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FIELD OF THE INVENTION ' S O efins are pol yneri zed by using adMarch2003

pol ynmeri zation catal ysts certain novel transition nmetal conpl exes of

sel ect ed bi g(carboxi m dam datonates). TECHNI CAL BACKGROUND 10 The

pol ynmeri zati on of ol efins such as ethyl ene, propyl ene, norbornene and

cycl opentene are very inportant conmer rocesses. These are nost

comonl y done using pol ymer i syriyMEra%in DoM oY BLeFNEoNt ai ning certain
transition conplexes. For instance) the Zielger Natta-type 15 catal ysts and

net al | ocene-type catalysts are sone of the nore inportant and well-knawr r
o sol ot e annuat |37 e b CEEeHRge | SulRieylrtlo0ns o K| bTAms of

ol efins, .new cat hg g sygt ”E €99 haﬁgl SFR-n953839@&er£;hgﬁﬂ?nese
Pat ent Aﬁplicatig ? P§6,£§4 823&8 2 ?or | a oé a

bi a( car boxi wadatydasoretrepinbuovedi tirensdssoni netahooenpl exge alich a

conmpound nor, I | ' k{ h such a conpound. A
Littke) et gFi,g%glg’a’é%?}g?%f‘Pf’ggw%ﬁ?aﬁgf’ﬁﬁ?%e 25 451 (1998) ; V. Volkis

et al., .bid) p. 3 ? 55-3157; J. C. Flores, et al., Organonetallics, vol.
14, p. 2106-2108 (1.995)= P. J. TECEMACAL BACRGROUND ganonetal lice, vol. 17,

p. 3271 -3781 (19 - _H. W Roes et .a r \ . p.

1403-146@ (i988)ggénBobymﬁgﬂgﬁgépecgﬁo#?ﬁgghggb%ﬁﬁ,a%dggay%éééhonetaI

Chem, vol . p¥6pylene30no3boraeses5pndr eyoi PpehteBanthesYer i ntMRRr e of

transition E%f.ﬁgre%@' p¥BseBbeb\O IrRAdBACAUE NS EDEEHREH PP Xddhalatd day onat e
(0}

| i gands as pol ynerization catalysts. However) jn.npne of these references
are the tmoPP&VHB%#HPH&HPdSPSHi¥@5 SyﬁﬁﬁgajS%Htﬁlﬁgn%yc%F%ﬁhmnn noi ety such
as a benzeneransgtion~compllexgsl; , Ber~ihbtansdpOthe. Dislger.Natta-type -:
wa==z ~ETzdy= g h 3 | € t
C)ganoﬁ%%al??g§}¥38 .aTa7éBB?1%2g§§% %§§g8§£%%§§%§5Lfr§;§§¢%’ogntgi-, i bid,
p. 3265- 32700rgedBPPEEanReaRdr WAL L okNEPRoSREBXY AT 8P delt bt e pihidte
reaction of agg Qeganesemakki BitIAPABNGEVKkE Dograms botli poipsleBiddhe use of a

bi | kyl t al | t f bi L m j d te), | t
descr i bud. | EBRYRLE50 H3eqBBcHPnot RPRECABLE oPE CEbE L TTErAITT BT h al
bi s(car boxi wiLleéfinedanewatetplastobEBEAMgoRYAeFPRAtATRNLY dbvenl Iya t BoucHlTh

bi s(car bgxi m ??%Q?ﬁﬁaﬁbeghtEﬁtgAﬁbEYFQBQ?hOIO}’39;*‘ﬂ aﬁméﬁé Qfm?ﬂmm
groups connecting,t caf boxi m.dam on oL ouUpS. ugc al,. em
er T ovol 36T B baSdgaoBEiP Y8 OGESBRERL: L RAE coht HeeF sdgperibed tidw
nonocar boxi ticd aakeabocht as cofpousdntibesastoally Gees carpokyme xibaa idronat ee)
i's not descijibedg,aHMYABYmEBuREE | NVENTION In a first aspect, the present
I nventi on concerns a, rgcess fo& the pol yneri gtion of oIe;ins, cqyprising
2 A. Littke, et al., Organometallics, vol. 17, p. 446-
25 451 (1998); V. Volkis, et al., ibid, p. 3155-3157; J. C.
Flores, et al., Organometallics, vol. 14, p. 2106-2108
(1995); P. J. Stewart, et al., Organometallics, vol. 17, p.
3271-3281 (1998); H. W. Roesky, et al., Chem. Rer., vol.
121, p. 1403-1406 (1988); and D. Herskovics-Korine, et z2l.,
30 J. Organometal. Chem., vol. 503, p. 307-314 (1995); report
the synthesis 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 carboximidamidatonates groups joined
35 by a ¢common moiety such as a benzene ring.
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1 March 2003 the step of contacting, at a tenperature of about -50C to
about +2S0C, (a) an olefin selected fromthe group consi sting1ddaret B§d3Ene,
an a-olefin, a styrene, a cyclopentene, and a norbornene; and (b) an active
pol ynmeri zation catal yst conprising a transition nmetal conplex of a |ligand
of the formula (XI) NR R-s RN RAN 4 NR (XI), wherein: said transition
nmetal is Ti, Zr, H, V, C, Sc, Yor arare earth netal; RlL, R2) R3, and R4

are each indepemﬂemﬁkxkhydegcaubylbrguh&mbtuﬂedcbydvomarbyL pt &aéyl; RI15
i s o-phenyl ene,

2- cyclohexﬁﬁéné ﬁ?ga ? ﬁpegaak% K¢ tgikengfiéEB aggEngg?grn (xvi ~)

(~) (xvidescribe the formatlon of carboxlmldamldatonates 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 Al describes the use of certain transition
metal bis(carboximidamidatonates) as clefin polymerization
catalysts. Such bis(carboximidamidatonates) have alkylene

10 or other similar bridging groups connecting the
carboximidamidatonate groups.

M. Busch, et al., Chem. Ber., vol. 40, p. 4296-4298
(1907) describe the synthesis of
monocarboximidamidatonates. The synthesis of

15 Dbis(carboximidamidatonates) is not described.

SUMMARY OF THE INVENTION

In a first aspect, the present invention concerns a process for the

polymerization of olefins, comprising



(xvrQ (~) (gin 3a 1 March 2003 --CR-62 (CRI6a)9 CRt62 --(XV), or a
di val ent organic noiety containing one or nore nitrogen atons} Matgh 283 R7
and R$ are each independently hydrogen, hydrocarbyl or substituted

hydr ocar byl , provided that either or both of the pairs R5 and R6) and R7
and R$ taken together may forma ring; RO, R0 Rl1l and R12 are each

i ndependent |y hydrogen) hydrocarbyl, substituted hydrocarbyl, or a
functional group, provided that any two of R9, Ri o, R11 and R12 vicinal to

one anot jer i S nd
capect . P stPBYL LA ELAnk Bl cfihBel b O QESS M clo shly +280%. GF 8
bi s(car bminﬁjnsdlmtedlaﬁromaﬂe)gmuprqmmsmmg dt‘rmhyslbﬁa, mi ar—elaﬁhl agt;&ehé,s;ﬁ al kyl

nmetal salt) with 2 npl es acarb(gllm e. hi rd aspect, the

i nventi o‘FY BIOLF M aé:‘dp?'B‘B %mFBF #r ﬁ@r"’f’h@"%"et? ﬁgﬁeﬁzﬁﬂc"i‘r@?‘gﬂy‘?}orrpl ex of a
bi s( car bevthpiisiag Leraasition) metQ BMIEROf allipaftlioTghé ferhilaqknsai d transition
metat with a dialkali netal salt or alkaline earth netal salt of a

bi s(car boxi m dami datonate). -l n a fourth aspect, the invention concerns an
anion of the fornmula (XI) NRi z (MR) ROR Rts 3 R 4 wherein: Rl, R2, R3 and
R4 are each independently hydr byl , {substituted hydrocarbyl or silyl;
R15 i s o-phenyl ene, 1, 2-napht qup ) 2| 3-napht hyl ene) 1, 8-napht hyl ene,

<C

(X1},

wherein:

said transition metal is Ti, Zr, Hf, V, Cr, Sc, Y or a rare earth metal,

R!, R?2, R3, and R% are each independently hydrocarbyl, substituted
hydrocarbyl or silyl;

RIS is o-phenylene, 1,2-naphthylene, 2,3-naphthylene, 1,8-naphthylene,
1,2-cyclohexylene,

(XIn
Rq R6 RS
R 10
R 11
R 2 R7 Rs
(XXIID)
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RO ,
R9
R” R®



1, 2-cyclohexylene, R~ (Xin RlL 3b Rii cc tc [\ can (x~n (XV(In

1 March 2003 (XII1) (XVIn (gin R6 RS 1 March 2003
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1 March 2003 --CRt6a (CRt6z)9 CRt6a -- (XVj, or a divalent organic noiety
contai ning one or nore nitrogen atons; RS, R6, R~ and R$ are é&Manch 2003
i ndependent |y hydrogen) hydrocarbyl or . substituted hydrocarbyl, provided
that either or both of the pairs RS and R6, and R~ and R$ taken together
my forma ring; RO, RRo, R t and Rt2 are each independently hydrogen,
hydr ocar byl , substituted hydrocarbyl, or a functional group, provided that
any two of R9:-GR!6, ((R62)pORREAXW) coma divaberttnurganiet neictyraynfaiiitigaone ng; Rt 6
i s hydrogen and is 4 1n a fifth aspect, the invention concerns a
transitlgﬁnﬁﬁ?éT RBTHABMYr the formula (X) y ¢ 2 R's RN.MK R3N n ¢ N R4
wherein: Rt, Ri’, RER7all R4 adé eaﬁﬁﬁiﬂdﬁ&ﬂﬂaﬁﬂﬁﬁ@mw%ehﬁ Fraﬁafabwl)orsubst i tuted
e
|0

et NN NG ERE N T T TR STl
3d R7 RR7and R8 taken together may form a ring;

R9, R10, R11 and R!2 are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or a functional group, provided that any two of R?, R10,
R!! and R!? vicinal to one another may form a ring;

R!6 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! 17 (XD

wherein:

R!, R?, R3 and R* are each independently hydrocarbyl, substituted

hydrocarbyl or silyl;
R15 is o-phenylene, 1,2-naphthylene, 2,3-naphthylene, 1,8-naphthylene,
1,2-cyclohexylene,
Yy Xy R g g (Xir)
Rlo
Rll ’
riz R7 RE

3b



1 March 2003 coin c~~n c~~m/\ ~~0 c~ can can 3e 1 March 2003 --CR162
(CR~62)g CR~62 -- (XV), or a divalent organic noiety contai ni hMashe2d®3 nore
nitrogen atons; RS) R6, R~ and R8 are each independently hydrogen,

hydr ocar byl or substituted hydrocarbyl) provided that either or both of the
pairs R5 and R6, and R~ and R$ taken together may forma ring; R9, R o) Rll
and R12 are each i ndependent(®XIOBydr ogen, hydrocarbyl, substituted
hydrocarbyl, or ®$fumctional group, provided that any two ofxfmy. Ro, R-1
and R12 vi c'hglal t ne another may forma_ring; R-6 is Hydrogen; q is 4
each X is ifgepen y an anion; Mis Ti, H ., C, Sc, Y or arare
earth netal; is an integer equal tot ¢nce of M m nus 2.

R” RS
(XVIID (IX)
%) - (XXD

{(XXI1)
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DETAI LS OF THE I NVENTION Herein certain terns are used to define certain
cheni cal groups or conpounds. These terms are defined bel ow. 1 Mgareh2003

car boxi m dam datonate group is nmeant a group of the formula (IX) 3i 1
March 2003 WO 00/12568 PCT/ US99/ 19954 /NR~s _ NR~3 (I X), wherein each R13
i s independently hydrocarbyl, substituted hydrocarbyl or sil~~. A

bi s(car boxi nrdam dat onate) has two such groups in the nolecule. 5 By a
bi s(al kyi nmetal salt) is neant a compound which has 2 al kyl carbon atons
whi ch each have a single negative charge and are anions of cr associated

Wi th one or nor agions in such t hat .t he .positive.charge on
the netal catit lgf(iaém’g‘a&ggééd( )’Pﬁé‘@"%@é&ﬁ%‘“&ﬂ%ﬂ‘ LHAMNE RBE ani on.
A " hydr ogaiidre r@fregén atsms; uni val ent group containing only carbon. and
hydrogen. |If not _otherwi se stated, it is preferred that hydrocarbyl groups

herei n cont ai KARBIMYLR® 30¢ eastp rflepsrdrptly pydregem bydeeqariyleer

hydr ocar BybstiRte& h§discatBAN prévided ieeadiidr YR ofthé Pafi8HsedMPRONEnPr  NDI €
subst it uent %ngu&iqemm ch are inert under the process conditions to which
the conp&medciBhtaken trgethise seayyfosmn ring; suw~ect ed. Ti:e substituent groups
al so do not sghspaniiahhy ng@ggg}pm@?gnagngy RGdRIgRACASdrdcarbAl Ot herwi se

statea, it is preferreu ~: ~a~ substituted hydrocCarbyl groups herein contain
| to abosubstuted bydregashy, or a:fungtienal group; provideththay asty tvauobR%R!0t e: 2"
are het eppa b Gk ) atons in the substituted

hydr ocar §§| Mnggé bgmg}fggtaiotr@lt%lg%%ﬁ?& B%:‘ﬁrhg%ﬁpﬁ’ 2~ tr~fluororr,ethy~ . By
rel atively noRlowrhydragémgndarisvbakl y coordi nati ng) am ons are meant those
amons as are efer. .0 i~ At nkitioh et e nd the
coordi nati ng é ?ﬁﬁft@hﬁeé&&tﬁr%ﬁ?x&%&icgnﬁ%rgl\%n an gﬂlé)g‘ %lggar%%gﬁggﬁ%§£glﬁan t he
30 liter fanmda (Xpe for instance 6v. Reck., et al., em Rev., vol. 88 p.
1905- 1421 (1988), and S. H Stares, em Rev., vol*'793, p. 927-992 (1993),
both of which are hereby included bf reference. Anbng such ani ons are those
ose described In the immedi ately
R193A1X , R192t~1C=X, 4 WO
12X , and RI9AI OX , wherein
ani ons include BAF~ i BAF =
rate}, SbF6 ( PF6-, and BEg-,

001 12568 1 March 2003 PCT/ US99/ 48954 1
R g is alkyl. Oher useful noncpor gpr
tetrakis[3,5bis(trifluoromnethyl
trifluoronethanesul fonate, p-tolu onate, (RfFS02)2N, 5 and (C6F5)4E .
By an A ~yl aiurr.-n~air, conpound Ny nea_:: a conpcun”™ in whict-: at |east
one ai ky= graup is bound to an al umgum atom O her groups such as
al koxi de¥%%§/8en, and hal ogen may al so be bound to al uni num atons in the
conpound. 10 RByR? IBedirarR* Byd each iltRipendeh8y Myadrdcaabgli, vabetitutgd oup
CO:taln ng ain,, ' .CfgrbC "~ a?.~ hvdrCge?:. Typl Cal

ydrocarbyl or silyl;

R15 is o-phenylene, 1,2-naphthylene, 2,3-naphthylene, 1,8-naphthylene,
1,2-cyclohexylene,

(X“) R6 RS (XXI[[)

R® s

9
Rl2 R7 R8 R



hydr ocar byi ene groups are -(CH2)qg-, -CH2CH( CH2CH3) CH2CH2- and /\ I%h I f
not otherwi se stated, It is preferred that hydrocarbyl ene 15'bMéG%§3 8r ei
contain 1 ~c about 30 carbon atons. By "substituted hydrocarbyl ene” herein
i s meant a hydrocarbyl ene group which contains one or nole substituent
groups which are inert under the process conditions to which the conpound
containing these groups is subjected. Tne 20 substituent arouos al so do not
substantially interfere with the process. If not otherwi se stated, it is
preferred that substltu~ed oca=byl ene groups herein contain ~ to about
3G carbon atons. Included withi'n the neaning of "substit ut(B8T) are
heteroarow@atlc rings. 25 Bv o sWrer.ge here ~S ant a conp:;:.~.ci cf
the formul aytvwy— ' wherein R2G R2', RH6, G are each independently
hydr ogen, h byl, substituted hy a 30 functional group,
all of whie NQer+ i n the polyner process. It is preferred that
all of RA R29 and R3" ~ are hydrogen. 5 1 March 2003 WO

00/ 12568 aractefized functional gr identified by 5 unsubstituted " a
by aup t h™"\RCFUSQ@FT9954 nor bornene™ is neant that the nonomer is
containing at | east one norbornene in its structure including norbornadiene
as a fornul as bel ow, which can be substituted or (VI) wher®vip"a"
represents a .single or double bond. Reprgsenjative nononers axe conpounds

(M1) and (V.LIlI) as follows: RAG R46 ' -.] R4y RA7 RA8 ~w. R48 SZ 10 ~9 ( V
1) ,: RO (VI I |1 ) whéXéibn RO6, RO~/TRAR, and R4~' independently are
hydr ogen ydrocarbyl, providgd thay, except if the hydrocarbyl
group is of the hydroearby are / ,al kenyl, there is no
term nal g _bor t.e., the double 15)bond is |nternal or R4E and R48
t aken t §getnher can be part of carbocyclig A\ (saturated, unsaturated or
aromatic); R46 and RO~ and/or R4~ and ken together are an

al kyl i dene group. In these structures "z" to 5. Exanples of such

nor bor nenes i nclude norbornadl enE, 2 20 norbornene, 5- et hyl - 2- nor bor nene,
5- hexyl - 2- nor bor nene, 5et hyl i dene- 2- nor bor nene, vi nyl norbor nene,

d~cyc. | opent adl ene, di hydrodi cycl opent adi ene, tetracyci ododecene, triners
of cycl opent adi ene, halogenated nor bor nenes wherei n R46, R47?3598 and R99

may al so be hasgen or fuIIy ogenat ed ;Lf;

3e
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25 groups such as C~, ~F2w+1 wherein wis 1 to 20, such as perfl uoronet hyl
and perfluorodecyl. The hal ogenat ed norbernenes can be synt hebMaegh 2008 t he
Di el s- Al der reaction of cycl opentadi ene an appropri ate di eneophile, such as
F3CC---CCF3 or R492C=CRA9COWMF2w+1 wherein each R49 is independently 30
hydrogen or fluorine and wis 1 to 20. By "saturated hydrocarbyl” is nmeant
a unival ent group containing only carbon and hydrogen which contains no G
WO 001 12568 1 March 2003 PCT/ US99I 19954 unsaturation, such as ol efinic,

acetylenic, or_~ap e 14PS. a ' l'w% | and
cycl oal kyl . If c%oﬁ%éh%égegst@d@%ﬁﬁyggg?g?%g?égi@%&gla ur a?léﬁg
hydr ocar by inoge mifpegdreatmms;contain 1 to about 30 5 carbon atons. By

"neutral Lewe v IS ant _a.conpou higr: is.nat an i.or~, whi~~ can
act a6 LoveRoriad” 4e e A o R AERp ey Ryloncks hiBreoiidr, 1Moo

sul f i dessubstitutéd Apdocarbyl] pasideDthdb\eitheator drith of ¢hve pairs iIRY'aridsRiteard  a
cation wg:,ch cl?an ct (25, Lev, ~ s acid. Exanples of such ca~ions are sodium
and si | v& 2R pken tpgether mayfopm 4 gng .t 5 conpound of the formula c
CHZ=|CI;R: ~, WhRP,leRm, Rll"axic’o‘f@ﬂ]:&}el@dctﬂlndbpaﬂdémﬁbf h_bﬂydgpng.ﬁyﬁj‘di‘bﬁ?ﬂbl y

r -alkyl. By "lipear a-olefin' is.meant a conpound of the c

Gt Bubsitid RS arocai G ont iy Scion Hrotp, BB EHU AT A 91 Kol

a- ol ef i nRaxed &11 Giciil €@ bhAe AnatidmayByrma ghgf i ni ¢ bond is neant a

car bon-car bon_20, doubl e bond, bur. does not include bonds in aromatic

rings. By a RAtis hyutegeMietal is neant one of |anthanum ceriur;,
oraeseodvm u; g.js geodym um promet hi um samariun) europium gadolinium
terbium dysprosium holmum erbium t!:ulium vt terbnr;-~ or lutetium
25 By a fur~cagh ¥rigindgrspdendy $8a#RI08: gr oup whic: ~ does not interfere with
the stabilitypsinfingsige f cro6cf ¥Retd AenGrA] nttS0LRAG Nan fiteia~ i€ _
functional groups may include (deper~dr ng on H-hlc!: conpound they are in)
et her, haueal tejthgwplensepiofM migys @ f| uo=oal kyl, fluorosul fonyl, and 30
tertiary amno. By a divalent organic noiety is nmeant a di:raler:~ group
in which the free valences are to two different atons in the group, and

whi ch contains at | east on@EBAH&SOR FTHE INVENFEON-~y nay contain one or
nor e het eroat - @E!E/ ' i lic . h of the
free val enci egl@ngg%gaﬁ) e Se%o%al?%érﬁfs&?gémg{o%%g%% (%}gmélgfgg x%%g? g)trrrs) .

