WO 2011/ 054927PCT/ EP2010/ 066905 1 - CATALYST COVPONENT FOR THE

POLYMERI ZATI ON OF COLEFINS HAVI NG A GUANI DI NATE LI GAND The

i nvent i orwwoabatss2ro a new cat al yst component for the peCymerioipatison of
olefins of formula CyLMZp, wherein 5Msia Goup 4-6 netal, Cyis a cyclic
ligand, Lis a guanidinate ligand, Zis an anionic |igand, and pis the nunber
of anionic |ligands. 10The invention also relates to a catal yst system for

for the pol yrarieasT sOMPONER TSR 1Pl e NS OBk 863 o
and relates to a pol yner obtai neSUS\NIDANAREddE4NIDf the i nvention. Such
catal yst systemis known from US 6, 420,300. This patent 1l5relates to a

catal yst system for ol efin polynerization conprising a catalyst which is an
organonet al I i ¢ conpl ex Tot iavebtonpeltestab nemdcatalyst comaooent fohthe

organonetal | ic _conpl ex .c ai ni.n tinide |igand. A
di sadvant aé>8"y6@erﬂ4r%'08r%@i§[?$o§sfearﬁ‘élﬁ(% v%h,qum 300 is that an
or ganonst al | i ¢ conp 8x5reQpt4as mhdtgl, & guani di nate-type ligand forns an

20i nefficient olefin polynerization catalyst system A
purpose of th&) nvéneicyaliqligand, provi de a new cl ass of catal yst conponents

conpri si ng gu%ni di %@P%@ﬁnétg%gggg provi ding highly active catal yst
iFzatio

systens for the pol 1efins. Thi s

obj ective is reachgdahynri@ligandtangonmponent conprising a 25 conpound of
formul a CyLMZp wherein Cy is a nono- or polysubstituted

cycl opent adi eyl - t yp&e nupaber efrnienicdigandsiani di nate |igand of the formul a

RR1A Cs 30R2R3A wherein : A S e I om nitrogen or
phospﬁg&ous and R, R1, %hg "g\?legn\gé é{ﬁ%@%%gg@%dgéﬁ%”ﬁg%ﬁqé@te@criwer om t he group
consi st i ng polym&M2aiohlof@beiing PeE/ il b/ f0a680Iatés 1o hystoogssior liiyelr ocar byl ,

silyl and gernyl residues, substituted or not with one or nore hal ogen,
ami do, pho$hiregrizaiiopgh\at least ong &N haying £ te. 20 carbon atoms and relates to

a polymer obtained by the process of the invention.
Such catalyst system is known from US 6,420,300. This patent
15 relates to a catalyst system for olefin polymerization comprising a catalyst which
is an organometallic complex of a Group 4 metal and an activator, the
organometallic complex containing a ketimide ligand.

A disadvantage of the process described in US 6,420,300 is

that an organometallic complex containing a guanidinate-type ligand forms an
20 inefficient olefin polymerization catalyst system.

A purpose of the invention is to provide a new class of catalyst
components comprising guanidinate-type ligands providing highly active
catalyst systems for the polymerization of olefins.

This objective is reached by a catalyst component comprising a

25 compound of formula CyLMZ, wherein
Cy is a mono- or polysubstituted cyclopentadienyl-type ligand and
L is a guanidinate ligand of the formula

1
RR A\

30 R2R3A/

wherein each A is independently selected from nitrogen or phosphorous and R,

C=N-

R’ R? and R® are independently selected from the group consisting of



Surprisingly with the catal yst conponent according to the invention, highly
active catal yst systens for the polynerization of olefins are 5 obtai ned.
Anot her awoantiage20f t he catal yst conponent accordi ng t @CrhP2@oms@ns
invention is that the ligands L are comrercially avail able or can be
prepared by sinple synthetic processes. A further advantage of the catal yst
conponent according to the invention is the good solubility in hydrocarbon
sol vents. 10An enbodi nent of the cited prior art document US 6, 420, 300
teaches a Group 4 netal conplex containing ketimde |igands further

cont ai ni ng hygeagsse Aydmcamyl- gilypang iQQHﬁMISF%QU&ﬁnﬂJl@S.“UB@gW&%N‘@tbé?ﬂea@i enyl
(Cp) and p yelhape [ I * [ reported in the
exanpl es (@%%%@%ﬁﬁlaeéﬁﬁcﬁ% a&@yb&%kﬂ@%}ﬂﬁiﬁa@%t al yst system of US
6, 420, 300 15shows har diSyrpriginglpavitteibe catalgst cdnysdnent taceotding to thize

copol yneri zati on process.,. Further, the cited prior art
document dM@PPaé'@BR‘t VR GRS HIMSERTBS 1l tbﬁé%"i'%?ri'%ﬁ{'%&fiq}gf{%ﬁ F the
bis-tert-b i i A L = hA; i tem for

bot h thg c%%ﬁgﬂ'tgﬂa(ﬁgﬁ% as 3@%&%&%@%%%‘%@5?2%%@25%% ver si ons
(Exanpl es Doeserd i@ntiogpe thatied igandsl 20e comnaarciciiy avpilable brshovee t hat

15119, B A AR S B AR ekt 1 °

I n consequepathddent adestditlottRashrmtidnay tHe §8od dambdinn i 9ydryesrbbhgands and
a preferred enbodinment is a Goup 4 netal conplex 25containing the

combi nat i oSObENES.s-tert - but yl keti mi de and cycl opent adi enyl | i gand.

cont ading catalysr oy ReBRURE R LA bO Tt BV IEEEEBSHAN IR g o
by Op* resuwbdchdsa BrolindraeRe compldxecantgining mlrwriaani'gaaafs Qurtrasttdontdisingy

3000% as is denonstrated by Conparative Experinent and Exanpl e 2.
30W02/ 070%9|OH§§@di'Qfé’§'t§éPQ:|ﬁad{£s(@|a@Brﬁ)oﬁ@ cyciprantagdiony! (Gpdedfh and a

roce for i i * [ | i ; a-olefin
P oo y mopentinEhRAERD ARV (EF: TR aRE (Uil inthE BRI |
e G O e B e G o 00569
Beacr B STOWETEISY AR BEIEE Gl hACiVE) e CRRMTRIZa00 RPBRTS 4 to 6

netal, ‘a cyclopent adi eryfinby e Lited Pilor SRUoRUARIRBRRIhSHARASHNTh t ype

ligand L wherein L is a 1, 3-diaza-2-imno eterocyclic ligan
di sadvant agghydéne belyomridajion astigityeol thiediisrier-ontyWignpiidg digend i(BurGaN-X he

hesi f h , 3-di -2-im i d i h f he hi ghl
ST oes onpdnalaitiog et st e Both 13 BYGo PRI e85 The poor O
sol ubi | i ty geRtdieirgRyERpRNERIBNLErsins (FBeenEIas abysid S0 AsEetivdlfunt her

advant ages of the cafal yst system accordin h resent invention are

its glola t@p@traafcléxarapll@c%%h@@s thateeplacingur L:n(é%mgbgwmetfwéguaﬁﬂdipa@cess
. 0 P _ | oo ]
the el SMENHEENT TS B3 plrRfi-ptod dofng BATSIRUHERT R RSEOC 11

pol yreri zatthamatfecpesat ures are advant ageous e.g. in view of 15process
t echnol ogy. W02/ 070569 di scourages from usi ng guani di nate
contai ni ng catal yst colpbARIRABIENceUS Bahthddhieashes away fromayamidinaient ) by

denonstrati - J ; I tivity (Table

3 w002 IR BB B AR R oD (bR L ISE ¥,

guani desat eoftaning dhaicombirsdtmnysitbisyert-eutydiketingdp @andtayckpeabadien80iGafdabl e 1

and 5 in WO02/070669). - . : .

The more surprisingly is that starting from the low active

guanidinate containing catalyst system from Example 21 in US 6,420,300 and
replacing Cp by Cp* results in an increase of the olefin polymerization activity
by 3000% as is demonstrated by Comparative Experiment C and Example 2.

30 WO02/070569 describes a catalyst component, a catalyst
system and a process for the preparation of high molecular weight ethylene or

a-olefin homopolymers, ethylene-o-olefin copolymers, terpolymers or



Owmn experinments (Conparative Experinments E and F in the present
application) have shown that the pentanethyl substitution of the

cycl opentwdizenyds4927gand of the 1, 3-di aza-2-i m no het er oegeiEPeo0iogEN
conprising 25catal yst conponent disclosgd in W02/ 070569, does not result
in a catalyst systemw th a higher polynerization activity. A publication
by Kretschner etal. in Chem cal Conmunications, 2002, p. 608 describes a
titani um based ol efin polynerization catalyst with i mnoimdazolidinide
7c-donor |igands. Wiile this publication does 30not disclose the use of

subst i t ut edetERIWPEFR, aaamwmengﬁmgprppematw&vaae@&sma@r@wet Reefer@dlyof

guani di nat tion
activity. Wa%gf?/ g%@%@:?’%fﬁ%? %%9%?)5@%@%@?& PQ{ %ﬁfrhé%‘l nvention
Tlhef i nven]E iC%yLMZé,J @dreprising a Gedugl 4 6 6 coatahreatcldpentadienplalypetigaaat araha of

ol efins of for erein 5M s G.oup 4 Zis an
anionic i @%ﬁ’ﬂp t%%ng‘ﬁwwpﬁl'géﬁyd-nwgeTQ"@griﬁé{gﬁﬁa@%?!mén%no- or

pol ysubsgt i tadi enyl -type ligand, Lis a guanidinate |igand of
the for ?rul yéE%%RgéA&Rg%gg 7 C=N- wherein each A is independently selected
from ni trogen or phosphatdisgdwardage oRhe Wawwsmemrcéaim&dbipéfvdm%/ﬂ)m%@ ected

fromthe gro ons f,. 1 roc . er nyl

resi dues, ﬁ%ﬁ@%?@h%gﬁggh%?%g gej;im H%S'Qaﬂ res %ﬁ@%pm do,
al koxy, or naghy @c b@ﬁh‘p@ﬁbﬁt cyanogen bromide. Af”UPfhe@@J"E‘Q@Naﬁﬂ@re%tﬂ@é 8bt C Of
guani di nat e and ketimde ligands is that they contain a nono substl tuted

ni trogen atSanhllrtyumby@@ﬁ@@mmlvefﬁspfm@em’c@wat semBs (doubl y) bonded to

< thatOrhi s aoubl ¢ bobHAE BalAdes S RLORAAR Alaim e PR OB ente ™™

via G oup Iresdmimvargiphesentsasbdaytolrancd esdave eﬁ%R?pﬂa@éMEdurin the
The substituents of the guanidinate |ligand L, A" and "R2R3A" may be the

sane or di fPobmesfizationHyaeeserhyefastthemigh ﬁghymrlzaﬂﬁ@ aghwityr alct ure.

A preferre i onent
conpri si ngqaﬁgg%%éﬁggb%f%q}% Irg@fl_%/ﬁ%f\/\Mer 6Iyrﬁ’i@r&5mq‘k§\f\/ég@§§/ =N- and
R Rl, R2 dmat Hghermolymdepatialeigniperatires beslalivamagbeugeauin ciensofst i ng of
hydr ogen and ?h%ﬁdrocar %I resi due. 30The nono- or pol ysubstituted

cycl opént adi'@ BgRROIPIYand oy is
WO02/070569 discourages from using guanidinate containing

catalyst components (ref. Component A in the cited document) by
demonstrating the negative effect of scavenger on catalytic activity (Table 3 in
WO02/070669) and the inactivity in olefin polymerization of the guanidinate

20  containing catalyst system at temperatures above 80°C (Table 1 and 5 in
WO02/070669).

Own experiments (Comparative Experiments E and F in the
present application) have shown that the pentamethylsubstitution of the
cyclopentadienyl ligand of the 1,3-diaza-2-imino heterocyclic ligand comprising

25 catalyst component disclosed in WO02/070569, does not result in a catalyst
system with a higher polymerization activity.

