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Doubly [SiMe2]-bridged group IV metallocenes, rac-(Me2Si)2{η5-C5H-3-(CHMe2)-5-Me}2-
MCl2 (M ) Ti, Zr), have been synthesized, and a crystal structure of rac-(Me2Si)2{η5-C5H-
3-(CHMe2)-5-Me}2TiCl2 has been determined by X-ray diffraction methods. Racemate-meso
interchange occurs in benzene solution just above room temperature, affording an ap-
proximately 1:1 mixture of rac-(Me2Si)2{η5-C5H-3-(CHMe2)-5-Me}2TiCl2 and meso-(Me2Si)2-
{η5-C5H-3-(CHMe2)-5-Me}2TiCl2. Measurements of the kinetics of the approach to equilib-
rium reveal ∆Hq ) 18(1) kcal‚mol-1 and ∆Sq ) -7(2) eu. The corresponding zirconium
compound is configurationally stable.

Introduction

Ziegler-Natta catalysts based on group IV metal-
locenes and promoters such as methylaluminoxane
(MAO) are industrially attractive for R-olefin polymer-
ization, since they combine the attributes of high
activity and stereoselectivity with a single type of
catalytic site that produces a uniform polymer micro-
structure and molecular weight distribution.1 The
ligand geometry strongly influences the microstructure
of polymers produced by these types of catalysts: ste-
reorigid chiral, C2-symmetric singly bridged ansa-met-
allocenes produce isotactic polypropylenes,2 while achiral
catalysts have been employed to produce syndiotactic3

and atactic4 polypropylenes. Waymouth and co-workers
have reported that unbridged metallocene catalysts may

yield elastomeric atactic-isotactic stereoblock polypro-
pylene, presumably due to their ability to isomerize
between chiral (rac-like) and achiral (meso-like) coor-
dination geometries during chain growth.5

Doubly bridged group IV metallocene catalysts rep-
resent a new class of stereorigid metallocene catalysts
for stereospecific R-olefin polymerization.6 Our group
reported doubly [SiMe2]-linked, Cs-symmetric (Me2Si)2-
{η5-C5H2-4-CHMe2}{η5-C5H-3,5-(CHMe2)2}ZrCl2 and
MAO produce highly syndiotactic polypropylene (rrrr%
> 98.9).7 The corresponding titanium catalyst system
(Me2Si)2{η5-C5H2-4-CHMe2}{η5-C5H-3,5-(CHMe2)2}TiCl2/
MAO produces essentially atactic polypropylene.8

In this article we report the preparation and crystal
structure of doubly [SiMe2]-linked rac-(Me2Si)2{η5-C5H-
3-(CHMe2)-5-Me}2MCl2 (M ) Zr, Ti). For the titanium
complex we have discovered a very unusual racemate-
to-meso interconversion, the first example, so far as we
are aware, of a process that requires the metal to switch

(1) For recent reviews and leading references: (a) Brintzinger, H.
H.; Fischer, D.; Mülhaupt, R.; Rieger, B.; Waymouth, R. M. Angew.
Chem., Int. Ed. Engl. 1995, 34, 1143. (b) Ziegler Catalysts: Recent
Scientific Innovations and Technological Improvements; Fink, G.,
Mülhaupt, R., Brintzinger, H. H., Eds.; Springer-Verlag: Berlin, 1995.

(2) (a) Ewen, J. A. J. Am. Chem. Soc. 1984, 106, 6355-6364. (b)
Kaminsky, W.; Kulper, K.; Brintzinger, H. H.; Wild, F. R. W. P. Angew.
Chem., Int. Ed. Engl. 1985, 24, 507-508. (c) Ewen, J. A. Macromol.
Symp. 1995, 89, 181-196. (d) Spaleck, W.; Kuber, F.; Winter, A.;
Rohrmann, J.; Bachmann, B.; Antberg, M.; Dolle, V.; Paulus, E. F.
Organometallics 1994, 13, 954-963. (e) Stehling, U.; Diebold, J.; Roll,
W.; Brintzinger, H. H.; Jungling, S.; Mulhaupt, R.; Langhouser, F.
Organometallics 1994, 13, 964-970. (f) Miyake, S.; Okumura. K.;
Inazawa, S. Macromolecules 1995, 28, 3074-3079. (g) Giardello, M.
A.; Eisen, M. S.; Stern, C. L.; Marks, T. J. J. Am. Chem. Soc. 1993,
115, 3326-3327. (h) Resconi, L. Piemontesi, F.; Camurati, I.; Sudmie-
jer, O.; Nifant’ev, I. E.; Ivchenko, P. V.; Kuz’mina, L. G. J. Am. Chem.
Soc. 1998, 120, 2308-2321.