Pr ef er abtgmpouhd$.r Foesatermsi s defimeddalewbon at onms or nitrogen atons, nore

B Syl atoup'is madeaasglgenpatfinls el Madthinpshn bl ey 0 "ot

R17 and RiBundad¢lX@ach . independently hydrogen, hydrocarbyl, substituted
hydrocar byl , or a functional group.




5 The bi s(carboxi m dam dat onat es) can generally be nmade by ' Hﬂgr hgobgwl ng
method. A dialkali nmetal or alkaline eartr. netal salt is prepare such as

is shown inveglp@idse (1), from a suitable dihal ogen compound &3&9@954
sui tabl e precursor. Such reactions to prepare these types of

organonetal i c conpounds are known in the art to prepare, for exanple,

di l'ithium or di magnesi um conpoupds, sevr'fof “i nstance-. G W I ki nson, et

al ., Ed., Conprehensive O gano tjilci/c Chem stry, Perganon Press, Oxford,
1982; J. Klein, et al., Tetrahe ron,\vol. 32, p. 51 (1976); and M F.
Lappert, et 15 al., J. Chem So¢. Cheigr'Co n, p. 14 (1982). The dial kal i
metal salt or alkaline earth netal salt is'thé&K)reacted wwth ' 2 noles of a

car bodi i m, %r%gof%%Qﬁﬁ@§3qurQ%@%e@hegn@hgnkpdgecgkh h'n§5§§EgquE&a' salt

of the bis(carboxi m dam datonate as sho n equat e product of
equation PApricsaZOWher redetled Wi PRSAC3aPP*oM1dAmagpFeprFal enepaRsPti on

metal to QR Yheu Sar1$1| ttih@n MRzl 1eonpl ex of the

bi s(carb}:im da~: =dat gnat e e.use merization

catal yst system The %é’e o%ol\g}ﬁ‘l(ié(éléa%ﬁgﬁllnfagﬁb dé%ﬂﬁ?ﬁ% pSPEPRUIGr Iy the
conpound wihtiltha h2% monaum@nslctalrfbnnrratafns gsbchhasaah akkal & mEthLeor

magnesi u t _react t rapsiti t s..also_novel, and
preferablr%? tglgégeplc\ggérglen%% 51 Gei- o(r%kellt%n% ggn%gérggurgg %ke%bou% BT 5 about
+10CC. Bymgsiengedappr oprtiiatne gnogpshor wabsthetiehhs pasiheveachauge on

reactantsth%ua§%'hUE%Ql%Q<QIs&%a5%@éh&beagydeﬁgn§tﬁé%aw&%e Qhéigégn&ngroups

may be formed. Equations (1), and (3) just illustrate one particul ar
net hot of thekitRg oPhese corrpounds +M-A~ CH2C1 ~ CHzZMgCl CH2Cl ~ cHzZMgG (1)
s b5 IQ WO OOI12568ACHhN@GbCGHBNUCbr¢uB"R@BhﬁkhﬁﬁvaientFﬁrbhb( MyCi

CH 2~_N\ h 2003 PCT/US991 t 9954 ~i R2 R ~~gd
i R+ M~f°nt(3tl)”l(’§) {‘g{% AT %% )BNE gyfif(P?eHSef é% BPbupE" Y EAS i ncl ude,
for exanpléateGRl+2( CRi P2rdERIE2- thXV) hydhererhytaghot®6 hsréendependently
hydr ogen, C%]Qr Loganbyl, %DOdl{b%bl tcgtrggphgg&q?ar byl and g rs 0 or Gh integer
froml to , especi al | y qi1s ~. use roups for R Sinclude, for
exanpl®e, o-phenyl &neBYv1 "EﬂﬁéﬁﬁttﬁffleénéYdQOSaﬁﬁkﬁg hyeERel 1S guaaphtayi ene,
i, 2-cycl oRg¥¥beR8hyl group which contains one or more substituent
groups which are inert under the process cond:itions to which
the compound containhing these groups i1s supjected. The
substituent groups also do not substantially interfere with
20 the process. 1f not otherwise stateqa, i1t 1s preferred tnatv
substituted hydrecarbyl groups herein contain 1 to about 30
carpon atems. IncluQec in the meaning of “substituzed” are
hetercaromatic rings. All of the hydrogen atoms in the
substituted hvdrocarbvl meyv be substituted for, such as in
25 traifluoromethyl.
¢ By relatively noncoordinating (or weakly
coordinating) anions are meant those anions as are generally
referred to 1n the art in this manner, and the coordirating
ability of such anions is known and has been discussed in the
30 literature, see for instance W. Beck., et al., Chem. Rev.,
" vol. 88 p. 1405-1421 (1988), and S. H. Stares, Chem. Rev.,
vol. 93, p. 927-842 (1993}, both of which are hereby included
by reference. Among such anions are those formed from
aluminum compounds such as those described i1n the immediately

35 subsequent paragraph and X, including R193A1X~, R192A1C1X_,
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Re R Rs RRo~\~\ R i I'X1l |, ~~(XIl11i / \ (xvlz), (XVIIIQ,

(XX), (XX1), J (X ~z), (IX) , / ~\ \ [ (XXaT 19 1 March DWezhz2008 15
2Q WO 00/ 123 odA2sss~/ PCT/ US99/ 19954 (XXI'11) and (XXV) wher epoTiisee/i¥0s4 R
and R8 are each independently hydrogen, hydrocarbyl or substituted

hydr ocar byl._, g provi ded that ;g ther or both of {the pairs R- anti R6, and R
and R& t aken Alstietrher aray R O™hOX i Whergnd Ry, KRS, aRkl landORMgranecdadh

| ndependentd y. ydy.008mn Mlmr tinlolu%llébﬁwFrur{%ﬂFhBédE:QG@EbXE [305-8 '
functional group, pr ovi Rl1-and R12 vicinal to

hat, an 0 o,
one anot herisvex oy UrﬁraP“ﬁ ﬁﬂ?&’r@%upsspgﬁ R15Fare gXHIPF4(Xv)

wherein q dr&f&@ldjnwuﬁacdbﬂlf@ma&ehy@r ~egeneneX\V) foRavhi cChrgsbs) 2n each R16
on the term&;agecqé{b n- atonms is hydrogen, and both R16 groups on the niddle
car bor® at dift 1-H2CC(CH3) 2CH2-], and (XIT), with (XV) being

especi al |y preferredy lan ied aliselprehenr edmphandRls weati&i A abmpeast two

-car bon at ans, tkhatleaa&th Of. the fr e vial egcbggogf gﬁ?ng%}?k]%nu}rfferent

carbon at ork. rin anot her espemallype erre and (X) ,
R15 is (~:ddomor qoodd I9rceurd tseht écaklbonpeands=yenen R18 hgloxen)hasre of

the for w'a%.ssﬁﬂ% bound to aluminum atoms in the compound.

10 ¢ By "hydrocarbylene" herein is meant a divalent
group contalning on.y carbon ard hvdregen. Typical
hydrocarbylene groups are -{CH2)4~, ~CH2CH(CH2CH3)CH2CH2- and

7
~ (IV)
I1f not otherwise stated, 1t 1s preferred that hydrocarbylene

15 groups herein contain 1 tc about 30 carbon atoms.

e By "substituted hydrocarbylene" herein 1s meant a
hydrocarbylene group which contains one or more substituent
groups which are inert under the process conditicns to whach
the compound containing these groups 1is subjected. Tne

20 substituent groups also do not substantially interfere with
the process. If not otherwise stated, it is preferred that
substituted hydrocarbylene groups herein contain 1 to about
30 carbon atoms. Included within the meaning of

“substituted” are heteroaromatic rings.

25 e By & s:tiyrene herein 1s meant a compounc cf the
formula
R30 R26
R29 R27
R?B ( V )
- " a .
wherein R26, Rz’, R‘6, Rz“ and RBO are each independently

hydrogen, hydrocarbyl, substituted hydrocarbyl or a

30 functional group, all of whicn are inert in the
polymerization process. It is preferred that all of R26,

R27, R26, R29 and R30 are hydrogen.
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RR~1); and -2 (IIl) iQ 1 March 2003 WO 00l 12568 PCT{M??%/@%M In
(ry, (rer)y, (X, (Xr), (Xil), as appropriate it is preferred « , R2,
R3 and R9 are iadependently al kyl or silyl, 5 nore prefer Y,
containing 1 to h%%r@bon atons; and/or 1LdR, R, R and R qgtaarTéJ%P/:f SJts?1e
same; and/or R~, R6, R~ and RE are each independently hydrogen or alkyl,
more preferably aile argyhydrogeboraadétr iBRgmeRht, tRit ahd RbdRomee asl
hydrogen; and/or 10 one cr nore of R9, Rl~, R11 and R12 are alkyl, aryl or
substitutedggﬁﬁagFe¥hz%%nB%uﬁagtgﬁEﬁngsa%I}egﬁé P%5 BPEPSFPERST ansi ti on
metal s are flinctionadl aqdohih, iantdt Zr sandcTiurar énpbndipgeherbednabBieher red

met al oxidatjon states, ar (1 e , nd 1] _.a . 1\,
V[IT) and \ﬁ?e%fffﬁ??,b%mf?%}%#rgf*%%)bégaafrﬁgY%grégéa#?hgﬁgkg%gfﬁFF]¥L

f ~Then bowennsuxbhsiat tonedt ates of the netals are enpl oyed, it may beneficia
to include an oxidant in the catal yst |gctivation step. This may be an al kyl
hal i de to provide sinultaneous 20 al kyjation if the conpound is not
preal kyl ated, or a standard oxi dant oxygen when anot her al kyl ati ng
agent is used. In conpounds in wh~~ vl grgyps are present it is
preferred that R ~~, Rl' and Rl~ are each independent|y alkyl or aYyl, nore
preferably wherein “ahdrerpeesals}a piBELfaBFydarPlesbapd- nethyl . Anions X
may have ongepegadi ver CHargen fienoaat entompbuniBE e (Vhaj ~apae (negayi ¥e charge
(dianion, etc.). The nunber ef anions, ~:, which corresponds to n, can be a
fractional ¥Sor a whol e nunber, dependipg on_the nunber of residual 30
positive charges on the ligand plus netal yatio For exanple if the metal
val ence is 3, and the{ani ongffs a dl an~on ( Rwoul d be 0:5.
Preferred anions are i~r.s, Usefulzgnip Racyl, al koxi de,
hydri de, halide, ¢ .yt atRt! alkyl s “benzyl, neoper.tyl, 35
neophyl, and tr~.nmethyls et hyl , and preferred [@i are halide,

especi gyly chloride and &y om de,yarg al kyl . T'ncl udegew t hi n {herfreani ng of
a conpound of fornuI@B(134ﬁre gonmpoundssef the fornul a 1 March 2003 WO
00/ | 2568 Muherein R™7, , R'7, 'and R 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 R4® and RY® taken together can be part
of carbocyclic ring (saturated, unsaturated or aromatic); or
R46 and R47 and/or R48 and R49 taken together are an
alkylidene group. In these structures “z” is 1 to 5.

Examples of such norbornenes include norbornadiene, 2-

20 norbornene, 5-methyl-2-norbornene, 5-hexyl-2-norbornene, 5-
ethylidene-2-norbornene, vanylnorbornene, dicyclopentadiene,
dihydrodicyclopentadiene, tetracyclododecene, trimers of
cyclopentadiene, halogenated norbornenes wherein R46, R47,
RY8 ana r4° may also be halogen or fully halogenated alkyl

25 groups such as CwF2w+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=s
CCF3 or R492C=CR49CWFZW+1 wherein each R49 is independently

30 hydrogen or fluorine and w is 1 to 20.

e By "saturated hydrocarbyl" is meant a univalent

group containing only carbon and hydrogen which contains no

6



PCTNS99/1 9954 L tXI1V) , wherein R1 through R12, M X and n are as

descri bed above and Z is a nonoval ent anion. This is sinply a 1 March 2003
representati ) in which one of the anions X is not

netal 5 cati %&Uszééasl ly Zis a relatively noncoordi natl ong ar ‘flfusﬁsﬁsﬁél I
ol efins for polynerization include one or nore of ethylene, propylene,

1-but ene, %n@%%%&%tl%nocts%@% a3t ¥18R€n ;RO I@%@?memet h@& arghetips,
cycl opentene ana al |l e substltuted c Iopentenes hgyl yners, such as

copol ymer s 9GPUPES -et I@?‘Iaé‘tﬁ)éeén(‘]’ foR&CHr IFOFE SatBF&PRRs 3 aP88 be nmde.
Preferred @ly%fllola&kque afe not wahe rafiset bybeed, propyl prefanded thaear

a-ol efin. d. conpoun: first pal |zat PLRSESS and al so
useful in Fﬁg Eg dhﬁgloﬁgﬁg atﬁEg% roéege . é, Fst1 gonegPral éemﬁs
acid that carbabpstrtaocts . X from (1) or (X) to formV\X Useful Lew s acids
fen this abstractign igchude BeCSTRL3e ALCLS, MIRLZnand abligbuakyniAum,
conpounds such as nethyl alum noxane, diethylal un num chloride_and
ethylalunln@nm@ﬁl@mld@“rIMH&CWyGﬁécQFEyPSaﬁ1éﬁWlﬁréPéPabl?XémpéﬁSaPRyl

ani on, nor e et hdd MRiYldeaRrit@Ry sQr amih¥dr i de1anben, kidnetghpuad to
t he rretal atomaof (1), ;: ;~r another W nust also transfer a ~ydr ocar byi
(preferabl Pi&Fidi®y1) or hydride anion to the metal atom Essentially the
same eid ect can be-obmm e thyrusi Agwdike apbdécakemeiinthe akkybnakbibthum 25
conmpound taq plac n al kyl .qr on | ., ca n 2r D u "
abstract thenXaé:%i %r?. J)é é%r%gggeut %:%%“%g\%\ngsbgc? sgf gr Fégﬁs%ggr%ﬁai%
hydr ocar bylangr Gug vieg KWélﬁ@ﬁal atom are al kyl al um num conpounds. Suitable

al kyl al um num congou "|an-@ilé¢f1na'| K)é' mlabifl RUBLRSSAHHOXFdese[ ERIZALI) N ,
30 espeC|alué wherei n 1~ IS %gﬁalunlnunlsequ|OX|des are

preferred & Hﬁluwnﬁ@ﬁF@dﬁpéund§5 pn?l QFsBreéBr8ert at8Ya ni xture of

t wo Cowoumﬁ%fe&aﬁlmmgamw_s 12 R - ,t Ra 1 March 2003 WO 00l 12568
PCT/ US99/ 19954 aci d s%ph"qsntQgF§%§e% %"an ahkgkatlng ggg%asggh ﬁ
triethylalum num A st0|cqrdnetX|c or larger Safount of “Che“netitral “Lew s
acid is pr efcermde, GMmiGMRnDnewmeetenré& nubar pakiyd.of IW (k) prefaboed 1 to
about 10, 0QQ,, Prgfenablon raBouh o 110 @ ealowl, 20089-pbR Elegmfs'h rst and second

pol ymeri zation processes hereii:, the tenperature at which
pol ymeri zation is ®ar BYedloGt SfdndFoiendspe Meapsue $25ben-pREPRRabl y about

-60C t &y abQi#upi20Gorr §uRr efrisably abeutide286nte alaoa;:oﬂqgecc Fhegd0
pressure of the olefl (|f it is._a ﬂas whi ch_t he g égﬁ;lzgkﬁgn IS
carried cut is not *crit GalF2&t ModpheFics Bré§sﬁ?8nfo Bo 75 “Being a
sui tabl e raﬁgaurThﬁqmﬁg@mwwﬂmmionepﬁqmﬂsmeSphemethlnmy bemaupumn t he
presence of vari.ous |q articul.arly roti rgan 1 i The
cat al yst sys % fﬁﬁ éaél‘ &u%dlke%%l%% ggg gFS%Pg og hﬁ%%%Ub?gglgﬁthese

| i qui ds, buﬂdevmousﬁyEHﬁesw‘Kﬂqdmdgtshmuld not prevent. the polynerization

fromogeurring. Suist alye ol irqyids JnRgl wdeal kangsaneye! g@bkgnﬁﬁlnse&&@t ed
hal ogenat ed hydrocarbons, and aromati ¢ _hydrocarbons. Speci fic useful

sol vents | RAtUdS IREXEFE, "REIUERE, Sﬁéﬁiéﬁéynéﬂﬁ§béﬁescﬁ¢orPHeIuﬁﬁHLO“ ing
1, 2, 4-tri cRrorokemgene.c . The lwef itk mlnysrmblnéat geaapbeﬁ@l NifABy:akso

[ 't' 1y b d t t t t
he. t 1 ansi (CEFREA COMBBIAG G RO RSt T ate Helich hseElF T oa 2550r 8l um na,

activati ng ditloaiyt,h stile lLewiss rsuch vag dAl kiydr, ifnsbaneelannglkyhatium num
conpound) ¢jd and exposing it to the oiE=fir:. Alternatively,
t he su%gorﬁkﬁgy pﬁigﬁlqé ‘contacted (reacted) with Wsuch as an

al kyl al umi num conpdund®y and iR "¢oRraeNéd WPLRtANIApPEBPFI &t @1¥£ARBIti on

30 net al COQHQHHﬁwSUQhw§§~(dﬁe(¥EJQOVaIEm%e%UBQQfEo”&%oah§QfQ§eﬁb|§téﬁstake
t he pl ace of Lewi s or Bron ted aci for instance an acidic clay such
as mont nor i Pi‘brﬁei}ee.gr% hénd Wﬁﬁét%&o&rtaﬁr&% AG 4°8GppOPEedeEaral §5P%is to
start a pol ymerd zatiiexy ofayatcdreasin ke ca tiocars heitemorebak , coapkexapt v35
anotheésolefl@‘or ol%gpqgﬁ_of an ?Lefln SGH as %Xclggentenﬁ Qn.a_support
such a?’sili'ca or’Al dm . ‘These eterogeneous cat aryst § be“uSed to

cat al yze polbarerd Zwttlectrpatmntﬂ'le( appleessl dro tcraebbmqart@mphasePrB\;zegasl13
both free valencies are to carbon atoms or nitrogen atoms,

more preferably to carbon atoms.
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1 March 2003 WO 00l 12568 PCTNS99/ 19954 phase is neant that a g?ﬁﬁﬂ%ﬁ efin
is transported to contact with the catalyst particle. In all 9

pol yneri zat wanpopesssesses descri bed herein oligomers and pol yrerasgd/19ohe
various ol efins are made. They 5 may range in nol ecul ar wei ght from
oligoneric Qefins, to lower nolecul ar weight oils and waxes, to higher

mol ecul ar wei ght pol Pyl of Badyd Q@neupr & ereaut p? ogeep i ot atlpe)l Yoemulith a
degree of ngi ¥iegilZgiBon, (DR ; f Rééouﬁll Q95 pd¥e, preferably about 90 or )
nor e. i s neant "t he average 10 nun%er of re eat %ﬁ nmononer) units in a
pol yrrer mte@ap@ndeepémmgreﬁemshrzs%@e@tmé%f twésebwm made. . by the

processes gegggbgggyl‘ﬂergl_fnal guggeﬁghagn gfeay. ways. For) instance if it is a
therm)pl astic, resin, for ext usi on, etc. -