A publication by Kretschmer et al. in Chemical
Communications, 2002, p. 608 describes a titanium based olefin polymerization
catalyst with iminoimidazolidinide n-donor ligands. While this publication does

30 not disclose the use of substituted cyclopentadienyl ligands it further
discourages the use of guanidinate-type ligands because of their low olefin

polymerization activity.



substituted wth radicals selected fromthe group consisting of hal ogen,
WO 2011/ 054927PCT/ EP2010/ 066905 5 - hydrocarbyl, silyl and gernyl

resi dues,wopbilgnisad2ry substituted with one or nore hal og@oT/ER2010066905
phosphi do, al koxy, or aryloxy radical s.4.- As used herein, the
term substituted cycl opentadi enyl-type ligand is nmeant to broadly convey
its conventional neaning, nanely a 5substituted |igand having a
five-menbered carbon ring which is bonded to the netal via a p-type

bondi ng. Thus, the term cycl opent adi enyl -type i ncl udes cycl opent adi enyl ,

i ndenyl and fluorenyl. The term nono- or polysubstituded refers to the fact
t hat one or & drogen atons of the cycl opentadi enyl structure
have been DRSOV fid nore ot her residues. 10The nunber of
substituents is betweeiTh iavehtlonfretatéd o aatalystrdoathareyit fodritpand, 1 to 7 for

t he i ndenyl and and 1 to 9 for the flugrenyl |igand. An exenplary |ist
of substi thé’&Wgerf ZHtiog @p&fwﬁtfﬁw@ﬁﬁyh'ﬁg quﬁlﬂ udes the group consisting

of G- E(0 hygqyocaibylchagis@le mupaich hydrocarbyl substituents are
unsubstlbtut ed or furtherr gubstelstut ed), a hal ogen atom 01 _8 al koxy radi cal,

C6_10 aryl or Zaryl éxgn d6ioend bgdnd,an ami do radi cal which is unsubstituted or

substituted by up to, two 01- rad al s, a phosphi do radical which is
unsubstit ut edPor sibEE TYPRE ‘Bf;a/arl]%n'f:d'gt’" SAI%Y alkyl radicals, silyl

radi cal s of t?% foré"b"n?onos'o‘r(days%b‘éﬁt%ﬁéd By&é‘ﬁé”htﬁdlehﬁa?% @bﬁg fromthe

group consi sting of hydrogen 1 8 al kyl or alkoxy f Cb_10 aryl or
aryloxy radicdls anﬁja@eanniﬁyateﬂlgdnda)lf&e)formlmlﬁforrml a -Ge-(R5)3 wherein
20each1 5 is sel ect 1fromthe group consi sting of hydrogen, 01 8 al kyl or
al koxy radi cal , ?L aryl oxy radical. In a
preferred enbodl rrentz, tl)eCcy | opent adi enyl ligand is penta substituted by
met hyl groups and ﬁ]%dnsequence Cy istheis 1,2,3,4,5-

t th | * 5A
gg?i gggl >c/har ac@gﬁygf‘g |sefh¥llepﬁﬁ§%ﬁ§/an%88f§’ﬂdfg nﬁfc‘fgger %aé O(F)&r:g rm%e gf t he
subst i t uent’®y R RjanchR® bee melepenaehtiynseiectayl ftom ltiwgradwar;()mmhngadf structure
of the guanidi nate |i i n consequence r i nati on of
the tvd |.@aﬂm@e@ P eRre S PR B BN EneSs ST IR Or SRR G TP e can
casi |y be_ iREaRABIES! Piobnd T kol oRBRibSy RRIENI y 30referred to as

bridged |igand struct'ure e catal'yst conporient’” of the invention conprises
ani oni ¢ | i gands whi ch iThesomymoasharacieridie ofegfuanididatecrmsketngideigands e

l'i gand". Thj 201 /054927PCT/ EP2010/ 066905 , 6 nder st s that the

|1 gand may b SR CAB0 R RPN S RTERGE AR oL AR eSS AR ol Bheim

i noxane, beaaiéh éﬂ@)@h Qo(fdéﬂﬁxl) ‘boﬁééd Itd) trﬁé gitrdgeh iatorRQCHEMB! Azpleiciie:  Exenpl ary
activatable |ligands are independently selected fromthe group consisting of

a hal ogen #harqcteristic Qf@u@@dﬁ@%@r'@@ndﬁéﬁﬂf@élthls&0@@9 @@d@@@ﬂr aiatn s a
C5_10 aryl i,.cal d I and aryl
oxi de radi §§ hg&e&qgé&éﬁgﬁ)g@@?p%\@%r urt BB’VSSI?@?%‘%M 6&;9@% Iogen
atom a le@rmlh)dbowedi cal, a C1_8 al koxy radical, a C6_ 10 aryl or aryl oxy
radical, a siliciumradi caI an amido radical which is unsybstituted or

subst i t ut ed by up to t\meéﬁb§t'téc'lela9ﬂ of thgiguanidingtedigaag . BRré ABEl which is
unsubsti t ubgeRBA" SUDH! thilethd SPYifdRerituitntut BLing Fark ¥t a MAdLSRisg

25  structure.

A preferred embodiment of the invention consist of the catalyst
component comprising a compound of formula CyLMZ, wherein L is
(RR'N)(R?*R®N)C=N- and R, R", R? and R® are independently selected from the
group consisting of hydrogen and hydrocarbyl residue.

30 The mono- or polysubstituted cyclopentadienyl-type ligand Cy is
substituted with radicals selected from the group consisting of halogen,



In a preferred enbodi nent of the invention the anionic ligand Z is sel ected
fromthe group consisting of C _io hydrocarbyl radicals, nost preferably

t he ani orwo 2bilgamt7Z i s a net hyl radical. PCT/EPRG1000b@0E at al yst
conponent contains two or nore anionic.4igand, 15these |igands can be
identical or different while equal anionic ligands are preferred in view of
reduced synthetic conplexity. The nunber of anionic |igands
depends on the val ency of the netal and the valency of the anionic |igand.
Whereas the valency of the Goup 5 and 6 netals can be as high as 6+, the

preferred ¢YHEAGASRYIngityApEd Geemy Gsisues2oRteRally Substitwied wﬁhgmﬂs@r BRI&at i on
state (i. grafbaa%nagﬁoégf%ﬁs%mdd %ﬂ(&gsgpb&k}){ya%g&% are nonoani oni ¢ (such as

a hal ogen rou eci'a and benzyl - ). Thus,
the preferred catal yst Asoxqedrtm’relmdmt trmssubgtitlted d:lyolapeniadw‘rydiiypm

substituted cycl opent dlenyl and .and two chl oride (or hyl) |igands
bonded to ?H@X E}? jr:prgad yi @Mt'?sa%qnvef‘ﬁ%”?hr@ﬁ%@f‘ 0'9@’88{34 n state of

250 0uPs 5. s B RhoPt £ 2T A LRSEPERINGA IhePAicH b bohBBuks gt N oher

nunber or I gher anionic alency to ful the electronic
requi r ementnsetal masam&ypmbtbradmgsThmé)ehemm cydlopéreadiengl-type m«:itme@ent may
not be in the hlghest ation s For ean‘rpT)]I atltanl élll

at e.
conponent \YGCREERHENY 'B eyl aRd Tiqremyl c The &Ry OBETREPAYSHD sptft'é &dred
catal yst f‘??fe‘r@ﬁ) fh‘é faBerRt BRED? n?cﬂ%oérgh%gtkﬁ/d c%f‘eri MR bORel S @ Goup 4
ghe atio

organonetal i1 c conplex in its hi st oxi state having a guanidi nate
ligand, a syblepentadehyt ptlcpenhade baghreyipeed bga:m\@ (H'ﬁdO[el\otheV\&SldueS

2011/0 CT/ EP 01 0 5 7. I nt

e condPse VIeIATEDT LA LEST TS beesh Tend Sine PeiorenArardBRes.
cat al yst Qﬂ'—tMZ?pfor\m@i’rﬁie'hyl n@arﬁd andettdlo f‘éﬁﬂ@ﬂlﬁﬂeﬁ?m@aﬁdz Anfes@nthi &y lisk 1S a
guanidinate ligand, Cy iS a ligand selected fromthe group consi stl ng of

subst i t ut e®f sybsEpentsdar @wclopgnmqrtwtlwd ingades, the grioiee consiedng pliorenyl ;

emboa nent ‘G0 diRgo RO GRS (RolhaheFett PRy g wouipiReo s

pol yneri zatiieerafubstigfiedls ad@gers atogn tDe; IR idekshl O(aa; ﬁelarﬁltommyent
according to the present invention in the presence of one or

10i ngr édi erﬁ@@'cgbla@cﬁr@'gofrﬁgﬁﬁl WB'C@r'éUﬁséléﬁgiJ@ﬂl Qfgs%"ﬁt'%@q‘ {Mtu@rto t‘é’@aﬁ}e&ﬂger
and carri ely gy agh! ¥ %b?l&)ﬂﬁ% rQ&’céﬁhﬁ%‘?@'uRé t gtngfr%‘stﬁt%ﬂfq]% gB%Of

(i) an alum r}/oxane ahd an actrvator capa ionizing oup 4 to
6 netal corpbe galmlrmalexamsamaalstmms&ﬂmsa Wit (R whemidéach &S ia
cat al yst poi s an, al kyl ating t he

o1 um hoxandeleste DRy EETBHP ORPENEn 0T B wdsAl G AL CoMsBRniadical Bs o
qhe alum ngARg d?gbxgeadqém d%@rﬁﬁdg FRAEBS B tHeRHAGEDGERT) Wiek&FR) 2

wherei n eac depen ent ct ed rom-t
20 each R’ is selected from the group consisting of hydrogen C1.s alkyl or alkoxy

radical, Ce.10 aryl or aryloxy radical.

In a preferred embodiment, the cyclopentadienyl ligand is penta
substituted by methyl groups and in consequence Cy is the is 1,2,3,4,5-
pentamethylcyclopentadienyl, CsMes, commonly referred to as Cp*.

25 An optional characteristic of the ligands Cy and L is that one or
more of the substituents of Cy can be selected in a way to bear the chemical
structure of the guanidinate ligand L and in consequence represent a
combination of the two ligands Cy and L in a single chemical structure. Such
structure can easily be represented by the formula Cy-L and is commonly

30 referred to as bridged ligand structure.

The catalyst component of the invention comprises anionic
ligands which in some cases can be referred to as "activatable ligand". This



20group consi sting of Cl_20 hydrocarbyl radicals and mis fromO to 50,
preferably R6 is a Cl 4 radical and mis from5 to 30. Methylal uni noxane
(MAO) in wbizehi/oswey of the R6 groups in the compounds oPCTHP20M006690% ar e

methyl is the preferred al um noxane. _g- Al um noxanes are
readily available articles of comrerce 25generally as a solution in a
hydr ocar bon sol vent. The al um noxane, when enpl oyed, is

preferably added at an alum numto transition nmetal (in the catalyst) nole
ratio of from10:1 to 5000;1. Preferred ratios are from20:1 to 1000: 1.
Mbst pref edndgrstandsthad the figand Bey e emeetby goawe mareiagdvalinGtapabl e of

cons st i ng SO Py Psisyel e ABRo:RRPLEe o e RERETIARIE' Mherei n &
is a boron ﬁd@rﬂ@rt‘dt@%&ﬂé’ﬁ@ﬁrﬁ%&ﬂﬁélbﬁ%l%ds&re irdepandently sekectaccirom 05- 7

aromatic cation or a trjphe met hyl cation R8 .1 s I ndependently
sel ected f RFIIHP PBIH! r@o?fnﬁl;@'pﬁsn@ﬁorﬁh@&mo3&3@9&@/‘v@ﬁ“eﬂ ar-10

unsubst 5t U%‘ﬂ@))&rraafégﬁfa' G},J %I%%u&b Hd?@&@eé@n Cli \%/Hf?:ﬁt%(élqi‘ﬁg&%c?ﬁdﬁ%lﬁ&af rom

the group consrsting orine atonj a Cl 4 y radi cal
which is umdlm“yi Q)Udedadjcalsmhay bewmsdbﬁyutedfanfurthaesmsjmmtedr’ay ahsioggh
radi cal raEBhe erein eac ende tly

f | S R10) 3; i
o et bd T A AL At TRUREE B v, A%k Fial B ebhona BRp Bl Ry
radical ; angiclir radie&RkA maaqaaﬂm Shichlls uhSEFBckch (RALbA R POTELAD-

wherein B is a boron 10atom His a en atom A is a nitrogen atom or

phosphor us o dms alkykragioals;a piebRde @dg@agfgﬁv@tmlsr lﬂrdﬁmblshbﬂgﬂ eupulkgiitgiest i ng

of 01 S radi cal which is unsubstituted or
subst i ?8 @&b@%’dﬁl\&%iﬁrﬁwg{m%lgl kyl radicals, or one RO taken together

Wi th the ni trogen at0”1rﬂé)pré@ﬁ@d%tnb@dhéﬁttblﬁtﬁeiﬁhlvéﬂﬂlor&ﬂfé &Bohi liganded i ned
above; and 15(iii) borane conpounds of the fornula B(R8)3 wherein R8 is as

defined abdv8EleRESITOY tae SrRue FmiSting el (Pawlré/dfﬁ‘é%rpﬁkr@ﬂ§%|rﬁ¢§tare capabl e
of |on|2|n t clude: N, N-di nethylanilium
t et r aki spe ta@ﬁu@%gmb%&a@eﬂsﬁm ﬁ&? Eyl ium

t et r aki spent af | uor ophgllfythelmataiysi ,coamubrieni speﬂaﬁrm‘ﬂv\tworombemahlo:nmdlqganr?OThe
term scavenger a ed int C ant tao.include those
conpouias dreeefandRran be IR g GaliP btie SaueT FngRic 98NP 2561 on

sol vent. ?b?@felrrléeqﬁlvﬁé\,@%f 8 é RebR R {eMty ntroduced with any of the

pol yneri zation reaction conponen s particularly with solvent, nonomer and
catal yst feed, and adv&hsﬁwnbﬁr‘fca‘cam@acagarsdsdeper‘vdsuynmﬁjvdea@ybfﬂ’rfe It can

result in 25de ng_,or _even el i.m.n cata acti y

resul | 2S0EELSRIG Ot XA L ILRALLR hesBlal Seatt iMoo
conplex is @ér&%l@ﬁ@tﬁ%an %%@H@Wa@'@ﬂtﬁ‘e Qrféﬁ’erﬁédilﬁh Wa@rﬁe&‘sﬂoh o e
scavengers. Typical exanples are triethylal um num ( , trioctylal um num

(Cct 3AZ9, tmeta bdhglralgmst]gm@tlons@m)(l e.(en) aa0)the, pr@mtem@l_r)lqrmc lighn@®i2Al ) 20
and ol i go % rﬁ(;h%’at%%nlé tﬁj}{waﬁs ﬁ%@%@%‘h%’%&%ﬁ%&m Qsp?&qally methyl

[ (i-Bu2Al)
and benzyl - ). Thus, the preferred catalyst component contains a guanidinate

ligand, a substituted cyclopentadienyl ligand and two chloride (or methyl)
ligands bonded to the Group 4 metal. In contrast, the highest oxidation state of

25  Group 5 and 6 metals are 5+ and 6+ respectively and will require a higher
number or a higher anionic ligand valency to fulfill the electronic requirements.
In some instances, the metal of the catalyst component may not be in the
highest oxidation state. For example, a titanium (lll) component would contain
only one anionic ligand.

