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IMPROVED PREPARATION OF TITANIUM(ll) OR ZIRCONIUM(ll) COMPLEXES 

This invention''reiates to a process for preparing certain titanium and zirconium 

complexes comprising a siAgle, cyclic, delocalized n-bonded ligand group wherein the metal of 

said complexes is in the + 2 formal oxidation state. More particularly, this invention relates to 

such processes wherein ~~e. metal is covalently bonded to the cyclic group via the defocalized n-, ...... 
system and also covalently bonded thereto via a divalent ligand group. Such complexes are 

· 1:;· . • . 

referred to in the art as "constrained geometry" complexes. 
!:'·: 

The preparation and characterization of ~~rtain biscyclopentadienyl zirconium 

and hafnium diene complexes are described in the following references: Yasuda, et al., . . . r: . 

10 Organometallics, 1, 388(1982)(Yasuda I); Yasuda, etal'., Acc. Chem. Res., 18, 120(1985), 

(Yasuda II); Erker, et al., Adv. Oraanomet. Chem., 24, 1 (1985); and US-A-5, 198,401. The 

preparation of certain Ti, Zr, and Hf monocyclopentadienyl diene complexes lacking the 

present bridged ligand structure, was described in Yamamoto et al., Organometaflics, 8, 105 

(1989) (Yamamoto) and Btenkers, J, et al., Organometallics. 6, 459 (1987) . 
• ~·· • 4 

15 Constrain~d geometry metal complexes, inc,luding titanium complexes, and 

methods for their preparation are disclosed in EP-A-416,815; EP-A-468,651; EP-A-514,828; 

EP-A-520,732 and W093/19104, as well as US-A-5,055A38, US.A-5,057,475, US-A-5,096,867, 

US-A-5,064,802 and US-A-5, 132,380. 

According to one embodiment of the present invention there is provided a 

20 process for preparing a metal complex containing one and only one cyclic, delocaHzed n­

bonded group, said complex corresponding to the formula: 

wherein, 
25 

Z X'n 
_/ \ #' 

L -M-X 

M is titanium or zirconium in the + 2 formal oxidation state; 

L is a group containing a cyclic, delocalized, anionic, n-system through which the 
~: ' 

group is bound to M, and which group is also bound to Z; . ·.. -, . 

z is a moiety bound to M via a a-bond, comprising boron, or a member of Group 
~-~ .. 

14 of the Periodic Table of the Elements. and also comprising nitrogen, phosphorus, sulfur or 
30 · ni• 

oxygen, said moiety having up to 60 non-hydrogen atoms; 

X is a neut111I, P.njugated diene, optionally substituted with one or more 
1 _ ;. • - ~ .,.. 

hydrocarbyl groups, said X having up to 40 carbon atoms and forming an-complex with M; 

X' is a neutral ~ewis base ligand selected from amines, phosphines and ethers said 
• ·"I.: "l 

X' having from 3 to 20 r,on-h_ydrogen atoms; and 
35 

n is a number from Oto 3; 

said process compr:ising~ntacting a metal halide compound according to the formula 
. •. . . 
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Z . X'n Z X'n 
/ \. ~. 

L - 'M**-- X* · . 2 
or / \¥· . 

L - M*-X* 

wherein, 

M* is titanium or zirconium in the + 3 formai oxidation state; 

M** is.titanium' or zirconium inthe +4formal oxidation state; 

X* is halide; and . 

L, z. X' and n ~re as ~reviously defined; 

with a free diene corresponding to x. and subsequently o·r simultaneously contacting the 
10 . . 

resulting reaction mixtu~e with a Grignard derivative of a <:1•20 n-alkane to tOrm the desii-ed 

metal complex. 

According to a second embodiment of the present invention there is also 

provided a process for first preparing the above starting cyclic 'conipiexes in situ. Thus, there is 

provided a process for preparing a metal ·complex containing one and only one cyclic, 
15 

delocalized n-bonded group, said complex correspondi~g to the formula: 

Z . X'n 
/ \¥ . 

L -M-X 

wherein, 

20 M is titanium or zirconium in the + 2 formal oxidation state; 

· L is a group containing a cyclic, delocalized, anionic, n-system through which the 

group is bound to M, and which group is also bound to Z; 

Z is a moiety bound to M via a a-bond, comprising boron, or a member of Group 

14 of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus, sulfur or 

25 oxygen, said moiety having ·up to 60 non-hydrogen atoms; 

30 

35 

X i~ a neutral, conjugated diene, optionally.substituted with one or more · 

hydrocarbyl groups, said X having ~P to 40 carbon atoms a~d forming an-complex with M; 

X' is a neutral Lewis base ligand selected from amines, phosphines and ethers said 

X' having from 3 to 20 ne>n-hydrogen atoms; and 

n is a number from Oto 3; 

said process comprising: 

1) contacting a metal halide compound according to the formula M*(X*hX' nor M**(X*)..X' "' 

wherein; 

M* is titanium or zirconium in.the + 3 formal oxidation state; 

M** is titanium or zirconium in the +4 formal oxidation state; and 

X* is halide; 

with a dianionic salt corresponding to the formula: M'2LZ, wherein; 
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metal; 

M' isa Group 1 metal, MgCI or MgBr or1i'Wl:rM'·groupstogether are a Group 2 
·:b 

to form an intermediate metal complex according to the formula: 

Z X'n Z .·Jt'n 
/ \.# or / \r--· 

L -1!**-- X*2 L - M*-X* 

wherein L, Z, M**, X*, X', M* and n are as previo-usly defined; 

2) when the metal in said intermediate metal comple~t ~in the + 3 formal oxidation state, 
'U'' 

optionally contacting said intermediate metal complex with an oxidant to form an 
_f':.: 

intermediate metal complex according to the formula: 
1r :! 