1T ToPs 05 i BREoRe i BorPor iy dp6: (SE ALeh S st Shiere s HI50 AT hodr o
most of t edhpr epaledihy pekyoeri zat doalpabressesl i or Whallcdll Bné reastit i on net al
containin at al systemis, use ndi n the brocess c d|t|ons
used and ﬁﬁga%afé%s { ?s?gﬁtrgﬁbsgﬁcpeggyﬁ%r%}gwer}\‘/elrhtnt %sae&n%%e rom 20 the
same nonofiecs) anayihabéevdiprhggpnoperpeend Sonethfr thelprloberties which
may changﬁl @EGrQBIlrecuéGEh"‘@leQBhéﬂg ol geebare Vel gt dihsdgibution,

crystalli fing point, and glass transition t-enperature. Except for
nol eddl arOMFgﬁWe’éﬁéllhﬁl EEPARNGE] BRE KRR | Hutilh 2B are RFRPEY 25 Bf f ect

all the OEQ%pPéQPQMh@ﬁllﬁfﬁnbkoaﬂﬁaghésiﬁmk@@t%btlr’ﬁ@é cefd af ¢ tIansdtdon
metal con rﬁ Tg 8 %:zaﬁl on at a&%sts ncl udi those discl osed her e n,
are especral 'y~ 0s8f ftvaryt ng the rp%ﬁ%}h‘?rhsgl‘f‘?tn%og%?neﬂﬂsl%de with
t hem seeChemlsnsyaneertMmbd Patent @Pppdrcdatl ohd; 30. F6/L3010:t XY 02298,

OB/ 30609 300, SRLI0TA0. L1 | 332 sp. kooum iy blends of distizet nel yrers,

that vary or i nstante I n erties |iste agv?)v
advanf agedbs: pJop@h@liﬂesséérrpﬁhé%] t%om@i‘rhgllé Yol Vit %), - Forhe riskaneel it is

known th%e@@iyggﬁﬁ MthQEQQHeOéaPtHQﬁ'@iaITDéﬂﬂ”fé ﬁ/veérgttteéﬂ@édlvbltﬁn ons 35
may be .ne t oces &be sgaged npre_easily than narro nol ecul ar

wei ght  di SLat: 6 ghRPe: | 591 §° T Nt ot g IR ke Qa1 ne
pol yners a:ayabibenebmthomgbemeslaby bf etidé rigmmdrteimtmmﬂaamﬂmr,s 14

1 March 2 /I2 UsS99/ 19954 T. re producmg

pol ymer s %%) }i\{lgl nhet e%gﬁ Eg%dﬁgz ?é?reppﬁlg%tgs fare Usef dosr} Lspem ally if a
| at eR0septinamn eréaﬂde@xpehbl geyapbl 9fT'E‘Tm NP PP Stae carpire vl dexkalHowever

|0 such pobyEgsh2ghi0n3aQ08: $0AUKG: AP BRSEeP dhalpdvio different catal ysts
may interfere wth one anothe or interact in suchavvay as to glvea

si ngl e poPyFrEFarpax é’ﬂbﬁc*é—ﬁ%%%%et heh el drgstle dissd osedMerein. can be
termed theciymstinstive petywsuapwmcatraﬂeystse Mmaners useful with these
catal ysts

ar thosglrge grrr'1$ al sortlloc raeglerrt%dg caot%[(ljvoeu Cﬁ cor d
active poIP Frzarioh eala ys tj (Sﬁ)o ohe Of frore ot er?) i% used

in céhj uncenonamsthidhemétest aut:hvesp@ty&ﬁetralzJatmaﬂﬁJcat:alwneSEhen,semnd
active pota&ea@ﬂtwt\hga&.msaf@ytpengltﬂt@ tdansifd op etas, 15 catal yse,
for exanple as descri bed Wor Pat ent Appl i cations 96/ 23010, '97/ 02298,
98/ 27124, POBE 30BDOY ‘geteeepéa‘éﬁdl%ti%%filzon Gher GIRET Fuiat R tay

al so be use@"a’:o'cothOﬁecamdoﬁgt BY eu POhy nesh Zap 1 it € af @ sd .oFor i nstance
socal |l ed Zlg Ie Natta an% net al | ocene-type cat al stts n%ay 20 al so be
used. The%® yb ¥eRES 8P al§&t L2 51 8 Ret T2 W |r13‘t}?1s A5 efin field, see
for i3fast anCe (Angewx iCheamidénonates) Bngth ,divfofer8d, gxodpls43&a1y7d}a (1995),
Eur opean Ap 8 U J98, 40!

i nfor rratlgﬁhg%%ut %é{fgﬁ %ggng%?y ?cata ys%%s ﬁggntz JllEhBoo tjé? oGl i egler 25
Natt a CC-RtySisuand metpﬁérpiatw f39 %%ejertﬁrtpqmtr&% New York, 197 for

i nformati on about Z _e_L_CINa&ta type catal > ,%‘ rinc:~ are hereby .
i ncl uded by refer 'nce. I\/any cf tig, usefl- 1d zégion conditions for all
of these types of Qat gtlysicsi,caand the first & Jo—pM,duer i zati on 30

catal ysts coincide, 5o conditions for the poFynerizations with (Il or (X)
are easily accessible. Otentinmes the "cocatal yst" or "activator" is needed
for netall ocene or Ziegler-Natta-type polynerizations. In many instances
the sane co: ~r%und, such as an al kyl al um num conpound, nmay be used 35 as
an "activator" for sone or all of these various pol ynerization catalysts.
In one preferred process described herein the first olefins) [the nononers)
pol yneri zed by the first active IS 8




1 March 2003 WO 00l 12568 PCT/ US99/ 19954 pol yneri zation catal yst] and second
ol efins) [the nononmers) polynerized by the second active pol ynet Maath 2003
catal yst] arej ical, and preferred olefins in such a process are the
sane as descrvkgﬁné%ﬁediately above. The first and/or second 3T P& Aay
also be a single olefin or a mxture of olefins to nmake a copol yner. Again.
it is preferred th&@ they be identical particularly ingmg process in which
pol ymeri zation by the first and second active polynerizdf&on cat al ysts nake
pol ymer sinultaneously. 1o In sone processes herein the fJTrsjggcactive

pol ymeri zation. catalyst rr.~y polynerize a nonopger that not be

pol ynmeri zed by aia\qeecﬁnm&ctivelpol neri zati gh Hak-gigt , and/or vice
versa. In that [|[nstance two chéﬁ“@ﬁff%“dr§rrhc pol ymers na;YREe pr oduced.

I n anot her scenaxi gAtwWo Ch96hrer s woul d be 15 presest—0t h o

pol ymeri zation catal yst producing a copolyner, and the o pol ymeri zati on
catal yst produci ng a honopol yne:, or two copol ynmers may ﬁégduced whi ch
vary in the nolar proportion or repeat units fromthe vaM o nononers.

O her anal ogous conbinations will be evident to 20 therartisan. |pzgnother
variation of this process onegof the polynerization catal ysts nakes an

ol i goner of an olef' n, preferéﬁ]y et hyl ene, which oligonmer has the formul a
R70CH=CH2, wherein R~0 is n-al kyf ,mgmeferabl;,.~ with an even 25 nunber of
carbon atons. Tne ot her ol yneri ion catalysr, in the process them
(co)pclynerizes this ef™r—@i;t her\hy itself cr preferab~y wits at |east
one other olefin, preferably ethyieq;, ~o* Mgy.m a—br-anched pol yol ef | n.
Preparation of the oli r (Wi ch #'s sonetines called an a 30 -olefin) by
a second active polynerization- of catalyst can be found In Wrld

Pat ent Applications 96/ 230i 0 angl %8430612. Li kew se, conditions for such
pol yneri zations, using _ catalysts of the second active pol ynerization
type, will also 35 be found ih the appropri ate above nentionéd references.

Two chemical ly differennactive \psQJwprdrzcai;jsorfogatRéIWQEQl@agﬁusgg inthis
pol ymeri zat i on ocess.1dhe. fid st actd ve ynmeri zation catakygst is

descr i bed IHUBHT apdve Fcl’{]e PRy %var@ﬁ)’zoé’ﬁ‘%l@offﬁ%ag PC¥FUS99/ 19954
second act i edgrodyaaEr i zath osr aziral ystd meya @ilydo oreetubtshe thicetdt at i ons of t he
first active, PObysmL) 7alion, cal &l yal o puldist, e ghemieabhy distiagh, For
instance, it" may have a different transitiomretal present, andror Tutitize
a 5 differehtitype dPth§gantt dhd/Troudtfe ioand t ypelotlel i jandewhnphedi ffers
in struct ure-Hedweedhd her firidprang, 1S860NG , act e (Y kAR i zation catal ysts.
in one prefe&;ed rocess, the,Ji%gnd.typq and the netal are the sane, but
the |igands' i TR T W HE r SUBSH TR €06 /1 ncl uded within the definition
of two active pol herd zAti on catalysts ape systens in which a single

pol yneri zat i orrlca s added togeth&ér with another |igand, preferably

t he sanme type of and, which can ¢isplace the original [igand coordinated
to the netal of A 15 origi nal agtriwe ymerizatiagn;c t, to produce
insitu tw differen~ foryneri zat ( ysts. The rati o of the
first agtive pol ymeri¥aki onx:cat al ys 7t hex second~acti ve pol yperi zation
catal yst used will depend on the ratio of polymer fromeach catal yst 20
desired, and the relative rate of polynerization of each catal yst under the

process conditions. For instance, if ope{wanted to prepare a "touahened"
t her nopl asti c pol yet hyl ene that contai
catal yst tHWat gave\rubl ;ery

200 rabbery pol yethyl ene, d the raté

catal ysts were eqyal, one woul d ys

tnat gave crystall ol yet hyl ene ~o

poi yeth~~l ene. |~>rcre than twxwact)yve yo¥'ymexivzathon catal ysts gy al so be

use:: if the desired product is to contain nore than two different types 30
of polymer. The polyners nmade by the first active polynerization catal yst
and the second active pol yneri zati on_cat al yst may mde i n sequence,

i.e., a polyneri v th one (eiA first or cf the cGalysts
foll owed by 35 po prization wit ot her cat '

as by using two
pol yreri zati on ve in series. ver ~.t isp red to carry out the
pol yneri zation u '
in the sane vesselsy, i.e(¥X)L7

e first and
(XXIT),

9



WO 001 12568 1 March 2003 PCT/ US99119954 si nul t aneously. This M%Zb&l e
because in nost instances the first and second active pol erEI’I

catal ysts arewo@omsdes bl e wi th each other, and they produce theipcrnseos199s4
distinctive polyners in the other catal yst' s presence. Any 5 of the
processes applicable to the individual catalys:.s may be used in this

pol yneri zation process with 2 or nore catalysts, i.e., gas phase, liquid
phase, continuous, etc. Th’g\45 pogRyners produced b iS process may vary in
nol ecul ar wei ght and/or_ nolegyl ar wei ght distrif® an and/or 10 nelting
poi nt and, cr |evel of cRS rnity, and/or gl ansi t~or.~ tenperature
and/ or other factors. gpol ymers the pol ymeXg ey ditfer in ratios of
conmononers i f the di ;fer e hol yneri zati on catal ysts pbl yneri ze the
nononers present at R yl ers produced 15 are

relative rates. The pol

useful as nol ding and exp 4 on resins and in fjtxg_ad kor packagi ng. They
0 ), toughness and

i nproved | ow tenperature propQrties. Hydrogen fm ¢ used to | ower the

nol ecul ar wei ght of 20 pol y& eRi n progtcedand t irst or gggend

processes af er ped ;hat t e anount_ of, dro en resent be about

0.0l to abdmerfﬂ}'ﬂ[ﬁe Ber cBnt@®f Rh&is & SRS E e PSP Hbut 1 to

about 20 nui;eimaeml dMaukbsmmdtemnwmm;ca(mseI; r;s:)oﬁ@e@rﬁls@ﬂtelanernay

needto ex t sfl e agt v,

mononer’s alr%l> rB‘é:rr]jogen ((?'l %afra%?? tR %ﬁbﬁ o(geﬂr?J%nj(%b qer% fare

gaseous, | ntahtalftomelaatflmrc@mté? vtrRa cﬁqs aag Be B&EU legtcdd lmdetnamdently

partial presaHRen deied@&asﬁm £ssyidie fudd W @MWI atépre aFe used:

30 OHf - heat of fusion me o clohexyl - |, Perneafion™
Chr onat ogr FPRF thena lngine H1dé3<rq\6f J‘gd%ﬁfe ™ 7Ry P Indt ec@ilgvr GR%EI gRe 3? Myt

- wei ght aw&rcaglelmloemuﬂearanwhg#ﬁ nFaEy -fpod wetrhilene MA@ rred groups for
pol y( ngt hyLal5u 0 ) Pl\(l%} e R rch 2 VWO U0112568
PCTI US99I 1 954@5% X&&gl ypr op I e""r?ee - ‘%ﬁg ]%8 aﬁ‘fil/o roeoarﬁrf iggerjeﬁ ure THF -
t et rahydr ohwﬂia:l@g@nl,n (tXNé Evamilieh ails ;irresasaﬂ*eﬁ AT ergduge frmsingles.

'~~Me/ 100~; ca@Bbn atomst fise HyRh@dgeHmislid PotBlRD HARHRS RETHe 10001
' ca & a_ oms ls yQi get measured(%r~ 1H NVR eFeY mat%od of

met hyi ene groups ;- r and is

NMR neasur ﬁéﬁ?naﬁé'to&‘ala(’fﬁl gﬁ%’ﬁ’ (s OB 3kt - AfRd i on 967iEb10. 10
Di fferer.t~dV)Skaing_ EGp@ﬁ:h@ﬂ.llryetp‘x}ef\m&adSEd IttO ieadwee pp@gerr&red “tivert ST .

poi nt (Tgidsn en.a r h | ti heat of
fusi on (ngI1 %’t QE gt ﬁeta@% gsl%n ca(r;:]:%l)tojiej %t r;g’der%q] ttR [?Wsoafrq%ported
are fromtﬁeeﬁeé’é é“lﬁeaﬁ 0f.5RThEad‘ewé@né’elftfmrﬁ@ég@@trémmera@qupar ed

according tc thanEQBEQBEee%bebﬁally pE%EEQ&%da@%delﬁenMBG@ N )J aﬂg“ﬂn
Soc. Daltog 1'51 1982, , 1~5. EXgq na ds %m metal_ was reacte 15
di chioro- &FLdrb onﬁshy(a'r arton! m ?de THER ! FEORRPYALT dl ‘éh?ﬁlg%
ielc: or the dkmaghesranvfeapenttsrwhilals were 20 then reac~ed nt;. 1 eqaiv
o~ the carbodiimde in THF at Rl for, 2- § d@ﬂys The sol vent was renpved in ,
vacuo and the crude products wefe RSt eN ;i h pentane to give a white
powder product. 25 Exanpl @l SyR ’
[ MaC-) 2[ (i -PrN) 2CCH2C6Hqg- 0- Ckiz
[ MaCl j 2[ CH2C6H~-c- CH2) (0. 0164
a so.uWon cf 1, 3- dllsopr%p

rv bt-:, ~~ sci unor. of
- 300C was added dropw se
4. /439 g, 0.0327 nol) in THF.

12 R’
20 R (I); and

(III)



30 The pale yellow reac~lon m xture was stirred 2 days. The sol vent was
renoved ~:-~ vacuo and the white sticky crude product Was Was’\éd/'QFCh:?ﬁﬂ?B
pentane to |ve a white povvder product (5.1558 g, 0.0108 rml%) in 66% vyield.
1H NVR (CD2MOW/2568 1 35 - .~ "2'~ C13), 3.' (s, 4~, CTAISEHI99 35
i-Pr-C~; , 7.22 (m 2H, Ar-H) , 7.5B (m 2H, Ar-H . 19 1 March 2003 Vit O
001 12568 PCT/ US99/ 19954 a Exanple 2 Synt hesis of

[ MUCl ] 2[ (NC6H11) 2CCH2C6H4- 0- CH2C(NC6H11) 2] In a dry-box, to a solution of

[ Myd ] 2[CHZCGH4~no (CHZ] (10169 %ol )(XiIn, THRIAY - 36Cappsoaddededibpwese a
solution of &1 3Gy .ohexyl carbodiimde (6.971 g, 0.0338 nol) in THF
The pal e %el I'ow,react | org m xture was stirred 3 days. The solvent was
renoved i'n vadlo &d tHie and tfe stvieclepcér dadepesdeat 1was liidhed aithl,

pent ang t%mﬂlv%f%ﬂgyéﬁij“@EﬁWLRﬁﬁﬁ%@hlﬁg @9%096 Qa@beh Eﬁbhs'naza?%Y'e|d
1H NNR(CD2C12)1102br 104+ 1.8 (m '20H, Cy-CH2), 3.0 (m 9H, Cy-d:),
3.69 (br, ReHe)R 3. p78 305t R 2ﬁrecﬁéy t?ezs(aﬁﬁe AF“HHfl Exanpl e 3

'Synt hesi s of [rvﬁ’sr R (s Praw&@éHz@azeazmzmueem)ea]t1315hyheogenebal
procedure s foIIovved s 25 | _o r 2 2CH2CH2] and
2.8395 g ( dﬁ e]nr% ]1 %?g%flecéry[glyg |e]{nl1 d5k94%\%h4| te powder product
(6.3672 g, 8. 7Z< m"rcﬂl) smcbthe d%(rxe??%lyhe'lddigﬁﬁ iNWRA(CB2C12) : 1.08 (d,
24H, ), 1.57 ), e HE ,qoqardi e CH 2,29 (br,
oH, cf®), 3.54 {(br, or %rc‘f‘g)é?f R80 (nt. “THE“Soor di ng?tesdqw% g}vén%ge 4
Synt hesi s Sofb-‘{tl\)‘EFB’rq@[ (BAIN) ZCCI-|ZCI-|ZCI-|ZCI-|2C( NAr)2]: [Ar = 2, 625 (i-Pr) ZC6HI)

The general prq%cw e QJchJV\Fé:% ugiyn@ndsS. (&) mbf@&rbwe&haszgﬂZmZmZ]

and 11. 3359 rrm:l ) of 2,5-dii soprop)gl phenyl ] car bodiim de. A
white powd gadrsod‘lf@t 4r5. 9027 dﬁ*& ﬁﬁg‘ TWa89 61 AFEd™PRE78% vi el d. 1H

30 NMR (CI@&@Jfk)rre@i 35 E(rim:erzué,d @H.Z;)al @yaﬁaQ:danQHat@lsB)a;ceO"“%Icd I24H,
CH3) , 9H, ) va (M ¢THG,COo kN d CHZ (br, 8H, CH)
3.70 (m i ) =g 2I$“’ h8f§|i|67 %E« né H 56&18\% 00! | 2568
Mar ch 2003 HETIUS9Y |IIg95@rE$<atmepur@”§ eﬁtrﬁésmfrtéfls (111 When lower
[MCl] 21 ( ALNIRRGH CRHDedm RGNk 2L s L em%,lo%dén ‘iEr)na?C(S"B] The
general procedure was foll owed using 37.0 mmol Myd ] 2[ CH2C6Hg- m CH2]
and 26. 828FTFIFFAD hfbIHP DML, ?“blcé‘lﬁfn%ml rB6pFEpgs YsheACLtivation
carpodiir rﬁutq; ~Trﬁasl néayy eld o mw@ar hlallﬁdlllelto( BEo34dg, s2Bu2tERBbhswas

|sola d |eI H NVR 12] br 0.86_(d, 29H
) o8 ol ot G i Rt gk nrpBred iy RreSibr 3 Fhetdes
CHZ) 3 083)(Jkda,nt8~s-u,qh @) ,0X3/G70 (anerTHERocberdianiyéd tOTBRgeb83s (used. 121 :
n\~hﬁ\ = f1 Y r i
[I\/qCI ] 2[(| Pr %;géd-lgjissyl—%mv %CIWNI%r FE 21 15°The esgﬁgrélt ﬁfc’ocedure was
fol | owed usigfFrrecy f o N?go EPCCH2 Ce g Smeend] laﬁapanlem]g £2by 39

mmol ) of ]or3dz!**\510prn%@ Gardredzipnyde.) ki iwhiche Bewdenr aplodyet 1692675 8117, 37
mml) was i sol att&d in 500 yield. 1H NVR (CD2C12): 0.79 (d, 29H, CH3), 1.73

(m 9K THE%&EMated cH), 3.2 (?n, 4H,
Anions X may have cone negative charge (monoanion), or
more than one negative charge (dianion, etc.). The number cf

anions, Y, 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 1f the metal valence 1s 3, and the anion is a dianion
(x"¢

