Di-
methylbis(pentamethylcyclopentadienyl)lutetate(III) (21).
This compound was prepared from 1.36 g (4.83 mmol) of LuCl;,
9.66 mmol of NaCsMe; (14 mL of a 0.70 M solution in THF), 0.75
mL (5.0 mmol) of tmed, and 8.0 mL of an 1.2 M solution of
methyllithium in diethyl ether by using the method described
for 19. Colorless crystals of 21 were obtained; yield 1.79 g (62%).
Anal. Caled for CogHgLiLuNy: C, 56.18; H, 8.76; N, 4.68. Found:
C, 56.62; H, 9.12; N, 4.83.

Bis(tetrahydrofuran)lithium Dimethylbis(penta-
methylcyclopentadienyl)lutetate(III) (22). This compound
was prepared from 2.47 g (8.77 mmol) of LuCls, 17.5 mmol of
NaC;Me; (29 mL of a 0.61 M solution in THF), and 11.7 mL of
an 1.50 M solution of methyllithium in diethyl ether by using the
method described for 19 but without addition of tmed. Colorless
crystals of 22 were obtained: yield 3.7 g (68%); decomp pt 45
°C. Anal. Caled for C3)H5LiLuO,: C, 57.50; H, 8.36; Li, 1.11.
Found: C, 58.24; H, 8.92; Li, 1.01.

Tris(dimethoxyethane-0O,0")lithium Bis[(trimethyl-
silyl)methyl]bis(pentamethylcyclopentadienyl)praseody-
mate(III) (23). A 3.64-g (5.6-mmol) sample of 1 in 50 mL of
tetrahydrofuran was cooled to —78 °C, and a solution of 11.2 mmol
of [(trimethylsilyl)methyl]lithium (14.7 mL of a 0.765 M solution
in pentane) was added within 2 h. After one additional hour of
stirring the reaction mixture was warmed to room temperature;
volatile materials were removed, and the residue was extracted
with dme. After filtration the clear solution was cooled to —20
°C overnight. The precipitated green crystals were recrystallized
twice from dme, vielding 1.69 g (35%) of 23, which loses the solvent
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at 62 °C. The dme-free residue decomposes at 108 °C. Anal.
Caled for C,oHg,LiOgPrSiy: C, 55.66; H, 9.58; Li, 0.80; Pr, 16.33.
Found: C, 55.92; H, 9.72; Li, 0.84; Pr, 16.56.

Tris(dimethoxyethane-O,0)lithium Bis[(trimethyl-
silyl)methyl]bis(pentamethylcyclopentadienyl)lutetate(IXI)
(24). This compound was prepared from 1.74 g (6.20 mmol) of
LuCly, 12.4 mmol of NaCsMe; (16.5 mL of a 0.75 M solution in
THF), and 16.2 mL of a 0.765 M solution of [(trimethylsilyl)-
methyl]lithium in pentane by using the method described for 19
but without adding tmed. The resulting colorless compound was
recrystallized from dme, yielding 1.9 g (34%) of colorless 24;
decomp pt 98 °C. Anal. Caled for C,\Hg,LiLuOQgSiy C, 53.54;
H, 9.21; Li, 0.77. Found: C, 53.58; H, 9.58; Li, 0.74.

Crystal Structure of 12. Suitable crystals of 12 were obtained
through recrystallization from a dme solution. The crystals were
stored under dme. A small amount of this suspension was
transferred into a device similar to that reported by Veith and
Barninghausen.”? An irregular shaped crystal with an approx-
imate diameter of 0.25 mm was selected, glued with grease on top
of a glass fiber, and placed in the nitrogen beam of the diffrac-
tometer.

Initial investigations revealed the crystal system to be ortho-
rhombic. Cell dimensions were determined by least squares from
the +2 § and -26 values of 48 strong reflections centered with Mo
Ka, radiation (A = 0.70926 A) at 138 (2) K. All intensities 0—h,
0—k, 0—1 in the 26 range 1° < 26 < 44.4° were measured at 138
(2) K, applying 6-28 scans and Mo Ka radiation (A = 0.71069 A).
Three intensity check reflections were measured every 2 h of X-ray
exposure time. The maximum fluctuation for these reflections
was 1.7%. Corresponding corrections were applied to the raw
intensities. The crystal orientation was checked after each 200
intensity measurements by scanning three orientation check re-
flections. In case of an angular change greater than 0.1° an array
of 20 reflections was recentered and a new orientation matrix was
calculated.

The raw data were corrected for Lorentz and polarization effects
and converted into structure factors. No absorption correction
was made (4 = 15.68 cm™). From the systematic absent reflections
(hOL, I = 2n + 1; hk0, h = 2n + 1) the space group was determined
to be either P2,ca (nonstandard setting of Pca2;, no. 29) or Pmca
(nonstandard setting of Pbem, no. 57). Inspection of a three-
dimensional Patterson map revealed that P2,ca with two mole-
cules per asymmetric unit is the correct choice. The successful
refinement of the structure (no correlation between the two in-
dependent molecules per asymmetric unit was observed) con-
firmed the space group assignment.