30 The most preferred catalyst for use in the process according to
the invention is a Group 4 organometallic complex in its highest oxidation state

having a guanidinate ligand, a substituted cyclopentadienyl-type ligand and two



An exenplary list of carriers (also called carrier materials or support

mat eri al s) includes netal oxides (such as silica, alumna, silica-alum na,
WO 2011/ O80281ARGIY2EP2010/ 066905 9 - titania and zi r coniPeY/EPe@Abeoos| or i des
(such as nmagnesi um chl oride); polynmers.pr talc. The
preferred support material is silica. In a particularly preferred

enbodi nent, the silica has been treated with an al um noxane 5(especially
met hyl al um noxane or MAO) prior to the deposition of the Goup 4 netal
conplex. It will be recognized by those skilled in the art that silica may
be charact @Inu%@Ilw%meﬁmw‘yf@mn@sm@ﬁbﬁanglsﬂyz@esqs@eé Uk and

rest dual_sirinha SORARTEANEMercHi EREGSSETEYPIdALIANG igatreRl ot L on mey

be altered t treatment "or calci na on resi stl'anol groups
provi de a @etamd frtbm1LOir emahchT Eiis @ gwh‘mmtetligend] OmmaX@aad&etbdtéte silica.
This reaction ﬂ%a%ghel "anc um noxane to the

e
As a gener &0 rqu,{;pecor\s;%lng SHPSWHFﬁiﬁ?Béql%(P@"}}a%‘@QWI’ §H|P%t't§§qd| 'Ea§ny|such as
those sgl d shysiiRd ﬁ&%ﬁwugq@é t ﬁl&ﬂ@ﬁﬁ@{éhd%‘é'tﬁé%@ﬁ% Ranldie dson 955,

are suitable. 15A prefer I ment e I nvention consists of a
cat al yst syigaeds.wherei n the acti vat or is selected fromthe gr oup consi sting

f b te, b d al | ti
Purpes ey ooeane 2nd A fShbar BRbotk Aot e nuention soppists of @ gelEhaie. of of i n
having 2 t gydfne fsrlRa palyeR&riatiohst d%fﬁ@%@pﬁﬁm@trf@a@wﬁied?&wv@pnent

accordi ng to the invention. ol yneri zations according to
t hi s i nventcospangpt e@ccerdmhoath@rprew&myveﬂtlonh@ the: presenee b loeeiar more

pol yey ) 2at) 41 C el AGHUAL Bl 5B AfESs Rl Ger and LT 1Y

"hi gh p ess pported
catal yst i gapi@ferred for gas phase and 25slurry processes whereas a
non-supported catalyst _is preferred for the solution process
The pol yneri zation prod8§cHYaISF Mabe selesiar frﬁr\rl‘ethﬁlgcﬁﬁuFBu%BS'éWg)PEfl n, e.g.

et hyl ene ogg%rnog%%m ﬁ@cgr%ay i ncl ude other nononers which are

copol yneri herew th ch as other olefins, preferably propyl ene,
but ene, 30ltExanectivatorctayad)e ahidnamg heaGroupd4 dmésmeuad:bomldaexadi ene

i soners, vinyl aromatic¢ nonomers suc rene or c |c ol efii nomer s
oon e d5nor bor nong) - (TR DORADS BT FEPb bt GpEae0Shalor 26 3 CaplysT”

polyet hyl e?)%ls}b‘h' dﬁ/bﬁ 8P4 cdioraY aﬁ%lWl&tﬁWg’ §tht” i e?ft@ﬁ@ﬁ@amnﬁlhoké\?e [ esent

i nvention typically c nprise not |ess than™60, erably not less than 70
wt % of et hy midurgnef differebhbrganeatmainom mpomdﬂ.o al pha ol efins preferably
selected fromthe gr ouq.gconm stin e and 1-octene.

h
The pol yet hyl ene prepar ﬁqllﬁméﬂ?&(@ﬁﬂé’ﬂ@ébﬁnoﬁﬁq%ﬂ\é\erﬁ Z il nl nvention may be
l'i near |0W(R@)3AIG(R6NID ¢t|dnﬁbze\naewbaah ®ENS irdepehaehipsslbctedHidtte 0. 935

g/ nL. The process of gresent invention is preferably used to prepare
pol yet BYI e@éomoom@stng@h i-boNYsEpeRTbyl dicaly and m isHisornd) toad0.qurelasallyl ow and

ultra Iow gengity PAINEHRAGHASS from 5 to 30. Methylaluminoxane (MAO) in which
most of the R® groups in the compounds of the mixture are methyl is the

preferred aluminoxane.
Aluminoxanes are readily available articles of commerce
25 generally as a solution in a hydrocarbon solvent.
The aluminoxane, when employed, is preferably added at an
aluminum to transition metal (in the catalyst) mole ratio of from 10:1 to 5000:1.
Preferred ratios are from 20:1 to 1000:1. Most preferred ratios are from 50:1 to
250:1.
30 The activator capable of ionizing the Group 4 to 6 metal
complex may be selected from the group consisting of:

(i) borate compounds of the formula [R7]+[B(R8)4]' wherein B is a boron



10The process of the present invention may al so be used to prepare

el astoneric co- and terpolyners of ethylene, propylene and optionally one
or nore dwvolefi/os49enoner (diene). Generally, such el ast ecgmpeopoboners wil |
contain about 40 to about 80 wt % et hyl ee, preferably about 50 to 75 wt %
et hyl ene and correspondingly from60 to 20 wt % and preferably from50 to 25
15w % of propyl ene respectively. A portion of the nononers, typically the
propyl ene nmononer, may be replaced by a non-conjugated diolefin. The
diolefin may be presep in anmpunts up to 10 wt % of the pol yner although
typically is pr@&ntRiis asyelif s ?'Eﬂﬁ‘@‘ltﬁ)%t'%‘ Qo Hinfeny! meéhw &3tion ieRg

pol ymer may hav%

|
from 60 to 20 weorh %Q’Edréc?emgﬁg an@ﬁié&r&%ng%@%%g@‘&%ﬁrﬁ]gf ol ene,
provi de 100 V"t%@tﬂlcalbelvhﬂohwemsmsmmdeﬁ shibbtitotdd Withiftonmg teXsanpl es of t he

di enes are dicycl opent adi ene D 1, 4- hexadi HD), .
5- et hyl ene- 2- %éHBgtﬂ HeRts, S%eCté%ﬁz Hien@rosIDans 'ﬁaré a(aENEH“eaﬁ‘{em aCiq
5-vi nyl 52- nor borfiengr GVHRY) ra&ééltwv%%?sfhbfs%s%ﬁé&%‘f'fs%ﬁﬂﬁﬁeo% wafiBringd VNB.

25The polyners prépared accordin rocess o resent j|nvention
may have a wei glatomvamdigesllmadmal af thﬂeﬁogh1ula)+8|1((R Bxaowhereﬁn eaoh Gdbisy/ ol .

Preferably, the rs, have aver age m)l ecu t .of 20,000
Lo 10000, 000 of iePenEREty SeReRefofdhe B561E BonbRi G0t & iooBMAIoRy af er r ed
pol ymeri zation RRAGEES, afkyt Ridicdlnyedti on 30 enconpasses the use of the
novel catalysts systemin’a medium pressure sol uti op process. As used

herein, the fiér Pboratediomaqunesaiitee frmula R pATHEBER ke ivbresein B is a boron

pol ymerjzati on

oL oAl 55y ety %@ﬁlﬁ%%@d@g&ﬁ%&(opeﬁt trﬁégg%%p‘le’ﬁrag'a phBSpRLERom, t 150c
(especially frong 2@rBariklRE)s sel6ctedtfmnlthe grRagHesnsisting ¢T3 élQﬂSS bar .
Hydr ogen nmay be used in this process to control nolecul ar. wei Opt i nmal

catal yst conponéadiCelsne Ohendkiegieal whichuiprastBatibieeicHRAIIIas DYt
tenperature and tﬁ?é@%rea, alRPNSBRETA G gﬂﬁtﬁ“tag?% tég&?h@t“w Kl¥e Hﬁ)ttd gmby

non-i nventive tests erre proces
present inventi omay form aobniliniam radica smdf Rt |stdmdamemaﬁ]50\ma1andn of et hyl ene

I di | ast Th d th
o1 ooinds of 41 PREATE RyAPOLATSBHEIPUBHE BL) HEoR DB 1angaT BEAABBNE whi ch
may be unsubstituted 1@@adﬁ QéFﬁn‘i(ﬂ"g lé)(/aﬁatﬂ:éa‘étl%t@’é mﬂ\’c%“é’re%é‘ﬁ%b?e’sof

pent ane, net hyl pentane, ane oct ane, cycl ohexane,
met hyl cycl drmaixiagéhalﬁiohpd{to@ﬁmtqumexemmclude N,N- dlmethylaﬂ‘mﬂnm)noner s

used in th roce ccar to the. inve nfor e rati f the
ol yrer maye bRk lafaarhr S cetas. Fieeraresfint et aGsbe doRidhsRrel (o o
reactor. Fojorgtedan@dispemaitRophdriy bBrRsIPMer may be 15fed to a reactor so
that it will dissolve in the reaction mxture. Prior to m xing, the solvent

and noRdners are pref ed&Bltgrpscayengeras usetoindhisanresification ig aepst tpoi sons

such as_ vt & 1R d s SRARL 85k RN BHEPTb Rl Rostadar ¢

practices in'the i eves, &g oXygen

removal catredgtitnssaventusadh fraputtities guir bé ireivieatenty introtuced svithfaesy sbiheent
itself (e.g. 20methyl pentane, cyclohexane, hexane or toluene) is preferably
treated i nPRIENGHFAkIONFRARKGN components, part"’“'*?"ﬁb{é/"'ff‘é%@l%'&tcm%m%eaﬂﬁjeat ed or

cool ed pri %tél@stffé&ﬁ’ el déc?\()érg&g%e%%éfag%{t g?f\nw&%bn@gqf éérPgb’QultWH”O”er S

and sol vent econd re tor
heat ed26r dectemding26Gevanr aliminatibhef cataymactwﬁWOMIady avhemgaire dctvetsr such

Feact or o BPaRBAIONENG e ddarRg Bob TIRATIERBK S 56 RESFIOALETLAD i n the
T S et SBR,  S rss f
triethylaluminum (EtsAl), trloctylalumlnum (OctsAl), triisobutylaluminum (i-BusAl),
(Et2Al)20, (Oct2Al)20, (i-Bu2Al)2,0 and oligomers thereof such as [(Et2Al)20]n
30  [(Oct2Al)20]n and [(i-Bu2Al)20]n (with n > 1).
An exemplary list of carriers (also called carrier materials or

support materials) includes metal oxides (such as silica, alumina, silica-alumina,



30o0per at ed under conditions to achieve a thorough m xing of the reactants.
If two reactors in series are used, it is preferred that from50 to 95 W%
of the fiweal2opalsyszer is polynerized in the first react oPCTHEPROTIOOB®ODHal ance
bei ng pol ymerized WD 2011/ 054927PCT/ EP2§10/ 066905 - 12 - in the second
reactor. It is also possible to use a dual parallel reactor setup. On

| eaving the reactor the solvent is renoved and the resulting polyner is
finished in a conventional nmanner. It is also within the
scope of this invention to use nore than two 5pol yneri zation reactors.