Useful anions include acyl, alkoxide, hydride, halide,

-

)}, then n would be 0.5. Preferred anions are monoanions.

carbcxylate, alkyl such as methyl, benzyl, neopentyl,
35 neophyl, and trimethylsilylmethyl, and preferred anions are
halide, especially chloride and bromide, and alkyl.
Included within the meaning of a compound of fcrmula (1)

are compounds cf the formula



20 CH), 3.48 (~, 9H CH2j, 3.82 (m 4H THF coordi nated OCH2) mHcB5064n 2H
Ar-H, 6.96 (m 2H Ar-H). Exanple 7 Synthesis of
[ MyBr]2[ (Ar N)ﬂ%gﬁ%-{ 2CH2CN2C(NAr) 2] : (Ar = u25 Me-CEHs The ge :
~=~0~cedvre was (% owed using 9.42 mml of [M3r] 2 f C-:2C @58/?9351
and 4 . 19 g (18. 85 mmi ) of ., 3-nms [ 4nethyl:~nenyl]carboai~rr.ide. A
whi te powder product (7.9264 g, 7.57 ) was | pdlated .n 800 yield. 1H
NVR (CD2C12j: 1,20 30|(br, 2Rx G2 shd NTHF overl ap), 2.21 (s, 12H CH3),
2.32 (br, 4H, CH2), 3| 70(br,|] THR\ZoOpgi Yat ed 2), 6.65 - 7.22 (m 16H,
Ar-H). Exanple 8 35 ~pthes] N) 2 2( CoHg) - m CH2C( NAr ) 2] : [ Ar
= 4Me- C6H~ | The genefal ~ oxed Using 9.17 mmol of
[ Mg ] 2[ CH2C6H4- m CH2| andl4. Dl ) PT 1, 3-bis(4 ZI 1 March
2003 WD 00/ 12568 PCT/ UsaY/ 19 thydphenyl j car podii mi de. A pale yellow
powder product (7.0 g; 7.16 )4 solated ih 780 yield. 1H NWR
(CD2C12): 1.28 (br, THF-CH2) R°2.22 (s, R2H, CH3)| 3.70 (br, THF coordi nated
OCH2), 4.05 (s, 4H, CH2), 6.65 - 7.15 (m 16H, Ar-H) (XxGeneral Procedu_-e
for Synthesis_of Transjtion Mial | exes of Bis-( | m t A
flask cont %t whP a&sug%re%%?%nwgof’ rrbg'(t);%) ‘?1% i%learlg T Q;C)%;l al)r%geéqaoSlaegrﬁeo‘{1 yﬁ%}edne
chloride 0% islaenenomslendl euiean. - BOG ibs thanrly -boseFreseerdrat it tdif s was
added dropyt 5o 2 phECROLR 50! kL O bn b1 2 {£A{HOXI T it onal &)y Aingnesi um
reagent in 2C12. e reaction mxture was st:~rred overnight at RT and
filteréd tperblgh a PPReliwth HF y2 CBF13 Ve Y M QIR VRIS rinovfed under
vacuo and the rigségue yeastexsr a6t eso Wihdr IEidvdrenen €l idles Remwwed of
dried in vacuo to give

met hyl ene ch}goi;i de and vvafhed \Aﬂ'rgh gent ane and then c

the early-EFansTRT onPhRY & Bt eXesS  Thel T8FHTII%s bt T 19 'st° OHE Wt al yst s
synt hesi zemoilpothese, extinpl eg- 0RO 22s, dydMeerdn 2903 aMd COM2568 Pr-i N C2
Pr--\ 1Q 4,58 tucdd @@Elgﬁengé#ggr’ é%ﬂéfymefg,r$uch as copolymers of

10 ethylene and one or more oa-olefirs may alsc be made.

Preferred olefins are one or more of ethylene, propylene and
a linear o-olefin.
The second compound in the first polymerization process
(and also useful in the second polymerization process}, W, 1is
15 a neutral Lewis acid that can abstract X from (I) or {X) to
form WX . Useful Lewis acids for this abstraction include
B(CgF5)3, AlCl3, MgCly and alkyl aluminum compounds such as
methyl aluminoxane, diethylaluminum chloride and
ethylaluminum chloride. If a hydrocarbyl anion, preferably
20 an alkyl anion, more preferably a methyl anion, or a hydride
anior, is not bound to the metal atom of (I), ¥ {or another
W) must also transfer a hydrocarbyl (preferably an alkyl) orx
hydride anion tc 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 ancther
molecule to abstract the X anion. Preferred neutral Lewis

acids for transferring a hydrocarbyl group to the metal atom

are alkyl esluminum compounds. Suitable alkyl aluminumr
compounds include alkyl aluminum sesquioxides [(R18AlO)n],
18

30 especially wherein R is methyl. Alkyl aluminum
sesquioxides are preferred alkyl aluminum compounds. W can
also constitute a mixture of two compounds, a strong Lewis

12
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A~C M-N/ SC /h A Ar =2,6-i-Pr-C6H4 10: M= Ti, 11 M:é 152%
Hf, 13:MEV(I11)~, 14; M= Y*, 15 M=C (lI11) *. Ar = Mafch 2993\ =

Ti, 22: M= ZWOOB[;I“USQQJI 9954 - Pr-, NNN ,~C Pr N Cl M Y Yk
8: MZr, 9: M= .o~ 'r 190 M=Ti, 20: M=2Zr. Cd C cy i;C‘T/ggggtl'lédfic
Ny~ SCI H'~N Cy 4 METi, 5 M= Zr) 6: MEHf. Ar N Mo~ Cl \ / SCI N Ar Ar

2, 6-i-Pr-gglia s6chMas Bi(CeFE) 3MandZep a8kyMatihig. a@\ent.: dudk a& 6H4 23: M
T, 240 M rléthylagﬂ%lghmatog'g@oﬁgﬁlgﬁgeklcEégnPgﬁggr a&gu%é of the

neutral Lewis acid is preferred, and a more preferred molar

ratio of W:(I) is about 1 to about 10,000, preferably about
5 10 to about 5,000.

In the first and second polymerization processes herein,
the temperature at which the polymerization is carried out is
about -50°C to about +250°C, preferably about -60°C to about
lSOOC, more preferably about -20°C to about 100°C. 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 liguids, particularly aprotic organic

15 liquids. The catalyst system, olefin, and polymer may be
soluble or insoluble in these liguids, 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 olefin. 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
pclymerization 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

~
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Synthesis » ~ -P rt~~; 2C"H2CHHg-c-CH2C (I "Fr-i) 2] Tid2: 1 In a dry-becx,
a solution of [MyO]2[(i-PrN) 2CCH2C6H4- oCH2C(NPr-i)2] (1.299 nrMhrchi2003
toluene (14 nL) and THF (1 nL) was added dropwi se to a pre-cool ed sol ution
of Tid4 (0. 3P6/gs6sl. 299 Mol ) in toluene at -30C . The pur plpemedshsdn
m xture was stirred 2 days and the solvent was renoved in vacuo. The

resi due was extracted with nethylene chloride. After renoval of tre

scl t=ent, @hdaek ipumeaa tpaheer anvgs sl vdeL it Szlir@n@bdxfkdnud) in 890

yield. 1H n fif oners 1.06 - 1.30 (br., m
24H, CHB), '3%4‘35%19@2%%}; he %%t%&&) B RgT) (m 4H i Pr-CH), 5.86 -
7.30 (br.. m 9@n ArLlH)of 1pe poityw&rr@ﬁam mocsv@/swsaglels«;r/ltbs@g/h@g@sm

Exanpl e 10 oD RFRERSIsS a‘?ifd i1~ ereN)SZ %@%@@H%%gd%%"ﬂ@rf 1In)52]a4fe0n?a 2 | Thda
dry-box, a sol’ution of (i-Pr 2CCH2 oCH2C( NPr -i ) (0 7716

mol ) i tmaueﬁén@fumn ﬁ&ufﬂﬁlf pel §r®£‘sO&ﬂéﬁwe§éca@é€cflél5préocool ed
SUSpenSl0n1@he&fﬁo&e&@lLZ9&egghQ 017E1@nmﬂﬂbxbslntbohu@ﬁ%rahoi%QQ@dr The
c~l oud5~ pale ~~e acti og@nlxtu e _was, s nd the %Ivent

s eove XA AP0 YOTRE SPEs! 0B e SEREF Ak BACRER mt Ry PeHaTEN gk
Af ter renpwaldegireehefsplovenierizapaloa y&P) owipawdet 10 wasmolteai ned, 0.1963

9 gg ?78 g?%(é)fergbé?r %'o%ltgﬁgl'érw?f(e@% 2)3 £} haln%ﬁg'tf ftgr g%e@%g‘”s

4H, |Pmc:Hpum@egoof res»@a(Cbr mon@megm UAFLIIS) 1n19 Es@éfmﬁé nelsgntResi s of
[(i- PrMZWZCQH%F@n@H%Q( RIRr '1|t)52 Hbgo%tlasTh@h@e @n%egr peedure koe netal

conpl exes was fol [ owed usi 3993 ¢ of the di magnesi um
reagent an®*@c26¥%§5g €6C§3§%ﬁnﬁﬁfeép H%CP&egﬁgnﬁﬁtﬁﬁpgnﬁagﬁlor%&é as 20
sol vent. Aipalenyel Lidwisolisda( @h2@62pdas®i®®5inmmb) wasuebtiaiased i n 590

yield 1H MBGRECLLUTL 1 ORPC2 L8 EAIPL9nad 8 M e kosLhe 21 anal og

[(NC6H§1)ZGQHZCPHQIQCCHEC(NGHHbﬁ)2F?dCB2 an Thesgemeral procedure for netal

conpl exes was f@bh9@@@f9§bngr@ %é@% 6f&én1§§eBH9Eh Bl bBQbe%@gQ€§me
reagent and U. 2137°g (1.126 mmol) of Ti e"solid (0.4335 g, 0.682

mmol ) was BBPEFSEES| ﬁ“6Y§l§PePdtr?ﬁélIHONNﬁe§BECFPHﬁ?SGlPH éB?éiisls
conpl ex. Exgepks 13 S;aahesospehdh65C6H11h8C5H866Ha aoEHZGﬁNGEH&%ka]Zh@ 2:

5 The gener.al dure for cgnp es _was d 35 6267g
(0. 9848 ol SPCE ﬁgsa.ﬁaaﬁss.uﬁPFsageﬁ?fzmara 2585ng b Bamddmar s o
Zr C 4.20A pahe pemeowosohed (£0. ®8V7hgveovgxslngnp¥omastobsainédmenogzehe

yield. The e i o] 0 568 Exanpl e
41 Ner cnPE0B5 BT LB 008) SontRes soope eculéf wetbhtOhhd

[ (NCsHL1) 2BeheeBhgrovetigtt Nes FiH)l?)JF—lfLePz cgystehéigdhir alepFoBedBPENFor

met al conpkaxeglwas tekhewedotstaaper46Q3g.( CEX28ptmbb)y Ablekbeldirnmagnesi um
reagent and 5 m/solld (0.4742

0 10" MHERs MhadnGnlat REEE2r n Behgt fa Tyl B RafRheBeedr e (7
CD2Cl25i s edfiptexadhdtber nthar poophetZesamahbgosedpound.

It is known that certain transition metal containing
polymerization catalysts including those disclosed herein,
are especially useful in varying the branching in poclyolefins
made with them, see for instance World Patent Applications

30 96/23010, 97/02298, 98/30609 and 98/30610. 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 1s 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



Exanpl e 15 10 Synthes~.s cf [(i-PrN)2CCH2CH2CH2CH2C(NPr -i) 2] Ti

general procedure for metal conpl exes was fol | owed using 0.803 ar@ﬁ@@i
mrol ) of theygdpspggpessurn reagent and 0.209q g ;1.104 mcl) T)&P@,% A
dark red solid (0.6485 g, 0.906 mtli was cb~amed in 82~ yi el he fﬁ
Nl ~uR spectrumo-: 1S CD2C 2 is conple> and simlar to the Zr anal og

conpound. Exanpire rk it hesinddaf o[f(iprlardu)cm@HgGH&aelw%@Nﬂr-i)z)Zroz 8

The general procedure for. netal I I usig 943
(1.02 nmclHMBHE S He YiRfegissi ﬁlﬁeagggﬁégn&%%%%e%\ﬁ?l %%ecm ?yofl%ZrO 4. A
pal e yel | dvatsot isbyexaBB60 ad GXPRBshive!)) PRaYymet aiinddidi StER wieal de 1H NWR
(CD2C12) 513% §IH ezvlg_l" q_@uchl p%Qﬁ%rlégtlgﬁ%) ’onl% %%o(ﬂld ‘ﬂ)'é' a%'é'EeCHZ)
2.38 (s, 60 (m I - Pr- OCH2) anpl e

i7 S ,6t; -tl‘e%ti swa dif feremt ﬁa)taé{YrSH@ H@@‘I—E@ﬁ?é(fﬁgﬁr "‘il)thzoﬂlec@?Ot@eThe
gener al pr&ceﬁﬁ:’&réw Iretalcrenplexes was gheld QW%d.nl@S.Llen@oQ 9@47a (C G3i ;
m~~cl) of the di magnesi umreagent a:~d 3 02090 % HfCIq
A pal e yel | ow sgtitP{p.aPPc Széélemﬁ?lt) & Otgltlél h (Tedn 526" yl &F& PEH NVR
(CD2C12) Itéﬁmédﬂthermlﬁbﬂﬁadiﬂdb poldmefQ z(as,i oAHcaClHA)y st . 1. MO ofner s4H,
THF-CH2) , 2.4 , (D94, 2) . 25
L e o) e i S e e Sathiniy Fl@é%ﬂé?se °E >t %;?%t Habds ar 95:H[N (2,
6- i - Prig- CGH3) £ 4 r 2C0H2ECHR2EH2CH2C [N (2, 6- |-PrstH3 ) ] 2~Tid2: 10 ~
The general pr o I S @l d Qnusi 2 g
(2.0 nml) of %\%ﬁ&%necsﬁrﬁ@r ed;q)g?tyq}a&%%l\g@ 5 é?/‘(’&% G T o)%lf%p@ ?:?9 A
red solid Q& 0% MY THARYHS Ir das U(ﬁ?(dallﬁ’edzoi“ﬁ quGGQ“yl"’élt&P ti‘ﬁ KRSECD2C12) :
0. 7)5 1.35 id(“ﬂl@/q:l’d,t e!le'azkﬁ:,lcﬁﬁl'd;at@i%/sa;nd TH3) ,seJ:o&Q: (amuPHF ((:](zl;)r di nat e((j
CH2), 2.92 2H . 10 3.88 (m
THF coordll?%\]t (353: (1 Y ffH A(Iﬁ%) B nﬁr}‘p“llé’h §°&@nt hesi s of {

[N (2,156- lcaRIezl-m-B)Fc]r za@fa‘mrzt@wz:@aml[uﬂdl i2, WerildPPatBrE6H3) | 2 ) zrd 2

11 The 91?5}391; ac% %r009§%/92§(9ro Mef-3d0 G| %9% }’?% f?f/%g%%gus'g@gg%ﬁzgfifl 9

'(2 12 mmol di magnesi um'r éagent anid "0

An of f - whiand st 4 I-bpt(llé 45 Qfher sanaf0l0f £ads losits Hey |aﬁ5303¢283y|‘uélf5d fPH NMVR
(CD2C12) : t]hé)gse?&)r(dj aclt%Hze melnk%t(l%n Ja%lﬂal%fé) 35033 mG,taJa%l@l s6EB) ,
1.40 (d, 12H _B&Pr H,  CH2) % n1 THF
coor di nat €tf'G¢9 Lt ang4er §‘e(§$ (B, n@th@ﬁ) Ca§aé21’s(c

coor dizmateﬁléz}ﬂ;’@ ,usﬁacBO TI*rﬁﬂse( rﬁyp]e%H,ofAl‘dd)taly%&sE)&&féplv@lZO kQymwh: 1n~e5es of
(IN (2, Pl ), ) 20CC PO RCHRGAC (N, (2,6 LnBroCOlB) 162 ) Ha2
12 _ The 9p Y 5T metal NiEx &8 9REs Fol ImoWe 0 usi'ng 2. 3058

g (1.75 mﬁﬁgl o,f \tC‘nle oﬁ&mgnesllltﬂrﬁmé-a?@er(tl%ﬁd 0EB@2pegn( Pa78ntnol ) of H O g.

An of f -wh el I @b d atEHNVR
(ngClz) I%ﬁ%og(abgrﬂlc(riHﬁoe d%azl) agﬁjsgir(%d) @2@}% Q 0}32')1@% g di '0'1 %%9 wn%@m J:'_{' N -

(m THE coeH haidid Gerener, opy t?ratadmseHz)andzJesB@@rf J&H ésee:m)er 3. 08
(br, 9H, GHtt3.EB d1sdHReoadinriad QGHAk, 6.cE2ehi20 pi@ssl2NewAr-H) . 26

York, 197¢ for information about Ziegler-Natta-type
catalysts, all of wnich are hereby included by reference.
Many of =he useful polymerization conditions for all of these
types of catalysts and the first active polymerization
30 catalysts coincide, so conditions for the polymerizations
with (I} or (X) are easily accessible. Oftentimes the “co-
catalyst” or “activator” is needed for metallocene or
Ziegler-Natta-type polymerizations. In many instances the
same compound, 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

olefin(s) [the monomer (s) polymerized by the first active
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1 March 2003 WO 00l 12568 PCT/ US99/1 9954 Exanple 21 Synthesis @{

{[N(2, 6-i - Pr2- 06H3) | 2CCH2CH2CH2CH2C] N( 2, 6-i - Pr~CBH3 ) ] 2 3 vEMargs2043,
gener al prowaxewesdsor netal conpl exes was followed 5 using Opé9aSogidoss 3
mmol ) of the di magnesiumreagent and 0.0468 g (v.3 mti) of VCl;. A purple
solid which ~s r.o soluble i:: any crgar.~c solvents was recerved Exanple
22 10 SynrhégmerékatipN c2tadyisipr pndepgrond2etrcrReiH2CHRe nnprer (s)

6-i-Pr~Cops) }mbr%zhdYEy thé4szeenaeaerebepbeqeﬂer@zéeroHEEeha§959heéeé was
foll onwed usin 43 di magnesi um r eagent " and 0. 0837 g

(0. 43 nnnrﬁeaglvei+ aﬂ% BFFfﬁHFFQ Q&Fﬁanﬁolﬁ g4 b.ﬂ~P£80ﬁﬁ6|§rﬁe§h6btarned
in 94 yi ebamelHsNMBsCEDREH2 immedaBpe)y. abwaapl eTR3 Synshesha/ef §ebdhé2,

6-i-Pr2-C6 2CCH2CH2CH2CH2C z CEH37 1'5 20 Th
Gener di pPOCEalPa TRy, SO AnSIE9te RAEEFDI PovBdThEF AGE0oB085E 58 22 |
mol ) of tbemdreagnespoﬁwmeagenﬁgamd 0£0838rcefkdr22 nhet) tbtyOr€l z' 3THF. A
(a6, 19 OBy v FaBGPan s RS gp CRREUERS Ay, (g Boy g 5P gp o
CH2) ( 3.k8 the IurstCHﬁd seceed(eptlxﬂ peﬁymer629210n7cesa%ﬂ$ gowpkar-H ~

. Exanpl ep24 gg@tgg%hqt@negugm (2 6- |-Pry CBHS) ] 2CCH2C6H4A- m CH2C [ | ~a
(2, 6- |-Pr~35 }Tid2 . 16 The raI procedure for netal

]
conpl ¥xes was FBIPGW@dpﬁgFﬁ§SFSS§§¥e@“(F ?3 ﬁﬁﬁl?CBfV?hBOHYﬂﬁﬁhéthﬂY
reagent aedtalggﬁomgv(inzymewmhk af mdhGher éheedmbﬁOMDtSDelﬁoiyméﬁegeol 2

| bt C I 5 d t ai ned
Tt or ot eiosaLRcdelind foolVE BoyphieBYRREIRE a1 SR EK0235 SBEaS Bnapl o
25_Syntheyessef ~IpNtp2at enﬁtPnQeCSHB)cpemiﬁhmtﬁkm;ﬁtchﬁc:@o&y&ers may
6-i-Pr~Cs gkoaukeérd 2! akztree geg§59¥oprgseﬂeﬁemiog IELal conpl exes was

followed 5 u % di ragnesi um r eagent and
0.241% g Preess wnﬂk?hoPHZrEP*YmeFlzﬁéP@nyéﬁFéﬁﬁéblPEOdUC‘ﬂg € c:, 1.1

nmol ) was cebbaivhed, |@n$0Qn%|@kder1éo? h%EQQQEEQAZ&aSQBpéeX 288 €04 4 ai ned
di fferent i soners. esi s |-Pr~-CH%

