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IMPROVED PREPARATION OF TITANIUM(H) OR ZIRCONIUM(II) COMPLEXES

This invention relates to a process for preparing certain titanium and zirconium
complexes comprising a single, cyclic, delocalized n—bt:nded ligand group wherein the metal of
said complexes is in the + 2 formal oxidation state. More particularly, this invention relates to
such processes wherein the metal is covalently bonded to the cyclic group via the delocalized n-
system and also covalently bonded thereto via a divalent tigand group. Such complexes are
referred to in the art as “ constrained geometry” complexes

The preparation and characterization of certam biscyclopentadienyl zirconium
and hafnium diene comple__:{:gs are described in the follc\__n(mg references: Yasuda, etal.,
Organometallics, 1, 388 (1982) (Yasuda I); Yasuda, et al., Acc. Chem. Res., 18, 120(1985),
(Yasuda II); Erker, et al., Adv, Organomet. Chem., 24, 1{1985); and US-A-5,198,401. The
preparation of certain Ti, Zr, and Hf monocyciopentadienyl diene complexes lacking the
present bridged ligand stru&um, was described in Yamamoto et al., Organometallics, 8, 105
{19289) (Yamamoto) and Blgpkers, J, et al,, Organometallics, 6, 459 (1987).

Constrained genmeti'y metal complexes, itlc_luding titanium complexes, and
methods for their preparation are disciosed in EP-A-41 S.§1 5; EP-A-468,651; EP-A-514,828;
EP-A-520,732 and WO093/19104, as well as US-A-5,055,438, 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 provideda
process for preparing a metal complex containing one and oniy one cyclic, delocalized n-
bonded group, said compiex corresponding to the formula:

y A X'n
~ \ #
L — M—X

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

L is a group containing a cyclic, delocahzed amomc, n-system through which the
group is bound to M, and whlch group is also bound to Z

Z is a moiety bound to M via a g-bond, compnsmg boron, or a member of Group
14 of the Periodic Table of the Elements, and also comprlsmg nitrogen, phosphorus, suifur or
oxygen, said moiety having up to 60 non-hydrogen atoms,

Xis a neutral, gqnjugated diene, optional_lgf §ubstituted with one or more
hydrocarbyl groups, saiti X héving up to 40 carbon atoms and forming a n-complex with M;

X' is a neutral Lewis base figand selected fts:m amines, phosphines and ethers said
X’ having from 3 to Zolnon-;gdrogen atoms; and o

nisa number from0to 3;
said process comprising gcntacting a metal halide compound according to the formula
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z x'n . . _ z ’ x‘n

P » or - V'
L —_-\-M*"L--- X%y L _\M* —x*
wherein, - ' -

M* s tltanlum or zrrcomum inthe +3 formal oxidation state;

M** is ‘titanium or zrrcomum inthe +4 formal oxrdatron state;

X* is halide; and . ' N

L Z X' and n are as prevrously deflned
wrth afree diene correspondmg to X, and subsequently or srmu ltaneously contacting the
resulting reaction mlxtu_r_e_wrth a Grlgnard derivative of a C_1.zo n-alkane to form the desired

~ metal complex '
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Accordmg to a second embodrment of the present invention there isalso -
provided a process for flrst prepanng the above sta rtrng cycllc complexes in situ. Thus, there is
provided a process for preparmg ametal complex contarnlng one and only one cyclic,
delocallzed n-boncled group. sald complex correspo ndmg to the formula

' 2 X', n
L — M— X
wherein,

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

‘Lisagroup containing a cyclic, delocalized, anionic, n-system through which 'the
group is bound to M, and which group is aiso bound to Z;

Z is a moiety bound to M via a o-bond, comprising boron, ora member of Group
14 of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus, sulfur or
oxygen, said morety havrng upto 60 non-hydrogen atoms; ’

Xisa neutral con;ugated dlene. optlonally substituted with one or more
hydrocarbyl groups, sard X havmg up to 40 carbon atoms and formrng an-complex with M;

Xisa neutral Lewrs base llgand selected from amines, phosphrnes and ethers said
X' having from 3 to0 20 non-hydrogen atoms; and

nis a number from 0 to3;

said process comprising:
1) contactrng a metal hallde compound accordmg to the formuia M*(X*)3X'n or M**(X*)aX'p,

~ wherein;

35

M* is titanium or zlrco_niurn in'the +3 formal oxidation state;
M** is tita'nium or zirconium in the +4 formal oxidation state; and

o X is halide;
with a dianionic salt correspondlng to the formula: M'aLZ, wherein;
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M’ is a Group 1 metal, MgCl or MgBr or tifo'M’ groups together are a Group 2

metal; b
to form an intermediate metal complex according to the formula:
YA X ' n A oy ! n
Y1 or ~N\2
L — X%q L — Mé—X%

wherein L, Z, M**, X*, X', M* and n are as previously deﬁned°
2) when the metal in said intermediate metai complex 15 inthe + 3 formal oxidation state,
optionally contacting said intermediate metal complex wnth an oxidant to form an
intermediate metal complex accordmg to the formula,_ ’
- *'a
L —\M‘;*— Xy

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

3) contacting the intermediate metai complex with a ffée diene corresponding to X, and
subsequently or s'imultaneousiy contacting the resultitiﬁ ‘reaction mixture with a Grignard
derivative of a Cy.3¢ n-alkane to form the desired metai comptex.

