4358 Organometallics2006, 25, 4358-4365

Monocyclopentadienyl Chloro Bisphenoxo
Ti(5°-CsH4SiMexCl)(g*>-MBMP)CI Derivative: Ti —ClI, Ti—0O, and
Si—CI Reactivity. Crystal Structure of
Ti(n°-CsH,4SiMes)(n>-MBMP)CI and
Ti(5>CsH4SiMez-p-MBMP)(CH ,Ph),

Marta Gonzéez-Maupoey and TohfgCuenca*

Departamento de Qmica Inorganica, Universidad de AlcdlaCampus Uniersitario,
28871 Alcalade Henares, Spain

Eberhardt Herdtweck

Lehrstuhl fur Anorganische Chemie, Technische kirsitad Minchen, Lichtenberstrasse 4,
D-85747 Garching bei Mochen, Germany

Receied April 28, 2006

The monocyclopentadieny}?-bisphenoxo chloro compound FftCsH4SiMes)(>-MBMP)CI (3),
containing the bidentate dianionjé-MBMP ligand coordinated to the titanium center, has been prepared
in good yield by reaction of 1 equiv of (IMBMP) with Ti(#°%-CsH,SiMes)Clz in hexane, at-78 °C.

The compound Tif>-CsH4SiMe;Cl)(7>-MBMP)CI (1) reacts with alkylating reagents MgCIR [R Me,
CH,Ph] or LiMe, in hexane or toluene, at low or room temperature, to afford the monocyclopentadienyl
n>-bisphenoxo derivatives Tjf-CsH,SiMeX)(7>-MBMP)R [R = Me, X = Cl (4); R= X = Me (5); R

= CH,Ph, X= CI (6); R = X = CH,Ph (7)] or theansamonocyclopentadienylphenoxo dibenzyl complex
Ti(15-CsH4SiMe-n-MBMP)(CH,Ph) (8), depending on the reaction conditiommsaMonocyclopen-
tadienylphenoxo dialkyl complexes FftCsH4SiMe-n-MBMP)R; [R = CH,Ph @), Me (9)] can be
alternatively synthesized by treatment of ;PHCsH4SiMe--MBMP)CI, (2) with 2 equiv of MgCl-
(CH,Ph) or MgCIMe. Compound3 and8 have been characterized by single-crystal X-ray crystallography.
Upon addition of methylaluminoxane, these bisphenoxo complexes are active in the polymerization of
ethylene and styrene.

Introduction

Alkoxo (or aryloxo) ligands stabilize early transition metal
elements in high oxidation stat&s} and the resulting derivatives

Examples of aryloxo ligands include chelate alk&Xdand
phenoxo molecules of the type 22-bis(4-methyl-6tert-
butylphenoxo) (X= CH,,1> CH,CH,,16-18 S19Te29), which can
act as dianionic ligands coordinated to group 4 transition metals.

are used as catalysts in a wide range of homogeneous reactionsAs part of our investigations aimed at elucidating the effect of

Alkyl —alkoxo (or alkyl-aryloxo) derivatives of group 4 transi-
tion metals are highly sensitive to air moisture and to light,
making their synthesis very difficuttTitanium and zirconium
alkoxo (or aryloxo) derivatives, combined with methylalumi-

noxane or boron reagents, as cocatalysts, exhibit high activity

as catalysts im-olefin polymerization processés!?
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Ti(°-CsH4SiMeCl) (72-MBMP)CI Derivative

2,2-methylene-bis(4-methyl-&rt-butylphenoxo) (MBMP) com-
bined with the cyclopentadienyl rirf§.Related monocyclopen-
tadienyl titanium derivatives of the type Ti@QpL's—n (Cp =
substituted or unsubstituted cyclopentadienyl ring; L,=£
anionic donor ligandg§ have shown remarkable catalytic
activities when used as catalysts foolefin polymerization
reactiong?®-31

Here we report the reactions of H¥CsH,SiMeCl)(?-
MBMP)CI with alkylating reagents to afford monocyclopenta-
dienyl n?-bisphenoxo Ti§°-CsH4SiMe,Cl)(7>-MBMP)R and
Ti(55-CsH4SiMeR)(7-MBMP)R derivatives oransamono-
cyclopentadienylphenoxo dialkyl Tj¢-CsH,SiMe-n1-MBMP)-

R, complexes depending on the reaction conditions and their

catalytic application irx-olefin polymerization. The reactivity
studies reveal that the FiCl, Si—Cl, and Ti—O bonds exhibit

different chemical behavior depending on the temperature,
solvent, and alkylating reagent used. The complexes obtained
have been characterized by analytical and spectroscopic meth-

ods, and the X-ray molecular structures of;PiCsH4SiMes)-
(7*>-MBMP)CI and Ti@7>-CsH4SiMe-n-MBMP)(CH,Ph), com-
plexes have been determined by diffraction methods.

Linked cyclopentadienylamido complexes of titanium and

zirconium have attracted recent interest, as they provide an

important class of compounds with applications as polymeri-
zation catalyst8? The well-knowr§3—36 cyclopentadienyl mono-
amidd23738or bis-amid@® derivatives are precatalyst examples
containing only a single metahalo or metat-alkyl bond and
are of potential interest in the context of single-site olefin
polymerization catalysis. Nevertheless, a few linked
cyclopentadienylpheno%®4%42 and indenylphenoX8 com-
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plexes of these metals have been reported. The synthesis

and characterization of new derivatives of formula
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Ti(y>-CsHsSiMe-p-MBMP)R,  represents a  significant

contribution to the dearth of this type of complex described in
the literature.

Results and Discussion

Synthesis of Complexesln a previous papét we reported
the addition of 1 equiv of LIMBMP) to Ti(75-CsH4SiMe,Cl)-
Clz in hexane, at low temperature, to give the monocyclopen-
tadienyln?-MBMP derivative Tig;>-CsH4SiMexCl)(17>-MBMP)-
Cl (1), while the reaction of Tif®>-CsHsSiMe,CI)Cls with
MBMPH; in the presence of NEin 1:1:2 molar ratio in hexane,
at —78 °C, produces a mixture of and the cyclopentadi-
enylphenoxo complex Tif-CsHsSiMex-n-MBMP)Cl, (2).
Complex 2 can also be obtained, as an analytically pure
substance, by reaction of AMBMP) with Ti(7°-CsH,SiMe;-
CICl; in polar solvents (THF), at low temperature, after
recrystallization, as a compound less soluble in hexane than
(Scheme 1).