The positional parameters for the two praseodymium atoms
were calculated from the Patterson map. A difference Fourier
map based on the metal atom phases revealed the positions of
all other non-hydrogen atoms in the asymmetric unit. The
positional parameters of these atoms were refined by full-matrix
least squares with anisotropic thermal parameters for Pr, Cl, Na,
and O and isotropic ones for all carbon atoms. Hydrogen positions
were calculated but not refined for the secondary carbon atoms
of the dme molecules (d(C-H) = 0.95 A)? and added to the
structure model with a constant isotropic temperature factor (U,
= 0.05 A%, Unit weights were used throughout the refinement.
A difference Fourier map based on the final structure model
shgv;'ed no strong peaks (maximum, 0.95 e/A% minimum -1.06
e/A3).

All calculations were performed with the use of the program
SHELX.# Atomic scattering factors for Pr and Na were taken
from the tabulations of Cromer and Waber,?® and anomalous
dispersion terms were from Cromer and Liberman?.

Additional data pertinent to the crystal structure determination
are summarized in Table I. Final atomic positional parameters
are listed in Table II. The atomic numbering scheme followed
in these listings is identified in Figure 5. Selected interatomic

(22) Veith, M.; Barninghausen, H. Acta. Crystallogr., Sect. B: Struct.
Crystallogr. Cryst. Chem. 1974, B30, 1808.

(23) Churchill, M. R. Inorg. Chem. 1978, 12, 1213.

(24) Sheldrick, G. M. SHELX-76 System of Programs, 1976.

(25) Cromer, D. T.; Mann, J. B. Acte Crystallogr., Sect. A: Cryst.
Phys., Diffr., Theor. Gen. Crystallogr. 1968, A24, 321,

(26) Cromer, D. T.; Liberman, D. J. Chem. Phys. 1970, 53, 1891.
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Table I. Crystal and Data Collection Parameters for
(CsMe;),Pr(u-Cl);Na(dme),®

formula CysHi,Cl,NaO,Pr
fw 685.51

space group? P2ca

a‘A 16.032 (11)

b, A 16.503 (6)

c, A 25.084 (9)

V, A3 6636.6

z 8

Peslods geCmM™ 1.372

u, cm™t 15.68

F(000) 2832
diffractometer Enraf-Nonius CAD-4
radiatn A, A Mo Ka, 0.71069
temp, K 138 (2)

scan technique 6-26

scan speed variable, max scan time 60 s
20 limits, deg 1<20<444

no. of collected data 4645

no. of unique data 4345

no. of obsd data 3240 (I > 3q(D)
R = T|\F,| - [Fdl/TIF 0.0476

Ry = [JullF,| - chliz/ZwlFolzll/z 0.0524

no. of parameters 392

¢ Estimated standard deviations of the last significant digit are
given in parentheses. >Based upon systematic absent reflections:
hOl, I = 2n + 1; hkO, h = 2n + 1. °Final lattice parameters were
obtained from a least-squares refinement of the +26 and -2 set-
tings of 48 reflections measured with Mo Ke; radiation (A =
0.70926 A).

distances and angles are listed in Tables III and IV, respectively.

Results and Discussion

Synthesis of Bis(pentamethylcyclopentadienyl)
Halide Derivatives of the Lanthanides. Lanthanide
trichlorides LnCl; react in tetrahydrofuran with penta-
methylcyclopentadienylsodium in the molar ratio 1:2 to
give the compounds (C;Me;),Lin(y-Cl);Na(L), with L =
diethyl ether (Et;0) or dimethoxyethane (dme). Attempts
to prepare the corresponding lanthanum and cerium com-
plexes in the same manner were unsuccessful. However,
by using pentamethylcyclopentadienylpotassium, it was
possible to synthesize also the complexes with Ln = La and

Ce (eq 1 and 2). ;
/% N\, A A
Ln\c NQ\L

v

THF, dme, E$50
LnCly + 2NaCgMes — o

1-9, 12-18
m
L =Et,0(1-9), dme(12-18)

Cl L
THF, dme, Et,0
LnCly + 2KCgMegldme) — v 2o ~ ( :L L

!
o N\

10, 11
(2)

Ln=Ce, L=dme(10), Ln=La, L =dme (11)