Z X'n 
/ \# 

L -M**- X*2 

wherein L, Z, M**, X*, X', and n are as previously defiriid; and 

3) contacting the intermediate metal complex with a ff@& diene corresponding to x, and 

15 subsequently or s.imultaneously contacting the resultrri§·reaction mixture with a Grignard 

derivative of a C1.20 n-alkane to form the desired metal'Comptex. 

All reference to the Periodi~ Table of the··Efements herein shall refer to the 

Periodic Table of the Elements, published and copyrighted byCRCPress, tnc., 1989. Also, any 

reference to a Group or Groups shall be to the Group c.frtsroups as reflected in this Periodic 

20 Table of the Elements using the IUPAC system for numiloting groups. 

25 

The diene group, X, does not decompos~nder reaction conditions used to 

prepare the complexes of the invention. Under subseqOent polymerization conditions, or in 

the formation of catalytic derivatives of the present Cdfhplexes, the diene group, X. may 

undergo chemical reactions or be replaced by anotherflgand. 

The present titanium and zi~nium comJ;texes contain a neutral diene ligand 

which is coordinated via n-complexation through the dmhe double bonds, and not through a 

metaUacyde containing a-bonds (a-bound diene) wheWtthe metal is in the +4 formal 

oxidation state. Such a distinction is readily determinM'byX-ray crystallography or by NMR 

spectral characterization according to the techniques 6-tvasuda I. Yasuda U, and Erker, et al., 

30 Supra, as well as the referentescitedtherein. Bythet:ewh "n-complex" is meant both the 

donation and back acceptance of electron density bytfftHigand are acc~mplished using ligand 

n-orbitals, i.e., the diene is n-bound (n-bound diene). b: 

A suitable method of determining the e~nce of a n-compiex in conjugated 

diene containing metal complexes is the measurementMmetal-carbon atomic spacings for the 

35 carbons of the conjugated diene using common X-ray $tal analysis techniques. 

Measurements of atomic spacings between the metaJSC1, C2, C3, C4 (M-C1. M·C2, M-C3, 

M-C4, respectively) (where C1 and C4 are the terminal carbons of the 4 carbon conjugated 
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diene group and C2 and C3 are the internal carbons of the of the 4 carbon conjugated diene 

group) may be made. If the difference between these bond distances, Ad, using the following 

formula: 

Ad= 

is greater than -0.15A, the die~e is considered to form a iHomplex with M. In the use of such 

X-ray crystal analysis t~chniques at.least ":good" and preferably" excellent" determination 

quality as defined by G. Stout et al., X-ray Structure Determin~ion1A Practical Guide. 

10 Macmillan Co., pg 430-431 (1968) is used. 

Examples wherein the above method for determin•tion of n-complexes has been 

applied to prionrt compounds are found.in Erker, et al., Anaew. Chem. Int. Ed. Eng., 23, 

455-456 (1984) (Erker et al.) and Ya~~moto, Supra'. In the ~rmer reference (113-allyl)(IJ.4- ( 

butadiene)(11S,..cyclopentadie.nyl)zi~conium ~as crystallographicallY characterized •. The M-C1 

15 and M-C4 distances were both 2.360 ( ± .005) A. The t,ll-C2 and M-0 distances were both 2.463 

( ± .005) A, giving a Ad of -0.103.A .. In the latter reference (115-pentamethylcyclopenta­

dienyl)(114-1,4-diphenyl-1,3'.'butadiene)titanium chloride was shown to have M-C1 and M-C4 

distances of 2.233 ( ±.006) A. The .IVl-C2 and M-C3 distances were both 2.293 ( ± .005) A, giving a 

Ad of -0.060A. Erker et al. also disclosed bis(cyclopentadienyl)zirconium (2,3-dimethyl-1,3- . 

20 butadiene). In this complex the M'.'C1 and M-C4 distances were 2.300 A. The M-C2 and M-C3 

distances were both 2.$97 A, gi.viog a Ad of-0.297 A. Accordingly, this complex contains a 

a-bound diene and the zirconium is in the +4 formal oxidation state. 

Alternatively, complexes of the present invention wherein Xis a conjugated diene 

in the form of a n-complex and Mis in the + 2 formal oxidation state are identified using 

25 nuclear magnetic resonance spectroscopy techniques. The teachings of Erker, et al., Supra, C. 

KrQger, et al. Oraanometallics, 4, 215·223, (1985), and Yasuda I, Supra, disclose these well 

known techniques for distinguishing between n-bound.complexes and metalloc:yclic 

coordination or a-bound diene complexes~ 

.. The reactions of this invention may be conducted attemperatures from -100°C to 

30 300°C, preferably from 0 to 80°C. Suitable reaction media for the formation of the complexes 

are aliphatic and a.romatic hydrocarbons and, halohydrocarbor:is. ethers, and cyclic ethers. 

· Examples include straight and bra.nched-chain hydrocarbons such as isobutane, butane, 

pentane, hexane, heptane. octane, and mixtures thereof; cyclic and alicyclic hydrocarbons such 

as cyclohexane, cycloheptane, methylcyclohexane, methylcyclohept11ne, and mixtures thereof; . 

35 aromatic and hydrocarbyl-substituted aromatic compounds such as benzene, toluene, xylene, 

and styrene, alkyl ethers having from 1 to. 4 carbons in each alkyl group; C1-4 dialkyl ether 
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derivatives of (poty)alkylene glycols, and tetrahydrofuran.·;f\1ixtures of the foregoing are also 

suitable. 