2CCH2cquhﬁP&ﬂ§éYFﬁ (2°r Foégié?fﬁfrﬁéfzgelﬁL?ﬂ%éﬁﬁne?arhpY%E%dh%e]for
net al conphexmslaasp&obbmmednusmngemeéEZuglﬁb EE€Gnmibe ) vetidhe di magnesi um

reagent apd, L0354 (1, Ghothetdont paLE el Lothanl (€, (0. 974
8= The GAFS JATTONEs! £ & Th pent

g) was obtai ne The "pal'e ye was extracted w ane. The
pent &fle séhat rokivas - concentrated and cooled in the freezer to yield

col orless crystal anwhheh weele@ehlBreéha§ Bee&éeé bhgang (pdentified by
X-ray crystal structure). It is believed that trace ef HCl contam nated

~n H d's P@é&?@élﬁFFHOPhéaH?ﬁﬁéﬁésmahﬁ?eé@eﬂ%196m$6r%¥tﬁ% pktf¥™d 1igand as
a |l ow| evplkelbypebdyClthylene, which oligomer has the formula

R7OCH=CH2, wherein R70 is n-alkyl, preferably with an even
25 numper of carbon atoms. Tne other polymerization catalyst in
the process them (co)pclymerizes this olefin, either by
itself or preferebly with at least one other olefin,
preferably ethylene, to form a branched polyolefan.
Preparation of the oligomer (which is sometimes called an «
30 -olefin) by a second active polymerization-type of catalyst
can be found 1in World Patent Applications 96/23010 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
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Exampl e 27 25 Syntheses of [i. ~ 1-~; 2CCH2C6H4-m CH2C [ ~ })'Zh?]%
TIiCl : 19 At -3 in the dry-box, to a solution o~u28C59((§/"’JIrC I

of TIAS (T'.~". ~in 30 nL of t ol uene, s,~as slowy added a sol ution C84
mnoi of tnBYAPMESAEsi um reagent rn 20 nL ci toluene. The daPeTAEE*¥¥atti on
m xture was stirred overnight 30 at RT and flltered through a Celite plug

frit. After renpving the oIvent q:nd r| ”131 Mp tane % (g%rk red solid
was obt ai iSO 2L Y V0. Ry Mol 3% 530 S t1 VR CEDREED) . 4 (br,
29H CPB) 1inBit 02 oy, oﬁﬂthd}ﬂlmﬁnja§¢ﬁme|golymkr12atlﬁn9c@nplgﬂt AbuED 35

ENC - P T IR B ot e AP B RSO s T hSpudig 0 8 mYhace 8. Of

Pr ]2)ZrCIZ 20 At -30C, dry-box, to a
sol ution ciiffeed gt1(®%]4tlrﬁﬁ)l")et(ﬁ A5G SRR G/ ﬁ’rS(B‘tPleé? fol uene was

sl owl ys ad@ﬂf@e@ﬁ@'ﬂa‘}é@%@flﬂg% Rl / f trke sdalrriéa@@'@)%l Wi neg@aat whacB0
of toluene., The ~-cact~on r~.ixtuyre was red overnight at R ~'

and fil ter‘e’dfﬁeri‘r%lulgri SEAF Y RIS e eAfftlerrstré1 i"f§°CHe®56FVEnt and
ri nsi ng Wgdi yent iadee; i én ped tea wedtdsow Siol icth ewagsr edletraienie ¢y 0@e39, g£h@. 65 ol

7, 150,19 AW TR 0.0 2.0 M, SR)nd Bl 9
Synt hesi s afff{eq N 9 CHTS 1 QEOHRGH2CH2CH2C [N (9-Mel S CoHg ) ] 2 }

Tid2 & 21 AL -ﬁp&uaéa awﬂrmrb%et e@fﬁeltqtdn%foftw% ,569vg (D. 47 mmol) of
T|C198 HF)Z in 30 of toluene, was slowy added a solution of 0.47 mol

of the di rﬂbﬂé&q%?%erﬁd%#EW%frﬁ S$YH {§8e 1NTHE 1C8d 2r §ABBL6N ni xture
was stirr Wﬂmlc&t c?a&ﬂlilsaﬂ(isfIaldcﬁcﬁd:dg@t@xléghwatﬁebhbeﬁem ug frit.

After re he s % l anﬁqfol rgﬁ,rl1 n vvleth nt améma re solid was
obt ai ned 06"Vi e yé). =S bnéf &8Rt ai ns tol uene
and coor dlduaetpela'I&dF tIOE 53 i(dirma 19H, 1 gaR~ cobr!ﬁﬂn(astedglﬁo CHe; metal72f(bhe

IO, ofigd ol o e Sy T BT gl 2

(9-tue- CGI—Tq)O WX hergny polymerizatdco, datalpiyésdry-box, to a sol ut| on of

0.3791 g (.63 B mér A a 2ArLsH E‘ﬂ@ TilAd 3@ s vef pb@k;hk@?@za\ﬁ@énﬂ ow y
added a soI ution of 63 nrnol of the di nagnesiumreagent in 20 nlL of

tol uene. THEPAE yte?l AR Bty |eor1?°r]1y%‘te6rléa\%?“SFPFPeMSSVBFﬁ?ght at
RT and fi Iaﬂrlecﬂdﬁﬁrcwgfh aHeelddwd oplafg galiyine rAfftrem eeﬁaVbegaupetsol vent and

ri n5| Wi pen an al e el I ow saldd S _obt a| n 1 60
R e kT RVt S e L o et S e
CH~~ 1. 38:6(*1ﬂly5'lﬂ—ll-‘urckﬂr) tfﬂe y.404 ct@rss mdm)ms 3. 8©r(bnst$H§ecx:HZ) on@ 08 -

. b Wi e e a ne
oo Sl e o et s

9- MeCeHg )thaty gonftggned ¥ crystalllne polyethylene and 20% rubbery
poclyethylene, and the rates o¢f polymerization of the two

25 catalysts were equal, then one would use a 4:1 molar ratio of
the catalyst that gave crystalline polyethylene zo the
catalyst that gave rubbery polyethylene. DMcre than two
active polymerization catalysts may alsc be usec 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) of the catalysts followed by &

35 polymerization with the other catalyst, as by using two
polymerization vessels in series. However it 1s preferred to
carry out the polymerization using the first and second

active polymerization catalysts in the same vessel(s), i.e.,
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At -30C, in the dry-box, tc a solution of 0.1539 g (0.46 5 mml ) of
TiAdy(THF) 2 in 30 nL of toluene, was sIovay added a . f "~ . oMa@hZDA3 ( O
.~ b nvT JwoQ e0/(3568 he CL11T ag:'leSl;:!:: rpuG-r'!~ sol ut~. @rTRUs9y/19954i N
20 nL of toluene. The red reaction m xture was stirred overnight at RT and
filtered through a Celite plug frit. After renoving the solvent and rinsing
with pent anmplaaderksly.re@hssl id massbbiaibedause 30n gnost 95naRBNCEA 98
yield. 1 C [ QLugheymb 15 (br,

I G HtN%/Rf%@% 324 seeeha Qét& le B8Eym r?@%@%m?)%g%l n%hggﬁs of LN
(9- Me- %Hcpmpaze@nzwmhnﬁegi]zwfher( cBhey)produge AkeyT 24 At -30C in
the dry-bgxstigacaisel gbioneet Cn2484 @tlﬁéroaz?tmpéﬁ'@fpzéﬁlaﬁéJHF)Anyn 30 nL

f I I WI dded
i mgriosi % Db BAGERFSFA SCPRLCOPIToPlehes TRE: BERE) oF T bALYSLPONAY

reactic: - bemuxedr em/vaﬁlst ppiedeoveani ght pabcéds a\mdtrﬁl Yteredote. rough a

Col [ Ue P! ULEEVbyshl ek, SUYIAALDS SOLYER AL T 0P MELE PEpLane,
(CD2012) cont &hesprolynens. pxoqlugsd(by tIrHE- p}ycycesg may Yary iGH, CH)
3.70 br,mEﬂchI%r wel ght an@/éprmoﬂghugkﬂ:we1§h@4dis€f1@9ti8% ARKy oA -H) .
Exarrpl es 33 - Pol ymeéri zati on of Ethylene at_ About 35 kPa 30 Method A In
a dr yl-oboxmeét@)?gnﬁﬁlméf apHeChi $ERST b6§| AT YRt Ohat RICY r aMRF{ PHNIHRE A

cat al yst ‘ﬁ@én@hfﬂgad t@m@eSﬁbh@@kaiﬁcﬁask aﬂldeBSfamLt@f st ol penecyps) agdded to

di ssol ~e gﬁ‘ paril al Ig di ssa e t he catﬁ fThe fl ask was seﬁtl ed, renoved
fromthe GF§-B8xYRRG=al'fic ég to ah &thy en% S EESS | The " After punpi ng
of f the atifardenit poggneanaapuryi agtatyhtetihyl eneri e 699 mhofd@bensol ) of
PMAO was y .ad Q e un bo hy . ter
bei ng Stlg gén% g\%gf%l ehb ré%??‘egcg?%eném )ﬁ%%ipéﬁ%im%%en%ﬁgguc h 50 nL
30 13 MapER zgeéuwéosowpi 588 P/ VSO DYBA&F 1S mithakel £5bhat#en of

concentragged pEbkbheagVvol UABy. mdPenHet yaRva @S £H! 4 81 gk Ofmpréveat ., Washed
wi th net hanﬁt and acetone thor oﬂ%gly and, then dried in vacuo overnight.

Met hod B:™PATt RECAPFSHBR: ECBS RMDP BFC t HEPEO 1T S (TR boRTHT Tt bhat e)

transiti opropetaktieatal yst was placed in a Schlenk flask conta_n~ng 35 nL of
t ol uene and 4. 2 ) ed from
t he dry-box anggaf?g & '8 ?TTBL 1_19&%1 hwe%%&%%hglle%i% lfV%zUIs%?t‘gérji %t?rpnlgﬁ of f

the &Pr andlmpﬂﬁégénpaﬂdupaﬁgilﬁgtb\ﬁftﬁl@@hw@n‘eecqlm theogeaee$ on hi xisire was

stirred Ogsgéfégbéda&hg{ Hﬂgeémé@ﬁﬂto§5h3k<ﬂao§érhy @é@e@mdoé hefloudugngned wi th
50 nL of =~ rret hanol tion of concentrated HCL (10, vol une The pol yner

was col | eEPefPBHT S?rﬁnPlemagﬁ%ﬂnw Ph ThE Hatol I akf et on IRbr Ry y and

then driedbbitvacue apenti gdtmold ghecqot ynenised or gk avefiendhéear hi gh
density P~ ery,high nmplecul ar ight and it was difficult get,a CPC
rreasurerrer(u?‘!L ﬁllflg hegne’ig? ndex ?r\é\gtrga h%?/\e/e% ho F1ow - fHe (féf a?’% 4 Hata are
list@d i nfiadl the. rFapteve. arP@llnytr@r@'zahm@fmcmmw:emearm BB kFee20(eas

Exarrpl elVEah Qgtal y%lﬁgtﬁgiﬁ’éoﬁg@%wéﬁyaﬁmofﬁheggé C@E@'@%&J&&é 0C) AH f (
000CH233A13. 0086d512132~ 5128

4641547 1321 %5{2{697“7’3%%“ PBBYIDBIRLS d@ﬁb@%%@%l%ﬁi%&r 2
7148. 737. p5it 06883 ¥875uBds451 S 1.838A60. 0575101133.5 118 .739B73 44l

66026134 In the Examples, the following abbreviations are used:

30 AHf - heat of fusion (of polymer)
Cy - cyclohexyl
GPC - Gel Permeation Chromatography
MI - melt index
Mn - number average molecular weight
35 Mw - weight average molecular weight
PE - polyethylene
PMAO - poly(methylaluminoxane)
PMAO-IP - see PMAO



~109. 540~' 8101. G2145594134. 97169. 4418111. 56335975134. 78i 74.8

| 42B16. 4. 81375. 42 x 10134. 63| 75. 743B1612. 0021. 35 x ! 1 March 2003
0134. 94150. 244B190, 36834458134, 49i 73.445 ~B~ 201 3.1324T 2.41 x

10134. 81 165WO Y1288 5 0.0l nmol catalyst and 1 hr. reacti onPCBUSHHEI% mol
catal yst and 18 hr. reaction. ~'xanples 46-65 Polynerization of ethylene at
6.9 MPa 25 In a drys bo - 0. nmol of the catalyst was placed in a
gl ass vial and di§§blv§§”3ﬁg%%ﬁﬂf%% 1,2,4 31 1 March 2003 WD 00/ 12568
PCT/ US99/ 19954 , thi chlroraiyenzene. The vial was cooled to -30C in the
drybox freezer. PNAO was,@fdedhdddgevial on top of the frozen sol ution
and the vial was then capped and seal ed. Qutside the drybox, the vials were
pl aced i nto a shakKatf tubde WA EREIISEY hen shaken nechanical |y under high
pressug e ethyl ene dfiy BhowdidG n1iThe eaisivires pekygeugeapreatutrespi eces and

added tc a 100 f et hanel sol ution of concentrated HCL (10 volune;. The
m xture was sti %‘%@%&rer it<ght=Sand' itlcir%@ﬁeal}m?ﬁé Bgl %gpy\%aggggpﬁeg%d on a

frit, washexbonndr racedroneyang <l 0 drtihed pod ywacuendThe pekgrers f:g)r_ﬁ’éd wer e
||near_(fq&HQXanLQQA¥%4éQQP bﬁt%%%s .?EE@ %d'%a%cél P%ghsgegééty PE
very hi gh nol’ecular weight and it was difficult to get &3 measur enent s.
All the nélar¥d riRbrent dsimsl st e /fA30W0 - The detail ed data a=a 15 |isted

EQ Taﬁlgaf'|1}f%£§§g3%§3%?Eﬂéégﬁﬂfﬁﬁjﬁélg&Hﬁkg@ %ESHFQQdPESSﬁééguggH%P T
anpl e al ys g) Productivity = \ conpl ex.) Pressur a) Tm
(MD&H(W%%ﬂ&?@%&%%flb&@Sfﬁ%@ﬁﬁﬁ&ﬁﬁ%%ﬁ&é

106. 9137. Qdelifz il 831 AA6AFR9,33 5l 32a48 160 .£849565. 488, 74n xJ/g), using a

103. 5136. Q4146. 2~063, 6012l 3L x )
103 2130, 8700 05 17y DIveoiis el BETURC Bs5RRORERA £ Lron the
1043. 51355862041 553010, 38103, 45 x 103. 5135, 88160. 6541012, 15523. 71 X
103. 5131. 69147 65511, . 1035136 31 61, " 13_x
103.5%57.25124?§§7%%%F%ﬁ@%%f%%é?%lo:6%h3%?%4%§egé-%d adodklhglec one
103. 5134. §5158 A5 6£ 2083 38-3PR43. 85 RT .oR11¥2ag66175I61688m365RC -

1043. 5134.15d 16%A 64180 901635023, 3135 i@ L4 L. 183ALl3uR2RéBabowXs reacted
10\'1'4132”§§é71'963237'79442'23 X
1041. 41 31. "89G ISEUAE Q2 PR AP P31 VS PG 26 D885 FOBB8EBA861 4188, 25188, 2 The

detai |l ed dat ayiafldal yeyH 2atd loh il tthhec atialayse siQmundeyent xt whécbf weklfeand

CZH9 gre lj,sted. in Tabl . 82 .k 2 . 001 1,25 / US991,.19954 -

Tabl egél. o}}eynrrgrr%aznca“telacgﬁﬁlo - étﬁeycf"le%e%glgere %%3[ B%Q&é%pﬁgHg%r ggsﬁ#e

(kf a) Tot alfFr essurgays. The solvent was removed in vacuo and the crude
products were washed with pentane to give a white powder

product.

25 Example 1
Syntnesis of (MaC>]p{(i-PrN)2CCH2CgHg-0-CHRC (NPr-1i)2]

.
[y - -

U

In a drv-
{(0.0164 moly ir. THE

at
l,3-diisopropylcarbedizmide (4.13Y% g, 0.0327 mol) in THF.

sciution of [MgCljo[CH2CghH4~c~CHD]
-309C was added dropwise a solution cf
30 The pale yellow reaction mixture was stirred 2 days. The
solvent was removed 1n vacuo and the white sticky crude
w>th pentane to give a white powder
product (5.1558 g, 0.0108 mol) in 66% yield. 'H NMR
(CDpCini: 1.31 {r, 24%, CH3), 3.1 (s, 4¥, CH2), 3.58 (m, 4H,

35 i-Pr-CH;, 7.22 {m, 2H, Ar-Hj}, 7.58 (m, 2H, Ar-H).

product was washed
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(MPa) PE (g)Productivity (nol PE/ nmol conpoundTm ( oC)aH ( J /

g) M 6601. 038.5842. 12 x 10~135.96165.5n0 fl ow67693. 03 . 6.1 048. 6Rarch 2003
10134. 66176. 4no fl 0e6829Qd. 036. 3477.83 x 104l 34. 62176. 6no

fl ow69a6101. 03 §071236831 x 10132. 96184. Ono fl ow70a9601. 036. 81 69 .PA/LE9/19954
| 04133. 12| 93. 4no fl ow Note: catalyst 10: 0.002 mol, PMAOGIP: 2 mol,

toluene: 100 nmL, 0.5 - 1 hr., RT. a. 6_52 C. ]S garrpl es 71-78
Copol ymeri zation of 1-hexene and ethyl dry-box, 0.02 nmol of the

nL 10 Schl enk fl al%k 131, floq{%k t‘é@% %%leﬁq— Oc} @%ﬁgolcn&tcg?‘teo\[%é and

the 1,2,4-trichl orot?enz ne or toluene was froze

Then, 5 ni of0.DUeéxered Jaridr dodatedl ySOBMVRES| pA@ete d3@®ad S0 at 5o utasr Ulfhe

flask vas seal g Tyt%r[%\h%d(yflr&mbtcia%l@lﬁﬁeb% @mi @tt@cf@@@sat P ehhytlsgne
er

Schl enk 15 [i'ne. off the air and n|tro %Wlth
et hyl ene, t & @&dtS dr?im% lfreé‘c\féalé’r‘sf‘\lrxrtélﬂelwﬁsoﬁtd\’f ﬁ’l éhfjaéfé’penaﬂ &n t he
rate of the alwsrer Waor rﬂﬂxﬂo&fedjridlerva&upsauet hyleenw®itEhe thieagt mlmd\aas
guenched vvlth 50 of a mslth t sql lfl%l an gf cciqfcentra%equ01 (:i
vol une). Th®ZHYSS yirst “Re oII &8 BU5RTE #0i £ Vias Red MitEh PRt I‘?&nol and
acet one thorpmmgimlq}c @ndahen dr.i0édli modacan dvér yiight. ﬂldisiNMﬁf (t:@eClz)

pol yrmer | atl r qdyced hi legul ht =r wobery 4pol Wt

nol ecul :l;lorz \Ae(}r}}s]adoa%dlbgr oazltd B%Q(In{erg&%% G i w’ﬁ?gdl gt Il‘6I Bﬁtl gﬁ erccliet’alhl e dat a
are listed 2($>f|:n ZFablCéiza., 3378 Abwar R, 2663)WO708/ I(P5681~H) PCT/ US99/ 19954
Tabl e 4. Copol yneri zati on of Ethylene and 1- Hexene Exanpl aCatal ystPE (g) Tm

(O ~Hf (J/g)Me/ 1000 CH2Mv (Mv / M) M 7l1al4. 3914
~123. 295! . 7332. 8- 0. 0372a21. 0443130 181%2%& no