The sodium chloride complexes can be isolated with
diethyl ether (1-9) or dimethoxyethane (12-18) as stabi-
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Table I1. Final Positional Parameters for (CsMe;),Pr(u-Cl);Na(dme),®

molecule 1 molecule 2

atom x/a y/b z/c atom x/a y/b z/c
Pr1 0.50000° -0.00534 (6) 0.33668 (4) Pr2 0.44655 (7) 0.50006 (7) 0.08103 (3)
Cl1 0.3300 (5) -0.0058 (4) 0.3417 (2) CI3 0.6154 (5) 0.4787 (4) 0.0931 (2)
Cl2 0.5020 (5) -0.0267 (3) 0.4447 (2) Cl4 0.4343 (4) 0.5207 (3) 0.1887 (2)
Nal 0.3291 (6) -0.0227 (5) 0.4537 (3) Na2 0.6022 (6) 0.4959 (5) 0.2067 (3)
C1 0.4884 (17) 0.1404 (13) 0.2815 (9) C31 0.4410 (13) 0.3336 (10) 0.0933 (7)
C2 0.4749 (11) 0.1617 (10) 0.3366 (8) C3a2 0.4572 (13) 0.3465 (10) 0.0374 (7)
C3 0.5564 (13) 0.1513 (11) 0.3646 (8) C33 0.3826 (13) 0.3771 (11) 0.0169 (8)
C4 0.6130 (15) 0.1241 (12) 0.3264 (9) C34 0.3255 (15) 0.3863 (12) 0.0590 (9)
Cs 0.5771 (15) 0.1151 (13) 0.2760 (9) C35 0.3602 (13) 0.3594 (11) 0.1052 (8)
C6 0.4204 (17) 0.1429 (14) 0.2385 (10) C36 0.5104 (15) 0.2952 (11) 0.1315 (7)
c7 0.3967 (14) 0.1938 (12) 0.3596 (8) C37 0.5352 (13) 0.3196 (12) 0.0074 (8)
(of:} 0.5714 (16) 0.1746 (14) 0.4219 (10) Cas8 0.3649 (13) 0.3903 (12) ~0.0430 (8)
C9 0.7066 (16) 0.1122 (14) 0.3413 (10) C39 0.2325 (14) 0.4108 (12) 0.0546 (9)
C10 0.6224 (18) 0.1043 (15) 0.2215 (10) C40 0.3220 (15) 0.3487 (13) 0.1607 (9)
Ci1 0.4912 (14) ~-0.1720 (11) 0.3331 (8) C41 0.4624 (18) 0.6178 (13) 0.0033 (10)
Ci2 0.4673 (15) -0.1481 (14) 0.2812 (10) C42 0.5004 (18) 0.6509 (13) 0.0461 (9)
C13 0.5420 (15) -0.1131 (13) 0.2547 (9) C43 0.4291 (15) 0.6681 (12) 0.0828 (9)
Cl4 0.6116 (14) -0.1165 (12) 0.2915 (9) C44 0.3562 (14) 0.6399 (13) 0.0643 (10)
Ci1s 0.5814 (13) -0.1542 (11) 0.3393 (8) C45 0.3729 (15) 0.6109 (13) 0.0123 (9)
Ci6 0.4424 (16) -0.2158 (12) 0.3726 (8) C46 0.5095 (20) 0.5938 (186) -0.0488 (11)
C17 0.3845 (16) -0.1637 (14) 0.2569 (10) C47 0.5897 (21) 0.6777 (19) 0.0513 (14)
C18 0.5471 (18) —-0.0883 (15) 0.1963 (10) C48 0.4619 (22) 0.7137 (18) 0.1385 (12)
C19 0.7029 (17) -0.0958 (15) 0.2771 (10) C49 0.2672 (26) 0.6508 (23) 0.0874 (15)
C20 0.6368 (14) -0.1722 (13) 0.3880 (9) C50 0.3050 (22) 0.5901 (19) -0.0279 (13)
C21 0.2189 (15) -0.1882 (14) 0.4011 (9) C51 0.4927 (19) 0.3653 (18) 0.2884 (11)
01 0.2714 (10) -0.1557 (9) 0.4423 (6) 05 0.5696 (13) 0.3877 (10) 0.2673 (8)
C22 0.2538 (16) -0.1936 (12) 0.4923 (10) C52 0.8334 (24) 0.3334 (20) 0.2761 (14)
C23 0.3221 (18) -0.1762 (16) 0.5313 (11) C53 0.7173 (33) 0.3581 (30) 0.2591 (23)
02 0.3273 (11) -0.0904 (9) 0.5404 (6) 06 0.7186 (14) 0.4044 (14) 0.2144 (10)
C24 0.3869 (19) -0.0729 (16) 0.5798 (11) C54 0.7986 (20) 0.4196 (19) 0.1902 (12)
C25 0.4044 (22) 0.1446 (18) 0.5219 (12) C55 0.5541 (20) 0.5578 (17) 0.3362 (12)
03 0.3413 (12) 0.1127 (9) 0.4875 (8) 07 0.6030 (13) 0.5809 (9) 0.2909 (7)
C26 0.2569 (20) 0.1563 (17) 0.4846 (12) C56 0.5850 (17) 0.6599 (18) 0.2683 (12)
Cc27 0.2070 (27) 0.1195 (22) 0.4443 (16) C57 0.6510 (18) 0.6830 (16) 0.2390 (11)
04 0.1918 (13) 0.0430 (11) 0.4610 (9) 08 0.6654 (11) 0.6260 (9) 0.1933 (8)
Cc28 0.1277 (18) 0.0009 (18) 0.4318 (10) C58 0.7362 (18) 0.6444 (16) 0.1597 (11)