The i nvent iti#Niaeeg zirspatedsmetal ChOriges aiesh adMmagngsiun shlorke);mnayesss or
accordi ng tQct he i nventi on. An advant age of the process
according to the invention is that the process enpl oyi ng the nononeric
units of ethyl ene, propyegreferaidnsppdetraaiddiad issilicerne aapaltigulasy i dene

nor bor nene shfows a hé)(g(g rel ative copol ynerjzation rate for i dene

a , vi nyl
nor bor nene PRHETEAIR ﬁl@%&i‘ﬁ(ﬁ”f?@ S freatedovith ﬁ?la&'{’@'.noﬁfﬁ?é results in
i nproved di : i i i t i 7ot ¢ whi | st
b v d B KRR S REybiiken B MAG) Briof ®, PR desion 4 e TRE e e
and/ or vi nyhétaecemplexb ik e reEsguzedby yhosesskilghinitberarbiabstica oney keel of

T T

non- conj ugaf|gsoldidPlcehiratidMathd SoredixdTBhd 28shalidoRcentratichmagfbd Aterdawyl e
bonds, the polynmer conprises a | ot of double bonds originating fromthe

vi nyl i den&eabiieatoenaicaicinatiomn Thefresidyat sikafol groups wWevige a patentiae doubl e
y

cspeci 3Pty PSRRI G e BUHABRE ERE SRR IS BablcH e HeD g GPec

t hese reasoaschdrt tHesalvativoxie® toahk&ilica. use the pol ynmer made with the

process of the present invention for the production in_ peroxide curing

25processes, pref er abl Psfagengral griggling.itha use afcopynercigllyavalabii r

coveri ng, Ll rﬁg&g r i I j ; | Qw, t he

i nvention \%\nﬂf&%bb@e u0|t at%eg Oh??ﬁﬁgb%%cg ok ftﬁgﬂrg ?rg\?mrkngaggg%lggg cgnd

conpar at i vé)axigeem 9E5)tase swithbleut being |imted thereto. 30General

consi derations | | .experiments were carried out under

ni trogén using Schl enkA F?rﬁéerf%fﬁ’r’ﬂb 3 ent[ﬁ?fg?‘ﬁ' v 'ﬁ@rcoaﬁﬁ?%%@ﬁ@taxﬁ/j@te dried
Oger ng .

by di Sti || 3l [narin s uety 6 RULI QA HSAPHE SR1RN 3G botdte;

pot assi um all oy usi ng benzophenone ketyl as indrcator. Tol iene was dried by

di still ati doerdneand atkiylalumiiax@anbenzophenone ketyl as indicator. Al other

reagents were used as :rgcei ve 'WiftE'HUt erl)%[ri fti cation. E)ort furfher. rff erence,
the general procedure fOF "SEFEONTHE"Ph"'EC8i? & BPEpat 5Q%payg§r aify
paral | el pioeasid=et bRAGIETIN hSvifle2abi2Deshrbon atsihs aNtHe presBrHEed bEalcatilysin

hi gh-t hroughput experinentation by T. R Boussie et al., Journal of the

Areri c3f Cifempsmiensaec@rding t@dbs,in\@ﬁi;OMBOG.

Polymerizations according to this invention may be undertaken
in any of the well know olefin polymerization processes including those known
as "gas phase", "slurry", "high pressure" and "solution".

The use of a supported catalyst is preferred for gas phase and

25  slurry processes whereas a non-supported catalyst is preferred for the solution
process.

The polymerization process according to this invention uses an
olefin, e.g. ethylene or propylene and may include other monomers which are
copolymerizable therewith (such as other olefins, preferably propylene, butene,

30 hexene or octene, and optionally dienes such as hexadiene isomers, vinyl
aromatic monomers such as styrene or cyclic olefin monomers such as

norbornene).



A Parallel Pressure Reactor (48-PPR) used in the experinents is fully
described in US Patent 6, 306,658. H gh-tenperature Size Exclusion 10

Chr omat ogwaphy/ose®e7per f or med usi ng an aut onat ed Rapi d GPCTAHP3MOMHESS

descri bed, for exanple in U S. Patents4,-175,409; 6, 294, 388; 6, 260, 407,

6, 296, 771; and 6, 265, 226. All of the nol ecul ar wei ght data were neasured
relative to |inear polystyrene standards. Rapid FT-IR was perfornmed on a
Bruker Equinox 55 +IR Scope Il in reflecti on node to deternmine the | evel of
1- 15octene incorporated in the cop OIY Sanpl es were prepared in a thin
filmformat by evapor atlfhePiBYEDE B Ytr@%rﬁr\’llféi%éna)’lb%@f%e@dihtent was

obt &t ned {LREMBEE 10 RAeRERGNY SR F3ERIPR8EIRE ks AlihBgTeLnod ves

calibrated using a se I'en W th a range of

known 1- octpeelbratWhehtessZI@éiomet%of emylenlesandmwalam@one@rmmb@4 @f in
tems were conducted in .a. 48- Il el

ol e oAl Slakias PreterbeRRRClad TaRGrouD cONSISng of T-oudEndr at | on of
the 48-gel lhep é%ﬁﬁ'?é&t‘eﬂ@ Tﬁé‘% et Iér‘?é F atr@@dab@& bR w‘.thq al yst
5A I al P

conposition: pre-wei ghed ert ca 1 total vol une) and
a di spos ablpeesentnm\rmnglopaddy be\Naeer fovt densitycoapethyleaadtayingrésnsily foedmt he

48-cel | here box. , The eactor was t hen
oosed and BOUERSTOPF0 ATHLDIEREERS S e prkint L ealiG fieraiaby

rel eased, ¢ggf tb &re podzet IeH@fhaWr‘%eé déﬁéﬁﬁﬁt@éww&g%@YME“Qh@%@%%MéG 0.15
m. of 1-octene, 10 nmL of freshl prepared m xture solution of MVAO 3A

(nodi fi ed werm%ammhwmedem&wmww@b%) and

BT ol o 1o 1) Tk of RERredet udieP ek AR b b M 0
2011/ 05492 pregdreRA8SBA 161U andltdrpo dyrﬂafst(ﬁfrethﬂéﬁ@ propyRmehardl egtiorlly The
tol uene/ 1-octene m xture was exposed to ethylene gas at 5.6 bar for 30

seconds. Ttﬁ’é‘et@rfﬁ@'iea@'eleémvva@n@fﬁéh(dsl@'t‘e)t Senseolin gUEREIEHOMENRGOLFRTE vas set
to 600 rpmyfhaaid Slpéli}‘rﬁrﬁ Y SR BRI, le‘t@fl?ﬁ%&;r@%erg&g afé)%gt 58 15784495

t ol uene/ 1-oct ene m X I N reaction ves expo to i ncr eased
et hyl ene pretisgeme andl cbﬁ‘eprmjlngiyd’rcs'tHGOrtDr@ wl:%e'mo\/mfaeblytfmrﬁ ) to##d The

Ui ng. St OEBRPYBS BaRERvele ARertan o fas BETARATs RETGHY Ber | ment . 1n
situ pr epaﬁédbﬁ@né’fndddﬂﬁ’&d@ e&fléé‘éﬂ §% rﬁﬁ’l”%&ﬁu é@a%loléﬁﬂ'hﬂwé HieRdith

sol utions netal precurso tions sol utions of respective
| i gands andnawbalpr@entm emntmupm a8ng% wbtmamlymenaMOlggfae/ploalllahs in an

i nert atnos her box s _,ad S ive |ligand sol ution
o 0. aon. MO S elols miRCafoE s 877 The TeaUlid BRI mey BA% 5%
with |igango d@mo@l' cd?ﬁ@%lng%rﬂmb% 806!/trt'°/9oﬂ-eﬂq))/le/fﬂif@}S flogRbedo 2b vﬁt@ﬁof or 2
hours. After 15that, 0.10 t ol uene was added to each glass vial to

conpenght e Psepyent andsw B Wik &l adeas mmnauen tﬁgorﬁté@?l Y with@f &8 uti on was

shaken wel | f Iyst solutions into
t he pressurpg regi?’é?'f%@%eé’se‘1t:”°6.'”5‘21“”r&e>6%"}‘§"?§§n y %n8§ % m xture sol ution
of MVAG 3Ad%y¢l<ﬁidﬁtéd)eﬁé(lb€ﬂm); ®J4uﬁ3e)@dlerté1(l-lim’}°~® Pdtiyder=2-norbamenal 6o 1: 1)
was added to a new 1. gl ass vi al out 20 seconds later, 0.06 nL of

| i gand- met &th %W@BGTQSBWWQRQ @N@ka@d @M'FH 2 Betharaens HANB) Rartigularly
conpl exat il—%%fer}%a &Qﬁ@%glteolt:_ﬂgea 4 mL gl ass vial containing
tion ou

MVAO- 3A/ B seconds later, 0.05 nL TBF20 (5.0 nMin
tolueney was added to frhe pdyreers. grephregl ae&rdlngltodb@peocessg)fmﬁrés&’nm—rr and

in situ co | exed |igand-netal precursor solutions. Anqther onds
| ater, SR gaaenase Sauaenl oo eas raBqUiRt Wittt o JPbD teri0R 388t or
the m Xtur%;/r%6| rbRPably Ol gdlymérsthiile ¥ vidight RSy thdlSETREN \%@'hYoPy 0.82 nl
of toluene,” was injected into the pressurl zed reaction vessel
Pol yrer i zatZOdBOO @atODGrOOOTgiquxohyraepneienabWO eaoto 308, Oﬂ@r@(maull owed to
continue for either 10Tﬁ' F
e pre etred polymerization process of this invention
30 encompasses the use of the novel catalysts system in a medium pressure
solution process. As used herein, the term "medium pressure solution process"

refers to a polymerization carried out in a solvent for the polymer at an



30a period of time until a pre-set ethylene consunption anount is reached,
whi chever was shorter. During this polynerization reaction period, the

t enper at Wwe 2andsgreéssure were naintai ned at their pre-seCTIEPeeb®6q9dd. 5 bar
WO 2011/ 054927PCT/ EP2010/ 066905 - 15 - 4qpr.essure, 90C) by conputer control.
After that, the ethylene flow to the reactor vessel was stopped and
conpressed air (14 bar pressure) was introduced into reactor vessel for 30
seconds to gquench polynerization reaction. The tenperature was allowed to

drop to about 70C and the ethylene pressure in Sthe cell was slowy vented.
Pr oduct V\orqpﬁf)@ Ingqf@nmeégmf@m 2Aderp0°C degradillydrametOdel 14&E) ghdduct and

sol vent, @é(%gbf‘é;ﬁfe’ﬁ&nr%ﬁ% BSr.ﬁ-ﬁﬁéﬁ%r‘?n@ be A8y fr?fﬂ?é’gfbcfeég%t he inert

at m)sphere e conponent s re renoved u a centrifuge
vacuum 10e\ca>ptrotamnorecqutveelghDthmrﬁaItda@alystlcamh;bcmelmmpnomtrastldmdarevapor at ed,

t he vi al ents were dri t hor ou y e oration at el evated
tenper at ur @GR DY SURTL RN AHES 38 (ADARIVER a1c TIRSOTTRS FORGPBNELPT BULDRY i ne
the yiekd %@g&mg@p,m%@ noﬁ%m,bgﬁtsproduct was then anal yzed by

rapi d GPC and R spectTroscopy to ermne the ratio of 1l-octene to
et hyl ene incorporated iThetrhestigptarsadepropessiotthe prasget |9varhtmrbat€ch

I t bat I d
oo A% vo SR L 5 4k S ghlof o e hulHerh B bR 85 BUETP S s
set on 90CEptHME %b@é%é@és@s%@é“é@néﬁhﬁéﬁ%tﬁé pre'EEﬁcé%‘PgnSrﬁér@a”S (SO| vents
and nononers) were purified by contacting wt Ovarious absorption nedia

to renove ¢WEEIGASHONKBOIVERGSUGRS PtGses hydmcaatsorwammh may Pgeunsapstijpter

cont i ndfus %) bR BE! MPR s CHM arbliE SSLEESHRAY ofe R e d R " ©

reactor. ThepRres ddlahedtytibRex@®s trasthyryclohpkan®BAt dgtirddenatdihasptthassur e
val ve at 8 bar 25The batch copol yneri zati on experi nents were conducted as

follows: In an inert at'h8JpRRPBEES UsHY mdljérpm@% FEREding tadre Mventen wi t h

950 m pen MQ? and BHT
(Al: BHTprmIt@Jrqﬁag%f EBQr%?lBﬁ'bT)tﬁgmm reactor \i\ﬂﬂ%étoh q/&gp%égdﬂgq é)vwblﬁ?ﬁt) stirring
at é350 rprprloﬂmbemgo‘?drtomeaphoeslémna gasledlius MOPameanMemommeon;]ay bmdﬁr a
30 t i t 15 t

cat ol 35 c b BPCiREsE RIdaa N BRNE FEfeBRci A Rut et Gran ARG der o -
3000) and %Bﬁeﬁ%ﬁbﬁéndfﬁén%%re‘éﬁéféré%?% %Br&?%’m%e B%ntl\ﬁh%‘ta fystty!

tetraki s(perfluoro- WO 2011/054927PCT/ EP2010/ 066905 16 - phenyl)borate

(TBF20) wagpoisoag, sUTBREOwWater ar oaygen. cﬁteafe;esistthlmmﬂcamorofoﬂoww’camdameis added

di | f h ded.
R Y PG AL T B T T e ot

Erl enmeyer c%nta':l s af@Nbad Rbrttle PLFIFLATidrPBf Mbnbf@as orhel 8dlfehtitdelf (az%_opanol and
dried over t% t at 100 C under reduced pressure.

conpouRds @petmyiRestenes ry¢lnhexane hexane or t@gaﬁbﬁmr@ﬁelraw tregbay inga  476) ,
CpTi Bz3 (CMW etal., J. Chem Soc Chem Commun. 1986, 1119),
Cp*[ 2, 6-F2 13r2]ri Me2 (cl) (E. G Ij peij etal., WO 2005 090418),
Cp[ ( IVEZN) ZGN] fiCl2 ( CERp féddstbbhaedy eyheaiald.or ddSidnl Brid, $8éeding to the
10Cp[ 1, 3-(2, 6- Me2C6H3) 2C2HAN2C=N] Ti C12(C11) (Kretschner et al Chem Corn.
polymerlzatlon reactor. Additional monomefs and solvent may be added to a
second reactor and the reactor(s) may be heated or cooled.

25 Generally, the catalyst component and ingredients such as
scavenger and activator can be added as separate solutions to the reactor or
premixed before adding to the reactor.

