
12 APR 2005 WO 02/32909 PCT/USO7/29442 TITLE: CATIONIC GROUP-3 CATALYST
SYSTEM FIELD This invention relates to certain transition metal compounds
from Group  5 3 of the Periodic Table of Elements. and to a catalyst
system comprising Group-3  or Lanthanide transition metal compounds and
alumoxane, modified alumoxane,  non-coordinating anion activator, Lewis
acid, or the like to form active cationic  catalyst species for the
production of polyolefins such as polyethylene.  polypropylene and
alpha-olefin copolymers of ethylene and propylene having a  10 high
molecular weight. BACKGROUND  Neutral scandium compounds having two
univalent ligands or a bidentate, divalent ligand are known from Shapiro
et al., Organometallics. vol. 9,  pp. 867-869 (1990); Piers et a].. J.
Am. Chem. Soc., vol. 112, pp. 9406-9407  15 (1990); Shapiro et al.. J.
Am. Chem. Soc., vol. 1 16, pp. 4623-4640 (1994); Hajela et al..
Organometallics. vol. 13, pp. 1147-1154 (1994); and U.S. Patent 5.563.219
to Yasuda et al. Similar yttrium, lanthanum and cerium complexes are
disclosed  in Booij et at.. Journal of Organomeiallic Chemistry, vol.
364, pp. 79-86 (1939)  and Coughlin et al., J. Am. Chem. Soc.. vol. 114-
pp. 7606-7607 (1992). 20 Polymerization with a metal scandium complex
having a bidentate, divalent  ligand using a non-ionizing cocalalysi is
known from U.S. Patent 5,464, 906 to  Patton et a]. Group-3-10
metallocyclic catalyst complexes are described in U.S.  Patents 5.312.831
and 5.455.317. both to Marks et al.: U.S. Patent 5.064.802 to  25 Stevens
et al.; and EP 0 765 S88 A2. U.S. Patent No. 5.763.556 to Shaffer et al.
describes Group-3 olefin polymerization catalysts. Polymerization of
olefins with cationic Group-4 metal complexes is  illustrated in WO
96/13529 and WO 977/42223. Boratabcnzene complexes of  Group-3-5 metals
are disclosed in WO 97/23493. 30 Amidinato complexes of Group-3-6 metals
are disclosed in U.S. Patent  5.707.913 to Schlund et al. Group 4
bisamido catalysts are disclosed in U.S. 12 APR 1005 



WO 02/32909 PCT/US01/29442 Patent 5.3 18,935 to Canich. ct al.. and
related multidentate bisarylamido catalysts  are disclosed by D. 1-1.
McConville. et. al, Macromolecules 1996. 29, 5241-5243. S. 1-lajela, W.P.
Schaefer. J.E. Bercaw, J. Organomet. Chem. vol. 532.  pp. 45-53 (1997)
describes the synthesis of Group-3 metal complexes (Me3- 5 TACN)M(C1-13)3
(M = Sc, Y) and reactions of the Sc species with activators ([PhNMe3]
IJ[B(C6F5)4] and B(C6F5)3) and subsequent polymerization of ethylene  and
oligomerization of I -peniene (with unspecified catalyst activities).
L.W.M. Lee, W.E. Piers, M.R. Elsegood. W. Clegg, M. Parvez.
Organometallics vol. 18, pp. 2947-2949 (1999) describes the synthesis of
a  10 scandium dibenzyl complex with a p-diketiminato ancillary ligand,
and the generation. by reaction with the Lewis acid B(C6F5)3, of an ionic
derivative with a  contact ion-pair structure (unreactive towards
alkenes). M.A.H. Male, M.E.G. Skinner, P.J. Wilson, P. Mounlford, M.
Schroder,  New J. Chem. vol. 24, pp. 575-577 (2000) reports the synthesis
of a substituted  15 1.4.7-Iriazacyclononane ligand, iPr2-TACN-(CH-)3NH2
and a corresponding titanium TACN-imido complex jiPr2-TACN-(CH3)3N)TiCh
(in which the ligand  is dianionic). Monoanionic substituted TACN ligands
(with pendant phenolate or  alcoholate functions) can be found e.g. in C.
Flassbeck, K. Wieghardt, Z. Anorg.  20 Alle. Chem. vol.608, pp.60-68
(1992), and in D.A. Robson. L.H. Lees, P.  Mountford. M. Schroder. Cheri.
Commun. pp. 1269-1270 (2000). The synthesis and structure of a lithium
sail of a substituted TACN  ligand with a pendant cyclopeniadienyl anion
is reported in B. Quian, L.M.  Henling. J.C. Peters. Oroanomelallics vol.
19, pp. 2505-2807. 25 SUMMARY The present invention encompasses a
catalyst system for polymerization  comprising a cationic Group-3 or
Lanthanide metal stabilized by an anionic  multideniate ligand and at
least one other ligand. The multidentate ligand and the  metal together
form a metallocycle. Some embodiments select the metal from 30 scandium,
yttrium. or lanthanum. although other lanthanides are also suitable. 12
APR 2005  WO 02/32909 PCT/US01/29442 



5 10 15 20 25 30 In some embodiments, the multindentate ligand. A- has
the formula LTE  wherein L is a bulky neutral ligand some of those
embodiments contain at least  Iwo Group- 15-16 atoms. others at least
three. The Group-15-16 atoms connect to  the metal, M. using lone pair
electrons. T is a covalent bridging group containing  a Group-13, -14; or
-15 element. E is an anionic ligand containing a Group-14-16  element.
including n-donating hydrocarbyl and heterohydrocarbyl ligands,
substituted amido or phosphido ligands, oxygen or sulfur. or other
ligands or  atoms covalently bound to T. Alternatively, E is JR', where J
represents a  Group-15 or -16 element. When J is a Group- 15 element,
z=1, and when J is a  Group- 16 element, z=0. Finally: each R' is
independently selected from suitable  organic ligands as defined below.
In a further embodiment, a polymerization process according to the
present invention (invention polymerization process), such as the
polymerization  or copolymerization of olefins, comprising the steps of
activating (ionizing) the  Group-3 or Lanthanide metal component to a
cation (the catalyst) and contacting  it with suitable feedstocks. The
catalyst can optionally be dissolved, suspended,  or fluidized in a
suitable liquid or gaseous polymerization diluent. The catalyst is
activated with alumoxanes, modified alumoxanes, non-coordinating anion
activators; Lewis acids; or the like, (alone or in combination), with an
aluminum-to-non-coordinating-anion or Lewis-acid-lo-transition-metal
molar  ratio of 1:10 to 20,000:1 or more. The catalyst reacts with the
monomer(s) from  -100C to 300C for one second to 10 hours to produce a
polyolefin having from  1000 or less to 5.000.000 or more weight average
molecular weight and from 1.5  to 15-0 or greater molecular weight
distribution. DEFINITIONS  Catalyst system encompasses a catalyst
precursor/activator pair. When catalyst system is used to describe such a
pair before activation, it means the  



unactivated catalyst together with the activator. When catalyst system is
used to  describe such a pair after activation. it means the activated
catalyst and the NCA  or other charge-balancing moiety. 1 2 APR 2005  WO
02/32909 PCT/USOI/29442 Cp or cyclopentadienyl encompasses all
substituted and unsubstituted  ligands in which the 5-carbon-atom. planar
aromatic cyclopentadienide ion can be  found. This specifically includes
fused ring systems in which the 5-carbon ring is  fused with other
5-numbered rings and fused with 6-and-greater-membered rings. 5 It also
specifically includes ligands in which ring carbon atoms are substituted
with heteroatoms giving heterocyclic systems. The cyclopentadienyl
ligand's 5- member; substantially planar ring should be preserved
(heterocyclic or  homocyclic), including the rr-electrons used to
coordinate, side on, to M. Some  examples of Cp or cyclopenladienyl are
fluorenyl, indenyl, and the  10 cyclopentadiene monoanion itself.
Feedstocks are any desired mixture of ethylene. C3-C20 u-olefins, C4-C,0
diolefins. acetylenically unsaturated monomers, or other unsaturated
monomers.  These feedstocks contain predominately one monomer for
homopolymerization;  they contain monomer mixtures for copolymerization
reactions. 15 L' is a neutral Lewis base such as, diethyl ether,
tetrahydrofuran,  dimethylaniline, trimethylphosphine, lithium chloride,
or the like, coordinated to  the metal center. It also optionally binds
to one or both X. with an appropriate X.  L' can also be a second
transition metal of the same type as the metal center  giving a dimeric
catalyst or catalyst precursor, if both of the transition metals are 20
the same, or a bimetallic catalyst or catalyst precursor if the
transition metals are  different. Monodentate means that a ligand is
coordinated to an atom through  substantially one, substantially
discrete, ligand-atom connection, coextensive with  the art-recognized
meaning. 25 Bidentate means that a ligand is coordinated to an atom
through  substantially two, substantially discrete, ligand-atom
connections. This definition  of bidentate is coextensive with the
art-recognized meaning. Multidenlate means that a ligand is substantially
coordinated to an atom  



through more than one substantially discrete, ligand-atom connection.
which is  coextensive with the art-recognized meaning. Noncoordinating
anion (NCA) is art recognized to mean an anion that  either does not
coordinate to the octal cation or that does coordinate to the metal 12
APR 2005 WO 02/32909 PCT/USOI/29442 cation. but only weakly. Weakly
enough that a neutral Lewis base. such as an  olefinically or
acetylenically unsaturated monomer can displace it. Any metal or
metalloid that can form a compatible. weakly or negligibly coordinating
complex  may be used or contained in the noncoordinating anion. Suitable
metals include. 5 but are not limited to. aluminum. gold, and platinum.
Suitable metalloids include.  but are not limited to, boron, phosphorus.
and silicon. Polymerization encompasses any polymerization reaction such
as  homopolymerization and copolymerization. It encompasses polymer
production  including both homopolymers and copolymers with other
a-olefin, a-olefinic 10 diolefin. or non-conjugated diolefin monomers.
for example C3-C20 olefins, C.t- CzD diolefins. Ca-C20 cyclic olefins, or
C8-C2o styrenic olefins. Other olefinically  unsaturated monomers besides
those specifically described above may be  polymerized using the
invention catalysts, for example, styrene, alkyl-substituted  styrene,
ethylidene norbornene. norbornadiene, dicyclopentadiene. 15
vinylcyclohexane, vinylcyclohexene, and other olefinically-unsaturated
monomers, including other cyclic olefins, such as cyclopenlene,
norbornene. and  alkyl-substituted norbornenes. Copolymerization can also
incorporate a-olefinic  macromonomers of up to 1000 or more mer units. Q
are abstractable ligands or leaving croups and olefin insertion ligands
20 connected to the metal center. Usually, activation occurs when one or
more Q are  removed from the metal. Also, one or more 0 remains and as
part of the  polymerization process. olefin monomer inserts into the
metal-center-Q bond.  Thus, the Q that remains on the metal center is
known as an olefin insertion  ligand. Qs independently include. but are
not limited to. monoanionic ligands 25 selected from, hydride,
hvdrocarbyl. alkoxide, aryloxide, amide, or phosphide  radicals.
Furthermore, both Q together may be an alkylidene. a cyclometallated
hydrocarbyl. or any other divalent anionic chelatimg ligand, or Q can be
a diene.  



Exemplary Q in the formulas are diethyl, propyl, butyl. phenyl,
isopentyl. hexyl.  isobutyl. heptyl. octyl, nonyl. decyl. cetyl.
2-ethylhexyl. phenyl, benzyl. 30 trimethylsilylmethyl-
triethylsilvlmethyl and the like. Some embodiments limit at  least one Q
to Irimelh5'lsilyLncthyl. Exemplary halogen atoms for Q include WO
02/32909 1 2 APR 2005  PCT/USOI/291.12 chlorine. bromine. fluorine. and
iodine. Some embodiments select Q as chlorine.  Exemplary alkoxides and
aryloxides for Q are methoxide, phenoxide and  substituted phenoxides
such as 4-methyl-phenoxide. Exemplary amides for Q are  dimethylamide.
diethylamide. methvleihylamide, di-t-butylamide. 5 diisopropylamidc. and
the like. Exemplary arylamides are diphenylamide and any  other
substituted phenylamides. Exemplary phosphides for Q are
diphenylphosphide, dicyclohexylphosphide, diethylphosphide.
dimeihylphosphide, and the like. Exemplary alkylidene radicals for both Q
together are methylidene. ethylidene_ and propylidene. Exemplary 10
cyclometallated hydrocarbyl radicals for both Q together are propylene,
and  isomers of butylene, pentylenc, hexylene, and octylene. Exemplary
dienes for  both Q together are l.3-butadiene, 1.3-pentadiene,
1,4-pentadiene, 1,3-hexadiene,  1,4-hexadiene, 1L5-hexadiene,
214-dimethyl-l,3-butadiene, 2-methyl-1,3- pentadiene, 2-methyl-1,
3-hexadiene, and 2,4-hexadiene. Qs can also be simple 15 alky ligands
substituted with at least one trialkyl silyl group. The most preferred  Q
is -CH,SiMe3. R, R', and R" encompass: 20 (i) C,-C,o hydrocarbyl
radicals; (ii) Ci-C20 substituted hydrocarbyi radicals in which a
halogen mom, amido, phosphide, alkoxy, or aryloxy  group or any other
radical containing a Lewis acidic or  basic functionality replace one or
more hydrogen atoms  including straight and branched alkyl radicals,
cyclic  hydrocarbon radicals. alkyl-substituted cyclic hydrocarbon
radicals, aromatic radicals, alkyl-substituled aromatic  



radicals such as trifluoromethyl, dimethylaminonuthyl,
diphenylphosphinomcthyl. melhoxymethyl, phenoxyethyl.
trimethylsilylmethyl and the like, and WO 02/32909 12 APR 2005
PCT/US01/29142 (iii) Ci-C20 hydrocarbyl-substituted metalloid radicals
wherein  the metalloid is a Group-13-14 clement such as  trimethylsilyl,
triethylsilyl, ethyldimethylisilyl.  methyldiethylsilyl. triphenylgermyl
and the like. 5 10 15 20 Additionally. any R or R" may join with one or
more R or R" to form a  ring structure. Separately. R" may also be a
hydride radical. TACN is 1,4.7-triazacyclononane.  TAN is
1.5,9-triazanonane.  TACH is 13.5-triazacyclohexane.  DACN is
1,4-diazacyclononane.  TACDD is 1.5,9-triazacyclododecane.  TNNCN is
1,2,6-triazacyclononane.  TNNCH is 1;2,5-triazacycloheplane.  TAH is
1,4,7-lriazaheptane. DETAILED DESCRIPTION The Group 3 transition metal
component of the catalyst system of the  invention can be broadly defined
by the formula: L Q  T/ M / Q L ur \_/ \  (A) M is a Group-3 or
Lanthanide metal. WO 02/32909 



1 2 APR 2005  PCTJUSO]/294.12 LTE is a multidentaie ligand that forms a
metallocycle with M (metal):  Q are ligands as described above. L is a
bulky, neutral multidentaie ligand containing at least two, or three.
Group-15 or -16 atoms. Some embodiments select the Group-15 or -16 atoms
to  5 be nitrogen. T connects the multidentate ligand. L. to the anionic
ligand, E. T is a  covalent bridging group containing at least one
Group-13-16 atom. Its chain  length influences the geometry of the (LTE)M
metallocycle fragment. Examples  of T include, but are not limited to,
dialkyl, alkylaryl, or diary), silicon or 10 germanium radical; alkyl or
aryl, phosphine or amine radicals; or hydrocarbyl  radicals such as
methylene; ethylene, n-propylene, and isopropylene. E if an anionic
ligand containing at least one group 14-16 element and  may be a
substituted or unsubstituted, cyclopentadienyl amide, or phosphide
ligand, or a Group-16 element such as oxygen or sulfur. 15 When E is a
substituted cyclopentadienyl ligand, the substitution can  occur on the
ring (on-ring), keeping the C5 ring intact, or can occur in the ring.
creating heterocyclic compounds. On-ring substitutions range from simple
unitary  substitution up to the replacement of multiple hydrogen atoms
with multidentate  ligands forming fused-ring systems such as in-ring or
on-ring substituted, or  20 unsubstituted, fluorenyl or indenyl ligands.
L',,. is a neutral Lewis base and is defined above in the definitions
section. "w"=0, 1, or 2. In cationic form as activated for olefin
polymerization, the transition  metal complex is believed to have the
following formula: 25 WO 02/32909 L  .f/ \1 M E/ \L'. (13) 12 APR 2005  



PCT/L'SO]/29-142 NCA 5 M. T. E. L. Q and L' are as defined above and NCA
is a weakly  coordinating or noncoordinating anion that balances the
cationic complex's  charge. In two embodiments. transition metal
components of the catalyst system  have the formulas as shown below in C
or D. R  (R"2C)x(CR"2)x x (cR"2)x  I x.... "  / - .--, nltR ~M uI IIIQ 10
T E O (C) WO 02/32909 1 2 APR 7005  PCT/USOI/29132 R  (R..ZC )x (CR"2)
X~ X' T U,  E (D) 5 M. 'h, E. Q and L' are as defined above. X is a
Group-15 element. In  structures C and D as well as those below. "x" is
1-4. Some embodiments select x  to be nitrogen. Some embodiments select
"x" to be 2. Note the difference between structures C and D. In C. the
ligand L is  



cyclic (E), while in D, L is acyclic (F). E and F were drawn With x=2. R
R".C R",C E /X \ C R", /X  C R", R (L) 1 2 APR 2005  WO 02/32909
PCT/USOI/29442 R,c R".C R", E (F) 5 Alternatively, as in structures G and
H; E is JR',. J is a Group-15 or -16  element; z is I when J is a Group
15 element and 0 when J is a Group 16 element.  R. R' and R" are defined
above. (R.^C)xx \(CR"2)x  (CR"2)x X~ X 'nulgR  / -'lM ~nwIII0 T / Q R'z
(G) WO 02/32909 F.2C)x------- ' 



12 APR 2005 PCT/USOI/29442 / o-InnulO  T L'w  \, Q R'z S (H) E can also
be a cyclopenladienyl ligand (as defined above), as seen in I  and J. The
cyclopentadienyl ring is unsubstituied cyclopentadienide in I and is
unsubstituted fluorenide in J. (R..2C)x (CR"z)x _/ ~Mr, unlp R L'w (1)
(R.,2C)1/ ' (C WAX  (CR"2) X .... uuUR (J) 1 2 APR 2005  WO 02132909
PCT/L'SOl/29442 The metal complexes according to This invention can be
prepared by  various conventional routes. For example, the complex can be
prepared by  reacting a salt of the LTE-]igand With a Group-3 metal
trihalide (or metal  pseudohalide or metal alkoxide. etc.). A simple salt
of the LTE-ligand plus an 5 alkali or alkaline earth metal cation (e.g.
Li, Na. MgX, etc.) reacts with a metal  halide yielding (LTE)MQ2L',,.. (Q
is a halide). This (LTE)MQ2L',,. species can  react with an alkylmetal
reagent, such as Me;SiCH,Li to give the corresponding  (LTE)MR'2L'w (Rt=
hydrocarbyl, etc.) catalyst precursor. These reactions can be  carried
out in the same reaction vessel. Alternatively, the catalyst precursor
can 



to be prepared starling with the neutral H(LTE) species can be reacted
with  homoleptic or hetcroleptic metal hydrocarbyl compounds to yield the
catalyst  precursors. The metal complexes (catalyst precursors) according
to the invention are  suitable for polymerization when activated by
methods known in the metallocene  15 art. Suitable activators typically
include alumoxane compounds, modified alumoxane compounds, and ionizing
anion precursor compounds that abstract one  reactive, o-bound, metal li
and making the metal complex cationic and providing  a charge-balancing
noncoordinating or weakly coordinating anion. When using  ionizing anion
precursor compounds alone, Q is limited to hydride, hydrocarbyl, 20 and
substituted hydrocarbyl radicals, including organometalloid-substituted
hydrocarbyl radicals. Alkylalumoxanes and modified alkylalumoxanes are
suitable as catalyst  activators, particularly when the absiractable
ligand is a halide. Mixtures of  different alumoxanes and modified
alumoxanes may also be used. For further 25 descriptions. see U.S.
Patents 4,665,208. 4,952,540, 5.041.584, 5,091,352,  5206,199, 5,204,419,
4.874.734, 4,924,015, 4,908.463, 4,968:827. 5,329,032,  5.24S.801,
5,235,08]. 5.157.137. 5,103.031 and EP 0 561 476 Al, EP 0 279 586  131.
EP 0516476 A. EP 0594218 Al and NN/0 (114/10180. When the activator is an
alumoxane (modified or unmodified), sonic  30 embodiments select the
maximum amount of activator is a 5000-fold molar excess  over the
catalyst precursor (per metal catalytic site). The minimum
activator-to-catalyst-precursor is a 1:1 molar ratio. \VO 02/32909 1 2
APR 2005  PCT/USOI/29432 Descriptions of ionic catalysis with a
transition-metal cationic complex  and a noncoordinating anion, suitable
for polymerization appear in U.S. Patents  5.064,302, 5.13? 380.
5.198.401, 5278,119. 5.321.106, 5347.024, 5,408;017,  5-599,671, and WO
92/00333 and WO 93/14132. These teach a preparation 5 method in which
metallocenes are protonated by noncoordinating anion  precursors such
that a substituted or unsubstituted alkyl or hydride group (denoted  Q in
this disclosure) is abstracted from the transition metal compound making
it  



both cationic and charge-balanced by the noncoordinating anion. Since
similar  ligands may be present in this invention's catalyst precursors,
similar  10 polymerization-catalyst activation methods may be followed.
Using ionic compounds lacking an active proton, but capable of  producing
both an active metal cationic complex and a noncoordinating anion; is
also possible. See, EP-A-0 426 637; EP-A-0 573 403 and U.S. Patent
5,387,568  for illustrative ionic compounds. Reactive cations of the
ionic compounds, other 15 than the Bronsted acids, include ferrocenium,
silver, tropylium,  triphenylcarbenium and triethylsilylium, and alkali
and alkaline earth metal  cations such as sodium, magnesium or lithium
cations. A further class of suitable  noncoordinating anion precursors
contains hydrated salts comprising alkali or  alkaline-earth metal
cations and a non-coordinating anion as described above. 20 The hydrated
salts are made by reacting the metal-cation-noncoordinating-anion  salt
with water, for example, by hydrolysis of the commercially available or
readily synthesized [Li]4[B(Pfp)4], which yields [Li(H,O)-,]4[B(Pfp)4] :
pfp is  penlafluorophenyl or perfluorophenyl. An additional method of
making this invention's active polymerization  25 catalysts uses ionizing
anion precursors that are initially neutral Lewis acids but  form a
cationic metal complex and a noncoordinating anion, or a Zwitterionic
complex upon reaction with the invention compounds. For example,
tris(pentafluorophenyl) boron or aluminum act to abstract a hydrocarbyl
or  hydride ligand to yield an invention cationic metal complex and
stabilizing, 30 noncoordinating anion, see EP-A-0 427 697 and EP-A-0 520
732 for illustrations  of analogous Group-4 metallocene compounds. Also,
see the methods and  compounds of EP-A-0 495 375. For formation of
zwiiterionic complexes using 12 APR 2005  W'O 02/32909 PCT/USOI/29442
analogous Group 4 compounds. see U.S. Patents 5.624.578: 5,436.632; and
5,527.929. When the cations of noncoordinating anion precursors are
Bronsted  acids such as protons or prolonated Lewis bases (excluding
water), or reducible  5 Lewis acids such as ferrocenium or silver
cations. or alkali or alkaline earth metal 10 



cations such as those of sodium. magnesium or lithium, the
catalyst-precursor-to- activator molar ratio may be any ratio.
Combinations of the described activator  compounds may also be used for
activation. For example, tris(perfuorophenyl)  boron can be used in
conjunction with methylalumoxane. The invention's catalyst complexes are
useful in polymerizing  unsaturated monomers conventionally known to
undergo melallocene-catalyzed.  polymerization such as solution
polymerization slurry polymerization, gas-phase  polymerization, and
high-pressure polymerization. These catalysts may be  supported and as
such will be particularly useful in the known, fixed-bed, moving 15 bed,
fluid-bed, slurry, or solution operating modes conducted in single,
series, or  parallel reactors. Generally, when using this invention's
catalysts, particularly when they  are immobilized on a support, the
complete catalyst system will additionally  comprise one or more
scavenging compounds. Here, the term "scavenging 20 compounds" means
compounds that remove polar impurities from the reaction  environment.
These impurities adversely affect catalyst activity and stability.
Purifying steps usually occur before introducing reaction components to
the  reaction vessel. But such steps will rarely allow polymerization
Without using  some scavenging compounds. Normally, the polymerization
process will still use  25 at least small amounts of scavenging
compounds. Typically, the scavenging compound will be an organometallic
compound such as the Group-]3 organometallic compounds of U.S. Patents
5,153.157. 5,241,025 and WO-A-91/09882, WO-A-94/03506. WO-A-93/14131  and
that of \VO 95107941. Exemplary compounds include iriethyl aluminum. 30
triethyl borane. triisobutyl aluminum. methylalumoxane, isobutyl
aluminumoxane.  and tri-n-octyl aluminum. Those scavenging compounds
having bulky or G,-C20  linear hydrocarbyl substituents covalently bound
to the metal or metalloid center \VO 02/32909 1 2 APR 2005
PCT/USOI/29.142 usually minimize adverse interaction With the active
catalyst. Examples include  triethylaluminum, but more preferably, bulky
compounda such as  triisobutylaluminurn, IriisoprenvIaluminum, and
long-chain linear alkyl- 



substituted aluminum compounds. such as tri-n-hexylaluminum, iri-n 5
octylaluminum, or tri-n-dodecylaluminum. When alumoxane is used as the
activator, any excess over that needed for activation will scavenge
impurities and  additional scavenging compounds may be unnecessary.
Alumoxanes also may be  added in scavenging quantities with other
activators, e.g., methylalurnoxane.  [Me,HNPhf4[B(pfp)41 - or B(pfP)3. 10
The invention catalysts can be supported for gas-phase, bulk, or slurry
polymerization use, or otherwise as needed. Numerous support methods are
known for catalysts in the olefin copolymerization art, particularly
alumoxane- activated catalysts; any are suitable for this invention's
broadest practice. See, for  example, U.S. Patents 5,057.475 and
5,227,440. An example of supported ionic 15 catalysts appears in WO
94/03056. U.S. Patent 5.643.847 and WO 96/04319A  describe a particularly
effective method. A bulk or slurry process using this  invention's
supported metal complexes activated with alumoxane can be used for
ethylene-propylene rubber as described in U.S. Patents 5,001.205 and 5;
229.478.  Additionally, those processes suit this invention's catalyst
systems. Both 20 polymers and inorganic oxides may serve as supports, as
is known in the art. See  U.S. Patents 5.422.325, 5,427;991. 5,498,582
and 5;466.649, and international  publications WO 93/11 172 and WO
94/07928. Varying embodiments employ the catalyst system in the liquid
phase  (solution, slurry, suspension, bulk phase. or suitable
combinations), in high- 25 pressure, liquid or supercritical fluid
phases. or in the gas phase. Each may be employed in singular, parallel,
or series reactors. The liquid processes comprise  contacting olefin
monomers with the catalyst system described above. The  reaction is
carried out in a suitable diluent or solvent for a time sufficient to
produce this invention's copolymers. Both aliphatic and aromatic
hydrocarbyl 30 solvents are suitable: some embodiments select hexane or
toluene. Typically, in  bulk and slurry processes, the liquid monomer
slurry contacts the supported  catalysis. Gas-phase processes typically
use a supported catalyst and are 1 2 APR 2005  NVO 02/32909
PCT/USO1129I42 5 conducted in any suitable manner for ethylene homo- or
copolymerization.  



Illustrative examples may be found in U.S. Patents 4,543.399, 4.538.790.
5.028.670. 5,382.635, 5352.7491 5,436,304. 5,453.471. 5,463.999, and WO
95/07942. Polymerization reaction temperatures can vary. The minimum
reaction  temperature is -50C; in some embodiments, the minimum is -20C.
The  maximum temperature is 250C; some embodiments select the reaction
temperature to be at or below 200C. Linear polyethylene, including high-
and ultra-high-molecular-weight to polyethylenes are produced by adding
ethylene, and optionally one or more other  monomers, to a reaction
vessel with an invention catalyst. The invention catalyst  is first
slurried with Cr dissolved in a solvent, such as hexane or toluene. Gas-
phase polymerization can be conducted, for example, in a continuous,
fluidized- bed, gas-phase reactor operated between 200-3000 kPa and at
60-160C. using 15 hydrogen as a reaction modifier (100-200 ppm), a C4-C8
comonomer feedstream  (0.5-12 mol%), and a C2 feedstream (25-35 cool%),
and a supported catalyst. See,  U.S. Patents 4,543,399; 4,588;790;
5,025,670; 5,405,922; and 5,462,999. Ethylene-c(-olefin (including
ethylene-cyclic olefin and ethylene-a- olefin-diolefin) elastomers of
high molecular weight and low crystallinity can be  20 prepared using the
invention catalysis under traditional solution polymerization 25 30
conditions or by introducing ethylene gas into a slurry of polymerization
diluent  and catalyst. The polymerization diluent contains a-olefin
monomers, cyclic  olefin monomers, or their mixtures with other
polymerizable and non- polymerizable monomers. In this case,
polymerization reaction pressure varies, as  well. The minimum pressure
is 0.0013 bar: a pressure of at least 0.] bar  sometimes selected. The
reaction pressure is usually at least 1.0 bar. The  maximum pressure is
2500 bar. Sonic embodiments select the maximum pressure  to be 1600 or
500 bar. Typical ethylene pressures will be between 10 and 1000  psig
(69-6895 kPa) and the polymerization diluent temperature will typically
be  between -10 and 160C. The process can use a stirred-tank reactor, or
more than  one reactor operated in series or parallel. See the general
disclosure of U.S. Patent  5.001.205. 