¢ Estimated standard deviations of the last significant digit are given in parentheses. ®The x axis is a polar axis in P2,ca. x/a for Prl was

fixed to 0.5 to define the origin of the used coordinate system.

lizing base for Na depending on the medium of recrys-
tallization (Table V). Compounds 1-9 lose diethyl ether
in some cases below room temperature, which turns the
crystalline material into a powder. However, crystals of
these compounds, obtained below 0 °C and dried very
carefully at this temperature in vacuo, show elemental
analyses, indicating a (C;Meg),L.uCl,Na(Et,0), formula.
Due to the facile loss of diethyl ether from some of the
crystalline derivatives, it was not possible to determine the
exact yield of the reactions leading to 2, 3, 5, 6, and 7. Also,
the elemental analyses for this derivatives are not satis-
factory for all elements.

The powders resulting from loss of diethyl ether at room
temperature are not completely ether-free. These mate-
rials are then stable up to about 200 °C. They show de-
composition points above 200 °C as cited for the stoi-
chiometrical (CsMeg),NdCl,Na(Et,0), or the correspond-
ing samarium or ytterbium complexes.* Isolation of
(CsMe;),HoCl,Na(Et,0), was not possible. The isolated
compound 5 is sodium-free. Microanalytical data and an
X-ray structural analysis?’ indicate a tetrahydrofuran
complex of bis(pentamethylcyclopentadienyl)holmium
chloride, (CsMe;),;HoCl(THF).

The dme complexes 1018 are much more stable toward
loss of solvent. Most of these compounds lose dme around
50 °C. Compound 12 decomposes at 152 °C to the dinu-
clear, dme-free chlorine-bridged complex (CsMe;),Pr(u-
Ch,Pr(C:Me;),, which can be isolated from the mother

(27) van der Helm, D.; Loebel, J.; Schumann, H., to be submitted for
publication.

(CSMeS)ZYb(u»CI).‘,Na(EIZO)2

[*OCHZ)

1Tx10® (1/K)

Figure 1. Paramagnetic shift of the 'H NMR signals of
(CsMes), Yb{u-Cl);Na(Et,0), (8) dependent on the temperature.

liquor during recrystallization of the diethyl ether complex
1

The potassium complexes 10 and 11 are obtained only
in very low yields. The cerium compound 11 is extremely
sensitive toward moisture and air. It decomposes slowly
at room temperature. The isolation of the pure crystalline
material is very difficult.

Synthesis of Bis(pentamethylcyclopentadienyl)
Alkyl Derivatives of the Lanthanides. LaCl,, PrCl,,
and LuClj react in tetrahydrofuran with (pentamethyl-
cyclopentadienyl)sodium or -potassium and methyllithium
in the presence of tetramethylethylenediamine (tmed) at
-78 °C with formation of bis(pentamethylcyclo-
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Table III. Selected Interatomic Distances (A) for
(CsMey),Pr(u-Cl);Na(dme),’
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Table IV. Selected Interatomic Angles (deg) for
(CsMe;),Pr(u-Cl);Na(dme),*

