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FIELD OF THE INVENTION ' S Olefins are polymerized by using as
polymerization catalysts certain novel transition metal complexes of
selected big(carboximidamidatonates).  TECHNICAL BACKGROUND 10 The
polymerization of olefins such as ethylene, propylene, norbornene and
cyclopentene are very important commercial processes. These are most
commonly done using polymerisation catalyst systems containing certain
transition complexes. For instance) the Zielger Natta-type 15 catalysts and
metallocene-type catalysts are some of the more important and well-knawrr
catalysts of this type which are used to make billions of kilograms of
polyolefins annually. pus to the importance of the polymerization of
olefins, new catalyst systems are constantly being sought. 20 Japanese
Patent Application 10l36,424 shows a formula for a
bia(carboximidamidatonate), but neither describes how to make such a
compound nor actually does a polymerization with such a compound. A.
Littke) et al., Organometallies, vol. 17, p. 446 25 451 (1998) ; V. Volkis
et al., .bid) p. 3'? 55-3157; J. C. Flores, et al., Organometallics, vol.
14, p. 2106-2108 (1.995)= P. J. Stewart, et al., Qrganometallice, vol. 17,
p. 327l-3Z81 (19g8): H. W Roesky, et al., Chem. Ber., vol. 121, p.
1403-1406 (i988); and D. Herskovicc-Korine) et al., 30 J. Organometal.
Chem., vol. 5C3, p. 307-314 (1995); report the shnthesia and/or use of
transition metal complexes of two independent (mono)carboximidamidatonate
ligands as polymerization catalysts. However) in none of these references
are the two carboximidamidatonatea groups joined 35 by a Common moiety such
as a benzene ring.  '~~i~`tec);1;,5~ ~~`'~;~~000 . .w _ t :, ~.~:~~.: -:
wa==z _ 1 ~E~~a~~~ 5~~~~ A    1 March 2003 A. Littke, et al.,
Organometallics, vol. 1'7, p. 446451 (1998) and S. L. Aelits, et al., ibid,
p. 3265-3270, describe the formation of oarboximidamidatonates by the
reaction of an organometallic compound with a carbodiimide. 5 The use of a
bis(alkyl metal salt) to form a bie(carboximidamidatonate) is not
described. EP 0763550 AZ describes the use of certain transition metal
bis(carboximidarnidatonates) as olefin polymerization catalysts. Such
bis(carboximidamidatanatee) have alkylene l0 or other similar bridging
groups connecting the carboximidamidatonate groups. M. Hugch, et al., Chem.
Her., vol. 40, p. 9296-4298 (1907) describe the synthesis of
monocarboximidamidatonates. The synthesis of 15 bis(carboximidamidatonatee)
is not described. SUMMARY OF THE INVENTION In a first aspect, the present
invention concerns a process for the polymerization of olefins, comprising
2   



1 March 2003 the step of contacting, at a temperature of about -50C to
about +2S0C, (a) an olefin selected from the group consisting of ethylene,
an a-olefin, a styrene, a cyclopentene, and a norbornene; and (b) an active
polymerization catalyst comprising a transition metal complex of a ligand
of the formula (XI) NR' R~s R N RAN 4 NR (XI), wherein: said transition
metal is Ti, Zr, Hf, V, Cr, Sc, Y or a rare earth metal; R1, R2) R3, and R4
are each independently hydrocarbyl) substituted hydrocarbyl or silyl; R15
is o-phenylene, 1,2-naphthylene, 2,3-naphthylene, 1,8-naphthylene, 1,
2-cyclohexylene, (xtg  (XXttn  3  K' K  R' R~   1 March 2003   (gin (xvi~)
(~)    (xvt) 



(xvrQ) (~) (gin 3a       1 March 2003 --CR~62 (CRl6a)9 CRt62 --(XV), or a
divalent organic moiety containing one or more nitrogen atoms; R1, R6, R7
and R$ are each independently hydrogen, hydrocarbyl or substituted
hydrocarbyl, provided that either or both of the pairs R5 and R6) and R7
and R$ taken together may form a ring; R9, Rl0 R11 and R12 are each
independently hydrogen) hydrocarbyl, substituted hydrocarbyl, or a
functional group, provided that any two of R9, Rio, R11 and R12 vicinal to
one another may form a ring; R16 is hydrogen and q is 4. In a second
aspect, the invention concerns a process for the production of a
bis(carboximidamidatonate), comprising the step of reacting a bis(alkyl
metal salt) with 2 moles of a carbodiimide. In a third aspect, the
invention concerns a process for preparing a transition metal complex of a
bis(carboximidamidatonate), comprising, reacting a salt of said transition
metal with a dialkali metal salt or alkaline earth metal salt of a
bis(carboximidamidatonate). In a fourth aspect, the invention concerns an
anion of the formula (XI) NR i z (XI) R2N Rts 3 R 4 wherein: R1, R2, R3 and
R4 are each independently hydrocarbyl, substituted hydrocarbyl or silyl;
R15 is o-phenylene, 1,2-naphthylene) 2,3-naphthylene) 1,8-naphthylene, 



1, 2-cyclohexylene, R~ (Xin R1 3b  Rii cc tc    / \  can  (x~n (XV(In    3c
1 March 2003 (XIII)    (XVIn  (gin  R6 R5   



1 March 2003 --CRt6a (CRt6z)9 CRt6a -- (XVj, or a divalent organic moiety
containing one or more nitrogen atoms; RS, R6, R~ and R$ are each
independently hydrogen) hydrocarbyl or . substituted hydrocarbyl, provided
that either or both of the pairs RS and R6, and R~ and R$ taken together
may form a ring; R9, Rto, Rt t and Rt2 are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or a functional group, provided that
any two of R9, Rio, Rtt and R12 vicinal to one another may form a ring; Rt6
is hydrogen and q is 4. In a fifth aspect, the invention concerns a
transition metal complex of the formula (X) y c 2 Rls R N_MX R3N' n c N R4
wherein: Rt, R2, Ra and R4 are each independently hydrocarbyl) substituted
hydrocarbyl or silyl; Ris is o-phenylene, 1,2-naphthylene, 2,3-naphthylene,
1,8-naphthylene, 1,2-cyclohexylene, can Rt Rt Ril H. K., R9 Rs Rs (XXIII)
3d  R7 R8   



1 March 2003 coin c~~n c~~m /\ ~~o c~ can can 3e       1 March 2003 --CR162
(CR~62)q CR~62 -- (XV), or a divalent organic moiety containing one or more
nitrogen atoms; RS) R6, R~ and R8 are each independently hydrogen,
hydrocarbyl or substituted hydrocarbyl) provided that either or both of the
pairs R5 and R6, and R~ and R$ taken together may form a ring; R9, Rlo) R11
and R12 are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or a functional group, provided that any two of R9, Rlo, R~1
and R12 vicinal to one another may form a ring; R~6 is hydrogen; q is 4
each X is independently an anion; M is Ti, Zr, Hf, V, Cr, Sc, Y or a rare
earth metal; and n is an integer equal to the valence of M minus 2. 



DETAILS OF THE INVENTION Herein certain terms are used to define certain
chemical groups or compounds. These terms are defined below.  By a
carboximidamidatonate group is meant a group of the formula (IX) 3i   1
March 2003 WO 00/I2568 PCT/US99/19954 /NR~s _ NR~3 (IX), wherein each R13
is independently hydrocarbyl, substituted hydrocarbyl or sil~~l. A
bis(carboximrdamidatonate) has two such groups in the molecule. 5  By a
bis(alkyi metal salt) is meant a compound which has 2 alkyl carbon atoms
which each have a single negative charge and are anions of cr associated
with one or more metal cations in such a way that the positive charge on
the metal cation(s) is balanced by the 2 negative charges on 10 the anion.
A "hydrocarbyl group" is a univalent group containing only carbon. and
hydrogen. If not otherwise stated, it is preferred that hydrocarbyl groups
herein contain 1 to about 30 carbon. atoms. 15  By "substituted
hydrocarbyl" herein is meant a hydrocarbyl group which contains one or more
substituent groups which are inert under the process conditions to which
the compound containing these groups ~s suw~ected. Ti:e substituent groups
also do not substantially interfere with 20 tine process. If not otherwise
statea, it is preferreu ~:~a~ substituted hydrocarbyl groups herein contain
I to about 30 caroon atoms. Ir:cluaec _.. tree meaning of "subst~t~:te:?"
are heteroaromatic rings. All of the hydrogen atoms in the substituted
hydrocarbyl may be substituted for, such as in 2~ tr~fluororr,ethy~ .  By
relatively noncoordinating (or weakly coordinating) am ons are meant those
am ons as are generally referred to i:~ the aYt in t't-~_s ma:~rer, and the
coordinating ability of such anions is known and has been discussed in the
30 literature, see for instance 6v. Beck., et al., Chem. Rev., vol. 88 p.
1905-142l (1988), and S. H. Stares, Chem. Rev., vol. 93, p. 927-992 (1993),
both of which are hereby included by reference. Among such anions are those
formed from aluminum compounds such as those described In the immediately
35 subsequent paragraph and X , including R193A1X , R192t~1C=X , 4   WO
00I12568 1 March 2003 PCT/US99/19954 1 R19A1C12X , and Rl9AlOX , wherein
R`g is alkyl. Other useful noncoordlnating anions include BAF~ iBAF =
tetrakis[3,5bis(trifluoromethyl)phenyl]borate}, SbF6 ( PF6-, and BEq-,
trifluoromethanesulfonate, p-toluenesulfonate, (RfS02)2N , 5 and (C6F5)4E .
By an Gl~yl aiurr.-n~air, compound is mea_:: a compcun^ in whict-: at least
one aiky= group is bound to an aluminum atom. Other groups such as
alkoxide, oxygen, and halogen may also be bound to aluminum atoms in the
compound. 10  By "hydrocarbylene" herein is meant a divalent group
COr:talnlng Olin`,,' CarbC'."~ a?.~ hVdrCge?:. TyplCal 



hydrocarbyiene groups are -(CH2)q-, -CH2CH(CH2CH3)CH2CH2- and /\ (IV) . If
not otherwise stated, It is preferred that hydrocarbylene 15 groups herein
contain 1 ~c about 30 carbon atoms.  By "substituted hydrocarbylene" herein
is meant a hydrocarbylene group which contains one or mole substituent
groups which are inert under the process conditions to which the compound
containing these groups is subjected. Tne 20 substituent arouos also do not
substantially interfere with the process. If not otherwise stated, it is
preferred that substltu~ed hydroca=bylene groups herein contain ~ to about
3G carbon atoms. Included within the meaning of "substituted" are
heteroaromatlc rings. 25  Bv o sW rer.e here:: ~s meant a comp:;:.~.ci cf
the formula (V) Q wherein R2G, R2', R~6, R2' and R3G are each independently
hydrogen, hydrocarbyl, substituted hydrocarbyl or a 30 functional group,
a11 of whicn are inert in the polymerization process. It is preferred that
all of R2~', R27 R26 R29 and R3`~ are hydrogen. 5    1 March 2003 WO
00/12568 BY characterized functional gr identified by 5 unsubstituted "` a
by aup th PCT/US99/19954 norbornene" is meant that the monomer is
containing at least one norbornene in its structure including norbornadiene
as a formulas below, which can be substituted or (VI) wherein "a"
represents a .single or double bond. Representative monomers axe compounds
(VII) and (V.LII) as follows: R4G R46 ' -. R47 R47 R48 ~w. R48 SZ 10 ~9 ( V
I I ) ,: R49 ( V I I I ) wherein R96, R9~, R48, and R4~' independently are
hydrogen halogen, or hydrocarbyl, provided that, except if the hydrocarbyl
group is vinyl, if any of the hydroearbyl are , alkenyl, there is no
terminal double bond, i.e., the double 15 bond is internal; or R4E and R48
taken together can be part of carbocyclic ring (saturated, unsaturated or
aromatic); or R46 and R9~ and/or R4~ and R49 taken together are an
alkylidene group. In these structures "z" is 1 to 5. Examples of such
norbornenes include norbornadlenE, 2 20 norbornene, 5-methyl-2-norbornene,
5-hexyl-2-norbornene, 5ethylidene-2-norbornene, vinylnorbornene,
d~cyc.lopentadlene, dihydrodicyclopentadiene, tetracyciododecene, trimers
of cyclopentadiene, halogenated norbornenes wherein R46, R4~, R98 and R99
may also be halogen or fully halogenated alkyl 