1 2 APR 2005 V1?O 02/32909 PCT/USOI/29442 Slurry or gas-phase reaction
processes can use pre-polymerization of the  supported invention catalyst
to further control polymer particle morphology, as is  known in the art.
For example, such reaction can be accomplished by pre- polymerizing a
C2-C6, u-olefin for a limited time. Ethylene contacts the supported 5
catalyst at between -]5 to 30C and ethylene pressure of tip to 250 psig
(1724  kPa) for 75 min to obtain a polyethylene coaling on the support
(30.000-150.000  molecular weight). The above polymerization process can
then use the pre- polymerized catalyst. Additionally; polymeric resins
may be used as a support  coating, typically by suspending a support in
dissolved polystyrene resin or  10 similar material followed by
separation and drying. The invention catalyst compositions can be used
individually as  described above or can be mixed with other known
polymerization catalysts to  prepare polymer blends. Monomer and catalyst
selection allows polymer blend  preparation under conditions analogous to
those using individual catalysts. 15 Polymers having increased MWD for
improved processing and other traditional  benefits available from
polymers made with mixed catalyst systems can thus be  achieved. Examples
of the catalyst precursor number in the thousands.  Representative
examples of catalyst precursor are provided below. These 20 exemplify a
small subset of the invention catalyst precursors. This list does not
limit the compounds in any way. METHYLENE-BRIDGED, TACN CATALYST
PRECURSORS  [1-butyl-I-isopropyl-methylene-(prop),l, ethyl-TACN) (2.3
dimethyl-6-phenylindenyl)] (isopentoxv) (phenoxy) yttrium;
[1-ethyl-l-hexyl- 25 methylene-(ethyl(triethylsilyl),
3-mcthylpentyl-TACN) (indenyl)) (methoxy)  (cthyl(triethylsilyl))yttrium;
[I-isopropyl-I-ethyl-methylene-(propyl, tnethyl- TACN) (isopropylamido)]
(methyl(trimethylsilyl)) (isopropyl) yttrium; [1.1-
diisopropyl-methylene-(octyl, methyl-TACN) (2-propylcyclopentadienyl))
(methyl(triethylsilyl)) (propoxy) yttrium;
[I-isopropyl-l-methyl-methylene 30 (isopcntyl. eihy)(trimethylsilyl)
-TACN) (propylamido)] (ethy)(trimethylsilyl))  (methylnonylphosphido)
yttrium; [1-isopropyl-l-methyl-methylene 



WO 02/32909 1 2 APR 2005 PCT/US0J/29442 (dicihyl(Irimcthylsilyl) -TACN)
(phenylnmido)) (but),l) (phenoxy) yttrium: []-
isopropyl-l-methyl-methylene-(pentyl, methyl-TACN) (t-butylamido))
(phenoxy)  (isopcnlox)') yttrium; [I-methyl-l-ethyl-methylene-(butyl,
t-butyl-TACN) (2, 3. 4- trimeihvl-5-ethvlcvclopentndicnyl)J
(mcthylpropylphosphido) (octyl) ytirium; [t 5
methyl-l-ethy]-methylene-(propyl. heptyl-TACN) (fluorenyl))
(melhvlpropylamido) (heptyl) yttrium;
[1-methyl-l-isopropyl-methylene-(pentyl,  3-methylpeniyl-TACN)
(ietramethvcyclopentadicnyl)) (2-rnethy-4-ethylphenoxy)  (t-butoxy)
yttrium; [1-methyl-l-isopropyl-methylene-(1-butyl, methyl(triethylsily))
-TACN) (methylphosphido)] (dimethylphosphido) (isopropoxy) yttrium: [],I
10 dimelhyl-methylene-(octyl, t-butyl-TACN) (2. 3. 4-trimethyl-5-
ethy1cyclopenladienyl)j (ethyl(Irimelhylsiiyl)) (diphenylamido) yttrium;
[I- methyl-l-phenyl-methylene-(ethyl(n iethylsil)'1): ethyl-TACN)
(perftuorofluorenyl)] (pentyl) (propyl) yttrium;
[]-methyl-]-phenyl-methylene- (phenyl, propyl-TACN)
(letrameth),cyclopentadienvl)] (methyl(u-iethylsilyl)) 15
(methvlethylphosphido) yttrium; [1-methyl-]-prop.,']-methylene-(ethyl,
isopentyl- TACN) (cyclopentadienyl)] (diphenylphosphido) (t-butyl)
yttrium; [1-methyl-]- propyl-methylene-(heptyl, phenyl-TACN\+)
(phenylamido)] (phenoxy)  (methyl(nonyl)phosphido) yttrium;
[I-methyl-I-propyl-methylene-(isoprop),l.  heptyl-TACN)
(methylphosphido)] (ethoxy) (ethyl(trimethylsilyl)) yttrium; [I 20
peenyl-]-ethyl-methyl ene-(isopropyl, ethvl(irimelhylsilyl) -TACN)  (let
ramethycyclopentadienvl)] (methvlethylphosphido) (1-butoxy) yttrium; [I-
phenyl-I-ethyl-methylene-(diethyl(trielhylsilyl) -TACN) (phenylamido))
(3- melhvipentyl) (isopenloxy) yttrium;
[I-phenyl-]-ethyl-methylene-(hepyl, t-butyl- TACN)
(2-propylcyclopenladieny])) (diphenylphosphido) 25
(methyl(trietli),lsilvl))yltrium;
[1-phenyl-l-isopropyl-methylene-(propyl, heptyl- TACN) (propy]amido)]
(melhylethylamido) (dimethylphosphido) yttrium; [I-
phenyl-]-methyl-methylene-(diethyl-TACN) (methylphosphido)] (ethyl) (3-
me1hylpenly)) yttrium; [1-phenyl-l-pentyl-methylene-(methyl, phenyl-TACN)
(cyclopentadicnyl)] (elhoxy) (isohexyl) yttrium:
[l2-diphenyhmethylene-(heptyl. 30 ethyl-TACN) (methylaniido)] (methyl(
triethylsilyl)) fethyl(irimcthylsilvl))yitrium:  



[]-propyl-l-methyl-methylene-(isopentyl- pentyl-TACN)
(pcrfluorolluorenyl)J  (methyleihvlamido) (1-butyl) y1trium;
[I-propyl-l-meth l-methylene-(rliisupropyl WO 02/32909 1 2 APR 2005
PCT/USO]/29442 TACN) (Icirmnethycyciopcntadicnyl)) (phcnyIcihylphosphido)
(mcthylpropylphosphido) yttrium; [I-propyl-I-]I I ethyl-mcthylenc-
(methyl(triclhylsilyl), phenyl-TACN) (methylamido)]
(mcth),lpropylphosphido)  (cthylpentvlphosphido) yttrium;
[I-propyl-I-methyl-methylene-(propyl, ethyl S TACN) (isopropylamido))
(dimethylamido) (buloxy) yttrium; [I-propyl-l-phenyl- meihylene-(methyl;
propyl-TACN) (methylamido)) (t-butoxy) (isohexyl) yttrium;
[1-propyl-l-phenyl-methylene-(t-butyl, ethyl-TACN)
(perfluorocyclopentadienyl)J (3,6-dimethylphenoxy) (heptyl) yttrium;
[1-ethyl-l- propyl-methylene-(peenyl, ethyl-TACN)
(2,4-dimethy]-6-phenylindenyl)] (ethoxy) 10 (methylpropylamido)
ytterbium; [1-isopropyl-l-phenyl-methylene-(butyl, propyl- TACN)
(phenylamido)J (isopropyl) (methylnonylphosphido) thulium; [1-phenyl-
I-isopropyl-methylene-(isopropyh ethyl-TACN) (propylamido))
(ethylpentylphosphido) (phenylethylphosphido) terbium;
[1-butyl-I-isopropyl- methylene-(isopropyl, methyl-TACN)
(perfluorofluorenyl)) (isopentoxy) 15 (isopentoxy) scandium;
[1-butyl-I-phenyl-methy]ene-(diethy)(trimethylsilyl) - TACN) (1 3,
4-trimethyl-5-ethylcvclopentadienyl)] (t-butyl) (butyl) scandium;
[1-isopentyl-l-ethyl-methylene-(heptyl, ethyl-TACN) (t-butylamido)]
(ethylpenlylphosphido) (methylethylphosphido) scandium; [1-isopentyl-l-
isopropyl-methylene-(d,isopropyl-TACN) (t-butylamido)] (diphenylamido) 20
(phenylethylphosphido) scandium;
[I-phenyl-l-isopropyl-methylene-(isopropyl,  heptyl-TACN)
(perfluorocyclopeniadienyl)) (dimeihylphosphido) (octyl)  scandium;
[1-phenyl-1-methyl-methylene-(diethyl-TACN) (perfluoro-
cyclopentadienyl)) (eihyl(triethylsilyl)) (hexoxy) scandium; [],l-
dimethylmelhylene-(methyl. propyl-TACN) (2- propylcyclopentadienyl)] 25
(isopentyl) (dimeihylphosphido) samarium;
[1-but)']-l-methyl-methylene-(I-butyl,  methyl-TACN)
(2-propylcyclopcntadicnyl)) (diphenylphosphido) (3,5- dimethylphenoxy)
praseodymium; [1-propyl-l-methyl-methylene-(isopropyl,  butyl-TACN)
(perfluorofluorenyl)] (buloxy) (phenylethylphosphido) neodymium;  



[],1-dipropvimethvlene-(metl]yl, heptyl-TACN) (2. 3. 4-trimethyl-5 30
ethylcyclopenindicnyl)] (methoxy) (heptyl) ncodymiun]; [1-methyl-l-buiy]-
methylene-(ethyl. isopropyl-TACN) (I)uorenyl)) (diphenylamido) (buloxy)
lutetium; [I-ethyl-I-isopropyl-mrthylrnc-(ethyl. isohexyl-TACN)
(Iiuorcnyi)) 1 2 APR 2005  WO 02/32909 PCT/USOI/29442 --21- (isopropyl)
(propyl) lanthanum; [1,1-diisopropyl-methylene-(ethyl, phenyl- TACN)
(propvlamido)) (isopropyl) (nmlhyl(lricihylsil)'l))europium; [1-phenyl-l-
isopropyl-methylene-(diethyl(trinicthvlsil),l) -TACN) (isopropylomido)]
(diphenylamido) (phenylethylphosphido) europium; [1-phenyl-I-pentyl 5
methylene-(diisopropyl-TACN) (2-propylcyclopentadienyl)J (phenyl)
(phenoxy)  europium; [1-phenyl-l-propyl-methvlene-(propyl,
3-methylpentyl-TACN)  (perfluorocvclopentadienyl)J (methylethylamido)
(phenyleihylamido) europium;  [I-et]iyl-l-isopropyl-methylene-(isopentyl,
propyl-TACN) (2,4-dimethyl-6- phenylindenyl)] (methoxy)
(diphenylphosphido) cerium. 10 SILANYLENE-BRIDGED, TACN CATALYST
PRECURSORS  [ 1-butyl- l -isopropyl-silanylene-(dipropyl-TACN)
(methylphosphido)] (2-methyl-5-ethyl-phenoxy) (methoxy) yttrium;
[I,1-diethyl- silanylcnc-(pentyl, isopropyl-TACN) (perchloroindenyl)J
(methy](triethylsily]))  (ethylpentylphosphido) yttrium; [1
-ethyl-l-isopropyl-silanylene-(3-methylpenty); 15 ethyl-TACN)
(2,4-dimethyl-6-phen)flindenyl)) (dimethylphosphido)
(ethyl(irimethylsilyl))yttrium; [I-ethy]-]-methyl-silanylene-(propyl
hexyl-TACN)  (perchloroindenyl)] (hexoxv) (phenoxy) yltrimn;
[]-ethyl-]-methyl-silanylene-(t- butyl, isopropyl-TACN) (propylamido)]
(diphenylphosphido)  (diphenylphosphido) yttrium;;
[1-isopropyl-l-butyl-silanylene-(hexyL propy] 20 TACN) (indenyl)]
(3-methylpentyl) (penioxy) yttrium; [1-isopropy]-I-ethyl-
silanylene-(dipropyl-TACN) (perfluo ocyclopeniadienyl)]
(methy)(trimethylsilyl))  (isopentyl) yttrium;
[I-methyl-l-hexyl-silanylene-(ethy)(trimeihylsilyl), isopentyl- TACN)
(2,4-dimeth)-l-6-phenylindcnyl)) (melhylpropylamido)
(ethylpentylphosphido) yttrium: [1-methyl-I-isopropyl-silanylene 25
(diethyl(trimethylsily]) -TACN) (t-butvlamido)) (isohexyl)
(3,5-dimethylphenoxy)  yttrium:
[1-methy]-I-isopropyl-silanylene-(isohexyl, methyl-TACN)  



(phenvlamido)J (methoxy) (methyl(tricthy]silyl))yttrium;
[l,l-dimethylsilanylene- (hcxyl. methyl-TACN) (perchloroindenyl)J
(phenyl) (isopropoxy) yttrium; [I,1- dimethvlsilanylene-(propy),
ethyl-TACN) (2-propylcyclopentadienyl)] (propyl) 30
(methylpropylphosphido) yttrium; [1,1-dimcihy]si]anylcne-(dipropyl-TACN)
(2,4- dimcthvl-6-phenylindenyl)J (2.5-dimcthylphenoxy) (methyl) yttrium;
[I-phenyl-I 1 2 APR 2005 WO 02/32909 PCT/USOI/29-142
isopentyI-silanylene-(propyl- ntclhyl(iricthvlsilv!) -TACN)
(perfluorailuorcnyl)]  (isopropyl) (isohexyl) yttrium;
[l-phenyl-l-isopropyl-silanylene-(t-butyl, hexy1- 'IACN)
(ntethylphosphido)] (phcnylethylphosphido) (diphcnvlamido) yttrium:
[I2-diphcnylsilanyJene-(et}tvl, methyl-TACN) (fluorcnyl)] (isopenloxy) 5
(phcnylethvlamido) ylirium; [1-phenyl-I-propel-silanylene-
(methyl(irimethylsilyl), ethyl(triethVIsilyl) -TACN) (cyclopentadienyl)]
(dimethylamido) (isohexyl) yttrium; [I-propyl-I-ethyl-silanylenc-
(methyl(trimethylsilyl). 3-methylpentyl-TACN) (cyclopentadienyl)] (octyl)
(ethyl(trieth),lsilyl))vttriun; [],1-dipropy]silanylene-(phenyl,
t-butyl-TACN) 10 (fluorenyl)] (2-methy-4-ethylphenoxy)
(ntethylethylamido) yttrium; [] 2- diphenylsilanylenc-(oct)'I.
3-methylpentyl-TACN) (indenyl)] (ethoxy) (butoxy)  thulium;
[1-isopropyl-l-methy]-silanylene-(prop),], liexyl-TACN) (2A4-dimethyl-
6-phenylindenyl)] (propyl) (ntethylethylamido) terbium;
[I-phenyl-]-propyl- si]anylene-(dimethyl-TACN) (perch loroindeny]))
(butyl) (isopropyl) terbium: [I 15 propyl-I-isopropyl-silanylene-(methvJ,
phenyl-TACN) (methylamido)] (pentyl)  (3-methylpentyl) terbium;
[I-butyl-]-methyl-silznti'lene-(ethyl(trimethylsilyl). 3-
methylpentyl-TACN) (isopropylamido)] (3-methylpentyl) (diphenylphosphido)
scandium; [I-ethyl-l-methyl-silanylene-(hepfyI. methvI(triethylsilyl)
-TACN)  (phenylamido)] (3-methylpenlyl) (ethoxy) scandium;
[l-ethyl-I-propyl 20 silanylene-(isopropyl; methyl-TACN)
(2-propylcvclopentadienyl)] (t-butyl) (t- butoxv) scandiun;
[].1-dintethy]silanyIene-(isoprop),l, phenyl-TACN)  (isopropylamido)]
(bu(yl) (3-meihylpentyl) scandium; [I-methyl-I-propyl-
silanylene-(diisoprop),l-TACN) (t-butylamido)] (hexoxy) (buiyl) scandiun;
[1- methyl- l-propyl-silanylene-(diethyl-TACN) (let
ramethycyclopentadienyl)] (2.5 25 dimethylphenoxy) (butyl) scandium;
[l-phenyl-l-isopropyl-silally] ene-(isopropyl.  methyl-TACN) (2, 3.
4-iiintethyl-5-ethy'Icyclopentndienyl)] (3-methylpentyl)  



(propyl) scandium; [1-propyl-I-ethyl-silanylene-(methyl. heptyl-TACN)
(phenylamido)] (dimethylamido) (phenyl) scandium;
[1-propyl-l-ethyl-silanvlene- (propyl. ethyl-TACN) (fluorcnyl))
(eihy](trintethylsilyl)) (phenyicthylantido) 30 scandium:
[1-propyl-]-phenyl-silanylene-(methyl. isopentyI-TACN) (2.4-
dintcth),1-6-phcnylindcny])] (methvlpropylnntido) (dinmthylphosphido)
scandium:  [l.1-diisopropyl-sil:uiylcnc-(propyl. ethyl-TACN)
(methylpltosphido)] NVO 02/32909 12 APR 2005  PCT/USOI/29442 (c Ihy I(
triet h v Is i I y 1)) (d i p lie ny I ph a sph ido) S,1111,11 i LIM:
-phClIyI- I -jIlCtllVj- silanylenc-i(isopropyl. oclyl-TACN)
(pcrJ1LlOrOfIllOlCllVI)) (iSOhCNNI) (pC]IIO.Xy)  samarium; [I -propy I -I
-m ctlly I -si I a nV I c n C-(isopciltv). methyl-TACN)
(isopropylamido)] (?--iiictliy-"I-ctll)'IPIICIIONY) (ctho\'y) samarium,
[1-isopropyl-1 5 e1hyl-silanylene-(pentyl. propyl-TACN) (isopropylamido))
(eillyl) (illethoxy)  praseodymium; (I -Cillyl- I -I-,CNV I- Si I ally
lCile- (PTOPYL octyl-TACN) (fluorenyl))  (2.4-dimethylphenoxy)
(methylpropylainido) neodymium: [1-phen%]-I-but~l- silanylenc-(hexyl,
ethyl-T.ACN) (2-propylcyclopentadienyl)) (heptyl)  (methylethylamido)
neodymil-1111; [1-plieriyl-]-nieiliyl-silan),Ieiie-(etliyl, pentyl 10
TACN) (perfluoronuorenyl)) (methoxy) (phenyl) Itiletium-,
[1-phonyl-1-methyl- silanylene-(isohexyl, 3-methylpentyl-TACN)
(2..4-diii)eiliyl-6-plienylijideiiyl))  (ethylpentylphosphiclo)
(2-methy-4-ethylphenoxy) li-fletium, [I-ethyl-1-phenyl-
silanylene-(cthyl, isopropyl-TACN) (propylamido)] (jncthoxy) (propyl)
lan(hankim; [1-plienvi-l-iiietliyl-sil-,iiiylene-(isopropyl, propyl-TACN)
(t 15 bulylarnido)) (pentoxy) (methyl) lanthanum;
fl-eth),I-I-propyl-siliii),Iene-(etliyl,  methyl-TACN)
(2-propylcyclopentadienyl)) (propox-y) (buloxy) holmium; (I- isopropyl- I
-plieii),I-silaiiNIleiie-(prop),]. heptyl-TACN) (cyclopenladienyl)]
(isoliexyl) (isopropyl) gadolinium;
[1-niethyl-)-plien~,I-silaiiyleiie-(butyl. phenyl- TACN) (t-butylamido)]
(pentyl) erbium; [1-phellyl-1 20 ethyl-silanylene-(octyl, penlyl-TACN)
(perfluorofluoicnyl)] (ethoxy) (ethyl)  civsprosium;
(1-pliejiyl-l-isopiop\ll-silanNIlene-(prop~,]: ethyl-TACN) (I-
butylamido)] (lieptyl) (diphenylamido) dysprosium; [I-propyl-l-methyl-
silanylene-(hexyl, isopiopyl-TACN) (nilethylamido))
(ethylpentylphosphido)  (octyl) dysproSiLlill-
fl,]-dil-,i-ol)ylsilaiiylctie-(iiictli);I(ii-ietlivlSilyl)2 isobe.Xyl- 



25 TACN) bis(diplienylamido) ceijuni. GERIMANYLENE-BRIMED, TACN CATALYST
PRECURSORS  e1hy](Irime1hylsilyl) -TACN.) (propylain ido)]
(3:4-diincillylpliclIONY) (PIICIIONY)  yitrimn; [I, I -diet hyl-germ anv
I enc-(methy 1, propyl-TACN) (eflivlamido)] (I 30 hkiioxy)
(2.6-dimethylpheno,,y) y1161.1111; [I -CI hyM -ill C I llyl- 2C] M
Ollylenc-l(t-buly],  ethylOriethylsilyl) -TACN)
(2-propN,lc\lclopciilqdicii~,].)j (efliyl) (isepropyl) 1 2 APR 2005 WO
02/32909 PCT/US0I/29442 yttrium;
[I-ethyl-l-pentyl-gcrttrntylenc-(3-melhylpent), l. nuthyl-TACN)
(phcnylamido)] (hexyl) (3-melhylpentyl) yttrium; [I -ethyl- I
-phenyl-gcrmanylcnc_  (methyl. phenyl-TACN) (Ielramethycyclopentadienyl))
(pcntyl)  (melhylpropylamido) yttrium;
[1-ethy]-l-propyl-germanylene-(isopropyl; iso 5 pentyl-TACN)
(niethylphosphido)] (hexoxy) (methylpropylphosphido) yttrium;
[I-ethyl-I-propyl-germanylene-(dimethyl-TACN) (2, 3, 4-trimethyl-5-
ethylcyclopentadienyl)J (phenyl) (butoxy) yttium:
[1-hexyl-]-ethvl-germanylene- (octyl, ethyl-TACN)
(perfluorocyclopentadienyl)) (pentoxy) (octyl) yttrium; [I-
isopentyl-]-ethyl-germanylene-(ethyl, propyl-TACN) (cyclopentadienyl)] 10
(phenoxy) (propoxy) yttrium; [I-isopropyl-I-hexy]-germanylene-(methyl,
heptyl- TACN) (mcthylamido)] (dihexyl) yttriun;
[I-isopropyl-I-methyl-germanylene- (diethy)(triethvlsilyl) -TACN)
(fluorenyl)) (oclyl) (ethoxy) yttrium; [l-isopropyl-
I-penty]-germanylene-(phenyl, methyl(trimethylsilyl) -TACN) (2, 3,
4-Irimethyl- 5-ethylcyclopentadienv])] (phenoxy) (methylethylphosphido)
yttrium; [I 15 isopropyl-l-phenyl-germanylene-(butyl,
methy)(triethylsilyl) -TACN)  (ethylamido)] (ethoxy) (methyl) yttrium;
[1-isopropyl-]-phenyl-germanylene- (bui),l7 methyl-TACN) (phenylamido)]
(meihylethylphosphido) (isohexyl)  yttriun;
[I-isopropyl-l-phenyl-germanylene-(nelhvl, 3-methylpentyl-TACN)
(ethylamido)] (methylethylphosphido) (t-butoxy) yttrium; [].1 20
dimethylgermanylene-(met hyl, heptyl-TACN) (2-propvlcyclopentadienyl))
(methylnonylphosphido) (propyl) yttrium;
[1,1-dimethylgermanylene-(diprop),l- TACN) (phenylamido))
(2-methy-4-ethylphenoxv) (methyl) yttrium; (I-methyl-I-
propyl-eerman):Iene-(ethyl, isopropyl-TACN) (Ietramethycyclopenladienyl)J
(isopentyl) (dimelhylamido) yttrium; [I-methyl-l-propyl-germanylene 25
(diisohexy]-TACN) (propylamido)] (pentoxy) (methylethylamido) yttrium;
[)- 



pentyl- I -phenyl-germanylene-(isopropyl, 3-methylpentyl-TACN)  (peril
uorocyclopentadienyl)) (methylc(ltylamido) (phenoxy) yttrium;
[I-phenyl-1- ethvl-uermanylene-(ethyl, methyl-TACN)
(2-piopvlcyclopenladienyl)] (isohexyl) (phcnyIcthylphosphido) yttrium; [I
-phenyl- I -isopropyl-germanylene-(pentyl. 30 hexyl-TACN) (phcnylamido)J
(elhyl(triethylsilv))) (ethoxy) yttrium; [I-propyl-l-
ethyl-germmiytale-(ethyl. isopropyl-TACN) (indcnyl)) (methoxy) (pentyl)
yttrium; [1-propyl-l-isopropyl-gcrmanvla c-(propyl- isopropyl-TACN) WO
02/32909 1 2 APR 2005  PCT/USO1/29442 (cyclopcnladicnyl))
(cthyl(triethyIs il), l)) (clhvl(triethyIsiIyl))vttrium; [1.1-
dipropylgermanylenc-(ethyl- methyI(Iricthvlsilyl) - ACN)
(isopropylamido)]  (propoxy) (meihyl(trimcihylsilyl))ytlrium; [1 .1 -d
propylgermanylene- (me(hyl(Iricthylsilyl). pi-opyl-TACN)
(2-prop),lcyclopcntadienyl)] (isopropoxy) 5 (penlyl) '1lrium;
[I-ethyl-I-isopropyl-germanvlene-(propyl, methyl(irimethylsilyl)  -TACN)
(2, 3, 4-ti imelhyl-5-ethylcvclopeniadienyl)] (methylpropylamido)
(penlyl) ytterbium; [1-isopropyl-l-butyl-2enrianylene-(hexyl.
methyl-TACN)  (perfluorocyclopeniadienyl)J (m ethyl nonylphosphido)
(propyl) thulium; [I- isopropyl-1-phenyl-gennanylene-(isopropyl,
propyl-TACN) (t-butylamido)) 10 (butyl) (eth),l(lrimeth),lsilyl))thulium;
[I,1-diethyl-germanylene-(isopropyl, iso- hexyl-TACK) (2, 3,
4-tiimethvl-5-ethylcyclopentadienyl)] (penlyl)  (dimethylphosphido)
scandium; [I-isopropyl-l-eihyl-gennanylene-(propyl,  methyl-TACN)
(tetramethycyclopentadienyl)] (isopropyl) (phenylethylamido)  scandium;
[1-isopropyl-I-propyl-2ermanylene-(propyl, methyl(trimethylsilyl)  15
TACN) (2,4-dimethyl-6-phenylindenyl)] (diphenylamido) (dimethylphosphido)
scandium; [1-methyl-I-ethyl-germanylene-(ethyl, methyl-TACN)
(perfluorofluorenyl)] (butoxy) (phenoxy) scandium; [I-methyl-l-ethyl-
germanylene-(isopropyl, methyl(triethylsilyl) -TACN)
(perfluorofluorenyl)]  (isopenioxy) (butoxy) scandium;
[1-phenyl-I-isopropyl-germanylene-(methyl, 20 isopropyl-TACN)
(phenylamido)) (t-butyl) (3-methylpentyl) scandium; [1,2-
diphenylgermanylene-(isopropyl, octy]-TACN) (propylamido)] (phenyl)
(methoxy) scandium:
[1-propyl-I-ethyl-germanylene-(eth),l(trimethylsil),]).  



methyl-TACN) (2-Propylcvclopentadienyl)J (2,5-dimethylphenoxy) (phenyl)
scandium; []-isopropyl-l-methyl-germanylene-(methyl, propyl-TACN) 25
(phenylamido)] (phenylethylamido) (isopemoxy) samarium; [1-phenyl-I-
isopropyl-germanylene-(isopropyl, methyl(irimethylsilyl) -TACN) (2-
propylcyclopeniadienyl)] (butoxy) (phenylethylamido) praseodymium; [1,1-
dibutyl-gennanylene-(dielhyl(lrimethylsilyl) -TACN) (methylphosphido))
(butyl)  (2.4-dimethylphenoxy) neodymium:
[I,]-diisopropyl-germanylene-(ethyl, butyl 30 TACN) (isopropylamido)]
(meth} I(irimcthylsilvl)) (butyl) neodymium; [1-propy]-
I-isopropyl-germanylene-(isopentyl. propyl-TACN) (fluorenyl))
(methyl(tricthylsilyl)) (isopropyl) neodymium: [1,]-dipropylgennanylene 1
2 APR 2005  CVO 02/32909 PCT/USOI/29442 -- 26- (isopropyl, mcihyl-TACN)
(cyclopentadicnyl)) (butoxy) (meth)'lpropylphosphido)  neodymium;
[I-ethyl-l-methyl-g.cnnanylene-(propyl, ethyl-TACN)
(ictrarnclhycyclopentndicnyl)] (dimethyL.mido) (ethyl(
tricthylsil)'l))lutclium; [I- propyl-l-hexy]-ecrmanylenc-(diethyl-TACN)
(isopropylamido)J 5 bis(mcthyl(trieth)'lsilyl))lutetium;
[1-propy]-I-isopropyl-vermanylene-(isopropyl,  isohexyl-TACN)
(perfluorocyclopentadienyl)] (methyl(triethylsilyl)) (t-butyl)
lanthanum; [1-hexyl-l-isopropyl-germanvlene-(propy), rnethyl-TACN) (2.4
dimethyl-6-phenylindenyl)] (ethyl(trimethvlsilyl)) (isopentyl)
gadolinium; [1 ethyl-I-propyl-germanylene-(meth),l(trimeth),lsilyl),
ethyl(trimethylsilyl) -TACN)  to (2-propylcyclopentadienyl))
(ethyl(triethylsilyl)) (buioxy) dysprosium; [1-propyl
1-isopropyl-germanylene-(diethyl-TACN) (2,4-dimethyl-6-phcnylindenyl)]
(isopentyl) (isopropyl) dysprosiutn;
[1-ethyl-l-isopropyl-germanylene-(isopentyl,  propyl-TACN)
(cyclopentadienyl)J (methyl) (diphenylphosphido) cerium.
ETHYLENYL-BRIDGED, TACN CATALYST PRECURSORS 15
[1-ethyl-I-propyl-ethylene-(methyl. isopropyl-TACN)  (ethylamido))
(methyl(trimethylsilyl)) (isopropyl) yltrium; [I,1-dimeIhylethylene-
(isopropyl, ethyl-TACN) (t-butylphosphido)] (ethoxy)
(methyl(trimeth),lsilyl))yttrium; [1-penty)-)-methyl-ethyl
ene-(ethy](triethyIsilyl),  phenyl-TACN) (propylaniido)] (methyl)
(heptyl) yttrium; [1-phenyl-l-butyl 