molecule 1 molecule 2 molecule 1 molecule 2
Prl..Nal? 4.025 (9) Pr2..Na2b 4,021 (8) Cpl-Pri-Cp2® 1349 (7) Cp3-Pr2-Cp4 1355 ()
Pri-Cl1 2.728 (8) Pr2-Cl3 2.747 (8) Cp1-Pri-Cl1 106.2 (5) Cp3-Pr2-Cl13 103.8 (5)
Pr1-Cl2 2.732 (5) Pr2-Cl4 2.728 (5) Cp1-Pr1-Cl2 108.3 (5) Cp3-Pr2-Cl4 106.0 (4)
Cl1..Cl2? 3.793 (9) Cl3.-Cl4b 3.829 (9) Cp2-Pr1-Cll 1052 (5) Cpd-Pr2-Cl3 1075 (6)
Pr1-Ci 2.78 (2) Pr2-C31 277 (2) Cp2-Pr1-Cl12 104.3 (5) Cp4-Pr2-Cl4 105.5 (5)
Pr1-C2 2.79 (2) Pr2-C32 2.77 (2) Cl1-Pr1-Cl2 88.0 (2) Cl3-Pr2—Cl4 88.7 (2)
Pri-C3 2.83 (2) Pr2-C33 2.78 (2) Pr1-Cl1-Nal 93.0 (3) Pr2-Cl3-Na2 91.4 (3)
Pri-C4 2.81 (2) Pr2-C34 2.76 (2) Pr1-Cl2-Nal 93.8 (3) Pr2-Cl4-Na2 94.2 (2)
Pr1-Cs 2.79 (2) Pr2-C35 2.77 (2) Cli-Na1-Cl2 85.2 (3) ClI3-Na2-Cl4 85.6 (3)
Pri-Ci11 2.76 (2) Pr2-C41 2.76 (2) Cl1-Na1-01 88.5 (5) Cl3-Na2-05 124.8 (6)
Pr1-Ci2 2.79 (2) Pr2-C42 2.78 (2) Cl1-Na1-02 158.5 (5) C13-Na2-06 87.8 (7)
Pr1-C13 2.80 (2) Pr2-C43 2.79 (2) Cl1-Na1-03 105.1 (6)  Cl3-Na2-07 151.7 (5)
Pri-Ci4 2.80 (2) Pr2-C44 2.76 (2) Cl1-Na1-04 92.0 (6) CI3-Na2-08 85.3 (5)
Pr1-C15 2.78 (2) Pr2-C4s 2.78 (2) Cl2-Na1-01 110.7 (5) Cl4-Na2-05 90.1 (6)
Pr1-Cp1¢ 2.52 (2) Pr2-Cp3¢ 2.50 (2) Cl2-Nal-02 94.2 (5) Cl4-Na2-086 149.5 (7)
Pr1-Cp2¢ 2.50 (2) Pr2-Cp4° 2.50 (2) Cl12-Na1-03 88.3 (5) Cl4-Na2-07 93.4 (6)
Nal-Cl1 2.822 (10) Na2-Cl3 2.872 (9) Cl2-Na2-04 155.2 (6) Cl4-Na2-08 104.8 (5)
Nal-Cl2 2.781 (12) Na2-Cl4 2.760 (11) 01-Na1-02 718 (6) 05-Na2-06 69.6 (8)
Nal-01 2.40 (2) Na2-05 2.40 (2) 01-Na1-03 157.8 (7) 05-Na2-07 83.4 (6)
Nal-02 2.45 (2) Na2-06 241 (2) 01-Nal-04 93.8 (6) 05-Na2-08 147.8 (7)
Nal-03 2.40 (2) Na2-07 2.54 (2) 02-Na1-03 96.4 (7) 06-Na2-07 106.0 (8)
Nal-04 2.46 (2) Na2-08 2.40 (2) 02-Nal-04 97.1 (7) 06-Na2-08 104.2 (8)

molecule 1 molecule 2 03-Nal-04 68.7(7) 07-Na2-08 67.6 (6)

molecule 1 molecule 2

C-C in the Cyclopentadieny]l Groups
range 1.39 (3)-1.49 (3) range 1.34 (3)-1.50 (4)
mean 1.45 (4) mean 1.41 (5)

C-CH; in the Cyclopentadienyl Groups
range 1.45 (3)-1.56 (3) range 1.50 (4)-1.87 (4)
mean 1.52 (4) mean 1.56 (5)

O-C in the dme Molecules
range 1.35 (4)-1.53 (4) range 1.36 (6)-1.50 (3)
mean 1.43 (5) mean 1.43 (5)

C-C in the dme Molecules (for Both Molecules)
range 1.34 (4)-1.50 (4)

¢Estimated standard deviations for the last significant digit are
given in parentheses. ®Nonbonded distances. ¢Cp denotes the
centroids of the cyclopentadienyl groups (C1-C5, Cpl; C11-C15,
Cp2; C31-C35, Cp3; C41-C45, Cp4d).

pentadienyl)lanthanide dimethyllithium complexes, which
are stabilized by tmed (eq 3 and 4).

THF, tmad, Et,0
LaCly + 2KCgMegldme) + 2LiCHy —gsc

\ /CH

+ LiCl + 2KCi (3)
X R

THF, N
LnCly + 2NaCsMes + 2LiCH; %ﬁ—

_CH
é H:>L(N j + LiCI + 2NaC! (4)

20 Lne*Pr
o Laslu

Range of C-C-C in the Cyclopentadienyl Groups
106 (2)-113 (2) 103 (2)-113 (2)

Range of C-C-CHj in the Cyclopentadienyl Groups
120 (2)-129 (2) 111 (2)-136 (2)

¢ Estimated standard deviations of the last significant digit are
given in parentheses. ®See footnote ¢ in Table III.

LuCl; reacts with NaCsMe; and CH,Li under the same
conditions but without tmed with formation of a meth-
yl-bridged lithium dimethylbis(pentamethylcyclo-
pentadienyl)-lutetium complex, but coordinated with two
molecules of tetrahydrofuran at the lithium atom (eq 5).