Following the detailed procedure reported fpraddition of
1 equiv of Lk(MBMP) to Ti(75-CsH4SiMes)Cls in hexane at
—78 °C affords the monocyclopentadienyl chloro bisphenoxo
compound Tif5-CsH4SiMes)(72-MBMP)CI (3) containing the
bidentate dianionig?-MBMP ligand coordinated to the titanium
center, isolated as a red product in 88% yield (Scheme 2).

Complex1 offers the opportunity to study and compare the
different reactivity of the two types of chloro atoms (1Tl
and Si-Cl) contained in the compound, with alkylating reagents.
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research group in the study of complexes bearing the chlo-

(0]

rodimethylsilyl-cyclopentadienyl ligané}#%indicating that in
compoundl and related derivatives the FCI bond reacts
selectively toward the SiCl in the presence of alkylating
reagents.

Similarly, the addition of 1 equiv of MgCI(CPh) to a
solution of1 in hexane or toluene at low temperature/@ °C)
selectively results in the alkylation of the FCl bond with
formation of the chlorodimethylsilytcyclopentadienyl monoben-
zyl bisphenoxo comples in 65% vyield, which further reacts
with 1 equiv of MgCI(CHPh) in either hexane or toluene to
give the benzyldimethylsilytcyclopentadienyl derivativé in
58% yield. The remaining SiCl has been alkylated, and the
bisphenoxo ligand maintains thl-coordination to the titanium
center (Scheme 4). Derivativiecan also be obtained as a pure
substance, by addition of 2 equiv of MgCI(@Ph) to a solution
of 1 in hexane at-78 °C. The same result is obtained when

now adopting a bridge disposition between the titanium and
silicon atoms (Scheme 4). It is noteworthy that complex
dissolved in toluene (room temperature-e¥8 °C) does not
evolve into complex8 even after several days, suggesting that
the reorganization of the bisphenoxo ligand must occur during
the alkylating reaction in toluene in the presence of 2 equiv of
MgCI(CH,Ph) and does not proceed after the-Bénzyl bond
is formed.

The reaction oR with 2 equiv of MgCIR (R= Me, CH,Ph),
in hexane or toluene and independent of the reaction temperature
conditions, gives theansacyclopentadienylphenoxo dialkyl
derivatives 8 (72% vyield) and9 (65% yield), respectively
(Scheme 5). In contrast to compl& compoundd cannot be
prepared by reaction of complet with the appropriate
alkylating reagent in any reaction conditions.

On the basis of these results, we propose that the addition of

this reaction is carried out in hexane at room temperature. 2 equiv of MgCI(CHPh) all at once to a solution of the

However, the addition of 2 equiv of MgCI(GRh) to a solution
of 1in toluene (room temperature o178 °C) leads to theansa
cyclopentadienylphenoxo dibenzyl derivat®endicating that

structural reorganization of the bisphenoxo ligand has occurred, Ti

(44) Ciruelos, S.; Cuenca, T.;"8®z-Sal, P.; Manzanero, A.; Royo, P.
Organometallics1995 14, 177—185.

(45) Ciruelo, G.; Cuenca, T.; Gwez, R.; Gmez-Sal, P.; Martin, A,;
Rodfguez, G.; Royo, PJ. Organomet. Chenl997, 547, 287—296.

chlorodimethylsilyl-cyclopentadienyl,2-bisphenoxo chloro
titanium complext in a polar solvents (THF or toluene) allows
the interaction of this alkylating reagent with the—1Gl and
—O bonds, leaving the SiCl bond unaltered, with the
formation of the intermediate speci@s(Scheme 6). After the
alkylation reactions of both HCl and TiO bonds are
complete, the elimination of Mggland the unit “~OMgClI”
produces the intermediate speci&sThe previously chelating
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nature of the bisphenoxo ligand favors the presence in thethe 3C{'H} NMR spectra (gDs, room temperature). Alkyl

surroundings of the unit*OMgCI”, which can approach and
interact with the remaining SiCl bond. This interaction forms
the intermediate specid&3, allowing the alkylation of the Si

Cl bond to afford the final produ&with elimination of MgCp.

The formation of the new SiO bond should be favored in polar
solvents due to the ionic nature of the oxygenagnesium
interaction, which could explain the structural reorganization
in the synthesis oB when toluene is used as solvent in the
reaction. Similarly, the formation of compoui2ds favored in
THF solvent?! When the reaction is carried out by progressive
addition of MgCI(CHPh) in a polar or nonpolar solvent, the
first equivalent of alkylating reagent selectively produces the
alkylation of the Ti~CI bond with formation of the chlorodim-
ethylsilyl—cyclopentadienyl monobenzyl bisphenoxo derivative
6. The presence of the titaniuralkyl bond modifies the
electronic properties of the titanium center in this compound
compared with the analogous situation in the corresponding
chloro compoundL. Subsequently, the addition of the second
equivalent of MgCI(CHPh) selectively proceeds with the
alkylation of the Si-Cl bond, leaving the 7O bond unreacted
and generating compleX. Nevertheless, for the methylation

substituents in the silicon atom show the same patterns of signals
shifted upfield with respect to the resonances assigned to the
titanium—alkyl groups.

The NMR spectra (6Ds and CDC}, room temperature) for
complexes8 and 9 show more complicated patterns of reso-
nances for the MBMP fragment. The two phenyl rings of the
bisphenoxo ligand are not equivalent, giving two signals for
the tert-butyl groups and two singlets for the two methyl
substituents on the phenyl rings. Four resonances for the protons
on the phenyl rings are also observed, while the protons of the
methylene bridge appear as a broad signal. The cyclopentadienyl
protons display an ABB' spin system, and only one singlet
is observed for the equivalent methyl groups bonded to the
silicon atom. The same spectroscopic features can also be
deduced from thé&*C{1H} NMR data (GDe, room temperature).
These spectroscopic data support the presence of a mirror plane
in the molecular structure containing the titanium center, the
methylene bridge carbon, and the silicon atom, bisecting the
RTIR and MeSiMe angles and dividing the cyclopentadienyl
ring into two equivalent fragments. As discussed in the next
paragraph, the structure symmetry in the solid state of complexes

reaction, the observed results suggest a higher stability for the8 and9 contrasts with theCs symmetry observed in solution at

Ti—O bonds of the bisphenoxo ligand with respect to the Ti
Cl and S+Cl bond in any reaction conditions, preventing
reorganization of the bisphenoxo group and indicating that the
reactivity of the chlorodimethylsilytcyclopentadienyl#?-
bisphenoxo chloro titanium compléxs also dependent on the
nature of the alkylating reagent.