The process generates the desired metal eomplex in high yields and efficiencies 

due to the fact that the n-alkyl Grignard reagent is mudh more efficient in conversion of the 

s halide precursors than are secondary or tertiary alkyl Grignard reagents. Without wishing to be 

bound by any particular theory, it is believed that in the>.presence of the conjugated diene 

reactant, a Group 4 metal complex is formed upon reaction of the precursor metal halide with 

then-alkyl Grignard reagent which is reduced to the +2 oxidation state in situ. Thus. the 

process achieves high yields of the desired complex wherein the Group 4 metal is in the + 2 

1 o formal oxidation state without the addition of conventional reducing agents, such as Group 1 
• • .t' . 

or 2 metals or amalgams such as Hg/Na or K/Na. Moreover, in a preferred embodiment, the 

reaction is conducted in a polar aprotic solvent, especial~ an aliphatic ether, most preferably 

diethylether, tetrahydrofuran (THF) or dimethoxyethane (DME). In such solvents the Grignard 

reagent is relatively soluble. This allows for the use of nonpolar solvents, especially 

15 hydrocarbons, in which Grignard reagents and metal salt byproducts are relatively insoluble, to 

be used to recover the desired reaction product. 

All of the steps of the reaction may be performed in sequence in a single reactor 

vessel without isolation of intermediate products, thereby greatly assisting in the large scale, 

commercial practice of the process. The recovery procedure usually involves separation of the 

20 resulting salt byproducts and unreacted Grignard reagent and devolatilization of the reaction 

medium. As previously mentioned, extraction into a secondary solvent, especially an alkane, is 

highly desired. 

The relative amounts of the respective reagents are not critical to the process, but 

generally, stoichiometric amounts are employed for the most economical operation. 

25 Specifically, the amount of Grignard reagent used is desirably in a molar ratio from 1 : 1 to 3: 1 

compared to the amount of metal halide to be converted, depending on the formal oxidation 

state ofthe intermediate metal halide. The amountofdiene reagent used is desirably in a 

molar ratio from 1 :1 to30:1, preferably in a motarratio·from 1:1to10:1, compared to the 

amount of intermediate metal complex. 

30 Preferred neutral Lewis bases include pyridine, diethylether, tetrahydrofuran 

(THF), 1,2-dimethoxyethane (DME), or tetramethyfethyJenediamine (TMEDA). The Grignard 

complex (either the derivative of-LZ- or of the n-alkane);may also be in the form of an adduct, 

such as the DME or THF coordinated Grignard adduct. 

In the optional oxidation step performecUn!t:he alternative embodiment of the 

35 invention, any suitable oxidant may be employed. Prefewed oxidants are halogenated C1.10 

organic compounds, especially halogenated C1.10 alkanes; such as 1,2-dichloroethane, 

methylene chtoride or chloroform, which uniquely undergo one electron oxidations 
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. incorporating only the halide group into the metal complex. Use of such halogenated organic 

oxidants in this manner is further disclosed in EP-A-514,828. 

Inasmuch as the complexes can contain only~one cyclic delocalized, anionic, 

n-bonded group; it folloVVS that Z or X; singly or in combination, cannot comprise a 

5 cyclopentadienyl group or other. cyclic delocalized n•bonded group. 

Preferred metal coordination comp.lexes prepared according to the present 

invention correspond to the formula: 

/z \ .. 
·.Cp:......... M--- X 

10 wherein z. Mand X are as pr~viousiy defined; and 

·· Cp is a C5H4 group bound to Zand bo.urid in an q5 bonding mode to Mor is such 
·. . : 

an q5 bound group substituted with from one to four substituents independently selected from 
. . . . . 

hydrocarbyl, siiyl, germyl; halo, <:Yano, and combinations thereof, said substituent having up to 

20 non hydrogen ~toms, and optionally, one or two pairs of such substituents together form a 
15 c2•10 hydrocarbylene group·, thereby ·causing Cp to have a fused ring structure. 

20 

More preferred metal coordination complexes prepared according to the present 

invention correspond to the formula: 

R 

wherein:· 

R' each occurrence is independently selected from hydrogen, hydrocarbyl, silyl, 

25 germyl, halo, cyano, and combinations thereof, said R' having up to 20 nonhydrogen atoms, 

and optionally, one or two pairs ofsuch substituentstogether each form a C2~10 

hydrocarbylene group, thereby causing Cp to have a fused ring structure; 

30 

Xis a neutral q4-bonded, conjugated diene group having up to 30 non-hydrogen 

atoms, which forms an-complex with M; 

Y is-0-, .:s., -NR*·, -PR*-; 

M is titanium or zirconium. in the + 2 formal oxidation state; 

Z* is SiR* 2• CR*2. SiR*2SiR* 2• CR*2CR* 2• CR*= CR*, CR*2SiR* 2• or GeR* 2; wherein: 

R* each occurrence is independently hydrogen, or a member selected from 

hydrocarbyl; silyl1 halogenated alkyl, halogenated aryl, and ·combinations thereof, said R* 

35 having up to 10 non.;.hydrogen atoms. 