(3) (a) Ewen, J. A.; Jones, R. L.; Razavi, A.; Ferrara, J. D. J. Am.
Chem. Soc. 1988, 110, 6255-6256. (b) Ewen, J. A.; Elder, M. J.; Jones,
R. L.; Curtis, S.; Cheng, H. N. In Catlytic Olefin Polymerization; Keii,
T., Soga, K., Eds.; Elsevier: New York, 1990; pp 439-482. (c) Ewen,
J. A.; Elder, M. J.; Jones, R. L.; Haspeslagh, L.; Atwood, J. L.; Bott, S.
G.; Robinson, K. Makromol. Chem., Macromol. Symp. 1991, 48/49,
253-259.

(4) Resconi, L.; Jones, R. L.; Rheingold, A. I.; Yap, G. P. A.
Organometallics 1996, 15, 998-1005.

(5) (a) Coates, G. W.; Waymouth, R. M. Science 1995, 267, 217-
219. (b) Hauptman, E.; Waymouth, R. M.; Ziller, J. W. J. Am. Chem.
Soc. 1995, 117, 11586-11587. (c) Bruce, M. D.; Coates, G. W.;
Hauptman, E.; Waymouth, R. M.; Ziller, J. W. J. Am. Chem. Soc. 1997,
119, 11174-11182. (d) Maciejewski Petoff, J. L.; Bruce, M. D.;
Waymouth, R. M.; Masood, A.; Lal, T. K.; Quan, R. W.; Behrend S. J.
Organometallics 1997, 16, 5909-5916.

(6) (a) Mengel, W.; Diebold, J.; Troll, C.; Röll, W.; Brintzinger, H.
H. Organometallics 1993, 12, 1931-1935. (b) Weiss. K.; Neugebauer,
U.; Blau, S.; Lang, H. J. Organomet. Chem. 1996, 520, 171-179. (c)
Cavallo, L.; Corradini, P.; Guerra, G.; Resconi, L. Organometallics
1996, 15, 2254-2263.

(7) (a) Herzog, T. A.; Zubris, D. L.; Bercaw, J. E. J. Am. Chem. Soc.
1996, 118, 11988-11989. (b) Henling L. M.; Herzog. T. A.; Bercaw, J.
E. Acta Crystallogr., submitted.

(8) (a) Miyake, S.; Bercaw, J. E. J. Mol. Catal., in preparation. (b)
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coordination between the different faces of one of the
cyclopentadienyl ligands of a doubly linked ansa-met-
allocene.

Results and Discussion

Preparation of rac-(Me2Si)2{η5-C5H-3-(CHMe2)-
5-Me}2MCl2 (M ) Zr, Ti) and X-ray Crystal Struc-
ture of rac-(Me2Si)2{η5-C5H-3-(CHMe2)-5-Me}2TiCl2.
The dilithio salts of the doubly [SiMe2]-linked ligand
used in this study are prepared as shown in Scheme 1.

Thus, singly [SiMe2]-bridged bis(2-methyl-4-isopro-
pylcyclopentadiene) (2) is prepared by the reaction of
dimethyldichlorosilane with 2 equiv of lithium 1-iso-
propyl-3-methylcyclopentadienide (1). Conversion to
the dilithio salt by reaction with 2 equiv of n-butyl-
lithium in tetrahydrofuran and treatment with a second
equivalent of dimethyldichlorosilane at -78 °C yields
the doubly [SiMe2]-bridged bis(3-isopropyl-5-methylcy-
clopentadienes) (3), which are obtained after vacuum
distillation as mixture of isomers (racemate:meso ) ca.
1:1). Deprotonation of the mixture of rac- and meso-3
by 2 equiv of n-butyllithium in tetrahydrofuran leads
to THF-insoluble rac- 4; meso-4 remains in the filtrate.

Reaction of the dilithium salt rac-4 with ZrCl4 in
dichloromethane affords the zirconocene dichloride rac-5
in approximately 57% yield (eq 1).