25 groups such as C~,~F2w+1 wherein w is 1 to 20, such as perfluoromethyl
and perfluorodecyl. The halogenated norbernenes can be synthesized via the
Diels-Alder reaction of cyclopentadiene an appropriate dieneophile, such as
F3CC---CCF3 or R492C=CR49CwF2w+1 wherein each R49 is independently 30
hydrogen or fluorine and w is 1 to 20.  By "saturated hydrocarbyl" is meant
a univalent group containing only carbon and hydrogen which contains no G
WO 00I12568 1 March 2003 PCT/US99I19954 unsaturation, such as olefinic,
acetylenic, or aromatic groups. Examples of such groups include alkyl and
cycloalkyl. If not otherwise stated, it is preferred that saturated
hydrocarbyl groups herein contain 1 to about 30 5 carbon atoms.  By
"neutral Lewes base" rs meant a compound, Y:hicr: is not an ior~, whi~~ can
act as a Lewes base. Examples of such compounds include ethers, amines,
sulfides, and organic nitriles. 10  By "cationic Lewes acid" is meant a
cation which can act as a Lev,~is acid. Examples of such ca~ions are sodium
and silver cations.  By "a-olefin" is meant a compound of the formula c
CH2=CHRl~, wherein R1~ is n-alkyl or branched alkyl, 15 preferably
r_-alkyl.  By "linear a-olefin" is meant a compound of the c formula
CH2=CHR19, wherein Rl' is n-alkyl. _Tt is preferred that the linear
a-olefin have 4 to 40 carbon atoms.  By an olefinic bond is meant a
carbon-carbon 20 double bond, bur. does not include bonds in aromatic
rings.  By a rare earth metal is meant one of lanthanum, ceriur;,
oraeseodvmiu;~, neodymium, promethium, samarium) europium, gadolinium,
terbium, dysprosium, holmium, erbium, t!:ulium, vt terbmr;-~ or lutetium.
25  By a fur~~~tional group is meant a group whic:~ does not interfere with
the stability synthesis of, or functioning of a cornpounu. S;~rta~ ie
functional groups may include (deper~dr ng on H~hlc!: compound they are in)
ether, halo, siloxy, sil5~l, ester, fluo=oalkyl, fluorosulfonyl, and 30
tertiary amino.  By a divalent organic moiety is meant a di:raler:~ group
in which the free valences are to two different atoms in the group, and
which contains at least one carbon atom. This moie~~y may contain one or
more heteroatoms, preferably 35 nitrogen or silicon. One oz both of the
free valencies may be to heteroatoms (as opposed to carbon atoms).
Preferably both free valencies are to carbon atoms or nitrogen atoms, more
preferably to carbon atoms. 7   1 March 2003 WO 00I12568 PCT/US99I19954  By
a silyl group is meant a group of the formula -SiR16R17R18~ wherein R16,
R17 and R18 are each . independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or a functional group. 



5 The bis(carboximidamidatonates) can generally be made by ' the following
method. A dialkali metal or alkaline eartr. metal salt is prepared,.such as
is shown in equation (1), from a suitable dihalogen compound or other
suitable precursor. Such reactions to prepare these types of 10
organometallic compounds are known in the art to prepare, for example,
dilithium or dimagnesium compounds, see for instance-. G. Wilkinson, et
al., Ed., Comprehensive Organometallic Chemistry, Pergamon Press, Oxford,
1982; J. Klein, et al., Tetrahedron, vol. 132, p. 51 (1976); and M. F.
Lappert, et 15 al., J. Chem. Soc. Chem. Commun, p. 14 (1982). The dialkali
metal salt or alkaline earth metal salt is then reacted with ' 2 moles of a
carbodiimide to form the corresponding alkali or alkaline earth metal salt
of the bis(carboximidamidatonate), as shown in equation (2). The product of
equation (2) is 20 then reacted with a salt of an appropriate transition
metal to form the transition metal complex of the
bis(carb}:imida~:=datonate) which may be used in the polymerization
catalyst system. The use of a bis(carboximidamidatonate) (particularly the
compound with a 25 nontransltion metal, such as an alkali metal or
magnesium) t react with the salt of a transition metal is also novel, and
preferably takes place in solution at o temperature of about -50C to about
+10CC. By using appropriate groups or substituents on the various
reactants, substituted 30 bis(carboximidamidatonates) with different groups
may be formed. Equations (1), (2) and (3) just illustrate one particular
method of making these compounds. +M~^~ CH2C1 ~ CHZMgCI CH2CI ~ CHZMgCi (1)
s   5 IQ WO 00I12568 CHzMgCI CH2MgCl + 2 RAN=C=NR' ---- R' N l( MgCi
CH/2~_N\Rz R' CHz , N MgC.I R2 1 March 2003 PCT/US991 t 9954 ~i R2 R' ~~gCl
i R2 + M~z ~ (t) (3) (2) In ;7~:) and (XI) useful groups for R15 include,
for example, -CR1~2(CRi62)qCR162- (XV), wherein each R26 is independently
hydrogen, hydrocarbyl or substituted hydrocarbyl and q rs 0 or Gn integer
from 1 to 20, especially q is ~. Othe_ usefu? groups for RlSinclude, for
example, o-phenylene, 1,2-naphthylene, 2,3-naphthylene, 1,8-naphthyiene,
i,2-cyclohexylene, 



Re Rs Rs Rio ~ \~ \ R" i !X.1: , ~ ~ (XII1 i / \ (xvlz), (XVIII), \ / \
(XX), (XXI), J (X;~z), (IX) , / ~ \ \ / (XX1T' 1 9    1 March 2003 5 10 15
2Q WO 00/125G8 R9 \~/ PCT/US99/19954 (XXIII) and (XXV) wherein R5, R6, R'
and R8 are each independently hydrogen, hydrocarbyl or substituted
hydrocarbyl, provided that either or both of the pairs R~ anti R6, and R'
and R& taken together may form a ring: and Ry, R1, Ril and R12 are each
independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or a '
functional group, provided that any two of R9, Rlo, R11 and R12 vicinal to
one another may form a ring. Preferred groups for R15 are (XII), (XV)
wherein q is 2 and/or each R16 is hydrogen, (XV) in which q is 1, each R16
on the terminal carbon atoms is hydrogen, and both R16 groups on the middle
carbon atom are methyl [-H2CC(CH3)2CH2-], and (XIT), with (XV) being
especially preferred. It is also preferred that R15 contain at least two
carbon atoms, and that each of the free valencies of F15 are to different
carbon atoms. In another especially preferred embodiment of (X) and (XI) ,
R15 is (~:II) or (XXIII) and the total compounds [when R15 is (XII)] are of
the formulas R R 



R R ~ I ) ; and -2 (III) iQ      1 March 2003 WO 00l12568 PCTIUS99/19954 In
(I), (III), (X), (XI), (XII), as appropriate it is preferred that: R1, R2,
R3 and R9 are each independently alkyl or silyl, 5 more preferably alkyl
containing 1 to 6 carbon atoms; and/or 1 L d R-, R , R` and R' are all the
same; and/or R~, R6, R~ and RE are each independently hydrogen or alkyl,
more preferably ail are hydrogen; and/or Rg, R1~, R11 and R12 are a11
hydrogen; and/or 10 one cr more of R9, R1~, R11 and R12 are alkyl, aryl or
substituted ary~~. In compounds such as (I) and (X) preferred transition
metals are Zr, Ti, V and Hf, and Zr and Ti are more preferred. Preferred
metal oxidation states are Ti[I~, III, 15 and IV], Zr[II and IV], Hf[IV],
V[ITJ and V], Cr[III], Sc(III], Y[III) and trie rare earth metals[III],
f~Then lower oxidation states of the metals are employed, it may beneficial
to include an oxidant in the catalyst activation step. This may be an alkyl
halide to provide simultaneous 20 alkylation if the compound is not
prealkylated, or a standard oxidant such as oxygen when another alkylating
agent is used. In compounds in wh~~c`: silvl groups are present it is
preferred that Rl~~, R1' and R1~ are each independently alkyl or aYyl, more
preferably alk_,~1, and especiall}~ preferably all 25 are methyl. Anions X
may have one negative charge (monoanion), or more tha:~ one negative charge
(dianion, etc.). The number ef anions, ~:, which corresponds to n, can be a
fractional number or a whole number, depending on the number of residual 30
positive charges on the ligand plus metal cation. For example if the metal
valence is 3, and the anion is a dlan~on (X ~), then n would be 0.5.
Preferred anions are monoani~r.s, Useful anions include acyl, alkoxide,
hydride, halide, ca=acx.ylate, alkyl such as methyl, benzyl, neoper.tyl, 35
neophyl, and tr~.methylsilylmethyl, and preferred anions are halide,
especially chloride and bromide, and alkyl. Included within the meaning of
a compound of formula (T) are compounds cf the formula   1 March 2003 WO
00/l2568 MXn.~ Z. 