All reference to the Periodic Table of the'Elements herein shall refer to the
Periodic Table of the Elements, published and copyrighttéd by CRC Press, inc., 1989. Also, any
reference to a Group or Groups shall be to the Group t‘flf-’ﬁroups as reflected in this Periodic
Table of the Elements using the IUPAC system for numﬁ&ring groups.

The diene group, X, does not decomposeunder reaction conditions used to
prepare the complexes of the invention. Under subsediient polymerization conditions, orin
the formation of catalytic derivatives of the present coffiplexes, the diene group, X, may
undergo chemical reactions or be replaced by another figand.

The present titanium and zirconium compilexes contain a neutrai diene ligand
which is coordinated via n-compiexation through the ditne double bonds, and not through a
metaliacycle containing o-bonds (o-bound diene) whei&the metal is in the +4 formal
oxidation state. Such a distinction is readily determinéé by X-ray crystaliography or by NMR
spectral characterization according to the techniques &FYasuda 1, Yasuda il, and Erker, et al.,
Supra, as well as the referentes cited therein. By the térfh "n-complex” is meant both the
donation and back acceptance of electron density by thé ligand are accomplished using ligand
n-orbitals, i. e., the diene is n-bound (n-bound diene}. &

A suitable method of determining the exXtence of a n-complex in conjugated
diene containing metal complexes is the measurement 6f metal-carbon atomic spacings for the
carbons of the conjugated diene using common X-ray fistal analysis techniques.
Measurements of atomic spacings between the metal #8dC1, €2, €3, C4 (M-C1, M-C2, M-C3,
M-C4, respectively) (where C1 and C4 are the terminai 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:

l:{: (M-CD) + (M-C4) } {:(M -C2) + (M-C3) }]
Ad =

is greater than -0.15A, the dlene is cons:dered to form a n—complex wnth M. Inthe use of such |

X-ray crystal analy5|s techmques at least good" and preferably excellent determination
quality as defined by G. Stout et al X-rax Structure Determmatlon, A Practlcal Gmde,
Macmillan Co., pg 430-431 (1968) is used. _

Examples wherein the above method for determination of n-complexes has been
applied to prior.art compounds are found in Erker, etal., Angew. Chem, Int. £d. Eng., 23,
455;456 (1984) (Erker et al.) and Yamamoto, Supra. in the former reference (n3-allyl)(n4-
butadiene)(q5.-cyclop_entadienyl)zigg:on_iu'm was _crystallographi;ally characterized. The M-C1
and M-C4 distances were both 2.360 (£.005) A. The M-C2 and M-C3 distances were both 2.463
(+.005) A, giving a Ad of -0.103A. In the latter reference (_th-p.entamethyIcyclopenta-

 dienyl)(n4-1 ,4-diphe_ny_l-1,beutadi_e_ne)tit_anium chioride was shown to have M-C1 and M-C4

distances of 2.233 (+.006) A The M-C2 and M-C3 distances were both 2.293 (£.005) A, givinga

Ad of -0.060A. Erker etal. also disciosed bis{cyclopentadienyl)zirconium (2,3-dimethyl-1,3-
butadiene). In this complex the M-C1 and M-C4 distances were 2.300 A. The M-C2 and M-C3
distances were both 2.597 A, giving aAdof-0. 2975 Accordingly, this complex contains a
o-bound diene and the zirconium is in the +4 formal oxidation state.

' Alternatively, complexes of the present invention wherem Xisa comugated diene
in the form of a n-complex and M is in the +2 formal oxldatlon state are identified using
nuclear magnetic resonance spectroscopy t_echmques_. The teachings of Erker, et al., Supra, C.
Krager, et al. Organometallics, 4, 215-223, (1985), and Yasuda |, Supra, disclose these well
known techniques for distinguishing between n-bound complexes and meta_llocyclic
coordination or o-bound diene complexes. ' _

. The reactions of this invention may be conducted attemperatures from 100°C to
300°C preferably from 0 to 80°C. Smtable reactlon media for the formation of the complexes
are aliphatic and aromatic hydrocarbons and, halohydrocarbons.ether_s, and c_ychc ethers.