The 1H NMR spectrum is in accord with the C2
symmetry of the compound; in particular, there are no
signals that may be attributed to the meso isomer (vide
infra), even after a week at room temperature, after
heating at 80 °C for 24 h, or after exposure to 6 h of
California sunlight.

The racemic ligand framework was introduced onto
titanium in a two-step, one-pot procedure. Dilithio

rac-4 and TiCl3(THF)3 were stirred overnight in toluene
at room temperature, then treated with 1 equiv of PbCl2
to oxidize the titanium(III) intermediate. Surprisingly,
the orange powder that was obtained after workup
proved to be a roughly 1:1 mixture of rac-6 and meso-
6, despite the fact that pure rac-4 was used (Scheme
2).

The molecular weight of this mixture, determined by
ebulliometry, indicated that both components are mon-
omeric, thus discounting the possibility that some type
of dimeric “flyover”9 titanocene dichloride is the meso
component.

The racemic component rac-6 was isolated by recrys-
tallization from toluene as bright red single crystals
suitable for X-ray crystal analysis, which confirmed the
monomeric nature of rac-6. ORTEP drawings with 50%
probability displacement ellipsoids showing the atom-
numbering scheme are shown in Figure 1. The double
[SiMe2]-linked bis(cyclopentadienyl) ligand constrains
the bent metallocene geometry such that, while the ring-
centroid-Ti-ring centroid angle θ of 128° is only
moderately less than unlinked or singly linked metal-
locenes (Table 3), the dihedral angle φ between cyclo-
pentadienyl planes (70°) is considerably greater. More-
over, the titanium-ring carbon distances in the back
of the wedge are considerably shorter than those to the
front ring carbons, as reflected by the relatively large

(9) (a) Stern, D., Sabat, M., Marks, T. J. J. Am. Chem. Soc. 1990,
112, 9558. (b) Coughlin, E. B.; Henling, L. M.; Bercaw, J. E. Inorg.
Chim. Acta 1996, 242, 205.

Scheme 1

Scheme 2

rac-(Me2Si)2(η5-C5H-3-(CHMe2)-5-Me2)-5-Me2MCl2 Organometallics, Vol. 17, No. 25, 1998 5529

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 N

ov
em

be
r 

11
, 1

99
8 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

98
05

05
m



value of ω, the angle between the ring centroid-Ti
vector and the normal to the cyclopentadienyl ring
plane. Comparing the values of θ, φ, and ω to other
titanocene dichlorides reveals that the two dimethylsi-
lylene bridges and four alkyl substituents on the two
cyclopentadienyl rings for rac-6 combine to produce the
widest angle of ring canting (φ) and the highest degree
of titanium atom encroachment into the wedge.

The isopropyl and methyl substituents on the cyclo-
pentadienyl rings are bent upward out of the plane of
the cyclopentadienyl ring and away from titanium by
7.4° and 5.5°, respectively. The bridging [SiMe2] groups
similarly are out of the cyclopentadienyl planes on the
opposite side by 19.1-18.0°.

Racemate-Meso Isomerization for rac-(Me2Si)2-
{η5-C5H-3-(CHMe2)-5-Me}2TiCl2 (rac-6). The obser-
vation of both rac-6 and meso-6 upon treatment of pure
rac-4 with titanium chloride suggested to us the pos-
sibility that racemate-meso interconversion is facile.
Indeed, a benzene solution of pure rac-6, which was
prepared from several single crystals obtained by re-
crystallization from toluene, equilibrates to a nearly 1:1
racemate:meso mixture within hours, even at room
temperature in the dark (Figure 2). The kinetics can
readily be monitored by 1H NMR in benzene-d6 solution.
This interconversion process obeys a first-order, two-
site equilibrium rate expression. The forward first-
order rate constants k1 and final equilibrium constants
K and their variations with temperature are sum-
marized in Table 4. A linear van’t Hoff dependence of
the equilibrium constant with 1/T reveals a very small
value for ∆H° ) 0.1 kcal‚mol-1, indicating that the
racemic and meso isomers have similar stabilities. An
Eyring plot yields ∆Hq ) 18 ( 1 kcal‚mol-1 and ∆Sq )
-7 ( 2 eu for the approach to equilibrium from the pure
racemate.