20 ethylene- (isohexyl, isopentyl-TACN) (1-chloro-2. J.
4-trimethvlfluorenyl))  (isopropoxy) (ethyl) yttrium;
[1.2-diphenylethylene-(ethyl, methyl-TACN)  (perchloroindenyl)] (methyl)
(dimelhylamido) yttrium; [1-propyl-l-isopropyl- e1hylene-(ethyl,
propy)-TACN) (perch]oroindenyl)J (ethylpentylphosphido)  (phen)Il)
yttrium; [1-propyl-l-phenyl-ethylene-(dimethyl(iriethylsilyl) -TACN) 25
(cyclopentadienyl)) (isohexyl) (meihoxy) yttrium; [1,1-diethyl-ethylene-
(ethyl(triethylsilyl), ethyl-TACN) (I-bromo-2. 3, 4-trimethylindcny]))
(ethyl(iriethylsilyl)) (dimethylphosphido) scandium;
[I-ethyl-l-penlvl-ethylene- (diethyl-TACN) (perlluorocyclopentadienyl)]
(dime(hylphosphido)  (diphenylamido) scandium;
(1-isopropyl-l-phenyl-ethylene-(ethyl, hexyl-TACN) 30 (t-butylamido))
(propoxy) (diphenylphosphido) scandium; [l-meihyl-2-isopropyl-
cthylene-(methyl, octyl-TACN) (t- bulylphosphido)) (I-butyl) WO 02/32909
1 2 APR 2005  PCT/USOI/29442 (clhylpcnivIphosphido) scnndiurn:
[1:2-dimethyl-ethylene-(die thyl-TACN)  (2-4,5-S-lcirnphrnylfluorcnyl)]
(mcihylethylphosphido) (hexy]) yttrium; [1.1-
diisopropyl-ethylene-(cthvl, t-butyl-TACN) (t-butylamido)]
(nethylpropylamido)  (methylclhylamido) neodymium;
[]-methyl-2-propyl-clhylene-(methyh isopenlyl 5 TACN)
(telramethvcvclopenladienyl)] (penioxy) (methylpropylamido) scandium;
[1-ethyl-2-isopropy]-ethylene-(isopropyl. isohexyl-TACN) (fluorenyl)]
(diphenyl- phosphido) (ethylpenlylphosphido) terbium;
[l-ethyl-2-phenyl-ethylene- (elhy)(triethylsilyl), methyl-TACN)
(phenylphosphido)] (t-buloxy)  (methylethvlamido) lutetium; [I
-isopropyl- I -propyl-ethylene-(pentyl, ethyl 10 TACN) (2, 3,
4-trimethyl-5-ethylcyclopentadienyl)] (dimethylamido) (hexoxy)  lutetium;
[],1-diisopropyl-ethylene-(_-meth),lpentyl, isopropyl-TACN)
(methylphosphido)] (phenoxy) (heptyl) lanthanum;
[I,2-dimethyl-ethylene-(3- methylpentyl, ethyl(lriethylsilyl) -TACN)
(perf]uorolluorenyl)]  (methylethvlamido) (phenyl) praseodymium;
[1,2-diethylethylene-(isopropyl, 15 methyl(tnethylsily]) -TACN) (2, 3,
4-trimethvl-5-ethylcyclopenladienyl)] (ethyl)  (hexyl) yttrium;
[1:2-diphenylethylene-(isopropyl, ethyl-TACN) (indenyl)]  (butoxy)
(phenylethylamido) erbium; [l-propyl-2-ethyl-ethylene-(propyl,
ethyl(irimethvlsilyl) -TACN) (t-butylamido)] (methylethvlamido) (2,3- 



dimethylphenoxy) scandium: [1-ethyl-]-phenyl-ethylene-(isoprop),l,
oclyl-TACN) 20 (indenyl)] (melhylpropylphosphido)
(methyl(triethvlsilyl))dysprosium; [I-phenyl-
2-ethyl-ethylene-(isopropyl- hexvl-TACN) (ietramethycvclopen!adienyl)]
(hexoxy) (isopentyl) lanthanum; [1,1-diethy]-ethylene-(pentyl,
propyl-TACN) (2- propylcvclopenladienyl)] (pentyl) (cthylpeniylphosphido)
yttrium; [1-ethyl-2- methyl-ethylene-(isohex),!, methyl(trimethylsil),])
-TACN) (perfluorofluorenyl)] 25 (1-butyl) (hexvl) yttrium;
[I-ethyl-2-phenyl-ethylene-(isopropyl, propyl-TACN)
(2.4-dimcthvi-6-phenylindenyl)] (isopropoxv) (hexoxy) yttrium;
[]-ethyl-2- phenyl-ethylene-(I-bmyl. methyl-TACN) (perfluorofluorenyl)]
(diphenylphosphido) (methvl(trimethylsilyl))\-Ilrium:
[1-isopropyl-2-methyl- ethylene-(ethyl, mc(hyl-TACN) (phenylphosphido)]
(methylpropylamido) 30 (cthoxy) holmium;
[I-isopropyl-2-mclhyl-ethylene-(I-butyl, melhyl(trimethylsilyl)  TACN)
(2-4-5.S-tctraphcnylfutorenyl)] (methyiethvinmido)
hnclhyl(Iriclhylsilvl))dysprosiurn;
[I-phenyl-?-icol,entyl-ethylene-(c!hy;- propyl WO 02/32909 1 2 APR 2005
PCT/USO1 /29-142 TACN) (2-prop);lcvclopeniadienyl)] (dimethylamido)
(ethoxv) yttrium; [I- phenyl-2-propyl-efhylenc-(ethyl, isohexyl-TACN)
(2,3-dibromoindcnyl)] (pentoxy) (ethyl(t)-ithylsilyl)) yttrium,
PRO1'VLENVL-13RI1)GED, TACN CATALYST PRECURSORS 5
[1-phenyl-I-ethyl-propylene-(octyl, methyl-TACN) (2,3- dibromoindenyl)]
(methylpropylamido) (2-mcthy-4-ethylphenoxy) yttrium; [1-
propyl-l-phenyl-propylene-(dimeth),l-TACN) (2-propylcvclopentadienyl))
(ethyl)  (1-butyl) yttrium; [I-peetyl-I -propyl-propylene-(diethyl-TACN)
(perfluorofluorenyl)] (phenyl) (methylnonylphosphido) lanthanum;
(1-isopropyl 10 1-meth),l-propylene-(propyl, octyl-TACN)
(perchloroindenyl)]  (phenylethylamido) (propoxy) neodymium;
[1,2-diphenylpropylene-(diethvl- TACN) (indenvl)] (hexyl)
(phenylethylphosphido) yttrium; [1-propyl-l-isopropyl- propylene-(ethyl,
methyl-TACN) (2-propylcyclopentadienyl)] (isopentoxy)  (methytethylamido)
yttrium; [I-isopropyl-I-ethyl-propylene-(isopropyl, isopent),l 15 TACN)
(phenylphosphido)] (isopentyl) (diphenylamido) scandium; [1-phenyl-l-
ethyl-propy] ene-(isopropyl, 3-methylpentyl-TACN) (perfluorofluorenyl)]
(ethyl)  



(methyl) lanthanum; [1-propyl-l-methyl-propylene-(methyl, octyl-TACN)
(cyclopentadienyl)] (phenoxy) (3,4-dimethylphenoxy) neodymium;
[I-ethyl-l- phcnyl-propylene-(methyl(Irimethylsily)), isopropyl-TACN)
(fluoreny])] (3 20 methylpentyl) (heptyl) yttrium;
[1,1-dimethyipropylene-(t-but),l; phenyl-TACN)  (indenyl)] (butoxy)
(ethoxy) scandium: [1-isopropyl-l-ethyl-propylene-(ethvl- isopropyl-TACN)
(2,4-dimethyl-6-phenylindenyl)] (isohexy]) (butoxy) yttrium;
[1-butyl-2-methyl-propylene-(meihyl(trieth),lsily]), methyl-TACN)
(phenylphosphido)] (hexoxy) (dimethylamido) ytterbium; [I-propyl-2-ethy]
25 propylene-(methyl, heptyl-TACN) (phenylphosphido)]
(methylnonylphosphido)  (phenylethylamido) yttrium;
[I-isopropyl-2-methyl-propylene-(diethyl-TACN) (2,  3.
4-trimeihyl-5-et))ylcyclopentadicnyl)] (isohexyl) (ethyl) lanthanum;
[1-propyl- 2-isopentyl-propylene-(meth),l, isopentyl-TACN) (methylamido))
(butyl) (hexyl)  yttrium: [I2-dimethyl-propylene-(peni)!l, propyl-TACN)
(perfluorofluorenyl)] 30 (methylnonylphosphido) (methylpropylphosphido)
scandium; [12-dicthylpropyl- enc-(3-111e1h) 1pentyl, isohexyl-TACN)
(2-propylcyclopentndicnvl)] (methyl) WO 02/32909 -- -'9 - 12 APR 2005
PCT/USOI/29442 (cihy4trieihvlsilyl))ytIriurn;
[I.2-dimclhyl-prop}'lcnc-(phenyl, methyl-TACN) (I- chloro-2, 3,
4-trimethylfluorenyl)J (isopropoxy) (butyl) yttrium; [1-methyl-2-
ethyl-propylene-(methyl. heptyl-TACN) (cyclopentadienyl)J (pentyl)
(dimcthylamido) praseodymium; [I-methyl-2-isopropyl-propylene-(ethyl,
propyl 5 TACN) (perfluorofluorenyl)J (methyl(triethylsilyl)) (phenoxy)
lutetium; [l- methy]-2-phenyl-propylene-(dimethyl-TACN) (ethylamido)]
(ethyl(triethylsilyl))  (hexoxv) yttrium;
[1-methyl-2-propyl-propylene-(methyl, hexyl-TACN)  (perfluorofluorenyl)]
(elhoxy) (2-meshy-4-ethylphenoxv) lanthanum; [1-phenyl-2-
methvl-propylene-(butyl, isohexvl-TACN) (indenyl)] (propoxy) (t-butoxy)
10 yttrium; []-phenyl-2-methyl-propylene-(ethyl, isopropyl-TACN)
(methylamido)J  (methylethylphosphido) (methyl(trimethylsily]))
praseodymium; [12-dipenty]- propylene-(ethyl, meihyl(triethylsilvl)
-TACN) (t-butylphosphidc)] (propoxy)  (methvl(irieihylsilvl))scandium;
[I-methyl-2-ethy]-propylene-(ethyl; methyl- TACN) (phenvlamido)]
(t-butyl) (ethoxy) lutetium; [1,3-di isopropyl-propylene 



15 (hexyl, propyl-TACN) (t-butylphosphido)J (methylpropylphosphido)
(phenyl)  samarium; [I-methyl-3-isopropyl-propylene-(methyl,
isopropyl-TACN)  (cyclopentadienyl)] (heptyl) (methyl
(trimethylsilvl))europiuni; [1-methyl-3- pheny]-propylene-(methyl,
butyl-TACN) (ethylamido)] (ethyl)  (phenylelhylamido) erbium;
[I-ethyl-3-methyl- propy] ene-(3-methylpentyl: ethyl 20 TACN)
(fluorenyl)] (methyl) (isohexyl) yttrium; [I-ethyl-3-isopropyl-propvlene-
(isopropyl, isopentvl-TACN) (perfluorofluorenyl)] (ethoxy)
(phenylelhylamido)  terbium; [1-met]iyl-3-phenyl-propylene-(ethv4
isopropyl-TACN) (per- fluorocyclopentadienyl)J (pentyl) (hexyl) yttrium;
[1.3-diethy]-propylene-(methyl,  propyl-TACN) (t-butylamido)]
(methylnonvlphosphido) (phenylelhylamido) 25 yttrium;
[1-ethyl-3-hexy1-propylene-(diisopentyl-TACN) (2,4.5,7-
tetraphenylfluorenyl)J (ethoxy) (isopentoxy) yttrium:
[I,3-diphenvl-propylene- (diisopropyl-TACN)
(2.4-dimethyl-6-phenylindcnyl)] (hexyl) (phenoxy) yttrium;
[1-methyl-3-propyl-propylene-(meth),l(lrimetltvlsilyl), methyl-TACN) (I-
butylphosphido)) (3-methylpentyl) (bufoxy) cerium;
[I-buty]-3-methyl-propylcnc 30 (t-butyl- ethyl-TACN) (cyclopcntadienyl)J
(hexoxy) (dimelhylamido) lanthanum;
[1-isopropy1-3-methyl-propylene-(dimethyl-TACN) (methvlamido)] (t-butoxy)
(3.5-di methylphenoxy) scandium: I I -propyl-3-1110hyl-propylenc 1 2 APR
2005 WO 02/32909 PCT/US03/29442  -- 30 - (dimethvl(Iricthylsilyl) -TACN)
(isopropylamido)] (heptyl) (isopentyl) erbium; [I- pentyl-3-methyl
-propylene-(heptyl, isopropyl-TACN) (methylamido)]  (nicthylpropylamido)
(phenylethylphosphido) scandium; [1,3-diethyl-propylene- (dipropyl-TACN)
(3,5-2.3-dibromoindcn;vl)J (methylpropylamido) (isohexyl) 5 samarium;
[1-methyl-B-methyl-propylene-(diethyl-TACN) (fluorenyl)]
(methyl(triethylsilyl)) (methylpropylphosphido) yttrium. REPRESENTATIVE
EXAMPLES OF TACN-BASED CATALYST  PRECURSORS
[]-ethyl-]-methyl-butylene-(ethyl. pentyl-TACN) (ethylamido)]  10
(phenylethylamido) (isopropyl) yttrium;
[1-pentyl-l-butyl-butylene-(isopropy1. ethyl-TACN) (methylphosphido)]
(hexoxy) (isopropoxy) yttrium; [1-pentyl-I- ethyl-butylene-(methyl,
phenyl-TACN) (perfluorofluoreny!)] (methylethylamido)  



(eih),l(trimethvlsilyl))yttrium; [1,1-diisopropyl-ethylene-(ethyl,
isopropyl-TACN)  (2, B, 4-trimethyl-5-ethylcyclopentadienyl)]
(ethyl(trimethylsilyl)) (hexyl) yttrium; 15
[1-methyl-l-phenyl-ethylene-(propyl, methyl-TACN) (per-
fluorocyclopentadienyl)] (isopropoxy) (3-methvlpentyl) yttrium;
[1-phenyl-l- ethyl-ethylene-(methyl, isopropyl-TACN) (cyclopenladienyl)]
(methoxy) (pentyl)  yttrium;
[1-isopropyl-I-isopenty]-permanylene-(isopentyl, methyl-TACN)
(methylphosphido)] (but),l) (isohexyl) yttrium;
[1-ethyl-l-phenyl-methylene-(3 20 methylpentyl, isopropyl-TACN)
(1-chloro-2. B. 4-trimeihylFluorenyl)]  (dimethylphosphido)
(methylnonylphosphido) yttrium; [I-isopentyl-l-isopropyl-
methylene-(methyl, octyl-TACN) (1-chloro-2. 3. 4-trimethy1fluorenyl)]
(methoxy)  (isopentoxy) yttrium; (1-pentyl-I-ethyl-methylene-(hexyl,
ethyl-TACN) (3,5-23- dibromoindenyl)J (ethoxy) (diphenylphosphido)
yttrium; [1-propyl-l-ethyl 25 methylene-(3-methylpentyl, pentyl-TACN)
(phenylamido)J (methoxy) (heptyl)  yttrium;
[]-propyl-l-isopentyl-methylene-(meIhvl(triethyisilyl), ethyl-TACN)
(perfluorofluorenyl)] (phenyl) (heptyl) Vitrium; [i,]-dimethylphenylene-
(isopropyl. propyl-TACN) (t-butylphosphido)] (dimethylphosphido)
(ethyl(trimethylsilyl))yttrium;
[1-propyl-1-phenyl-propylene-(diethyl-TACN) 30
(pcrfluorocyclopentndicnyl)] (ethoxy) ihexoxy) yttrium;
[I-isopentyl-l-butyl- silanylcne (nulhyl(trimeth isilyl). ethyl-TACN)
(3.G-2.3-dibromoindcnyl)J 10 1: 20 30 WO 02/32909 PCT/USOI/2,4.ff 2005
(ethyl) (3-me1hylpentyl) yttrium; [1.1
-diisopropyl-silanylcne-(cihyl(tricihylsilyl).  octyl-TACN)
(1-buivlanido)] (methylpropylamido) (nicihylpropylphosphido)  Y1161111),
[1-isopropyl-l-methyl-silanylcne-(ethyl. )I-methylpentyl 7-ACN)
(mcthylphosphido)) (oclyl) (isopentoxy) ylfriunn;
[1,1-dinnethylsilanylene- (dimethyl(triethylsilyl) -TACN)
(24-dimethyl-6-phen),lindenyl)] (3,6- dimethylphenoxy) (phenylethylamido)
yitriunn; [I - methyl- I -phenyl-silanylene- (isopropylisopentyl-TACN)
(meihylphosphido)J (methyl)  (methyl(trimethvlsilyl))ytirium; [I
-phenyl-] -ethyl-silanylene- 



(methyl(triethylsilyl), propyl-TACN) (methylphosphido)] (propyl)
(methoxy)  yttrium; [1-phenyl-I-methyl-silanylene-(dimethyl-TACN)
(methylphosphido))  (methvlnonylphosphido) (phenylethylphosphido)
yttrium; [1,1-dipropylsilanylene- (propyl, methyl-TACN)
(perfluorocyclopentadicnyl)] (hexoxy) (isopropoxy)  yttrium;
[1-phenyl-I-hexyl-methylene-(isopropyl, methyl-TACN)  (phenylphosphido)]
(propyl) (phenylethylamido) ytterbium; (1-propyl-l-
isopropyl-ethylene-(ethyl isopropyl-TACN) (2,6-2,3-dibromoindeny])J
(phenyl)  (hexoxy) thulium: [1-isopropyl-I-ethyl-ethylene-(isopropyl,
propyl-TACN)  (cyclopenladienyl)] (diphenylamido)
(2-nnethv-4-ethylphenoxy) terbium; [1,1-
dipropylmethylene-(3-methylpentyl, heptyl-TACN) (2,4-dimethyl-6-
phenylindenyl)] (phenyl) (methylpropylphosphido) terbium; [l,l-
dipropylmethylene-(nneth),l(triethylsilyl), isopropyl-TACN)
(propylamido)]  (phenyl) (3-methylpentyl) terbium;
[1-butyl-1-isopropyl-ethylene-(isopentyl,.  methyl(triethylsilyl) -TACN)
(cyclopemadienyl)] (methylpropylamido)  (methylpropylamido) scandium;
[I-ethyl-l-butyl-ethylene-(t-butyl, isopropyl- TACN)
(2.4,6,7-teiraphen),lfluorenyl)] (elhyl(trinnethylsilyl)) (isohexyl)
scandium; []-elh;l-l-methyl-methylene-(hexyl, propyl-TACN) (meihylamido)]
(diphenylphosphido) (3-methylpentyl) scandium; [1-isopropyl-l-isopentyl-
methylcne-(heptyl, propyl-TACN) (indenyl)] (hcxyl) (ethyl) scandium;
[1-phenyl- 1-isopropyl-methylene-(diethyl(tricthylsilyl) -TACN)
(propylamido)] (hex),l)  (heptyl) scandium;
[1-phenyl-l-propyl-methylene-(phenyl, octyl-TACN) (2.4-
dinnethyl-6-phenylindenyl)] (isopentoxy) (3.6-dimc1hylphenoxy) scandium;
[1- phcnyl-I-propyl-propylene-(3-methylpentyl, hexyl-TACN) (1-bromo-2. 4-
Irimcthylindenyl)] (3-methylpentyl) (3.5-dimcthylphenoxy) scandium;
[I-eth 1-1 12 APR 2005 N VO 02/32909 PCT/USOI /29-142
sopropyI-silanylcne-(ethyl. propyl-TACN) (ictrmncthycvcIopen Iadicnyl)]
(phenyl) (3.4-dimethylphcnoxy) scandium; [I-methyl-]-ethyl-silm~ylcne
(heptyl.  methyl(tricthylsilyl) -TACN) (isopropylamido)]
(diphcnylphosphido) (bwyl)  scandium;
[1-phenyl-I-isopmpy]-silanylcne-(methyl, propyl-TACN) (n)ethyl 5 amido)]
(dimethylphosphido) (phenyl) scandium; [1-propyl-l-methyl-silanylene-
(propyl. octyl-TACN) (1-chloro-2, 3, 4-Uimethylfluorenyl)]
(methylethylphosphido) (ethoxy) scandium; [I-hexyl-l-methyl-ethylene- 



(isopropy], hexyl-TACN) (2,4-dimelh),1-6-phenylindenyl)] (butoxy)
(heptyl)  samaritn; [1-hexyl-l-ethyl-methylene-(isohexyl,
methyl(iriethylsilyl) -TACN) t0 (cyc)open tadieny])] (diphenylphosphido)
(pentyl) samarium; [1-isopropyl-l- melhy]-methylene
(methyl(lrieth}'1si1)'I), phenyl-TACN) (methylphosphido)] (iso- hexyl)
(ethyl(iriethylsilyl))neodvntium; [l-isopropyl-l-ethyl-methylene-(methyl,
t-butyl-TACN) (piopylamido)] (pentoxy) (octyl) lutetium; [1:1-
diethyl-methylene-(Iihexyl. etlryl-TACN) (phenylamido)] (dimethylamido)
(hexoxy) lanthanum; [1 15 ethyl-l-propy]-methylene-(hept),l,
ethyl(triethylsilyl) -TACN) (1-bromo-2, 3, 4- trimethylindenyl)] (buioxy)
(pentoxy) lanthanum; [1-phenyl-l-hutyl-methylene- (methyl; butyl-TACN)
(t-buty)phosphido)] (dimethylphosphido) (2,6- dimethylphenoxy) lanthanum;
[I-ethyl-]-methv]-propylene-(prop),], phenyl TACN) (perfluorofluorenyl)]
(eth);l(triethvlsilyl)) (2,5-dimethylphenoxy) 20lanthanum; [I -ethyl- I
-propyl-silanvlene-(diprop),l-TACN) (isopropylamido)] (phenoxy)
(methylethylphosphido) lanthanum; (1-ethyl-I-methyl-methylene- (propyl,
methyl-TACN) (perfluorocyclopentadienyl)](penloxy) (buioxy) europium;
[1-isopropyl-I-phenyl-phcnylene-(t-but),],melhyl(iriethylsilyl) - TACN)
(2,4.6,7-tetraphenylfluorenyl)](melhyl(irimethylsilyl)) 25
(methvleihylamido) europium; [I-ethyl-I-phenyl-methylene-(propyl, ethyl-
TACN) (1-chloro-2, 3, 4-trime( hylfluorenyl)) (diphenvlamido)
(phenylethvlamido) erbium. METHYLENYL-BRIDGED, TAI-1 CATALYST PRECURSORS
[I-hexyl-I-ethyl-methylene-(ethyl. isopropyl-TAi-I) (I 30
butylphosphido)] (phenylcthylphosphido) (hcxvl) yilrium;
[I-isopentyl-I-propyl- :nclhylcne (ethyl. propyl-TA!1). (phcnylamidolJ
(mcthoxy) (heptyl) yttrium; [I WO 02/32909 1 2 APR 2005  PCT/USO1/29442
isopropyl-l-methyl-methylene-(propyl. phenyl-TAI-1) (2, 3. 4-trimethyl-5-
ethylcvclopcntadicnyl)J (methyl) (mcthvlnonylphosphido) yttrium;
[]-methyl-l- isopropyl-methylene-(propyl. ethyl-TAI-I) (I-bromo-2, 3,
4-trimethylindcnyl)]  (ethyl(tricthvlsilyl)) (hexyl) yttrium;
[1-methyl-l-phenyl-methylene-(isopentyl, 5 ethy](triethylsilyl) -TAH)
(2,3:6,7-ietraphen),lfluoreny])J (phenoxy) (methyl)  yttrium;
(1-pentyl-l-propyl-meth),lene-(piopyl; ethyl-'FA lq)  



(tetramethycvclopentadienyl)] (methvl(triethylsilyl)) (dimethylamido)
yttrium; []- phenyl-I-methyl-methylene-(ethyl, isohexyl-TAH)
(2,4-dimethyl-6- phenvlindenyl)) (dimethylphosphido) (1-butyl) yttrium;
[]-propyl-l-ethyl 10 methylene-(diethyl(trimeth),lsil),l) -TAH)
(propylamido)J (2-methy-4- ethylphenoxy) (2-methy-4-eth),lphenoxv)
yttrium; [1-propyl-I-isopentyl-meih- ylene-(octyl, methyl-TALI)
(methylphosphido)] (ethoxy)  (eth)'l(trielhylsilyl))yttrium;
[1,1-dipropylmethylene-(3-melhylpentyl, ethyl-TAH)  (1-chloro-2, 3,
4-trimethylfluorenyl)J (methyl(lrimethylsily])) (isopentyl) yttrium; 15
[1-isopropyl-I-pentyl-methylene-(heptyl, propyl-TAH)
(5.6-2,3-dibromoindenyl)J  (1-butyl) (isopropoxy) ytterbium;
[1-isopropyl-]-ethyl-methylene-(isopentyl, 3- methylpentvl-TAH)
(fluorenyl)J (phenoxy) (octyl) thulium; [1-phenyl-]-methyl-
methylene-(propyl, methyl-TAH) (2-propylcyclopentadienyl)] (isohexyl)
(hepyl)  thulium; [I -isopropyl-] -methyl-niethvlene-(ethyl,
isopropyl-TAH) 20 (phenvlamido)J (methylnonylphosphido)
(melhylethylamido) terbium; [I-
isopentvl-l-propyl-methylene-(diisopropyl-TAH) (2,3-dibromoindenyl)] (2-
methv-4-ethylphenoxy) (isopentoxy) scandium;
[1-phenyl-I-propyl-methylene- (di-t-butyl-TAH) (methylamido)J
(phenylethylphosphido) (heptyl) scandium; [I-
propvl-I-methyl-methylene-(methyl, butyl-TAH) (perfluorofluorenyl))
(octyl) 25 (isopentoxy) scandium;
[I-hexyl-l-isopropyl-methylene-(dipropyl-TAI-1) (methyl- phosphido)J
(propoxy) (methylnonylphosphido) praseodymium; [1-methyl-I-
ethyl-methylene-(propyl, heptyl-TAI.]) (t-bulylamido)] (isohexyl)
(penloxy)  neodymium; [1-methyl-I-ethyl-methylene-(ethyl, isopropyl-TAH)
(perfluorofluorenyl)] (phenylethylphosphido) (methyl) lutetium;
[1-propyl-l 30 ethyl-methylene-(hepyl. ethyl-TAH) (phenylphosphido)]
(1-butyl)  (phenylethylphosphido) lutetium;
(]-phenyl-l-ethyl-methylene-(ethyl. mcthyl- TAI-I) (23-dibromoindenyl)]
(dihutyl) lanthanrun; []-phenyl-I-propyl-n ethvlene 1 2 APR 2005  WO
02/32909 PCT/US01/29442 (ethv](trimcthylsilyl)- propyl-TAH)
(phcnylmnido)] (Met hylpropylphosphido)  (phcnylcthylphosphido)
pndoliniunl; [1-isopropyl-1-propyl-methylene-(propyl-
meihyl(irimethylsi]y]) -TAH) (phenylamido)] (methylpropylamido) (methyl)
erbium; [1-isopropyl-l-phenyl-methylene-(dimethyl-TAH) (tetramethy- 5
cyclopentadienyl)] (phenyl) (methylpropylphosphido) dysprosium; 



SILANYLENE-BRIDCED,TAH CATALYST PRECURSORS
[I-ethyl-l-phenyl-silanylene-(methyl, pentyl-TAH) (1-bromo-2, 3.
4-trimethylindeny])) (pennoxy) (diphenylamido) yttrium;
[1-methyl-1-isopropyl- silanylene-(phenyl, ethyl-TAH) (1-chloro-2, 3,
4-trimethylfluorenyl)]  10 (diphenylphosphido) (hexyl) yttrium; [1,1
-dimethylsilanylene-(ethyl, phenyl TAH) (I-chloro-2. 3,
4-trimethylfluorenyl)] (propoxy) (buloxy) yttrium; [l-
methyl-]-pentyl-silanylene-(3-methylpentyl, ethyl-TAH) (2-
propy1cvciopentadienyl)] (penlyl) (pentyl) yttrium; [1-methyl-1-phenyl-
silanylene-(isopropyl, methyl-TAH) (indenyl)] (dimethylphosphido)
(t-butyl) 15 yttrium; [1'-methyl-l-phenyl-silanylene-(piopyl, methyl-TAH)
(2,3,6,7- tetraphenylfluorenyl)] (propyl) (2,5-dimethyiphenoxy) yttriun;
[1-pentyl-l- isopropyl-si1anylene-(methy1, 3-methylpentyl-TAH)
(perfluorofluorenyl)]  (propoxy) (2,4-dimethy1phenoxy) yttrium;
[1-propyl-l-ethyl-si]anylene-(pentyl,  methyl-TAH) (cyclopentadienyl)]
(ethyl) (isopropoxy) yttriun; [1-propyl-1 20 met]iyl-silanylene-(methyl,
propyl-TAH) (propylamido)] (t-buloxy) (butoxy)  yttrium; [1.1-d
ipropylsilanylene-(diphenyl-TAH) (2-propylcyclopentadienyl)]  (propyl)
(ethoxy) yttrium; [1-isopentyl-l-phenyl-silanylene-(isoprop),l, t-butyl-
TAH) (1-butylphosphido)] (diphenoxy) ytterbium;
[1-phenyl-l-propyl-silanylene- (phenyll isopropyl-TAH)
(perfluorofluoreny])) (propyl) (hexoxy) terbium; [I 25
propyl-l-isopropyl-silanylene-(propyl. ethyl(trimethylsilyl) -TAH)
(perfiuorofluorcnyl)] (methylpropylamido)
(eihyl(trimelh}'Isilyl))terbium; [I- ethyl-
l-isopentyl-silanylene-(diisopropyl-TAH) (t-bulylamido)] (hexyl)
(phenoxy)  scandium; [1-isopropyl-l-ethyl-silanylene-(propyl.
eihy](trimethylsilyl) -TAH)  (2.4-dimethyl-6-phenylindenyl)]
(2-melhy-4-clh}']phenoxy) 30 (methylnonylphosphido) scandium:
[I-pentyl-I-propyl-silanylene-(isopropyl,  mclhvlflriclhvlsilyl) -TAI-I)
(perchloroindenyl)] (elhvlpentylphosphido) WO 02/32909 1 2 APR 2005
PCT/US01i29442 (methyI propylphosphido) scandium;
[]-phenyl-l-butyl-silanylene (ethyl, propyl- TAJ-I) (pcrlluorolluacnyl))
(hesoxy) (butoxy) scandium; [1-prop)'!-l-ethyl- siJanvlenc-(isopropyl,
methyl-TAI-)) (pcrfluorocyclopcntadienyl)I  (meihylpropylnmido)
(methylpropylamido) scandium; [I-methyl-l-propyl 