Compounds3—7 are soluble in chlorinated solvents (chlo-

roform and dichloromethane) and aromatic (benzene, toluene)

and aliphatic hydrocarbons (pentane and hexane). Con®lex

remains air-stable for some weeks in the solid state, but the

alkyl derivatives are more readily hydrolyzed, although they

can be stored for months under an inert atmosphere without

decomposition. Complexe8 and 9 are partially soluble in
toluene and chlorinated solvents (chloroform and dichlo-
romethane) but insoluble in hexane, and they exhibit higher
stability than alkyl complexed—7. All of these compounds

were characterized by elemental analysis and NMR spectros-

copy. The analytical composition exactly fits the proposed
formulation. The molecular structures 8fand 8 were deter-
mined by X-ray diffraction methods.

The NMR spectra (§Ds and CDC}, room temperature) for
complexes3—7 show patterns of signals for the MBMP
fragment similar to those described for compounds containing
the same bisphenoxo ligand. The two £ptotons in the'H
NMR spectra appear as a pair of doublets, found with chemical
shift difference values of 0.89 ppm {0s) (0.82 ppm, CDG))
for the chloro derivative8 or an average of 0.48 ppm (039
0.56 ppm, GDg; 0.46 ppm, CDGJ)) for the alkyl derivatives
4—7. Both equivalenttert-butyl groups and the two methyl

substituents on the phenyl rings appear as singlets in the, gq
expected region of the spectra. The protons at positions 3 and

5 on the phenyl ring appear as AApin systems witHJyy
coupling constant values of ca. 1.80 Hz. The protons on the
cyclopentadienyl ring display an ABB' spin system, and a
singlet is observed for the methyl groups bonded to the silicon
atom. These spectroscopic data are consistent@yitholecular
symmetry. The alkyl ligands bonded to the titanium center show
the expected resonances in theé NMR spectra, one singlet
for the methyl ligand and one singlet for the methylene protons
for the CHPh group. Structural features similar to those
described fromtH NMR spectroscopy can be deduced from

room temperature. This fact suggests dynamic behavior in
solution through a flipping process at the silieditanium bridge
with interconversion of the two methylene protons, making these
two protons and the two methyl groups bonded to the silicon
atom equivalent and generating an /B8' spin system for the
cyclopentadienyl ring protons. For this process we have obtained
Gibbs activation enthalpy valueAG¥) of 9.6, 8.9, and 9.6 kcal/
mol at 203, 178, and 193 K fo8 and 9 derivatives and the
previously reported comple2,2! respectively. A similar flux-
ional process of the nine-membered metallacycle in the
TiX(EBMP) [EBMP = 2,2-CH,CH;-bis(4-methyl-6tert-bu-
tylphenoxo)] has been described as a ring inversion, equivalent
to an enantiomerization similar to that observed in heterocyclic
organic compound¥. Fluxional behavior in cyclopentadienyl-
amido derivatives of titanium has also been detected, which
involves an interconversion between two enantiomeric confor-
mations of a seven-membered metallacycle-Sp-N—C—C—
N—Ti.46

Preliminary studies on ethylene and styrene polymerization
activation for theansamonocyclopentadienylphenoxo dihalo
and dialkyl derivative®, 8, and9 in the presence of methyla-
luminoxane (MAO) were carried out in toluene at different
temperatures and reaction times (Table 1). In the ethylene
polymerization, the exchange of chloro by an alkyl ligand
produces a decreae in observed activities, while the three
compounds exhibit similar activity in the polymerization of
styrene. The catalytic activity is sensitive to temperature,
increasing the polymerization activity at relatively high tem-
peratures (5660 °C). It is noteworthy that the ethylene
polymerization activity o decreases significantly from 5C
°C, while the opposite happens f@rBulky monocyclo-
pentadienyt-aryloxo derivatives such as -CsRs)(OCeHs-
Pr»-2,6)Ch (R = H, Me) have been shown to be active in
ethylene polymerizatio®® The properties of the Cp-phenoxo
dichloro titanium complex Ti(gHsCMe,-2-CsH4O)Cl; in the
presence of MAO or the system AlB{Me,PhNHT"[B(C¢Fs)4]
as cocatalysts for the polymerization of ethylene at high
pressures have been studied. The higher activities are obtained
with the Ti/MAO systent?