L e R ST oyereisies T a5

f 1 ow78c203. 18BIrdg. [PH 2CHZLHP CHP3. 21do 2f. BRSO gNdL@:. Sammblherénéd: 3S ni,
1,2,4- tr'ChHQ %%%@%%QQCa§%o@Eam9del hﬁX@HQtelgoWHerO?EH@G%t 28 Ay oCy,

1hexene 5 .. tolue 5 Exanples 79 X]merl zation of
9- Met hyl - 1- ﬁeH@eﬁ@O&ﬁdWEtSmHS@ﬁétﬁﬁl andr§*p¥xeLg - nL~8f NYRmEERYLL2) pert Efe,

PVA4 - Ig 5andd302ﬁla t@lﬁtge;r)elwar/e nlracr:]ed lrml'gl 10@ be $mhljenlr Ebaﬁ&laadeEO -
stirre n e.C ta e t he S e
flask wis sggll 2 5@0\}2’& qulr’n dry Eﬁg lc’!o%§n By h{#‘

Schl enk Iln&:.oomneatp@nmﬁg Jof f the air and nltrogen and purgi ng vvlth

et hyl ene, the reaction mxture was stirred 1 h or overnight depend on the
rate of !5 the polynmer formation under 35 kPa et hyl ene. The reacti on was
quenched with 50 nlL of a methanol sol &453HR1SF 4concentrated HC1 (100

vol ume) . ThespoIndERls s I8 €01 Bdh 10N R IHICH, Bshed wad)-) metfhanel grgk
acet one thor oughl'y and then dried In vacpu erm ght . 20 Mbst of the
pol yrrer?r zations produced high nol ecul—é—&g—%lr ubbery pol yner and w de

nol ecul ar wei ght Tiies genleukiloproteduEranpbef 60l oMad=us98517 5ahdmiivl Vpf= 63).
The detail eq\data arg, listedcin Tabheq1%: 3354 ¢ (31.2 mmei) of 1,3-
bis[2, 6-diisopropylphenyl]carbodiimide. A white powder
product (15.9027 g, 12.1 mmol) was isolated in 78% yield. 1H
30 NMR (CD2Cl2): 0.35 {(br, 4H, CH2), 0.86 (d, 24H, CH3), 0.96
(d, 24H, CH3), 1.19 (br, 4H, CH2), 1.70 (m, THF coordinated
CH2), 3.08 (br, 8H, CH), 3.70 (m, THF coordinated OCH2), 6.83
{m, 12H, Ar-H).
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Tabl e 5. Copol vneri zation of Ethylene and 4- Met hyl - 1- pent ene

Exanpl eCatal yst PE (g) Tm (CQDH f (J / g)Me/ 1000 CH2M 79110. S236127m8%A 2003
S2. 662. 9- 80%WerlooBi2d¢8120. 7539. 551273381203. 6868128. 67138. 822. 2prfRséd/@¥e 34
1 March 2003 WO 00l 12568 Exanpl es 82-90 Pol yneri zation of Ethylene with

M xed Catalysts 5 10 15 20 _ RN R ~TI\C G-~~~ C HR =
2, 6-dusopropyl phenyl 16 | N | ~ ~ ExaNpifeb. -,N Cl~ ,Cl PCT/US99119954

PVMAO- | P Tol PE | , lR_ 40 t ol uene
and stirre ia. SES Bty Eos bt —lgwﬂge%%ﬁ-ﬁeﬁ%%gie% 3 glt‘h'eigl%'dl nat e
catal yst 16 and tridentate Fe catalbyds-firn E¢ilslabove equation, which is

bel i eved to pregducgefeohef hE‘oi:@dﬁi:éU\kagVefglﬁgﬂ@Q boitdesf| @skmoTher f 1 ask
was seal ed, renoved fromthe dry- ng nﬁﬁsttaeh d to a Schl enk %I ne whi ch
coul d3he fiMpFéd2dftRCetinyMehB2] ARE rzgu hgdotf 4t HheBP+) antl hi 7 ogen and
pur gi ng woth (et Bykengoptbeyl paeti; ONcE AbXdL Um: @2 WaSk Spa I'¢ egle FBoh. paingier 35
kPa ethyl ene., The reaction s.quenched w th_5 )i et hanol sof ytion
of concenPerfj&—SdtHé:I%t‘%fog'’~ é\%rﬁﬁemﬁn“,ﬁfc‘ e P 3

S 15 F1e L Gy. .
ne po(I)ymar was cof 1 8cted on a frit,
~.:as:: e WMRh (@Bphanol: &ndSackronéHi heipughly8anddt haedH driiegl i nOvaguo
overni ght ., 4Th ol hyl eneqgf d Schbgh 4 n C ' Tm are
decr eased (gérrgégé }[égﬁt) F]e?'éﬁy(r?r%ig?p?}ggu%g%gf r%)hzgni)h& ;f}gfm %%ﬂ%%ﬂg&g al ysts.
The dét ai F88)daBaldr ébr~i §EeuCh) ~ TabPel®: BBF cqofgiehtedoCHD 00¢ 19568
PCT/ US99119954 ofabke-g; .Pol yneri zation of Ethvlene by M xed Catal ysts

Example 6
Synthesis of [Mqu]2[(1—PrN)2CCH2£§6§4)—m—CHgC(NPr-i)zl
15 The general procedure was followed using 14.7 mmol of

[MgCllo [CHoCgHg-m~CH2] and 3.7021 g (29.34 mmol) of 1,3~
diisopropylcarbodiimide. A white powder product (4.675 g,
7.37 mmol) was isolated in 50% yield. 1n NMR {(CD2Cl2y: 0.78
{d, 24H, CH3), 1.73 (m, 4H, THF coordinated CHp), 3.2 (m, 4H,

20 CH), 3.48 (=, 4H, CHp2;, 3.82 (m, 4H, THF coordinated OCH2),
6.85 (m, 2H, Ar~-H), 6.96 (m, 2H, Ar-H).

Example 7
Synthesis of [MgBr]o[(ArN)2CCHPCHoCHRCH2C (NAr)2]: [Ar = 4-
25 Me-CeHy

The general procedure was followed using $.42 mmol of
{Mg3r ]2 {CEZ2CH2CH2CED]
methylonenyljcarbeociimide. 2 white powder product (7.4264 g,
7.57 mmol) was i1solated in 80% yield. 1y NMR (CD2Cl2y: 1.20
30 {br, 2 x CHp and THF overlap), 2.21 (s, 12H, CH3), 2.32 (br,
4H, CH2), 3.70 {(br, THF coordinated OCHz), 6.65 - 7.22 (m,

and 4.1% g (18.85 mmol) of _,3-pi1s{4-

16H, Ar-H).
Example 8
35 Synthesis of [MgCl]g[(ArN)2CCH21§6§4)—m—CHzC(NAr)z]:[Ar = 4~
Me-CeH,]

The general procedure was followed using 9.17 mmol of
[MgCl]}o [CH2CgHg-m~CH2] and 4.077 g (18.34 mmol) of 1,3-bis[4-
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Exanpl eCat al yst ratio (Ti:Fe)PE (g)Productivity (nmol PE/ nol conpl ex) Tm
(oCQ)DH f (J/g)Me/ 1000 CH2M 82111. 7452 (4.6652)4.70 x 10~+ (1. 87MérchHo35. 15
122.2S166. 7 18.323.81783n111. 5747 (4.0383)5.37 x 104 (1.87 x |104)87.44

119. 03199. 8 15g%é3é|§§/out84303.5551.06 X 105126. 47147.110. 37no

f1 ow8515. 23. 11 033568 10°i72.19 121.651 41. 16 23. 6430 ' 2. 68683. PFEPEINH .
10124. 12170. 212. 2no fl og: ~87¢9. 80. 371 3882578.45 1 | 4.28 125.8222.84 1 17.14

30.5217.9- 88 4 1 1319 6
200, 73602116 BE 3 RECH 1S rkob I g0 oA R B0y 'gglgglgggdir 5 Bgoguet (7.0
10~123. 641479823 ¥hommpr~waRoteolateni shur83ovigldt ef fH BMB pBPYEER) :b. 40

C c. 60 C d,28. @@rNP@HFSQHg) cetebyak 1Q2Hn8tg§¢ 0§.16. ErEX@lees 91 -94

Pol yneri zati on of ene | 0 t he_cai al nd 7. 66
m of 1,2,4- BPPER 87 bBAr BB ber ' B%a R TR nL6 %ass 3 hp fee ni
of 1- hexene masHadded to the vial. Then 2.34 mL ( 10 nrnol i o= P| 1 J
INGs , .. .~y adaed to the ~,-~ a~ . ~i t~_ber:~g stirred at RT98’>

the reaction mxture was taken cut from the dry-box and sl ot1~ly poured to
a beaker contGeingirad 50 odledyfrea fippt i ntdlesssl gimTragsitoneeieitatle§oMolefed s
ve~~:fi~EJ . The 15 col orl ess waxy: pok ¥aBko¥agi §sPMAted from the nethanol

sol ution, washed wi th nethano I—a'nd'—arceron'G‘t‘hD'rO'U'ghT‘y—a'n then dried in
vacuo overnight. 2 flask containing a suspension Of metal halide in

10 pentene or methylene chloride or toluene was cooled at - 30°C
in the dry-box freezer. To this was added dropwise a pre-
cooled solution of bis-(carboximidatonate) dimagnesium
reagent in CH2Cl2. The reaction mixture was stirred
overnight at RT and filtered through a frit with dry Celite.

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.
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36 1 March 2003 WO 00!1 2568 Table 7. Pol ynerization. of 1-Hexene

PCT/ US99/| 9954 Exanpl eCat al yst Pol yner (g)Productivity (nol PHMarcto2003
conpl ex) M-, ~ (MW / M1)9110.20011189220. 280316550900 (47)9340. 336305~ 2130
(15) 9450. 083WD kx5! es 5-97 Pol ynmeri zation of propylene | n gefli¥oogxs,
0.01 mmol of the catalyst was placed in a 5 5C nL Schlenh flask wth
threaded joints and 20 nL of toluene was added to dissolve or partially

di ssolve the catalyst. The flask was seal ed, renoved fromthe dry-box and
attached to an propylere |ine. After purgﬁ»ng wi th ni-trogew and propyl ene,
2.33 mL (10 mmol) ot, PMAO was qui ckly ;a{!zz:\;‘o the 10 fl ask under about 35

kPa propyl ene. Aftef Dgi st rred at h, @yhe r#&act m xfure was
quenched with of "4 anol @(

oncent r at et (1 00
volume). The p ecte v@gshed wi t Hy
acet one t horoughly ﬁ ﬁ dlied in vra o ver hi ght . (
3

ol and
Pol ynmeri zati on of pr ene Exanpl eCat al y$t Pol yner (Q) Pr@;iuctlwty ( mol PP
/. mol conpl ex) M-, ~; ~ [ Mh)9~10. 218-t 2503 ~18000U (mul ti
nodal ) 9620. 23443&&@0‘0@0 (multi rmodal) 87+0. 0931188188FLUM €Miif ti nodal )
Exanpl es 98- RulMmeti,zati on of N&I‘%Fri’éne In a dry-BoM=tds, a 20 nlL gl ass
vial contai ni ng 2.M& Hf.20 (0. 04 nol6; MF Hfor bor nene an®: M AiHfof t ol uene, was
added 2.34 nL (10 mmol) PMAO The mixture was stirred 5 nin and then 9. 66
m. of a toluene suspension of the catalyst ;0.02 mmol) was added. After
being stirred at RT 24 h, the reacticn mgture was taken outpfromthe
dry-box and sl ow red to a 2S beake ont ai ni ng 50 nlL_of.\a net hanol

sol ution of concentratdd HEL (I oo he gpol yner ected on 37
1 March 2003 MPCT/ US99 " washg ol and
acetone thorou heg, dri ed efcmi ght X w7 Ne
Pol ynmeri zation o bornene Exanpl eCat& t Pol ymer (Q) ersion
% Productivity (mol RNl rol conpl ex) Mv~ (A, , / M) 9810. 4327 19. 1) 33396500
(rmul ti nodal ) 992P= 5@7,&@@ 4) 227133000 e(,malctH nodal )
: 16: M= Ti, 19: M=Ti,
}2:",\,,"_;" 17: M= Zr, 20: M =Zr.
P W= Lt 18: M = Hf.
12: M = Hf,
13: M=V (), Ar=4-Me -C H,
14:M=Y", 23:M=Ti
R , 24: M =Zr.
15: M=Cr (Hll) .
Ar = 4-Me -C g4
21: M = T|
22: M = Zr * One Cl atom on the metal.
Example 9
Synthesis cf [‘;—PrN)gC 2C6h4 o- 2C(NPr—i)2]TiCl2: 1
5 In a dry-box, a solution of [MgCl]2{ (i-PrN)o2CCHpCgHg4=~0~

CH2C(NPr-i)2] (1.299 mmol) in toluene (14 mL) and THF (1 mlL)
was added dropwise to a pre-cooled solution of TiClyg (0.2464
g, 1.299 mmol) in toluene at -30°C . The purple reaction
mixture was stirred 2 days and the solvent was removed in

10 vacuo. The residue was extracted with methylene chloride.
After removal of the sclvent, a dark purple powder was
obtained, 0.5215 ¢ (1.097 mmol) in 84% 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~

15 Pr-CH), 6.86 - 7.30 (br., m, 4H, Ar-H).
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5 Exanple 100 Preparation of Azobenzene-Bridged Bl s-guani di natﬁnLl and and
Zi rconi um Conpl ex Azobenzene (2.73 g, 15 mmol) was di ssol ved il

m.) under nitrogen In a drybox. Lithiumnetal (0.36 g, 50 10 mmol) vvas
addea to the swbwpiigsss The orange chanced to green before turni pgTi899/19954
orange-brown. After three h stirring, the solution was added slowy to a
solution of bis(trimethylsilyl)carbodiimde (5.59 g, 30 nmol) causing a

slight lightening of the solution col dgxamplir ihg was 1S continued for 30
mn. The resulti Hid U¥ wasi a8de cfd}@@éﬂ«f-%—%@dﬁb@ﬂl%) £t gn of

Zrcd9 (3.5¢g, 1 Tght ¢
THE was renmoved uHied VEETRAN artl IR ST o fnaldEd ket P 51 t%%%i‘br@“
chloride. 2Qiid tngtd oy 1 hieuoh § -triel) aird gaMesrve yEI4 o )grand smut (€ mL)

whi ch was taken tc dr: nes e soli hen su enaad th tered
and dried urltees FE o Bt st o R S L i 4
dryness vyi eldgi ng. B Memymainal in quaintertey aof -e30Md t e o |ajLon3crpadra/gtea1IJJduzed

:like 25 Th d
tr: rrgt hyl 2inl géagc?tgis%ﬁnanﬁc%s&n ‘ga% %&?%T‘Celaé()eé\/jmcia{}%ngg 0 ﬁtreh%ess?)fglﬁhecnyvlﬁgnsol id
was taken uprémoesdchern armtyp? acdhd reehiedwr yagx Srta@masredertd imethylene

crystalli Zed(f f% f%/%an%fféézs Asonst rat e d *L%Iwéne/vasa Jpa%ed'mqw Powriel)

bis(trineth ydr azi ne._ Exanpl e 10l Pol vmer zat| on

Azobenzéhe- Br‘a}%I rneflrarfl o $ot & Zi ¢ c%7rﬁ FRConpiTex %38 Ylellci\/targﬂi B3 wWo
00! 12568 PCT(d@ﬁQJ{zhgg%ﬂﬂ’hlroldJﬁf@l(&& nlgomeaat.al yst, 460.-0123 5, (Kx.02 nyol )
wth 2. 22 | ) 1 ene rni ht i el ded
1.51 g of HEPE po t’h%o o 4 1 Hvar 58 vﬁhé@l To86d Sl ¢ BEN G-
S99/ 19954 BXamils ,102 8% epat.atl ofbwof, Azobﬂéhzé\msrPBrl dged Bi s-guani di nate

v Li gand and Ti tani um Conpl ex. Azobenzene (2.73 g, 15 mmol) was dissolved in
THF (30 5 nmL) under nitrogen in a drybox. Lithiumnetal (0.36 g, 50 nmol)
was addéd tc the solut1011. The orang&X*@ARd§edlt ~ gree=: before turning to
Or?nge br O}Nnb Afstyearthtefs&%e ohf qt(ii- rph:mg,zctngcs;gal4utol—@n12waapadd¢g]ﬂlf@mby B0 alo
sol ution of bis( rret [siTyl)car m)ca a
slight |ightenin eﬁge ﬁ) r}"cﬁ anrSﬂe(Etallnéx\%ﬁ’sleé‘Sﬁt ﬁ?ﬁe&cﬁi wE§ rain
. The resul tu'sn‘glgsdl LBt9|4d3n gvva(sﬂ r88ac trecb Wi tdf & hEHE 1r3@ niels)i uso Iretigem tofan® Cl 4
2THF (3.5 00 257 B Gty R4 A, I3hECRERAy 1 EnkoORERYRe T0e THE

n acuum an

was fr ermved u
solvent A pale yellow solid (0.3002 g, 0.495 mmol) was

obtained in 59% yield. 1H NMR spectrum in CD2Cl2 is complex
and similar to the Zr analog compound.

Example 12
25 Synthesis of [(Nb6H11)2CCH2C6H4 o- CH2C(NC6H11 ]TlCl2 4

The general procedure for metal complexes was followed
using 0.7168 g (1.126 mmol) of the dimagnesium reagent and
0.2137 g (1.126 mmol) of TiCly. A purple solid (0.4335 g,
0.682 mmol) was obtained in 61% yield. The lH NMR spectrum

30 in CD2Cl2 is complex.

Example 13
Synthesis of [(NC6H11)2CCH2C6H4 o= CH2C(NC6H11 2]ZrC12 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 ZxCl,. A pale yellow solid {(0.2817
g, 0.415 mmol) was obtained in 42% yield. The 1H NMR
spectrum in CD2Cl2 is compiex.
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|5 the solid was extracted repeatedly with nethylene chloride. Filtration
trrough filter aid gave a deep red-brown solution which was takerMameh 2003
dryness. Yi e¥@¢loos1dsed3 g. Washing with ether yielded a trace npggikedyobavi ng
the sane NVR as observed for di phenyl-bis-trinethylsilylhydrazi ne as
noticed 20 in the zirconiumreaction. Exanple 103 Pol ynerization Wth an
Azobenzene- Bri dged Bi s-guan~di nat e Ekempilam €onpl ex 25 In toluene (35 nl),

0. 02 mmol of it {d 1 m
et hyl ene ov Shiadi e P @%&%ﬁ%—(&m wcﬁllwgtlﬁ@ﬂ%ﬁrvgtenzene
0. 0050 ‘a cf catTdleysiensireh @rﬁpe@wrmvﬁerame-&e@: SAEP1e38Shipa EhyPeERd

K/L?llggg Cﬁlzu:lsji% oofmtfzmgye(tggwlzgnﬁmoml %*Ih%% Nﬁ\aEh@W_Ji_uM raaqeae bad 10. I8

reparati Q nesi ur e e res in e
YRS o A L o TR TS A N AR = E R L
butadlenegilﬁ)mnuihmkﬂ,pme@abedcaaeardmn@6&0yYa$ddaT6é 1€rganoapécr6hmn1
113, 20l (I9 ~.sol ution i.s_added sl owl o] 1 _March
2003 PCT/UE8d T1og5 8 Sﬁg(*#ra%mt%tgh?}f‘é %gl T ﬁ?%“?s 59 g,
30 nnnl) Stlrrlng is continued for 30 min. The resultlng solutlon IS

reacted with a THF (30 nL) soluti O”EQEmﬁhQ 952THF (3.5 g, 15 mmol). The THF
is renmoved ' S under vacuum and the extracted repeatedly with

net hyI“éne chl ofyeehe st s 1¢S5t i b} W)cﬁfgiﬂa:ﬂw2§éjww2ﬁ. br own
sol ution whi ch 1% tga#@} 0 poResS ey ifelrdidg =2 powdeEx<3OwExamph eokbd

Poi ~rmeri zat, on Wt rm@t %gl ene- r| dge(g Bi s-am di nate Titanium Cgrrpl ex In
tol uene (3% 0-FWH4 A oged)y St ther SARPERCRI PR 3°29°RE 8RIMVAO (10
mrol ) at R 208 ra;e/SlsurOMzmdm\M it k1l Ti81lat m Btdytieneed Thel 1@sud té4Rp g,

pol yreri zaf ion. yl.el.ci 5, .hi b -densit y pabyethyh gner Ly, fNerch 2005 @ ai m:
1. A process for che‘ pc?l meri zatl on o nmpri‘sing ep of
cont a¢t i n¢;D2At 2a J{Seriiﬁmpzitea’rem@f sabeuer- 5@Cth?ozabé0t‘ilGPQSQ@)lpPaDldan ol efin
selected fromthe group consisting of ethylene, an a-olefin, a styrene, a
cycl opentene, and a norbornene; and_(b) an active pol ynerization catal yst
conprising a transition netal conpl EX28P1ig Pgand of the formula (XI) -z
rrR~ RZN R~ NRsynties€i$:of ~) (i~PrN) 2CCHoCHoCH2CHoC (NPr-i)2]1ZxClp: 8

The general procedure for metal complexes was followed

20 using 0.7443 g (1.02Z rmmol) of the dimagnesium reagent and
0.2377 g (1.02 mmol) of ZrCl,y. A pale yellow solid (0.5660 g,
0.735 mmol) was obtained in 72% yield. 1§ NMR (CDpClp) 1.25
(br., m, 24E, CH3), 1.58 (s, 4H, CH2), 1.87 (m, 4H, THF-CH?2),
2.38 (s, 4H, CH2), 2.60 (m, 4H, i-Pr-CH), 3.94 (m, 4H, OCH2).