" Examples include straight and branched-chain hydrocarbons such as isobutane, butane,
pentane, hexane, heptane, octane, and mixtures thereof; r.ycllc and alicyclic hydrocarbons such
as cyclohexane, cycloheptane. methylcyclohexane. methylcycloheptane, and mixtures thereof; .
aromatic and hydrocarbyl-substituted aromatic compounds such as benzene, toluene, xyiene,

.and styrene, alkyl ethers having from 1t0.4 carbons in each alkyl group; Cy.4 dialkyl ether
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derivatives of (poly)alkylene giycols, and tetrahydrofuran.:Mixtures 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
halide precursors than are secondary or tertiary alky! 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 upo;r reaction of the precursor metal halide with
the n-alky! Grignard reagent which is reduced to the +2 oxidation state in situ. Thus, the
process achieves high yields of the desired compiex wherein the Group 4 metal is in the +2
formal oxidation state without the addition of conventipnai reducing agents, such as Group 1
or 2 metais or amaigams such as Hg/Na or K/Na. More:;vér, in a preferred embodiment, the
reaction is conducted in a polar aproticsolvent, especiai!g an aliphatic ether, most preferably
diethylether, tetrahydrofuran (THF) or dimethoxyethap._é- {DME). in such solvents the Grignard
reagent is relatively soluble. This aliows for the use of ﬁénpolar solvents, especially
hydrocarbons, in which Grignard reagents and metal salli: byproducts are relatively insoluble, to
be used to recover the desired reaction product. o

All of the steps of the reaction may be peﬁormed in sequence in a single reactor
vessel without isolation of intermediate products, thereby greatly assiéting in the jarge scale,
commercial practice of the process. The recovery procedure usually involves separation of the
resulting salt byproducts and unreacted Grignard reagent and devolatilization of the reaction
medium. As previously mentioned, extraction into a secondary soivent, 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.
Specifically, the amount of Grignard reagent used is desirably in a molar ratio from 1:1to0 3:1
compared to the amount of metal halide to be converted, depending on the formal oxidation
state of the intermediate metal haiiée. The amount of diene reagent used is desirably in a
molar ratio from 1:1 to 30: 1, preferably in a molar ratio from 1:1 to 10:1, compared to the
amount of intermediate metal complex.

Preferred neutral Lewis bases include pyridine, diethylether, tetrahydrofuran
{THF), 1,2-dimethoxyethane (DME}, or tetramethylethylenediamine {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 optionai oxidation step performedinthe aiternative embodiment of the
invention, any suitabie oxidant may be employed. Preferred oxidants are halogenated Cy.1p
organic compounds, especially halogenated C,.1g alkanes; such as 1,2-dichloroethane,
rnethylehe chioride or chioroform, which uniquely undetgo one eiectron oxidations
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_incorporating only the halide-gro_up into the metal complex. Use of such halogenated organic
oxidants in this manner is further disciosed in EP-A-514,828. '

Inasmuch-ae' the 'cornplexes can contain only-one cyclic delocalized, anionic,
n-bonded group; it follows that Z or X, singly or in conibin'ation, cannot comprise a
cyciopentadienyl group or.other cyclic delocalized n-bonded group.

. Preferred metal coordination comp'lexes, prepare_d according to the present
invention correspond to the formula: '
_ / Z O
: G-p: — M—X

wherem Z, Mand X are as prewously deflned and

Cp isa C5H4 group bound toZ and bound in an q5 bondlng mode to M or is such
an n5 bound group substrtuted with from one to four substntuents mdependently selected from
hydrocarbyl, silyl, germyl halo, cyano. and combmatlons thereof said substituent having up to
20 nonhydrogen atoms. and optlonally, one or two pairs of such substltuents together forma
Ca.10 hydrocarbylene group, thereby causmg Cp to have a fused rmg structure.

More preferred metal coo rdmatlon complexes prepared accordmg to the present
mventton correspond to the formula

wherein: . .

R’ each occurrence isindependently selected from hydrogen, hydrocarbyl, silyl,
germyl, halo, cyano, and combinations theréof. said R’ having up to 20 nonhydrogen atoms,
and optionally, one or two pairs of-auch-substituents together each form a Cy.19
hydrocarbylene group, thereby causing Cp to have a fused ring structure;

Xis a neutral :14-bonded,' conjugated diene group having up to 30 non-hydrogen
atoms, which forms a n-complex with M; '
| Y is-O-, <S-, -NR*-, -PR*-; -

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

Z* is SiR* 2, CR*;, SiR*SiR*3, CR*2CR* 5, CR* =CR*, CR*,SiR*,, or GeR*3; 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 10 non-hydrogen atoms.