5 silanylene-(butyl, isopropyl-TAH) (1-bromo-2. 3. 4-trimethylindenyl))
(phenyl)  (diphcnylamido) samarium;
[1-isopentyl-l-propy]-silanylene-(isohexyl, methyl- TAH) (1-bromo-2. 3.
4-trime1hylindenyl)] (pheny!ethylamido)  (ethylpentylphosphido)
praseodymium; [1-butyl-l-propyl-silanylene-(octyl,  methyl-TAH) (2, 3,
4-trimelh),l-5-ethylcyclopentadienyl)J (methylethylamido) 10 (oclyl)
lutetium; [1-methyl-l-ethyl-silanylene-(propyl, t-butyl-TAH) (methyl-
amido)] (isopropoxy) (eihyl(lriethylsilyl))lanthanum;
[1-isopropyl-l-propyl- silanylene-(methyl. t-butyl-TAI-I)
(perchloroindenyl)] (hexyl)  (methvlnonylphosphido) gadolinium;
[I-prop)'!-1-phenyl-silanylene- (methyl(trimethylsily)), ethyl-TAH)
(isopropylamido)J (phenylethylphosphido) 15 (oclyl) Gadolinium;
[1-ethyl-]-isopropyl-silanylene-(methyl, isopropyl-TAH)  (indenyl)]
(methyl(triethylsilyl)) (ethyl(trimethylsil),l))ceriurn.
GERMANYLEN'E-BRIDGED, TAH CATALI'ST PRECURSORS
[I-ethyl-l-methyl-germanylene-(dimeihyl(triethylsily]) -TAH)
(propylamido)) (diphenylamido) (meth)l) yttrium; [I -isopentyl- I
-propy]- 20germanylene-(hexyl, ethyl(t) iethyIsilyl) -TAH) (ethylamido)]
(dimethylphosphido)(methylpropylphosphido)yiirium;[l,]-diisopropy)- ge]
manylene-(ethyl,propyl-TAI-]) (perchloroindeny])] (isopentyl) (methyl)
yttrium; [1.I-diisopropy]-germanylene-(hex),l, pentyl-TAJ-1)
(cyclopentadicnyl)] 25 30 (isopentyl) (1-butyl) yttrium,
[1-isopropyl-I-met])yl-germanylene- (ethyl(triethylsilyl).
mcfhyl(iriethylsilyl) -TAH) (periluorofluorenyl)J (ethoxy) (3-
methylpentyl) yttrium; (1,1-dimethylgermanylene-(Phenyl, isopropyl-TAH)
(propylamido)J (mcthyl(trimcthylsilyl)) (phenoxy) yttrium;
[1-methyl-]-propy!- germanylenc-(dieili),l-TAH) (cthylamido)] (isopentyl)
(ethyl(trimethylsilyl))ytirium;
(1-methyl-I-propyl-germanylenc-(dimethyl-l'AH)  (propvlamido)]
(methylnonylphosphido) (isopcntoxy) yttrium; [1-pentyl-I- isopmpyl-Bern;
unylene-(elhy!(trimelhyIsily]), ethyl-TAH) (cthylamido)] 1 2 APR 2005  



WO 02/32909 PCT/USOI/29442 (mcihylpropylphosphido) (phenyl) yttrium:
[1-phenyl-l-ethyl-germanylene- (isopcntyl, cIhyI(IrimcthylsiIyl) -TAH)
(fluoreny])) (propyl)  (phenylethylphosphido) ylirium; [I-phenyl-I-iSop]
opyl-germanylene-(methyl. I- butyl-TAI-I) (cyclopentadienyl)] (pentyl)
(ethyl(irimethylsilyl))yttritim; [1-phenyl 5
1-methyl-germanylene-(diethyl(triethylsilyl) -T.A1-1) (ethylamido)]
(methyl)  (ethyl) yttrium; [1.2-diphenylgennanylenc-(3-melhylpentyl,
propyl-TAH) (2,3- dibromoindenyl)] (ethyl(trimethylsilyl)) (t-butyl)
yttrium; [I-phenyl-I-propyl- gennanylene-(isopenty), propyl-TAI-I)
(t-butylamido)] (eilly] (trimethyl silyl))
(eth),l(triethylsilyl))yttrium;
[1-piopyl-I-butyl-germanylene-(ethy)(trimethylsil),l), 10 ethyl-TAH)
(propylamido)] (t-butyl) (eth),l(Irimethylsilyl))yttrium; []-propyl-l-
ethyl-germanylene-(propyl, hexyl-TAl-1) (methylphosphido)] (2-methy-4-
ethylphcnoxy) (pentoxy) yttrium; []-isopropyl-I-ethyl-eermanylene-
(dimethyl(triethylsilyl) -TAH) (t-butylamida)) (methylethylamido)
(ethylpentylphosphido) scandium; [1-propyl-l-butyl-gennanylene I5 (met
hyl(triethvlsilyl), propyl-TAH) (methylamido)] (diphenylphosphido)
(ethyl)  scandium; [I-methyl-l-isopropyl-germanylene-(dipropyl-TAH)
(2,4-dimethvl-6- phenylindenyl)] (propyl) (ethyl) praseodymium;
[1-ethyl-I-isopropyl- germanylene-(dimethyl-TA1-1) (I-bromo-2, 3.
4-trimethylindenyl)]  (dimethylamido) (propoxy) lutetium;
[1-isopentyl-]-ethyl-germanylene-(octyl. '20 propyl-TAH) (indenyl)]
(hexyl) (meth),](trimethylsil),l))lanthanum; [1-isopropyl-
I-hexyl-germanylene-(isopropyl. propyl-TAH) (perfluorofluorenyl)]
(isopropoxy)  (isopropyl) lanthanum;
[I-propyl-1-phenyl-germanylene-(3-])Ielhylpentyl,  isopentyl-TAH)
(perfluorofluoreny])] (dimethylphosphIda)
(methyl(trimethylsilyl))gadolinium;
[]-propyl-l-methyl-germanylene-(hexyl, 25 ethyl-TAI-1) (t-butylamido)]
(diphenylamido) (phenyl) europium; [1-methyl-]-
pentyl-germanylene-(propyl, isohexyl-TAH) (2. 3, 4-Irimethyl-5-
elhylcyclopenladienyl)] (elhy](trielhylsilyl)) (phenylethylamido) cerium.
ETHYLENYL-BRIDGED. TAH CATALYST PRECURSORS
[1-ethyl-l-propyl-ethylene-(methy1- isopropyl-TAH) (ethylamido)] 30
(roclhyl(irimelhylsilyl)) (isopropyl) ylfrium; [I.1-di
mel]iylclhylene-(isopropyl  ethyl-TAH) (t-buIvlphosph Ida)) (ethoxy)
(methyl(IriMel hvlsilyl))yttrium: [I WO 02/32909 



--37 - 12 APR 2005 PCT/USOJ/29442
pentyl-l-methyl-ethylene-(clhy](tricthylsilyl). phenyl-TAI-1)
(propylamido))  (methyl) (heptyl) yttrium;
(1-phenyl-l-butyl-ethylene-(isohesyl, isopentyl-TAI-I)  (1-chloro-2. 3.
4-trimcthyl(luorenyl)) (isopropoxy) (ethyl) yttrium; [12-
diphenylethylene-(ethyl, methyl-TAH) (perchloroindeny])] (methyl) 5
(dimethylamido) yttrium; [1-piopyl-l-isopropy]-ethylene-(ethyl,
propyl-TAI-1)  (perchloroindenyl)J (ethylpentylphosphido) (phenyl)
yttrium; [1-propyl-I-phenyl- ethylene-(dimethyl(triethylsilyl) -TAH)
(cyclopentadienyl)J (isohexyl) (methoxy)  yttrium;
[1.)-diethyl-ethylene-(ethy](triethylsily)), ethyl-TAH) (1-bromo-2, 3, 4-
trimethylindenyl)) (ethyl(trieihylsilyl)) (dimethylphosphido) scanditnm;
[1-ethyl-] 10 pentyl-ethylene-(diethyl-TAH) (perfluorocyclopentadienyl)]
(dimethylphosphido)  (diphenylamido) scandium;
[1-isopropyl-l-phenyl-ethylene-(eth)'l, hexyl-TAI)  (t-butylanido))
(propoxy) (diphenylphosphido) scandium; [1-methyl-2-iscnropyl-
ethylene-(methyl, octyl-TAH) (t-bulylphosphido)] (1-butyl)
(ethylpentylphosphido) scandium;[1 2-dimethyl-ethylene-(diethyl-TAH)
(3,4.5.6 15 ictraphenylfluorenyl)] (melhylethylphosphido) (hexyl)
yttrium; [1,1-diisopropyl- et]iylene-(ethyl, t-butyl-TAH)
(t-bul)1lamido)) (methylpropylamido)  (methylethylamido) neodymium;
[1-methyl-2-propy]-ethylene-(methyl, isopentyl- TAH) (ietrameth);
cyclopentadienyl)] (pentoxy) (methylpropylamido) scandium;
[]-ethyl-2-isopropyl-ethylene-(isoprop)rl, isohexyl-TAH) (fluoren)l)) 20
(diphenylphosphido) (ethylpentylphosphido) terbium:
[I-ethyl-2-phenyl-eihylene- (eihyl(trielhylsily]), methyl-TAH)
(phenylphosphido)) (1-butoxy)  (methvlelhylamido) lutetium;
[1-isopropyl-l-propyl-ethylene-(pentyl, ethyl-TAH)  (2-. 3.
4-irimethyl-5-ethylcyclope nladienyl)] (dimethylamido) (hexoxy) lutetium;
[].I-diisopropyl-ethylene-(3-methylpentyl, isopropyl-TAH)
(methylphosphido)J 25 (phenoxy) (heplyl) lanthanum:
[],2-dimethyl-ethylene-(3-methylpentyl.  ethyl(trie(hylsilyl) -TAH)
(perfluorofluoren)'l)J (meth)'lethylamido) (phenyl)  praseodymium;
[1,2-diethyleihylene-(isopropyl, methyl(lricthylsilyl) -TAH) (2, 3,
4-irimethy1-5-eihylcvclopentadienyl)] (ethyl) (hexyl) yttrium; [1.2-
diphenylclhylcne-(isopropyl, ethyl-TAI) (indenvl)] (buloxy)
(phcnylcthylamido) 30 erbium; [I-propyl-2-ethyl-ethylene-(prop),l,
ct]iy](h-imeihylsilyl) -TAI-I) (t- 



hutylamido)J (methvlelhylamido) (2.4-dime1hylphenoxy) scandium;
[i-ethyl-I- phcnyl-cthylcne-(isoprop)ll. ociyi-TA11) (indcnyl)) (methyl
propylphosphido) WO 02/32909 1 2 APR 2005  PCT/USO1/29442
(nicthyl(lricihvlsi]yl))dysprosium; [1-phenyl-2-ethyl-ethylene-(isopropyh
hcxyl- TAH) (ictramethyc),clopentadienyl)] (hexoxy) (isopentyl)
lanthanum; [I,I- dieihyl-ethylene-(penfvl, propyl-'TAI-1)
(2-prop),lcyclopeniadienyl)) (peetyl)  (ethylpentylphosphido) yttrium;
[]-ethyl-2-methyl-ethylene-(isohexvl. 5 me(hyl(trimethvlsilyl) -TAH)
(perfluorofluorenyl)] (t-butyl) (hexyl) yttrium; [I-
ethyl-2-phenyl-ethylene-(isopropyl propyl-TAI-1) (2,4-dimethyl-6-
phenylindenyl)] (isopropoxv) (hexoxy) yttrium;
[I-ethv]-2-phenyl-ethylene-(t- buty), methyl-TAH) (periluorofluorenyl)]
(diphenylphosphido)  (methy)(trimethylsilyl))yttrium;
[1-isopropyl-2-methyl-ethylene-(ethyl, methyl 10 TAH) (phenylphosphido)]
(melhylpropylamido) (ethoxy) holmium; [l-isopropyl-
2-methyl-ethylene-(t-buty), methyl(trimethylsilyl) -TAH) (3,4,5,6-
tetraphenylfluorenyl)] (methylethylamido)
(methyl(triethylsilyl))dysprosium; [1-
phenyl-2-isopentyl-ethylene-(ethyl; propyl-TAH)
(2-propylcyclopentadienyl)]  (dimethylamido) (ethoxy) yttrium;
[1-pheny1-2-propyl-ethylene-(ethyl isohexyl- 15 TAH)
(2.3-dibromoindenyl)] (penloxy) (eth),l(triethylsilyl))yttrium
PROPYLENYL-BRIDGED, TAM CATALYST PRECURSORS
[1-phenyl-I-ethyl-propylene-(Oct),], methyl-TAH) (2,3 dibromoindenyl)]
(methylpropylamido) (2-methy-4-ethylphenoxy) yttrium; [I- propyl-l-phenyl
-propylene-(dime(hyl-TAH) (2-propylcyclopentadienyl)] (ethyl)  20
(1-butyl) yttrium; [1-penfyl-]-propyl-propylene-(diethyl-TAH)
(perfluorofluorenyl)] (phenyl) (methvlnonylphosphido) lanthanum;
[I-isopropyl- 1-methyl-propylene-(prop),l, octyl-TAI.l)
(perchloroindenyl)] (phenylethylamido)  (propoxy) neodymium; [1
2-diphenylpropylene-(diethyl-TAH) (indenyl)] (hexyl)
(phenylcthylphosphido) yttrium; [i-propyl-I-isopropyl-propylene-(eth),l,
methyl 25 TAH) (2-propylcyclopentadicnyl)) (isopenioxy)
(methylethylamido) yttrium; [I- isopropyl-I-ethyl-propylene-(isopropyl,
isopentyl-TAH) (plicnylphosphido))  (isopentyl) (diphenvlamido) scandium;
[I -phenyl- I -ethyl-propylene-(isopropyl, 3- methylpentyl-TAH)
(perfluorofluorenyl)] (ethyl) (methyl) lanthanum; [1-propyl- 



1-methyl-propylene-(methyl octyl-'FAH) (cyclopentadienyi)) (phenoxy) (214
30 dimc(hylphenoxv) neodymium; [I-ethyl-I-phenyl-propylene-
(nlethvl(irimelhylsilyl)- isopropyl-TA1-I) (Iluorcn),l)] (3-mcth\lpentvl)
(heptyl) \vO 02/32909 -- 3 9 - 1 2 APR 2005  PCT/USOI /29432 yttrium:
[1.1-dimcihylpropylenc-(t-butyl, phenyl-TAH) (indenyl)) (butoxy)
(ethoxy) scandium; [1-isopropyl-l-ethyl-propylene-(ethyl,
isopropyl-TAI-)) (2.4- dimeth), I-6-phcnyIindenyI)] (isohezyl) (butoxy)
yllrium: [I-butyl-2-mcthyl- propylent-(mcihyl(iriethylsi)yl). methyl-JAH)
(phenylphosphido)J (hexoxy) 5 (dimethylamido) ytterbium;
[1-propyl-2-ethyl-propylene-(methyl, heptyl-TAH)  (phenylphosphido))
(methylnonylphosphido) (phenylethylamido) yttrium; [I-
isopropyl-2-methyl-propylene-(diethyl-TAH) (2, 3, 4-timethyl-5-
ethylcyclopentodienyl)] (isohexyl) (ethyl) lanthanum;
[1-propyl-2-isopentyl- propylene-(methyl, isopentyl-TAH) (methy)amido)]
(butyl) (hexyl) yttrium, [1.2 10 dimethy]-propylene-(pentyl, propyl-TAH)
(perfluorofluorenyl)] (methylnonyl- phosphido) (methylpropylphosphido)
scandium; [12-diethylpropylene-(3- methylpentyl, isohezyl-TAH)
(2-propylcyclopentrdienyl)] (methyl)  (ethy)(trieih),lsilyl))yttrium;
[1,2-dimethyl-propylene-(phen),l, methyl-TA)-I) (1- chloro-2. 3,
4-trimethylfluorenyl)] (isopropoxy) (butyl) yttrium; [1-methyl-2 15
ethyl-propylene-(methyl, heptyl-TAH) (cyclopentadienyl)] (pentyl)
(dimethylamido) praseodymium; [I-methyl-2-isopropyl-propylene-(ethyl,
propyl- TAH) (perfluorofluorenyl)] (methyl(triethylsilyl)) (phenoxy)
lutetium; [1-methyl- 2-phenyl-propylene-(dimeth),l-TAH) (ethylamido)]
(ethyl (triethylsilvl)) (hexoxy)  yttrium;
[1-methyl-2-propy]-propylene-(methyl, hexyl-TAH) (perfluorofluorenyl)] 20
(eihoxy) (2-mcihv-4-ethylphenoxy) lanthanum;
[I-phenyl-2-methyl-propylene- (butyl, isohezyl-TAH) (indenyl)] (propoxy)
(t-butoxy) yttrium: []-phenyl-2- methyl-propylene-(ethyl- isopropyl-TAH)
(methylamido)] (methylethyl- phosphido)
(meth),l(trimethylsilyl))prascodvmium; [1 ,2-dipentyl-propylene- (ethyl.
mcthy)(triethylsilyl) -TAR) (t-buiylphosphido)) (propoxy) 25
(methyl(trietl;ylsilyl))scandium; [1-methyl-2-ethyl-propylene-(ethyl,
mcthyl- TAI-1) (phenylamido)] (t-butyl) (ethoxy) lutetium;
[13-diisopropyl-propylene- 



(hexyl. propyl-TAH) (t-butylphosphido)] (mcthylpropylphosphido) (phenyl)
samarium: [1-methyl-3-isopropyl-propylene-(methyl. isopropyl-TAH)
(cyclopeniadienyl)] (heplyl) (methyl(trimethylsilyl))europium;
[I-methyl-3 30 phenyl-propylene-(meth),l, butyl-fAI-l) (elhylamido)]
(ethyl) (phenylethylamido)  erbium: ~I-ethyl-3-methyl-propylene (3
nuthylpentyl, ethyl-TAM) (fluorenyl)]  (methyl) (isohezyl) ytlriwn:
[1-ethyl-3-isopropyl-propylene-(isopropN-l. isopcntyl '\'O 02/32909 1 2
APR 2005  PCT/US01/29442 TAI-I) (perfluorofluorcnyl)] (ethoxy)
(phcnylethvJamido) terbium; [I-methyl.'- phcnyl-propylene-(ethyl.
isopropyl-'1'Al-I) (perfluorocyclopentadicn)'1)] (pentyl)  (hexyl)
yttrium; [1,3-diethyl-propylene-(methyl, propyl-TA]-]) (t-butylamido)]
(mcthylnonylphosphido) (phenylcthylamido) yttrium;
[I-ethyl-3-hexyl-propylene 5 (diisopentyl-TAI)
(3,4.5.6-letraphenylfluorenyl)] (ethoxy) (isopentoxy) yttrium;
[1,3-diphenyI-propylene-(diisopropy]-TAH) ():4-dimethyl-6-phenylindenyl)]
(hexyl) (phenoxy) yttrium;
[I-methyl-3-propyl-propylene-(melhyl(trimeth)']sily]),  methyl-TAH)
(1-butylphosphido)] (3-methylpentyl) (buloxy) cerium; [1-butyl-3-
methyl-propylene-(t-butt'] ethyl-TAH) (cyclopentadienyl)) (hexoxy) 10
(dimethylamido) lanthanum: [1-isopropyl-3-methvi-propylene-(dimethyl-TAH)
(methylamido)] (I-butoxy) (2.4-dimethylphenoxy) scandium;
[1-propyl-3-methvl- propy] ene-(dimethy)(iriethylsilyl) -TAH)
(isopropylamido)] (heptyl) (isopentyl)  erbium;
[I-pentyl-3-methyl-propylene-(heptyl, isopropyl-TAH) (methylamido)]
(methy)propylamido) (phenylethylphosphido) scandium;
[],3-diethyl-propylene I5 (dipropyl-TAH) (2.3-dibromoindenyl)]
(methylpropylamido) (isohexyl)  samarium;
[I-methyl-3-methyl-propylene-(diethyl-TAH) (fluorenyl)]  (meth}
I(triethylsilyl)) (methylpropylphosphido) yttrium. REPRESENTATIVE
EXAMPLES OF TAR-BASED CATALYST  PRECURSORS 20
[]-propyl-]-isopropyl-ethylene-(ethyl(irirnethvlsih'I): methyl- TA]-])
(2,4-dimethyl-6-pheny]indeny1)] (hex)')) (phenv]ethvlamido) yttrium; [1-
isopropy)-I-propyl-nermanylene-(ethyl 3-meihylpeniyl-TAH) (2_
propylcvclopentadienyl)] (ethyl) (methylethylamido) yttrium;
[1-methyl-l-propyl- 



germanylenc-(dimcthvl-TA}I) (t-butylphosphido)] (diphenylamido) (cihoxy)
25 vitrium; [1-isopropyl-l-phenyl-nnethylene-(I-but),l,
elh)'l(iriethvlsilvl) -TAH) (2- propylcvclopentndicny])] (ethoxy)
(ethyl(t imcth}'Isil1'I))vtlrium; []:]_  dimethvlmcihylene-(isopropyl,
prop)']-TAI) (phenylamido)] (phenyl)  (dimethylamido) yttrium;
[1-phenyl-l-ethyl-methylene-(diethyl-TAH)  (perf]uorocyclopentadienyl)]
(mclhyleih)'lphosphido) (m ethyl) vitrium; [1-phenyl 30 1-propyl
me(h}'leno(ethyl. piopvl-TAI-1) (pcrfluorofluorcnyl)] (t-but)'l)  Why]
(irimethvlsilyl))ytirium: [I-propyl-I-phenyl-nulhvIc- e (isopropyl-
methyl WO 02/32909 1 2 APR 2005  PCT/USOl/29442 TA]-]) (phenylphosphido)]
(phenyl) (propoxy) yttrium; []-propyl-l-phcnyl- methylene-(methyl;
propyl-TAH) (1-hutylamido)] (hex-)']) (phenoxy) yttrium; [1,I-
diisopropyl-phcnylene-(3-mcthylpentyl. 3-mcthylpentyl-TAH)
(isopropylamido)]  (pent)ll) (mcth);lethylphosphido) yttrium;
[1,1-dimethylphenylene-(hcptyl. 5 methyl(iriethylsilyJ) -TAH)
(tetramethycvclopenladienyl)] (butoxy)  (melhyl(trimelhylsilyl))yttrium;
[1,1-dipropylphenylene-(3-mcthylpentyl, heptyl- T.AH) (phenylamido)]
(isopent),l) (ethyl) yttrium; [l-butyl-l-phenyl-silanylene-(3-
methylpentyl, methyl-TAH) (1-chloro-2, 3, 4-trimethylfluorenyl))
(dimethyl- phosphido) (ethyl(trimethylsi]yl))yttrium;
[1-isopropyl-I-propyl-silanylene 10 (prop),l, ethyl(trimethylsilyl) -TAH)
(3,4,5,6-letraphenylfluorenyl)]  (methyl(triethylsily]))
(phcny]cthy]amido) yttrium; [I-methyl-l-ethyl-silanylenc- (peniyl,
methyl(trimethylsilyl) -TAH) (fluorenyl)] (ethylpentylphosphido)
(butoxy) yttrium; [I-methyl-I-pentyl-silanylene-(methyl, isopropyl-TAH)
(perfluorofluorenyl)] (ethyl(trimethylsilyl)) (propyl) yttrium;
[1-pentyl-I-methyl 15 silanylene-(ethyl, butyl-TAH) (methylamido)]
(dimethylamido) (2-methy-4- ethylphenoxy) yttrium:
[1-pentyl-I-methyl-silanylene-(isopropyl, ethyl-TAH)  (perchloroindenyl)]
(ethylpentylphosphido) (methylpropylamido) yttrium; [1-
phenv]-1-methyl-silanylene-(t-butyl, isopentyl-TAH) (2: 3. 4-timethyl-5-
e1hylcvclopenladienyl)] (ethyl) (diphenylphosphido) yttrium;
[1-propyl-l-ethyl 20 silanylene-(ethyl, )I-methylpentyl-TAH)
(melhvlphosphido)] (isopentoxy)  (eihylpeniylphosphido) yttrium;
[]-propyl-l-methyl-silanylene-(octylz propy]- T.AH) (perfluorofluorenyl)]
(methyl) (isopentyl) yttrium; []-propyl-l-isopropyl- 



methvlene-(isopropyl, ethyl-TAH) (ethylamido)] (methoxy)
(ethyl(irimethylsilyl))ytterbium:
[1-isopropyl-I-phenyl-silanylene-(methyl. 25 propyl-TAH)
(3,4,5.6-tetraphenylfluorenyl)) (phenoxy) (isopenloxy) ytterbium;
[I-methyl-I-propyl-phenylenc-(butyl, ethyl-TAH) (I-bromo-2, 3, 4-
trimethvlindeny])] (dimethylphosphido) (ethyl) thulium;
[I-meihyl-I-isopropyl- silanvlcne-(dipropyl-TAH) (2, J.
4-trimethyl-5-ethylcyclopenladienyl)) (ethyl)
(niethy](tricihylsilyl))thulium;
[I-ethyl-]-isopropyl-silaiylene-(isopropyl, 30 methyl(irimethylsilyl)
-TAH) (methylamido)) (melhylnonylphosphido) (2-methy- 4-ethvlphenoxy)
terbium; [1-isopropy1-I-meihyl-ethylene-(ethyl. t-holy]-TAH) (I- hromo-2.
3. 4-1rimethylindenvl)] (isohexyl) (2.4-dimeihylphenoxv) scandium; [I 1 2
APR 2005 WO 02/32909 PCT/U S 01 /29442 ethyl-I-propel-methylene-(heptyl,
t-butyl-TA H) (2-prop), lcvclopenIadicnyl)]  (dimeihylphosphido) (ethyl)
scandium; hyl- filet propyl-TA1-1) (tetramethycvclopentadieny])J
(isopropyl) (methyicfhylnm;do)  scandium; [I -iii ethyl-I- pentyl- me
thylcne-(isopropyj, methyl(triethylsilyl) -TAi-I)  5 (propylamido)J
(isopentoxy) (pentyl) scandium; [i-ethyl-]-isopropyl-propylene (propyl;
elhyl-TAH) (teiramethycyclopeniadienyl)] (ethoxy) (t-buloxy) scandium;
[1-methyl- I -ethyl -propylene-(eihy](triethylsilyl), propyl-TAH)
(2,4-dimethyl-6- phenylindenyl)) (phenyl) (pentoxy) scandium;
[l-ethyl-]-phenyl-silanyIene- (diethyl-TAH) (phenylphosphido)] (1-buloxy)
(heptyl) scandium; [1-phenyl-1 10
isopropyl-silanylene-(eth),l(triethylsil),l), ethyl-TAH)
(tetramethycyclopeniadien),])J (phenylelhylphosphido) (isopentyl)
scandium; [I- phenyl-l-isopropyl-silanvlene-(t-butyl, propyl-TAH)
(perchloroindenvl)J (propel)  (meth),lethylphosphido) scandium;
[1,]-dipropylmethylene-(methyl, phen),l-TAH)  (methylphosphido)J (hexyl)
(butoxy) samarium: [1-butyl-l-phenyl-silanylene 15 (isopropyl;
methyl-TAH) (isopropylamido)] (phenyl) (3,6-dimethylphenoxy)  samarium;
[1,]-diisopropvl-silanylene-(pentyl, hepyl-TAH) (perfluorofluorenyl)]
(phenyl) (methylpropylphosphido) praseodymium;
[1.1-dipropylsilanylene-(octyl,  butyl-TAN) (propylamido)J (propy))
(diphenylphosphido) praseodymium; [1.]-
dinethylhmethylene-(diisopropvl-TAH) (perchloroindenyl)] (pentyl)
(propy]) 20 lutetium; [1-propyl-l-ethyl-ethylene-(3-methylpentyl;
ethyl(trimethylsilyl) -TAH)  



(2, 3. 4-1imethyl-5-eihv)cvcIopen tadienyl)] (hexoxy) (phenylethylamido)
lanthanum; [1-isopropy1-1-phenyl-methylene-(3-melhylpenty1, ethyl-TAH)
(perfluorofluorenyl)J (3,6-dime1hylphenoxy) (heply]) lanthanum;
[1,1-diethyl- silanylene-(mcthy](irielhylsily]) isopropyl-TAI-1)
(phenylamido)J (isopent)l) 25 (hexoxy) lanthanum;
[1,1-dipropylmethylene-(ethyl. pentyl-TAH) (2- propylcyclopentadicnv])J
(phenylethylamido) (diphcnylamido) holmium; [1,2-
diphenylsilanvlene-(dimethyl-TAII) (isopropyiamido)]
(ethyl(Iriclhylsilyl))  (melhylpropylamido) holmium;
[1.1-die1hy1-buty)enc-(propyl, 3-methylpentyi- TA1A) (methylamido)J
(2-ne1hv-4-ethy1 phcnoxy) (file thyIpropy Iphosphido) 30 curopium [I -
propyl- I - methy]-methylene-(propyl cthvl(trimethylsilyl) -TA]-1) (t-
huty]nntido)] (dinethyIphosp11ido) (propoxv) europium; [I-ethyl-]-phenvi-
n?cihvlemc-(phc11v1. r,ieilrvl--I-A1-1) (propvlamido)] (isopentyl) WO
02/32909 1 2 APR 2005  PCT/USOJ/29442 (III cIhyl(tricthvIsiIyl))erbimn;
[I-meIlly l-l-isopropyl-silanylenc-(hexyl. ethyl- TAl-I) (indenyl))
(hcxyl) (phcnoxy) erbium; [1.2-diphcnylsilanylene-(ethyl,
isopcntyl-"IAI-I) (cvclopcniadicnyl)] (mcthylnonylphosphido)
(dimefhylamido)  scandium. 5 REPRESENTATIVE CATALYST PRECURSOR EXAMPLES
WITH AZA- LICANDS DIFFERENT DIAZA-LIGANDS. [I,1-diet
hyl-methylene-(peelyl-DACN) (methylamido))
(hexoxy)(meihyl(Uimeihylsily]))ytir um; [I -methyl- I -phenyl-methylene-
10 (isoprop),l-DACN) (2.4-dimethyl-6-phenylindenyl))
(penloxy)(Phenylethyl3mido)ytirium;
[1,1-dipropylmet],ylene-(isopropyl-DACN)  (Iluorenyl)]
(propoxy)(propox)')yttriurn; [1-propyl-l-methyl-propylene-(prop),l- DACN)
(2,3,4-trimethyl-5-ethylcyclopentadienyl)) (3,6-dimethylphenoxy)(t-
butoxy)Yttriunl; [1-et]Iyl-l-isopropyl-silanylene-(eth),l-DACN)
(1-bromo-2.3.4 15 trimethylindenyl)] (isoprop),l)(ethoxy)yttrium;
[1-methyl-l-isopropyl-silanylene- (3-meth)?lpentyl-DACN) (1-bulylamido)]
(t-butoxy)(butox),)yttrium; [I,1- dipropylsilanylene-(isopropyl-DACN)
(t-butytamido)]  (butyl)(diphenylmnido)ytiriwn;
[1-methyl-l-ethyl-methylene-(isopropyl-DACN)  