25

Example 17
Syrrthesis cf [{1-F N\QC Ho FHﬂpAQCngC(NDr 1) kfplz S

The general procedure for metal complexes was followed
using 0.4647¢g (0.63€% mmcl] of the dimagnesium reagent and
30 0.2040 g (0.6369 mmol) of HfCls. A pale yellow solid (0.15 g,
0.269 mmol) was obtained in 42% yield. 1H NMR (CD2Clp) 1.21
{br., m, 24H, CH3), 1.€0 (s, 4H, CH2), 1.%2 (m, 4H, THF-CH2),
2.40 (s, 4H, CHp), 3.78 {(m, 4H, i-Pr-CH), 4.0 (m, 4H, OCH2).
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said transition nmetal is Ti, Zr) H, V, C, Sc, Y or arare earth netal;

R~, R2) R3 and R4 are each independently hydrocarbyl, substit utisrch 2003
hydrocarbyl or silyl; R's is o-phenylene, 1,2-naphthylene, 2,3- napht hyl ene,
1', 8napht hyl e 00A 36 cyctohexylene, io R~ can Rs Rs t2 R R$ R 9% 42
1 March 2003 ?% c~~n can / \" ~"~can \ / --CR162(CR162)g (

or a dival ent organlc noi ety containing one or nore nitrogen atons

R6, R~ and R$ are each independently Exdmgenlahydrocar byl or substltut ed
hydr ocar byl , h [ g g R6 ; an

and R8 taken$ : &E&—éﬁ g

i ndependent |y hydrogen hydrocar byCéHaﬁUQSﬂ"uCﬂlQedlnydrocar byl , or
functional group r t hat f RI nd_Ri | to
one anot her may ogmg\é“rgg(‘!l 'i}%og%'&%rte"‘gpg renrﬁ;%g%dcg%fo%% ¢ Qa‘?h%oxpggggs as
recitedsin clsanm 2. 6@ﬁ§rg|ﬁ4t@emmpéﬁspﬁ|@ enéﬂmag@@ﬁppexreggen@oﬁpdund of

the formul ag(X)ob~gR M@ehﬁm eachi¥1i,s Izad@@@ngéméy am ani op; o%m,
March 2003 Mis Ti, H, V, C, Sc, Y arare earth met al ;  and

was obtalned in' ~100% yield, F NMR (CD2Cl2): O. 75-1.35 (m,
overlap peaks, 56H, CH2 and CH3), 1.80 (m, THF coordinated

CH2), 2.%2 (br, 2H, CH), 2.98 (br, 4H, CH), 3.14 (br, 2H,

10 CH), 3.88 {(m, THF coordinated OCH2}, 6.75-7.30 {(m, 12H, Ar-~
H) .
Example 19
Synthesis of {[N(2,6-1i-Pr;-CgHj) ]2CCHOCHPCHRCHpC[{N(2,6-1i-Pro~
15 C6H3)}g}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 ZrxrCly. An off-white solid (1.45 g,
1.54 mmol) was obtained in 73% yield. 1y NMR (CD2Clpy: 1.08

20 (d, 12H, CH3), 1.15 (d, 128, CH3), 1.33 {(d, 12H, CH3), 1.40
(d, 12H, CH3), 1.25 (br, 4H, CH2), 1.92 (br, 4H, CH2), 1.92
{m, THF coordinated CH2), 2.75 {(bx, 4H, CH), 3.04 (br, 4H,
CH), 3.94 (m, THF coordinated OCH2), 6.90-7.68 (m, 12H, Ar-
H).

25

Example 20
Synthesis of ({[N(2,6-i-Pr>-CeHs)]2CCHoCHOCHRCHRC[N(2,6~i-Pr,-
CeHz) 12} HECLD: 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 HfCl,. An off-white solid (1.60 g,
1.55 mmol) was obtained in 89% yield. IH NMR (CD2Clp): 0.32
(bxr, 4H, CH2), 0.84 (d, 24H, CH3), 0.98 (d, 24H, CH3), 1.82
(m, THF coordinated CH2), 1.92 (br, 4H, CH2y, 2.88 (br, 4H,

3s CH), 3.08 (br, 4H, CH), 3.88 {(m, THF coordinated OCH?),
6.72-7.20 (m, 12K, Ar-H).
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nis an integer equal to the valence of Mmnus 2. 3. The proq;is as
recited in claim2, wherein the ol efin, conpound of the formnul WV} a
conmpound Ware contacted) wherein Wis a neutral Lewis acid capabl e of
abstract i ngWhooR26¢8om t he conpound of the fornmula (X) to forRCWKSIYI908Vi ded
that the anion formed is a weakly coordinating anion, or a cationic Lews
or Bronsted acid whose counterion is a ak£ coordi nati ng ani on; and

provi ded t hat when none of X is alkgf——éiﬁL—gr hydri de, said conmpound Wis
capabl e of siyhaRskekr ioEg {lTydrRi, (65916@1:@.4—@61—13)1]QCM—IZGHQGH@_@Q(OCI@$$ esifecited in
claiml1, wherein RI5 1s (XII) or éig E Ve e process as recited in
claim2, wherein RI5 is (XIl) or e process as recited in
claim 3, mhereHheR@&nﬁsa@XpKPC@ﬁu¢XXEbt)me?alThemplesesswes fetloweadin
clalmsl, WRerel B Bo1dRe J'BS PR} B ecelmeggeeﬂgﬁn%y%%ﬁgyén@r silyl.

8. The procCéss as recit inclaim?2 ere| R4 are each

i ndependefit- Oy 641 Ry|(CoB &SI, oF. VEhe: prabcessPks $26cid ethidh cIiAs, wherein
R, R, R3.ang1B4.arergachdandependenhky akkykeeeisbbyl. 10. The process as
recited in claim1, whérein R5, R6, R~ and R$ are each independently al kyl
or hydrogen; and R9, Rl~, Rl11 and R12 are all hydrogen. 11. The process as
recited in claim2, mherein R5) R6, ERempid B8 are each independently al kyl
or hydrogen; and R9 1~, 1 and RI; S r 2003
12. The predEsdSiss oF, LyTes e rR e EEEHQégﬁ—ﬁé;—%e—a%%—gggagg>e

i ndependently al kyl or hydrogen; Q__)RQ, YRIE®)IR11 and R12 are all hydrogen

13. The procesgnas el ad p'r%c%'d%'r@‘ %or"‘ﬁ%"tghncéﬂbﬁe%gdﬂ's ceap éé@é
et hylene. 14. The process as recit in claim4, wherein said olefin

conprlsesuéﬂﬁﬁlené€3259 Tﬁe4ﬁr8@€§$ 8§ £Bei femapRest W nfazIeRhet @i n sai d
0: efi nlgoroa}]oees @SSQ)DLIBaMn)leIAﬁQT lmlliene ni%fﬂ%ﬁ@m&oaswe;mgt efb ;4_n _
claim rein a Qta yst [ ol.i goneri zes, et epne to an olefinis
al so Bres@ﬁ? 11735TRE Y 5AEEEs 4 a éﬁ?ga‘inh I§¥§1§¥b%ﬁg¥EInc%%ﬁ 1 efin
conprises ethylene. 18. The process as recited in claimb5, wherein said

ol efin conprises ethylene. 19. The ggg § 8s recited in claim17, wherein
said olefin consists essentially o ~ 20. The process as reC|ted in
claim 17, ﬁﬁﬁEﬁEﬁi&.@éLdﬂﬂiﬂ_ﬁthﬁ_QﬂhﬁbﬁéQEﬁﬁé.é?@&P@%EELEL%MLELJﬁEEj nis
al so present. 21. The process ascfg¢ibedrin.cl #gsm 3, wherein said olefin
conprises ethylene. 22. The process as recited in ¢laim®6) wherein said
olefl%’conprlsggeeﬂﬁﬁﬁéﬁé p§§ce?Héepf86e§§tﬁs F%@Pf%ﬁe?n $ at P 2Avehher ei n
sai d ol ef uBiggnsi.gBS Jegsqnt.2al nypoof) ethyheneimagnesium reagent and

0.0838 ¢ (0.22 mmol) of CrCl:3THF. A pale green solid was
obtained. lH NMR (CDpClpy: 1.08 (d, 12H, CH3), 1.28 (¢, 12H,

CH3), 1.50 'm, 24H, CH3), 2.15 (br, 4H, CHp), 2.22 (br, 4H,
25 CH2y, 3.36 {(m, 48, CE), 3.46 (bxr, 4H, CH), 6.92 - 7.4% (m,
12H, Ar-H)
Example 24
Synthesis cf {[N(2,6-1-Prs-CeH3)J2CCH2CgH4-m-CHOC[N (2, 6-i-Pro>~
30 Ce) 12)TiClp: 16 -

The general procedure for metal complexes was followed
using 1.5%227 g (1.239 mmol) of the dimagnesium reagent and
0.2350 g (1.24 mmol) of TiCly;. A red brown solid (1.18 g, 1.2
mmol) was cbtained in 97% yield. 14 NMR (CD2Cl2): complex

35 and contained different isomers.
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45 1 March 2003 24. The process as recited in claim21l, wherein

catal yst which oligonmerizes ethylene to an a-olefin is aI o) pﬂé‘é@’ﬁ'ﬂ 20@%
The proces jted”in claiml, wherein the transition

Ti. 26. Thzwgr%o?:“eﬁ‘)gs as recited in claim2, wherein the trag?(ta'l/%#%/ 4
Zr or Ti. 27. The process as recited in cIa|m3 wherein the transrtron
nmetal is Zr or Ti. 28. The process Bsanigicd t2gl in claim4, wherein the
transition netal is 29 Th reci [ i m
wherein t i3 = 6—’%—_%—% M&&-&é—m
claim®6, wherein the transition GﬁﬁbalziSrczlz orlTi. 31. The process as
recited 10 cl o ger@%fl r8OLUEL 8GLiNe- ol Sl POLUIRrIZat o, gahal vt
i s present. Th rocess as recited in erelin ano active
olefin pouymgr zaﬁae)a gat &t Y48 mlsopr esknthe wmwwmersea%nr e@mﬂed in

clai m 31, Whgrglg thecapokher, agtiyecol, eflz:n préaleyrp%rluzoai QN s¢atal yst
conprises a late transition mnetal cataly | erNatta cat al yst and/or

a netal | otehemBat al y3é. Oéﬁalnq‘liue“pro}:%%s ?é’ser‘em ted ¥R c{ @2 B2, F wherein

the anot hgpmpetikVvenal ebhna PREY N®L f ZaEé 0N Lodmdyst conprises a late
transition netal catalyst, a ZieglerNatta catal yst and/or a netall ocene

catal yst. 46 1 March 2003 35. The process as recited in claim2, wherein

anot her active olefin polymerizati dix is present 36. The process
as recited, jn,cl & Whereign anot hng eﬁ':érde I gfr n-paLyngrization . _
catal yst i = %—gg—ﬂwerﬁ

anot her active ol efin poI ymer i zﬁ_ﬁgh_t_bm}yw”prl ses a late transi t| on

metal catal ystyng gbg@LgL B‘@é&@d@é‘éaﬂfﬁtm@@éﬂ Oforfp NELA lpcene, cat@byst. 38.
The process as recited in claim36, wherein the another active olefin

pol yneri z86ibA cafafyse &pn})??s@%‘ﬂa | &t R F hETRTTERS et de Rt &9 a
Zi eglier Natsa4gagalystoanaher) aofretotl acene peakalygdtiow solid (0.9741

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 cf HCl contaminated in HfCl, reactec
with the dimagnesium reagent to form the neutral ligand as a

low-level byproduct.

Example 27
25 Synthesis cof {ii{1-Fzr. . ZVVH2C6H4 n- CFQC[N 1i- Pr)]ﬁ*Tlc z2: 19

e /

At -30°C an the dry-box, to a sclution of 0.28C5 g {(.¢<
mmol) of TiCl, {THF'; in 30 mL of toluene, was slowly added =z
solution (.84 mmol of tne dimagnesium reagent in 20 mlL cf
toluene. The dark red 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, 0.44 mmol in 53% yield. 1y NMK
(CD2Cl2): 1.4 (br, 24H, CHj3), 3.92 (br, 8H, CH, and CH-Pr-ij,
7.12 - 7.4 (m, 4H, Ar-H).

35
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39. The process as recited in claim3, wherein another active olefin

pol ymeri zation catalyst is present. 40. The process as recitedliMareh 2068 6,
wherein anot\g o /?%s%gve ol efin polynerization catalyst is present. 41. The
process as re@i PEEF 0 claim 39, wherein the another active ol EFI/HS99/19954
pol ymeri zation catal yst conprises a |late transition netal catalyst, a

Ziegler Natta catal yst and/or a net gkb@g@gezgat alyst. 42. The process as
a

recited in claim40, wherein the_an r_acti fi.n_po rizati
cat al yst co@ﬂ@w&mgﬁﬂéﬁ%ﬁé&w&ém&

cat al yst and/ orpya -mteal, | eeenedeataby st to4d. sALPrDeesst for3tde @roougsi on of

a bi s(carboxi.m dam_dat.o , £O i sing the step of reactin bj s(al kyl
metal sal t")m%rgt ﬁ%‘zﬁﬁ%gﬂo’ﬁ 3 tra%d“ﬁr n(lyofdet.oelélﬁlf.né?'ﬁeasprsg(?é“sl %s(ﬁreedciat ed in
clai m#3 whangirrsaifd Owtdaimiicd. wEgnési dimagiesitmMaesher003n480 MLppdeess
for preparifg, & dranyl tdondretal, compl ax,eh-8 hLs(cpiboxhmdanhdatonate),
conprising, Teacting a salt “of sai d transition nmetal wth a dialkali netal
salt or alR@ldnte ddrtaratettdirosgint cofedibrspéapbbdki it dafif Batonaleying46. The

process asHLGd8EAt LRI NAS nghenehnpsakdndi abkahienptal ofakb196 ahkal i ne
earth netal salt of a bis(car b%m moaﬂm dghgnat el Is @ ma'gnem um ial t. 47.
The procesPtEiNesi tedd W clai’m AFmhdPei fi°s¥t818r ansiit N8R AkPaFlee T, zr,
H, Vio O .,1.90 Bbor au,armisear shgsetial, 4R A8CHThe- processs assyresifed in

cl aim 47 er ei idtransitio tal,is Ti or Zr. 49. An anion of the
formula ( ”"-21?‘~€§~'~2$ RﬁlpR%“é’ I%]H(’ﬁrv\ﬁér'ei n: Rl, R2, R3 and R4 are each

i ndependent |y hydrocarbyl, substituted hydrocarbyl or silyl; R15 is

o-phenyl ene, 1, 2-naphthylene, 2,3-naphthylepg, 1, 8naphthylene,
1, 2-cycl ohexyl ene, CG-O c~~n R Ri R~‘R—E——"

Synthesis of [[N{4-Me-CgHy))2CCHPCH2CHPCHPC [N (4-Me~
15 CeHa) 12)TiCl,: 21

At -30°C, in a dry-bex to a solution of 0.1564 g (0.47

mmol) of TiCly(THF), in 30 mL of toluene, was slowly added &
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 Celite® plug frit. After removing
the solvent and rinsing with pentane, a red solid was
obtained, 0.33 g, 0.53mmol in ~100% yield. lH NMR {CDoClp):
contains toluene and coordinate THF. 0.53 (br, 4H, CHg,,
1.58 (s, 4H, CH-., 1.72 (br, THF-CH,), 2.18 (br, 12H, Chsi,

25 3.78 (br, THF-OCE.;, 6.31 - 7.12 (m, 16H, Ar-H).

Example 30
{ (N (4-Me~CTeh:; ] 2CCHRCHOCHCH2C[N(4-Me~Celly) 12} 22Cl:: 22
At -30°C, ir the dry-box, to a solution of 0.3791 g (1.63
30 mmol) of ZrCl,s(THF), in 30 mL of toluene, was slowly added a

solution of 1.63 mmol 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, 1.06 g, 1.60 mmol in 98% vyield. 1y
NMR (CD2Clp2): 0.60 (br, 4H, CHz, 0.98 (br, 4H, CH,, 1.36
(br, THF-CH;), 2.20 (br, 12H, CH;), 3.80 (br, THF-OCH,), 6.08
- 6.95 (br, 16H, Ar-Hj).
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48 1 March 2003 J f f / \ / \ [ \ c~~n c~~n (XVIIC) (XXl L)42n 2083 March
2003 --CR162(CR162) qCR162--(X~, or a divalent organic noiety containing one
or nore nitreeapndee ™, RS, R6, R7 and R$ are each independenply, Q¥ 92{9%@
hydrocar byl or substituted hydrocarbyl) provided that either or Dbot

pairs RS and R6, and R~ and Rg taken together may forma ring; RO, R o, R<
< and R12 are each independent|ly hydmegeile IBdrocarbyl, substituted

o Ri vl ol na SEES 08 BN Db e B ek Ak A LNl e O s
50. The anion as recited in clai §49) ] ahe¥@iat BB5 is (XII) or (XX I1). 51.

The anion as r t—%b"'c” cilna'tWe‘l%#y‘A@%re' RoRh sB2utR3nad B418Ke gaqb 46
i ndependent |y si | 52. "The anion as recited in claim49, wherein

R5, R6S Rmf?ﬁﬂd? éB(J@Jeﬁe{éfH |)ﬂdébe%9e’ﬁ¥l 9f aFRYMeRR: hyaP okl rndiddRd R o,

R11 and Rlg,afe & Ichydrogen.g 5& . A thiadisi td on Hetdlr Loy 8%: ofedde f ornul a

(7= 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, 0.45 mmol in 98% yield. IH
NMR (CD2Cl2): contains toluene. 1.96 (br, 12H, ChH:), 3.15 (br,

4H, CHy), 6.64 - 7.00 {(m, 20H, Axr-H).

Example 32
15 Synthesis of{[N{4-Me-C¢H;) ]2CCH2C6H4—m—CH2C[:{4—Me—
CeHy) 12)2rCly: 24 -
At -30°C, in the dry-box, to a solution of 0.2417 g
(1.037 mmol) of ZrCl,;(THF):; in 30 mL of toluene, was slowly

added a solution of 1.014 g (1.037 mmol)}) of the dimagnesium

20 reagent in 2C 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 yellow solid was obtained, 0.6 g, 0.84
mmol in 81% yield. 14 NMR (CD2Cl2): contains toluene. 1.7

25 {br, THF-CH;), 2.5 (br, 12H, CHsy,, 3.70 (br, THT-0UZn:;,, 3.&¢&
(br, 4#H, CH:}, ©6.24 - 7.00 {m, 20H, Ar-H).