(46) Jimmez, G.; Rodguez, E.; Gmez-Sal, P.; Royo, P.; Cuenca, T.;
Galakhov, M.Organometallic2001, 20, 2459-2467.
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Table 1. Polymerization of Ethylene and Styrene with 2, 8, Table 2. Selected Bond Distances (A) and Bond Angles (deg)
and 9 for 3 and 8
time  temperature yield activity (kg of 3 8
run catalyst (min) (°C) (9) polymer/mol Tth) Ti—o1 1.792(1) Tro1 1.817(2)
Polymerization of Ethylene (1 atm) Ti—02 1.822(1) T+C31 2.126(3)
1 2 30 40 1.32 132 Ti—Cl 2.2891(5) T-C38 2.133(3)
2 2 30 50 1.70 170 01-C1 1.367(2) OxC1 1.373(3)
3 2 30 90 1.48 148 02-C13 1.378(2) 02C13 1.383(3)
4 8 30 40 traces Ti—C24 2.405(2) T+C24 2.386(3)
5 8 30 50 0.01 15 Ti—C25 2.362(2) T+C25 2.354(3)
6 8 30 90 0.02 2.6 Ti—C26 2.361(2) T+C26 2.359(3)
7 9 30 40 0.02 25 Ti—C27 2.398(2) T+C27 2.373(3)
8 9 30 50 0.25 25 Ti—C28 2.408(2) T+C28 2.381(3)
9 9 30 90 0.44 44 Ti—Cg? 2.063 T-Caq? 2.047
N~ Si—C24 1.881(2) StC24 1.874(3)
Polymerization of Styrene (5 mL -
0 2 15 50 SYEe ™ Si—02 1.653(2)
11 2 15 50 2.62 523 CI-Ti—-01 99.31(4) C38Ti—01 97.94(9)
12 2 15 60 2.63 526 Cl-Ti-02 104.47(4) C38Ti—C31 100.1(1)
13 8 10 40 1.33 398 CI-Ti—Cg? 113.3 C38-Ti—Cg? 112.2
14 8 10 50 2.77 831 01-Ti—02 100.52(5) O%Ti—C31 103.7(1)
15 8 10 60 2.26 679 O1-Ti—Cg? 118.4 O+Ti—Cg? 126.0
16 9 10 40 0.20 58 02-Ti—Cg? 118.2 C3tTi—Cg? 113.2
17 9 10 50 0.37 111 Ti—01-C1 154.8(1) T+01-C1 158.1(2)
18 9 10 60 1.47 442 Ti—02-C13 139.8(1) T+C31-C32 128.6(2)
. Ti—C38-C39 127.7(2
) a20umol ﬁffcatalyslt, c_ocatalyst: MAO (Al/F 1000); 40 mL of toluene. C2-C12-C14 115.2(1) C2C12-C14 118.7%2;
Not enough for analysis. C24-Si—C29 106.2(1) C24Si—C29 104.8(1)
C24-Si—C30 111.6(1) C24Si—C30 111.9(1)
C24-Si—C31 108.4(1) C24Si—02 108.3(1)
C29-Si—C30 112.6(1) C29Si—C30 110.0(1)

aCg denotes the cyclopentadienyl centroid.

complex as deduced by theoretical studies for the chloro
derivatives?

The coordination geometry around the titanium atom is a
pseudo-three-legged piano stool, as expected for complexes of
the type TiCpk.#” The metal-oxygen bond lengths [av 1.807
A] are in the expected range for titanium complexes containing
the 2-bisphenoxo ligand withg+) donor oxygen atom%?6
The Ti—Cl bond distance is longer than the values found in
TiCI,(MBMP) [2.215(2) and 2.206(2) Af but similar to that
found in analogous related structures for cyclopentadienyl chloro
derivatives [2.2891(6) A for Tif>-CsHs)(#2-MBMP)CI and
2.2946(4) A for Tig>-CsMes) (72-MBMP)CI].2t Compared with
the structures of Tif>-CsRs)(7>-MBMP)CI (R = H, Me), the
structure of compoun8 is essentially equivalent but showing
some small differences. The ©Ti—02 angle in3 is more
open, and it exhibits a slight distortion of the-T®—0O cycle.

The Ti—02 bond distance [1.822(1) A] is longer than-Td1
[1.792(1) A], while the related complexes F¥CsRs)(n?-
MBMP)CI (R = H, Me) show very similar values. This
asymmetric disposition is also reflected in the two different Ti
O—C angles, T+02—C13 [139.8(1)] being closer than F
0O1-C1 [154.8(1)].

) . The SiMg substituent on the cyclopentadienyl ligand is
Crystal Structure of Ti(#°-CsH4SiMes)(7*-MBMP)CI (3) placed vertical to the plane formed by the chloro atom, the
and Ti(17>-CsH4SiMez-7'-MBMP)(CH 2Ph), (8). To confirm methylene bridge carbon, the metal center, and the centroid of
structural details of the molecular geometry in the solid state ¢ cyclopentadienyl ligand, to avoid steric repulsion with the
for this type of compound, crystal X-ray structure analyses of methylene bridge group. This reduction in steric hindrance
3 and 8 were carried out. Single crystals of both complexes jmpjies that the distortion of the metallacycle, which prevents

obtained by slow recrystallization from toluene solution were ihe steric repulsion between the SiMgoup and theert-butyl
of good enough quality to be analyzed by X-ray diffraction. g pstituent, produces an increase in the stability of the molecule.

The crystal structure d@ is s_hown in Figure 1, and Table 2 Figure 2 shows an ORTEP view of the structure of complex

summarizes selected bond distances and angles. The MBMPg 51qng with the atom-labeling scheme. Selected bond distances

ligand adopts a puckered chelate disposition with the typical 5n4 hond angles with their standard deviations are listed in Table
boat conformation in the solid state and with the methylene

bridge pointing toward the cyclopentadieny! rifi§:2*29This (47) Rogers, R. D.; Benning, M. M.; Kurihara, L. K.; Moriarty, K. J.;
disposition confirms the preferred structure for this type of Rausch, M. D.J. Organomet. Cheni985 293 51—60.

Figure 1. ORTEP style plot of compoun8 in the solid state.
Thermal ellipsoids are drawn at the 50% probability level. Hydrogen
atoms are omitted for clarity.
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with different reactivity of the T+ClI, Si—Cl, or Ti—O bonds
contained in the compound. The alkylation reaction with 2 equiv
of LiMe or MgCIMe proceeds with selective reactivity of the
Ti—Cl bond, followed by alkylation of the SiCl bond, leaving

the Ti—O bond unaltered, to give monocyclopentadiens
bisphenoxo derivatives Tjf-CsH1SiMexX)(7>-MBMP)R. When

2 equiv of MgCI(CHPh) are used and the reaction undergoes
progressive addition of the alkylating reagent, the products of
the reaction are similar to those obtained with the methyl
alkylating reagent, indicating that first theJCl bond and then
the Si—Cl bond are alkylated, while leaving the FO bond
unreacted. However, the direct reaction with 2 equiv of MgClI-
(CH2Ph) in toluene causes a reorganization of the bisphenoxo
bonding ligand to afford thensamonocyclopentadienylphe-
noxo dibenzyl derivative Tif>-CsHsSiMey-11-MBMP)(CH,Ph).
Analogousansamonocyclopentadienylphenoxo dialkyl deriva-
tives Ti@5-CsHiSiMex--MBMP)R; can be prepared by treat-
ment of Ti5CsHsSiMe-n-MBMP)Cl, with 2 equiv of
MgCI(CH,Ph) or MgCIMe.