Table 1. Crystal and Intensity Collection Data for rac-(Me2Si)2{η5-C5H-3-(CHMe2)-5-Me}2TiCl2, rac-6
formula C22H34Cl2Si2Ti
fw 473.47
cryst color orange-red dichroic
habit block
cryst size 0.44 × 0.46 × 0.48 mm
pcalc ) 1.352 g cm-3

cryst syst monoclinic
space group C2/c (No. 15)
a 19.756(6) Å
b 12.555(2) Å
c 9.767(2) Å
â 106.28(3)°
V 2325.4(9) Å3

Z 4
lattice params 25 reflections, 22° e θ e 25°
µ 7.07 cm-1 (µrmax ) 0.28)
transmission coeff (ψ-scan) 0.98-1.03

CAD-4 diffractometer, graphite monochromator
ω scan
Mo KR, λ 0.7107 Å
2θ range 2-60°
h,k,l ranges -27 e h e 0, -17 e k e 17, -13 e l e 13
T 85 K
F000 1000
no. of reflns measured 7777
no. of ind reflns 3393
GOFmerge 1.22 for 3257 multiples
Rmerge 0.014 for 2961 duplicates
final R(Fo) 0.025 for 3088 reflns with Fo

2 > 3σ(Fo
2)

final R(Fo) 0.027 for 3320 reflns with Fo
2 > 0

final weighted R(Fo
2) 0.067 for 3393 reflns

final goodness of fit 2.18 for 191 params and 3393 reflns
(∆/σ)max in final least squares cycle 0.02
∆Fmax, ∆Fmin 0.47 e Å-3, -0.29 e Å-3 in final difference map

Figure 1. Molecular structure of rac-6 with selected
atoms labeled (50% probability ellipsoids; hydrogens omit-
ted for clarity).

Table 2. Selected Distances and Angles for
rac-(Me2Si)2{η5-C5H-3-(CHMe2)-5-Me}2TiCl2, rac-6a

distance (Å) angle (deg)

Ti-Cl 2.3168(3) Cp-Ti-Cpi 128.1
Ti-Cp 2.120 Cp-Ti-Cl 106.9
Ti-Cl 2.314(1) Cp-Ti-Cli 106.4
Ti-C2 2.301(1) Cp-Ti-Cli 98.28(1)
Ti-C3 2.513(1) C1-Si-C2i 90.79(5)
Ti-C4 2.569(1)
Ti-C5 2.510(1)
Si-C1 1.882(1)
Si-C2i 1.872(1)
a Symmetry code (i): x, y, 1/2 - z.
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Photoinduced racemate-meso interconversion of group
IV ansa-metallocene dichlorides has been reported.10

The mechanism of isomerization has been investigated
by several groups,11 and there is general agreement
that, at least for the titanocene complexes, photolysis
leads to homolytic cleavage of a Ti-(η5-cyclopentadienyl)
bond and recombination of the cyclopentadienyl radical
with the Ti(III) center. For ansa-metallocene deriva-
tives, rotation of the cyclopentadienyl radical about the
linking atom-Cp bond and recombination to the op-
posite face results in racemate-meso interconversion.

Related interconversions of chiral, C1-symmetric or-
ganolanthanide compounds have been reported by Marks
and co-workers.12 More recently, our group has found
that facile racemate-meso interconversions for ansa-
scandocene and ansa-yttrocene dichlorometalates and
allyl derivatives are promoted by various salts, espe-
cially in tetrahydrofuran solution, even at room tem-
perature; the isomerizations are not accelerated by
light.13 These processes are believed to involve metal-
cyclopentadienyl heterolysis, rotation, and recombina-
tion.

The observations that rac-6 undergoes equilibration
with meso-6 rapidly in hydrocarbon solvent in the dark
at ambient temperature was thus unexpected. Dis-
sociation of a cyclopentadienyl ligand, either homolyti-
cally or heterolytically, does not offer a plausible
pathway for flipping to the opposite face for doubly
linked ansa-metallocenes. We thus invoke an interme-
diate that arises from a reversible (simultaneous) 1,5-
silatropic shift accompanied by an η5- to Ti-C(sp2)
σ-bonded cyclopentadienyl rearrangement as shown in
Scheme 3. Given the measured rates and equilibria
(vida supra), we can estimate the isomerization reaction
energy profile shown.

We are not aware of precedents for either the pro-
posed intermediate or the unusual isomerization process
that requires a change in cyclopentadienyl face for a
doubly linked metallocene derivative.