PCTNS99/I 9954 L tXIV) , wherein R1 through R12, M, X and n are as
described above and Z is a monovalent anion. This is simply a
representation of (I) in which one of the anions X is not "bound" to the
metal 5 cation. Usually Z is a relatively noncoordinatlong ar.lon. Useful
olefins for polymerization include one or more of ethylene, propylene,
1-butene, 1-hexene, 1-octene, styrene, norbornene, other a-olefins,
cyclopentene ana alley' substituted cyclopentenes. Copolymers, such as
copolymers of 10 ethylene and one or more a-olefins may also be made.
Preferred olefins are one or more of ethylene, propylene and a linear
a-olefin. The second compound in the first polymerization process (and also
useful in the second polymerization process), G;, is 15 a neutral Lewis
acid that can abstract X from (I) or (X) to form WX . Useful Lewis acids
fen this abstraction include B(C6F5)3, A1C13, MgCl2 and alkyl aluminum
compounds such as methyl aluminoxane, diethylaluminum chloride and
ethylaluminum chloride. If a hydrocarbyl am on, preferably 20 an alkyl
anion, more preferably a methyl anion, or a hydride anicn, is net bound to
the metal atom of (I), ;: ;~r another W) must also transfer a ~ydrocarbyi
(preferably an alkyl) or hydride anion to the metal atom. Essentially the
same effect can be obtained by using one molecule of the alkyl aluminum 25
compound to place an alkyl group on the metal, and another molecule to
abstract the X anion. Preferred neutral Lewis acids for transferring a
hydrocarbyl group to the metal atom are alkyl aluminum compounds. Suitable
alkyl aluminum compounds include alkyl aluminum sesquioxides [(R18A10)n],
30 especially wherein R1~ is methyl. Alkyl aluminum sesquioxides are
preferred alkyl aluminum compounds. !nT can also constitute a mixture of
two compounds, a strong Lewis 12  R.- ,t . Ra   1 March 2003  WO 00I12568
PCT/US99/19954  acid such as B(CgFS)3 and an alkylating agent such as
triethylaluminum. A stoichiometxic or larger amount of the neutral Lewis
acid is preferred, and a more preferred molar ratio of W:(I) is about 1 to
about l0,000, preferably about 5 10 to about 5,000. In the first and second
polymerization processes hereii:, the temperature at which the
polymerization is carried out is about -50C t about +250C, preferably about
-60C to about 150C, more preferably about -20C to about 100C. The 10
pressure of the olefin (if it is a gas) at which the polymerization is
carried cut is not critical, atmospheric pressure to about 275 MPa being a
suitable range. The polymerization processes herein may be run in the
presence of various liquids, particularly aprotic organic 15 liquids. The
catalyst system, olefin, and polymer may be soluble or insoluble in these
liquids, but obviously these liquids should not prevent. the polymerization
from occurring. Suitable liquids include alkanes, cycloalkanes, selected
halogenated hydrocarbons, and aromatic hydrocarbons. 20 Specific useful
solvents include hexane, toluene, benzene methylene chloride, and
1,2,4-trichlorobenzene. The olefin polymerizations herein may also
initially be carried out in the solid state by, for instance, supporting
the transition metal compound on a substrate such as silica 25 or alumina,
activating it with the Lewis (such as W, for instance an alkylaluminum
compound) or Bronsted acid and exposing it to the oiE=fir:. Alternatively,
the support may first be contacted (reacted) with W such as an
alkylaluminum compound, and then contacted with an appropriate transition
30 metal compound such as (I) or (X). The support may also be able to take
the place of the Lewis or Bronsted acid, for instance an acidic clay such
as montmorillonite. Another ' method of making a supported catalyst is to
start a polymerizatio: or at least make a transition metal complex of 35
another olefin or oligomer of an olefin such as cyclopentene on a support
such as silica or alumina. These "heterogeneous" catalysts may be used to
catalyze polymerization in the gas phase or the liquid phase. By gas 13   



1 March 2003 WO 00I12568 PCTNS99/19954 phase is meant that a gaseous olefin
is transported to contact with the catalyst particle. In a11 of the
polymerization processes described herein oligomers and polymers of the
various olefins are made. They 5 may range in molecular weight from
oligomeric Qlefins, to lower molecular weight oils and waxes, to higher
molecular weight polyolefins.~ One preferred product is a polymer with a
degree of polymerization (DP) of about 10 or more, preferably about 90 or
more. By "DP" is meant the average 10 number of repeat (monomer) units in a
polymer molecule. Depending on its properties, the polymer made..by the
processes described herein is useful in many ways. For) instance if it is a
thermoplastic, it may be used as a molding resin, for extrusion, film, etc.
If it is 15 elastomeric, it may be used as an elastomer. Polyolefins are
most often prepared by polymerization processes in which a transition metal
containing catalyst system is used. Depending on the process conditions
used and the catalyst system chosen, polymers, even those made from 20 the
same monomers) may have varying properties. Some of the properties which
may change are molecular weight and molecular weight distribution,
crystallinity, melting point, and glass transition temperature. Except for
molecular weight and molecular weight distribution, branching can 25 affect
all the other properties mentioned. It is known that certain transition
metal containing polymerization catalysts including those disclosed herein,
are especially useful in varying the branching in polyolefins made with
them, see for instance World Patent Applications 30 96/23010, 97/02298,
98/30609 and 9B/30510. It is also known that blends of distinct polymers,
that vary for instance in the properties listed above, may have
advantageous properties compared to "single" polymers. For instance it is
known that polymers with broad or bimodal molecular weight distributions 35
may be melt processed (be shaped) more easily than narrower molecular
weight distribution polymers. Similarly, thermoplastics such as crystalline
polymers may often be toughened by blending with elastomeric polymers. 14
1 March 2003 WO 00/l2568 PCT/US99/19954 Therefore, methods of producing
polymers which inherently produce polymer blends are useful especially if a
later separate (and expensive) polymer mixing step can be avoided. However
in such polymerizations one should be aware 5 that two different catalysts
may interfere with one another, or interact in such a way as to give a
single polymer. In such a process the catalysts disclosed herein. can be
termed the first active polymerization catalyst. Monomers useful with these
catalysts are those described (and also 10 preferred) above. A secor:d
active polymerization catalyst (and optionally one or more others) is used
in conjunction with the first active polymerization catalyst. The second
active polymerization catG_yst may be a late transition meta~ 15 catalyse,
for example as described in World Patent Applications 96/23010, 97/02298,
98/27124, 98/30609, 98/306l0 and 98i30612. Other types of catalysts may
also be used for the second act.~ve polymerization catalyst. For instance
socalled Ziegler-Natta and/or metallocene-type catalysts may 20 also be
used. These types of catalysts are well known in the polyolefin field, see
for instance Angew. Chem., Int. Ed. Engl., vol. 34, p. l143-1l70 (1995),
European Patent Application 416,815 and U.S. Patent 5,198,40l for
information about metallocene-type catalysts, and J. Boor Jr., Ziegler 25
Natta CC~alysts and ~olymerizations, ~:cademic Press, New York, l97 for
information about Ziegler-Natta-type catal~.~sts, all of rimc:~ are hereby
included by reference. Many cf tie usefL~ polymerization conditions for a11
of these types of catalysts and the first active polymerization 30
catalysts coincide, so conditions for the polymerizations with (Il or (X)
are easily accessible. Oftentimes the "cocatalyst" or "activator" is needed
for metallocene or Ziegler-Natta-type polymerizations. In many instances
the same co:~r%cund, such as an alkylaluminum compound, may be used 35 as
an "activator" for some or all of these various polymerization catalysts.
In one preferred process described herein the first olefins) [the monomers)
polymerized by the first active IS  



1 March 2003 WO 00I12568 PCT/US99/19954 polymerization catalyst] and second
olefins) [the monomers) polymerized by the second active polymerization
catalyst] are identical, and preferred olefins in such a process are the
same as described immediately above. The first and/or second 5 olefins may
also be a single olefin or a mixture of olefins to make a copolymer. Again.
it is preferred thGt they be identical particularly in a process in which
polymerization by the first and second active polymerization catalysts make
polymer simultaneously. 1o In some processes herein the first active
polymerization. catalyst rr.~y polymerize a monomer that may not be
polymerized by said second active polymerization catalyst, and/or vice
versa. In that instance two chemically distinct polymers ma;Y be produced.
In another scenario two monomers would be 15 present, with one
polymerization catalyst producing a copolymer, and the other polymerization
catalyst producing a homopolyme:, or two copolymers may be produced which
vary in the molar proportion or repeat units from the various monomers.
Other analogous combinations will be evident to 20 the artisan. In another
variation of this process one of the polymerization catalysts makes an
oligomer of an olef'_n, preferably ethylene, which oligomer has the formula
R70CH=CH2, wherein R~0 is n-alkyl, preferabl;,.~ with an even 25 number of
carbon atoms. Tne other polymerization catalysr, in the process them
(co)pclymerizes this olefin, either by itself cr preferab~y wits at least
one other olefin, preferably ethyien~, ~o form a branched polyolefln.
Preparation of the oligomer (which is sometimes called an a 30 -olefin) by
a second active polymerization-type of catalyst can be found In World
Patent Applications 96/230i0 and 98/30612. Likewise, conditions for such
polymerizations, using _ catalysts of the second active polymerization
type, will also 35 be found in the appropriate above mentioned references.
Two chemically different active polymerization catalysts are used in this
polymerization process. The first active polymerization catalyst is
described in detail above. The 16   1 March 2003 WO 00112568 PCT/US99/19954
second active polymerization catalyst may also meet the limitations of the
first active polymerization catalyst, but must be chemically distinct. For
instance, it may have a different transition metal present, and/or utilize
a 5 different type of ligand and/or the same type of ligand which differs
in structure Between the first and second actyve polymerization catalysts.
in one preferred process, the ligand type and the metal are the same, but
the ligands differ in their substituents. 10 Included within the definition
of two active polymerization catalysts are systems in which a single
polymerization catalyst is added together with another ligand, preferably
the same type of ligand, which can displace the original ligand coordinated
to the metal of the 15 original active polymerization catalyst, to produce
in situ two differen~ polymerization catalysts. The molar ratio of the
first active polymerization  catalyst to the second active polymerization
catalyst used will depend on the ratio of polymer from each catalyst 20
desired, and the relative rate of polymerization of each catalyst under the
process conditions. For instance, if one wanted to prepare a "touahened"
thermoplastic polyethylene that contained 80o crystalline polyethylene and
20o rabbery polyethylene, and the rates of polymerization of the two 25
catalysts were equal, then one would use a 9:1 molar ratio of the catalyst
tnat gave crystalline polyethylene ~o the catalyst that gave rubl;ery
poiyeth~~lene. I~:cre than two active polymerization catalysts may also be
use:: if the desired product is to contain more than two different types 30
of polymer. The polymers made by the first active polymerization catalyst
and the second active polymerization catalyst may be made in sequence,
i.e., a polymerization with one (either first or second) cf the cGtalysts
followed by 35 polymerization with the other catalyst, as by using two
polymerization vessels in series. However ~.t is preferred to carry out the
polymerization using the first and second active polymerization catalysts
in the same vessel(s), i.e., 17  



WO 00I12568 1 March 2003 PCT/US99119954 simultaneously. This is possible
because in most instances the first and second active polymerization
catalysts are compatible with each other, and they produce their
distinctive polymers in the other catalyst's presence. Any 5 of the
processes applicable to the individual catalys:.s may be used in this
polymerization process with 2 or more catalysts, i.e., gas phase, liquid
phase, continuous, etc. The polymers produced by this process may vary in
molecular weight and/or molecular weight distribution and/or 10 melting
point and,cr level of crystallinity, and/or glass transit~or.~ temperature
and/or other factors. For copolymers the polymexs may differ in ratios of
comonomers if the different polymerization catalysts polymerize the
monomers present at different relative rates. The polymers produced 15 are
useful as molding and extrusion resins and in films as for packaging. They
may have advantages such as improved melt processing, toughness and
improved low temperature properties. Hydrogen may be used to lower the
molecular weight of 20 polyolefin produced in the first or second
processes. It is preferred that the amount of hydrogen present be about
0.0I to about 50 mole percent of the olefin present, preferably about 1 to
about 20 mole percent. When liquid monomers (olefins) are present, one may
need to experiment briefly to 25 find the relative amounts cf liquid
monomers and hydrogen (as a gas). If-both the hydrogen and monomers) are
gaseous, I their relative co:~ce:~trations may be regulated by their
partial pressures. Tn the Examples, the following abbreviations are used:
30 OHf - heat of fusion (of polymer) Cy - cyclohexyl - GPC - Gel Permeation
Chromatography MI - melt index Mr. - number average molecular weight 35 Mw
- weight average molecular weight PE - polyethylene PMAO -
poly(methylaluminoxane) PMAO-IP - see PMAO 18   1 March 2003 WO U0112568
PCTIUS99l19954 PP - polypropylene Pr - propyl RT - room temperature THF -
tetrahydrofuran 5 in the Examples, ail pressures are gauge pressures.
~~Me/100~;; CH4" ~.., trie total number of methyl groups per 7 1000
methyiene groups i:-. the polymer and is measured bi~ 1H NMR. FeY method of
NMR measurement and calculations, see World Patent Application 96/23010. 10
Differer.t~al Scar.n_nc Calorimetry was used to measure polymer r:~=~tsr.;
point ~ (Tm zn C, taken as the pear, of the melting endotherm), and heat of
fusion (dH~ in J/g), using a heating rate of 1CC%rr,i:_. Results reported
are from the second neap. 15 ThE dimagneslum reagents were prepared
according tc the procedure of if. ~'. Lappert and T. R. Martin, J. Chem.
Soc. Dalton Trans. l982, 1~5. Excess magnesium metal was reacted with
dichioro- or dibromo-hydrocarbon compounds In THF at RT to yield a high
ielc: or the dimagnesium reagents which were 20 then reac~ed mt;. 1 eqaiv
o~ the carbodiimide in THF at RT for 2-3 days. The solvent was removed in
vacuo and the crude products were wasr~eN e;ih pentane to give a white
powder product. 25 Example 1 Syntnes~s of
[MaC-)2[(i-PrN)2CCH2C6Hq-o-CH2C(NPr-i)2) n - drv-bt=:, ~~ sciumor. of
[MaClj2[CH2C6H~-c-CH2) (0.016e m:,=~ ir_ 'r'::F G= -30oC was added dropwise
a so.uW on cf 1,3-diisopropy_earbcd~=mide (4.139 g, 0.0327 mol) in THF. 