(metliylamido)] (t-butox\')(diphenylphosphido)ylterbium; [1.1 20
dipropylgermanylene-(methyl-D.ACN) (perfluorocyclopentadienyl))
(tneth}l(iriethy]lily]))(methl'InonylPhosphido)scandiLill];
[1-propyl-l-phenyl- silanylene-(hexyl-DACN) (melhylphosphido))
(ethyl(irimeihylsilyl))(mcthylethyJamido)praseodynliuIII:
[I-butyl-l-nuthyl- methylcne-(ethyl-DACN) (methylphosphido)]
(2-methy-4-ethyIphenoxy)(1 25 buioxy)neodymium;
[1-methyl-I-ethyl-methylene-(methyl-DACN)  (cyclopenladienyl)]
(diphenylamido)(ethoxy)lutelium; [I2-cliphenylethylene- (ethyl-DACN)
(2.3-dibromoindenyl)) (t-bu(oxy)(methylethylnmido)lanthanunl;
[I-methyl-I-propyl-methylene-(meih),l(trimethylsilyl)-DACN)
(phenylamido)) (I- bufyl)(ethoxy)lanthanuIII:
[I-propyl-l-ethyl-silanylell c-(met hyl(trimelhylsil}?I) 30 DACN)
(2.4-dimethyl-6-phenylindenyl)] WO 02/32909 1 2 APR 2005  PCT/USO1/29142
(heptyl)(methyl(lrimethyIsily]))]antI IantiIII: [I-isop]
opyl-I-pcntyl-meihylcnc- (propyl-DACN) (propylamido))  (phen)
lclhyInmido)(clhylpentylphosphido)hohninm; [I -isopropyl-i -methyl-
methylene-(propyl-DACN) (ethylamido)] (propyl)(3-methylpentyl)gadolinium;
5 [1-propyl-I-ethyl-silanylene-(octyl-DACN) (1-bromo-2;3;
4-trimethylindeny])]  (methylpropylamido)(elhyl)europiurn;
[1-isopropyl-I-propyl-methylene-(butyl- DACN)
(2.3,4-trimethy]-5-ethv)cyclopentadienyl)]
(he.xyl)(meth),lethylamido)cerium; [1-ethyl-]
-phenyl-methylene-(isopropyl- DACN) (propylamido)]
(prop3,1)(ethylpentylphosphido)erbiu1 . l0 DIFFERENT TRIAZA-LICANDS. [
1-methyl- I -butyl-methylene-(propvl,ethyl-TACDD) (t- butylphosphido)]
(isohexyl)(ethy](triethvlsilyl))scandium; [i-ethyl-I-phenyl-
silanylene-(ethyl, methyl-TACDD) (perfluorocyclopenladienyl)]
(ethoz):)(prop)'1)scandium;
[]-methyl-I-plteny]-silanylene-(dipropyl-TACDD) 15 (fluorenyl)) (meth)
lethyJamido)(eth)'l(irimeth)']silyl))scandium; [1-propyl-I-
methyl-silanylene-(3-meihylpentyl.i sohexyl-TACDD) (perchloroindenyl)J
(eth),l)(meth),](triethylsilyl))praseodymium;
[I-methyl-]-])henyl-silanylene- 



(ethyl,3-methy]pentyl-TACDD) (ethylamido))
(methvlpropylamido)(hex),))Ianthanum;
[I-phenyl-]-ethyl-silanylene-(isohex),l. 20 penlyl-TACDD)
(2,3,4-irimeiby1-5-ethylcyclopentadieny])]
(methyl(trimelhylsilyl))(phenyleihylphosphido)dysprosium;
[]-isopropyl-]-ethyl- methylene-(heptyl, phenyl-TACH) (1-bromo-2;3;
4-trimelhvlindeny1))  (isopropyl)(methylpropylamido)ytiriurn;
[l-phenyl-]-isopropyl-methylene-
(methy](lrimeth),Isily]),isopropyl-TACJ-1) (phenylphosphido)] 25
(heplyl)(eth),lpentylphosphido)yllrium;
[1-phenyl-l-isopropyl-silanylene-(meth)l,  propyl-TACH)
(3,4,5,5-letraphenylfluorenyl)] (isopentoxy)(eihoxy)ytirium; [1-
isopropyl-I-isopenlyl-methylene-(methyl(trimcthyisilyl),ethyl-TACH)
(1-bromo- 3.3.4-trimelhylinden}'1)) (propoxy)(propyl)samarium;
(l,J-dimethylsilanylene- (ethyl, I-butyl-TACH)
(1-chloro-2,3,4-trimethyl!]uorenyl)) 30
(ethyl)(phcnylethylphosphido)neodymium: [I-ethyl-l-isopropyl-silanylene-
(phenyl, ethyl-TACH) (methylphosphido)] WO 02/32909 1 2 APR 2005  PCT/U
SOI /29442 (hesoxy)(phenylcthylamido)lanfhanum:
[1-cihyl-l-phenyl-silanylene-(methyl,  pcntyl--1-ACI-I) (tluorenyl)J
(meths'I(lrimcihylsilyl)j(hexyllholmium; [I-isopropyl-
1-propyl-zcrmany?cne (ethyl: methyl TACI1) (I]uorcnyl))  (Phen);
l)(diphcnylamido)cerium; [I-isopropyl-I-ethyl-methylene-(propyl. methyl 5
TACN) (2.4-dimethyl-6-phenylindeny1))  (met
hylpropylphosphido)(pheno.\),),'lirium; [1-ethyl-I-isopropyl-niethylene-
(isoprop)l, ethyl-TACN) (perfluorofluorenyl)]
(ethyl(trimethylsilyl))(hcx);l)scandium: [1-methy]-l-propyl-ethylene-
(methyl(lrieth),lsilyl),ethyl-TACN) (t-butylamido)) 10
(ethyl(trimethylsilyl))(ethyl(irimelhylsilyl))neodymium;
[1-isopropyl-I-methyl- methylene-(propyh ethyl(trimethylsil),])-TACN)
(I-bromo-2,3,4- trimethylindenyl)J
(dimelhylphosphido)(methylethylphosphido)lutelium; []- phenyl-)
-methyl-methylene-(3-ntethylpentyl,ethyl-TACN)
(letramethycyclopentadienyl)J  15 (met
hyl(trimethylsilyl))(diphenylphosphido)lanthan um; [1-butyl-l-phenyl-
phenylene-(ethyL3-melh),lpentyl-TACN) (perfluorocyclopentadicny]))  



(methylpropylamido)(t-but),l)]anthanum; [1-ethyl-]-propyl-silanylene-(3-
methylpentyL3-methy]pentyl-TACN) (perchloroindeny]))
(ethoxy)(melhylethylphosphido)europium: []-phenyl-]-isopentyl-methylene
20 (methyl, methyl(Iriethy]sily])-TACN) (methylamido))
(ethoxy)(isopentoxy)erbium; [I -isopropyl-? -propy]-gernianyiene-
(methylrielhylsiIv]),pentyJ-TACN) (indenyl)]
(methyl(irimethylsilyl))(methyl(IrimethylsjIy )dysprosium; [1-phenyl-l-
isopentyl-phenylene-(methyl, ethyl(triethylsilyl)-TAH) (3,4.5,8 25
tetraphenylfluoren)'l)) (nteth)'lethylamido)(phenoxy)yttrium.
[1-hexyl-l-propyl 30 ethylene-(eth),l(triethylsily]),isopentyl-TAH)
(methndphosphido)J  (phenylet)Iy]phosphide)(2-meths-4-eth),
lphenoNy)ihuliun: [1-isopropyl-l-propyl- phenylene-(phenyl. but)l-TAH)
(indenyl)] (ethyl)(methylethylamido)scanditnn;
[l-mclhyl-I-eihvI-silanylene-(peetyl. methyl-TAI.1) (indenyl))
(diphen)damido)(methyl(lrimeihylsilvI))scandiunt
[1-methyl-l-hcsyl-melhylene- (isopropyl. propyl-TAI-1)
(2.4-dimethyl-6-phcnvlindenyl))  (nethyInanvlphasphido)(,nc(hylnun
Iphosphido)curopium: [I-phenyl- I  5 10 15 20 25 30 WO 02/32909 12 APR
2005  PCT/USOI/29-142 isopropyl-silanylcne-(isopropyl-
methyl(iricthvIsiIyl)-TAI-I) (fluorenyl).1
(diphcnylphosphido)(cthyl)europium; [1-propyl-]-phenyl-metfly
lene-(isopropyl,  methyl-l-A1-I) (phenylamido)] (3-III
ethylpenlyl)(pentyl)ytIli um; [1-isopenlyl-I- propyl-methylene-(ethyl,
propyl-TAN) (t-butylamido)J  (melhoxy)(isohexyl)yttrium;
[1-methyl-]-ethyl-silanylcne-(ethyl, isopropyl-TAN)
(perfluorofluorenyl)] (ethylpeni),lphosphido)(phenyl)yttrium;
[I-isopropyl-l- butyl-silanylcne-(methyl, isohexyl-TAN) (methylamido)J  



(methylethylamido)(methylpropylamido)yttrium;
(1-pheny)-l-propyl-silanylene- (pentyl, ethyl(triethylsilyl)-TAN)
(perfluorofluoren),l)] (3- methylpentyl)(phen),lethvIphosphido)samariiim;
[1-ethyl-I-methyl-silanylene- (isopentyl, isohexyl-TAN)
(cyclopentadicnyl)J  ( iethyl(iriethylsilyl))(isopenty])europium;
(I-hexyl-l-propyl-methylene-(hexvl,  propyl-TAN) (I -chloi-o-2;
3.4-h-imethylfluorenyl)]  (diphenylphosphido)(pentox),)erbium.
[1-propyl-l-methyl-methylene-(pentyl, propyl-TNNCH)  (di
methylamido)(methylpropylamido)vitrium; (ethyl;
(prop),l)(meihylpropylamido)yttrium;
(methy)(trieihylsilyl),methyl-TNNCH)  dimelhylphenoxy)(isohexyl)yttrium;
(methy](trieiIN lsilyl);heptyl-TNNCH) heptyl-INNCH) (2,3-di bromoi
ndenyl))  [] -methyl- I -ethyl-methylene (perfluorofluorenyl))
11.2-diphenylsilanylene- (methylamido)] (3,6
[1-ethyl-l-isopropyl-butylene (indenyl)] (meihyleihvlamido)(i
butoxy)lanthanum; [I-ethyl-I-propy]-silanylene-(methyl, hepyl-TNNCH)
(meihylphosphido)] (di met flyIan.ido)(melhylethylphosphido)holmium-
[1-phenyl- I-methyl-methylene-(di-isopropyl-TNINCI-1) (indeny))]
(diphenylamido)(phen),lelhylamido)dysprosicun;
[1-isopropyl-l-propyl-ethylcne- (pentyl.3-methvlpentyl-TNNCN)
(cyclopentadienyl)]  (isopentyl)(dimethylamido)yltrium; [I -propy]-l-n
ethyl-methylene-{isohexyl,  isopropyl-TNNCN) (perfluoroiiuorenyI)j
(3.6-di methylphenoxy)(2-nielhv-4- elhylphenoxy)yitriurn;
[1,1-diethyl-methylene-(isopropyl. phenyl-FNNCN)  (mclhylphosphido)J
(methylprop),lamido)(ethvl(triethylsilyl))yttriwn; [1-methyl 1
-isopenlyl-methylene-(mclhy](I rici hvlsil),l ).methyl-TNNCN)  



(pcrlluorofluoren),l)] (isopenlnxy)(3.6-dimclhylphenoxv)vtiri [I
-n:clliyl- I  1 2 APR 2005 5 WO 02/32909 ph 0 fly) - S any Ieii c- (pen y
I.  bulosy)(isopropyl)yltriuIII,  1 NNCN) PCT/US01 /29442 mc(hyl-TNNCN)
(indcnyl)) (t- [1-isopropyl- I -isopentyl-mclhylcnc_(djpropyj_ (ci hy I
)( met 11)'] (I ri met!])' Is ii vU) scan di urn;  (propyl, butyl-TNNCN)
(1-chloro-2.3,4-l rimcthylfluorcnyl))  [I -isopropyl-] -phenyl-phenylcnc-
(24-dimeifly] -6-phenylindenyl)) (ethoxy)(isopropoxy)scandium; [I
-phenyl- I -butyl-methylene-(ethyl, bulyl- TNNCN) (t-butylamido)]
(peetyl)(phen),Iethylphosphido)lutetium WV 02/32909 1 2 APR 2005
PCT/LSOI129442 EXAMPLES  The following examples are presented to
illustrate the discussion above. Although the examples may be directed
toward certain invention embodiments.  they do not limit the invention in
any specific way. In these examples, certain  5 abbreviations are used to
facilitate the description. These include standard chemical abbreviations
for the elements and certain commonly accepted  abbreviations, such as:
Me = methyl, Et = ethyl, Bu = butyl, Ph = phenyl, MAO =  methylalumoxane,
THE = tetrahydrofuran, and TACN = I,4,7-triazacyclononane.  When a ligand
is described as e.g. Me2-TACN-(CH2)2N(/Bu) this means  10 N,N'-Me,-TACN
-N"-(CHD)2N(IBu). All parts, proportions, and percentages are by weights
unless otherwise  indicated. All molecular weights are weight average
molecular weight unless  



otherwise noted. (The isolated yields of the compounds synthesized are
given in  mot%). 15 Molecular weights (weight average molecular weight
(Mw) and number  average molecular weight (Mn)) were measured by Gel
Permeation  Chromatography, unless otherwise noted, using a Waters 150
Gel Permeation  Chromatograph equipped with a differential refractive
index detector and  calibrated using polystyrene standards. Samples were
run in either THE (45C) or 20 in 1,2.4-Irichlorobenzene (145`C),
depending upon the sample's solubility, using  three Shodex GPC AT-SO M/S
columns in series. This general technique is  discussed in "Liquid
Chromatography of Polymers and Rclaied Materials 111"' J.  Cates Ed.,
Marcel Decker. 1981, page 207. No column spreading corrections  were
employed but data on generally accepted standards. e.g. National Bureau
of 25 Standards Polyethylene 1475, demonstrated a precision with 0.1
units for M"IM,,,  which was calculated from elution times. Numerical
analyses were performed  using Expert Ease(r) sofrware available from
Waters Corporation. All preparations were performed under an inert
nitrogen atmosphere.  using standard Schlenk or gglovebox techniques,
unless mentioned otherwise. Dn'  30 solvents (toluene, THF, diethyl
ether, pentane, hexane) were distilled from sodium or Na/K alloy before
use. The toluene used in the polymerization experiments 1 2 APR 2005 \VO
02/32909 PCT/U561/.9442 (Aldrich anhydrous, 99.5%) was passed through
columns with alumina (Fluka).  supported copper scavenger (BASF R3-1 1)
and molecular sieves (4A). Ethylene  (.AGA polymer grade) was passed
through columns with supported copper  scavenger (BASF R3-] 1) and
molecular sieves (4A) before being passed to the 5 reactor. Deuterated
solvents were either dried on Na/K alloy and vacuum  transferred before
use (C6D6. THE-c/3. toluene-de), or degassed and dried on 4A  molecular
sieves (C6D5Br). EXAMPLE 1: Synthesis of IMe7-TACK-SiMe,NHButj To a
solution of 220 g (13.49 mmol) of Li[Mei-TACNJ in hexane (50  10 nil) was
added 2.34 g (13.50 mmol) of CISiMe2NFIBu'. The mixture was stirred  for
one hour. after Which the solid LiCI precipitate was filtered off. The
hexane  was removed from the solution under reduced pressure to leave the
title compound  



as light yellow oil. Yield: 3.70 g (12.9 mmol, 97.5%). The identity of
the product  was established by NMR spectroscopy (purity > 95%) and the
product was used  15 without further purification. N NMR (200 MHz, 20C.
C6D6) b: 2.95-2.93 (m, 2 H, NCH2), 2.63- 2.52 (m. 10 Fl, NCH,),- 2.27 (s,
6 H: NMe), 1.15 (s, 9 H, Bu'). 0.20 (s 6 H, SiMe2).  13C NMR (50.2 MHz.
20C, C6D6) S: 59.88 (t. Jon = 1314.0 Hz, NCH2). 46.47 (q, JC1.1 = 135.00
Hz NMe,). 33.83 (q. JC41 = 121.3 Hz NCMe3). 1.39 (q, JCI.t = 114.7  20
1-Iz, SiMe2). EXAMPLE 2: Synthesis of LiIMc2-TACN-SiMc2NBu'j 2.14 g (13.0
mmol) of CISiMe-,NHBu' was added to a solution of 2.12 g  (13.0 Wino]) of
Li[Me2-TACN] in hexane (50 ml). The mixture was stirred for  two hours.
after which 5.2 nil (13.0 mmol) of BuLi (2.5M solution in hexane) 25 were
added. The reaction mixture was stirred overnight; after that. the solid
LiCI  precipitate was filtered off. Flcxane was removed from the solution
under reduced  pressure to leave a brownish oil (3.10 g. 10.6 mmol. SI
%). The identity of the  product was established by NMR spectroscopy.
11-1 NMR (300 M1-]z. 25"C- C,,D") 1 2 APR 2005 \VO 02132909
PCT/USOI/29442 3: 3.05-3.00 (m. 2 H, NCI-12), 2.23-2.20 (m, 2 1-1,
NC]-12), 2.08 (m. 4 H. NCI-k.),  2.05 (s. 6 H- NMe), 1.85-1.73 (m, 4 H.
NCI-]1). 1.62 (s, 9 1-1, But). 0.45 (s, 6 H,  SiMc,). 13C NMR (300 MHz,
C6D6) (5: 56.] (t, .Ictt = 129.3 Hz, NCH,), 53.48 (t.  .1ctt = 134.2 Hz.
NCH2), 50.5 (s, Bu' C). 54.8 (t; Jc't = 133.0 Hz_, NCI-12), 44.5 (q, 5
Jctt = 134.2 Hz. NMe), 39.2 (q. Jcti = 123.2 Hz; NCMe3), 5.1 (q, Jctt = 1
13.4 Hz.  SiMe2). EXAMPLE 3: Synthesis of (Me2-TACN-SiM1c2NBu'j
Y(CH1SiMe3)Z a) Sall metathesis route. Li[Me,-TACN-SiMe2NBu'J (0.35 g,
2.17  mmol) was added to a suspension of YCl3(THF)35 5 (0.96 g. 2.17
mmol) in THE  10 (30 ml) at ambient temperature. The resulting clear
solution was stirred for 2 hours. After that, LiCH2SiMe3 (0.40g, 4.3=J
mmol) was added. After 30 minutes,  the solvent was removed under reduced
pressure; and the residue was stripped of  residual THE by stirring with
pentane (5 ml), which was subsequently removed by  vacuum. Extraction
with pentane (4 x 30 ml) and subsequent concentration and 15 cooling of
the extract to - 30 C yielded 0.51 g (43 %) of analytically pure  



material. b) Alkane elimination route. At ambient temperature, a solution
of  Mee-TACN-SiMe2NBu' (0.65 g, 2.28 mmol) in pentane (10 nil) was added
dropwise to a solution of (Me3SiCH2)3Y(THF)2 (1.12 g, 2.28 mmol) in
pentane 20 (60 ml). The reaction mixture was stirred overnight; after
which the volatiles  were removed by vacuum. The residue was stripped of
remaining THE by stirring  with 5 nil of pentane that was subsequently
removed under reduced pressure. The  resulting sticky solid was then
extracted with pentane (2 x 60 ml) and  concentrated. Cooling the extract
to -30C produced the crystalline title 25 compound (0.92 g, 1.67 mmol,
73%). The structure of the product was  corroborated by single crystal
X-ray diffraction. 'H NMR (300 MHz, 25C. C6D6) S: 2.85-2.76 (m. 2 H,
NCH,), 2.30 (s,  6 H. NMe), 2.25-2.11 (m. 4 H. NCI-12_). 1.88-1.62 (m. 6
H. NCR,), 1.51 (s. 9 H.  But), 0.45 (s. IS H. C1.12S;Ahr3). 0.26 (s. 6 H.
Si:1/e,1, -0.51 (dd-',/ini = 10.5 1-Iz. 1 2 APR 2005  WO 02/32909
PCT/US01/29442 2.h tt = 3.0 l lz. 2 Fl, YCHH), -0.76 (dd.31111 = 10.5 Hz,
']),it = 3.0 Hz. 2 1.1,  YCFI//). ''C NMR (500 MHz. 25C. C(6D6) 8: 57.23
(t. JJ11 = 132.1 Hz, NCH1),  55.14 (t, J(:i1 = 125.9 Hz, NCH2), 52.55 (s.
Bu' Q. 50.08 (q. Jc11 = 134.0 Hz.  NMc), 45.95 (t, .1cl, = 133.7 l lz,
NCH2), 36.64 (q. Jc11 = 124.0 Hz, NCA/e3). 5 32.95 (dt, JC01 = 96.6 Hz,
JY14 = 37.0 Hz, YCH,), 5.20 (q, JC1.1 116.0 Hz.  CH2SiAde3), 4.11 (q,
JJj.t = 116.0 Hz, SiA1e2). Elemental analysis. calculated  (found) for
C_,H53N4Si3Y: C48.14 (47.93); H 10.10 (10.95); N 10.21 (10.25); Y  16.20
(16.19). EXAMPLE 4: Synthesis of IMe2-TACN- SiMe2NBu']Nd)CH2SiMc3)2 10
Solid LiCH,SiMe3 (0.63 g, 6.67 nimol) was added to a suspension of
NdCI3(THF)3 (1.05 g; 2.26 mmol) in THE (60 nil, ambient temperature).
Within  5 minutes, a bright blue solution was formed. The solution was
stirred overnight,  after which it was reacted with Mee-TACN-SiMe2NHBu1
(0.65 g, 2.26 mmol).  The resulting green solution was stined for three
hours after which the volatiles 15 were removed by vacuum. The mixture
was extracted with pentane (2 x 50 nil).  The obtained green extract was
concentrated to 20 nil and cooled (-30C), yielding  the product (0.66 g,
1.09 mmol. 48.3%). The identity of the product was,  



corroborated by single crystal X-ray diffraction. EXAMPLE is Reaction of
()Iee-TACK-SiMe2NBu1)Y(CH2SiMC3)2 with  20 IHNMc2PhJIB(C6F5)41 ,; A
solution of (Mee-TACN-SiMe2NBu')Y(CH2SiMe3)2 (27 mg, 49.3  pmol) in
C6D5Br (0.6 ml) was added to [l-1NMe_Ph][B(C6F5)4) (39 mg. 49.3  Nmol).
The solution was transferred to an NMR tube and analyzed by NMR
spectroscopy, which showed full conversion to the cationic species
[(Meg-TACN- SiMc2NBu')Y(CH2SiMe3))[B(C6F5)4], SiMe4 and free PhNMe,. 1H
NMR (500  MHz, -30C. C(,D;Br) b: 7.23 (t. 3J1311 = 7.5 Hz, 2 I-1. m-H
PhNMe,), 6.77 (I. 3J1.111  = 7.5 Hz, 1 H. P-1-1 P/7NMc2), 6.58 (d, 3Ji1ii
= 7.5 Hz. 2 H, o-H PhNMe,). 2.70- 2.67 (nt, 2 H, NCH,). 2.63 (s, 6 1-1.
PhNA/e2). 2.46-2.44 (nt, 2 H. NCH2). 2.35-1.25  (m, 8 H, NCH,). 2.14 (s.
6 H. TACN NA/c). 1.18 (s. 9 H. Bu'), 0.04 (s. 9 H. WO 02/32909 -52- 1 2
APR 2005 PCT/USOI /29442 CIi,SiAfe3). 0.03 (s. 6 H. SiAfe,). 0.01 (s. ]2
II, SIA/e4). -0.89 (br. 2 H.  C1-1'SiM4c3). 13C NMR (125.7 MHz. - 30 T.
C(D;13r) S: 150.12 (s. ipso-C  PhNMc,), 148.31 (d, tJc,: = 240.2 Hz.
o-CF, B (C,F5)4)- 138 22 (d. t./c,: = 235.3  Hz. p-CF. B(C(,1';)4), 136
27 (d, t.Ic-r = 234.7 1-1z, m-CF. B(C(,F5)4). 129.03 (d,'Jcn  5 = 151.5
Hz. o-CH PhNMe,), 124.38 (br, ipso-C. B(Cr6F5)4), 116.32 (d, '.k" _ 159.5
Hz, p-CH PhNMe,). 1 12.27 (d. '.1c,., = 156.3 Hz, m-CI-I PhNMe,), 56.48
(t.  'Jc,.t = ] 35.4 Hz. NCH1). 53.30 (s. Bu' C), 52.94 (t. tic,., =
)40.2 Hz, NCH2). 46.44  (q, tJctt = 137.0 Hz. TACN N11fe), 45.58 (t,
tJcu.t = 138.6 Hz. NCH,), 40.11 (q,  'Jcn = 140.2 Hz. NCAfe3), 39.71 (di.
'Jc,, = 91.9 Hz, '.1),c = 42.0 Hz. YCH2), to 35.39 (q, tJc,, = 124.1 Hz;
PhNAle,). 3.96 (q, '.1c,., = 117.7 Hz, YCH2SiMe3), 2.75  (q, iJcu = 117.7
Hz. SL4fe,). 0.05 (q. 'Jc" = 117.6 Hz, SiAfe4). 19F NMR (470  MHz. 20 C.
C6D;Br) S: -!37.17 (d, 3J,:,: = 10.3 Hz, o-CF), -167.23 (t,'J,:, = 20.7
Hz. p-CF), -171.22 (t. 3J,:,: = 16.9 Hz, m-CF). EXAMPLE 6: Ethylene
polymerization with JMe2-TACN- 15 SiMc2N'Bu'JM(CH,SiMe3)2 (11= Y, N'd)
and jHNMc2PhJJB(C6F5)4J. 



In a typical experiment, separate solutions of the appropriate (b9e,-
TACN-SiMe3NBu']M(CH2SiMe3)2 compound and of an equimolar amount of
[I4NMe2Ph][B(C6F5)4], each in 5 nil of toluene, were made in a dry box.
The  solutions were each placed into serum-cap-sealed vials.
Polymerization was 20 performed in a stainless steel. 0.5L autoclave. The
autoclave was pre-dried and  flushed with nitrogen, charged with 150 nil
of dry toluene, equilibrated at the  desired rcaclion temperature and
pressurized with ethylene (5 bar). The  [I4NMe3Ph][B(C(,F;)4] solution
was injected into the reactor using a pneumatically  operated injector
assembly, and the reaction was started by subsequently injecting 25 the
[Mc,-TACN-SiMe,NBu']M(CH,Sitvle3)2 solution. Catalyst precursor
activation was accomplished in the presence of monomer. Ethylene pressure
v, ;  maintained during the reaction by replenishing flow. The reactor
was stirred lot  the specified reaction time. After collection. the
polymer product Was rinsed with  methanol and dried in a vacuum oven. The
csperiments performed are listed in  30 -fable 1. 1 2 APR 2005
Conditions: ' 3 ] pniol catalyst; runtime 18 min; 10 mol catalyst I 5
equiv. of [HNNMe,Ph][BPh4r2D]_ runtime 10 min, 605 rpm, 150 ml toluene,
0.5 L  stainless steel autoclave EXAMPLE 7: Copolymerization of ethylene
and 1-hexene with I(Me)2- TACN-SiMe2N'Bu')]Y(CFJ2SiMe3)2 and
[1-INMe,Ph[jB(C6Fs)4). Following the general procedure of Example 6, but
with the autoclave  10 charged with a mixture of 150 ml of dry toluene
and 20 m] of dry 1-hexene,  ethylene (5 bar) was polymerized with
[Me,-TACN-SiMe3NBu')]Y(CH1SiMe3)2  (10 umol) and an equimolar amount of
[HNMe2Ph][B(C6F5)4]. With an initial  reaction temperature of 50C and a
run time of 10 minutes. 8.00 e of polymer was  obtained (nip. 133 2C).
(Catalyst acliviiy'1000 kg polymer/mol Y.alm.h.) NMR 15 spectroscopy
indicated the incotporalion of 2.3 w1% of 1-hexene into the polymer.
M,,. = 137500 ; M"/M" = 9.71. EXAMPLE8: Synthesis of
]Me,-TACN-SiMe2NHBu...I To a solution of 2.20 g (13.49 mmol) of
Li[Me,-TACN) in hexane (50  ml) was added 2.34 g (13.50 mmol) of
CISiMe1NHBu"`. The mixture was stirred 20 for one hour. after which the
solid LiCI precipitate was filleted off. The hexane  



was removed from the solution under reduced pressure lo leave the title
compound  as light yellow oil. Yield: 3.70 g (12.9 mmol. 97.5 %). The
identity of the WO 02/32909 Table I. Ethylene polymerization experiments
with [Me,-TACNt- SiMc,NBu'JM(CH1SiMe3)2 (Ln = Y. Nd) and
[11NMe,Ph][B(Ct] z)4]. PCT/USO1/294 l2 Temperature Pressure PE
Productivity Temp.  Catalyst(C)(bar)(g)(kg nmol-' II')jump M",M,,.IM (C)
Ln = Y30531.0064695588.0002.09 n = Y 50 t'S10.75134395-- kL Ln =
Y80"59.061132103-- Ln = Nd50 n55.9574365- WO 02/32909 1 2 APR 2005  PCT/U
S01 /29142 product was established by NMR spectroscopy. The product was
used without  further purification. 11-I NMR (500 MHz. 20C. C(,D(,) 5:
2.76 (m. 1 H, McC11,CH1\4e). 2.30  (s. 6 H. NMe). 2.23-2.08 (nt. 12 H.
NCH2). ].37 (quint. 3. Jim = 6.5 Hz 2 H.  5 McCH,CHMe), 1.11 (d. 3Jt11.1
= 5.5 Hz; 3 H, McCH,CHAfe), 0.95 (t, 3JIII1 = 7.5 Hz, 3 H. A-feCH,CFIMe),
0.21 (s. 3 H. SiA9e2). 0.18 (s, 3 H. SiAfe2). 13C NMR  (125.7 MHz. 20C,
C6D6) 5: 55.1 (br NCH2), 54.1 (br NCH,). 53.39 (br NCH1),  49.0 (d, Jct t
= 131.6 Hz. McCH,C1:Me), 46.47 (q. Jc1, = 135.1 Hz, NAfe), 34.4 (t.  