Experimental Section

General Considerations. All operations were performed
under argon using Schlenk techniques. Tetrahydrofuran,
toluene, and petroleum ether, used in organometallic reactions
were all dried over sodium benzophenone ketyl. Dichlo-
romethane was dried over calcium hydride. 1H and 13C NMR
spectra were recorded on a Bruker AM500 (500.13 MHz)
spectrometer. 1-Isopropyl-3-methylcyclopentadiene was pre-
pared by modified literature methods.14

Preparation of New Compounds. (Me2Si)(C5H3-2-Me-
4-CHMe2)2 (2). To a solution of Me2SiCl2 (10.6 g, 82 mmol)

(10) (a) Wild, F. R. W. P.; Zsolnai, L.; Huttner, G.; Brintzinger, H.
H. J. Organomet. Chem. 1982, 232, 233-247. (b) Collins, S.; Hong, Y.;
Taylor, N. J. Organometallics 1990, 9, 2695-2703. (c) Rheingold, A.
L.; Robinson, N. P.; Whelan, J.; Bosnich, B. Organometallics 1992, 11,
1869-1876. (d) Kaminsky, W.; Schauwienold, A.-M.; Freidanck, F. J.
Mol. Catal. 1996, 112, 37-42. (e) Schmidt, K.; Reinmuth, A.; Rief, U.;
Diebold, J.; Brintzinger, H. H. Organometallics 1997, 16, 1724-1728.

(11) (a) Harrigan, R. W.; Hammond, G. S.; Gray, H. B. J. Organomet.
Chem. 1974, 81, 79-85. (b) Vitz, E. D.; Wagner, P. J.; Brubaker, C.
H., Jr. J. Organomet. Chem. 1976, 107, 301-306. (c) Tsai, Z.-T.;
Brubaker, C. H., Jr. J. Organomet. Chem. 1979, 166, 199-210. (d)
Brindley, P. B.; Davies, A. G.; Hawari, J. A.-A. J. Organomet. Chem.
1983, 250, 247-256.

(12) Giardello, M. A.; Conticello, V. P.; Brard, L.; Sabat, M.;
Rheingold, A. L.; Stern, C. L.; Marks, T. J. J. Am. Chem. Soc. 1994,
116, 10212-10240.

(13) Yoder, J. C.; Day, M. W.; Bercaw, J. E. Organometallics, in
press.

(14) Clark, T. J.; Killian, C. M.; Luthra, S.; Nile, T. A. J. Organomet.
Chem. 1993, 462, 247-257.

Table 3. Comparative Structural Data for Titanocene Dichloride Compounds

compound θ (deg) φ (deg) ω (deg) ref

(η5-C5H5)2TiCl2 130.7, 130.7 51.7, 51.3 2.1 17a
(η5-C5Me5)2TiCl2 137.5 44.6 2.3, 0.4 17b
{CH2(η5-C5H4)2}TiCl2 121.6 65.7, 62.9 2.1 17c
{CMe2(η5-C5H4)2}TiCl2 121.5 66.9 2.5, 2.5 17d
{C2H4(η5-C5H4)2}TiCl2 128.2 53.2 0.9 17c
{C3H6(η5-C5H4)2}TiCl2 133 46.4 0.4, 1.3 17e
{SiMe2(η5-C5H4)2}TiCl2 128.7 56.2 2.1 17f
{(C2H4)2(η5-C5H3)2}TiCl2 124.5 57.8 1.5, 1.2 17g
{(SiMe2)2(η5-C5H3)2}TiCl2 126.0 64.4 5.1, 5.2 17h
rac-6 128.1 69.7 8.9 this work

Figure 2. Equilibriation of pure rac-6 with meso-6 in
benzene-d6 at various temperatures.

Table 4. First-Order Rate Constants and
Equilibrium Constants for the Approach to

Equilibrium for
rac-(Me2Si)2{η5-C5H-3-(CHMe2)-5-Me}2TiCl2 (6)

T (°C) k1 (s-1) Keq

25 2.7 × 10-4 0.85
33 5.3 × 10-4 0.88
42 1.7 × 10-3 0.91
54 3.9 × 10-3 0.96

rac-(Me2Si)2(η5-C5H-3-(CHMe2)-5-Me2)-5-Me2MCl2 Organometallics, Vol. 17, No. 25, 1998 5531
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in THF (200 mL) was added dropwise a solution of lithium
1-isopropyl-3-methylcyclopentadienide in THF (164 mmol, 300
mL) at 0 °C, followed by stirring for 15 min. The mixture was
then gradually allowed to warm to room temperature. Water
and hexane were added to the reaction mixture. The organic
phase was dried over sodium sulfate and concentrated in
vacuo. Short-path distillation gave 21.5 g (87% yield) of (Me2-
Si)(C5H3-2-Me-4-CHMe2)2 (2), bp 115-117 °C (0.02 Torr).