. Preferably, R’ independently each occurrence is hydrogen, hydrocarbyl silyl, halo
o.r a combination thereof, said R’ having up to 10 non-hydrogen atoms, or one or two pairs of
adjacent R’ substituents together each form a C;.1¢ hydrocarbylene group, thereby causing Cp

-6-
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to have a fused nng struzﬁure Most preferably, R is hydrdgén methyl, ethyl, propyl, butyl,
pentyl, hexyl, mcludmg where appropriate all lsomers), :ydopentyl cyciohexyl, norbornyl,
benzyl, or pheny! or one or two pairs of adjacent R’ substxtuents together cause the entire CsR'4
group to be an mdenyl tetrahydromdenyl fluorenyl, tetrahydroﬂuorenyl or octahydro-
fiuorenyl group. -

Further preferably, at least one of R or R* isan electron donating moiety. By the
term “electron donatmg ns meant that the molety is mnre electron donating than hydrogen.
Thus, highly preferably Y is a nitrogen or phosphorus eontatntng group corresponding to the
formula -N(R")-or -PtR")- wherein R” is Cy.40 hydrocarbyl

Examples of sultabie X groups include: 114-1 3-pentadiene; n4-2,4-hexadiene;
n4-1,4-diphenyi-1 3-butad|ene. n4-3-methyl-1 3-pentadwi;ne, n4-1,4-dibenzyl-1,3-butadiene;
n4-1,4-ditolyl-1, 3-butadlene. n4-1, 4-bts(tnmethylsnlyl)- 3-butadsene, n4-1-{4-t-butylphenyl)-
4-phenyl-1,3-butadiene, n4-1-(3-methylphenyl)-4-phenyl-1 3-butadiene, and
n4- 1-(3-methoxypheny!)-4—phenyl 1,3-butadiene.

Most highly preferred metal coordmatlon comp#exes prepared according to the
present invention are amidosllane- or amtdoalkanedsyl- compounds corresponding to the

formula: _
Rl (ER"'Z)“‘
M /“‘R' !
\
X
wherein: 2

M is titanium;

X isn4-1,3-pentadiene, n4-2,4-hexadiene, y4-1,4-diphenyl-1,3-butadiene, n4-3-
methyl-1,3-pentadiene, j¢-Ti4:dibenzy!-1,3-butadiene;aé1,4-ditolyl-1,3-butadiene, orna-1,4-
bis(trimethylsilyl)-1,3-butadiene; RRE

R’ is hydrogen.br methyl, or one or two pairs of R’ groups together cause the ring
structure to be an indenyl, tetrahydroindenyl, fluorenyhar octahydrofiuorenyl group;

R" is Cy.1g hydrocarbyl; i E

R" is independently each occurrence hydrogen or Cq.10 hydrocarbyl;

E is independently each occurrence silicomr carbon; and

mistor2. - E

Exampies of the most highly preferred méial complexes prepared according to
the present invention include compounds wherein R” is#methyl, ethyl, propyl, butyl, pentyl,
hexyl, {including ail isomers of the foregoing where appiirable), cyclododecyl, norbornyl,

.7~
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benzyl, or phenyl (ER"';),,, is dlmethylsllane, or ethaneduyl and the cyclic delocalized
n-bonded group is cyclopentadnenyl tetramethylcyclopentadlenyl mdenyl tetrahydromdenyl
fluorenyl tetrahydrofluorenyl or octahydrofluorenyl

_ nghly preferred dnene compounds are 1 3-pentad|ene 2 4-hexad|ene, 1.4-
drphenyl 1 3-butad|ene. 3-methyl-1 3-pentad|ene 1 4-d|benzyl-1 3-butad|ene 1,4-ditolyl-1,3-
butadiene; 1 4-b|s(tnmethylsllyl) 1.3-butadiene, -(4-t-butylphenyl)-4-phenyl 1.3-butadiene, 1-

| (3-methylpheny|)-4—phenyl 1 3 butadlene. and 1-(3-methoxyphenyl)—4-phenyl-1 3- butadlene

All posmonal and geometnc :somers ofthe foregomg dlene reactants may be utilized.

The complexes are rendered catalytlcally actlve by combmatlon with an actlvatlng. _
cocatalyst or by use of an actwatlng techmque Sultable actlvatmg cocatalysts for use herein
include polymerlc or ollgomerlc alumoxanes. especrally methylalumoxane, trusobutyl
alummum modified methylalumoxane. or dusobutylalumoxane, strong Lewrs acids, such as, -
Ci.30 hydrocarbyl substltuted Group 13 compounds, especnally trl(hydrocarbyl)alumlnum- or
tri(hydrocarbyl)boron compounds and halogenated derwatlves thereof having from 1t0 10
carbons in each hydrocarbyl or halogenated hydrocarbyl group, more especlally perfluormated
trl(aryl)boron compounds. and most especlally trls(pentafluorophenyl)borane nonpolymeric,
inert, compatlble, noncoordlnatmg, ion formmg compounds { mcludmg the use of such

' compounds under oxidizing con_drtrons), bulk efectrolysis; and combinations of the foregoing

activating cocatalysts and techniques. The foregding activating cocatalysts and activating
techniques have been previously taught with respe"ct to different metal compiexes in the
following references: EP-A-277.003; US-A-5,153,1 S;l,-' US-A-5,064.802. EP-A-468,651 (equivalent
to U. S. Serial No. 07/547,718), EP-A-520,732 (equlvalent to U. S. Serial No. 07/876,268), EP-A-
520,732 (equivalent to 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.