Jc1.1= 124.6 Hz; McCH,CHMe). 25.9 (q. Jc,. = 124.6 Hz, AIeCH,CHMe), 11.2
(q.  10 Jcr1= 124.6 Hz. McCH,CHA1e), -2.0 (br q. Jct.1= 115.7 Hz,
SiAle2). CXA?\IPLC 9: Synthesis of IMe2-TACN-SIMe2NBu"`jv(CH2SiM9e3)2 At
ambient temperature, a solution of .Me,-TACN-SiMe,NHBu"  (0.85 g, 3.00
mmol) in pentane (10 nil) was added dropwise to a solution of
(Me3SiCH2)3Y(THF)2 (1.54 g. 3.13 mntol) in pentane (60 nil). The reaction
15 mixture was stirred overnight, after which the volaliles were removed
by vacuum.  The residue was stripped of remaining THE by stirring with 5
ml of pentane that  was subsequently removed under reduced pressure. The
resulting sticky solid was  then extracted with pentane (2 x 50 nil) and
concentrated to 20 nil. Cooling the  extract to - 30 C produced the
crystalline title compound (1.30 g, 2.37 mmol. 20 79 %). The structure of
the product was corroborated by single crystal X-ray  diffraction. 'H NMR
(500 1\1Hz. 20C-. C-,Ds) 5: 3.35 (m, I H. McCH,CI-11\4e), 2.32  (s. 6 H.
NMe). 2.29-2.22 (m. 3 H. NCH2), 2.19-2.14 (nn, 3 H. NCH2), 1.98-1.94  (m.
2 1-1. NCH2), 1.92-1.87 (m. 2 H. NCH2). 1.84-1.79 (n3, 2 H. NCH1),
1.70-1.67 25 (m, 2 I-I, NCH2), 1.56-1.50 (m. 2 1-I. McCH,CHMe), 1.36 (d:
3Jt111 = 6.5 Hz, 3 1.1.  McCH,CHA1e), 1.04 (t, -Viii, = 7.0 Hz. 3 H.
AfeCIA,ClT\4e). 0.34 (s. 18 H,  CH1SiAde3), 0.19 (s, 3 H. SIAJe,), 0.18
(s. 3 H. SiAle2), -0.58 (br, 2 H, CH2SiMe3),  -0.73 (br. 2 H,
CJ-12SiMei). 13C NMR (125.7 Ml-1z, 20C, C,Dt;) 5: 57.1 (t, J01=  137.0
Hz. NCH1), 57.0 (t, .1cn = 133.4 Hz, NCH1). 55.1 (t..lcn = 135.1 Hz. 30
NCH2). 55.0 (t, JC11 = 133.2 Hz. NCI-]_,). 53.5 (d. Jcu = 128.1 Hz.
,MCCH1CHMC).  50.1 (q. JC, = 137.0 Hz. NAIe). 16.0 (1. Jc11 = 133.4 Hz.
NCH1)445.9 (t- JC1, = 1 2 APR 2005 WO 02/32909 PCT(US01/29442 133.4 1-17,
NCH2), 37.4 (I. Jcit = 122.8 ]-lz. McCI-12Cl-1Mc). 32.3 (dt,'Jyc = 36.8
Hz,.fcti = 95.3 Flz, Y(:I-I2SiMc3)7 27.9 (q, Jcit = 124.6 Hz.
AieCl-12CHMe), 12.7 (q.  Jett = 124.7 Hz. McCH,CHA/e), 5.20 (q,.Jeti =
117.7 Hz. CI 2SiMe3), 2.3 (q..Jcii=  117.5 Hz. SiAie3). 2.2 (q, Jcii =
117.5 Hz. SiAie2). 'H NMR (500 MHz, - 50"C, 5 C7Ds) S: 3.49 (ni, I H.
McCH,CHN4e), 2.81 (rn, 2 H. NCH2), 2.34 (s, 6 H, NMe),  2.19-2.15 (m, 3
H; NCH2); 2.08-2.07 (m, 2 H, NCH2), 1.92-1.89 (m. 2 H, NCH2)7  1.92-].82
(m, 3 1-1, NCH2), 1.80-1.78 (m, 2 H. NCH2). 1.74-1.68 (m, 2 H.
McCI1:CHMe), 1.57 (d, 3j; I,., = 6.0 Hz, 3 H, McCH,CHMe), 1.22 (t, 3Jinnt
= 7.5  



Hz, 3 H. AfeCJ-l,CHMe),. 0.60, 0.61 (s, 9 H. CH2SiMe3), 0.60 (s, 9 H,
CH,SiA1e3). to 0.32. 0.34 (s, 6 Fl, Si.41e2), -0.35 (br d, 3J1n = 10.0
Hz, I H. CH2SiMe3), -040 (br  d, 3Jit) I = 10.0 Hz: I H. CH2SiMe,), -0.61
(br d. 3Jrnt = 10 Hz, 2 H, CH,SIMe3).  C NMR (125.7 MHz. - 50"C, C7D8) 6:
56.3 (t, .Jct., = 133.5 Hz, NCH,). 56.2 (t: Jett = 133.5 14z. NCH2), 54 2
(t. Jat = 133.5 Hz, NCH,). 54.1 (t. Jai = 133.5 Hz.  NCH,). 53.2 (d. Jcj
i = 130.0 Hz, McCH,CHMe), 49.9 (q, Jci., = 136.9 Hz, NAle),  15 453 (tU
Jct., = 131.6 Hz; NCH,). 45.2 (t. Jcii = 131.6 Hz; NCH,), 37 2 (t, Jcu =
122.9 Hz. McCH2CHMe). 31.5 (dt, 'J).c = 36.8 Hz. Jcu = 9S3 Hz;
YCH2SiMe3),  31.2 (d t. 'J).c = 37.0 Hz..Jew = 100.1 Hz. YCI-I,SiMe3),
28.1 (q. Jai = 122.8 Hz.  A1eCH2CHMe), 13.0 (q, Jct., = 121.0 Hz.
McCH2CI-lEe), 5.3 (q. Jew = 115.8 1-1 z,  CH,SiA9e3); 2.2 (q. Jcn = 117 -
5 Hz. SiMe2). 2.2 (q, Jcti = 117.7 Hz. SiMe2). 20 EXAMPLE 10: Synthesis
of IMe2-TACN-SiMe,N13u"`]Sc(CH1SiMc3)2 At ambient temperature, a solution
of Me,-TACN-SiMe,nHBus"  (0.15 g, 0.5] mmol) in pentane (10 ml) was added
dropwise to a solution of  (Me3SiCH2)3Y(thf)2 (0.23 e. 0.51 nunol) in
pentane (40 ml). The reaction mixture  was stirred overnight. after which
the volatiles were removed by vacuum. The 25 residue was stripped of
remaining THP by stirring with 5 nil of pentane that was  subsequently
removed under reduced pressure. The resulting sticky solid was  then
extracted with peninne (2 x 50 ml) and the extinct was concentrated to 20
nil.  Cooling the extract to -30T produced the crystalline title compound
(0.19g,  0.37 mmol, 75 o). 30 'H NMR (300 MI.1z. 20"C. C,,D,,) S: 3.79
(m, 1 1-1. McC]AiCHMe). 2.95 2.84 (nt, 2 1-1. NC]-12). 2.50-2.41 (m. 2 H.
NCH2)- 2.38 (s- 3 H. We), 235 (s. 3 1-1, WO 02/32909 1 2 APR 2005
PCT/USOI/29442 NMc), 2.32-2.19 (m, 2 H. NCI-]1). 2.02-1.73 (m. 6 H.
NC]-I,), 1.46-1.36 (m, 2 H.  McCH-/_,CFIMc), 1.33 (d. 3J"11 = 6.0 Hz, 3
I-I, I\4cCI-I,C)-IA/e); 1.03 (t, 3.11111 = 7.5  Hz, 3 1-I,
A-ICCl-11CHMe)00.40 (s, 9 H; CH1SiAle3), 0.39 (s. 9 1-1, CI-12SiAfe3),
0.25  (s. 3 H. SiWe2). 0.22 (s. 3 H, SiAfe,), -0.15 (d. 2J, 111 = 11.1
Hz. 1 1-1, CH'S iMe3),  5 0.16 (d: 2.1111, = 10.5 Hz, I H, CH,SiMe;),
-0.34 (d. 2Jrn1 = 11.1 Hz. I H.  CH2SiMe3). -0.35 (d, 2Jrut = 10.5 Hz, I
H; CH,SiMe3). 13C NMR (75.4 MHz,  20C, CoD(,) b: 58.4 (t. Jc11 = 136.7
Hz. NCH,), 57.8 (t, Jctt = 136.7 Hz. NCH2),  



56.4 (t, Jc11 = 134.2 Hz. NCH,), 55.9 (t: JcFH = 133.8 Hz: NCH7), 53.5
(d: dc,., =  131.7 Hz, McCH,CHMe), 51.2 (q, Jcuu = 141.5 Hz, NA-le), 51.0
(q, JcH = 141.5 10 Hz, NAJe), 46.7 (t, JCH = 135.4 Hz; NCH2). 45.9 (t,
Jc11 = 135.4 Hz, NCH2), 36.7  (t: Jc-11 = 125.7 Hz, McCH2CHMe), 34.9 (br.
ScCH2SiMe3), 26.4 (q, Jcl., = 124.4  Hz, AJeCH,CI-IMe), 12.8 (q. Jc1i =
124.4 Hz. McCH2CHAfe), 5.0 (q, Jct.1 = 1 15.9  Hz, CH_,SiAle3), 2.3 (q,
JC1., = 116.5 Hz. SiA1e2). 2.2 (q, Jc,,, = 116.5 Hz, SiAde,). EXAMPLE 11:
Synthesis of ))\1e,-TACN-SiAle,NBu"`jNd(CH,SiMe3), 15 Solid LiCH,SiMe3
(1.50 g. 16.00 mmol) was added to a suspension of  NdCl3(THF)3 (2.50 g,
5.35 mmol) in THE (60 nil. ambient temperature). Within 5  minutes a
bright blue solution was formed. The soluiion was stirred overnight.
after which it was reacted with Me,-TACN-Sit\4e,NHBu" ` (1.40 g, 5,00
rnmol).  The resulting green solution was stirred for three hours after
which the volatiles 20 were removed by vacuum. The mixture was extracted
with pentane (2 x 50 ml).  The obtained green extract was concentrated to
20 ml and cooled (- 30 C):  yielding the product (1.80 g. 2.90 mmol 59.6
%). EXAMPLE 12: Ethylene polymerization with IMc,-TACN-
SiMe,NBu"`)IM(CH,SI 1e3)2 (M = Se, V, Nd) and IHNMCPhjIB(C6F5)4J. 25
Following the 2eneral procedure described in example 6, experiments  were
performed at 50C reactor lemperature for M = Sc, Y and Nd and at 80C for
M = Sc and Y; as shown in Table 2. WO 02/32909 --57- 10 15 20 Table 2.
Ethylene polymerization experiments with [Me2-TACN- SiMc7NBu'")]M(CH;
SiMcm)r (M = Sc. Y, Nd) and  [I INMe,Ph][B(C615).,]. 12 APR 2005
PCT/USO1/29442 Temperature Pressure PE 



Productivity Highest Catalyst(C)(bar)(g)(kg molt ht)Temp. (C) M =
Sc5051.6320352 MSc8051.9624582 M=Y5055.2265258 M=Y8058.54106798 M =
Nd5052.3028753 Conditions: 10 pmol catalyst I equiv. of [HNMe2Ph][BPh4
runtime  10 min, 605 rpni, 150 nil toluene, 0.5 L stainless steel
autoclave EXAMPLE 13: Synthesis of (Pr'),-TAC]\'-SiMe,NHBu' At ambient
temperature, Li[TACN(i-Pr)n) (0.92 L, 4.24 mmol) was  added in portions
to 30 ml of neat Me;SiCI. The reaction mixture turned yellow:  after
which it was stirred for 4 hours. Excess Me,SiC]2 was removed under
reduced pressure, and the reaction product was dissolved in toluene (30
nil).  LiNHBu' (0.33 g. 4.24 mmol), at room temperature, was added to the
toluene  solution. After 18 hours. the toluene was removed under vacuum.
The remaining  sticky residue was extracted with pentane (2 x 100 nil).
Evaporation of the  pentane yielded 0.98 g (68 %) of a brownish oil. 'H
NMR (300 MHz, 25C.  Ct,D(,) S: 3.17-3.14 (m, 2 H, NCH2), 3.06-3.03 (m. 2
H, NCH2), 2.79 (sept,'J,ii1 =  6.3 Hz. 2H, Pr' CH)_ 2.77-2.69 (m, 4H,
NCH2), 2.52 (s, 4H, NCH2); 1.20 (s, 9 H,  Bu'). 0.98 (d. 3.1m; = 6.3 Hz.
6 H, Pr' Me). 0.93 (d. 3Jitii = 6.3 Hz, 6 H. Pr' Me),  0.26 (s, 6 H,
Ale,Si). EXAMPLE 14: Synthesis of J(Pr')2-TACN-SiMc2NBu'lY(Ch12SiMe3)_2.
a) ANAIR-mbe scale. A solution of (Me-,SiCH')3Y(Tl-IF)2 (20 mg. 40.4
limo]) in 6D,, (0.6 nil) was added to (Pr')3-TACN-Sin1e_NFIBu` (14 mg.
40.4 WO 02/32909 1 2 APR 2005 PCT/USO1129442 pmol). The solution was
transferred to a NMR tube and analyzed with 11-I NMR  spectroscopy. The
NMR showed clean conversion to the product, SiMe4 and free  TI-IF. 



h) Preparative scale. At ambient temperature, a solution of (Pr')2- 5
TACN-SiMe,Nl-1Bu' (0.35 g. 1.00 mmol) in pentane (10 nil) was added
dropwise to a solution of (Me3SiCH2)3Y(THF)2 (0.49 g, 1.00 mmol) in
pentane (30 nil).  The reaction mixture was stirred overnight, after
which the volatiles were  removed under vacuum. The residue was stripped
of remaining THE by stirring  with 5 ml of pentane that was subsequently
removed under reduced pressure. The 10 resulting sticky solid was then
extracted with pentane (20 nil). Cooling the extract  to - 30 C yielded
the crystalline product (0.21 g, 0.34 mmol, 34 which was  characterized
by NMR spectroscopy. 'H NMR (300 MHz, 25C. CD6) S: 2.82  (sept br, 2H.
Pr' CH), 2.76 (m. 2 H, NCl-]2). 2.25 (tn, 2 H, NCH2), 1.86 (tn. 2H,
NCH,), 1.73 (m, 2H, NCH2), 1.56 (s. 9 H. NI3u), 1.43 (m, 2H, NCH2),
0.97-0.83 15 (br, 12 H, Pr' Me), 0.42 (s. 18 H. Afe-,SiCH-,). 0.28 (s. 6
H. Afe,Si), 0.40 (br, 2 H,  )CHH), 0.56 (dd br. 2 H, YCHH). '3C NMR (75.4
MHz. 25C. C(,D6) b: 55.0 (d.  Jctd = 136.7. Pr' CH). 54.2 (t, Jcl.t =
135.7 Hz. NCH2), 54.1 (t br. Jci.j = 145 Hz.  NCH2). 53.1 (t br, part.
overlap; NCH2). 52.2 (s, Bu' Q. 50.8 (t br, Jcii = 130.5  Hz; NCH1). 36.5
(q. Jci.i = 123.2. Bu' Me). 33.6 (dt, Jct.t = 96.3 Hz, Jyti = 37.8 Hz, 20
YCH2). l 8.5 (q. Jct., = 125.6 Hz, Pr' Me). 5.0 (q. Jcit = 115.8 Hz.
We-,SiCH2), 3.5  (q:Jat= 117.1 Hz, A4e2Si). EXAMPLE 15: Reaction of
](Pr')2-TACN-SiMe,NBu']Y(CH2Si,1\9e3)2 with  JHNMe,PhJ]B(C6F5)a]. a) In
/he absence of TPIF. A solution of [(i-Pr)2-TACN- 25
SiMe2NBu']Y(CH1SiMe3)2 (12 mg. 19.9 pmol) in C6D;Br (0.6 ml) was reacted
with [HNMe2Ph][B(C6F5)4) (16 mg. 19.9 p mol). The solution was
transferred to a  NMR tube and analyzed by NMR spectroscopy, which showed
evolution of two  equivalents of SiMe4. one equivalent of propene., and
the formation of an ill- defined yttrium species. 30 h) In the presence
of 77-IF. A solution of [(i-Pr)2-TACN- SiMe2NBu')Y(CIhSiMe1)2 (24 mg.
39.8 pmol) in C6D:Br (0.6 n;l) with a drop of WO 02/32909 1 2 APR 2005
PCT/US01129442 added THE-c/ was reacted with [1.1NMe2PhJ[B(C6F5)4) (32 m
39.5 punol). The  solution was transferred to a NMR tube and analyzed by
NMR spectroscopy,  



which showed full conversion to the cationic species {[(i-Pr)2-l'ACN-
SiMc,NBu')Y(CH,SiMe3)(THF-(15))[B(C(,F5)4), SiMe.t. and free PhNMe,. 5 'H
NMR (500 MHz; 22 C, C6D;Br) b: 7.23 (t, 3J= 7.5 Hz, 2 H, m-1-1  PhNMe,),
6.77 (t, 3J= 7.5 1-lz, I H, p-H PhNMe2), 6.58 (d, 3J= 7.5 Hz. 2 H. o-H
PhNMe2), 4.01 (sept, J111.1 = 6.0 Hz, I H. Pr' CH), 2.76-2.69 (m, 4 H,
NCH2). 2.63  (s, 61-1, PhNA9e2), 2.56-2.24 (m, S H, NCH2), 1.20 (sept,
Jill, = 6.0 Hz, 1 H, Pr'  CH), 1.12 (d. Jt.t1.1= 6.0 Hz, 6 H, Pr'
Me),1.10 (s, 9 H, Bu'), 0.72 (br, 6 H, Pi Me), 10 0.22 (s, 6H SiAle2),
0.01 (s, SiAfe4), - 0.02 (s, 9 H, YCH2SMfe3), -0.84 (d, J1111 =  11.5 Hz,
I H. YCHH), -0.91 (d, J,pt = 11.0 Hz, I H, YCHH). EXAMPLE 16: Ethylene
polymerization with liPr2-TACN- SiMe1NBu')hY(CH2SiMc3)2 and
jHNMe2PhJjB(C6F;)4J. Following the general procedure described in Example
6, three separate  15 experiments were performed, as shown in Table 3.
Polyethylene could be  recovered from none of the experiments, and no
reaction exotherm was observed.  Table 3. Ethylene polymerization
experiments with [iPr2-TACN SiMe,NBu')JY(CH1SiMe3)2 and
[H3N1Me2Ph][B(C6FS)4]. 20 Temp Ethylene PE produced Productivity Highest
Temp. (C)Pressure (g)(kg mol-l h-I bar-1)during run (bar)(C) 3050030
30a50030 5050050 Conditions: 10 pmol catalyst, I equiv. of
[HNMc,Ph][B(C6F,)4), rim time 10  min, 150 nil toluene. 0.5 L stainless
steel autoclave. ' 20 pmol catalyst WO 02/32909 12 APR 2005  



PCT/L'SO I /29442 EXAMPLE 17: Synthesis of J\1c,-TACN-(CH,)2NJ 113"'. a)
N-tcrt-Bulylchloroacctamidc. This reaction was performed under  aerobic
conditions. Chloroacclyl chloride (1.5 ml. 20 mmol) was carefully added
to a cold solution of lriethylamine (2 nil) in 50 1111 of CI-13Cl2,
placed in an ice 5 bath. At 0 C, ier/-butylamine (2.1 ml, 20 mmol) was
added and the mixture was  stirred for 1 hour. The mixture was washed
with dilute aqueous NaHCO3, with  water and once with brine, then dried
(Na2SO4). After removal of the solvent. the  residue was crystallized
from petroleum ether (bp 40-60 C) to give 1 g (33%) of  product, nip 85 C
(reported nip 84 C). 'H NMR (300 MHz, 25C, CDCI3): ^  10 1.39 (s, 9H,
Bu'), 3.94 (s. 211. CH2), 6.37 (br, NH). b)
N-tert-Butyl-(4,7-dimethyl-[1,4,7]1riazanon-l-yl)acetanide. This
reaction was performed under aerobic conditions.
A'-/er/-butyichloroacetamide  (1.49 g, 10 nimol) and sodium iodide (10
mg) were added to a solution of crude
4.7-dimethyl-1,4.7-triazacyclononane (1.54 g. 9.8 nimol) in acetonitrile
(10 mL) 15 was added. The mixture was refluxed for 1 hour, then poured
into a mixture of  water (100 nil) and concentrated hydrochloric acid (1
nil). This was washed three  limes with ether. An aqueous solution of
potassium hydroxide (2 g) to the  aqueous layer was added and this
aqueous solution was extracted with  dichloromethane After drying
(Na2SO4) and removing the solvent, 1.72 g (6.7 20 mnol. 67%) of crude
product was obtained. 'H NMR (300 MHz. 25C, CDCI3):  O 1.35 (s, 9H. Bu'
). 2.36 (s. 6H. NMe), 2.6 (br m, 12H. NCH,), 3.1 1 (s, 2H,  NCI-13C(D).
8.3 (br. NH). c)
N-tent-Butyl-2-(4,7-dimethyl-[].4.7]triazanon-l-yl)ethylamine.  Lithium
aluminium hydride (0.30 g. S mmol) to a solution of N-tern-butyl-(4,7- 25
dimethyl-[1.4.7]triazanon-1-yl)acelaniide (0.185 g, 0.7 mmol) in 7.5 nil
of diglyme was added. The mixture was refluxed for 3 hours, then cooled.
Water  (1.2 ml) was slowly added with cooling (internal temperature kept
around 20 C).  The mixture was stirred until while. After this point, the
work-up was continued  under aerobic conditions. Na3SO4 (10 g) was added
and. aficr 15 minutes, the 30 solids were removed and washed with ether.
The combined filtrates were  concentrated. first using a rotary
evaporator, and then a Kugchahr (0.2 niml-1p. 70  C). The remainder was
further purified by acid-base extraction to give 0.11 g 



1 2 APR 2005  WO 02/32909 PCT/US01/29442 (50%) of the product as an oil.
The same reaction was also carried out on a 5- mmol scale; the isolated
yield of the amine was 45%. 'H NMR (300 MHz, CDCI3, 20 C, 6): 2.6&(m, 4
1-I, NCH2). 2.62 (br- 8 1-I, NCI-I1). 2.58-2.53 (m, 4H. NCH2)7 2.29 (s. 6
H, NMe). 1.04 (s, 9 H, Bu'). NI-1  5 not observed. 13C NMR (75.4 MHz,
CDCI3, 20oC): 0 59.5 (t, JCH = 135.6 Hz. NCH2). 57.4 ((, JCH = 133.1 Hz,
NCH2), 57.3 (t. JCH = 130.7 Hz, NCH2), 56.5  (t, JCH = 129.5 Hz, NCH2),
49.9 (s. But C), 46.6 (q, .ICH = 133.1 Hz, NMe2),  40.4 (t. JCH = 133.4
Hz, NCH2), 29.0 (q, JCH = 123,1 Hz, CMe3). 13C NMR (75.4 MHz, CDCI3, 20
C, S): 59.5 (t. Jc" = 134.2 Hz. NCl-12). 10 57.4 (t, Jc,i = 131.7 1-Iz,
NCH2), 57.3 (t, Jct., = 131.7 Hz, NCH2). 56.5 (t, Jctt =  124.2 Hz,
NCH1), 49.9 (d. Jcn = 135.4 Hz, Pr' CH). 46.9 (q, Jcp, = 131.7 Hz.
NAIe,). 40.4 (t. Jc,a = 33.4 Hz. NCH2). 30.8 (q. Jc,., = 123.3. Pr' Me).
EXAMPLE J 8: Synthesis of (Mc,-TACN-(CH-.)2NBu'JY(Cli2SIMe3)2. a)
NMR-tube scale. (Me3SiCH2)3Y(THF)2 (15 nag, 30.4 pmol) was  15 dissolved
in C6D6 (0.6 ml) and added to h4e2-TACN-(CH2)2NHBu' (7 mg. 30.4  pmol).
The solution was transferred to an NMR tube and analyzed with 'H NMR
spectroscopy, showing clean conversion to the product, SiMea. and free
THF. b) Preparative scale. A solution of Me2-TACN-(CH2)2NHBu' (0.38 g,
1.63 mmol) in pentane (10 ml) was added dropwise to a solution of  20
(Me3SiCH2)3Y(THF)2 (0.81 g, 1.63 mmol) in pentane (30 nil) at ambient
temperature. The reaction mixture was stirred overnight, after which the
volatiles  were removed under vacuum. The residue was stripped of
residual THF by  stirring with pentane (5 nil) that was subsequently
removed under vacuum. The  sticky solid was extracted with pentane (20
ml). Cooling to - 30 C gave the 25 product as a crystalline solid (0.21
g. 0.34 mmol, 34 %). 'H NMR (500 MHz, - 60  C: C7D8) S: 3.32 (m. 11.1,
NCH2). 3.12-3.00 (ill, 2 H. NCH2), 2.87-2.69 (,n, 3H,  NCH;). 2.33 (m, 1
1-1, NCI-l-,), 2.33 (s, 3 H. NMe,), 2.22 (m. I H. NCH2), 2.16 (s.  3 H.
Me2), 1.76-1.56 (m. 4H. NCHZ). 1.52 (s, 9 H, Bu'), 1.39 (m. 4 H. NCl-I2),
0.64 (s. 9 H, AIe3SiC1-IZ). 0.57 (s. 9 H. AIe2SiCI-l2). -0.62 (d..1,,,.,
= 11.0 Hz. I H, 30 Me. SiCJI2). -0.86 (d. J,,,, = 11.0 Hz. I H,
Me3SiCH,), -0.94 (d, .1,,,, = 11.0 Hz, I  1-I. Me. SiCH,). -1.06
(d,.1,,,, = 10.5 Hz. I H, Me3SiClh). The Jy" coupling on the 



1 2 APR 2005  WO 02/32909 PCT/OS01/29442 YCH1 protons is unresolved. 13C
NMR (125.7 MHz - 600C. C7Da) S: 59.8 (t. Jc"  138.9 Hz_, NCH,). 58.9 (t.
Jc" 135.2 Hz. NCH,). 57.5 (t, .1ci, = 135.4 Hz. NCH1). 54.8 (t../ctI =
135.3 Hz. NCH2), 53.9 (s. Bu' C), 53.1 (t, Jc" = 129.6 1-17"  NCH1), 51.4
(. .1(11 = 138.6 Hz. NCH1), 49.3 (q, part. overlap; NMc), 48.9 (q.  5
part. overlap, NMe), 48.4 (1, JC1., = 140.4 Hz. NCH2), 47.0 (t, Jc" =
123.7 Hz, NC)-I2), 30.8 (q..I , = 123.3. Bu' Me). 29.8 (di. Jic = 35.4
Hz, Jcn = 93.3 Hz.  YCH,). 28.5 (dt. J)c = 38.9 Hz: Jc,., = 97.3 Hz.
YCH2). 5.2 (q, Jcp, = 116.9 Hz.  A9e3SiCH,Y). 5.1 (q: Jci., = 116.5 Hz;
Ale3SiCH1Y). EXAMPLE 19: Synthesis of lMe,-TACK'-(CH2)2NBu'JNd(CH2SIMe3)2
10 Solid LiCiA2SiMe3 (0.31 g, 3.30 mmol) was added to a suspension of
NdCI3(THF12 (0.51 -. 1.09 mmo]) in THE (60 nil, ambient temperature).
'Within 5  minutes a bright blue solution was formed. The solution was
stirred overnight.  after which it was reacted with Mee-TACK-(CH,)2NHBu'
(0.25 g, 1.00 mmol).  The resulting green solution was stirred for three
hours after which the volatiles 15 were removed by vacuum. The mixture
was extracted with pentane (2 x 50 nil),  the obtained Preen exiract was
concentrated to 20 nil and cooled (- 30 C).  yielding the product (0.26
g, 0.45 n-nnol 45 %). The identity of the product was  corroborated by
single crystal X-ray diffraction. Elemental analysis calculated  (found)
for C"H53N4Si,Nd: C 46.03 (45.58); H 9.31 (9.15); N 9.76 (9.75); Nd  20
25.12 (25.08). EXAMPLE 20: Synihesis of
lMc2-TACN-(Cl-l2)2NBu'JL:n(CH,SiMe3)2  Solid LiCH,SiMe3 (0.28 g. 3.00
mmol) was added to a suspension of LaBr3("fl-IF)4 (0.67 g, 1.00 mmol) in
TI-IF (60 nil, ambient temperature). Within 5  minutes a bright yellow
solution was formed. The solution was stirred overnight.  25 after which
it was reacted with Mee-TACN-(CHD),NHBu' (0.25 g. 1.00 mmol). The
resulting green solution was stirred for three hours after which the
vola(iles  were removed by vacuum. The mixture was extracted with pentane
(2 x 50 ml),  the obtained green exiract was concentrated to 20 nil and
cooled (- 30 C).  yielding the product (0.25 g. 0.44 mmol, 48 %). 30 'H
NMR (200 MHz. 20C. C,,D,,) (5: 3.08 (m. 2 H. N'CI-1,). 2.50 (tn. 21-1.
NCf12), 2.40-2.29 (m. 2 H. NCI-h), 2.25 (s. 6 H. NMCD). 2.17-2.05 (ni. 4
H. 