(Me2Si)2(C5H2-3-Me-5-CHMe2)2 (3). A solution of 1.6 M
n-butyllithium (67.8 mmol, 42.4 mL) in hexane was added
dropwise to a solution of (Me2Si)(C5H3-2-Me-4-CHMe2)2 (2)
(10.2 g, 33.9 mmol) in THF (250 mL) at 0 °C. The mixture
was stirred at 0 °C for 30 min and then gradually allowed to
warm to room temperature, during which time a white
precipitate formed. Stirring was continued for 4 h. To this
suspension, Me2SiCl2 (4.4 g, 33.9 mmol) was vacuum trans-
ferred at -78 °C, and the reaction temperature was allowed
to rise to room temperature. After the reaction mixture was
stirred overnight, water was added, the water layer was
extracted with hexane, and the organic phase was dried over
sodium sulfate. Removal of solvent by evaporation followed
by vacuum distillation gave 11.2 g (93% yield) of a pale yellow
oil of 3, bp 137 °C (0.02 Torr).

rac-(Me2Si)2{C5H-3-(CHMe2)-5-Me}2Li2(THF)2 (rac-4).
To a medium-size frit assembly equipped with a 250 mL flask
were loaded 4.42 g (12.4 mmol) of (Me2Si)2(C5H2-3-Me-5-
CHMe2)2 (3) and 80 mL of THF. A 1.6 M solution of n-
butyllithium in hexane (24.8 mmol, 15.5 mL) was then added
dropwise to the solution at room temperature, and the reaction
mixture was stirred for 2 h, during which time a white
precipitate formed. This solid was filtered off, washed with
cold THF, and dried under vacuum, yielding 2.56 g (31.5%) of
analytically pure rac-4. From the filtrate, 3.06 g of meso-4
was recovered (37.1%). rac-4: 1H NMR (in THF-d8): δ 5.83
(s, 2H, CpH); 3.58 (THF); 3.11 (h, 2H,-CHMe2); 2.26 (s, 6H,
-CpMe); 1.73 (THF); 1.19 (d, 12H, -CHMe2); 0.31 (s, 12H,
SiMe2) ppm.

rac-(Me2Si)2{η5-C5H-3-(CHMe2)-5-Me}2ZrCl2 (rac-5). rac-
(Me2Si)2{C5H-3-(CHMe2)-5-Me}2Li2(THF)2 (rac-4) (2.5 g, 4.9
mmol) and ZrCl4 (1.1 g, 4.7 mmol) were placed in a medium-
size frit assembly equipped with a 250 mL flask. Dichlo-
romethane (70 mL) was vacuum transferred to the flask at
-78 °C, and the temperature was allowed to rise to room
temperature. After dichloromethane was removed under

vacuum, toluene (50 mL) was vacuum transferred onto the
residue. The resultant yellow-brown suspension was filtered,
and a clear toluene filtrate was obtained, which was concen-
trated, and sufficient petroleum ether was vacuum transferred
into it to induce a white precipitate to form. The product (1.51
g; 60% yield) was filtered off, washed with cold petroleum
ether, and then dried. The product was recrystallized from
toluene. Anal. Calcd for C22H34Cl2Si2Zr: C, 51.13; H, 6.63.
Found: C, 51.37; H, 6.76. 1H NMR (benzene-d6): δ 6.16 (s,
2H, CpH); δ 2.85 (h, 2H, -CHMe2); δ 2.21 (s, 6H, -CpMe); δ
1.35 (d, 6H, -CHMe2); δ 0.96 (d, 6H, -CHMe2); δ 0.56 (s, 6H,
SiMe2); δ 0.46 (s, 6H, SiMe2). 13C NMR (benzene-d6): δ 163.30,
150.94, 119.23, 111.21, 108.84 (Cp), δ 29.51, 28.75 (CHMe2),
δ 21.12 (Me), δ 17.55 (CHMe2), δ 5.50, 1.62 (SiMe2) ppm.