Figure 2. ORTEP style plot of compoun8 in the solid state.
Thermal ellipsoids are drawn at the 50% probability level. Hydrogen . .
atoms are omitted for clarity. Experimental Section

General Considerations. All manipulations were performed
under argon using Schlenk and high-vacuum line techniques or in
a glovebox VAC, model HE-63. The solvents were purified by
distillation under argon before use by employing the appropriate

2. The structure is similar to that reported for the chloro
complexX! and consists of discrete monomeric units with a
pseudo-three-legged piano stool coordination geometry around

the t|(';an|umhag)ml. _'ll_'ge__&t:amumd(_:oordlnatlon IS d?SC”bed_ ﬁs drying/deoxygenating agent. Deuterated solvents were stored over
pseudotetrahedral. The-¥C(ring) distances are consistent wit activatel 4 A molecular sieves and degassed by several freeze

ann5-coorql|nat|on. The Qng—Ol anglg, V\{he(g Cgrepresents cycles. LiMe, MgCIMe, MgCI(ChPh), and 2,2CH,-bis(6-
the centroid of the Qﬂ4 ring, at 126.0, is S|gr!|f|cantly larger 1BU-4-CHs-CgH,-1-OH) (Aldrich) were commercially obtained and
than the corresponding angle in the constraiagsamonocy- used without further purification. k2,2 -CH,-bis(6Bu-4-CHs-
clopentadienylsilylamido complexes [ CsRsSiMe>-17-NR')- CeH2-1-O)P* was prepared by known procedures. Polymerization
Cl,],? suggesting that increasing the length of the-Gpspacer  grade ethylene from Aldrich was purified by passage through two
leaves a less open metal center. The titantwarbon bond  columns packed with activated aluminadah A molecular sieves.
lengths (av 2.1295 A) and the FC(31)-C(32) (128.6(2) and Styrene was distilled at reduced pressure over calcium hydride and
Ti—C(38)-C(39) (127.7(2)) correspond to normal benzyl stored in the refrigerator in the dark. Methylaluminoxane (MAO)
dispositions. 10% solution in toluene was purchased from WITCO GmbH. C,

If the centroid of the cyclopentadienyl ring is considered as H, and N microanalyses were performed on a Perkin-Elmer. NMR
a single coordination site, the central coreSfppears as a  Spectra, measured at 2&, were recorded on Varian Unity FT-
10-membered (CgSi—O—Cs—O—Ti) metallacycle. The link- 300 (H NMR at 300 MHz,"*C NMR at 75 MHz) or Unity-Plus
age (seven members “@s—0”) between the cyclopentadienyl ~ FT-500 {H NMR at 500 MHz,*C NMR at 125 MHz) spectrom-
and the titanium atom adopts a helical conformation around the eters, and chemical shifts (ppm) are referenced to SiMeia the
Cg—Ti bond, in a disposition similar to that found for analogous Carbon resonances¢) and the residual proton¥) of the solvent.
bidentate cyclopentadienyhmido titanium derivative®? Synthesis of Ti¢>-CsH4SiMes)(7*-MBMP)CI (3). Lio(MBMP)

The short T-O1 bond distance of 1.817(2) A suggests partial (0:43 9, 1.23 mmol) in T:'F (20 mL) was added to a solution of
prr—drz bonding between Ti and the phenoxo ligand with a value 0.36 g (1.23 mmol) of Ti>-CsH,SiMey)(-MBMP)Cls in hexane
of the Ti-01—C1 angle of 158.1(2) Similar values have been (50 mL) at room temperature. The .reactlon mixture was slowly

. . warmed to room temperature and stirred for 5 h. The solvent was

reported for other linked cyclopentadierydlkoxo complexed?

The strain-f helated | d all timal 1ap betw then completely removed. After extraction into hexane a red solid
€ strain-iree chelated ligand allows oplimal overiap between | o obtained, which was recrystallized from cold hexane and

the oxygen g and the vacant titaniumzdorbitals, increasing characterized a8 (0.60 g, 88% yield). Anal. Calcd for GHas
the Ti—O double-bond character with respect to the “constrained tisjo,cI: C, 66.62: H, 7.70. Found: C, 66.41: H, 7.4B NMR
geometry” systems. The FO and TiCg linkage distances (300 MHz, GDg, 25°C): 6 7.03, 6.95 (AA spin system, X 2H,
and the T+-O—C bond angle are similar to those of the pp): 659, 6.46 (AABB' spin system, 2« 2H, GH.SiMe); 4.26,
nonlinked cyclopentadienyl alkoxo titanium derivativés. 3.37 (AB spin system, Z 1H, Ad = 0.89 ppm 2Jy_y = 13.0 Hz,

The Si-02 distance [1.653(2) A] is similar to that found in CH,); 2.13 (s, 6H,CHsPh); 1.44 [s, 18H, C(CH]; 0.39 (s, 9H,
siloxanes (mean value 1.63%, indicating an important degree  CsH,SiMes). 'H NMR (300 MHz, CDC}, 25 °C): & 7.00, 6.87

of double-bond character in the-SD bond. (AA’ spin system, 2 2H, Ph); 6.86, 6.80 (AMB' spin system,
2 x 2H, GH4SiMes); 4.22, 3.40 (AB spin system, 2 1H, A6 =
Concluding Remarks 0.82 ppm, 2y = 12.9 Hz, CH); 2.24 (s, 6H,CHzPh); 1.30 [s,

18H, C(CHy)3]; 0.34 (s, 9H, GH.SiMey). 13C NMR (125 MHz,
The results described in this contribution allow us to provide c¢pg, 25 °C): ¢ 163.4, 137.4, 136.1, 131.2, 128.9, 126.2 (Ph);
remarkable conclusions concerning the chemical behavior of 134.5 (pso-CsH,SiMes); 123.9, 121.0 CsHaSiMes); 35.8 (CHY);
the chlorodimethylsilyt-cyclopentadienykh?-bisphenoxo chloro  35.8 [C(CHs)s]; 31.5 [C(CHa)a]; 21.5 (CHa-Ph); 0.2 (GH,SiMes).
titanium derivative Tig5-CsH4SiMeCl)(72-MBMP)CI (1) in Synthesis of Tif;5-CsH4SiMe,Cl)(57-MBMP)Me (4). A3.0 M
alkylating reactions. The nature of the final product depends solution of MgCIMe (0.29 mL, 0.86 mmol) in THF was added to
on the solvent, temperature, and type of alkylating reagent used,a solution of Ti{>-CsHsSiMe,Cl)(72-MBMP)CI (0.50 g, 0.86
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mmol) in hexane (70 mL) at-78 °C. The reaction mixture was

GoleaMaupoey et al.