WO 02/32909 -- 63 - 1 2 APR 2005  PCT/U SO I /294.12 NCH2), 1.76-1.71
(ill.2 1.1, NCH1). 1.66-1.55 (m. 4 H. NCH1). 1.44 (s, 9 H. 13u').  0.49
(s. 18 H. Ale3Si CH2). -0.60 (d-Am = 9.51-1:,.2 1-1, Mc3SiCJ/1), -0.80
(d,.J, I,,=  10.5 Hz, 2 H. Me3SiCl-1i). 13C NMR (125.7 MHz; 20C. C6D6)
c5: 59.7 (1, JC0, = 131.6 Hz. NCI.],),  5 55.7 (t. Jc').1 = 135.0 Hz,
NCH2), 54.9 (s. Bu' C), 54.3 (1, Jcll = 133.4 1-]z, NCH1), 52.1 (t, Jcn =
129.8 Hz, NCH1), 48.1 (t. Jcj, = 103.6 Hz, LaCH2), 47.5 (t. Jcll =  128.0
Hz. NCH2), 47.0 (q. Jc,, = 135.1 Hz, NMe). 30.2 (q, Jc)j = 122.8, But
Me),  5.2 (q, Jcn.n = 115.8 Hz, A1e3SiCH,Y). EXAMPLE 21: Reaction of
IMe2-TACN-(CH2)2NBu'JY(CH2SiMe3)2 with  10 1 HN;Me,Ph)IB(C6Fc)4J A
solution of [Me,-TACN-(CH,),NBu')Y(CH,Sih4e3), (20 nig. 38.5  prnol) in
C6D5Br (0.6 nil) was added to [HNA4e,PhJ[B(C6F5)41 (30 mg, 38.5  pmol).
The solution was transferred to a NMR tube and analyzed by NMR
spectroscope. which showed full conversion to the cationic species
{[Me,-T.ACN- 15 (CH,)2NBu']Y(CH,SiMe3)}[B(C6F5)4], SiMe4. and free
PhNMe,. 'H NMR (500 MHz. - 30 C. C6D5Br) b: 7.23 (t. 3J1ii.t = 8.0 Hz, 2
H. m- H PhNMe,), 6.78 (t.'JIIIH = 7.0 Hz, I H, p-H PhNMe,), 6.60 (d,
3J,.II., = 8.0 Hz. 2  H, o-N PhNMe,). 2.64 (s. 6 H. PhNAfe,), 2.58-2.22
(m, 16 H. NCH,), 2.18 (s; 6  H. TACN NAfe), 1.09 (s. 9 H. Bu'). 0.11 (s.
9 H, CH,SiAfe3), 0.01 (s. 12 H, 20 SiA'e4). -1.06 (br. 2 H. YCH1). 13C,
'H) NMR (125.7 MHz, C0D5Br. - 30C 8):  150.14 (ipso-C. PhNMe2). 148.40
(d. I.Icr: = 243.4 Hz, o-CF, B(C6F5)4). 138.33 (d,  IJa = 233.7 Hz. p-CF,
B(C6F5)4), 136.42 (d.'Jcr = 248.2 I-la. m-CF, B(C(,F5)4).  129.17 (o-Cli.
PhNMe,), 124.27 (br. ipso-C. B(C6F;)4). 116.84 (p-CH, PhNMe2),  112.68
(m-CI-I. PhNMc,). 60.09 (NICH1), 56.05 INCI-12), 53.33 (Bu' C), 53.75 25
(NICFI1), 51.78 (NCH,), 46.51 (TACN NAIe), 46.16 (NCH2), 40.50 (PhNAfe,),
37.02 (d. 'J-c. = 40.7 Hz. YCH2). 30.17 (Bu' 1v4e). 4.31 (1'CIi,SiAlc;).
0.05  (SiAle4). '9F NMR (470 MHz, 20 C, C6D5Br) S: -137.17 (d. 3.h:1: =
10.3 Hz, o- CF). -16723 (d. 3.11:1: = 20.7 Hz. p-CF). -171.22 (d.'.II:1:
= 16.91-Iz. m-CF). 



1 2 APR 2005 WO 02/32909 PCT/USO]/29442 EXAMPLE 22: Reaction of
1Mc,-TACN-(CH,)2NBu')JLa(CH,Si,1\1(!3)2  with JHNMe,PhJJ13(C6F5)4J A
solulion of [Me,-TACN-(C1-I,)2NBu']La(CFI2SiMe3), (11 mg, 20.0  pmol) in
C6D6 (0.6 ml) was added to [IHINMe,Ph][B(C6F5)4] (16 mg, 20.0 pmol).  5
The obtained solution was transferred to a NMR tube and analyzed by NMR
spectroscopy, which showed full conversion to the cationic species
{[Me,-TACN- (CH,)2NB u']La(CH2SiMe3))[B(C6F5)4], SiMe4 and PhNMe,. 'H NMR
(300 MHz, 20 C; C6D6) b: 7.22 (t, 3Jui.i = 8.0 Hz, 2 H. rn-H  PhNMe2);
6.79 (t. 3j, 11.1 = 7.0 Hz, I H. p-H PhNMe2), 6.6] (d, = 8.0 Hz, 2 H,  10
o-H PhNMe,). 2.91 (m. 2 H, NCH2); 2.61 (m, 2 H, NCH2), 2.49 (s, 6 H,
PhNA4e2), 2.20 (m, 4 H. NCH2). 2.11 (s. 6 H. TACN NA/e), 1.75 (m. 4 H.
NCH,), 1.28 (s, 9  H, Bu'), 0.42 (s. 9 H. CH2SiMe3), 0.00 (s, 12 H.
SiA1('4), -0.82 (br, 2 H. LaCH,). EXAMPLE 23: Ethylene polymerization
with [Me2-TACN- (CH2)2NBu'J,M(CH1SiMe3)2 (M =1', Nd, La) and
JHNMe,PhJIB(C6Fs)4J. 15 Following the general procedure described in
Example 6, experiments  were performed for M = Y at 30, 50 and 80C
reactor temperature, and at 50C for  M = Nd and La, as shown in Table 4.
\VO 02/32909 1 2 APR 2005  PCT/USO1/29442 Table 4. Ethylene
polymerization with [Me2-TACN-(Cl-1,)2NBu'JM(CI-13SiMe3)2  (M = Y, Nd.
La) and [HNMe,Ph][B(CtF5)4).
CatalystTempEthylenePEProductivity1-IighestM".M"/M"
(C)Pressureproduced(kg mol-i h-1 bar t)Temp (bar)(g)during run (C)
M=Y3055.627026470,73.97 00 M=Y5059.401 1758225.84.91 00 



M=Y80514.3017871038.405.95 0 M=Ntd5056.46702715.902.25 0 M =
La5050.00050-- Conditions: 10 pmol calalyst, I equiv. of
[HNMe,Ph)(B(CF5)4),  runtime 10 min. 605 rpm; 150 m] toluene, 0.5 L slain
less steel autoclave 5 10 15 EXAMPLE 24: Synthesis of
Me7-TACN-(CH2)2NHBus" a)
A?-2-Butyl-(4,7-dimeth),l-[1,4.7]triazanon-l-yl)acetamide. To a solution
of crude 4,7-dimethyl-1,4,.7-triazacyclononane (2.5 g, 15.9 mmol) in
acetonitrile  (15 nil) was added A'-2-butylchloroaceiamide (2.37 g, 15.9
mmol) and 100 nig of  sodium iodide. The mixture was refluxed for 3 13,
then poured into a mixture of  water (40 ml) and 10 nil of 2M
hydrochloric acid. This was washed twice with 10  ml of ether. To the
aqueous layer was added 20 nil of a 20% solution of sodium  hydroxide.
and this was extracted with dichloromethane (25, 10, 5 and 5 nil). The
combined organic layers were washed once with 10 nil of brine, then dried
(Na2SOa). After removal of the solvent, the remainder (about 3.8 g) was
dissolved  in ether (50 nil). The solution was filtered, and the filtrate
was concentrated to  give 3.24 g (75%) of the title compound. 'H NMR
(CDCl3) 0.85 (t, .11,11 = 7 Hz.  3H. CH,CH3 ). 1.05 (d, J", = 7 I-iz.
31-1. CHCH,). 1.39 (m, 211 CI-1,). 2.29 (s. GI-1. 1 2 APR 2005 NVO
02/32909 PCT/US01/29442 N,N,lc)- 2.5-2.6 (12H total overlapping NCH2),
3.18 (s, 21-I, Cl-h). 3.22 (m. li-I.  NCH). 8.8 (hr, I H, NH). h)
N-2-ButvI-2-(4.7-dimethyl-[1,4.7]lriazanan-I-yl)ethylamine. To a
solution of N`-2-butyl-(4,7-dimcihyl-[1,4,7]triazanon-l-),l)acetamide
(3.24g, 12.0  5 mmol) in 10 nil of diglyme was added lithium aluminum
hydride (1.16 g. 30 mmol) in portions. After two hours of reflux. water
(3 ml) was slowly added  while cooling (internal temperature kept around
20 C), followed by reflux till the  color of the mixture was While.
Subsequently, Na-2SO4 (10 g) was added and after  



15 minutes the solids were removed by filtration and washed with 150 nil
of ether. 10 The combined filtrates were concentrated using a rotary
evaporator, and then a  Kugelrohr apparatus (2 lour. 50 C). The
concentrate was then distilled at 120-200  C (Kugelrohr oven-temperature)
to give 2.6 g of distillate. This was distilled  again using a short-path
distillation apparatus at 0.5 to1T with a bath temperature  of 70 C, to
give 2.24 g (73%) of product. 'H NMR (CDC13) 8 0.84 (t, Jitij = 7.3 15
Hz; 3H. CH2CH3). 0.97 (d, Jrui = 6.6 Hz, 3H, CHCH3). 1.2-1.4 (m, 2H.
CR2); 2.30  (s. 6H. NMe), 2.4-2.5 (about 17H total, overlapping NCH2), NH
not observed.  13C NMR (CDC13, APT) 8 56.8. 55.1. 54.7 and 54.1 (NCH,).
52.5 (NCH), 44.2  (NMe). 43.3 (NCH:). 27.3 (CH1), 17.4 (Me), 8.0 (Me).
EXAMPLE 25: Synthesis of l119c2-TACN-(CH2)2NBu"`)Y(Cli-,Si)Ie3)2. 20 A
solution of Me:-TACN-(CH3)2NHBu" (0.65 e, 2.53nnmol) in penlane  (10 ml)
was added dropwise to a solution of (Me3SiCH,)3Y(THF)2 (1.25 g, 2.50
mmol) in pentane (50 nil) at ambient temperature. The reaction mixture
was  stirred overnight, after which the volatiles were removed by vacuum.
The residue  was stripped of residual TI-IF by stirring with pentane (5
nil) that was 25 subsequently removed by vacuum. The resulting sticky
solid was extracted with  pentane (3 x 20 nil). Concentrating and cooling
the extract to -30 C gave the  title compound as a crystalline solid
(1.03 g, 2.00 mmol. 80 Y). Low temperature  solution NMIZ spectroscopy
indicated the presence of Iwo conformational isomers  in nearly equimolar
amounts. 30 '11 NMR (500 MHz. 20C. C,DE) S: 3.33-3?8 (m. 2 1.1. NCR1).
3.14 (m.  I H. McCI-hC//Me). 2.87-2.76 (m. 4 li. NCfh), 2.31 (br s. 6 11.
NMe)- 2.23-2.16 WO 02/32909 1 2 APR 2005  PCT/USO1129442 (nl. 4 1-1,
NCH2), 2.09-2.024 (m, 2 1-1, NCH,). 1.83-1.76 (m, 3 H- NCH,). 1.66-1.53
(m, 3 H. NCH.)- 1.43-1.36 (m, 3 1-I, McCH,CI-IMe). 1.28 (br, 3 1-1,
McCH2CHA/e).  1. ] I (br. 3 H. AleCH2CHMc). 0.56 (s. 9 1I, Cl-J1SiMe;).
0.53 (s, 9 1-1, CH2SiA/e3). - 0.70 (bi. 1 1-1. CH2SiMc3). -0.54 (br; I H.
CH2SiMc3). -0.95 (br. I H, CH'SiMc3),  5 1.02 (br, I H. C/-J1SiMe3). 13C
NMR (125.7 MHz; - 50C. C;D8) 5: 62.2 (t, Jcii =  130.8 Hz, NCH2), 61.1
(t. JCFH = 135.0 Hz, NCH2), 60.1 (t, Jct{ = 135.0 Hz,  



NCH2), 59.4 (t, .JcFi = 139.2 Hz; NCH2), 59.3 (t. Jci1 = 139.1 Hz, NCH1),
57.6 (t,  Jcl.i = 136.8 Hz, NCH2), 57.5 (t. Jr,, = 136.2 Hz; NCH2), 54.8
(t. Jctt = 130.8 Hz,  NCI-12). 53.3 (t, Jcii = 133.5 Hz, NCH2), 53.2 (t,
Jci.1 = 135.0 Hz. NCH2). 52.9 (d, 10 .Jcti = 130.0 Hz. McCH,CHMe). 51.9
(d, JCFH = 130.7 Hz. McCH:C1HIMe), 51.5 (q,  Jat = 135.5 Hz. NAM). 49.5
(q. Jcii = 135.8 Hz. NMe), 49.0 (t: Jcii = 131.6 Hz.  NCH2). 48.9 (1,
Jc,i = 131.6 Hz, NCH2', 48.7 (t. JC.t = 132.2 Hz. NCH2), 33.8 (t.  Jcii =
126.8 Hz, NCH2). 30.2 (t. JcF1 = 126.1 Hz, McCIA,CHMe). 29.9 (di, 'Jvc =
36.8 Hz. Jci.i = 99.1 Hz. YCH2SiMe3), 29.8 (dt.'.J),c = 35.1 Hz, Jc,i =
100.1 Hz. 15 YCH,SiMe;), 28.8 (dt,'.Jvc = 36-8 Hz, Jci.1= 98.3 Hz,
YCH2SiMe3), 28.6 (dt,'Jrc  = 36.8 Hz, JcFL = 98.2 Hz, YCH:SiMe3). 22.8
(q. JcF{ = 124.6 Hz, McCH2CHMe),  12.7 (q. Jai = 124.7 Hz, McCH,CHAIe).
12.3 (q, Jcn = 122.4 Hz. McCH2CHA9e),  5.3 (q. Jcti = 115.9 Hz.
CH2SiA9e3). 5.2 (q, JcFi = 115.9 Hz, CH2SiA.e3).  C,2H;3N,Si,Y: C 50.94
(50.47); H 10.30 (10.27); N 10.50 (10.74); Y 17.14  20 (17.06). EXAMPLE
26: Synthesis of 1,1lc2-TACN-(CH,)2NBu"`]Nd(CH2SiMe3)2  Solid LiCH2SiMe3
(0.50 g. 5.31 nimol) was added to a suspension of NdCl3("JHF); (0.83 g.
1.77 mmol) in THE (60 ml, ambient temperature). Within 5  minutes a
bright blue solution was Ibrmed. The solution was stirred overnight.  25
after which it was reacted with Mee-TACK-(CH2)2NlABu"` (0.45 g, 1.77
mmol). The resulting green solution was stirred for three hours aficr
which the volatiles  were removed by vacuum. The mimure was extracted
with pentane (3 x 50 ml).  The obtained green extract was concentrated to
20 ml and cooled (- 30 C),  yielding the product (0.47 g, 0.82 n.mol 46
%). 12 APR 2005 WO 02/32909 PCT/US01/29432 EXAMPLE 27: Synthesis of
IMe2-TACN-(CH,)2NBu"`JLu(Cli2SiMc3)2  Solid L1CH2SiMe3 (0.42 g, 4.50
mmol) awns added to a suspension of LaBr3(TI-IF)4 (1.00 g, 1.50 mmol) in
THE (60 ml, ambient Iempcralure). Within 5  minutes a bright yellow
solution was formed. The solution was stirred overnight,  5 after which
it was reacted with Mee-TACN-(CH2)2NHBu'0 (0.35 g, 1.50 mmol). The
resulting green solution was stined for three hours after which the
volatiles  were removed by vacuum. The mixture was extracted with pentane
(3 x 50 nil),  the obtained green extract was concentrated to 20 ml and
cooled (- 30 C),  



yielding the product (0.41 g, 0.73 mmol. 48 %). 10 'H NMR (500 MHz, 20C.
C6D(,) S: 3.12-3.06 (n3, 2 H. NCH,), 3.S0 (m,  1 H. bleCH:CHMe).
2.37-2-28 (ni, 2 H, NCH2). 2.23 (br s, 6 H. NMe), 2.11-1.96  (m, 6 H.
NCH3), 1.76-1.71 (iT.: 2 H. NCH3), 1.66 (m. 6 H. NCH2), 1.59 (m, 3 H,
McCH,CHMe), 1.46 (d; Jrni = 6.0 Hz, 3 H, McCH2CHAIe). 1.12 (t, Jill., =
7.4 Hz  3 H, McCH2C1-IMe), 0.49 (s, 18 H, CH2SiMe3), -0.63 (d, ZJUH =
10.5 Hz, 2 H; 15 CH2SiMe3). -0.71 (d. Jilt, = 11.0 Hz, 2 H. CH2SiMe3).
''C NMR. (125.7 MHz.  20C; C,Ds) S: 61.3 (d..Jcrt = 128.00 Hz,
McCH,C7-Me), 59.9 (t: JcH = 131.5 Hz.  NCH2), 55.7 (t, Jcl-j = 136.8 Hz,
NCH3). 54.2 (t..lci, = 133.2 Hz. NCH1), 52.7 (t.  JcH = 126.3 Hz. NCH2).
52.1 (t. JCt = 133.4 Hz. NCH1). 48.3 (t, JcH = 103.5 Hz;  LaCJ-I2SiMe3).
46.9 (q, Jci.j = 135.1 Hz. N.Afe); 30.8 (t, Jc,.{ = 124.6 Hz, 20
McCH,C1-1Me). 20.9 (q. Jcll = 122.8 Hz, McCH,CHAJe). 11.7 (q; Jcn = 121.0
Hz;  AAeCH2CHMe), 5.2 (q. Jcii = 1 15.8 Hz. CH2SiA1e3). EXAMPLE 28:
Reaction of IMcz-TACN (Cli,)2NBu"`)JLa(CH2SiMc3)2  \6ih
Il-NMe2PhJJB(C6F5)a] A solution of [Me,-TACN-(CH2)2NBu"`)Ln(CI.13SiNle3)3
(11 mg. 20.0  25 pmol) in C6D6 (0.6 nil) was added to [HNMe3Ph][B(C6F5)4J
(16 mg: 20.0 pmo!).  The obtained solution was transferred to a NMR tube
and analyzed by NMR  spectroscopy, which showed full conversion to the
cationic species {[Me,--fACN- (CH3)3NBus" ]La(CI-1,SiMe3)I [B(CF;)4].
SiMe4 and PhNMe_,. 'H NMR (300 M1-I,. 20 C. G,D6) b: 7-212 (t. '.ht.t =
8.0 Hz. 2 H, in-I-I  30 PhNMe,), 6.79 (I.3Jiiti = 7.0 liz. 1 1-1. p-H
PhNMe:). 6.6] (d. 3Jiut = 8.0 Hz- 2 1-1.  o-H P/?NMc,). 3.01 (rn. 3 1i.
McCI l,C/ 4c, NCI-l-,). 2.74 (ni. 2 1-1, NCR,), 2.50 is. WO 02/32909 1 2
APR 2005  PCT/USo1/29442 6 1-1. PhNAIe,), 2.29 (m. 4 1-l, NCH2). 2.18 (s.
6 H. TACN NAIe), 2.06 (m, 4 H.  NCI-12), 1.71 (m. 5 H, McCH,CHMe, NCH2),
].38 (br, 3 1-1, McCH'CHAle), 1.07  (br. 3 I-L A/eCl-hCl-]Mc), 0.45 (s, 9
H, C1-I2SiA/e3). 0.00 (s. 12 H, SiMe4). -0.72 (br.  2 H. LaCIA2). 5
EXAMPLE 29: Ethylene polymerization with [Mc2-TACN- (CH2)2NBu3ttj
1(CH2SiMe3)2 (M =Y, Nd, La) and [HNMe2Ph[[B(C(,Fs)4[. Following the
general procedure described in Example 6, experiments  



were performed at 50C reactor temperature for M = Y. Nd and La, and at
SOC  for M = Y, as shown in Table 5. Only for M = Y and Nd was
polyethylene  10 produced and a reaction exotherm observed. Table S.
Ethylene polymerization with [Me2-TACK-(CH,)2N]3ufc`]M(CH2SiMe3)2  (M =
Y, Nd, La) and [HNMe2Ph][B(C(JF5)4]. Ethylene PE Highest  CatalystTemp.
Pressure produced Productivity Temp M" (C)(bar)(g)kg mol-t h-i bar
t)during run  (C) M = Y50510.651331 ~9689".8003.87 Ni =
Y80516.13201610554,4002.32 1\4 = Nd5054.5056255-- M= La5050.0050--
Conditions: 10 tunol catalyst, I equiv. of [HNMe,Ph][B(CF;)4],  15
runtinic 10 min. 605 rpm, 150 ml toluene, 0.5 L stainless steel autoclave
EXAMPLE 30: Syn thesis of Mc2-TACN-(CH2)2NH 13u" a)
N-I-Butyl-(4.7-dimethy]-(1,4,7]triazanon-l-yl)acetamide. This  compound
was prepared analogously to the procedure described in Example 24  20
from N-]-bulylchloroaceiamide (2.37 g) and
4,7-dimethyl-1.4.7-triazanonane in a yield of 2.97 g (69%). 'H NMR
(CDCI3) 'H NNIR (CDC13) O.S6 (t, d = 7 1-]z. 31-1- CH2CH3), 1.03 (m.
21-]. CH,), 1.42 (m, 2H, CH2). 2.30 (s. 6H. NMe). 2.54 (m. 41-I.  C]-]2),
2.57 (m, SH. Cl-],). 117 (m, 2H NCI-]2); 3.19 (s. 211. CI-12), 9.2 (br,
NH). 1 2 APR 2005 \\%O 02/32909 PCT/US01/29442 



b) A'-I-Butyl-2-(4,7-dinicthyl-[1,4.7]triazaiion-l-yl)eihylaminc. To a
solution of N-1-butyl-(4,7-dimcihyl-[1,4,7]Iriazanon-l-yl)acelamide (2.97
g, 11.0  nimol) in 10 nil of dig]ymc was added lithium aluminum hydride
(1 g. 26 mmo])  in portions. After one hour of reflex. water (2.5 ml) was
slowly added while 5 cooling (maintaining an internal temperature of
about 20 "C), followed by reflux  till the color of the mixture Was
white. Na2SO4 (10 g) was added to the mixture.  After 15 minutes the
solids were removed by filtration and washed with 150 nil of  ether. The
combined filtrates were concentrated using a rotary evaporator and,
subsequently, a Kuoelrohr apparatus (2 Corr, 50 C). The concentrate was
then 10 distilled at 120-200 C (Kugelrohr oven-temperature) to give 3.33
g of distillate.  This was distilled again using a short-path
distillation apparatus at 0.75 torr, with  a bath temperature of 70-80 T.
to give 1.7 g (60%) of product. 'H NMR (CDC13)  S 0.85 (t, J= 7.3 Hz, 3H.
CH2CH3). 1.3 (m. 2H, CH2). 1.4 (ni, 21-I, CH3), 2-29 (s,  6H, NMe),
2.45-2.65 (I 8H total, overlapping NCH2), NH not observed. "3C NMR 15
(CDC13, APT) b 56.5, 55.1. 54.7, 54.2, 47.3 and 45.8 (NCH3). 44.2 (NMe),
29.9  (CH2). 18.0 (CH2), 11.5 (CH3) 20 EXAMPLE 31: Synthesis of
l\7e,-TACK-(CH,)2NBu"JY(Cli3Si)\1e3)2. .A solution of
Me2-TACN-(CH3)2NHBu" (0.76 g. 2.96mmol) in pentane  (10 nil) was added
dropwise to a solution of (Me3SiCH3)3Y(THF)3 (1.46 g. 2.96  nunol) in
penlane (50 nil) at ambient temperature. The reaction mixture was
stirred overnight. after which the volatiles were removed by vacuum. The
residue  was stripped of residual THE by stirring with penlane (5 nil)
That was  subsequently removed by vacuum. The resulting sticky solid was
extracted with  pentane (4 x 20 ml). Concentrating and cooling the
extract to - 30 C gave the 25 product as a crystalline solid (1.08 g.
2.10 niniol. 71 %). 'H NMR (500 MHz, 20"C. C,D8) S: 3.29 (t, 3Jitt.i =
7.5 Hz. 2 H.  C/I,CH,C1 nb4e). 3.04 (m, 2 H, NCH2), 2.26 (s. 6 1-1. NMe),
2.08 (m. 8 H. NCl-13)_  1.74 (ni. 6 H. NCH;), 1.57 (m, 2 H.
CH,CH,C]-I,Me), 1.54 (ni. 2 1-1,  CH,CH,C/-/,Me). 1.09 (t. 3J,,,, = 7.0
1-1z, 3 1-1. C1-I,C1-hCH2AIe), 0.40 (s, IS H. 30 CH,SiAle3). -0.79 (d.
2.1,,,, = 10.5 1Iz. 2 H. Cl-12Si;Mc3). -0.94 (d, =J,,, = 10.5 1-1z, 2
1-1. CH'SiMc3). The Jy coupling on the 1'C111 protons is unresolved. ''C
NMR WO 02/32909 



12 APR 2005 PCT/US01/29.1-12 (125.7 N *]%. -40"C. C7Ds) 5: 60.1 (t../(.;
= 134.1 1-1z, NCI-12CH2CH2Me), 59.0 (t.  .lcti = 135.4 l Iz, NCH2). 57.0
(t, .Jc,i = 132.0 Hz, NCl-12), 54.8 (t-Ic-11 = 127.6 Hz,  NC] ),), 54.7
(I..lci1 = 128i 1-Iz, NCH1). 54.4 (t. Jcti = 136.3 Hz. NCl-12), 52.9 (t,
Jar = 132.0 Hz. NCH2), 51.1 (t. .lcit = 132 2 Hz, NCH2), 49.4 (t, ,Icii =
134.1 Hz. 5 NCH2), 48.6 (q, Jcit = 136.3 Hz, NAJe), 34.7 (t, Jc1.1 =
126.1 Hz,  NCI-I2CH2CH2Me). 29.6 (dt.'J)-c = 36.5 Hz, Jctt = 97.2 Hz,
YCH2SiMe3), 27.5  (dt, 'Jyc = 37.6 Hz, Jc1I = 99.5 Hz, YCH2SiMe3), 22.0
(t, Jcit = 125.6 Hz,  NCH2CH2CH2Me), 15.3 (q, Jcii = 123.0 Hz,
NCH2CH2CH,AJe). 12.3 (q. Jcti =  122.4 Hz, McCH,CHAJe), 5.4 (q, Jcti =
117.0 Hz, CH2SiAJe3), 5.2 (q, Jct.t = 117.0 10 Hz, CH2S1Me3).
C22H53N4Si2Y: C 50.94 (50.91); H 10.30 (10.33); N 10.80  (10.80); Y 17.14
(17.12). EXAMPLE 32: Ethylene polymerization with JMc2-TACN-
(CH2)2NBu"JY(Cli,Si)1e3)2 and JHNMe,PhlIB(C6F5)4J. Following the general
procedure described in Example 6, a  15 polymerization experiment was
performed at SOC reactor temperature with  I0umol catalyst and I equiv.
of [I-INMe2Ph][B(C6F;)4] in toluene, 5 bar ethylene  pressure and 10 min
run time. Yield: 3.91 g polyethylene (1`9 = 91:500, M"./M" _  1.8).
catalyst activity 488 kg polymer/mol Y.bar.h. 20 EXAM PLE 33: Synthesis
of (iPr)2-TACN-(CH,)2NH But  Aleihod A: 1.2 g (5.63 mmol) of solid
Li[(Pr')2-TACK] was added to a suspension of  0.73 g (2.81 mmol)
HBrBu'HN(CH2)2Br (powdered); in 10 ml THF. After 2  hours- the reaction
mixture became clear. The mixture was stirred overnight. 25 This solution
was then poured into I M NaOFI (50 ml). The mixture was  extracted with
CI-ICl3 (3 x 50 ml) and the combined organic layers were dried over
MgS04. The solvent was removed under reduced pressure to give a yellow
oil.  Four, sequential. short-pass distillations of the oil (60 'Cl 0.01
Corr) gave 0.20 g  (22 %) of product. 1 2 APR 2005 W'O 02/32909
PCT/USOl/29442 Alelhrn/ B: 



a) N-Icrl-Butyl-(4.7-diisopropyl-[1.4,7)triar--anon-I-yl)acetamide.
N-teil- butylchloroacetamide (0.335 g, 2.25 mmol) was added to a solution
or crude 4,7- diisopropyl-1.4.7-triazacvclononane (0.49g. 2.25 mmol) in
dimethylformamide (1 5 ml). After 2 hours of reflux and work up by using
acid-base extraction, a semi- solid material was obtained. This was
purified by column chromatography  (alumina activity 11-111, eluens
ether); giving 0.19 g (27%) of product. tH NMR  (CDCI3) b 0.91 (d, 12H),
1.30 (s. 9H), 2.5-2.7 (m, 12H), 2.83 (m, 2H), 3.04 (s, 2H),  7.9 (br,
NH). 10 b)
N-tert-Butvl-2-(4,7-diisoprop),l-[1,4,7]triazanon-l-yl)ethylatnine.
Lithium aluminum hydride (0.5 g, 12.5 nunol) was added to a solution of
N-/erl- btdyl-(4.7-diisopropyl-[1,4,7]iriazanon-l-yl)acelamide (0.19 g,
0.6 mmol) in 10 ml  of dimethoxyethanc (DME) was added. After 100 hours
reflux and work up (see  above), 0.17 g (0.54 mmol, 90 %) of crude
product was obtained (containing 10% of 15 the acciamide starting
material). 'H NMR (300 MHz. 25C, C6D6) S: 2.82 (sept,  3Ji u.i = 6.6 Hz.
2H, Pr' CH). 2.76-2.73 (m. 4 H. NCH1). 2.62-2.54 (m. 8 H; NCH2),  2.51(s.
4H, NCH2). 1.06 (s, 9 H. Bu'). 0.91 (d, 3J,.,,., = 6.6 Hz; 12H. Pr' Me),
NH  not observed. 13C NMR (75.4 MHz, 25C. C6D6) S: 58.7 (d. Jc,q = 134
Hz, Pr'  CH). 56.1 (1, Jc,., = 131.7; NCH1); 54.6 (t. Jcn = 132 Hz.
NCR:); 52.8 (t. 'JCH = 20 128.1 Hz. NCH3), 52.6 (t. 'JCH = 128.1 Hz,
NCH2). 49.9 (Bu' C)_ 403 (t, 'Jett =  133.0 Hz. NCH2), 29.0 (q, Jc,i =
124.4 Hz, Bu' Me), 18.3 (q, .1c', = 124.4 Hz, Pr'  Me). Example 34:
Synthesis of (Pr')3-TACN-(CH2)2NBu'IY(CH1SiMe3)2- (t) A1A12-tube scale.
(Me3SiCl-b)3Y(THF)3 (20 nig. 40.4 pmol) was 25 dissolved in C6D6 (0.6
n-11) and added to (Pr')3-TACN-(CH3)2NHBu' (12 mg. 40.4  pmol). The
solution was transferred to an NMR tube and analyzed with 'H NMR
spectroscopy, showing clean conversion to the product, SiMe.t. and Gee
THF. b) Preparative scale. At ambient temperature. a solution of (Pr')3-
'FACN-(C1-13)2NHBu' (0.16 g. 0.50 nimol) in pentane (10 ml) was added
dropwise  30 to a solution of (Me_SiCI-,S -1F)2 (0.25 g, 0.52 mmol) in
pentane (30 ml).  The reaction mixture was stirred overnight. after which
the volatiles were 1 2 APR 2005 