rac-(Me2Si)2{η5-C5H-3-(CHMe2)-5-Me}2TiCl2 (rac-6). In
the glovebox 2.7 g (5.27 mmol) of rac-(Me2Si)2{C5H-3-(CHMe2)-
5-Me}2Li2(THF)2 (rac-4) and 1.95 g (5.27 mmol) of TiCl3(THF)3

were combined in a medium swivel frit assembly. Then 75
mL of toluene was added by vacuum transfer at -78 °C, and
the light green reaction mixture was allowed to warm to room
temperature. After the mixture stirred overnight the color had
changed to black. Subsequently, 1.46 g (5.27 mmol) of PbCl2

was added to the toluene solution, and the reaction mixture
was stirred overnight at room temperature. The reddish
brown solution was filtered, and the solvent of the filtrate was
concentrated in vacuo to ca. 2 mL. After addition of petroleum
ether, 1.4 g of orange powder was obtained as a mixture of
racemate and meso titanocene dichlorides 6 (55% yield). The
product was recrystallized from toluene, and the rac-isomer
was separated as bright red crystals. rac-6: Anal. Calcd for
C22H34Cl2Si2Ti: C, 55.81; H, 7.24. Found: C, 55.99; H, 7.16.
1H NMR (benzene-d6): δ 6.46 (s, 2H, CpH); δ 2.75 (h, 2H,
-CHMe2); v2.22 (s, 6H, -CpMe); δ 1.40 (d, 6H, -CHMe2); δ
0.93 (d, 6H, -CHMe2); δ 0.52 (s, 6H, SiMe2); v0.35 (s, 6H,
SiMe2) ppm. meso-6: 1H NMR (benzene-d6): δ 6.44 (s, 2H,
CpH); δ 2.84 (h, 2H, -CHMe2); δ 2.17 (s, 6H, -CpMe); δ 1.41
(d, 6H, -CHMe2); δ 0.97 (d, 6H, -CHMe2); δ 0.60 (s, 3H,
SiMe2); δ 0.49 (s, 3H, SiMe2); δ 0.43 (s, 3H, SiMe2); δ 0.23 (s,
3H, SiMe2) ppm.

Isomerization of rac-(Me2Si)2{η5-C5H-3-(CHMe2)-5-
Me}2TiCl2 (rac-6). A 5 mm J. Young NMR tube was charged
in the glovebox with from 0.5 to about 2.0 mg of rac-(Me2Si)2-
{η5-C5H-3-(CHMe2)-5-Me}2TiCl2 (rac-6) from a batch of single
crystals. On the vacuum line, benzene-d6 was condensed in

Scheme 3
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vacuo into the tube at -78 °C. The sample was immediately
inserted into the thermostated probe of a Bruker AM500, and
an initial spectrum was recorded. The sample was then
allowed to approach equilibrium, and after 24 h a final
spectrum was recorded. The data were fit by linear least-
squares analysis to the rate expression for the approach to
equilibrium:

The plot of ln[(Xe - X0)/(Xe - X)], where X and Xe are the mole
fractions of rac-6 at time t and at equilibrium, respectively,
versus time, afforded k + k′ from the slope.

X-ray Structure Determination for rac-6. A fragment
cut from a red-orange dichroic columnar crystal under Para-
tone was centered on an Enraf-Nonius CAD-4 diffractometer
under a stream of cold nitrogen gas. A hemisphere of data
was collected. Table 1 summarizes the crystallographic data.
No decay correction was needed. Individual backgrounds were
replaced with a background function of 2θ derived from the
backgrounds of reflections with I < 3σ(I). Lorentz and
polarization factors were applied to each, and the multiples
were merged in point group 2/m with CRYM15 programs.

The structure was solved with SHELXS-86.16 The titanium
atom is on a crystallographic 2-fold axis parallel to the b axis,
which relates the two halves of the molecule by -x, y, 1/2-z.
All non-hydrogen atoms were refined anisotropically; hydrogen
atoms were refined isotropically. Refinement was full-matrix
least-squares using CRYM programs. Weights were calculated
as 1/σ2(Fo

2); variances (σ2(Fo
2)) were derived from counting

statistics plus an additional term, (0.014I)2; variances of the
merged data were obtained by propagation of error plus
another term, (90.014I)2. Crystallographic data have been
deposited at the CCDC, 12 Union Road, Cambridge CB2 1EZ,
U.K., and copies can be obtained on request, free of charge,
by quoting the publication citation.
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