30 The pale yellow reac~lon mixture was stirred 2 days. The solvent was
removed ~:-~ vacuo and the white sticky crude product Was was^ed t-:~th
pentane to give a white powder product (5.1558 g, 0.0108 mol) in 66% yield.
1H NMR (CD2C1 ~'; : 1 .3? ;r-~, 2'~, C:!3), 3.' (s, 4~:, CH2!, 3.58 (m, 35
i-Pr-C~; , 7.22 (m, 2H, Ar-H) , 7.5B (m, 2H, Ar-H) . 19   1 March 2003 VI'O
00I12568 PCT/US99/19954 a Example 2 Synthesis of
[MgCI]2[(NC6H11)2CCH2C6H4-o-CH2C(NC6H11)2] In a dry-box, to a solution of
[MgCl]2[CH2C6H4-o-CH2] (0.0169 mol) in THF at -30C was added dropwise a
solution of 5 1,3-dicyclohexylcarbodiimide (6.971 g, 0.0338 mol) in THF.
The pale yeiiow reaction mixture was stirred 3 days. The solvent was
removed i'n vacuo and the white sticky crude product was washed with
pentane to give a white powder product (7.698 g, 0.0121 mol) in 72% yield.
1H NMR (CD2C12): 10 broad, 1.0 - 1.8 (m, 20H, Cy-CH2), 3.0 (m, 9H, Cy-CI:),
3.69 (br, 2:i, CH2), 3.78 (br, 2H, CH2), 7.2 (m, Ar-HH). Example 3
Synthesis of [MgBr]2[(i-PrN)2CCH2CH2CH2CH2C(NPr-i)2] 15 The general
procedure was followed using 1.25 mmol of [MgBr] 2 [CH2CH2CH2CH2] and
2.8395 g (22.5 mmol) of 1, 3diisopropylcarbodiimide. A white powder product
(6.3672 g, 8.72 mmol) was isolated in 78o yield. 1H NMR (CD2C12): 1.08 (d,
24H, CH3), 1.57 (br, 4H, CH2), l.90 (m, THF coordinated 20 CH2), 2.29 (br,
9H, CH2), 3.54 (br, 4H, CH), 3.80 (nu, THF coordinated OCH2). Example 4
Synthesis of [MaBr]2[(ArN)2CCH2CH2CH2CH2C(NAr)2]: [Ar = 2,625 (i-Pr) ZC6H3)
The general procedure was followed using 15.6 mmol of [MgBr]2[CH2CH2CH2CH2]
and 11.3359 g (3l.2 mmcl) of 1,3bis[2,5-diisopropylphenyl]carbodiimide. A
white powder product (15.9027 g, 12.1 mmol) was isolated in 78% yield. 1H
30 NMR (CD2C12): 0.35 (br, 4H, CH2), 0.86 (d, 29H, CH3), 0.96 (d, 24H,
CH3), 1.19 (br, 9H, CH2), 1.70 (m, THF coordinated CH2), 3.08 (br, 8H, CH),
3.70 (m, THF coordinated OCH2), 6.83 (m, 12H, Ar-H) . 20   WO 00!I2568 1
March 2003 PCT/US99/I 9954 Exam-pie 5 ~nthesis of
[MgCl]2[(ArN)2CCH2(C6Hq)-m-CH2C(NAr)2]: [Ar = 2, 6- (i-Pr) 2C6H3] The
general procedure was followed using 37.0 mmol of 5 [MgCl]2[CH2C6Hq-m-CH2]
and 26.8294 g (74.0 mmol) of 1,3 bis [2, 6-~imsopropy-~pnen,~l;
carpodiirnlde. ~: pal a yellow powder product (3E.34 g, 28.2 mmoll was
isolated in 76~ yield. 1H NMR (CD2C12j: 0.35 (br, 4H, CH2), 0.86 (d, 29H,
CH3), 0.96 (d, 24H, CH3), 1.19 (br, 9H, CH2j, 1.70 (m, THF coordinated 10
CH2), 3.08 (br, 8~-;, CH), 3.70 (m, THF coordinated OCH2), 6.83 (:r,, 12I:,
.._-:-i; . Example 6 Syn~he~~s of
[MqCl]2[(i-PrN)2CCH2(C6Hq)-m-CH2C!NPr-i)_21 15 The general procedure was
followed using 19.7 mmol of [MgCl]2(CH2C6Hq-m-CH2] and 3.7021 g (29.39
mmol) of 1,3diisopropyicarbodzimide. A white powder product (9.675 g, 7.37
mmol) was isolated in 50o yield. 1H NMR (CD2C12): 0.79 (d, 29H, CH3), 1.73
(m, 9H, THF coordinated CH2), 3.2 (?n, 4H, 



20 CH), 3.48 (~, 9H, CH2j, 3.82 (m, 4H, THF coordinated OCH2), 6.85 (m, 2H,
Ar-Hj, 6.96 (m, 2H, Ar-H). Example 7 Synthesis of
[MgBr]2[(ArN)2CCH2CH2CH2CN2C(NAr)2]: (Ar = u25 Me-CEHs The genera:
~=~o~cedvre was followed using 9.42 mmol of [Mg3r] 2 f CI-:2CY2CH2Cf:2 ]
and 4 . 19 g (18. 85 mmoi ) of ., 3-ms [ 4methyl:~nenyl]carboai~rr.ide. A
white powder product (7.9264 g, 7.57 mmol) was Isolated .n 80o yield. 1H
NMR (CD2C12j: 1,20 30 (br, 2 x CH2 and THF overlap), 2.21 (s, 12H, CH3),
2.32 (br, 4H, CH2), 3.70 (br, THF coordinated OCH2), 6.65 - 7.22 (m, 16H,
Ar-H). Example 8 35 ~nthesis of (MgCl]2[(ArN)2CCH2(C6Hq)-m-CH2C(NAr)2]:[Ar
= 4Me-C6H~ ] The general procedure was followed using 9.17 mmol of
[MgCl]2[CH2C6H4-m-CH2] and 4.077 g (18.39 mmol) oT 1,3-bis(4 ZI   1 March
2003 WO 00/12568 PCT/US99/19954 methylphenyljcarbodiimide. A pale yellow
powder product (7.0 g, 7.16 mmol) was isolated in 78o yield. 1H NMR
(CD2C12): 1.28 (br, THF-CH2), 2.22 (s, 12H, CH3), 3.70 (br, THF coordinated
OCH2), 4.05 (s, 4H, CH2), 6.65 - 7.15 (m, 16H, 5 Ar-H). General Procedu_-e
for Synthesis of Transition Metal Complexes of Bis-(carboximidatonate) A
flask containing a suspension of metal halide in 10 pentane or methylene
chloride or toluene was cooled at - 30C in the dry-box freezer. To this was
added dropwise a precooled solution of bis-(carboximidatonate) dimagnesium
reagent in CH2C12. The reaction mixture was st:~rred overnight at RT and
filtered through a frit with dry Cel:i~e. 15 The solvent was removed under
vacuo and the residue was extracted with methylene chloride. Removed
methylene chloride and washed with pentane and then dried in vacuo to give
the early-transition metal complexes. The formulas below list the catalysts
synthesized in these examples. 20 22   1 March 2003 WO 00J12568 Pr-i N C2
Pr-~\ /CI 1 C Pr-, 1: M = Ti, 2:M=Zr, 3:M=Hf. Nr N 



A ~ CI M~ N`/ SCI /h Ar Ar = 2,6-i-Pr-C6H4 10: M = Ti, 11: M=Zr, 12: M =
Hf, 13:M=V(III)~, 14: M = Y*, 15: M = Cr (III) *. Ar = 4-Me -C 6H 4 21: M =
Ti, 22: M = Zr. PCT/US99JI9954 - Pr-, N N N _,~ CI Pr N C1 M Yr-, 7: M=Ti,
8: M=Zr, 9: M = Hf. ~i 'r 19: M = Ti, 20: M = Zr. CI CI cy N Cy~ CI t~ ~C
Ny~ SCI H''~N Cy 4:M=Ti, 5: M = Zr) 6: M=Hf. Ar N _ ,"~~ C1 \ / SCI N Ar Ar
= 2,6-i-Pr-C6Ha 16: M = Ti, 17: M = Zr, 18: M = Hf. Ar = 4-Me -C 6H4 23: M
= Ti, 24: M = Zr. * One CI atom on the metal. Example 9 5 10 15 