. Preferably, R' independently each occurrence is hydrogen, hydrocarbyl, silyl, halo 

or a combination thereof, said .R' having up to 1 O non-hydrogen atoms, or one or two pairs of 

adjacent R' substituentstogether each form a C2.1o hydrocarbylene group, thereby causing Cp 
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. .,, _ ~l ,.,-""" 
to have a fused ring stni~i~i.i"re. Most preferably, R' is hyc:irdgen, methyl, ethyl, propyl, butyl, 

, -~>.. ·~: ··.: ~-1n···· 

pentyl, hexyl, (including where appropriate all isomers), cydopentyf, cyclohexyl, norbornyl, 
'."1..-: 

benzyl, or phenyl or one or two pairs of adjacent R' subStituents together cause the entire CsR' 4 ·q·-·-

group to be an indenyl, tetrahydroindenyl, fluorenyl, -~trahydrofluorenyl, or octahydro-
~,.,. 

fluorenyl group. , , 

Further preferably, at least one of R' or R~ ·~an electron donating moiety. By the 
• .. ! . 

term "electron donating" is meant that the moiety is more electron donating than hydrogen. 
. . - ; )• 

Thus, highly preferably Y is a nitrogen or phosphorus containing group corresponding to the 
" - - - .; i:': 

formula -N(R")-or ..P(R")-, wherein R" is C1.10 hydrocarbyl. 
: -.. :. .;rt; 

Examples of suitable X groups include: q4..1,3-pentadiene; ri4-2,4-hexadiene; 
- - _ _. _- ,. ;:')fr. 

114-1,4-diphenyl-1,3-butadiene; 114-3-methyl-1,3-pentadif!ne; 114.1,4-dibenzyl-1,3-butadiene; 
: 4~~ ·• 

114-1,4-ditolyl-1 ,3-butadiene; 114-1,4-bis(trimethylsilyl)-1,3-butadiene, :q4-1-(4-t-butylphenyl}-
!· .. ·='.. 

4-phenyl-1,3-butadiene, 1!4-1-(3-methylphenyl}-4-phenyl-1,3-butadiene, and 
·'."1• 

:q4-1-(3-methoxyphenyi)-4-phenyl-1,3-butadiene. 
'. ~ ; 

Most highly preferred metal coordination complexes prepared according to the 
- -~~ 

present invention are amidosilane- or amidoalkanediy~_compounds corresponding to the 
. ··. ~u 

formula: 
. r.· 
- < 

.··, 

wherein: ·'.> 

M is titanium; 

X is 114.1 ,3..pentadiene, 114-2,4--hexadiene, 114..1,4-diphenyl-1,3-butadiene, :q4-3-

methyl-1,3-pentadiene, zt4 ... 1Mibenzyt-1,3-butadiene;~ 1,4-ditolyl-1,3-butadiene, or 114-1,4-

bis(trimethylsilyl)-1,3-ltutadiene; • .. 

R' is hydru~methyl, or one or two pairs of R' groups together cause the ring 
30 structure to be an indenyl, tetrahydroindenyl, ffuorenyhlr octahydrofluorenyl group; 

35 

R" is C1-1t hydrecarbyl; -r r: 

R"' is independently each occurrence hydtogen or c,_,o hydrocarbyl; 

Eis independently each occurrence silicofl"Otcarbon; and 

mis1or2.;·· . 

Examples of the most highly preferred m•·comptexes prepared according to 

the present invention include compounds wherein R" in'nethyl, ethyl, propyl, butyl, pentyl, 

hexyl, (including all isomers of the foregoing where apJlfimble}, cyclododecyl. norbornyl, 
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benzyl, or phenyl; (ER'" 2)m is dimethylsilane, or ethanediyl;_ and the cyclic delocalized 

'.a-bonded group is cyclopenta~ienyl; tetramethyicyclopentadienyl, indenyl, tetrahydroindenyl, 

fluorenyl, tetrahydrofluorenyl or octahydrofluorenyl. 

Highly preferred diene compounds are: 1,3-pentadiene; 2,4-hexadiene; 1,4-

diphenyl-1,3-butadiene; 3-methyl~'1,3-pentadiene; 1,4-dibenzyl-1,3-butadiene; 1,4-ditolyl-1,3-

butadiene; 1,4-bis(trimethylsilyl)-_1 ,3-butadiene, 1-(4-t-butylphenyl)~4-phenyl-1,3-butadiene, 1-

(3-methylphenyl)4pheny_l·-1,3-butad.ien~. and 1 :(3-methoxyptienyl)-4-phenyl-1,3-butadiene. 

All positional and geometric isomers of the foregoing diene reactants may be utilized. 
. . . · .. ··· . .. . . . . . . . 

The complexes are rendered catalyticall¥ active b¥ combination with an activating 

1 o cocatalyst or by use of an activating technique. Suitable activating cocatalysts for use herein 
. .. . . .. - .. . . :- .. . .· .. 

include polymeric or oligomeric alumoxanes, espe_ciaily in,9thyla.i~~oxane, triisobutyl 

aluminum modified methylalumoxane, or diisobutylaiumoxane; strong Lewis acids, such as, 

c1•30 hydroairbyl substitUted Group 13 compounds, ~s~eci~llytri(hydrocarbyl)aluminum- or 

tri(hydrocarbyl)boron compounds and halogenated d~rivatives thereof, having from 1 to 10 

15 carbons in each hydrocarbyl or halogenated hydrocarbyl ~roup. more especially perfluorinated 

tri(aryl)boron compounds, and rraOst especiaily tris(pentaf~uorophenyl)borane; nonpolymeric, 

inert, compatible, noncoordinating, ion forming compounds (including the use of such 

compounds under oxidizing conditions); bulk electrolysis; and combinations of the foregoing 

activating cocatalysts and techniques. The foregoing activating cocatalysts and activating 

20 techniques have been previously taught with resp~ct to different metal complexes in the 

following references: EP-A-277,003; US-A~S, 153,.157,US-A-5,064,802, EP-A-468,651 (equivalent 

to U.S. Serial No. 07/547,718), EP-A-520,732 (equivalentto U.S. Serial No. 07/876,268), EP-A-

520,732 (equivalentto U~ S. Serial Nos. 07/884,966 filed May 1, 1992) and US-A-5,372,682 the 

teachings of which are herein incorporated by reference. 