The residence time in the polymerization reactor will depend on
the design and the capacity of the reactor. Generally the reactors should be

30 operated under conditions to achieve a thorough mixing of the reactants. If two
reactors in series are used, it is preferred that from 50 to 95 wt% of the final

polymer is polymerized in the first reactor, with the balance being polymerized



2002, 608) and Cp*[1, 3-(2,6- M2C6H3) 2C2HAN2C=N] Ti C12(C17) (Kretschner et
al ., W02/ 070569 were prepared according to published nethods.

Tet r amet hDgoamisa¢izne (nmld4) and all ot her chem cal s wer e PplmPh@smcahd used
as received. 15Synthesis of CGh: Cp*[I.Ne2N)2C=1\1]Ti C12. n BuLi (6.25 ni,
10 mol, 1.6 Min hexanes) was added to a solution of (Me2N)2C=NH (1. 15q,
10 nmol ) in toluene (15 nL) at -78 C. The m xture was stirred and al |l owed
to warmup to roomtenperature and stirred for another 30 min. This

solution was then added to a solution of Cp*TiCl3 (2.89 g, 10 nmol) in 20
tol uene (50" H9 S%ﬁonwr@aetorm@ apessiblgto use iﬂrdé’@ BAhIg| TeaRE SEEIMEP™ up to

roomtenpe 0, si due
was. extr aot BT e LB Lnge cob ot WTea Rt e eR PR AR e
concent r at iima wmdenmmlmhémmtl on at -20C affor ded red crystals. Yield:

1.77 g (48% . 1H NMR (06D6, 300 . : 6 1.98 (s, 15 H), 1.15 (s, ppm
25Synt hesi s of CG5M *'flamwg@%’ﬁp%‘éﬁ%ﬁ K\YERH %H&Pﬁ?n”mr%ﬁf‘ﬂ%%’(’q 1
3.3 Mo et hyl ether) was was added to a sol ution of OGB
(0.4 ,5 %M‘ro%i%ﬂr?ﬂpg {atgﬁée (40 nmL) at -78 C. The m xture was stirred,

al | owed to warmup to ﬂbeﬁmv@ﬁmra{swr@aw&;dostle Pobindroobtanableeby 8@ i n.
Evaporation to d(r)glnesds él el ded and oil which was 30extracted with hexane. A
dark yell oW QHSSFGRILIIBY LR e VR evaporation to dryness. Yield: 0.25 g
(69% . 1H NVR (06D6, 3@ é‘d%htadia@flﬁé&fréceé‘s?aé‘&ordlﬁg%tlﬁémvb'ﬁk‘%n idi@ (s, 6

ppm 130 NWR (06D6, 75
2011/ 054921mr@§@mm@ewggshe TenorsaTi@UNighHet etbyleneeprapyignergethylidene

2. 6 Di 1 hy OO T ehe SPET M igeHB reBidete alloRe bl R e POl eBhon "o
acet al dehyd@te(tabvﬁygderﬁb Bdrbophaned and sthytitieadydrsdriess corfaradlo After
stirring the reaction mxture for 1 day at roomtenperature, the volatiles

wer e remové@Ylengdis resuis in dmpereddigne mamerdtiizatiordusog the ) |
| deh
acetal de ygﬁ‘) a}{rﬁom B%w dd@eaifﬂﬁ tt@%% tBﬁgﬁEPBM Q{Jl%ﬁe% WnﬂhQHcr%%geEl h&xé}%ﬁc“ on

m xture wa day roomtenperature
pr ocedur e \iwcorperaded ethyfidees ahdtar virs/lidate hotbweneonaviessaaiallydhe igh

o B SRR o o W e Rt 58 R A 83 o >
bor ohydri d%e%&ﬁb% at g,s%ggb)n was added in snmall portions to a stirred
sol ution of N-ethyl |3 ne-2,6- dinmethylaniline (36.3 g, 0.247 nol) in THF

(150 ni) and nethanol OleOorthe higbfracion eadnylsleneeoreamenerntre and a

ter/ bat h | .th Af t ddi. t f
bor onyar | a0 gL Rp LR R EreRd bl rud W& g GpidReoed Pt 1o
anot her 30 plyierldsfipriddf £lot (0t dBuble) bovass @@@ﬂ.ﬁg}frbmethéwnuenem xture,

while stirring and cooling the mxture with a water/ice bath. The volatiles
wer e r @fove@rberngae @yailabie ferpemgs It l&)k@OW@%hab@B&Pqu Ronds arighpbRrgmet hane

3 x 150 I 5 di um

gul fate. E}ﬁ%otn‘;f‘a ﬂ(’)'ﬁ?ll g{go &gg %/rrcésé;(/%@ rﬂgﬁ ﬁstsﬁgg b%g‘}e\%é”g nS$e| ded the
desired pr@eaustide Yased cudfg 4ystePB%sedSy nt hesi s of

N- et hyl - N-cyano- 2, 6-di net hyl ani | i ne. N-ethyl -2, 6-di nethylaniline (5

39.6 Mol ) was added tgoét@qﬁerﬁe@ao@%l'h'ﬁw@ﬁy QPS'%ﬂé%é'ﬁe %ﬁphrmqrznqd@
2519. 8 mmol t T 0 react
overni ght a |tHrﬂ§8rg?%)H§§é§?1g[?§r%Fb%r}t rt?\‘;-Jer\{/\ﬁ)ﬁc Fa soo)agl”l or med er%klo%"n\%ﬁntg

t enper asur @romessesppmr@bwsr ﬁtesprrodeldtloﬁ' béhesep@ableoandvadrefedvieengd and t he
resi due was shed th t ene I§aré|x 25 nL). The conbined filtrates were

evapor at ed {9 8§9H erlS@PQ%?éﬁW ¢368r ati on and the resulting residue was
purified by 30 Kugel rB@woﬁltﬁbwéﬁt.bﬂw%e2e|aaaétedlé@thﬂe2§é%).stsrﬁ{ed' ng a

brown oil. Yield: 3.09 90% . The residue (N-ethyl-2,6-dinethylaniline
hydr obr oni deljovefg teb(errfples arad compsatraifyevexpeniseents nNttmmthbehmgakmnﬁgd gheretmet i c
step. WD 2011/ 054927PCT/ EP2010/ 066905 - 18 -

30 General considerations

All experiments were carried out under nitrogen using Schlenk

line techniques. Diethyl ether and hexane were dried by distillation from sodium



Synt hesi s of 1, 3-bis(2, 6-dinethyl phenyl)-1, 3-di et hyl guani di ne.
n-Butyllithium (20.5 nL, 1.6 Min hexane, 32.8 mmpl) was added dropw se to
a stirredweuspenssi2on of N-et hyl -2, 6-di met hyl ani | i ne hydrobmradidecdds 8 g,
16.5 nmmol ) in hexane (40 nL) at 0OC. Thggreaction m xture was stirred for 1
h at room 5tenperature and cool ed subsequently to -80 C.

N- Et hyl - N-cyano-2,6- dinethylaniline (2.92 g, 16.8 nmol) was added drop
wise at -80 C after which the reaction m xture was allowed to slowy warm
up to roomtenperature. The resulting reaction m xture was stirred for 2 h
at room t ePERBIUM alloyysinggosiopheneraketyl 88 indigatandl ofveng w@siHriedy e added

to forma Q@g{m t wﬁnched and
washed with vva f@ﬁbé‘%w L%!rég (ﬂggnaﬂ?né@%e¢é%@aés§ @E%Foar\fl\ggo e aqueous
| ayer was ea&g@rttkmbrmdsbdttsa'ebyivedt\mmou([bOfJﬂcdi)onand the conbi ned organic
| ayers were dried with_Na2504 tratlon and rot at or gava orat.ion of the

. Fi
vol atiles yielded the E@Eﬁf réﬁ%ﬁ?'ﬂﬁ%é @ 9EHERA PIfR 139 N vj el d:
5.3 g (999 I Iut| on
of di cygl ?ﬁ&%?%ﬁﬁgﬁtﬁé% ||N’ag5éjrbﬁé4°;%r9§'s§ﬁ'¥tr§?§t% l/s‘jd’aérrfﬂnlg@?qh %esme‘htﬁle Srol) i n
di et hyl et ipebli¢@Dmaen highsthaoldsbud esperimentasioa ts/tTrReBoesﬂletatah MUrna/

tri phosgene n_die e 30 nL) at room tenperature.
The reactl %? M@W@ C)ﬁ g@“@%?ﬁﬁéhﬁ% ‘refl uxing conditions.

Then, a 20sol ution of pjpari gl Pl%s%@lregRgbctolgélngﬂP"I?%) ihtheeRpeAmens (5. 8
m., 42 mol) in diethyl ether (37 nL) was a he reaction m xture was

st |d rr ﬁd ?vﬁs fullgmesatlbecém Us Pateptp 306:ab8. thgh-terapeiaturendize eiug@@ fi | t er ed
N air 901 SHEB RSP IRE rfited (g Bl Bl R0 SBC pveames e v

chloride (lde@cmbed Jfarm@h IeWﬂEU sd%@brtt@esmmnmg 6128538816260,407;t he urea
(2.0 g, 6.9 et he The reaction m xture was

evapor at ed 6t2)9§17 ﬁe%ﬂsd §f2t6§r2?§t H'rqfﬁbe m0|?%l4|ﬁhwetg@ﬁﬁéF9aW§F%”\9@§U@% Anmroni a

(3 m, 21 I n of the
resulting s |Ide |ZOnM]| et¢18|¥$q@'teﬁgr ; @%?’ng I){a 'ﬁﬂg?\gastn%r‘?o Ouétlégctl on
m xt ure vvasBrbbat Eguihox 155f4+IRxS<mpH Imllrgmfleandn mmimhoadestdrmmedhgm of The

product m xture 30 was treated with agueous sodi um h oxi de_sol ution. The
D gan: (51 mplorRBCaIOralE0dn i AP Cry s S DRI WERPTEPAESS G ITRGH um

sul fate. At RPN e

guani di ne aértr’g ydgp?\/ a\?aﬁ)g%l i d. Yﬁt?d&?ﬂtécﬁnﬁgé?ﬁ(}%gﬁég@é?% Fllfggggg 0%@%&05 19-
1.76 g (8T@m raﬂeb N\@a(k[tmlgt%ts aid@ml-azr)d 4335 ¢8r'1 T8 r(nethmd \M?S calllm'a(ed 6 H)
ppm 130 NI\/RF& @ﬁ t% IM—Iz 6, 25. 6 1 2%) fk ‘ 165.
ppm  Synt h&S'S S GY'Cehr ﬂf@?éﬁ@@ ]”f?rd’s?%o %OVH” %m e’(% 9 m_
7.8 mmol, Eoftdfti n hexanes) was added to a sol ution of

N, Ndi cyclohexyl pi peri dyl guanl dine (2.2 g, 7.5 mol) in THF (38 nL) at 0 C
The ni XBure was al | owe&opgl Mmrﬂﬂahlpnﬁ(Wli*b@Jﬁﬁb@tﬁﬁe@wbeéohlﬁcﬁltytgeﬂeéateﬂor

75 motP Al RSl cifudigs b BHRECe Gl 8k Bl MlorRHekir e (o
warm up to (4@FPRRPscfalenst ure and stirred for 1 day. The resulting

suspensi on was evaporated to dryness and the residue was extracted with
tol uene. Subsequent fi IFFeRREYAN Of ihe 48¢6!l PONFRNIFHIONIRAGINAPEPY KL B€1 i zat i on

at lowte hexane m xture afforded the desired
conpound ZE@%?%%”?%%@’?EPFW@%?@ 3.18 g (84%. 1H NMR (07D8, 300 MHz): 6

1.12-1291 (Anp@@wbl)gheﬁ glﬁss( vigl ib8ett)(ca.615 ltﬂelsvolﬁmld)) apdra di$OsMMRs{idiHg8, 75

MHz): d 25.6 6, 49.5 58 0 S f 12:
Gov 1+ CoF1 3 SPSRR MR T Iy SecnieaciRissso| o e Ab-call B P PRE &1 Bniere
hexanes) V"%%mégﬁﬁ&etd}g%o%owé'r@é'ct@? m@sﬁﬁéﬁﬁ@s@ﬁ@hﬂ'fﬁ]%@ﬁ'\ﬂm Qﬂh?fén‘é'g'& (1.54
g, 5.3 mol) in THF m xture was allowed'to warm up

to room ter(ﬁér%rw/é‘texr&jhﬂenewm rfe¢frasedoeaeh1 réanior, veRisiebwaslundieon was t hen
added to a _sol ution of *Ti 013 T, 16 nL) at 80 C
The i x ur S HRSPAGT: Sy e iabsiren 0B At FaffEBe Lo Pt Behl Lt or 1
day. TBg rgsebireddnixtiFeeoRitn dmwmmw@ﬁ&ﬂﬂéd)n@twgmmkbﬁéﬂﬁomem due was
extracted with toluene. Subsequent filtration, in 25vacuo concentration and

crystal | i zAK4A Nabeland érm%hha(t-&ﬁedlffeﬂ‘rﬁtaybbm@r@"T) (0.05 M in toluene with
MMAO-3A : BHT molar ratio 1 : 1), and 3.85 mL toluene were injected into each



hexane m xture afforded the desired conpound as orange crystals. Yield:
0.58 g (20% . 1H NMR (C7D8, 300 MHz): d 1.21-2.19 (m 20 H), 2.24 (s, 15
H)y, 2.89 wonzoisif2y 3.05 (m 2 H) ppm 130 NVR (07D8, 7PBCIHPRo1086608S 3,
25.0, 25.9, 26.8, 32.1, 48.7, 57.3, 13444 ppm 30Synthesis of

N, N, NcI'\' I -t etraphenyl guani di ne. A solution of diphenylamne (3.05 g, 18
mmol) and triethylamine (6 nL, 43 WO 2011/ 054927PCT/ EP2010/ 066905 - 20 -
mmol) in THF (62 nl) vvas added dropwi se to a stirred solution of

tri phosgene (1.99 g .7 mmol) in THF (37 nL) at roomtenperature., The
reaction m@@@%ﬁﬁ?' HEQ’EJGH a\alyef hext 1-geieneTRbdUreavad PRI 6

9, pen| o bgud ey 55 IR CHLE IV ARG e 1, TP

(37 nmL) was on mxture was s over ni ght refl ux
t enper at ur endThe stigangf spredwvas seetond®B0 fprh Aftedteanseratuee iwdst equikbrates at

e A e A R
sol utiog ofy, Hl‘?eé%é&ﬁe%?le‘ﬁe%reé&r@ﬂ?'% 5 Baﬁbﬁ? réYlLrl %eo(\ﬁg? BE) to JAte

reaction m xture was evaporated dryness ter tirring for 10 2 days at
reflux. A sphuilherpressurantne tamperaherrel,aaml theSstimting Speearséttings Meraas added.