Synthesis ^ ~ -P rt~~; 2C^H2CHHq-c-CH2C (I`Fr-i) 2] TiCl2: 1 In a dry-bcx,
a solution of [MgCl]2[(i-PrN)2CCH2C6H4-oCH2C(NPr-i)2] (1.299 mmcl) in
toluene (14 mL) and THF (1 mL) was added dropwise to a pre-cooled solution
of TiCl4 (0.2969 g, 1.299 mmol) in toluene at -30C . The purple reaction
mixture was stirred 2 days and the solvent was removed in vacuo. The
residue was extracted with methylene chloride. After removal of tre
sclt=ent, a dark purple powder was obtained, 0.S215 g (1.097 mmol) in 89o
yield. 1H NMR (CD2C12): contain different isomers. 1.06 - 1.30 (br., m,
24H, CH3), 2.62 - 2.96 (s, 4H, CH2), 3.26 - 3.72 (m, 4H, i Pr-CH), 5.86 -
7.30 (br., m, 9H, Ar-H). 23    1 March 2003 WO 00/12S68 PCT/US99/19954
Example 10 Synthesis of [(i-PrN)2CCH2C6H4-o-CH2C(NPr-i)2]ZrCl2: 2 ' In a
dry-box, a solution of [MgCl]2[(i-PrN)2CCH2C6H4-oCH2C(NPr-i)2] (0.7716
mmol) in toluene (14 mL) and THF (1 mL) 5 was dropwise added a pre-cooled
suspension of ZrCl4 (0.1798 g, 0 . 7716 mmol ) in toluene at -30oC . The
c~loud5~ pale ~~ello~.~ reaction mixture was'stirred 2 days and the solvent
was removed in vacuo. The residue was extracted with methylene chloride.
After removal of the solvent, a pale yellow powder 10 was obtained, 0.1963
g (0.378 mmol) in 49~ yield. 1H NMR (CD2C12): contain different isomers.
0.96 - 1.35 (br., m, 29H, CH3), 2.62 - 3.09 (s, 4H, CH2), 3.18 - 3.78 (m,
4H, iPr-CH), 6.80 - 7.90 (br., m, 9H, Ar-H). 15 Example 11 Synthesis of
[(i-PrN)2CCH2CgH9-o-CH2C(NPr-i)2]HfCl2: 3 The general procedure for metal
complexes was followed using 0.3993 g (0.835 mmol) of the dimagnesium
reagent and 0.2673 g (0.835 mmol) of HfClq and methylene chloride as 20
solvent. A pale yellow solid (0.3002 g, 0.995 mmol) was obtained in 59o
yield. 1H NMR spectrum in CD2C12 is complex and similar to the Zr analog
compound. Example 12 25 Synthesis of
[(NC6H11)2CCH2C(Hq-o-CH2C(NC6H11)2]TiCl2: 4 The general procedure for metal
complexes was followed using 0.7168 g (1.126 mmol) of the dimagnesium
reagent and U.2137 g (1.126 mmol) of TiClq. A purple solid (0.4335 g, 0.682
mmol) was obtained in 61$ yield. The 1H NMR spectrum 30 in CD2C12 is
complex. Example 13 Synthesis of [(NC6H11)2CCH2C6Hq-o-CH2C(NC6H11)2]ZrCl2:
5 The general procedure for metal complexes was followed 35 using 0.6267g
(0.9848 mmol) of the dimagnesium reagent and 0.2295 g (0.9848 mmol) of
ZrCl4. A pale yellow solid (0.28l7 g, 0.915 mmol) was obtained in 92~
yield. The 1H NMR spectrum in CD2C12 is complex. 24   WO 00l12568 Example
~4 1 March 2003 PCTIUS99119954 Synthesis of
[(NC6H11)2CCH2C6Hq-o-CH2C(NC6H11)2)HfCl2: 6 - The general procedure for
metal complexes was followed using 0.4603g (C.723 mmol) of the dimagnesium
reagent and 5 0.23I7 g (0.723 mmcl) of ZrClg. A pale yellow solid (0.4742
g, 0.619 mmcl) was obtainec: in 86% yield. Trze 1H NhIR spec~ru.;~ in
CD2C12 is complex and sirniiar to the Zr analog compound. 



Example 15 10 Synthes~.s cf [(i-PrN)2CCH2CH2CH2CH2C(NPr-i)2]TiCl2: 7 T:~e
general procedure for metal complexes was followed using 0.8054g (1.104
mmol) of the dimagnessurn reagent and 0.209q g ;1.104 mmcl) of TiCl9. A
dark red solid (0.6485 g, 0.906 mmcli was cb~amed in 82~ yield. The 1H
NI~uR spectrum o-: IS CD2Ci2 is comple>: and similar to the Zr analog
compound. Example 16 Synthesis of [(i-PrN)2CCH2CH2CH2CH2C(NPr-i)2)ZrCl2: 8
The general procedure for metal complexes was followed 20 using 0.7943 g
(1.02 mmcl) of the dimagnesium reagent and 0.2377 g (1.02 mmol) of ZrCl4. A
pale yellow solid (0.5660 g, 0.735 mmol) was obtained in 72 yield. 1H NMR
(CD2C12) 1.25 (br., m, 24H, CH3), 1.58 (s, 4H, CH2), 1.87 (m, 4H, THF-CH2),
2.38 (s, 9H, CH2), 3.60 (m, 4H, i-Pr-CH), 3.94 (m, 9H, OCH2) . 25 Example
i7 S`,rt;-,esis c- f :,~-P -~;) 2rrHGrH2CH2CH2C(TSpr-i) 2;HfC12: 9 The
general procedarc for metal complexes was followed using 0.9647a (C.G3i;
m~~cl) of the dimagnesium reagent a:~d 30 0.2090 g (0.6369 mmol) of HfClq.
A pale yellow solid (0.15 g, 0.269 mmoi) was obtained in 42o yield. 1H NMR
(CD2C12) i.21 {br., m, 24H, C:i3) , 2. 60 (s, 4H, CH2) , 1. 92 (m, 4H,
THF-CH2) , 2.40 (s, 4H, CH2), 3.78 (m, 4H, i-Pr-CH), 9.0 (m, 9H, OCH2). 25
1 March 2003 WO 00I12568 " PCT/U599/19954 Example 18 Synthesis of ~ [N (2,
6-i-Prz-C6H3) ] 2CCH2CH2CH2CH2C [N (2, 6-i-PryCsH3 ) ] 2 ~ TiCl2 : 10 ~ _
The general procedure for metal complexes was followed 5 using 2.6268 g
(2.0 mmol) of the dimagnesium reagent and G.3792 g (2.G mmoi) of TiCl9. A
red solid (2.i g, 2.0 mmoi) raas obtained in ~100~,yield. 1H NMR (CD2C12):
0.75-1.35 (m, overlap peaks, 56H, CH2 and CH3), 1.80 (m, THF coordinated
CH2), 2.92 (br, 2H, CH), 2.98 (br, 4H, CH), 3.19 (br, 2H, 10 CH), 3.88 (m,
THF coordinated OCH2), 6.75-7.30 (m, 12H, ArH) . Example 19 Synthesis of {
[N (2, 6-i-Prz-C6H3) ] 2CCf.2CH2CH2CH2C [N ! 2, 6-i-Pr~15 C6H3) ] 2 ) ZrCl2
: 11 The general procedure for metal complexes was followed using 2.7864 g
(2.12 mmol) of the dimagnesium reagent and 0.4941 g (2.12 mmol) of ZrCl9.
An off-white solid (1.45 g, 1.54 mmol) 4aas obtained in 73% yield. 1H NMR
(CD2C12): 1.08 20 (d, 12H, CH3), 1.15 (d, 12H, CH3), 1.33 (d, 12H, CH3),
1.40 (d, 12H, CH3), 1.2S (br, 4H, CH2), 1.92 (br, 4H, CH2), l.92 (m, THF
coordinated CH2), 2.75 (br, 4H, CH), 3.04 (br, 9H, CH), 3.94 (m, THF
coordinated OCH2), 6.90-7.68 (m, 12H, ArH) . 25 Example 20 Synt:~:~es_s of
{ [N (2, 6-i-Pr~iCEH~) ] 2CC:'2CH2CH2CH2C (N (2, 6-i-Pr~C6H3) ] 2 } HfCl2 :
12 _ The general procedure for metal complexes was followed 30 using 2.3058
g (1.75 mmol) of the dimagnesium reagent and 0.5620 g (1.75 mmol) of HfClq.
An off-white solid (1.60 g, 1.55 mmol) was obtained in 89o yield. 1H NMR
(CD2C12): 0.32 (br, 4H, CH2), 0.89 (d, 24H, CH3), 0.98 (d, 24H, CH3), 1.82
(m, THF coordinated CH2), 1.92 (br, 4H, CH2), 2.88 (br, 4H, 35 CH), 3.08
(br, 9H, CH), 3.88 fm, THF coordinated OCH2), 6.72-7.20 (m, 12H, Ar-H). 26



1 March 2003 WO 00I12568 PCT/US99/I 9954 Example 21 Synthesis of
{[N(2,6-i-Pr2-C6H3)]2CCH2CH2CH2CH2C[N(2,6-i-Pr~C6H3 ) ] 2 } VC1: 13 The
general procedure for metal complexes was followed 5 using 0.3910 g (0.3
mmol) of the dimagnesium reagent and 0.0468 g (v.3 mmci) of VC1;. A purple
solid which ~s r.o soluble i:: any crgar.~c solvents was received. Example
22 10 Synthesis of { [N (2, 6-i-Pry-C6H3) ] 2CCH2CH2CH2CH2C [N (2,
6-i-Pr~C6Hs ) ] 2 } YC1 : 14 The general procedure for metal complexes was
followed using 0.5633 g (0.43 mmol) of the dimagnesium reagent and 0.0837 g
(0.43 mmol) of YC1~. An off-white sclid (0.4 g, 0.4~ 15 mmol) was obtained
in 94 yiela. 1H NMR (CD2C12;,: complex. Example 23 Synthesis of { [N (2,
6-i-Pr2-C6H3) ] 2CCH2CH2CH2CH2C (N (2, 6-i-PrzCEH37 ] 2 7 CrCI : 1'5 20 The
general procedure for metal complexes was followed using 0.2939 g (0.22
mmol) of the dimagnesium reagent and 0.0838 c, l0.22 mmol) of CrClz'3THF. A
pale green solid was obtained. 1H NMR (CD2C12): 1.08 (d, 12H, CH3), 1.28
(d, 12H, CH3), l.50 ;m,, 24H, CH3), 2.15 (br, 4H, CH2), 2.22 (br, 4H, 25
CH2) ( 3.36 (m, 4!:, CH) , 3.46 (br, 4H, CH) , 6.92 - 7.95 (m, 12H, Ar-H ~
. Example 24 Synthesis c~ { [N (2, 6-i-Pry-C6H3) ] 2CCH2C6H4-m-CH2C [l~a
(2, 6-i-Pr~30 C6H3) ] 2 }TiCl2 : 16 The general procedure for metal
complexes was followed using l.5927 g (l.239 mmol) of the dimagnesium
reagent and 0.2350 g (1.24 mmol) of TiCl~. A red brown solid (l.18 g, 1.2
mmol) was obtained in 9'7~ yield. 1H NMR (CD2C12): complex 35 and contained
different isomers. 27   1 March 2003 WO 00I12568 V, PCTIUS99/19954 Example
25 Synthesis of ~ [N (2, 6-i-Pr2-C6H3) ] 2CCH2C6H4-m-CH2C [N (2,
6-i-Pr~CsHs) l 2 ) ZrCl2 : 17 The general procedure for metal complexes was
followed 5 using 1.3392 g (l.038 mmol) of the dimagnesium reagent and
0.241& g (i.C38 mmol) of ZrCi.,. F. pale yellow solid .', ~ .C5 c:, 1.1
mmol) was obtained in 100 yield. 11-? NMR (CD2C12) complex and co.^.tained
different isomers. 10 Example 26 Synthesis of ( [^: (2, 6-i-Pr~-CnHj) ]
2CCH2C6Hq-m-CH2C [N (2, H-z-Pr~CsHs)]2]HfCl2: 18 The general procedure for
metal complexes was followed using 1.422 g (l.lCC mmcl) cf the dimagnesium
reagent and IS 0.3549 g (1.106 mmol) of HfClq. A pale yellow solid (0.974i
g) was obtained. The pale yellow solid was extracted with pentane. The
pentane solution was concentrated and cooled in the freezer to yield
colorless crystals which was identified as neutral ligand (identified by
x-ray crystal structure). 20 It is believed that trace ef HC1 contaminated
~n HfCls reactec with the dimagnesium reagent to form the neutral ligand as
a low-level byproduct. 