CHy); 3.00 (s, 2H, TICH,Ph); 2.34 (s, 2H, BH,Ph); 2.25 (s, 6H,

slowly warmed to room temperature and stirred for 6 h. The solvent CHzPh); 1.40 [s, 18H, C(CHh3]; 0.11 (s, 6H, GH4SiMe,(CH,Ph)).

was completely removed and the resulting solid extracted into 13C NMR (125 MHz, GDs, 25°C): ¢ 161.4, 151.8, 141.9, 136.9,
hexane. After concentrating the solution, a yellow powder was 136.6, 130.1, 129.1, 128.8, 128.5, 128.2, 127.8, 127.4, 126.6, 126.2
obtained, which was recrystallized from cold hexane and character- (aromatic); 123.5ipso-CsH,SiMex(CHoPh)); 123.1, 122.3CsH,-

ized as4 (0.27 g, 56% yield). Anal. Calcd for&Ha3TiSIO.Cl: C,
66.54; H, 7.69. Found: C, 66.47; H, 7.8 NMR (300 MHz,
CsDg, 25°C): 0 7.09, 6.99 (AA spin system, 2 2H, Ph); 6.39
(m, 4H, GH,SiMe,Cl); 3.82, 3.43 (AB spin system, R 1H, Ad
= 0.39 ppm 2y = 13.6 Hz, CH); 2.14 (s, 6HCHzPh); 1.37 [s,
18H, C(CH)3); 1.35 (s, 3H, Ti-CH); 0.48 (s, 6H, GH,SiMeCl).
13C NMR (125 MHz, GDg, 25°C): 6 161.2, 136.8, 136.1, 130.3,
129.0, 126.1 (Ph); 121.3060-CsH,SiMe,Cl); 119.9, 119.6CsHy-
SiMe,Cl); 54.4 (Ti-CHy); 36.2 (CH); 35.3 [C(CHy)s]; 30.9
[C(CH3)3]; 21.2 (CH3-Ph); 2.9 (GHSiMeCl).

Synthesis of Tif>-CsH4SiMes)(7>-MBMP)Me (5). Following
the procedure described fdrusing 0.57 mL (1.72 mmol) of a 3.0
M solution of MgCIMe in THF and 0.50 g (0.86 mmol) of -
CsH4SiMeCl)(72-MBMP)CI in hexane (70 mL), a bright yellow
solid was obtained, which was characterized5a®.29 g, 63%
yield). Anal. Calcd for GoH46TiSiO,: C, 71.35; H, 8.61. Found:
C, 71.14; H, 8.40'H NMR (300 MHz, GDe, 25°C): 6 7.12, 7.00
(AA’ spin system, 2 2H, Ph); 6.50, 6.33 (AMBB' spin system,
2 x 2H, GH,SiMe3); 3.89, 3.44 (AB spin system, R 1H, Ao =
0.45 ppm,2J4—y = 13.7 Hz, CH); 2.15 (s, 6H,CHsPh); 1.40 [s,
18H, C(CH)4]; 1.36 (s, 3H, Ti-CHg); 0.20 (s, 9H, GH,SiMe;).
13C NMR (125 MHz, GDg, 25°C): 6 161.2, 136.8, 135.9, 130.0,
129.0, 126.0 (Ph); 126.0ps0-CsHsSiMes); 120.0, 119.5 CsHy-
SiMe3); 53.5 (Ti-CHg); 36.1 (CH); 35.2 [C(CHg)s]; 30.8 [C(CH3)4];
21.2 CHs-Ph); —0.17 (GH4SiMey).

Synthesis of Ti¢>-CsH4SiMe,Cl)(172--MBMP)(CH ,Ph) (6). Fol-
lowing the procedure described férusing 0.26 mL (0.50 mmol)
of a 2.0 M solution of MgCI(CHPh) in THF and 0.30 g (0.50
mmol) of Ti(5-CsHsSiMeCl)(72-MBMP)CI in hexane (70 mL),
a light brown powder was obtained, which was characterize®l as
(0.21 g, 65% yield). Anal. Calcd for £H47TiSiO,CIl: C, 70.00;
H, 7.41. Found: C, 69.80; H, 7.284 NMR (300 MHz, GDs, 25
°C): 0 7.31 (m, 5H, CHPh); 7.06, 6.99 (AA spin system, 2x
2H, Ph); 6.43, 6.26 (AMBB' spin system, Z 2H, GH;SiMeCl);
3.88, 3.38 (AB spin system, & 1H, Ad = 0.50 ppm 24—y =
13.6 Hz, CH); 3.31 (s, 2H, Ti€H,Ph); 2.14 (s, 6HCH3Ph); 1.45
[s, 18H, C(CH)3]; 0.42 (s, 6H, GH,SiMe,Cl). 1H NMR (300 MHz,
CDCl, 25 °C): 0 7.34 (m, 5H, CHPh); 7.07, 6.96 (AA spin
system, 2x 2H, Ph); 6.47, 6.40 (AMB' spin system, 2x 2H,
CsH,SiMe,Cl); 3.86, 3.40 (AB spin system, 2 1H, A6 = 0.46
ppm,2J4—y = 13.4 Hz, CH); 3.05 (s, 2H, Ti€H,Ph); 2.30 (s, 6H,
CH3Ph); 1.45 [s, 18H, C(Ch3]; 0.16 (s, 6H, GH4SiMeCl). 1*3C
NMR (125 MHz, GDg, 25°C): 6 161.4, 136.9, 136.6, 129.1, 128.5,
126.6 (Ph); 151.8ifso-CH,Ph); 130.1 f-CH,Ph); 126.2
CH,Ph); 123.5 o-CH,Ph); 123.5 (pso-CsH,SiMe,Cl), 123.1, 122.3
(CsH4SiMeCl); 78.4 (Ti-CH,Ph); 37.1 (CH); 35.8 [C(CHg)3); 31.3
[C(CH3)3]; 21.5 (CH3-Ph); —0.01 (GH4SiMexCl).