25 Combinations of strong Lewis acids, especially the combination of a 

trialkylaluminum compound having from 1 to 4 carbons in each alkyl group and a halogenated 

tri(hydrocarbyl)boron compound having from 1 to 10 carbons in each hydrocarbyl group, 

especially tris(pentafluoropf:tenyl)borane, further combinations of such strong Lewis acid 

mixtures with a polymeric or oligomeric alumoxane, and combinations of a single strong Lewis 

30 acid, especially tris(pentafluorophenyl)borane with a polymeric or oligomeric alumoxane are 

especially desirable activating cocatalysts. 

The catalysts are suitably employed in the polymerization of olefins according to 

known Ziegler-Natta polymerization conditions. EspeCially suited are polymerization· 

temperatures from 0-250°Cand pressures from atmospherieto 1.000 atmospheres (0.1 to 

3 5 1 OOMPa). Suspension, solution, slurry, gas phase or other process conditions may be employed 

·if desired. A support, especially silica, modified silica (silica modified by calcining, treatment 

with a trialkytaluminum compound having from 1 to 10 carbons in each alkyl group, or 

treatment with an alkylalumoxane), alumina. or a polymer (especially polytetrafluoroethylene 

-8-
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or a polyolefin) may be ~-~ployed, and desirably is employed. when the catalysts are used in a 

gas phase or slurry polym~rization process. The support is preferably employed in an amount 

to provide a weight ratio of catalyst (based on metal) :support from 1 : 100,000 to 1 : 10, more 

preferably from 1:50,0tH)to1 :20, and most preferably from 1: 10,000to 1 :30. 

s In most pofymttrization reactions the molar ratio of catalyst:polymerizable 

compounds employed is from 10·12:1to10·1:1, more preferably from 10·12:1to10·5:1. 

Suitable solvents for solution polymerizations are noncoordinating, inert liquids. 

Examples include straight and branched-chain hydrocarbt)ns such as isobutane, butane, 

pentane, hexane, heptane, octane, and mixtures thereof; cyclic and alicydic hydrocarbons such 

10 as cyclohexane, cycloheptane, methylcyclohexane, methylcycloheptane, and mixtures thereof; 

perfluorinated hydrocarbons such as perfluorinated C
4

•
10 

alkanes, and aromatic and alkyl­

substituted aromatic compounds such as benzene, toluene, and xylene. Suitable solvents also 

include liquid olefins which may act as monomers or comonomers including ethylene, 

propylene, 1-butene, butadiene, cycJopentene, 1·hexene, 3-methyl-1-pentene, 4-methyl-1-

15 pentene, 1 ,4-hexadiene', '1-octene, 1-decene, styrene, divinylbenzene, allylbenzene, 

vinyltotuene (including aR isomers alone or in admixture), 4-vinytcyctohexene, and 

vinyfcydohexane. Mixtures of the foregoing are also suitable. 

The skilled artisan will appreciate that the invention disclosed herein may be 

practiced in the absence of any component which has not been specifically disdosed. Having 

20 described the invention the following examples are provided as further illustration thereof and 

are not to be construed as ·limiting. Unless stated to the contrary all parts and percentages are 

expressed on a weight basis. 

Example 1 

Preparation of (t-butylamido)(tetrarnethyl-115-cyclopentadienyl)dimethylsilanetitanium 1,3-

25 pentadiene 

A. from (t-butylamido)(tetramethyl-:qS-cyclopentadienyl)dimethylsilanetitaniumdichloride and 

n-BuMgCI in refluxing OME 

In an inert atm·Olphere glove box, 0.25 g (0~68 mmol) of CsMe4SiMe2NCMe3 TiCl2 

((t-butyiamido)(tetramethyl•qs~cyclopentadienyl)dimeth}tlsilanetitanium dichloride) was 

30 dissolved into 20 ml of 1,i-diinethoxyethane (DME). To this solution was added 0.34 ml (3.39 

mmol) of 1,3-pentadiene folltiw .. by 1.02 ml of 2 M n-BuMgCI in diethylether (2.04 mmol). 

The mixture's color changed ti:> a deep purple color. The ri!aaion mixture was heated to reflux 

for one hour then cooled to a·ffibient temperature (20°C) and the volatile materials removed 

under reduced pressure. 1"he Solid residue was extracted With pentane and the extract filtered. 

3 s The pentane was removetfander reduced pressure leaving purple/black microcrystals of the 

desired product (Formula A), which was identified by 1H' NMR analysis. Yield was 0.21 g., 84 

percent. 

·'"· 

-9-



5 

W096/17857 PCT/US95/14189 

(A) 

Si(CH3),-t;:,(CH3)3. 

· · T~f ......... ;Hcll3 

~CH-CH. 

CH2 ·· CH3 

B. from (t-butylamido)(tet~amethy_l-115-cydopentadiEtnYl)djmethylsilanetitaniumdichloride and 

n".BuMgCI Jn DME at 40 °C:. 

10 The reactio•l :c:ondi:tio~s ~f Exar11ph~.1 A we~ .s1.1b,stantially repeated excepting 

that 0.50 g. (1.36 mmol) of C:sMe4SiMtt2NCM'3 TICl2, 25 ml,. of DM,E, 0.68 ml (6.79 mmol) of 1,3-

pentadiene and 2.04 ml l)f ~ M_ n~BuMgCI in diethylether (4.07 m"1ol) were used. The reactants 

were combined in a Schlenk_tube, the tube was seal,d, ren1oved to-a Schlenk line, vented to a 

nitrogen bubbler and.immersed in an oil bath l'l.laintained 1tt40 °C. Aft_er two hours the tube 

15 was returned to the drybox, where the residue was extracted with pentane filtered and 

recovered. Product purity was extremely high. Yield was 0~37 g., 74 percent. 