The reaction .nj xture was heated to, ref ove t and evaporated to
dryness.  TRRABIASAT U colBav s cPS’ Kl bR e FBHTaSR am chi or i de by
several treabBBMentWM th aqueous sodi um hydroxi de sol utions. The organic

| ayer was extracted and dried over sodiumsulfate. Crystallization from
di ethyl ether 15at | ow/n &ligperepasaéory peligrng-meéal pseeyrear gurapPaitiaes:as a white

Ta0. 3, Joa e o3t ar Pelirecirear slied fpieh g A S0t Glelt (1 7

L, 2.6 mmuéspectife Mgandseramestal mu&dﬁgﬁh tuéne dlougaen1 af mL glass vial in
N, N N , N -tetraphenyl guani di ne (0. n THF (25 nL.) at 0 C

The 50’ i x En RO RSP RaIBATy Bowalas asded O GamTlehHERRECh e LaRncsaaliian T or

anot her ho 0. 56
g, 2.5 mol no, Jé%‘?—llgﬁ'( éan%n p‘??&g%@e&%lﬁ%ir‘? ﬁ%?%u\ﬁg}sl%c}ﬁ{b LZWMQ&?Q l(Jp to
room terrpgmgaudeomulalsp&regumﬂrﬁ@arﬂraﬂaw 1)wes meatdd%lrﬁj) Qjﬁaaph h@rhmm? Viditer

t t t i t t tt .
S booq Bt that Dyl RRe g RdaEe Eredit oes o I QoRPe SR SOt 1 ow
te”peratUr%u@t@@v@b%tbﬁ%nd@@@a’t %th%ﬁjt%fnf\%g‘é‘ﬂaﬁéfﬁgg%'e cﬁ?@ Jgempound as

orange crystals el d: 0.62 cD2d VHz 6 6.54 (s,
5H), 6.80-7.40 (m Zolrmeclummf qaz‘a/ysm/gmmmw thebprdasire atrRY.VBsseR6. 5,

127.2, 128.4,,1 nt he : :

Cor [ 13n2NGER b et osRe i S5luflef o MWATERA apdcBHT (A 25 dRes) vis
added to atsigbHé wath AMADNAN BHTtrRbIARPARNY g waly sUdeR) toth R8wOL.42al7 mMDIl ) in
THF (12 nL) at 0 C. The mixture was allowed to warmup to roomtenperature

and st 2Pr e@ldssrvialh6opet 20 geconds] jabey4 0 06PT aftigend/osiebpmscupsor-solhdion, Thi s

sol ution t 5 in THF
(15 nL) at ngwwa%%%&ff%’ﬁ |ﬁ§|tgfcb§{£)ee§1a[tl ?I\;\QI')P% f%j(eg r%%%%aﬁen%%ture and
heated to rgeddsudalf @ntdinihgyMMA®-3/¢BHIT $digticil FNs B0rsegands VeEpQ 0B ehit o
dryness and the residue was extracted with hot toluene. 5Subsequent

filtration, 'BFRQ/EQ M inidrenakwanadded & {ha same 14 mindlass I"@WCP@W@F‘% ure
MASIR e o IR e e R N e
6. 80- 7280 (GO sed0nt Iapm 1.0 3L MtRer{eCh2€H-Ided3o Mz ) 1.4 chl18laSs vidl.7Tien 0B, 5,
128.4, 129. % Hhe Rl solution from this 1.4 mL vial, followed immediately by 0.82

mL of toluene, was injected into the pressurized reaction vessel.

Polymerization reaction:
The polymerization reactions were allowed to continue for either 10 minutes or
30 aperiod of time until a pre-set ethylene consumption amount is reached,
whichever was shorter. During this polymerization reaction period, the

temperature and pressure were maintained at their pre-set levels (10.5 bar



10Synt hesi s of N, N-diisopropyl-N -nethyl-N -isobutyl guani dine. A solution
of diisopropylamne (2.6 nL, 19 mol) and triethylamne (5.8 nL, 36 mmol)
in THF (oXorhivosee7added dropwi se to a stirred sol uti onPofi/EPeé1ploeEgEne
(1.99 g, 6.7 mol) in THF (36 nL) at rggm tenperature. The reaction m xture
was heated to reflux overnight. Then, a solution of N nethylisobutylam ne
(2.2 15m., 18 mml) and triethylamne (5.5 nL, 40 mol) in THF (35 nlL) was
added. The reaction mxture was stirred overnight at reflux tenperature.

The reaction mxture was filtered and the filtrate was evaporated to
dryness, yiPEESRUNG; W.Q)dqypcﬁqmwtemcomelhNteNthatsﬂsmﬁtwan@éloa@to&th?éea@w oil.

stirred solGeren o PRt g PGt oR B ol froBie e IR LRl Bos ).
The reacti ogactoxvessel mmsaflmdattedqufencdrpplrwﬁsrlzea‘trberrﬁatmalsrr iThg at room I
tenperature for 2 da A solution of a i,a in nethanol (6.4 nL, 45 mol,
7 &P was aﬁ%@eerafwé% ‘X’@%@ '?Wﬁdﬁ@mt@M@&@qm@ﬁv'&ﬁe&mwem and
evapor ased o cdf yAgSfowNRrRPduct was neutralized and purified from

ammoni um chl ori de by several treatnents wth agqueous sodi um hydroxi de
25sol uti ons. The or ganiRrodlagtevorkas: extract ed and dried over sodium sul fate.

5 0 o (BoopNePRAAIE; BebCORS T g1E DoV s: ot Afd s vaathely 15" &
(sept, 1 HremévE& frb?n tﬁ‘b bﬂess@re%?el(éhd ?erh&vec?fr@% %éEIﬁért a%b&phér%erWVR

(CbCl 3, 75 |\/Hz)r 8, 46.4, 57
30Synt hesi $oxf msyglatl@pqupgnm@ﬁmrmrsm@id@ﬁmgacsnLrlfug@vacthm 3 8 mmol ,

N Nt | 28 EBPRon Bl MR of udy Bt defiflents hag evaporsted. the vl | 1 (37
) at WOc3Rfehtd a9 dRed b3 Ry AR KEporatich at fleCatelitemperatureunasr al | oned

to warmup to roomtenperature and stirred for another day. This solution
was then adedécacoprgsseiaytlingn/iafwapthien weighed {o getesminediia yleldrpfmtym@s m.)
at -80 C X r A

stirred foqule@:Et ¥ 8%265@ ?u\gg[qgéghﬁﬁs%ﬂoé{n&méaogb%v por at e% to 5dr yness and
t he resi duespaatsomdpyatotchscﬂenmmh theFatenef. 1-Sutmeqoea1hyléndamcmrpmaied im thacuo
concentrati on and crﬁst allization at |ow tenperature froma tol uene-hexane
mi xt ur &2 af PONARE R'PEUSesi red compound as a dark brown solid. Yield: 0.76 g

(39% . 1H NWR (0D2012, )3 Mﬂé baﬁ:f‘pc F%ﬂen?at@n?se ’%OCE(Zer:ﬁ %%’éll’%angiggt?’S H

(sept, 1 H, 2.65 (s, 3 ,

ppm 130 N¥RidOa0DREYR, eqmopadz\)!tthetm s]agamterm@&tTrer:aﬂdTQafﬂG’S.Ajljha& 2,

119. 3 ppm t hesi s of NLPr 2] Ti BuLi .4 L,
378 ol 180N %%awé%w%%ao%%a%% yite s Fatoa Théfostt

N, Ndi i sopr o robly-sFREMA (s Ive'n ﬁ{ W%ré gbuﬂﬁecgb %oﬁtd&ﬁﬁlr;m.!hn THE (37
m) at 0 C. The mxture to vvar 0 roo tenpera ure and
stirre@of owamaaaabherrptldayned‘mte rembuelcatalyﬁéqlhrtr@nmmm susheasswohtari on of
CpTiCl3 (1.11 5.1 mmol) in THF (15 nl) at .- 80 The m xture was al |l owed
Ch var m up THIF BRY Pl drckpRtundan BhEe kb7 atprg SUBNS alfir | ng

suspensi on ﬁ#‘@éyl@N@ﬁﬂfrﬁirﬁ&stv@er@rdﬁhﬁﬁﬁo@élQ féd1t80¢@'\/€ld@r1é\/?é?uoe>500@¢L/ﬁ tgM th
t ol uene. Subsequent filtration, in vacuo concentration and crystallization

at | ow t emiae gascapfaf #he Eeacivrudhe-pressisridhereaaierewas kepdeensiant ks r ed

d lid. Yield: 0.76 g (39%. 1H NVR (CD2C12, 300
(l\:/l(zlzn??ug oag’z?éfg%%%q’%eﬁ g?r'llzeH), 1. 83 ?s(ept ,/91 H, 2.251 (s, 15 H),

2.36 (g5 3 H), 2.87 (mThd H'é)tcrﬁcéﬁolymerliatlrd)n Qm@rlrﬁé@ts%e(&ﬁ%%%d ad Miz): d
13.3, 14.4, 20.0, 26.7, 37.8, 58.3, 134.3, 166.4 ppm nt hesi s of
N,N, N, N -tf@{@’é?cy}'&laahéﬁ@la&ﬂaﬁﬁ)f&ﬁrﬁé’f njtEpgess the fQﬁ?tQﬁW% Bﬂ%q' WHE8A04M ne (3.9

m., 19 mmo ( o/l added

dr opwi se tcggea?és}ﬂl r&'eﬁé&gbggh@/ﬁ_l) ?A'Lgﬂral((p: ené)I? 9/§|?'Fto %de@m THF (35
m.) at roor(At:Hﬂ'enatamraﬂo dhe:1).ebud remtamwaslheatmlstogdTOemltalsirrnnglaﬂt Then,

a solution of C ohexy] am ne tri thIamne(6rrL
23 ol ) 1 SRR TTPLIRE WARRIGSSHIREG B8 PRoANdeanatignes WOER r r e
overni ght YetdrAlihe rdtRIBESAYIHE -ant1SobFRALIEN1 Firiihife’. TREn, the catalyst

components were added to the reactor (MAQO:catalyst molar ratio = 3000) and
the catalyst vessel was rinsed with 50 mL PMH. When trityl tetrakis(perfluoro-



filtered and the filtrate was evaporated to dryness, yielding

tetracycl ohexylurea WD 2011/054927PCT/ EP2010/ 066905 - 23 - as a yellow
solid. Yiwbaois®2g (65% . A solution of oxalyl chloridecirepdéiohbendret hane
(1.1 m, 13 mmol) was added to a stirrgg.solution of the urea (4.5 g, 11
mmol) in THF (50 nL). The reaction m xture was evaporated to dryness after
overni ght heating to reflux. A solution of amonia in nmethanol (5 5 n., 35
mmol, 7 M was added to a solution of the fornmed solid in THF (40 nlL). The
reaction mxture was heated to refl ux overni %ht and evapor ated to dréness
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(48%). "H NMR (CgDs, 300 MHz): 5 1.98 (s, 15 H), 1.15 (s, 18 H) ppm.
25 Synthesis of CG5M. Cp*[(MesN)>C=N]TiMe:.
Methylmagnesium bromide (1.1 mL, 3.3 mmol, 3 M solution in diethyl ether)
was was added to a solution of CG5 (0.4 g, 1.1 mmol) in toluene (40 mL) at -78
°C. The mixture was stirred, allowed to warm up to room temperature and
stirred for another 30 min. Evaporation to dryness yielded and oil which was
30 extracted with hexane. A dark yellow solid was obtained after evaporation to
dryness. Yield: 0.25 g (69%). "H NMR (CsDs, 300 MHz): § 2.47 (s, 12 H), 1.97

(s, 15H), 0.50 (s, 6 H) ppm. *C NMR (C¢Ds, 75 MHz): & 12.0, 39.9, 44.6, 119.1,



THF (35 nL) was added. The reaction m xture was stirred overni ght at reflux
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as a dark yellow oil. Yield: 4.8 g (90%y.- Oxalyl chloride (8 nL, 16 mmol, 2
M sol ution in 15di chl oronet hane) was added to a stirred solution of the
urea (4.8 g, 16 nmmol) in THF (65 nL). The reaction m xture was heated to
refl ux overnight and evaporated to dryness. Amonia in nethanol (7 nmL, 49
mmol, 7 Msolution in nethanol) was added to a suspension of the forned
solid in THB7.OrBRM: eaction nixture was heated to reflux overnight and
evaporated to dryness u purified by
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step was used in the following synthetic step.