THF, Ety0
—7‘ .c

LuCly + 2NaCeMes + 2LiCH,

CHs
i T + LiCl + 2NaCl (5)

\CH -~ \D

22

Complexes 19, 20, and 21 are stable at room tempera-
ture. In 22 elemental analyses as well as NMR spectra
favor the presence of only two coordinated THF molecules,
in contrast to the earlier mentioned (CyMeg),Lu-
(CH,),Li(THF),.28

The reaction of PrCl; with NaC;Me; and LiCH,SiMe,
in the molar ratio 1:2:1 in THF did not yield a pure
product. But using pure 1 as the starting material, instead
of making a “one-pot reaction”, it was possible to prepare
the (trimethylsilyl)methyl-substituted praseodymium
complex 23 in resonable yield and purity as well as the
corresponding lutetium compound 24, which can also been
made by a simple “one-pot reaction” from LuCl;, NaC;Me;,
and LiCH,SiMe; in the presence of dme (eq 6).

(28) Watson, P. L. J. Am. Chem. Soc. 1982, 104, 337.
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THF, dme
~-78 °C

Cl
Ln\Cl/Lt(OEf2)2 + 2LiCH,SiMey

1
1

L _-CHySiMes

Litdme). " Ln + LiCl + NaCl (6)
3 N
CH,SiMes

23, Ln=Pr
24, Ln=Lu

Both solid compounds decompose at about 100 °C, 23
in solution at 40 °C with formation of tetramethylsilane.
A metallacycle, analogous to that found in the decompo-
sition of the neutral thorium complex (C;Me;),Th-
(CH,SiMe;),,? could not be identified in the remaining
decomposition products.

23 and 24 are cation-anion pairs with terminal
Me;SiCH,- groups bound to praseodymium or lutetium,
respectively. The NMR spectra of both compounds prove
the presence of three dme ligands and therefore this pre-
diction. The same cation-anion pair could be found in
{Li(dme)3}[(CsH;):Sm(SiMes),].°  The bulky (tri-
methylsilyl)methyl groups prevent bridging to the lithium
atom.

NMR Spectroscopy. The 'H NMR and *C NMR data
of the diamagnetic lanthanum and lutetium complexes as
well as some data of the paramagnetic complexes 1, 8, 12,
20, and 23 are given in Tables VI and VII. The dia-
magnetic derivatives 9, 10, 19, 21, 22, and 24 show in
THF-d; the expected 'H and '°C signals for the penta-
methyleyclopentadienyl groups, the alkyl groups, and the
Et,0, dme, tmed, and THF ligands.

The spectra of the paramagnetic compounds of the
lanthanides Pr and Yb show broadened signals, which are
temperature dependent. Tables VI and VII show the data
at room temperature. Figures 1-4 give the dependence of
the paramagnetic shifts of the 'H NMR signals of 8, 12,
20, and 23, respectively from the reciprocal absolute tem-
perature, which is linear following the Curie-Weiss law.

Molecular Structure of (C;Me;),Pr(u-Cl);Na(dme),
(12). Structural data for organometallic compounds of the
lighter lanthanides Ce to Nd are rare compared with the
data available for the heavier lanthanides Sm to Lu.
Praseodymium has the second largest ionic radius in the
series of the lanthanides (rp,"™ = 1.126 A%!), and its or-
ganometallic derivatives are only stable in high coordina-
tion numbers such as [(C;H;);Prl.., coordination number
10,%2 and (C;H;)sPrCNC¢H,;, coordination number 10,3
or when stabilized by very bulky ligands like in [{C;H;-
(SiMe,) o}, PrCl],, coordination number 8.34

(29) Bruno, J. W.; Marks, T. J.; Day, V. W. J. Organomet. Chem. 1983,
250, 237.

(30) Schumann, H.; Nickel, S.; Hahn, E.; Heeg, M. J. Organometallics
1985, 4, 800.

(31) Shannon, R. D. Acta Crystallog., Sect. A: Cryst. Phys., Diffr.,
Theor. Gen. Crystallogr. 1976, A32, 751.

(32) Hinrichs, W.; Melzer, D.; Rehwoldt, M.; Jahn, W_; Fischer, R. D.
J. Organomet. Chem. 1983, 251, 299.

(33) Burns, J. H.; Baldwin, W. J. Organomet. Chem. 1976, 120, 361.
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Figure 2, Paramagnetic shift of the 'H NMR signals of [Li-

(dme)3][(CsMe;),Pr(CH,SiMes),] (23) dependent on the tem-
perature.
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Figure 3, Paramagnetic shift of the 'H NMR signals of
(CsMeg)oPr(u-Cl),Na(dme), (12) dependent on the temperature.
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Figure 4. Paramagnetic shift of the 'H NMR signals of
(CsMes),Pr(u-CHy),Li(tmed) (20) dependent on the temperature.