C. from (t-butylamido)(tetramettlyl~115-cyclopentadienyl)dirnethylsilanetitaniumdichloride and. 

n-BuMgCI in DME at 20 °C. 

The reaction conditions of Example 1 A we" substantially repeated excepting 

20 that 0.25 g (0.68 mmol) of(t-butylamido)(tetramethyl-115-cyclopenta­

dienyl)dimethylsilanettt.niumdichloridce, 0.35 ml (13.58 .rnmol) of 1,3-pentadiene, and 1.018 

ml (2.04 mmol) of n-B uMgCI were used and the reaction mixture was stirred ·for three hours at 

ambient temperature (20°0. Product purity was extremely high. 

Example2 

25 Preparation of (t-butylamido)(tetramethyl-115-cyclopentadienyl)dimethylsilanetitanium 1,3-

.pentadiene from 

TICl3 • 3 THF and n-BuMgCI in refluxing DME 

In an inert atmosphe~ glove box, 1.0 g. of f:5Me4SiMe2NCMe3[MgClh • n DME 

having an effective_ molecular weight by titratior1 of $14 g/mol (1.95 mmol) was placed in a 100 

30 ml flask with ~O ml of [)ME. Ti03 ~ 3 THF (0.72g, 1.95.111mol) wa~ added and the_mixture stirred 

· for 15 mir1utes. CH2Cl2 (75 pl (1.17 mmol)) was added ca~sirig_the color to become reddish 

brown. After 30 minutes, ~.9 ml of 1,3-pentadiene (38.91 '1\mol) was added followed by 2.9 ml 

of 2 M n-BuMgCI (5.84 mmol) in t;iiethylet_her. The mixture's color changed to a deep purple 

color. The reaction mixture was heated to reflux for one hour then cooled to ambient . .. . . . . - ·.:. 

35 temperature (20°C)and~he volatile m11terials removed uncier reduced pressure. The solid 

residue was extracted with J)entane and the extract fJ_l;tered, The pentane was removed under 

reduced pressure leaving purple/black microcrystals of the desired product, which was 

identified by 1 H NMR analysis to be highly pure. 

-10-
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Large Scale Preparation of (t·butylamido)(tetramethyl-tif·tyclopenta­

dienyl)dimethylsilanetitanium 1,3-pentadiene from Tids~ 1.5 DME and n-BuMgCI 

A) Preparation ofTiCl3• 1.5 (DME) '1t."· 

A 10 Lglass kettle (R-1) with flush mounted bottom valve, 5-neck head, teflon 

gasket, clamp, and stirrer components (bearing, s~aft,-~ ~addle} was set up in the hood and 

purged with nitrogen. The necks were equipped as fotlMVs: stirrer components were located 

on the center neck, and the outer necks had a reflux contfenser topped with gas inlet/outlet, an 

inlet for solvent, a thermocouple, and a stopper, respe~fy. Ory, deoxygenated 

10 dimethyoxyethane (DME) wasaddedtotheflask (approxA.3 u. In the drybox, 322 g ofTict3 

was weighed into an equalizing powder addition tunneethe funnel was capped, removed 

from the drybox, and put on the reaction kettle in place df the stopper. The TiCl3 was added 

over about 10 minutes with stirring. Aftertheaddition·fidiscompleted, additional DME was 

used to wash the rest of the TiCl3 into the flask. The addftion funnel was replaced with a 

15 . stopper, and the mixture heated to reflux. The color chiilbed from purple to pale blue. The 

20 

mixture was heated for about 4.5 hours. It was then cooled to room temperature, the solid was 

allowed to settle, and the supernatant was decanted frolh the solid. The product, TiCl3 • 1.5 

{DME) remained in the reactor as a pale blue solid. 

8) Preparation of [(Me4C5)SiMe2Nt8u)[MgCl)i 

A 30 l glass kettle (R-2) with flush mounteclb:ottom valve, 7-neck head, teflon 

gasket, damp, and stirrer components (bearing, shaft, ailtpaddle) was set up in the hood and 

purged with nitrogen. The head was equiJ)ped with sti~t~in the center neck, and the outer 

necks containing a condenser, nitrogen inlet/outlet, vaC.«nn adapter, reagent addition tube, 

thermocouple, and stoppen respectively. The reactorWil loaded with 525 g of 

25 (Me4C5H}SiMe2NHtBu, followed by 5 l of toluene, and ttiSh 1.57 kg of 2.2 M i-PrMgCI in 

diethylether. The mixture was then heated, and the eth .. altowed to boil off into a trap cooled 

to -78 °C. The inner thermocouple temperature reached a maximum of 85 °C after 2 hours of 

heating. Atthe end of this time, the heater was turned off, and DME was added to the hot, 

stirring solution, resulting in the precipitation of a white solid. The mixture was then heated 

30 again to an inner temperature of 85 °c and held there for an additional hour. The solution was 

allowed to cool to room temperature, the material was allowed to settle, and the supernatant 

was decanted from the solid. An additional wash was done by adding totuene, stirring for 

several minutes, allowing the solids to settle, and decanting the toluene solution. The product, 

((Me4Cs)SiMe2NtBu)(MgCl]a, was left in R-2 as an off-white, solvated solid. 