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(thydrocarbyl)boron compound having from 1 to 10.carbonsin each hydrocarbyi group,
especially tris(pentafluorophenyl)borane, further combinations of such strong Lewis acid
mixtures with a polymeric or oligomeric alumoxane, and combinations of a single strong Lewis
acid, especially tris(pentafl uorophenyl)borane with a polymeric or oligomeric alumoxane are
especially desirable activating cocatalysts. ' '

The catalysts are suitably employed in the polymeriza‘tion of olefins according to '
known Ziegler-Natta polymerization conditions. Especially suited are polymerization’
temperatures from O-ZSO‘C.and pressures from atmospheric to 1000 atmospheres (0.1 to
100MPa). Suspension, solution, siurry, gas phase or other process conditions may be employed

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

with a trialkylaluminum compound having from 1 to-10 carbons in each alkyi group, or
treatment with an alkylalumoxane), alumina, or a poiymer (especially polytetrafluoroethylene
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or a polyolefin) may be g_@_gloyed, and desirably is employed when the catalysts are used in a
gas phase or siurry polymérization 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 1:50,080 to 1:20, and most preferably from 1:10,000 to 1:30.

In most polyinerization reactions the molar ratio of catalyst:polymerizable
compounds employed is from 107'2:1 to 10°': 1, more preferably from 102:1 to 10°:1.

Suitable solvents for solution polymérizations are noncoordinating, inert fiquids.
Exampies include straight and branched-chain hydrocarktns such as isobutane, butane,
pentane, hexane, heptane, octane, and mixtures thereof; cyclic and alicyclic hydrocarbons such
as cyclohexane, cycloheptane, methylcyclohexane, methylcycioheptane, and mixtures thereof;
perfluorinated hydrocarbons such as perfluorinated C, _ 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, cyclopentene, 1-hexene, 3-methyl-1 -pentene, 4-methyl-1-
pentene, 1,4-hexadien€, 1-octene, 1-decene, styrene, divinyibenzene, allylbenzene,
vinyltotuene (including all isomers alone or in admixture), 4-vinyicyclohexene, and
vinylcyciohexane. 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 disclosed. Having
described the invention the following examples are provided as further illustration thereof and
are not to be construed Ss'limiting. Unless stated to the contrary all parts and percentages are
expressed on a weight basis.

Example 1

Preparation of (t-butylamido)(tetramethyl-n5-cyciopentadienyl)dimethylsilanetitanium 1,3-
pentadiene '

A. from (t-butylamido)(tetramethyl-n3-cyclopentadienyl)dimethylisilanetitaniumdichloride and
n-BuMgCl in refluxing DME

Inaninert aiﬁiésphere glove box, 0.25 g (0.68 mmol) of CsMesSiMe,NCMe3TiCly
{(t-butylamido)(tetra méthyhiﬁkyclopentadienyl)dimetﬁ?lsilaneﬁtanium dichloride) was
dissolved into 20 mt of 1,2-dimmethoxyethane (DME). To'this solution was added 0.34 mL (3.39
mmol) of 1,3-pentadiene folldweéd by 1.02 mL of 2 M n-BuMgCl in diethylether (2.04 mmol).
The mixture’s color changed tb a deep purple color. The reiction mixture was heated to reflux
for one hour then cooled to afibient temperature (20°C} and the volatile materials removed
under reduced pressure. ‘The solid residue was extracted with pentane and the extract filtered.
The pentane was removid ufider reduced pressure leaving purple/black microcrystals of the
desired product (Formuia A), which was identified by 1H NMR analysis. Yield was0.21 g., 84

percent.
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cH3 Si(CH3)7N-C(CH3)3

......... ;HCH3

CH-CH
/
. CH2 - -

()  cHs
| _CH3

cH3

B. from (t-butylamido)(tetra_methy!-ns-cyc_lopentadienyl)dimet_hyl_silane_tit_aniumdichloride and
n-BuMgCl in DME at 40°C. . . _ '

. Thereaction condmons of Example 1A were substantrally repeated exceptrng
thato 50 g. (1.36 mmol) of C5Me4S|MezNCMe3TiCIz. 25 mi of DME, 0 68 mL (6.79 mmol) of 1,3-
pentadiene and 2.04 mL pfz_M_ n-BuMgCl in diethylether (4.07 mmol)_ were used. The reactants
were combinedina S'c__h_l_enk'tube, the tube was sealed, rerrreyed to.a Schienk line, vented to a
nitrogen bubbler and.immersed in an oil bath maintaihed at40°C. 'After two hours the tube
was returned to the drybox. where the residue was extracted wuth pentane filtered and
recovered. Product punty was extremely high. Yield was 0. 37 g..74 percent.
C. from (t-butylamldo)(tetramethyI-ns-cyclopentadlenyl)dlmethylslIanetltamumdlchlonde and.