WO 2011/ 054927PCT/ EP2010/ 066905 - 26 - suspension of the formed solid in
THF. The reaction m xture was heated to reflux overnight and evaporated to
dryness. Wheoproseazct was neutralized and purified by trearmPra106¢905 aqueous
sodi um hydr oxi de sol ution. The organi c q{gayer was extracted wi th diethyl
ether and dried over magnesium sul fate. Evaporation 5to dryness yiel ded the
desired guani di ne as a brown oil. Yield: 2.78 g (82% . 1H NWMR (CDCI 3, 300
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obt ai ned after evaporatl on to dryness. Yield: O. 1H NVR (CD2C12,
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2.47 (d, 4 Ex I 1
and 2( The pr epar at| on ‘?‘gﬁ”e@tbmﬁ'e%‘%w&%%@%% asﬂ[{ﬁ%egg\a SPes
2011/ 05492 7BwWER2GIDaSRI0Geld: 373 g (89%9) yneri zation reactions were

performed accordi ng to _above de |Ied ral | el @J meri zati on equi pnment
proceddPe by in situ reﬁ@f’?%ﬁﬁs 6* e XB/P’qu é{?g?di’ P.and ml4 with
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Resul ts of rmnbwllemﬂthyl(ﬁtmm@MbmeddEdtdropwmdera sterecs s bE Nr .
Ligand Cat ?rligﬁésgene (2.0 g, 6.7 mmol) in diethyl ether (30 mL) at room temperature. The
reaction mixture was stirred overnight under refluxing conditions. Then, a
20  solution of piperidine (1.9 mL, 19 mmol) and triethylamine (5.8 mL, 42 mmol) in
diethyl ether (37 mL) was added. The reaction mixture was stirred overnight at
reflux temperature. The reaction mixture was filtered and the filtrate was
evaporated to dryness, yielding N,N-dicyclohexylpiperidylurea as a yellow oil.
Yield: 2.0 g (35%). Oxalyl chloride (1.0 mL, 12 mmol) was added to a stirred
25  solution of the urea (2.0 g, 6.9 mmol) in diethyl ether (30 mL). The reaction
mixture was evaporated to dryness after stirring at reflux temperature for 5 h.
Ammonia (3 mL, 21 mmol, 7 M solution in methanol) was added to a solution of
the resulting solid in diethyl ether (50 mL) and THF (5 mL). The reaction mixture
was heated to reflux overnight and evaporated to dryness. The product mixture
30 was treated with agueous sodium hydroxide solution. The organic layer was
extracted with diethyl ether and dried over sodium sulfate. Filtration and

evaporation to dryness yielded the desired guanidine as a yellow solid. Yield:



Conmponent catalyst loading Tinme Yield Mv MV Mh 1- octene Productivity
(nm)l) (s) (my) (kg/nmol) (rmol/0) (ppmTi) 1 nml2 c4 1.5 602 38 2456 2.1 6.7

.92

10

15

20

25

30
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1.76 g (87%). "H NMR (CDCls, 300 MHz): 5 1.18-1.89 (m 20 H), 3.03 (m, 6 H)
ppm. *C NMR (CDCls, 75 MHz): 5 25.2, 26.1, 26.2, 32.4, 49.0, 57.8, 165.2
ppm.

Synthesis of CG11: Cp[(°CeH10)2NC(=N)NCsH 4] TiCl-.
"BuLi (4.9 mL, 7.8 mmol, 1.6 M in hexanes) was added to a solution of N,N-
dicyclohexylpiperidylguanidine (2.2 g, 7.5 mmol) in THF (38 mL) at 0 °C. The
mixture was allowed to warm up to room temperature and stirred for another
hour. This solution was then added to a solution of CpTiCls (1.66 g, 7.6 mmol)
in THF (23 mL) at -80 °C. The mixture was stirred, allowed to warm up to room
temperature and stirred for 1 day. The resulting suspension was evaporated to
dryness and the residue was extracted with toluene. Subsequent filtration, in
vacuo concentration and crystallization at low temperature from a toluene-
hexane mixture afforded the desired compound as orange crystals. Yield: 3.18
g (84%). "H NMR (C;Ds, 300 MHz): § 1.12-1.91 (m 20 H), 3,27 (m, 10 H), 6.51
(s, 5 H) ppm. *C NMR (C;Dg, 75 MHz):  25.6, 26.5, 27.5, 32.6, 49.5, 58.0,
121.6 ppm.

Synthesis of CG12: Cp*[(CsH10)2NC(=N)NCsH o] TiCl-.
"BuLi (3.2 mL, 5.1 mmol, 1.6 M in hexanes) was added to a solution of N,N-
dicyclohexylpiperidylguanidine (1.54 g, 5.3 mmol) in THF (25 mL) at 0 °C. The
mixture was allowed to warm up to room temperature and stirred for another
hour. This solution was then added to a solution of Cp*TiCls (1.53 g, 5.3 mmol)
in THF (16 mL) at -80 °C. The mixture was allowed to warm up to room
temperature and stirred for 1 day. The resulting suspension was evaporated to
dryness and the residue was extracted with toluene. Subsequent filtration, in
vacuo concentration and crystallization at low temperature from a toluene-
hexane mixture afforded the desired compound as orange crystals. Yield: 0.58
g (20%). "H NMR (C;Ds, 300 MHz): § 1.21-2.19 (m, 20 H), 2.24 (s, 15 H), 2.89
(m, 10 H), 3.05 (m, 2 H) ppm. "*C NMR (C;Dg, 75 MHz): § 13.3, 25.0, 25.9,
26.8, 32.1, 48.7, 57.3, 134.4 ppm.

Synthesis of N,N,N’,N’-tetraphenyiguanidine.
A solution of diphenylamine (3.05 g, 18 mmol) and triethylamine (6 mL, 43
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mmol) in THF (62 mL) was added dropwise to a stirred solution of triphosgene
(1.99 g, 6.7 mmol) in THF (37 mL) at room temperature. The reaction mixture
was heated to reflux overnight. Then, a solution of diphenylamine (3.1 g, 18
mmol) and triethylamine (5.8 mL, 42 mmol) in THF (37 mL) was added. The
5 reaction mixture was stirred overnight at reflux temperature. The reaction

mixture was filtered and the filtrate was evaporated to dryness, yielding
tetraphenylurea as a yellow solid. Yield: 6.0 g (91%). Oxalyl chloride (1.8 mL,
21 mmol) was added to a stirred solution of the urea (6.0 g, 16 mmol) in diethyl
ether (65 mL). The reaction mixture was evaporated to dryness after stirring for

10 2 days at reflux. A solution of ammonia in methanol (5 mL, 35 mmol, 7 M) was
added. The reaction mixture was heated to reflux overnight and evaporated to
dryness. The product was neutralized and purified from ammonium chloride by
several treatments with aqueous sodium hydroxide solutions. The organic layer
was extracted and dried over sodium sulfate. Crystallization from diethyl ether

15  at low temperature yielded the desired guanidine as a white solid. Yield: 2.0 g
(33%). ">C NMR (CDCl3, 75 MHz): 3 121.4, 126.7, 128.6, 140.3, 164.5 ppm.

Synthesis of CG19: Cp[Ph-NC(=N)NPh]TiCl-.

"BuLi (1.7 mL, 2.6 mmol, 1.6 M in hexanes) was added to a solution of
N,N,N’,N’-tetraphenylguanidine (0.42 g, 2.5 mmol) in THF (25 mL) at 0 °C. The

20  mixture was allowed to warm up to room temperature and stirred for another
hour. This solution was then added to a solution of CpTiCls (0.56 g, 2.5 mmol)
in THF (15 mL) at -80 °C. The mixture was allowed to warm up to room
temperature and stirred for 1 day. The resulting suspension was evaporated to
dryness and the residue was extracted with hot toluene. Subsequent filtration, in

25  vacuo concentration and crystallization at low temperature from a toluene-
hexane mixture afforded the desired compound as orange crystals. Yield: 0.62
g (45%). "H NMR (CDCl2, 300 MHz): 8 6.54 (s, 5 H), 6.80-7.40 (m, 20 H) ppm. *C
NMR (CD2Cl2, 75 MHz): 5 120.3, 126.5, 127.2, 128.4, 140.9, 161.5 ppm.

Synthesis of CG15: Cp*[PhoNC(=N)NPh]TiCl..

30 "BuLi (1.7 mL, 2.7 mmol, 1.6 M in hexanes) was added to a solution of

N,N,N’,N’-tetraphenylguanidine (0.98 g, 2.7 mmol) in THF (12 mL) at 0 °C. The

mixture was allowed to warm up to room temperature and stirred for another
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t he presen
H), 6.80-7.40 (m, 20 H) ppm. ">*C NMR (CDCl, 75 MHz): § 13.3, 117.7, 126.5,

128.4, 129.3, 135.0 ppm.

10 Synthesis of N,N-diisopropyl-N’-methyl-N’-isobutylguanidine.
A solution of diisopropylamine (2.6 mL, 19 mmol) and triethylamine (5.8 mL, 36
mmol) in THF (64 mL) was added dropwise to a stirred solution of triphosgene
(1.99 g, 6.7 mmol) in THF (36 mL) at room temperature. The reaction mixture
was heated to reflux overnight. Then, a solution of N-methylisobutylamine (2.2

15 mL, 18 mmol) and triethylamine (5.5 mL, 40 mmol) in THF (35 mL) was added.
The reaction mixture was stirred overnight at reflux temperature. The reaction
mixture was filtered and the filtrate was evaporated to dryness, yielding N-
diisopropyl-N’-methyl-N’-isobutylurea as a yellow oil. Yield: 3.6 g (85%). Oxalyl
chloride (1.5 mL, 17 mmol) was added to a stirred solution of the urea (3.6 g, 17

20 mmol) in diethyl ether (65 mL). The reaction mixture was evaporated to dryness
after stirring at room temperature for 2 days. A solution of ammonia in methanol
(6.4 mL, 45 mmol, 7 M) was added. The reaction mixture was heated to reflux
overnight and evaporated to dryness. The product was neutralized and purified
from ammonium chloride by several treatments with aqueous sodium hydroxide

25  solutions. The organic layer was extracted and dried over sodium sulfate.
Evaporation to dryness yielded the desired guanidine as a brown oil. Yield: 3.0
g (82%). "H NMR (CDCls, 300 MHz): 0.80 (d, 6 H), 1.20 (d, 12 H), 1.8 (sept, 1
H), 2.66 (s, 3 H), 2.83 (d, 2 H), 3.52 (sept, 1 H). ">°C NMR (CDCls, 75 MHz): &
19.1, 20.7, 25.6, 36.8, 46.4, 57.2, 164.7 ppm.

30 Synthesis of CG13: Cp[Me' BuNC(=N)N'Pr,]TiCl>.
"BuLi (2.4 mL, 3.8 mmol, 1.6 M in hexanes) was added to a solution of N,N-
diisopropyl-N’-methyl-N'-isobutylguanidine (1.06 g, 5.0 mmol) in THF (37 mL) at



5 Copol yneri zation of ethylene and propyl ene. Exanpl es The
copol yneri zation reactions were perforned according to above descri bed
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80/ 40 18. S%r%ejs% dhdthe residue was extracted with toluene. Subsequent filtration, in
vacuo concentration and crystallization at low temperature from a toluene-
hexane mixture afforded the desired compound as a dark brown solid. Yield:
0.76 g (39%). "H NMR (CD.Cl,, 300 MHz): § 0.84 (d, 6 H), 1.20 (d, 12 H), 1.83
(sept, 1 H), 2.65 (s, 3 H), 2.82 (d, 2 H), 3.56 (sept, 2 H), 6.62 (s, 5 H) ppm. °C NMR

10  (CD2Cl2, 75 MHz): & 20.0, 21.6, 26.7, 37.7, 47.4, 58.2, 119.3 ppm.

Synthesis of CG17: Cp*[Me'BuNC(=N)NPr]TiClo.
"BuLi (2.4 mL, 3.8 mmol, 1.6 M in hexanes) was added to a solution of N,N-
diisopropyl-N’-methyl-N'-isobutylguanidine (1.06 g, 5.0 mmol) in THF (37 mL) at
0 °C. The mixture was allowed to warm up to room temperature and stirred for

15 another day. This solution was then added to a solution of CpTiCls (1.11 g, 5.1
mmol) in THF (15 mL) at -80 °C. The mixture was allowed to warm up to room
temperature and stirred for 1 day. The resulting suspension was evaporated to
dryness and the residue was extracted with toluene. Subsequent filtration, in
vacuo concentration and crystallization at low temperature from a toluene-

20 hexane mixture afforded the desired compound as a dark brown solid. Yield:
0.76 g (39%). "H NMR (CD.Cl,, 300 MHz): § 0.84 (d, 6 H), 1.24 (d, 12 H), 1.83
(sept, 1 H), 2.24 (s, 15 H), 2.36 (s, 3 H), 2.87 (m, 1 H) 3.58 (m, 1 H) ppm. *C NMR
(CD2Cls, 75 MHz): & 13.3, 14.4, 20.0, 26.7, 37.8, 58.3, 134.3, 166.4 ppm.