Examples 33 - 4%

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 dissolve
or partially dissolve the catalyst. The flask was sealed,
removed from the dry-box and attached to an ethylene Schlenk
35 line. After pumping off the air and nitrogen ana purging
with ethylene, 4.64% mL (20 mmol) of PMAO was quickly added
to the flask under about 35 kPa ethylene. After being stirred

at RT overnight, the reaction mixture was quenched with 50 mL

30



(~ R~ wherein: Rl) R2, R3 and R4 are each independently hydrocarbyl,
substituted hydrocarbyl or silyl; Rs is o-phenyl ene, 1,2-naphthyMaﬁmzoo3

2, 3-napht hy 8 napht hyl ene, 1, 2-cycl ohexyl ene, 50 1 March 2003
can &gﬂﬁ%y

I\~
CR162- -

substltute

15

20

/1 (xaci @ cxv~ 51 1 March 2003 - - CREEHUSR:

or a divalent organic noiety contalnlng one or nmore nitrogen

at oms, R5?>5ngr35th§ﬂ 1R§o§6€18§‘38ftQQ{?Q%P?ﬁQEéé( A Al OCarﬂ%’fg or

rocar byl ; "provi 1 Y%e palrs
polymer was collected on a frit, washed w1th methanol and

acetone thoroughly and then dried in vacuo overnight.
Method B: In the dry-bex, 0.02 mmol of the

bis (carboximidatonate) transition metal catalyst was placed

in & Schlenk flask contaznaing 35 mL of toluene and 4.649 mL

(20 mmol) of PMAD. 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 overnight at RT under about

35 kPa ethylene and then, gquenched with 50 mlL of a methanol
solution of concentrated HCl1 (10% volume). The polymer was
collected on a frit, washed with methanol and acetone
thoroughly and then dr:ied in vacuo overnight.

The polymers formed were linear high density PL, very
high molecular weight and it was difficult get a GPC
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

Example | Method | Catalyst | PE(g) | Productivity (mol Tm AHf | Me/
PE/ mol complex) | (OC) | (J/g)| 1000CH>
33 A 1 3.0086 4512 132.5 128.5 1.5
34 A 2 1.1464 1547 134.65 | 121.9 7.7
35 A 3 0 0664 103 135.09 | 196.8
36 A 4 4.679] 7417 132.27 | 148.7
37 A 5 1.0688 1797 13445 | 151.8
38 A 6 0.0575 101 133.51 | 181.7
39 B 7 4416 6026 134 7 109.5
402 B 10 1.6214 5594 13497 | 169.4
41 B 11 1.5633 5975 13478 | 174.8
42 B 16. 4.8137 5.42x 104 134.63 | 175.7
430 B 16 12.002 1.35 x 10 134.94 | 150.2
44 B 19 0.3683 4458 13449 | 173 .4
45 B 20 3.1324 2.41 x 104 134,81 | 165.7

Note: a. 0.01 mmol catalyst and 1 hr. reaction; b. 0.003 mmol catalyst and 18 hr. reaction.

Examples 46-65

Polymerization of ethylene at 6.9 MPa

B33

and

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
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R6, and R~ and R8 taken together may forma ring; RO, Ro, R1 and Rl2 are
each independently hydrogen, hydrocarbyl, substituted hydrocartmhsch®@oos
functional group, provided that any two of RO, Rlo, R11 and R12 vicinal to
one anot her wayo/fasssm a ring; R16 is hydrogen; q is 4 each X iggT/1899/19954

i ndependently an anion; Mis Ti, Zr, H, V, C, Sc, Y or arare earth
netal; and n is an integer equal to the valence of Mmnus 2. 54. The
transiti otrmehdbrobepizexcas fbei vadli Wwasl aPALES, teheP8I® RI5the dxyhyxor
(XX 1) hg?%e Ihe tpaRg (i:Qn Jkkal rcomBkeyias backbedokntpbaimh3dy Wherein
R1, R2, ané_R4 are each i ndependently alkyl or silyl. 56. The transition
metal conpraxrtieny @&k &de YidlarmssihephErRPRIRBNARECAREdangURE1drPe tBSCh

i ndependegtrhy ol kitheOk ihyer agen; pardeB9inkboa RhdkandtRb2 ahecal kaBydrogen.
57. The tr%nsition met al conplﬁﬁ as reciked in_claimb53 m@erei? Mis Ti or
Zr. 52 then shaken mechanically undér high preéessure ethyléne for

. AFaL. AS, aBoktA1lBYrA9. ThAURNAAR. AbUyAEA. ABsARLA@ A@iAEAR ARCAERIAD_tAY. ASR

A YA A L2 A AFe. AS. An, AL @ . AS:AL LA .
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20 The polyethylene formed was high in molecular weight,
but Tm are decreased compare to the polymer produced from
single amidinate catzslysts. The detailed data are risted in
Table 6. '
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w }rg\=!! DS@O0%& ()- 10 10 10f; s10%& ()-!S 10%& () -
"100&' ()-fw wUBg\ =! 10%H& ()-!9 10%b& ()--!19 10%& ()

1S 109
.19 10M2’°{‘)%!°9?09

10965&' () - - W 4ik¥&HZb&' () - snz[ <g\ =! 9| 10%&' ()-&' - 10%0& () - Mcka9& dosa ! &
"1090b& ()-!& "10%b& ()-!& "10% -& ()-dB4=!
10bb! > 910%b& () -/ 10%b& () - ! &+10°/d0b&' () - 8$10%&’ () - MK10%& () - 48109%& () - M
gH=! 10bb! S10%&ab)le3 B0V ALyn&riGR ion- DE0T&hY )L el DYEME kedllat a2@islh sdEHE]
10bb! " S10V&x4plO$3 CoMAL () - BE (z) | Productivity | Tm | AHf | Me/1000 | MI
109 () -, 109%& ()is- 180& () -s! | 109@&mio) PRt/ (0O=/ 10@@() @cjfgty&i()-f%" 1098
) - 1098 {) - <109 (JTi:888. $10%& ()|- RMmbRME () - 3/ 012?6bC/ 10%.! 10%&' () -
F109%&' ()- I TOY&() - & 5 I0V& () - S@L0V& ()- 010
1096 ()]s DG 11090 Kt s | porio) | EE TR0
- ()-Yigs 0% Kia.6652) | (1,87 x 1,0 122.25 3
K& () - & * I EOuMRO—8&—+10% SECIBYRL ) =7 GF! ()54 2dELC
't 3100& () -S1109& ()-y/ s o 3 EZ?&),&;»,@?}S%-I o1 ool () - 2“7’ Y MV
Rt 10 10— 30 3.555 T.06x105 | 12647 | 1471 1037 | no flow
g5 152 30158 | 821x109 | 7219 | 141.16 30 X3
121.65 | 23.64
86 8 3.1737 8.38 x 104 124.12 170.2 12.2 no flow
g7c 9.8 03713 8825 7845 | 22.84 X
114.28 117.14
125.82 | 30.52
g8c 3.65 19637 | 141x10% | 7791 | 8654 659 0.73
119.67 95.03
god 21 16054 | 235x105 | 1189 | 1411 7.05 | no flow
9500 778 18253 | 325x10° | 123.64 | 1473 237 | no flow

10

15

Note: a. mixture of a-olefin and polymer; b. 40 °C; ¢. 60 °C; d. 1.03 MPa. 80 °C, catalyst 10
instead of 16.

Examples 91 -94
Polymeraization of l-hexene
0.02 mmol of the catalyst and 7.66 mL of

In a dry-box,

l1,2,4-trichlorobezene were placed in a 20 mL glass vial.

Three mL of l-hexene was added to the vial. Then, 2.34 mZ
(16 mmol; of PMAO was c.zculy adaed to the wvial. After being
stirred at RT 48 h, the reaction mixture was taken out from

the dry-box and slowly poured to a beaker containing 50 mlL of

Th

a methanocl solution ¢f concentrated HC1 (10% vciume). e

colorless waxy polymer was separated from the methanol
solution, washed with methanol and acetone thoroughly and

then dried in vacuo overrnight.
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The

polymer was collected on a frit, washed with methanol and

acetone thoroughly and then dried in vacuo overnight.

15 Table 8. Polymerization of propylene
Example | Catalyst | Polvmer Productivity Mw My / Mp)
(g) ( mol PP / mol complex)
95 ] 0.2184 503 180000 (multi modal)
96 2 0.2344 366 260000 (multi modal)
97 5 0.0931 188 188000 (multi modal)

In a dry-box,

20 {0.04 mol)

mL (10 mmol)

4.66 mL of a toluene suspension of the catalyst
After being stirred at RT 24 h,

was added.

Polymerization of Norbornene

Examples 98-89

PMAO.

to a 20 mL glass vial containing 2.26 g

of norbornene and 3 mlL of toluene, was added 2.34

The mixture was stirred 5 min and then

{0.02 mmol)

the reacticn

mixture was taken out from the dry-box and slowly poured to a

25

concentrated HC1l

volume

beaker containing 50 mL of a methanol solution of
(10%

). The polymer was collected on
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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
continued for 30 min.

The resulting solution was added slowly to a THF (30 mlL)
solution of ZrCl,; (3.5 g, 15 mmol). There was a slight
darkening to dark beige. The THF was removed under vacuum
and the solid was extracted with methylene chloride.
Filtratiorn through filter aid gave a vellow-gray solut:ion
which was taken to dryness. The solid was then suspenasd 1in
ether, filtered and dried under vacuum. Yield: 1.7g

The ether soiution was stripped to dryness yielding a
very small quantity of a white solid which crystallized iike
an organic. The 'H NMR 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 1t crystallized. X-ray analysis
demonstrated that it was 1,2-diphenyl-1,2-

bis(trimethylsilyl)hydrazine.

Example 101

Polymerization With an Azobenzene-Bridged Bis-

guanidinate Zirconium Complex
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10 slight lightening of the sclution color. Stirring was
continued for 30 min.

The resulting solution was reacted with a THF (30 mL)
solution of TiCly 2THF (3.5 g, 15 mmol). There was a rapid
darkening tc red-brown. The THF was removed under vacuum and

15 the solid was extracted repeatedly with methylene chloride.
Filtration through 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-guanidinate

Titanium Complex

25 In toluene {35 mlL), 0.02 mmol of catalyst with 2.22 mL
of MMAO (10 mmecl) at RT and 1 atm ethylene overnight yielded
0.38 g of polyethylene. 1In traichlorobenzene, 0.0050 g of
catalyst with 3 mL of MMAO at 50°C and 1.38 MPa ethylene
yielded 4.112 g of polyethylene, which was "No flow" MI and

=

30 had 10.8 Me/1000CH,.

Example 104

Preparation of butadiene-bridged bis-amidinate ligand and

titanium complew

35 Magnesium butadiene (15 mmol) is prepared according to
the method of Yasuda (J. Organomet. Chem., 113, 201 (1976).

The resulting solution is added slowly to a solution of
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L CW " $" 10909& () - $" 10%/9& ()- t8C $";cW"$"10%r%&' ()- $"10%rv&laroh 2003
$" 10998 () - $"10%%&' ()- $"10%W9%& ()- _?C $": $" 10%%&' ()- $" 10%%&' () -
$"10%9%&' () - $"10%9%&' ()- $"10%9%&' ()- $"10%W9%&' ()- cG C$" 10%9%&' () -
$" 109%%&' ()- ; cW"$" 10%%&' ()- $" 10%%&' ()- $" 10%%&' () -

"(-17_?C$" 10%8" 10%r%& () - $"109%%& ()- $" 10%9%& ()- $" 10%/%& () -

b g 2
TR R

--CR16,(CR169) ,CR16,--(XV}, or a divalent organic moiety containing
one or more nitrogen atoms;

R5, RS, R7 and R8 are each independently hydrogen, hydrocarbyl or
substituted hydrocarbyl, provided that either or both of the pairs RS and
RS, and R7 and R8 taken together may form a ring;

R?2, R10, R1! and R!? are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or a functional group, provided that any two of R9,

R19, Rit and R!? vicinal to one another may form a ring;

R16 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)

10

Rl.
N,

2N

1s >MX.

RN

wherein:

each X is independently an anion;
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gG C$"10%%&' () - $"10%r9%&' ()- $"109%%& ()- $"10%r9%& ()- ; cW"3$"10%r9%& () -
CC$"10%% ()- ;cW"$"10%%& ()- $"10%%& ()- $"10%/% ()- $"10%/%& () -
_?7CH" 10%9%& ($" 10%r9&R () - $"10%r9& ()- $"10%/9%& () -

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 R!5 is (XII) or (XXIII).
5. The process as recited in claim 2, wherein R!5 is (XII) or (XXIII).
6. The process as recited in claim 3, wherein R!5 is (XII) or (XXIII).
7. The process as recited in claim 1, wherein R!, R?, R3 and R* are each

independently alkyl or silyl.

8. The process as recited in claim 2, wherein R!, R2, R3 and R#* are each
independently alkyl or silyl.

9, The process as recited in claim 3, wherein R!, R2, R3 and R# are each
independently alkyl or silyl.

10. The process as recited in claim 1, wherein R5, R6, R7 and R8 are each
independently alkyl or hydrogen; and R9, R!0, R!! and R!? are all hydrogen.

11. The process as recited in claim 2, wherein R5, R6, R7 and R8 are

each independently alkyl or hydrogen; and R9, R10, R!! and R!2? are all
hydrogen.
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g (lg)%gc& () - 95 10%88e brocksd QUi oct it dAYRS 3 Wnbrdid%Ei Glerih dQUE&is() - IC V" 10%&
109&&' ()CSFCQGMtv(ythylefm/&& ()-J"109%R&' ()-Jt X<"10%R&" 10%&& () -J" 109%&R&' ()

-J"10%R& () -J% 109&& ()-J"109&& ()-J" 109%&& ()-J" 10%&& ()-JdD$" 109%8&' ()-J" 10

Y&& ()-J"109&& ()-J"1098& ()-J"10%&& ()-J;c ("

?2" 10988 " 1008& )tl)e prm&saycmedmv/a&lrp)mm qpat}ﬂmmcb) J"109%&R& ()-J

? gfowégwffmgg é‘%‘?&’%ﬁ%ﬁ‘%%@%ﬁpﬁ‘?ﬁgﬁﬁr 8’“@ 109&& ()-J"109&& ()-J"10%

8! () - J* 109&& ()-J] "Tj mpvgG " 109R& () - 3" 109%& ()-J" 10%& ()-J; ¢
109&&' 10 -Jv #:.cC. ) ] ) ] ]
(10068 ) 17 1 ObBaPIIces™ 78 asited inycliih e WHersin i elofin SeyppEses

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.
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(""1098& ()-J"109R& ()-J" 109R& ()-J" 109&& ()-J" 109&& ()-J"109&& ()-JC ;
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"1098&' ()-J"109%8& ()-J"10%8& ()-J"10%8& ()-J;c (""10%8& ()-JC ;" 10%8& () - J;
c ("" 10988 44.- I THARickss 8 i&%&& i) eldim 0¥ &/hiyein, Pcatalyst which

"1098& (" 10%8& () - J" 1Q% &' J" 10% " 100RS! () 3710988 ()-J" 109%&&' () - Jj
| gF% u $101£588“t%“2@s§ ?%%6(%&1] PresgRies ()-J; c

(""109&&' () - IJDN| [ NA4 $110$( 10$10$ <10(%$&'() * $10% i ~& () -G

$10% $t& ()-G ° $10% & ()-G ° $10%&’ > \<NA4 $110) 1nl0Y%B&
1MLOY%B& (§) 5#10(@@ Iel)opeés)le%%lteﬂ lnl?!@é% é)"’% i graysiagn ) ten prethie @(1)103
1MO0Y%BE& () -or?2ik) 1ml09s& ()-) 1nl0v%s& ()-) 1mlO‘V$&'() ) 1ml09%s& () -f FNA4
$110) 1ml0% 1nl09%& ()-)?#k% 1nlO%B& ()-n) 1nLO%B& ()-) 1nLO%s& ()-)
1MLOY%B& () - Y9NA4 $110) 1nMLO%$& ()-) ?#K) 1mlO%& ()-) 1mlO%s& ()-)

1Ml 098 () -26. LMEQYEBE:debs é\lééclv%hliﬁ%)déimgy%ﬁae@m)t%%}aﬂé{&@&&@ i Zr
1 0vs&' () cerlmloo & ()-) 1nml098& ()- UINM $

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 Ziegler-
Natta 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 Ziegler-

Natta catalyst and/or a metallocene catalyst.
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1ML0%B& () -) ?#k) 1ml0%B& ()-) 1mO%& ()-) 1ml0v%& ()-) 1ml0vs& ()- Y>NA4
$110) 1nl0%&' ()-)?#k) 1ml0%& ()-) 1ml0%& ()-) 1nl0%b&' ()-)1 March 2003
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&<10%6& ()- O S, 31008 %891 \.S, s$10%B& ()- S, s$109%& ()- #WIOWB& ()-)7?;t;
bAL0$  10RYFBELFALON SHAB 5 PIESENF 41006 % & ()- 10% % & () -0

$,10% % & () - 10$10$ CLXh~ ?A10$ X 10% % & ( ) zZ X 10% % & ()-z x

10% % & () %% & ()-z X.10% % & 10% %
10% % &' () :ib ‘X ]178'%9/50&6%% a3 r%‘%b‘i?’% @2“85 hﬁ“i‘@%’% ‘%%‘03‘1‘3 ‘5
10% % & () p"o sza%@e%agﬁsglg bréééﬂ@) X 10% X 10% % & ()-z X 10% % & ()-z X
10% % & ()-z X 10% % & () -
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.
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X 10% % & ()-2z)?W zZ:) X 10% X 10% % & ()-z X 10% % & ()-z X 10% % & ()-z
X 10% % & ()-z X 10% % & ()-2z) 2W XyX7) X 10% Y$100$& ()-# YiMoeehR00B- #z
UYSL109B& ()-# YYSL00& ()-# X 10% % & ()-2)?W 2 2 [[:) X 10% YY$10% & () - #
CY$L109BHE () - # YXYSL0%& ()-# }YS10%& ()-# YSL098& ()-# YYSL00& ()-#2 >
vu4 X 10 Yy10°/<>' & ()- YL$@O°/<>' & () -101010 | 7109 ()- 71094 $| & ()-

710%8y& 4%- YREAK 60 mel @9& @ - 10>1 10>! 10>1
Y<10%! & () - Ys' 10%! &' Y$1 /<>I & ()-qud {Z9vU4 X 10 = s$10% & ()-° YN
s$10ty<9$9&b(slcarb9x1§$4 nese) ¢omp$§mr@ctmg\€#@®@@w& t@msmomOt%9$9&' ()-

4y- {29V W setal 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)

)

wherein:

R1, R2, R3 and R* are each independently hydrocarbyl, substituted
hydrocarbyl or silyl;

R15 is o-phenylene, 1,2-naphthylene, 2,3-naphthylene, 1,8-

naphthylene, 1,2-cyclohexylene,
(Xxun

(X[[) RG RS
R’ RG RS

R9

Rz R' R® R’
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YL- 109" & ()-12zY8f Y8 X & ()-- YI0%! & ()- YI0O% R & ()-
dnF10% & ()- - L 104" & Y 10% i & ()-X[~g|[:fY8 X 10 Y6S10%" & ()-
YF510%" & ()- Y310%" & ()- Y+10%
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[

;@\’ e
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51. The anion as recited in claim 49, wherein R!, R2, R3 and R* are each

independently alkyl or silyl.

52. The anion as recited in claim 49, wherein RS, R6, R? and R8 are each
independently alkyl or hydrogen; and R?, R10, Rl and R!? are all hydrogen.

53. A transition metal complex of the formula (X):

®

wherein:

R1, R2, R? and R* are each independently hydrocarbyl, substituted
hydrocarbyl or silyl;

R15 is o-phenylene, 1,2-napht_hylene, 2,3-naphthylene, 1,8-
naphthylene, 1,2-cyclohexylene,
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" #$UR' ()*+,-./0123456789: ;

<=>? @ABCDEFGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_" abcdef ghi j kI mopgr st uvwx§ Margh-2003
" #$UR' ()*+,-./0123456789: ;
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9, R10 and R!2 are each independently hydrogen, hydirocarbyl,
substituted hydrocarbyl, or a functional group, provided that any two of R?,
R0, R!l and R!? vicinal to one another may form a ring;
R!16 is hydrogen;
qis 4
each X is independently an anion;
M is Ty, 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 R# are each independently alkyl or silyl.
56. The transition metal complex as recited in claim 53, wherein RS, RS,
R7 and R® are each independently alkyl or hydrogen; and R9, R0, R!! and

R!2 are all hydrogen.

57. The transition metal complex as recited in claim 53, wherein M is Ti

or Zr.
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