Example 27 25 Syntheses of [i. ~ 1-~ ; 2CCH2C6H4-m-CH2C [I~ ( i-Pr) ] 2 )
TiC l : 19 At -3GC in the dry-box, to a solution o~ u.28C5 g (C.~-' mmol )
of TiClS (T'.~". ~ in 30 mL of toluene, s,~as slowly added a solution C.84
mrnoi of tnE dimagnesium reagent rn 20 mL ci toluene. The dark zed reaction
mixture was stirred overnight 30 at RT and filtered through a Celite plug
frit. After removing the solvent and rinsing with pentane, a dark red solid
was obtained, 0.21 g, 0.99 mmol in 53o yield. 1H NMR (CD2C12) : 1 . 4 (br,
29H, CH3) , 3. 92 (br, 8H, CHI and CH-Pr-it , 7.12 - 7.9 (m, 9H, Ar-H). 35
28   1 March 2003 WO 00I12568 PCT/IJS99/19954 Example 28 Synthesis of
[N(i-Pr)]2CCH2C6H4-m-CH2C[N(i-Pr)]2)ZrCl2: 20 At -30C, in a dry-box, to a
solution of 0.3169 g (D.84 mmol) of ZrCl9(THF)2 in 30 mL of toluene was
slowly added a 5 solution of 0.84 mmol of the dimagnesium reagent in 20 mL
of toluene. The cioud~ ~-cact~on r~.ixture was sty=red overnight at R'~'
and filtered througr a Celite plug frit. After removing the solvent and
rinsing with pentane, a pale yellow solid was obtained, 0.39 g, 0.65 mmol
in 78o yield. 1H NMR (CD2C12): 10 1.92 (br, 24H, CH3), 3.88 (br, 9H,
CH-Pr-i), 4.05 (s, 9H, CH~~, 7.25 - 7.59 !r~, 9:-l, Ar-H) . Example 29
Synthesis cf ( [N (9-Me-CbHq) ] 2CCH2CH2CH2CH2C [N (9-MeIS CoHg ) ] 2 }
TiCl2 : 21 At -30C, in a dry-box to a solution of 0.l569 g (D.47 mmol) of
TiCl9(THF)Z in 30 mL of toluene, was slowly added a solution of 0.47 mmol
of the dimagnesium reagent in 20 mL of toluene. The red reaction mixture
was stirred overnight at 20 RT and filtered through a Celite0 plug frit.
After removing the solvent and rinsing with pentane, a red solid was
obtained, 0.33 g, 0.53mmo1 in 100o yield. 1H NMR (CD2Ci2): contains toluene
and coordinate THF. 0.53 (br, 9H, CH2~, 1.58 (s, 9H, CH^;, 1 .72 (br,
THF-CHI) , 2. i8 (br, 12H, CH;) , 2~ 3.78 (br, THF-CCf:-; , 6.3l - 7. 12
(rn, 16H, Ar-H) . Example 30 { [h(9-r~~e-~~~; j 2CC!:2CH2CH2C:I2C [N
(9-tue-C6Hq) 1 2 ) ZrCI ~: 22 At -3CC, ir. the dry-box, to a solution of
0.3791 g (l.63 30 mmol) of 2rCl~(THF)~ in 30 mL of toluene, was slowly
added a solution of 1.63 mrnol of the dimagnesium reagent in 20 mL of
toluene. The pale yellow cloudy reaction mixture was stirred overnight at
RT and filtered through a Celite plug frit. After removing the solvent and
rinsing with pentane, a pale 35 yellow solid was obtained, l.06 g, 1.60
mmol in 98o yield. 1H NMR (CD2C12) : 0.60 (br, 4H, CH~~, 0.98 (br, 4H,
CH~~, 1.36 (br, THF-CHI), 2.20 (br, 12H, CH3), 3.80 (br, THF-OCHZ), 6.08 -
6 . 95 (br, 16H, Ar-H ) . 29   1 March 2003 WO 00I12568 PCT/US99/! 9954
Example 31 S~mthesis of { [N ( 9-Me-C6H4 ) ] 2CCH2C6Hq-m-CH2C (t' (
9-MeC6Hg ) ] 2 } TiCl2 : 23 



At -30C, in the dry-box, tc a solution of 0.l539 g (0.46 5 mmol) of
TiCly(THF)2 in 30 mL of toluene, was slowly added a . f `~ . 9~ C' C~. ( 0
. ~ b m7T'Jl ,~ G~ the C111T'ag:'leSl;:!:: rpuG~r'!~ solut~.on c. ~ ~_ in
20 mL of toluene. The red reaction mixture was stirred overnight at RT and
filtered through a Celite plug frit. After removing the solvent and rinsing
with pentane, a dark 10 red solid was obtained, 0.30 g, 0.95 mmol in 98
yield. 1H NMR (CD2C12): ccntains toluene. l.96 (br, 12H, CH=), 3.15 (br,
4H, CH2) , 6. 64 - 7 . 00 (m, 20H, Ar-H) . Example 32 15 Synthesis of { [N
(9-Me-C6H~) ] 2CCH2C6H4-m-CH2C [I: (4-MeC6Hs ) ] 2 } ZrClZ: 24 At -30C, in
the dry-box, to a solution of C.2417 g (1.037 mmol) of ZrClq(THF)~ in 30 mL
of toluene, was slowly added a solution of l.014 g (1.037 mmol) of the
dimagnesium 20 reagent in 2C mL of toluene. The pale yelio~~~ cloudy
reactic:-: mixture was stirred overnight at RT and filtered tr.rough a
Celite plug frit. After removing the solvent and rinsing with pentane, a
pale yellow solid was obtained, G.6 g, 0.84 mmol in 81o yield. 1H NMR
(CD2C12): contains toluene. 1.7 2S (br, THF-Cy) , 2. _5 (br, 1GH, CH;) ,
3.70 ;br, Tip-~~r.-; ( ~. ~.c (br, 4H, CHI; , 6.24 - 7 .00 (m, 20H, Ar-H) .
Examples 33 - 45 Polymerization of Ethylene at About 35 kPa 30 Method A: In
a dry-box, 0.02 mmol of the bis(carboximidatonate) transition metal
catalyst was placed in a Schlenk flask and 35 mL of toluene was added to
dissol~e or partially dissolve the catalyst. The flask was sealed, removed
from the dry-box and attached to an ethylene Schlenk 3S line. After pumping
off the air and nitrogen ana purging with ethylene, 9.699 mL (20 mmol) of
PMAO was quick'_y added to the flask under about 35 kPa ethylene. After
being stirred at RT overnight, the reaction mixture was quenched with 50 mL
30   1 March 2003 W O 00I12568 PCT/US99119954 of a methanol solution of
concentrated HCl (loo volume . The polymer was collected on a fr:~t, washed
with methanol and acetone thoroughly and then dried in vacuo overnight.
Method B: In the dry-box, C.02 mmol of the 5 bis(carboximidatonate)
transition metal catalyst was placed in a Schlenk flask conta_n~ng 35 mL of
toluene and 4.699 mL (20 mmol) of PNh~. the flask was sealed, removed from
the dry-box and attached to a:: ethylene Schlenk line. After pumping off
the air and nitrogen and purging with ethylene, 10 the reaction mixture was
stirred overnight at RT under about 35 kPa ethylene and then, quenched with
50 mL of ~ methanol solution of concentrated HC1 (10, volume). The polymer
was collected on a frit, washed with methanol and acetone thoroughly and
then dried in vacuo overnight. l5 The polymers formed were linear high
density P~~, very high molecular weight and it was difficult get a CPC
measurement. All the melt index tests showed no flow. The detailed data are
listed in Table 1. Table 1. Polymerization of Ethylene at 35 kPa 20
ExampleMethodCatalystPE (g)Productivity (mol PEl mol complex)Tm ( oC)AH f (
J I g)Me / 1000CH233A13.0086d512132.5128.5 '1.534A21. i
4641547134.65121.97.735A30 0664103135.09196.836AH4.6 7917417132.2
7148.737.A51.06881797! 34.451 S 1.838A60.0575101133.5 !18I .739B73 44I
66026134 



~109.540~'8101.G2145594134.97169.4418111.56335975134.78i 74.8
I42B16.4.81375.42 x 10134.63l75.743B1612.0021.35 x !
0134.94150.244B190.36834458134.49i 73.445 ~B~ 201 3.l324T 2.41 x
10134.8l165.7 Note: a. 0.0l mmol catalyst and 1 hr. reaction; b. 0.003 mmol
catalyst and 18 hr. reaction. ~'xamples 46-65 Polymerization of ethylene at
6.9 MPa 25 In a dry-box, 0.002-0.01 mmol of the catalyst was placed in a
glass vial and dissolved in 5 mL of 1,2,4 31   1 March 2003 WO 00/12568
PCT/US99/19954 , trichlorobenzene. The vial was cooled to -30C in the
drybox freezer. PMAO was added to the vial on top of the frozen solution
and the vial was then capped and sealed. Outside the drybox, the vials were
placed into a shaker tube which was 5 then shaken mechanically under high
pressure ethylene for about 1G n. The wriitE polymer was cat to pieces and
added tc a 100 mL of methancl solution of concentrated HC1 (10 volume;. The
mixture was stirred overnight and filtered. The polymer was collected on a
frit, washed with acetone and 10 dried in vacuo. The polymers formed were
linear (for example: Ne,/i000CH~ for example 47 is 3.5) high density PE,
very high molecular weight and it was difficult to get GPC measurements.
A11 the melt finder. tests showed no flow. The detailed data a=a 15 listed
in Table 2. Table 2. Polymerization of Ethylene at High Pressure C?Hq
ExampleCatalystPE (g)Productivity (Mol PE I Mol complex.)Pressure ( MPa)Tm
(oC)aH f (J / g)4619.36952.84 x l046.9l33.92133.547220.26796.35 x
106.9137.01164.54832.126872933.5l37.48160.84955.461.74 x
103.5136.04146.2~063.6012l.31 x
l03.5138.8799.575172.b38895533.5133.35134.95285.60042.02 x
1043.5135.86204.553910.38103.45 x 103.5135.88160.6541012.15523.71 x
103.5131.69147.655118.946l3.27 x 103.5136.3142.7561'_'3.3l09l.13 x
103.5l37.25124.557140.00.03.5581510.00443.44 x
103.5134.86158.159162.2983.38 x I043.5l35.97118.960175.61682.36 x
1043.5134.5I60.461180.901355023.5135.69147.76221l3.22273.65 x
10`i1.4132.76171.963237.79442.23 x
1041.4l31.82190.36441.l22137951.4131.2279.626551.6998S4861.4135.45146.2 The
detailed data of polymerization with catalyst 10 under mixture of HZ and
CZH9 are listed in Table 3. 32   1 March 2003 WO 00I12568 PCT/US99I19954 -
Table 3. Polymerization of Ethylene under H~/C~Ha ExampleH2 Pressure
(kfa)Total Pressure 