. n-BuMgClin DME at 20 °C

The reaction condrtnons of Example 1A were substantlally repeated excepting
that 0.25 g (0.68 mmol)__of._(t-b__utyl_armd_o_)(tetramethyl-nsqcyelopent& _
dienyl)dimethylsilanetitaniumdichloride, 0.35 mL(1_3__.5$ mmoi).of 1,3-pentadiene, and 1.018
mL (2.04 mmol) of n-BuMgCl were used and the reaction mixture was stirred for three hours at
ambient temperature (20°C). Product purity was extremely high.

Preparatlon of (t-butylamrdo)(tetramethyl-ns-cyclopentad|enyl)drmethylsllanetstamum 1,3-

. pentadiene from

TiClz3* 3 THF and n-BuMgCI in refluxing DME

inaninert atmosphere glove box, 1.0 g. of CsMe4S|Me2NCMe3[MgCI]2 *n DME
having an effective molecular w_egght by titration of 514 g/moli (1.95 mmol) was placed ina 100
mL flask with 20 mL of DME. TiCl3*3 THF (0.72 g, 1_.9__5.=rr|__mq_l).wa:s ad_ded and the mixture stirred

brown. After 30 minutes, 3.9 mL of 1,3-pentadiene (38.91 mmol) was added followed by 2.9 mL
of 2 M n-BuMgCl (5.84 mmol) in diethyiether. The mixture’s color changed to a deep purple
color. The reaction mixture was heated to refiux for one hgl_rr_ then cooled to ambient
temperature (20°C) and the volatile materials removed under reduced pressure. The solid
residue was extracted with pe__ntan_e and the extract filtered. The pentane was removed under
reduced pressure leaving purple/black microcrystals of the desired product, which was
identified by 1H NMR analysis to be highly pure.
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Example 3 . sty -

Large Scale Preparation of {t-butylamido)(tetramethyl-ffi-tyciopenta-
dienyl)dimethylsilanetitanium 1,3-pentadiene from Titff’g'ag 1.5 DME and n-BuMgCl
A) Preparation of TiClz « 1.5 {(DME) e

5 A 10 L glass kettle (R-1) with flush mo unted bottom valve, 5-neck head, tefion
gasket, clamp, and stirrer components (bearing, st;aft,'i’ﬁ& paddle} was set up in the hood and
purged with nitrogen. The necks were equipped as foll6Ws: stirrer components were located
on the center neck, and the outer necks had a reflux cohtfenser topped with gas inlet/outlet, an
inlet for solvent, a thermocouple, and a stopper, respectively. Dry, deoxygenated

10 dimethyoxyethane (DME) was added to the flask (appr(fi‘."dj D). Inthe drybox, 322 g of TiCl3
was weighed into an equalizing powder addition funnéf’the funnel was capped, removed
from the drybox, and put on the reaction kettle in place dfthe stopper. The TiCl; was added
over about 10 minutes with stirring. After the addition'@is completed, additional DME was
used to wash the rest of the TiCl; into the flask. The ad'ﬂﬁf'itm funnel was replaced with a

15 . stopper, and the mixture heated to reflux. The color chdfibed from purple to pale blue. The
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 frofh ‘the solid. The product, TiClz* 1.5
{DME) remained in the reactor as a pale blue solid. :
B) Preparation of [{(Me;Cs)SiMeaNtBul{MgCl), .

20 A 30 L glass kettle (R-2) with flush mounted bottom valve, 7-neck head, teflon
gasket, clamp, and stirrer components (bearing, shaft, aiftf' paddie) was set up in the hood and
purged with nitrogen. The head was equipped with stitfdFin the center neck, and the outer
necks containing a condenser, nitrogen inlet/outlet, vacifisin adapter, reagent addition tube,
thermocouple, and stoppers respectively. The reactor wilt loaded with 525 g of

25 (Me4sCsH)SiMeNHBu, foliowed by 5 L of toluene, and then 1.57 kgof2.2Mi-PrMgClin
diethylether. The mixture was then heated, and the ethé¥aliowed to boil off into a trap cooled
to -78 °C. The inner thermocoupie 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
aliowed to cool to room temperature, the material was iiiawed to settle, and the supernatant
was decanted from the solid. An additional wash was done by adding toiuene, stirring for
several minutes, aliowing the solids to settie, and decanting the toluene soiution. The product,
[{Me4Cs)SiMezNtBulfMgCl];, was left in R-2 as an off-white, solvated solid.