35 C) Preparation of [(Me
4
Cs)SiMe2NtBu)Ti(1,3-pentadiene) 

The materials in R-1 and R-2 were slurried in DME (the total volumes of the 

mixtures were approximately 3.7 Lin R-1and12 Lin R-2). The contents of R-1 were transferred 

into R-2 using a transfer tube connected to the bottom valve of the 1 O L flask and one of the 

-11-

.J 



W09'/17857 PCT/US95/14189 

head openings in the 30 L flask. The remaining material in R-1 was washed over using 

additional DME. The mixture dar~ened quicklyt~ a d~ep red/brown color. After 30 minutes, 

73 ml of CH2Cl2 was added_throug~ a dropping funnel, resulting in a color change to . ~ . . . : 

green/brown. After approximately 2 hours. 640 g ~f 1,3-pentadiene was added, followed by 

5 2.26 kg of 2 M nBuMgq in THF. The mixture,.,.,as warmed to 40°C and stirred atthis 

temperature for 2 h,o.urs'. Tf'!en apP.roximate.ly 7 .S: L ofsolvent was removed under vacuum. 

lsopar e· (approx. 5.3 ~) (avai!e1ble:from EXJ(onChem.ical Co.) was then added to the flask. This 

vacuum/solvent addition cycle.was,repf!ated,, vvith approx. 5.7 L of solvent removed and 4.3 L of 

lsopar E'" added. The material was allowed to settle, then the liquid layer was decanted into . . . . . . . . . . . . 

1 o another 30 l glass kettle (R-3). The solids ln R-2 were washed vvtlh additional Jsopar E; this . . . . . . . . . . 

solution was combined with the first decant in ~-3. The,s()lvent in R-3 was removed under 

vacuum to leave a red/black solid, which was reextracted with lsopar e·. This material was . . .. .: ·.• ' , .· .. · .... : ... ·. . . . 

transferred into a storage cylinder.' _Analysis indicatec;t thatthe solution (9.39 l) was 0.1360 M in ( 

titanium. Thus the_ yield was equal.to467 g.(1.277 moles) of((Me4Cs)SiMe2NtBu]Ti(1,3-

1s pentadiene), 61 percent based on.JiCl3., 

. Example4 

. synthesis from TiCl3. _3 THF without:oxidation using ~H2~l2 . 

In the drybox, 1.0 g ofJ(Me4C5)SiMt!2"11tBu)[1V1gCll;z[DMEJn (~ffective molecular 

weight by titration: 514 g/mol) was placed in.atOO:mlflaslc wi1:h 20 ml of DME. TiCl3 • 3 THF 
20 (0.72 g) was a.dded using 10 ml of additional _[)ME. Th~, mixture was stirred for 15 minutes, 

then 0.97 ml of 1,3-pentadiene was added followed by .1.46 ml of 2 M nBuMgCI in THF. The 

color changed to a deep red/purple •.. The mixture was $.tirred for one hour. At the end of this 

time, the volatile materials were re!Tloved under ~duced pressure. The residue was extracted 

with pentane. the solution was filtered, and ttie Peota~e was .removed under reduced pressure 

25 to leave a dark purpleiblack solid_. ·The 1H NMR sp~~;~m ~ft~_is fl1aterial indicated it to be pure 

[(Me4Cs)S.Me2NtBu)Ti(1,3-pentadiene). The yield w~s 0.52 g, 73 percent. 

30 

35 

-12-
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WHAT IS CLAIMED IS: 

1. A process for preparing a metal complex containing one and only one 

cyclic, delocalized n-bonded group, said complex corresponding to the formula: 

Z X'n 
/ \ .¥ 

L -M-X 

wherein, 

M is titanium or zirconium in the + 2 formal oxidation state; 

Lis a group containing a cyclic, deiocalized, anionic, IHystem through which the 

group is bound to M, and which group is also bound to Z; 

Z is a moiety bound to M via a a-bond, comprising boron, or a member of Group 

14ofthe Periodic Table of the Elements, and also comprising nitrogen, phosphorus, sulfur or 

oxygen, said moiety having up to 60 non-hydrogen atoms; 

X is a neutral, conjugated diene, optionally substituted with one or more 

hydrocarbyf groups, said X having up to 40 carbon atoms and forming an-complex with M; 
15 

21 

25 

X' is a neutral Lewis base ligand selected from amines, phosphines and ethers said 

X' having from 3 to 20 non-hydrogen atoms; and 

n is a numberfrom 0 to 3; 

said process comprising contacting a metal halide compound corresponding to the formula 

Z X'n Z X'n 
/ \.#' 

L -lf**- X*2 
or / \.¥ 

L - M*-X* 

wherein, 

M* is titanium or zirconium in the + 3 formal oxidation state; 

M** is titanium or zirconium in the +4 formal oxidation state; 

X* is halide; and 

L, Z, X' and n are as previously defined; 

with a free diene corresponding to X, and subsequently or simultaneously contacting the 

resulting reaction mixture with a Grignard derivative of a C1.2o n-alkane to form the desired 

metal complex. 

30 2. A process for preparing a metal complex containing one and only one 

cyclic, detocaiized n-bonded group, said complex corresponding to the formula: 

Z X'n 
/ \.¥ 

L -M-X 

35 wherein, 

· M is titanium or zirconium in the + 2 formal oxidation state; 

Lis a group containing a cyclic, delocalized, anionic, n-system through which the 

group is bound to M, and which group is also bound to Z; 

-13· 
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Z is a moiety bound to .M via a a-bond, comprising boron, or a member of Group 

14 of the Periodic Table of the Elem~ots, and also comprising nitrogen, phosphorus, sulfur or 

oxygen, said moiety having up to ,~O:~on-hydrogen atoms; 

X is ai neutral, conjuga~ed diene, optionally substituted with one or more 

5 hydrocarbyl groups, said X having up to 40 carbon atoms and forming an-complex with M; 
' ' 

X' is a neutral Lewis base ligand sel~cted from.amines, phosphines and ethers said 

X' having from 3 to 20 non-hydrogen atoms; and 
: .. 

n is a number from~ to 3; 

said process comprising: 

1 o 1) contacting a metal halide compound according to the formula M*(X*hX' n or M**(X*)4'(' "' 

wherein; 

M* is titanium or zirconium in the + 3 formal oxidation state; 

M** is titanium or zirconium in the +4 formal oxidation state; and 

X* is halide; 

15. with a dianionic salt corresponding to the formula: M' 2LZ. wherein; 

21 

2!'" 