Synthesis of Ti®-CsH4SiMey(CH,Ph))(#?>-MBMP)(CH ,Ph)
(7). Following the procedure described féusing 0.52 mL (1.00
mmol) of a 2.0 M solution of MgCI(CkPh) in THF and 0.30 g
(0.50 mmol) of Tif>-CsH4SiMe,Cl)(7>-MBMP)CI in hexane (50

SiMey(CH,Ph)); 78.4 (TiCH,Ph); 38.5 (Si€H,Ph); 37.1 (CH);
35.8 [C(CHg)3]; 31.3 [C(CH3)3]; 21.5 (CHs-Ph); —0.02 (GH4-
SiMey(CH,Ph)).

Synthesis of Ti@S-C5H45iM€2-771-MBMP)(CH 2Ph)2 (8) A20
M solution of MgCI(CHPh) (0.34 mL, 0.69 mmol) in THF was
added to a solution of Ti-CsH,SiMe--MBMP)CI, (0.20 g, 0.34
mmol) in toluene (50 mL) at-78°C, followed by stirring overnight.
After warming to room temperature, the solvent was completely
removed and the solid obtained extracted into hexane. Concentrating
the resulting solution gave a solid, which was recrystallized from
cold hexane and characterized3q9.17 g, 72% yield). Anal. Calcd
for Cy4Hs4TiSIO,: C, 76.54; H, 7.83. Found: C, 76.43; H, 7.64.
IH NMR (300 MHz, GDg, 25 °C): 6 7.20-6.90 (m, 14H,
aromatic); 6.37, 6.00 (A/BB' spin system, 2 2H, GH;SiMey);
3.85 (br s, 2H, Ch); 3.08, 2.77 (2x 2H, Ti-CH,Ph); 2.22, 2.04
(s, 2x 3H, CHsPh); 1.58, 1.38 [s, % 9H, C(CHs)3]; 0.13 (s, 6H,
CsH4SiMey). 1H NMR (300 MHz, CQCl, 25°C): 6 7.15 (m, 4H,
m-CH,Ph), 6.89 (m, 2Hp-CH,Ph), 6.85 (m, 4H,0-CH,Ph); 7.06,
7.02, 6.54, 6.38 (two AAspin systems, 4« 1H, Ph); 6.38, 6.25
(AA'BB' spin system, Z 2H, GH,SiMe,); 3.71 (br s, 2H, Ch);
2.98, 2.55 (2x 2H, Ti-CHyPh); 2.32, 2.21 (s, % 3H, CH3Ph);
1.51, 1.37 [s, 2< 9H, C(CHp)3]; 0.13 (s, 6H, GHSiMey). 13C NMR
(125 MHz, GDs, 25 °C): 6 162.3, 150.0, 140.3, 137.0, 132.4,
131.5, 130.9, 130.5, 128.9, 127.0, 125.7, 121.7 (Ph); 151.2, 128.6,
128.3, 126.5 (Ti-CHPh); 124.2, 123.0CsH,SiMey); 88.4 (Ti-CH,-
Ph); 33.7 (CH); 35.3, 35.0 €(CHg)3]; 30.5 [C(CHa3)4]; 21.4, 21.2
(CHz-Ph); 2.2 (GH4SiMe).

Synthesis of Tif%CsHsSiMe,-n*-MBMP)Me ; (9). Following
the procedure described f8rusing 0.34 mL (1.03 mmol) of a 3.0
M solution of MgCIMe in THF and 0.30 g (0.52 mmol) of T
CsH4SiMe-n1-MBMP)CI, in hexane (50 mL), a bright yellow solid
was obtained, which was recrystallized from cold toluene and
characterized a8 (0.18 g, 65% vyield). Anal. Calcd for £Hs6
TiSiO,: C, 71.35; H, 8.61. Found: C, 69.33; H, 8.49. The isolated
yellow solid consisted mainly @, but it contained some unremov-
able amount of MgGl which prevented us from obtaining correct
elemental analysis, though satisfactory spectroscopy data were
obtained.!H NMR (300 MHz, GDs, 25°C): ¢ 7.15, 7.10, 6.85,
6.79 (two AA spin systems, 4x 1H, Ph); 6.51, 6.08 (A/BB’
spin system, % 2H, GH4SiMey); 3.73 (br s, 2H, ChH); 2.17, 2.05
(s, 2x 3H, CH3Ph); 1.61, 1.43 [s, % 9H, C(CH)3]; 1.03 (s, 6H,
Ti-CHjg); 0.25 (s, 6H, GHSiMey). 13C NMR (125 MHz, GDs, 25
°C): 6 162.0, 150.2, 140.2, 136.7, 132.1, 131.1, 130.4, 130.4, 129.3,
127.9, 126.9, 125.6 (Ph); 126.(p$0-CsHsSiMey); 119.9, 118.7
(CsH4SiMey); 57.6 (Ti-CHg); 33.8 (CH); 35.3, 35.0 C(CHs)4]; 30.7,

Polymerization Procedure. Polymerization runs were carried
out by following the general procedure. Polymerization of ethyl-
ene: A 250 mL Beghi reactor equipped with a mechanical stirrer
was first evacuated and then charged with dried scavenger methy-
laluminoxane (MAO) and toluene (150 mL). A 10 mL pressure

mL), a dark brown powder was obtained, which was characterized tube was charged with the titanium complex in a toluene solution

as7(0.20 g, 58% yield). Anal. Calcd for gHs4TiSiO.Cl: C, 76.38;
H, 7.87. Found: C, 76.10; H, 7.58H NMR (300 MHz, GDs, 25
°C): 6 7.34-7.00 (m, 10H, CHPh); 7.10, 7.00 (AA spin system,
2 x 2H, Ph); 6.35 (m, 4H, €H,SiMe,Bz); 3.97, 3.41 (AB spin
system, 2x 1H, Ad = 0.56 ppm2Jy_y = 13.7 Hz, CH); 3.31 (s,
2H, Ti-CH,Ph); 2.07 (s, 2H, $tH,Ph); 2.15 (s, 6HCHsPh); 1.48
[s, 18H, C(CH)3]; 0.14 (s, 6H, GH4SiMe;Bz). *H NMR (300 MHz,
CDCl;, 25°C): 6 7.30-6.90 (m, 10H, CHPh); 7.02, 6.91 (AA
spin system, % 2H, Ph); 6.42, 6.35 (m, 4H, 481,SiMe,Bz); 3.81,
3.35 (AB spin system, Z 1H, A6 = 0.46 ppm 24—y = 13.7 Hz,

previously preactivated (2 min) with 1 mL of MAO. The reactor
was purged with the monomer three times by pressurizing and
venting. The monomer was then equilibrated with the toluene in
the reactor for 30 min at the polymerization temperature and
pressure (kept constant at 1 atm over the run) with constant stirring.
The reaction was initiated by injecting the solution containing the
catalytic system under argon pressure. After the desired reaction
time was reached the reactor was vented and the polymer was
precipitated into 10% HCI in methanol, washed with clean
methanol, and dried in a vacuum oven at’@0to constant weight.