35 C) Preparation of [(Me Cs)SiMe;N'Bu]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 L in R-1 and 12 Lin R-2). The contents of R-1 were transferred
into R-2 using a transfer tube connected to the bottom valve of the 10 L flask and one of the

SR
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head openings in the 30 L flask. The remaining material in R-1 was washed over using
additional DME. The mixture darkened quickly to a deep red/brown color. After 30 minutes,
73 mL of CHyCla was added through adropping funnel resulting in a color change to
green/brown. After approxrmately 2 hours, 640 g of 1 ,3-pentadiene was added, followed by
2.26 kg of 2 M nBuMgCl in THF. The mlxture was warmed t0 40°C and stirred at thls
temperature for2 hours Then approxrmately 7 5 L of solvent was removed under vacuum.
Isopar E” (approx. 5. 3L (avallable from Exxon Chemlcal Co.) was then added to the flask. Thls
vacuum/solvent addrtlon cycle was repeated wrth approx. 5. 7 L of solvent removed and 4.3 L of
Isopar E™ added. The material was 'allowed to settle, then ghe-quuld_layer was decanted into
another30L glass kettle (R-3). The solids in R-2 were 'wa'shed with additional Isopar E; this

~ solution was combined with the flrst decant in R-3 The solvent in R-3 was removed under

vacuum to leave a redlblack solld whrch was reextracted wrth iIsopar E™. This material was
transferred mto astorage cylmder Analysis mdrcated that the solution (9.39 L) was 0.1360 M in
titanium. Thus the yield was equalto 467 af1 277 -moles) of [(Me4C5)S|Me2NtBu]T|(1 3-

-pentadrene). 61 percent based on T'C13

. Example4 . : :
_ synthesis from T‘Clg . 3 THF wuhout oxldatlon using. CH;CI;

Inthedrybox, 1.0g of 1( Me4C5)S|Me2NtB u][MgCI]z[DM Eln (effective molecular
weight by titration: 514 g/mol) was placed in a 100.mL flask with 20 mL of DME. TiCi3 3 THF
(0.72 g) was added using 10 ml,_of_additional DME. The, mixture was stirred for 15 minutes,
then 0.97 mL of 1,3-pentadiene was added followed by 1 46 mLof2M nBuMgClin THF. The
color changed to a deep red/ purple. _The mixture was stirred for one hour. Atthe end of this
time, the volatile ‘materials were removed under reduced pressure. The residue was extracted
with pentane, the solution was flltered and the pentane was removed under reduced pressure
to leave a dark purple/black solid. The 1H NMR spectrum ofthls matenal indicated it to be pure
[(Me4Cs)SiMeaNtBu) Ti(1 ,S-pentadlene_).. The yield was 0.52 g, 73 percent.
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WHATIS CLAIMED IS:
1. Aprocess for preparing a metal complex containing one and only one

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

z X'n
~ O\ ¥
5 : L — M—3X

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

L is a group containing a cyclic, delocalized, anionic, -system through which the
group is bound to M, and which group is aiso bound to Z;

Zis a moiety bound to M via a o-bond, comprising boron, or a member of Group
14 of the 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
hydrocarbyl groups, said X having up to 40 carbon atoms and forming a n-complex with M;

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

10

15

X' having from 3 to 20 non-hydrogen atoms; and
n is anumberfrom 0 to 3;
said process comprising contacting a metal halide compound corresponding to the formula
% A X's Z X'n
-~ V4 or 7~ A\ #
L —\M**—- X¥%, 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;
25 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 Cy.59 n-alkane to form the desired

metal complex.

30 2. A process for preparing a metal complex containing one and only one
cyclic, delocalized n-bonded group, said complex correspénding to the formula:
X' '
<~ \#
L —M—X
35 wherein,

© M is titanium or zirconium in the + 2 formaj oxidation state;
L is a group containing a cyclic, delocalized, anionic, n-system through which the

group is bound to M, and which group isaiso bound to Z;
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Z isa moiety bound to M viaa u-bond comprising boron ora member of Group
14 of the Periodic Table of the Elements. and also comprlsmg nitrogen, phosphorus, sulfur or
oxygen, said monety having up to 60 non-hydrogen atoms; _

X is a neutral, con}ugated diene, optuonally substituted w:th one or more
hydrocarbyl groups, said X having up to 40 carbon atoms and forming a n-complex with M;