(MPa)PE (g)Productivity (mol PE/mol compoundTm ( oC)aHf ( J /
g)MI6601.038.5842.12 x 10~135.96165.5no flow67693.03 .6.l048.62 x
10134.66176.4no floe682901.036.3477.83 x 104l34.62176.6no
flow69a6101.039.7741.31 x 10132.96184.0no flow70a9601.036.8I69.94 x
l04133.12l93.4no flow Note: catalyst 10: 0.002 mmol, PMAO-IP: 2 mmol,
toluene: 100 mL, 0.5 - 1 hr., RT. a. 60 C. s Examples 71-78
Copolymerization of 1-hexene and ethylene In a dry-box, 0.02 mmol of the
catalyst and 30 mL of 1,2,4-trichlorobezene or toluene were placed in a 100
mL 10 Schlenk flask. The flask was cooled in a freezer in the drybox and
the 1,2,4-trichlorobenzene or toluene was frozen or cooled after 20 min.
Then, 5 mL of 1-hexene and cocatalyst PMAO-IP were added to the flask. The
flask was sealed, removed from the dry-box and attached to an ethylene
Schlenk 15 line. After pumping off the air and nitrogen and purging with
ethylene, the reaction mixture was stirred 1 h or overnight depend on the
rate of the polymer formation under 5 psi ethylene. The reaction was
quenched with 50 mL of a methanol solution of concentrated HC1 (10a
volume). The 20 polymer was collected on a frit, washed with methanol and
acetone thoroughly, and then dried in vacuo overnight. Nost cf the
polymerizations produced high molecular weight rubbery polymer with high
molecular weight and broad molecular weight distribution. The detailed data
are listed 25 in Table 4. 33   1 March 2003 WO 00/l2568 ^. PCT/US99/19954 ,
Table 4. Copolymerization of Ethylene and 1-Hexene Exampl aCatalystPE (g)Tm
(C)~Hf (J/g)Me/1000 CH2Mw (Mw / Mn)Ml71a14.3914
~123.295l.7332.8-0.0372a21.0443130.18162.326.2-no
flow73a43.6378122.9934.971.3240000 (17)0.674a50.893l28.33135.310.2195000
(multi modal)-7571.746S119.8S46.l9S2.9557000
(G)0.07576110.467S129.56I14.8S6.7--77103.2786124.l54.43662.569546 (17)no
flow78c203.7811l28.75 ~134.1 ~13.2~no flow i Note: a. 1-hexene: S mL,
1,2,4-trichlorobenzene: 30 mL; b. 1-hexene: 10 mL, toluene: 20 mL; c.
1hexene: 5 mL, toluene: 40 mL. 5 Examples 79-81 Copolymerization of
9-Methyl-1-pentene and Ethylene In a dry-box, 5 mL of 9-methyl-1-pentene,
PMA4-IP, and 30 mL toluene were placed in a 100 mL Schlenk flask and 10
stirred 5 min. Then, 0.02 mmol of the catalyst were added to the flask. The
flask was sealed, removed from the dry-box and attached to an ethylene
Schlenk line. After pumping off the air and nitrogen and purging with
ethylene, the reaction mixture was stirred 1 h or overnight depend on the
rate of !5 the polymer formation under 35 kPa ethylene. The reaction was
quenched with 50 mL of a methanol solution of concentrated HC1 (10o
volume). The polymer was collected on a frit, washed witl-: methanol and
acetone thoroughly and then dried in vacuo overnight. 20 Most of the
polymerizations produced high molecular weight rubbery polymer and wide
molecular weight distribution (for Example 60, Mw = 199517 and Mw/Mn = 63).
The detailed data are listed in Table 5. 



Table 5. Copolvmerization of Ethylene and 4-Methyl-1-pentene
ExampleCatalystPE (g)Tm (C)DH f (J / g)Me/1000 CH2Ml79110.S236127.091
S2.662.9-80164.8118120.7539.551273381203.6868128.67138.822.2 ~no flow 34
1 March 2003 WO 00I12568 Examples 82-90 Polymerization of Ethylene with
Mixed Catalysts 5 10 15 20 _ RN R ~TI\CI C--~~ ~ CI H R =
2,6-dusopropylphenyl 16 I N/ I ~ ~ -_ N-~Fe..-,N CI~ ,CI PCT/US99119954
PMAO-IP Toluene PE In a dry-box, 2 mmol PMAO-IP was added to 40 mL toluene
and stirred 5 min. A toluene solution of 0.002-0.004 mmol of the amidinate
catalyst 16 and tridentate Fe catalyst (in the above equation, which is
believed to produce a-olefin in situ; were added to the flask. The flask
was sealed, removed from the dry-box and attached to a Schlenk line which
could be filled with ethylene. After pumping off the air and nitrogen and
purging with ethylene, the reaction rnix.tu~-e was stirred ~3 h. under 35
kPa ethylene. The reaction was quenched with 50 mL of a methanol solution
of concentrated HC1 t 10 ~ volume j , ~:ne polymer was collected on a frit,
~.:as::e with methanol and acetone thoroughly and then dried in vacuo
overnight. The polyethylene formed was high in molecular weight, but Tm are
decreased compare tc the polymer produced from single amld~.nate cGtalysts.
The detailed data are -~isteu i:~ Table 6. 35   1 March 2003 WO 00/12568
PCT/US99119954 Table 6. Polymerization of Ethvlene by Mixed Catalysts 



ExampleCatalyst ratio (Ti:Fe)PE (g)Productivity (mol PE/mol complex)Tm
(oC)DH f (J/g)Me/1000 CH2Ml82111.7452 (4.6652)4.70 x 10~+ (1.87 x 104)85.15
122.2S166.7 18.323.81783n111.5747 (4.0383)5.37 x 104 (1.87 x l04)87.44
119.03199.8 15,926flow out84303.5551.06 x 105126.47147.l10.37no
flow8515.23.1I588.21 x 10`i72.19 121.65l41.16 23.6430 '2.68683.l7378.38 x
10124.12170.212.2no flog;~87c9.80.37l3882578.45 1 l4.28 125.8222.84 1 17.14
30.5217.9-88c3.651.96371.41 x I0477.91 119.6786.54 95.036
590.73892116.0542.35 x 10~118.9141.17.05no flow907.7818.2533.25 x
10~123.64147.S23.7no flo~~~ Note: a. mixture of a-olefin and polymer; b. 40
C; c. 60 C; d. 1.03 MPa. 80 C, catalyst 10 instead of 16. 5 Examples 91 -94
Polymerization of 1-hexene In a dry-box, 0.02 mmol of the catalyst and 7.66
mL of 1,2,4-trichlorobezene were placed in a 20 mL glass vial. 10 Three mL
of 1-hexene was added to the vial. Then, 2.34 mL ( 10 mrnol i o= Pi_:1 J
INGs , _.. .~y adaed to the ~,-~ a~ . ~:i t~_ ber:~g stirred at RT 98 ?:,
the reaction mixture was taken cut from the dry-box and slot1~ly poured to
a beaker containing 50 mL of a metna:~ol solu~m~n c~ concentrated HCi (10`s
vc~~:fi~EJ . The 15 colorless waxy polymer was separated from the methanol
solution, washed with methanol and acetone thoroughly and then dried in
vacuo overnight. 



36   1 March 2003 VVO 00!l2568 Table 7. Polymerization. of 1-Hexene
PCT/US99/l 9954 ExampleCatalystPolymer (g)Productivity (mol PH I mol
complex)M~,~ (MW / Mn)9110.20011189220.280316550900 (47)9340.336305~ 2130
(15)9450.083857 Examples 5-97 Polymerization of propylene In a dry-box,
0.01 mmol of the catalyst was placed in a 5 5C mL Schlenh flask with
threaded joints and 20 mL of toluene was added to dissolve or partially
dissolve the catalyst. The flask was sealed, removed from the dry-box and
attached to an propylene line. After purging with nitrogen and propylene,
2.33 mL (10 mmol) of PMAO was quickly added to the 10 flask under about 35
kPa propylene. After being stirred at RT 48 h,~the reaction mixture was
quenched with 50 mL of a methanol solution of concentrated HC1 (loo
volume). The polymer was collected on a frit, washed with methanol and
acetone thoroughly and then dried in vacuo overnight. 1S Table 8.
Polymerization of propylene ExampleCatalystPolymer (g)Productivity ( mol PP
/ mol complex)M~,~; (M~~ / Mn)9~10.218-t ~503 ~18000U (multi
modal)9620.2344366260000 (multi modal)97~0.09311881880U0 (mufti modal)
Examples 98-G9 Polymerization of Norbornene In a dry-box, to a 20 mL glass
vial containing 2.26 g 20 (0.04 mol) of norbornene and 3 mL of toluene, was
added 2.34 mL (10 mmol) PMAO. The mixture was stirred 5 mln and then 9.66
mL of a toluene suspension of the catalyst ;0.02 mmol) was added. After
being stirred at RT 24 h, the reacticn mixture was taken out from the
dry-box and slowly poured to a 2S beaker containing 50 mL of a methanol
solution of concentrated HC1 (loo volume). The polymer was collected on 37
1 March 2003 WO 00/12568 PCT/US99/19954 a frit, washed with methanol and
acetone thoroughly and then dried in vacuo overnight. Table 9.
Polymerization of norbornene ExampleCatalystPolymer (g) ( Conversion
%)Productivity (mol PNI mol complex)Mw~ (M~,, / Mn)9810.432 (19.1)33396500
(multi modal)9920.5072 (22.4)227133000 (multi modal) 



5 Example 100 Preparation of Azobenzene-Bridged Bls-guanidinate Ligand and
Zirconium Complex Azobenzene (2.73 g, 15 mmol) was dissolved in THF (30 "
mL) under nitrogen In a drybox. Lithium metal (0.36 g, 50 10 mmol) was
addea to the solution. The orange chanced to green before turning to
orange-brown. After three h stirring, the solution was added slowly to a
solution of bis(trimethylsilyl)carbodiimide (5.59 g, 30 mmol) causing a
slight lightening of the solution color. Stirring was 1S continued for 30
min. The resulting solution was added slowly to a THF (30 mL) solution of
ZrCl9 (3.5 g, 15 mmol). There was a slight darkening to dart: beige. The
THF was removed under vacuum and the solid was extracted with methylene
chloride. 20 Filtration through f-lter aid gave a yellow-gray solutrcr.
which was taken tc dryness. The solid was then suspenaad ~n ether, filtered
and dried under vacuum. Yield: 1.7g The ether soiu~io:~ was stripped tc
dryness yielding a very small quantity of a white solid which crystallized
:like 25 an organic. The 1H Nh~R indicated the presence of phenyl and
trimethylsilyl resonances in a 1:1 ratio with no other signals. The solid
was taken up in ether and placed in the drybox freezer where it
crystallized. X-ray analysis demonstrated that it was 1,2-diphenyl-1,2 30
bis(trimethylsilyl)hydrazine. Example 10l Polvmer_zatlon With an
Azobenzene-Bridged Bisguanidinate Zirconium Complex 38   1 March 2003 WO
00!12S68 PCT/US99/19954 In toluene (35 mL), catalyst (0.0122 g, 0.02 mmol)
with 2.22 mL of MMAO (10 mmol) at RT and 1 atm ethylene overnight yielded
1.51 g of HDPE polyethylene. 39   1 March 2003 WO 00I12568 ulr, PCTIU
S99/19954 Example 102 Preparation of Azobenzene-Bridged Bis-guanidinate
Ligand and Titanium Complex. Azobenzene (2.73 g, 15 mmol) was dissolved in
THF (30 5 mL) under nitrogen in a drybox. Lithium metal (0.36 g, 50 mmol)
was added tc the solut10I1. The orange changea t~ gree=: before turning to
orange-brown. After three h stirring, the solution was added slowly to a
solution of bis(trimethylsilyl)carbodiimide (5.59 g, 30 mmol) causing a 10
slight lightening of the solution color. Stirring was continued for 30 rain
. The resulting solution was reacted with a THF (30 mL) solution of TiCl4
2THF (3.5 g, 15 mmol). There was a rapid darkening tc red-brown. The THF
was removed under vacuum and 