Compound 12 is the first crystallographically charac-
terized sodium chloride adduct of a bis(pentamethyl-
cyclopentadienyl)lanthanide chloride and the first bis-
(pentamethylcyclopentadienyl)praseodymium derivative,
showing that lighter lanthanides also form stable com-
pounds with this ligand.

The crystal structure of 12 consists of discrete molecules
without short contacts. Although there are two crystal-
lographically independent molecules in the asymmetric
unit (Figure 5), they do not differ significantly in any
respect. Both molecules are comprised of a praseodymium
atom residing in the center of a distorted tetrahedron

(34) Lappert, M. F.; Singh, A.; Atwood, J. L..; Hunter, W. E. J. Chem.
Soc., Chem. Commun. 1981, 1190.
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Table V. Yields, Colors, and Decomposition Points for Compounds (C;Me;),Ln(u-Cl1);M(L),

Ln M L yield, % color decomp pt, °C
Pr Na Et,0 1 42 greenish 30
Gd Na Et,0 2 colorless 30
Tb Na Et,0 3 colorless 50
Dy Na Et,0 4 42 colorless 50
Er Na Et,0 6 pink 50
Tm Na Et,0 7 green 50
Yb Na Et,0 8 63 purple 190
Lu Na Et,0 9 57 colorless 65
La K dme 10 15 colorless 60
Ce K dme 11 14 yellow 30
Pr Na dme 12 47 light green 152
Gd Na dme 13 49 colorless 50
Th Na dme 14 64.5 colorless 50
Dy Na dme 15 43 colorless 50
Ho Na dme 16 40 brownish 50
Er Na dme 17 41.3 pink 50
Tm Na dme 18 73 green-yellow 50

Table VI. 'H NMR Spectral Data for Bis(pentamethylcyclopentadienyl) Halide and Alkyl Derivatives of the Lanthanides® in
THF-d; at 30 °C (Cp* = C;Me;)

compd 8(Cp*) §(H,) 8(H,) 6(Et,0/dme/tmed /THF)
Cp*;Pr(u-Cl);Na(Et,0), 1 9.50
Cp*;Yb(u-Cl);Na(Et,0), 8 3.65 1.19 (tr), 3.32 (q)
Cp*;Lu(u-Cl);Na(Et,0), 9 1.98 (s) 1.19 (tr), 3.48 (q)
Cp*;La(u-Cl),K(dme), 10 1.95 (s) 3.27, 3.42
Cp*,Pr(u-Cl);Na(dme), 12 8.70 2.82, 3.27
Cp*;La(u-CHj),Li(tmed) 19 1.97 (s) -1.43 (s) 2.25 (s), 2.40 (s)
Cp*,Pr(u-CHy),Li(tmed) 20 3.55 -30.3 2.16, 2.31
Cp*,Lu(u-CHy),Li(tmed) 21 1.93 (s) ~1.77 (s) 2.28 (s), 2.44 (s)
Cp*;Lu(u-CH;),Li(THF), 22 1.88 (s) -1.73 (s) 1.83 (m), 3.68 (m)
[Li(dme)3][Cp*,Pr(CH,SiMes),] 23 4.47 -31.6 -2.99 3.23, 3.46
[Li(dme)z]{Cp*,Lu(CH,SiMe;),) 24 1.88 (s) -1.86 (s) -0.11 (s) 3.26 (s), 3.42 (s)

¢ Chemical shifts are reported in ppm from Si(CHj),: s, singlet; tr, triplet; q, quartet; m, multiplet.

Table VII. 3C NMR Spectral Data for Bis(pentamethylcyclopentadienyl) Halide and Alkyl Derivatives of the Lanthanides®
in THF-d; at 30 °C (Cp* = C;Me;)

5(Et;0/ dme/
compd 5(C5(CHy);) 5(C5(CHy)y) 8(C 8(C,) tmed/THF)
Cp*gPl‘(u'Cl)gNa(Etgo)z 1 12.86 172, 61.6
Cp*;Yb(u-Cl);Na(Et,0), 8 -20.2, -23.1 -156.9, -189.5
Cp*,Lu(u-Cl),Na(Et,0), 9 11.88 116.63 15.41, 66.81
Cp*;La(u-C1),K (dme), 10 11.30 118.63 58.80, 72.70
Cp*,Pr(u-Cl);Na(dme), 12 11.7 58.80, 72.70
Cp*;La(u-CHy),Li(tmed) 19 11.11 115.91 25.83 45.88, 58.26
Cp*3Pr(u-CHy),Li(tmed) 20 ~-3.09 231.00 45.99, 58.33
Cp*sLu(u-CHj),Li(tmed) 21 12.10 111.20 22.20 46.00, 58.80
Cp*;Lu(u-CHy),Li(THF), 22 12.07 111.10 22.20 68.25, 15.62
[Li(dme))[Cp*,Pr(CH,SiMey),] 23 -5.97 180.55 20.23 58.94, 71.84
23% -9.98 211.40 23.2 58.93, 72.68
[Li(dme)s] [Cp*,Lu(CH,SiMes),] 24 12.76 112.39 25.87 6.27 58.79, 72.55