M' is a Group 1 metal, MgCI or Mg Br or two M' groups together are a Group 2 

metal; 

to form an intermediate metal° complex according to the formula: 

Z X'n Z X'n 
/ \. #'. or / \ ~ 

L -'M**- X*2 L - M* -X* 

wherein L, z, M**, X*, X', M* and n are as previously defined; · 

2) when the metal in said intermediate metal complex is in the + 3 formal oxidation state, 

optionally contacting said.intermediate metal complex with an oxidant to form an 

intermediate metal complex according to the formula: 

whereiri L, Z, M**, X*, X', and n are as previously defined; and 

3) contacting the intermediate metal complex with a free diene corresponding to X, and 

30 subsequently or simultaneously con~Cting the resulting reaction mixture with a Grignard 

derivative of. a C1•20 n-alkane to form the desired metal complex. 

3. A process according to either Claim 1 or 2 wherein the free diene 

corresponding to X is 1,4-diphenyl-1,3-butadiene; 1,3-pentadiene; 1,4-dibenzyl-1,3-butadiene; 

2,4-hexadiene; 3-methyl-1,3-pentadiene; 1,4-ditolyl-1,3-butadiene; or 1,4-bis(trimethylsilyl}-

35 1,3-butadiene. 

4. . A process: according to either Claim 1 or 2 wherein X is 1,3-pentadiene. 

-14-
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5. A process according to either Claim 1 or 2 wherein the resulting metal 

complex corresponds to the formula: 

R 
5 

wherein: 

R' each occurrence is independently selected from hydrogen, hydrocarbyl, silyl, 

germyl, halo, cyano, and combinations thereof, said R' having up to 20 non hydrogen atoms, 
1 
O and optionally, one or two pairs ofsuch substituents together each form a C2•10 

hydrocarbylene group, thereby causing Cp to have a fused ring structure; 

15 

20 

25 

30 

35 

X is a neutral 114-bonded diene group having up to 30 non-hydrogen atoms, which 

forms an-complex with M; 

Y is-0-, ·S·, -NR*·, ·PR*-; 

Mis titanium or zirconium in the + 2 format oxidation state; 

Z* is SiR*2. CR*2• SiR*2SiR*2, CR*2CR*2, CR*•CR*, CR*2SiR*2, or GeR*2; wherein: 

R* each occurrence is independently hydrogen, or a member selected from 

hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R* 

having up to 1 O non-hydrogen atoms. 

6. A process according to Claim 5 wherein R' independently each occurrence is 

hydrogen, hydrocarbyt, silyl, halo or a combination theri!Of, said R' having up to 1 O non­

hydrogen atoms, or one or two pairs of adjacent R' subftffuents together each form a c2•10 

hydrocarbylene group, thereby causing Cp to have a ful'il'd ring structure. 

7. A process according to Claim 6 wh•reih R' is hydrogen, methyl, ethyl, 

propyl, butyl, pentyl, hexyl, (induding where appropriate all isomers), cydopentyl, cyclohexyl, 

norbornyl, benzyl, or phenyl or one or two pairs of adjaeent R' substituents together cause the 

_entire C5R' 4 group to be an indenyl, tetrahydroindenyt, fluorenyl, tetrahydrofluorenyl, or 

octahydrofluorenyl group. 

8. A process according to Claim 5 wherein Y is a nitrogen or phosphorus 

containing group corresponding to the formula -N(R")- or -P(R")-, wherein R" is CMo 

hydrocarbyl. 

9. A process according to Claim 5 wherein the metal complex corresponds to 

the formula: 
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R' ca··· '2>m 

' R' M _.,,,,,, N-R' I 

\ 
5 

R' 
x 

wherein: 

M is titanium; 

. X is 11"-1,3-pentadiene; 11"-2,4-hexadiene; 114-1,4-diphenyl-1,3-butadiene; 114-3-
1 O methyl-1,3-pentadiene; 114-1,4-dibenzyl-1,3-butadiene; 114-1,4-ditolyl-1,3-butadiene; 114-1,4-

bis(trimethylsilyl)-1,3-butac;Jiene, 11"-1-(4-t~butylphenyl)-4-phenyl-1,3~butadiene, q"-1-(3-

methylphenyl)-4-phenyl-1.~ ... butadiene, or 11"-1-(3-methoxyphenyl)-4-phenyl-1,3-butadiene; 

15 

20 

25 

30 

35 

R' is hydrogen or methyl, or one or two pairs of R' groups together cause the ring 

structure to be an indenyl, terahydroindenyl, fluorenyl or octahydrofluorenyl group; 

R" is C1.10 hydrocarbyl; 

R"' is independently each occurrenc:e hydrogen or C1.10 hydrocarbyl; 

E is independently each occurrence silicon or carbon; and 

mis1or2. 

1 O. A process according to Claim 1 or 2 wherein the reaction is conducted in a 

polar, aproti~·solvent. 

11. AprocessaccordingtoClaim 10whereinthesolvent-is 1,2-

dimethoxyethane, tetrahydrofuran or d.iethylether. 

12. A process according to Claim 1 O wherein the reaction is performed in 

sequence in a single reactor vessel without isolation of intermediate products. 

13. A process according to Oaim 2 wherein the oxidation is perft:)rmed by use 

or~ halogenated organic compound: 
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