l5 the solid was extracted repeatedly with methylene chloride. Filtration
trrough filter aid gave a deep red-brown solution which was taken to
dryness. Yield: 1.23 g. Washing with ether yielded a trace material having
the same NMR as observed for diphenyl-bis-trimethylsilylhydrazine as
noticed 20 in the zirconium reaction. Example 103 Polymerization With an
Azobenzene-Bridged Bis-guan~dinate Titanium Complex 25 In toluene (35 mL),
0.02 mmol of catalyst with 2.22 mL of MMAO (10 mmcl) at R'~~ and 1 atm
ethylene overnight yielded 0.38 g of polyett:,,~iene. Ir. tricrlorobenzene,
0.0050 a cf catalyst with 3 mL of MMAO at 50C and 1.38 hiPa ethylene
yielded 4.112 a of polyethylene, which was "No flow" MI and 30 had 10.8
Me/1000CH2. Preparation 35 Magnesiur the method of The resulting Example
104 of butadiene-bridged bis-amidinate ligand and titanium complex n
butadiene (15 mmol) is prepared according to Yasuda (J. Organomet. Chem.,
1l3, 20l (l976). solution is added slowly to a solution of 40   1 March
2003 ' WO 00/I2568 PCT/US99119954 bis(trimethylsilyl)carbodiimide (5.59 g,
30 mmol). Stirring is continued for 30 min. The resulting solution is
reacted with a THF (30 mL) solution of TiCl9'2THF (3.5 g, 15 mmol). The THF
is removed ' S under vacuum and the solid is extracted repeatedly with
methylene chloride. Filtration through filter aid gives a deep red-brown
solution which is taken to dryness yielding a powder. 10 Example 105
Poi~rmerization With a Butadiene-Bridged Bis-amidinate Titanium Complex In
toluene (35 mL), 0.02 mmol of catalyst is reacted with 2.22 mL of MMAO (10
mmol) at RT and pressurized with 1 15 atm ethylene. The resulting
polymerization ylelcis high density polyethylene. 41   1 March 2003 Claims:
1. A process for the polymerization of olefins, comprising the step of
contacting, at a temperature of about -50C. to about +250C) (a) an olefin
selected from the group consisting of ethylene, an a-olefin, a styrene, a
cyclopentene, and a norbornene; and (b) an active polymerization catalyst
comprising a transition metal complex of a ligand of the formula (XI) -z
rrR~ RZN R~ NR~ wherein: (~) 



said transition metal is Ti, Zr) Hf, V, Cr, Sc, Y or a rare earth metal;
R~, R2) R3 and R4 are each independently hydrocarbyl, substituted
hydrocarbyl or silyl; Rls is o-phenylene, 1,2-naphthylene, 2,3-naphthylene,
1',8naphthylene, 1,2-cyclohexylene, io R~ can Rs Rs t2 R' R$ R~ R~ (~ocO 42
1 March 2003 (xv~a) c~~n can / \" ~"~ can \ / --CR162(CR162)gCR162--(XV),
or a divalent organic moiety containing one or more nitrogen atoms; . R5,
R6, R~ and R$ are each independently hydrogen, hydrocarbyl or substituted
hydrocarbyl, provided that either or both of the pairs RS and R6, and R~
and R8 taken together may form a ring; R9, Rlo, R11 and R12 are each
independently hydrogen, hydrocarbyl) substituted hydrocarbyl, or a
functional group, provided that any two of R9, Rlo) Rtl and Ri2 vicinal to
one another may form a ring; R~6 is hydrogen and q is 4. 2. The process as
recited in claim 1, wherein the transition metal complex is a compound of
the formula (X) (~ R~ wherein: each X is independently an anion; 43    1
March 2003 M is Ti, Zr, Hf, V, Cr, Sc, Y or a rare earth metal; and 



n is an integer equal to the valence of M minus 2. 3. The process as
recited in claim 2, wherein the olefin, compound of the formula (X) and a
compound W are contacted) wherein W is a neutral Lewis acid capable of
abstracting an X from the compound of the formula (X) to form WX , provided
that the anion formed is a weakly coordinating anion, or a cationic Lewis
or Bronsted acid whose counterion is a weakly coordinating anion; and
provided that when none of X is alkyl, acyl or hydride, said compound W is
capable of transferring hydride or alkyl to M. 4. The process as recited in
claim 1, wherein R15 is (XII) or (XXIII). 5. The process as recited in
claim 2, wherein R15 is (XII) or (XXIII). 6. The process as recited in
claim 3, wherein R15 is (XII) or (XXIII). 7. The process as recited in
claim 1, wherein Rl, R2, R3 and R4 are each independently alkyl or silyl.
8. The process as recited in claim 2, wherein R1, R2, R3 and R4 are each
independently alkyl or silyl. 9. The process as recited in claim 3, wherein
Rl, R2, R3 and R4 are each independently alkyl or silyl. 10. The process as
recited in claim 1, wherein R5, R6, R~ and R$ are each independently alkyl
or hydrogen; and R9, R1~, R11 and R12 are all hydrogen. 11. The process as
recited in claim 2, wherein R5) R6, R~ and R8 are each independently alkyl
or hydrogen; and R9, R1~, R11 and Rlz are all hydrogen. 44   1 March 2003
12. The process as recited in claim 3, wherein R5, R6, R~ and R$ are each
independently alkyl or hydrogen; and R9, Rlo) R11 and R12 are all hydrogen.
13. The process as recited in claim 1, wherein said olefin comprises
ethylene. 14. The process as recited in claim 4, wherein said olefin
comprises ethylene. 15. The process as recited in claim 13, wherein said
olefin consists essentially of ethylene. 16. The process as recited in
claim 13, wherein a catalyst which oligomerizes ethylene to an a-olefin is
also present. 17. The process as recited in claim 2, wherein said olefin
comprises ethylene. 18. The process as recited in claim 5, wherein said
olefin comprises ethylene. 19. The process as recited in claim 17, wherein
said olefin consists essentially of ethylene. 20. The process as recited in
claim 17, wherein a catalyst which oligomerizes ethylene to an a-olefin is
also present. 21. The process as recited in claim 3, wherein said olefin
comprises ethylene. 22. The process as recited in claim 6) wherein said
olefin comprises ethylene. 23. The process as recited in claim 21, wherein
said olefin consists essentially of ethylene. 



45   1 March 2003 24. The process as recited in claim 21, wherein a
catalyst which oligomerizes ethylene to an a-olefin is also present. 25.
The process as recited in claim 1, wherein the transition metal is Zr or
Ti. 26. The process as recited in claim 2, wherein the transition metal is
Zr or Ti. 27. The process as recited in claim 3, wherein the transition
metal is Zr or Ti. 28. The process as recited in claim 4, wherein the
transition metal is Zr or Ti. 29. The process as recited in claim 5,
wherein the transition metal is Zr or Ti. 30. The process as recited in
claim 6, wherein the transition metal is Zr or Ti. 31. The process as
recited in claim 1, wherein another active olefin polymerization catalyst
is present. 32. The process as recited in claim 4, wherein another active
olefin polymerization catalyst is present. 33. The process as recited in
claim 31, wherein the another active olefin polymerization catalyst
comprises a late transition metal catalyst, a ZieglerNatta catalyst and/or
a metallocene catalyst. 34 , The process as recited in claim 32, wherein
the another active olefin polymerization catalyst comprises a late
transition metal catalyst, a ZieglerNatta catalyst and/or a metallocene
catalyst. 46   1 March 2003 35. The process as recited in claim 2, wherein
another active olefin polymerization catalyst is present. 36. The process
as recited in claim 5, wherein another active olefin polymerization
catalyst is present. 37. The process as recited in claim 35, wherein the
another active olefin polymerization catalyst comprises a late transition
metal catalyst, a Ziegler Natta catalyst and/or a metallocene catalyst. 38.
The process as recited in claim 36, wherein the another active olefin
polymerization catalyst comprises a late transition metal catalyst, a
Ziegler Natta catalyst and/or a metallocene catalyst. 



39. The process as recited in claim 3, wherein another active olefin
polymerization catalyst is present. 40. The process as recited in claim 6,
wherein another active olefin polymerization catalyst is present. 41. The
process as recited in claim 39, wherein the another active olefin
polymerization catalyst comprises a late transition metal catalyst, a
Ziegler Natta catalyst and/or a metallocene catalyst. 42. The process as
recited in claim 40, wherein the another active olefin polymerization
catalyst comprises a late transition metal catalyst, a Ziegler Natta
catalyst and/or a metallocene catalyst. 43. A process for the production of
a bis(carboximidamidatonate), comprising the step of reacting a bis(alkyl
metal salt) with 2 moles of a carbodiimide. 44. The process as recited in
claim 43 wherein said metal is magnesium. 47   1 March 2003 45. A process
for preparing a transition metal complex of a bis(carboximidamidatonate),
comprising, reacting a salt of said transition metal with a dialkali metal
salt or alkaline earth metal salt of a bis(carboximidamidatonate) . 46. The
process as recited in claim 45 wherein said dialkali metal salt or alkaline
earth metal salt of a bis(carboximidamidatonate) is a magnesium salt. 47.
The process as recited in claim 45 wherein said transition metal is Ti, Zr,
Hf, V, Cr, Sc, Y or a rare earth metal. . 48. The process as recited in
claim 47 wherein said transition metal is Ti or Zr. 49. An anion of the
formula (XI) -2 ~1 ~~2 RN Rts R (~) wherein: R1, R2, R3 and R4 are each
independently hydrocarbyl, substituted hydrocarbyl or silyl; R15 is
o-phenylene, 1,2-naphthylene, 2,3-naphthylene, 1,8naphthylene,
1,2-cyclohexylene, C~O c~~n R Ri R~ R 



48     1 March 2003 J f f / \ / \ / \ c~~n c~~n (XVIIC) (XXII) 49   1 March
2003 --CR162(CR162)qCR162--(X~, or a divalent organic moiety containing one
or more nitrogen atoms; R5, R6, R7 and R$ are each independently hydrogen,
hydrocarbyl or substituted hydrocarbyl) provided that either or both of the
pairs RS and R6, and R~ and Rg taken together may form a ring; R9, Rlo, R<
< and R12 are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or a functional group, provided that any two of R9, Rlo, R11
and R12 vicinal to one another may form a ringR16 is hydrogen and q is 4.
50. The anion as recited in claim 49, wherein R15 is (XII) or (XXIII). 51.
The anion as recited in claim 49, wherein Rl, R2, R3 and R4 are each
independently alkyl or silyl. 52. The anion as recited in claim 49, wherein
R5, R6, R~ and R$ axe each independently alkyl or hydrogen; and R9, Rlo,
R11 and R12 are all hydrogen. 53. A transition metal complex of the formula
(?~: 



(~ R~ wherein: R1) R2, R3 and R4 are each independently hydrocarbyl,
substituted hydrocarbyl or silyl; Rls is o-phenylene, 1,2-naphthylene,
2,3-naphthylene, 1,8 naphthylene, 1,2-cyclohexylene, 50    1 March 2003 R R
/ / \~ can cam cx~n /I (xaciQ> cxv~ 51     1 March 2003 --CR162(CR162)q
CR162-- (XV), or a divalent organic moiety containing one or more nitrogen
atoms; R5) R6, R~_and R8 are each independently hydrogen, hydrocarbyl or
substituted hydrocarbyl, provided that either or both of the pairs RS and 



R6, and R~ and R8 taken together may form a ring; R9, Rlo, Rl1 and R12 are
each independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or a
functional group, provided that any two of R9, Rlo, R11 and R12 vicinal to
one another may form a ring; R16 is hydrogen; q is 4 each X is
independently an anion; M is Ti, Zr, Hf, V, Cr, Sc, Y or a rare earth
metal; and n is an integer equal to the valence of M minus 2. 54. The
transition metal complex as recited in claim 53, wherein R15 is (XII) or
(XXIII) . 55. The transition metal complex as recited in claim 53, wherein
R1, R2, R3 and R4 are each independently alkyl or silyl. 56. The transition
metal complex as recited in claim 53, wherein R5, R6, R~ and R$ are each
independently alkyl or hydrogen; and R9, Rlo, R11 and R12 are all hydrogen.
57. The transition metal complex as recited in claim 53, wherein M is Ti or
Zr. 52
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