¢ Chemical shifts are reported in ppm from Si(CHj),. ?At -26 °C.

formed by the centroids of the five-membered rings and
the two uo-chlorine atoms. The sodium atoms sit in the
center of a distorted octahedron made up by two chlorine
atoms and four oxygen atoms of the two dme molecules.
Thus the coordination numbers for Pr and Na are 8 and
6, respectively. If 12 is recrystallized from diethyl ether
to yield 1, tetracoordination is observed for Na with only
two molecules of Et,0 coordinating to the sodium atom,
as indicated by elemental analyses. The tmed-stabilized
sodium chloride adducts of bis(pentamethylcyclo-
pentadienyl)ytterbium and samarium chloride are also
reported to crystallize with only one molecule of the bi-
dentate base tmed, thus having coordination number 4 for
the sodium atom.*

This average for the 20 Pr—C(5%) distances in 12, 2.78
(2) A, compares well with this value for [{C;H,-
(SiMe;),),PrCl],, 2.76 A 3 the only other crystallographi-
cally characterized bis(cyclopentadienyl)praseodymium

derivative. However, the Pr-Cl distances in 12 (2.728 (8)
and 2.732 (5) A) are significantly shorter than this distance
in the homometallic complex mentioned above (2.81 A34),
Similar behavior has been observed for ytterbium com-
plexes with a Yb(u-C1),Yb unit (d(Yb-Cl) = 2.628 (2) and
2.847 (2) A%) or a Yb(u-Cl),Li unit (d(Yb—Cl) = 2.596 (1)
and 2.594 (1) A%). The homometallic complexes have
longer Ln-Cl(br) distances since the halide bridges two
equally strong Lewis acids in these derivatives, whereas
in the alkali-metal halide adducts the halogen atom bridges
a trivalent and a monovalent Lewis acid with the stronger
interaction being observed for the Ln-halogen bond.
The geometry of the Ln(u-C1);M unit is also different
for M = lanthanide and M = alkali metal. In the di-
lanthanide complexes two large Cp,Ln units are to be

(35) Baker, E. C.; Brown, L. D.; Raymond, C. N. Inorg. Chem. 1975,
14, 1376.
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Figure 5. (a) Ortep drawing of the two independent molecules
of 12 with the employed numbering scheme. (b) View perpen-
dicular to the Pr(u-Cl),Na planes.

bridged, requiring a large Ln-Ln separation. This sepa-
ration is achived by means of large Ln-Cl-Ln angles and
small C1-Ln—-Cl angels. However, the distance between
the bridging ligands cannot be much smaller than their
contact distance, putting limits on the amount of the ex-

Schumann et al.

pansion of the Ln~Cl-Ln angle and the reduction of the
Cl-Ln—Cl angle. Due to these requirements and the rel-
ative small size of Y, (C;Me;),YCI does not crystallize as
a symmetrically bridged dimer but instead as (C;Me;),Y-
(u-C1)YCI(C;Me;)2.%¢  For the lanthanides a number of
symmetrically bridged Cp,Ln(u-Cl);LnCp, units are ob-
served, with Ln—-Cl-Ln angles of 97.95 (5)° (Ln = Yb%®)
and 102° (Ln = Pr®*) and Cl-Ln—Cl angles of 82.05 (5)°
(Ln = Yb®®) and 78° (Ln = Pr?),

In 12 as well as in (C;Me;5);Yb(u-Cl),Li(Et,0),¢ the co-
ordination polyhedron around the alkali metal is much
smaller than a Cp,Ln unit, allowing for a shorter Pr-Na
or Yb-Li separation than the Ln-Ln distance in the cor-
responding homometallic derivatives. This provides almost
square Ln(u-Cl);M units with all four angles closer to 90°.
As a result of this geometry the bridging ligands in the
alkali-metal halide adducts are stronger more exposed to
the action of bridge cleaving ligands, resulting in a greater
reactivity of the alkali-metal halide adducts relative to the
homometallic complexes. A good example for this en-
hanced reactivity is also found recently with the bis(cy-
clopentadienyl)lanthanide methyl derivatives.37-%°
(CsMe;),Lu(u-CHg)oLu(CsMeg), is fairly unreactive,
whereas (CsMes),Lu(u-CH;),Li(THF), reacts at -78 °C
with tert-butylmercaptan (t-C,;H,SH) to form
(CsMe;),Lu(u-8-t-C,Hy),Li(THF),.*
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