X’ is a neutral Lewis base Ilgand selected from amines, phosphines and ethers said
X havmg from 3to0 20 non-hydrogen atoms; and

n is a number from 0 to 3;
said process comprising: '
1) contacting a metal halide compound according to the formula M*(X*)gx nor M**(x*ux ne
wherein; ' o o '

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; | o |
with a dianionic sait correspondmg to the formula: M’,LZ, wherein;

M’ isaGroup 1 meta! MgCl or MgBr or two M’ groups together are a Group 2

metal;
to form an intermediate metal complex according to the formula:
z x ] a . Lo o z . x l-n
~ > or 7~ \#
L — X%, L — Mk —X*

wherein L, Z, M**, X*, X', M* and nareas previoosly 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:
z X'n
7\ & _
L — Xy
wherein L, Z, M**, X*, X', andn are as previously defined; and
3) contacting the intermediate metal compiex with a free diene corresponding to X, and
subsequently or simuitaneously contalfting the resulting reaction mixture with a Grignard
derivative of a Cy.39 n-alkane to form the desired metal complex.
3. A process accordlng to either Claim 1 or 2 wherein the free dlene
corresponding to X is 1,4-diphenyl- 1_,3-butad|ene, 1,3-pentadiene; 1,4-dibenzyl-1,3-butadiene ;.
2,4-hexadiene; 3-methyl-1,3-pentadiene; 1,4-clitolyl-_1 .3-butadiene; or 1,4-bis(trimethylsilyl)-

1.3-butadiene.
4. _Aprocess a‘ccording to either Claim 1 or 2 wherein X is 1,3-pentadiene.
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5.  Aprocess according to either Claim 1 or 2 wherein the resulting metal

complex corresponds to the formula:

wherein:
R’ each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,

germyl, halo, cyano, and combinations thereof, said R’ having up to 20 nonhydrogen atoms,
and optionally, one or two pairs of such substituents together each form a .10
hydrocarbylene group, thereby causing Cp to have a fused ring structure;

X is a neutral n4-bonded diene group having up to 30 non-hydrogen atoms, which
forms a n-compilex with M;

Y is -O-, -5-, -NR*-, -PR*-;

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

2* is SiR*3, CR*;, SiR*3SIR*;, CR*;CR*;, CR*= CR*, CR*,SiR*,, or GeR*;; 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 10 non-hydrogen atoms. ;

6.  Aprocess according to Claim 5 wherein R’ independently each occurrence is
hydrogen, hydrocarbyi, silyl, halo or a combination theréof, said R” having up to 10 non-
hydrogen atoms, or one or two pairs of adjacent R’ substituents together each form a Cp_4¢
hydrocarbyiene group, thereby causing Cp to have a fuséd ring structure.

7.  Aprocess according to Claim 6 whefgin R’ is hydrogen, methyl, ethyl,
propyl, butyl, pentyl, hexyl, (including where appropriaté all isomers), cyclopentyi, cyclohexyl,
norbornyl, benzyi, or phenyl or one or two pairs of adjaéent R’ substituents together cause the

entire CsR’4 group to be an indenyl, tetrahydroindenyl, fluorenyl, tetrahydrofiuorenyl, or

octahydrofiuorenyl group.
8.  Aprocess 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 Cy.4¢

hydrocarbyl.
9.  Aprocess according to Claim 5 wherein the metal compiex corresponds to

the formula:
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R! '(m'uuz)m

N-R''
M

wherein:

M is titanium;
_ - Xis n4-1 3-pentad|ene, 114-2 4-hexadlene n4-1 4-d|phenyl-1 3-butadiene; n4-3-
methyl-1 3-pentadiene; n%-1,4-dibenzyl-1,3-butadiene; ns-1,4-ditolyl- 1,3-butadiene; n4-1,4-
bns(tnmethylsl_lyl)_ 1,3-butadiene, q4g1-(4-t-_buty_lphenyl)-4_—phenyl-1,,3-.buta_dlene. n4-1«(3-
methy_lphenyl).-d-phenyld .3-butadiene, or n4-1-(3-methoxyphenyl)-4-phenyl-1,3-butadiene;
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 octahydrofiuorenyl group;
' R" is Cy.10 hydrocarbyl; : o
_R'"is mdependently each occurrence hydrogen or C1.1o hydrocarbyl
~ Eisindependently each occurrence silicon or carbon; and
_'m istor2. _
10. A process accordmg to Clalm 1 or 2 wherein the real:tlon is conducted ina

polar, aproticsoivent.

11.  Aprocess according to Claim 10 wherem the solvent.is 1,2-
dlmethoxyethane. tetrahydrofuran ordiethylether.

12. Aprocess according to Claim 10 wherem the reaction is performed in
sequence in a single reactor vessel without isolation of intermediate products.

13. © Aprocess accordmg to Claim 2 wherem the oxndatlon is performed by use

ora halogenated organic compound:
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