Ti(17°-CsH4SiMeCl)(72-MBMP)CI Derivative

Table 3. Crystallographic Data for Compounds 3 and 8
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diffraction study were grown from toluene. A clear red plate (red
fragment) was stored under perfluorinated ether, transferred in a

3 8
— p— Lindemann capillary, fixed, and sealed. Preliminary examination
;\c,)vrmula 5%3_'6‘%(: 10:SiTi %‘é‘?%“%sm and data collection were carried out on an area detecting system
color/habit red/plate red/fragment (NONIUS, MACHS3, xk-CCD) at the window of a rotating anode

cryst dimens, mh

0.21x 0.48x 0.61

0.06x 0.18x 0.28

(NONIUS, FR591) and graphite-monochromated Kia radiation

cryst syst monoclinic orthorhombic (A = 0.71073 A). The unit cell parameters were obtained by full-
space group P2y/n (no. 14) Pbca(no. 61) matrix least-squares refinement of 5816 (7311) reflections. Data
z'é ii;ggggg ig;g?g% collection were performed at 173 (173) K (Oxford Cryosystems)
oA 17:5955(1) 27:6714(5) within a 6-range of 1.83 < 9 < 25.36 (1.88 < @ < 25.34_1’).
B, deg 108.0383(3) 90 Each was measured with eight (three) data sets in rotation scan
vV, A3 3037.98(4) 7635.96(19) modus withAg/Aw = 1.0° (Aw = 0.5°). A total number of 67 571
z 4 8 (39 965) intensities were integrated. Raw data were corrected for
T.K 173 173 Lorentz, polarization, and, arising from the scaling procedure, latent
Deatca 91C”T3 éigi éégi decay and absorption effects. After mergifg,{= 0.049 (0.062)]
gv(gg,g") 1192 5060 a sum of 5560 (6928) (all data) and 4819 (582R)> 2(1)],
0 range, deg 1.8825.36 1.88-25.34 respectively, remained and all data were used. The structures were
index rangest, k, 1) +15,417,+21 +19,+20,+33 solved by a combination of direct methods and difference Fourier
no. of rfins collected 67 571 39 965 syntheses. All non-hydrogen atoms were refined with anisotropic
no. of indep rfinsRint 5560/0.049 6928/0.062 displacement parameters. Ryrall hydrogen atom positions were
28: 8; ggf:/rggf;(i:é"('» 3228/0/497 %%22263/0/443 found in the difference map calculated from the model containing
params gll nqn-hydrogen_atoms. The hydrogen positions were refined with
R1/WR2 ( > 20(1))2 0.0306/0.0739 0.0610/0.1089 individual isotropic displacement parameters. Bpall hydrogen
R1/wR2 (all datad 0.0388/0.0773 0.0783/0.1146 atoms were placed in ideal positions (riding model). Full-matrix
GOF (onF?)? 1.035 1.204 least-squares refinements with 497 (443) parameters were carried
'ar%‘;fé déffﬁ?gak and +0.27/-0.30 +0.47/-0.37 out by minimizingS W(F,2 — F¢2)2 with the SHELXL-97 weighting

DRL= 5(1IFo| — IFel[)/3|Fol; WR2 = { S[W(Fo? — FA/SIWFAA}H

GOF = {F[W(Fo* — FAF/(n — p)}*2

scheme and stopped at shift/eri0.001 (0.001). The final residual
electron density maps showed no remarkable features. Neutral atom
scattering factors for all atoms and anomalous dispersion corrections
for the non-hydrogen atoms were taken framernational Tables

for Crystallography.All calculations were performed on an Intel

Polymerization of styrene: A 100 mL glass pressure bottle with Pentium Il PC, with the STRUX-V system, including the programs

magnetic stirring was vented and charged with toluene, MAO, and PLATON, SIR92, and SHELXL-978-52 For 8, the overall quality

5 mL of the monomer. The mixture was then equilibrated at the of the study suffers from the tiny crystal and its poor scattering
polymerization temperature with constant stirring, and the reaction power. Crystallographic data (excluding structure factors) for the
was initiated by injecting the solution of the catalyst previously structures reported in this paper have been deposited with the
preactivated (2 min) with the cocatalyst MAO. After the desired Cambridge Crystallographic Data Centre as supplementary publica-
reaction time was reached the reactor was vented and the polymetion. Copies of the data can be obtained free of charge on application

was precipitated into 10% HCI in methanol, washed with clean

methanol, and dried in a vacuum oven at’@to constant weight.
Single-Crystal X-ray Structure Determination of Compounds

3 and 8.Crystal data and details of the structure determination are

presented in Table 3. Suitable single crystals for the X-ray

(48) Data Collection Software for Nonius k-CCD Hhees Delft, The
Netherlands, 2001.

(49) Otwinowski, Z.; Minor, W.Methods Enzymol1997, 276, 307ff.

(50) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, M. SIR92J. Appl. Crystallogr.1994 27,
435-436.

(51) International Tables for Crystallographyilson, A. J. C., Ed.;
Kluwer Academic Publishers: Dordrecht, The Netherlands, 1992; Vol. C,
Tables 6.1.1.4, 4.2.6.8, and 4.2.4.2.

(52) Spek, A. L.PLATON, A Multipurpose Crystallographic Tool;
Utrecht University: Utrecht, The Netherlands, 2001.

(53) Sheldrick, G. M.SHELXL-97 Universita Gottingen: Gdtingen,
Germany, 1998.
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