WO 02132909 PCT/USOI/29442 -- 73- removed under vacuum. The residue was
stripped of residual 7-FIF by stirring  with pentane (5 nil), that was
subsequently removed under vacuum. The sticky  solid was extracted with
pentane (20 ml). Cooling to -30 C gave crystalline  product (0.80 g_ 0.14
mmol, 28 %). The structure of the complex was verified by  5 single
crystal X-ray diffraction. 'H NMR (300 MHz, 25C. C6D6) S: 3.77 (sept:
J,,,, = 6.6 Hz, IH.. Pr'  CIA), 3.42 (partially overlapped, Pr' CIA),
3.40 (m, I H: NCH1), 3.23 (dt, J,,,, =  12.0, 3.9 Hz, I H, NCH,),
3.19-3.09 (m, 2H, NCH2), 2.81 (dt, J,.H., = 12.9, 5.1 Hz,  I H, NCH2),
2.50 (dt, Jill, = 12.9; 4.8 Hz, I H, NCH2), 2.20 (dd, J,11, = 10.8. 3.3
10 Hz. 1 H, NCI-12), 2.06-1.97 (m, 3H, NCH1), 1.77 (dd, J,.,,., = 12.9,
3.9 Hz 2 H,  NCH1), 1.71 (m, I H. NCH1); 1.55 (s, 9 H. Bu'), 1.48 (m, I
H, NCH2), 1.31 (d, J,,,j  =6.6Hz.3H,Pr'Me);
1.14(d,Jn,.,=6.6Hz,314,Pr'Me).0.58(d.J,.,,,=6.6Hz,  3 H; Pr' Me), 0.48
(s, 9 H. Me;SiCH,), 0.47 (d, Jnrt = 6.6 Hz, 3 H, Pr' Me), 0.41 (s,  9 H,
AMe3SiCI-I2). -0.26 (dd_ J,,,., = 10.5 Hz, Jy,., = 3.3 Hz, I H. YCHH),
-0.53 (dd. 15 JH, i = 10.8 Hz. JvH = 2.1 Hz_ I H. YCh7-i), -0.83 (dd, J,
p, = 10.8 Hz, JyH = 3.0 Hz,  I H, YCHH), -1.00 (dd, Jr,u = 10.8 Hz, J}Yp,
= 2.1 Hz, I H, YCHH). 13C NMR  (125.7 MHz, C6D6, S): 57.7 (t, JC" = 128.9
Hz, NCH1), 56.0 (t, JCH = 132.2 Hz,  NCH2), 54.9 (d, Jc , = 138.6 Hz, Pr'
CH), 54.5 (d, JcH 143.4 Hz, Pr' CH), 53.8  (s, Bu' C), 52.2 (t, JC{ =
138.6 Hz, NCH2), 51.5 (t, dc,., = 137.0 Hz, NCH2), 51.1 20 (1, Jc,., =
135.7 Hz, NCH2), 44.8 (t Jc,, = 128.8 Hz, NCH2), 41.6 (t, JcH = 130.4
Hz, NCH,), 41.5 (t_ JcH = 127.3 Hz, NCH1), 33.7 (dt, Jyc = 36.9 Hz; JC,.,
= 95.1  Hz, )'CH,), 31.2 (q. JcH = 122.47 Bu' Me), 31.0 (t, J)C = 38.7
Hz. Jc" = 95.0 Hz,  YCH2), 23.5 (q, JcH =127.3 Hz. Pr' Me), 23.0 (q, Jc,,
=125.7 Hz, Pr' Me), 13.1 (q,  Jc,.i =125.7 Hz, Pr' Me), 12.7 (q, Jclj
=125.7 Hz, Pr' Me), 5.4 (q, .J,, = 117.6 Hz,  25 Ale-.SiCH1Y), 5.2 (q,
Jci, = 116.0 Hz, AIe3SiCH2Y). Example 35: Reaction of
l(Pr'),-TACK-(CH,)2N'Bu'lY(CH,Si;\1c3)2 with  HN,I\1c,Ph lB(C6F5),J. et)
In the absence of THF. A solution of [(Pr')2-TACN-
(CH2)2NBu')Y(CH2SiMe3)2 (12 mu. 20.8 pmol) in C6D Br (0.6 nil) was added
to  30 [HNMc,Ph)[B(C6F;)a) (17 mg, 20.5 tunol). The solution was
transferred to a NMR tribe and analyzed by NMR sppectroscopy, which
showed evolution of two 



NVO 02/32909 -- 74  12 APR 2005  PCT/USO)129442 equivalents Of SiNIC4-
one equivalcm of propci-te, and the formation of all ill- defined y1trium
species. N 117 the j2re.ience ol THF. A solution of [(Prl
TACN(Cl-],)2NBu']Y(Cl-l-,SiMC.-,)2 (24 me- 41.6 I-imol) in CeD~Br (0.6
ml) with  5 three drops of nddiiional THF-dig Nvas added to
[HNMC2PIl1(B(C6F5)4j (34 ing7 4 1.6 pmol). The solution was transferred
into a NIMR tube and analyzed by WR  spectroscopy, which showed full
conversion to the cationic Species.- SiMe4. rrce  PhNMe, and
'[(Pr')2-TACN1-(CI-I,)2NBu'] Y(CH,SiMe3)(THF-dg)1 [B(C6 t - - i F3)41 'H
NNIR (500 MI-Iz, - 30 T. C61)~Br) 8: 7.23 (t, 3.1 = 7.5 Hz, 2 H. m-11  10
PhWe,)~ 6.77 (L 3j = 7.5 Hz, I H, p-H 6.58 (d: 3J = 7.5 Hz. 2 H. o-H
P1j'j\1N4c,), 3.48 (sept, Jill, = 6.0 Hz. ]H, Pr~ Cli)~ 3.40 (t: J1.11.1
= 133.0 Hz. I IA.  NCH,): 2.79-2.75 (int 2 H: NCH,)~ 2.72 (s, 6 !!,
PhNAfe, ): 2.6S-2.59 (m, 3H,  NCH,)~ 2.55-2.48 (mr 2 H~ NCH,): 2.42-129
(m: 3) Fl~ NCH,), 2.25-2.17 (m, 3 H,  )~ 1. 2 7 (br. I H, Pr' CH), 1. 18
NCH, (d, Jli,., = 6.0 H z~ 6 H: Pr' Me), 1. 15 (s, 9 H,  15 Bu'): 0.84
(d: Jill, = 5.5 Hz, 3) H, Pri Me): O.SO (cl: Jill, = 5.5 Hz, 3) H, Pri
Me), 0.09  (S' 9 H, Afe3SiCH,), 0.07 (s. 12 H, Afe4Si); -1.29 (dd~ Jill.,
= 11.0 Hz: Ai, = 3.0 Hz.  1 1-11 YCHli): -1.35 (dd. Jill, = 11.0 Nz,
Jyj.j = 3.0 Hz, 1 1-1. YCHH). EXAMPLE 36: Elhylene polynicrizntion )iifh
j(Pr')2-TACN- (CI1i)2N'BU')jY(Cl4,Si)1c3)2 and jI1NT\1C'PIljjB(C6Fs)j).
20 FolloNNing the ceneral pioceduie of E-Nample 6, ethylene was  i
polymerized xvith [(Pi-)2-TACN-~CH-,)~j\'Bu')]Y(CH,SiNle3)2 (10mol) and
an  equimolar ainouni of [I4NjlN1e~Ph][B(C6F5)4). The Teaclor used 150ml
of toluene:  a O'C- initial i-eacior iempejaiure; and a 15-111i])UIC run
till-le. 11.95 grams of  



polveih~!Iene were extrncied. (Catalyst activity 956 ka polymer/mol
Y.alrn.h.) 25 EXAMPLE 37: Synihesis of
N-tert-buh,l,.iiiiiiioeilt),I-bis-(2dinieth),13niino  cillivI)arnine. a)
Af-ierl- B tit h\ I)-amino acetarnidc. A  mixture of b;
s-(2-diiiictl)Nllaiiiijio-etliyl)3iiiiiie (4 --. 25 mmol), A-leil-
bLAVIchloroacetnmide (3.8 f2: 26 irlmol), acelonitrilc (10 ml), potassium
iodide (0. 1 A and 4 o of powdered K'C03 was stirred at room leniperalure
for 20 hours. The  solids %vere filicred off, and washed with dher (33 \
25 iliL). The filtrates werc WO 02/32909 12 APR 2005 PCT/US03/29442
combined and concentrated. The residue was extracted with three 25 mL
portions  of warm ether. The extracts were combined and. after removal of
the solvent  under reduced pressure, distilled using a Kugch-ohr
apparatus (oven 180 "C, 0.4  torr), to give 2.1 g (37%) of product. 'H
NMR (CDCI3) S 1.29 (s. 91-1. Bu'). 2.16 (s, 5 12H, NMe2). 2.27 (t. J= 7
Hz. 41q, NCH1), 2.57 (t. J= 7 Hz, 4H. NCH2), 2.95 (s,  2H, NCH,), 7.9
(br. I H. Nil). 13C NMR (CDCI3. APT) 5168.9 (C=O). 57.2, 55.1  and 51.7
(NCH2); 45.1 (CMe3), 43.2 (NMe), 26.1 (CAAe3). b)
N-/er/-Butylaminoethyl-bis-(2-dimethylamino ethyl)amine. A solution of
the N-le;t-Butyl-bis-(2-dimethylamino-ethyl)-amino  10 acetamide (1.5 g:
5.5 mmol) was reduced with I g of LiAIH4 in 10 mL of  dimethosyethane (18
hours at reflux). After work-up following a procedure as  described e.g.
in Example 24. 1.5 g (83,) of [Me2N(CH2)2]2N(CH2)2NHBu' was  obtained as
a colorless oil (Ku2elrohr distillation. 1.5 ton; 150 C). 'H NMR  (CDCI3)
S 1.03 (s, 9H, Bu'). 2.16 (s, 12H. NMe), 2.3 and 2.5 (m, 12H total. 15
NCH2), NH not observed. 17C NMR (CDCI3. APT) S 56.8. 55.0, 52.7 and 50.3
(NCH2). 43.4 (NMe). 37.6 (CT9e3). 26.5 (CAMe3). MS (Cl); for C1.H34N4 m/z
259  (M+H)'. EXAMPLE 38: Synthesis of j{MM1e2N-(CH1)21,N(CH,)2
NBu')Y(CH1Si)1e3)2. 20 A solution of [Me3N(CH,)2]2N(CH2)2NHBu' (0.51 g,
2.00 mmol) in  pentane (10 ml) was added dropwise to a solution of
(N1e3SiCH2)3Y(THF)2  (0.98 g, 2.00 mmol) in pentane (50 ml) at ambient
temperature. The reaction  



mixture was stirred for 4 hours, after which the volatiles were removed
by  vacuum. The residue was stripped of residual TI-IF by stirring with
pentane f5 25 ml), that was subsequently removed by vacuum. The resulting
sticky solid was  extracted with pentane (2 x 50 ill]). Concentrating and
cooling the extract to - 30 C gave the product as a crystalline solid
(0.70 1.36 mmol, 68 %). The  structure of the complex was verified by
single crystal N-ray diffraction. 'H NMR (500 MHz. 20 C, Cf,Dfi) S: 3.34
(m, 1 1-I: NC]-]2). 3.23 (ni, I H,  30 NCI-12), 3.08 (t, Jill, = 6.00 t
)r. 2 I -L NCH2), 2.57 (m, 2 1-1. NCH1), 2.02 (s, 12 1 I;  NM c2),
1.59-1.52 (m. 6 H. NCH2), 1.46 (s, 91-1. Bu'). 0.43 (s- 18 1.1,
A/e3SiCH,),  N170 02/32909 1 2 APR 2005  PCT/USO1/291.12 0.54 (br, 22
1-I, Mc3SiCH2), -0.81 (br, 2 H. Mc3SiCH2). The Jvii coupling on the
YCI-12 protons is unresolved. 13C{']-1J NMR (75.4 A41-Iz. 20 C, C,D6) S:
71.6  (NCI-12) 70.1 (NC]-12), 59.0 (NCl-h), 57.0 (NC)-12). 55.9 (NCFI,),
53.7 (s, Bu' Q.  50.9 (NNMe2), 47.3 (NMe2). 44.4 (NCH2), 30.9 (d, Jyc =
36.6 Hz, YCH,), 29.9 (Bu'  5 Me), 5.2 (,A9e3SiCH,Y). EXAMPLE 39: Ethylene
polymerization with J{Me,N'-(CH,)2),N(CH,),N  Bu'Jl'(C)12SiMe3)2 and
JI-1NMe2PhJIB(C6Fs)4J and JPh3CJ[B(C6F;)4J, Following the general
procedure of Example 6,, ethylene was  polymerized with
[{Me2N-(CH2)2}2N(CH_)2NBu']Y(CH2SiMe3)2 (10 funol) and  10 an equimolar
amount of [Ph3C][B(C6F;),]. With 150 ml of toluene as solvent, an initial
reactor temperature of 50C, and a run time of 18 minutes, 0.12 g of
polyethylene was obtained. (Catalyst activity 7.2 kg polymer/viol
Y.atm.h.).  Ethylene polymerization was not observed when the combination
of [;Me2N- (CH2)2)2N(CH2)2NBu']Y(CH1SiMe3)2 with [HNMe2Ph][B(C6Fs)4] was
applied. 15 While certain representative embodiments and details have
been shown  to illustrate the invention, it will be apparent to skilled
artisans that various  process and product changes from those this
document discloses may be made  Without departing from this invention's
scope. 20 All patents, test procedures, and other cited documents are
fully  incorporated by reference to the extent that this material is
consistent with this  



specification and for all jurisdictions in which such incorporation is
permitted.  All documents 10 which priority is claimed are fully
incorporated by reference for  all jurisdictions in which such
incorporation is permitted. Although dependent 25 claims have single
dependencies in accordance with U.S. practice, each of the  features in
any of the dependent claims can be combined with each of the features  of
one or more of the other dependent claims dependent upon the same
independent claim or claims. Certain features of the present invention
are described in terms of a set of  30 numerical upper limits and a set
of numerical lower limits. It should be \V'O 02/32909 --77- 1 2 APR 2005
PCT/US0I/29442 appreciated that ranucs formed by any combination of these
limits are within the  scope of the invention unless otherwise indicated.
1 2 APR 2005 --77- CLAIMS:  What is claimed is: 1. A polymerization
catalyst precursor comprising: a) a metal from the Group-3 or lanthanide
metals; b) a neutral, multidentate ligand comprising three Group-15
moieties wherein  at least one of the Group-15 moieties connects to the
metal; c) a monoanion connected to the metal; d) a bridge, wherein the
bridge connects the monoanion to the multidentate  ligand; e) an
abstractable ligand; and  f) an olefin insertion ligand. 2. The catalyst
precursor of Claim I wherein at least one Group-15 moiety connects  to a
substituted or unsubstituted organic group. 3. The catalyst precursor of
Claim 2 further comprising at least one Group-14  moiety connected
between at least two of the Group-15 moieties. 4. The catalyst precursor
of Claim I wherein at least one Group-15 moiety connects  



to a substituted or unsubstituted organic group. 5. The catalyst
precursor of Claim 4 wherein the multidentate ligand contains a ring
comprising at least two of the Group-15 moieties. 6. The catalyst
precursor of Claim 5 wherein the ring comprises at least three Group- 15
moieties. 1 2 APR 2005 --79- 7. The catalyst precursor of Claim 6 wherein
the ring further comprises at least one  Group-14 moiety connected
between at least two of the Group-15 moieties. 8. The catalyst precursor
of Claim I wherein the bridge comprises at least one  Group-l3-to-I6
element. 9. The catalyst precursor of Claim 8 wherein the metal is a
lanthanide. 10. The catalyst precursor of Claim 8 wherein the metal is a
Group-3 transition metal. 11. The catalyst precursor of Claim I wherein
the abstractable ligand is a radical  independently selected from
hydride, hydrocarbyl, alkoxide, aryloxide, amide, or  phosphide radicals.
12. The catalyst precursor of Claim 1 wherein the olefin insertion ligand
is a radical  independently selected from hydride, hydrocarbyl, alkoxide,
aryloxide, amide, or  phosphide radicals. 13. The catalyst precursor of
Claim 11 wherein the abstractable ligand is  independently one of
3-methylpentyl, butoxy, butyl, dimethylamido, 3,6- dimethylphenoxy,
dimethylpliosphido, diphenylamido, diphenylphosphido,  ethoxy,
diethyl(triethylsilyl), ethyl(trimethylsilyl), ethylpentylphosphido,
heptyl,  hexoxy, hexyl, isohexyl, isopentoxy, isopentyl, isopropoxy,
isopropyl, methoxy,  dimethyl(triethylsilyl) methyl(trimethylsilyl),
methylethylamido, 2-methyl-4- ethylphenoxy, methylethylphosphido,
metllylonylphosphido, methylpropylamido,  methylpropylphosphido, octyl,
pentoxy, pentyl, phenoxy, diphenylethylamido,  phenylethylphosphido,
propoxy, propyl, t-butoxy, and t-butyl. 14. The catalyst precursor of
Claim 11 wherein the abstractable ligand is  independently one of
methyl(triethylsilyl), methyl(trimethylsilyl), phenyl,  neopentyl, and
benzyl. 1 2 APR 2005 --80- 



15. The catalyst precursor of Claim 1 wherein the abstractable ligand is
a divalent  anionic chelating ligand. 16. The catalyst precursor of Claim
15 wherein the abstractable ligand is an  alkylidenyl or a
cyclometallated hydrocarbyl radical. 17. The catalyst precursor of Claim
I wherein the abstractable ligand is a diene. 18. A polymerization
catalyst precursor comprising:  a) a metal from Group-3 or lanthanide
metals; b) a multidentate ligand connected to the metal comprising: (i) a
ring comprising at least two Group- 15 moieties, each connected  to
another through at least one Group-14 moiety wherein the ring  connects
to the metal and wherein each Group-15 moiety is  optionally bonded to a
substituted or unsubstituted organic group;  (ii) a monoanion connected
to the metal; and (iii) a bridge that connects the monoanion to the ring;
and  c) at least one abstractable ligand; and d) at least one olefin
insertion ligand. 19. An olefin polymerization process comprising:  a)
providing monomer; b) providing a polymerization catalyst precursor
comprising:  (i) a metal from Group-3 or lanthanide metals; (ii) a
multidentate ligand comprising:  a first ligand part comprising at least
two Group-15  moieties, wherein the three Group 15 moieties connect to
each other through at least one Group-14 moiety wherein  the first ligand
part connects to the metal and wherein each 1 2 APR 2005 --81- Group-15
moiety is optionally bonded to a substituted or  unsubstituted organic
group;  a monoanion connected to the metal;  a bridge that connects the
monoanion to the first ligand part  ;and  at least one abstractable
ligand; 



at least one olefin insertion ligand; and  c) activating the catalyst
precursor; and d) contacting the monomer with the catalyst under suitable
polymerization  conditions. 20. The process of Claim 19 wherein the
multidentate ligand contains a ring  comprising at least two of the
Group-I5 moieties. 21. The process of Claim 20 wherein the multidentate
ligand contains a ring  comprising the three Group-15 moieties. 22. The
process of Claim 19 wherein the bridge comprises at least one
Group-l3-to- 16 element. 23. A catalyst precursor comprising a metal
complex with the formula:  M(LTE)(Q)nL'w where  a) M is a Group-3 or
lanthanide metal; b) LTE is a multidentate ligand wherein L is a
multidentate portion, E is an  anion; and T is a group connecting L and
E; c) Q are radical ligands independently selected from hydride,
hydrocarbyl,  alkoxide, aryloxide, amide or phosphide radicals; an
alkylidenyl or a  cyclometallated hydrocarbyl radical; or a diene. d) n
is 3 or greater; --82- e) L' is an optional Lewis base; and  f) w=0,
1,or2. 24. The catalyst precursor of Claim 23 wherein L is
C6H12-.Pn3R2R"x 12 APR 2005 and  a) R" is independently selected from (i)
C1-C20 hydrocarbyl radicals; (ii) Ci-C2o-substituted hydrocarbyl radicals
having at least one  hydrogen group wherein one of the at least one
hydrogen groups is  substituted by a halogen; amido; phosphide; alkoxy;
or aryloxy  group; and 



(iii) C1-C2o hydrocarbyl-substituted group-13-14 metalloid radicals;  b)
R is independently selected from (i) Hydrogen; (ii) CI-C2o hydrocarbyl
radicals; (iii) CI-C2o--substituted hydrocarbyl radicals having at least
one  hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphido; alkoxy; or aryloxy  group;
and (iv) C1-C2o hydrocarbyl-substituted Group-13-14 metalloid radicals;
c) Pn is a pnictide; and d) xis the number of ring-atom R" substitutions.
25. The catalyst precursor of Claim 24 wherein Pn is selected from
phosphorous or  nitrogen. 26. The catalyst precursor of Claim 24 wherein
T comprises at least one Group-14 or- 15 element. 1 2 APR 2005 --83- 27.
The catalyst precursor of Claim 25 wherein E comprises at least one
Group-l4-to- 16 element. 28. The catalyst precursor of Claim 27 wherein E
is selected from cyclopentadienyl,  substituted amido, substituted
phosphide, oxygen, sulfur, or selenium moieties. 29. The catalyst
precursor of Claim 25 wherein x = 2. 30. A catalyst comprising an
activator and a metal complex with the following  formula
(C6Hi2-:N3R2R"xTNR')MQ2L ' or (C4Hs-zN3R4R"XTNR')MQ2L'  wherein a) M is a
Group-3 or lanthanide metal;  b) N is nitrogen; c) T is a covalent
bridging group comprising at least one Group-14 or -15  atom; d) R is
independently selected from  (i) hydrogen; (ii) C1-C20 hydrocarbyl
radicals; 



(iii) Ci-C2o--substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphido; alkoxy; or aryloxy  group;
and (iv) Ci-C2o hydrocarbyl-substituted group-13-14 metalloid radicals;
e) R' and R" are independently selected from (i)  (ii) C1-C2o hydrocarbyl
radicals; Ci-C2o--substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphide; alkoxy; or aryloxy  group;
and 1 2 APR 2005 --84- 0 g)  h) (iii) C1-C2o hydrocarbyl-substituted
Group-13-14 metalloid radicals; Q are radicals independently selected
from hydride, hydrocarbyl, alkoxide,  aryloxide, amide or phosphide
radicals; or two Q are an alkylidenyl or a  cyclometallated hydrocarbyl
radical, or a diene; L' are Lewis basic ligands; and  w is 0, I, or 2.
31. A catalyst comprising an activator and a metal complex with the
following  formula (C6H12-xN3R2"xTCP)MQ2Lw' or (C4Hs-,N3R2R", TCp)MX2Lw'
wherein  a) M is a Group-3 or lanthanide metal;  b) R is independently
selected from (i) hydrogen; (ii) C1-C20 hydrocarbyl radicals; (iii)
Ci-C2o-substituted hydrocarbyl radicals having at least one  



hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; arnido; phosphide; alkoxy; or aryloxy  group;
and (iv) C1-C2o hydrocarbyl-substituted Group-13-14 metalloid radicals;
c) R" is independently selected from (i)  (ii) CI-C2o hydrocarbyl
radicals; Ci-C2o--substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphido; alkoxy; or aryloxy  group;
and 12 APR 2005 --85- (iii) C1-C2o hydrocarbyl-substituted Group-13-14
metalloid  radicals; d) T is a covalent bridging group comprising at
least one Group-14 or  -15 atom; e) Q are radicals independently selected
from hydride, hydrocarbyl,  alkoxide, aryloxide, amide or phosphide
radicals; or two Q are an  alkylidenyl or a cyclometallated hydrocarbyl
radical, or a diene; 1) L' are Lewis basic ligands; g) Cp is a
cyclopentadienyl ligand;  h) N is nitrogen; i) w is 0, 1, or 2; and j)
xis the number of ring-atom, R" substitutions. 1 2 APR 2005 --86- 32. A
catalyst precursor comprising a ligand wherein the ligand has the
structure in I  or II R xR 



R I if wherein  a) R and R" are independently selected from  (i)
hydrogen; (ii) CI-C20 hydrocarbyl radicals; (iii) CI-C2o--substituted
hydrocarbyl radicals having at least one  hydrogen group wherein one of
the at least one hydrogen groups is  substituted by a halogen; amido;
phosphido; alkoxy; or aryloxy  group; and (iv) C1-C2o
hydrocarbyl-substituted Group-13-14 metalloid radicals;  b) X is a
pnictide; and c) x is the number of ring-atom R" substitutions. 33. The
catalyst precursor of Claim 32 wherein X is selected from phosphorous or
nitrogen. 34. The catalyst precursor of Claim 33 wherein x = 2. 35. A
catalyst comprising an activator and a metal complex wherein the metal
complex has the formula shown in I or H 1 2 APR 2005 --87- R  X  (R" I),~
(CR"2)x X (CR"2)x  / \X.....,n111R  \/ T Ai t (R"2C)xX X R  L-w 



= I 11 wherein a) M is a Group-3 or lanthanide metal;  b) T is a covalent
bridging group comprising at least one Group-14 or  -15 atom; c) R and R"
are independently selected from  (i) hydrogen; CI-C20 hydrocarbyl
radicals; CI-C2o-substituted hydrocarbyl radicals having at least  one
hydrogen group wherein one of the at least o ne  hydrogen groups is
substituted by a halogen; amido;  phosphido; alkoxy; or aryloxy group;
and (iv) CI-C20 hydrocarbyl-substituted Group-13-14 metalloid  radicals;
d) R' is independently selected from 1 2 APR 2005 --88- C1-C20
hydrocarbyl radicals; Ci-C2o--substituted hydrocarbyl radicals having at
least one  hydrogen group wherein one of the at least one hydrogen groups
is  substituted by a halogen; amido; phosphide; alkoxy; or aryloxy group;
and (iii) C1-C20 hydrocarbyl-substituted Group-13-14 metalloid radicals;
e) Q is a radical independently selected from hydride, hydrocarbyl,
alkoxide, aryloxide, amide or phosphide radicals; an alkylidenyl or a
cyclometallated hydrocarbyl radical; or a diene; L' are Lewis basic
ligands;  w is 0, 1, or 2; Xis a Group-15 atom; and 



J is a Group-15 atom when z =1 or a Group-16 atom when z = 0. 36. A
catalyst comprising an activator and a metal complex with the formula I
or II: R (R-2C).'~r: (CR's)=  :(CR. L ~ty}rnm0!G 1 11 wherein 1 2 APR
2005 --89- a) M is a Group-3 or lanthanide metal; b) R, R", and R"' are
independently selected from  (i) hydrogen; (ii) C1-C2o hydrocarbyl
radicals; (iii) Ci-C2o-substituted hydrocarbyl radicals having at least
one hydrogen group wherein one of the at least one  hydrogen groups is
substituted by a halogen; amido;  phosphido; alkoxy; or aryloxy group;
and (iv) C1-C2o hydrocarbyl-substituted Group-13-14 metalloid  radicals;
c) T is a covalent bridging group comprising at least one Group-14 or
-15 atom; d) Q is a radical independently selected from hydride,
hydrocarbyl,  alkoxide, aryloxide, amide or phosphide radicals; an
alkylidenyl or  a cyclometallated hydrocarbyl radical; or a diene; e) X
is a Group-15 metal; f) L' are Lewis basic ligands; and  g) w is 0, 1,or
2. 37. A polymer produced using the catalyst precursor of any of the
above claims. 38. An article comprising the polymer of claim 37. 