Synthesis of N,N,N’,N’-tetracyclohexylguanidine.

25 A solution of dicyclohexylamine (3.9 mL, 19 mmol) and triethylamine (6 mL, 43
mmol) in THF (64 mL) was added dropwise to a stirred solution of triphosgene
(1.99 g, 6.7 mmol) in THF (35 mL) at room temperature. The reaction mixture
was stirred overnight. Then, a solution of dicyclohexylamine (3.9 mL, 18 mmol)
and triethylamine (6 mL, 43 mmol) in THF (37 mL) was added. The reaction

30 mixture was stirred overnight at reflux temperature. The reaction mixture was

filtered and the filtrate was evaporated to dryness, yielding tetracyclohexylurea
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as a yellow solid. Yield: 4.5 g (65%). A solution of oxalyl chloride in
dichloromethane (1.1 mL, 13 mmol) was added to a stirred solution of the urea
(4.5 g, 11 mmol) in THF (50 mL). The reaction mixture was evaporated to
dryness after overnight heating to reflux. A solution of ammonia in methanol (5
5 mL, 35 mmol, 7 M) was added to a solution of the formed solid in THF (40 mL).

The reaction mixture was heated to reflux overnight and evaporated to dryness.
The product was neutralized and treated with aqueous sodium hydroxide
solution. The organic layer was extracted with diethyl ether and dried over
magnesium sulfate. Crystallization from hexanes yielded the desired guanidine

10  as a brown solid. Yield: 2.9 g (64%). '°C NMR (CDCls, 75 MHz): 5 25.4, 26.2,
31.8, 58.0, 156.2 ppm.

Synthesis of CG18: Cp[Cy-NC(=N)NCy:]TiCl>.

"BuLi (0.9 mL, 1.4 mmol, 1.6 M in hexanes) was added to a solution of
N,N,N’,N’-tetracyclohexylguanidine (0.59 g, 1.3 mmol) in THF (14 mL) at O °C.

15  The mixture was allowed to warm up to room temperature and stirred for 2
hours. This solution was then added to a solution of CpTiCls (0.29 g, 1.3 mmol)
in THF (10 mL) at -80 °C. The mixture was allowed to warm up to room
temperature and stirred for 4 days. The resulting suspension was evaporated to
dryness and the residue was extracted with hot toluene. Subsequent filtration, in

20  vacuo concentration and crystallization at low temperature from a toluene-
hexane mixture afforded the desired compound as a brown solid. Yield: 0.41 g
(56%). "H NMR (CD.Cly, 300 MHz): & 1.24-1.75 (m, 40 H), 2.75 (m, 4 H), 6.54 (s, 5
H) ppm. "*C NMR (CDCl, 75 MHz): § 25.4, 26.4, 32.0, 58.1, 120.3 ppm.

Synthesis of CG20: Cp*[Cy-NC(=N)NCy]TiCl-.

25 "BuLi (1.65 mL, 2.6 mmol, 1.6 M in hexanes) was added to a solution of
N,N,N’,N’-tetracyclo-hexylguanidine (1.01 g, 2.6 mmol) in THF (13 mL) at 0 °C.
The mixture was allowed to warm up to room temperature and stirred overnight.
This solution was then added to a solution of Cp*TiCls (0.75 g, 2.6 mmol) in
THF (8 mL) at -80 °C. The mixture was allowed to warm up to room

30 temperature and heated to reflux overnight. The resulting suspension was
evaporated to dryness and the residue was extracted with hot toluene.

Subsequent filtration, in vacuo concentration and crystallization at low
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temperature from a toluene-hexane mixture afforded the desired compound as
red crystals. Yield: 0.57 g (34%). "H NMR (CD.Cly, 300 MHz): & 0.89-1.75 (m, 40
H), 2.35 (s, 15 H), 2.77 (m, 4 H) ppm. °C NMR (CD2Cl,, 75 MHz): § 13.4, 25 4,
26.4, 32.0, 58.1, 138.7 ppm.

5 Synthesis of N-methyl-N-isobutyl-N’,N*-dicyclohexyl-guanidine.
A solution of dicyclohexylamine (3.6 mL, 18 mmol) and triethylamine (5.6 mL,
40 mmol) in THF (64 mL) was added dropwise to a stirred solution of
triphosgene (1.98 g, 6.7 mmol) in THF (35 mL) at room temperature. The
reaction mixture was stirred overnight. Then, a solution of N-

10 methylisobutylamine (2.2 mL, 18 mmol) and triethylamine (5.5 mL, 40 mmol) in
THF (35 mL) was added. The reaction mixture was stirred overnight at reflux
temperature. The reaction mixture was filtered and the filtrate was evaporated
to dryness, yielding N-methyl-N-isobutyl-N’,N’-dicyclohexylurea as a dark yellow
oil. Yield: 4.8 g (90%). Oxalyl chloride (8 mL, 16 mmol, 2 M solution in

15  dichloromethane) was added to a stirred solution of the urea (4.8 g, 16 mmol) in
THF (65 mL). The reaction mixture was heated to reflux overnight and
evaporated to dryness. Ammonia in methanol (7 mL, 49 mmol, 7 M solution in
methanol) was added to a suspension of the formed solid in THF. The reaction
mixture was heated to reflux overnight and evaporated to dryness. The product

20  was neutralized and purified by treatment with aqueous sodium hydroxide
solution. The organic layer was extracted with diethyl ether and dried over
magnesium sulfate. Evaporation to dryness yielded the desired guanidine as a
brown oil. Yield: 2.95 g (75%). 'H NMR (CDCls, 300 MHz): § 0.80 (d, 6 H), 1.20
(d, 12 H), 1.8 (sept, 1 H), 2.7 (s, 3 H), 2.83 (d, 2 H), 3.52 (sept, 1 H) ppm. °C

25 NMR (CDCls, 75 MHz): & 19.1, 20.7, 25.6, 36.8, 46.4, 57.2, 164.7 ppm.

Synthesis of CG23: Cp[Me' BuNC(=N)NCy2]TiCl..
"BuLi (1.6 mL, 2.5 mmol, 1.6 M in hexanes) was added to a solution of N-
methyl-N-isobutyl-N’,N’-dicyclohexylguanidine (1.06 g, 5.0 mmol) in THF (13
mL) at 0 °C. The mixture was allowed to warm up to room temperature and

30 stirred for 4 hours. This solution was then added to a solution of CpTiCls (0.54
g, 2.5 mmol) in THF (10 mL) at -80 °C. The mixture was allowed to warm up to
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room temperature and stirred overnight. The resulting suspension was
evaporated to dryness and the residue was extracted with hot toluene.
Subsequent in vacuo concentration afforded the desired compound as a dark
brown solid. Yield: 0.18 g (16%). 'H NMR (CD.Cl,, 300 MHz): § 0.83 (d, 6 H),
1.21-1.77 (m, 20 H), 2.19 (m, 1 H), 2.66 (s, 3 H), 2.81 (d, 2 H), 3.07 (m, 2 H), 6.54-7.07
(m, 5 H) ppm. "C NMR (CD2Clz, 75 MHz): § 19.2, 24.3, 25.9, 28.6, 31.3, 37.0, 56.5,
57.5, 119.5 ppm.

Synthesis of CG24: Cp*[Me'BuNC(=N)NCy]TiCl>.
"BuLi (1.33 mL, 2.5 mmol, 1.6 M in hexanes) was added to a solution of N-
methyl-N-isobutyl-N’,N’-dicyclohexylguanidine (0.74 g, 2.5 mmol) in THF (12
mL) at 0 °C. The mixture was allowed to warm up to room temperature and
stirred overnight. This solution was then added to a solution of Cp*TiCls (0.73 g,
2.5 mmol) in THF (10 mL) at -80 °C. The mixture was allowed to warm up to
room temperature and stirred for several days. The resulting suspension was
evaporated to dryness and the residue was extracted with hot toluene.
Subsequent filtration, in vacuo concentration and evaporation to dryness
produced a dark powder. Yield: 0.52 g (38%). "H NMR (CDCl,, 300 MHz): &
0.83 (d, 6 H), 1.26-1.77 (m, 20 H), 2.24 (s, 15 H), 2.65 (s, 3 H), 2.83 (d, 2 H) ppm. "°C
NMR (CD2Cl2, 75 MHz): 6 13.3, 20.0, 25.9, 27.8, 32.2, 37.8, 57.3, 58.3, 134.3 ppm.

Synthesis of N,N*-diisobutyl-N,N-dimethylguanidine.
A solution of N-methylisobutylamine (2.2 mL, 18 mmol) and triethylamine (5.5
mL, 39 mmol) in THF (60 mL) was added dropwise to a stirred solution of
triphosgene (1.98 g, 6.7 mmol) in THF (37 mL) at room temperature. The
reaction mixture was stirred overnight. Then, a solution of N-
methylisobutylamine (2.2 mL, 18 mmol) and triethylamine (5.5 mL, 40 mmol) in
THF (35 mL) was added. The reaction mixture was stirred overnight at reflux
temperature. The reaction mixture was filtered and the filtrate was evaporated
to dryness, yielding N-methyl-N-isobutyl-N’,N’-dicyclohexylurea as an orange
oil. Yield: 3.3 g (92%). Oxalyl chloride (1.45 mL, 17 mmol) was added to a
stirred solution of the urea (3.3 g, 16 mmol) in THF (70 mL). The reaction
mixture was heated to reflux overnight and evaporated to dryness. Ammonia in

methanol (7 mL, 49 mmol, 7 M solution in methanol) was added to a
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suspension of the formed solid in THF. The reaction mixture was heated to
reflux overnight and evaporated to dryness. The product was neutralized and
purified by treatment with aqueous sodium hydroxide solution. The organic layer
was extracted with diethyl ether and dried over magnesium sulfate. Evaporation
to dryness yielded the desired guanidine as a brown oil. Yield: 2.78 g (82%). 'H
NMR (CDCl3, 300 MHz): 8 0.74 (d, 12 H), 1.76 (sept, 2 H), 2.66 (s, 6 H), 2.85 (d, 4
H) ppm. *C NMR (CDCls, 75 MHz): 5 19.8, 26.3. 37.1, 57.6, 165.6 ppm.

Synthesis of CG21: Cp*[Me'BuNC(=N)NMe'Bu]TiCl..

"BuLi (1.6 mL, 2.5 mmol, 1.6 M in hexanes) was added to a solution of N,N’-
diisobutyl-N,N-dimethylguanidine (0.51 g, 2.5 mmol) in THF (13 mL) at 0 °C.
The mixture was allowed to warm up to room temperature and stirred for 4
hours. This solution was then added to a solution of Cp*TiCl; (0.72 g, 2.5 mmol)
in THF (8 mL) at -80 °C. The mixture was allowed to warm up to room
temperature and stirred overnight. The resulting suspension was evaporated to
dryness and the residue was extracted with hot toluene. Subsequent in vacuo
concentration afforded the desired compound as an orange powder. Yield: 0.40
g (35%). "H NMR (CD.Cl,, 300 MHz): & 0.84 (d, 12 H) 1.86 (m, 2 H), 2.24 (s, 15 H),
2.75 (s, 6 H), 2.93 (d, 4 H) ppm. ">C NMR (CD,Cly, 75 MHz): & 13.3, 19.9, 26.7,
37.3,57.9, 134.3 ppm.

Synthesis of CG21M: Cp*[Me' BuNC(=N)NMe'Bu]TiMe:.
Methylmagnesium bromide (0.9 mL, 2.6 mmol, 3 M solution in diethyl ether)
was was added to a solution of CG21M (0.6 g, 1.3 mmol) in toluene (7.5 mL) at
-78 °C. The mixture was stirred, allowed to warm up to room temperature and
stirred overnight. Evaporation to dryness yielded and oil which was extracted
with hexane. A yellow powder was obtained after evaporation to dryness. Yield:
0.37 g (69%). "H NMR (CD4Cl,, 300 MHz):  0.39 (s, 6 H), 0.92 (d, 11 H), 2.09 (s,
15 H), 2.25 (s, 6 H), 2.47 (d, 4 H) ppm.

Copolymerization of ethylene and 1-octene.
Examples 1 and 2

The preparation of the catalyst systems as well as the
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copolymerization reactions were performed according to above detailed parallel
polymerization equipment procedure by in situ reaction of solutions of ligands
m12 and m14 with solutions of metal compounds ¢4 in the presence of activator
and scavenger as described. The polymerization results are given in Table 1.

5

Table 1: Results of ethylene/1-octene copolymerization experiments
Example Ligand Catalyst catalyst Time Yield Mw Mw/Mn 1- Productivity

Nr. Component loading octene

(nmol) (s) (mg) (kg/mol) (mol%) (ppm Ti)

1 m12 c4 1.5 602 38 2456 2.1 6.7 1.92

2 m14 c4 1.2 600 40 1545 24 4.8 1.44
Comp. A 0 c4 10 623 103 323 25 45 4.65
Comp. B m12 c13 3 601 2 n.d. n.d. n.d. 59.85
Comp. C m14 c13 3 600 3 n.d. n.d. n.d. 47.88

n.d. = not determined
The catalysts systems formed from guanidine ligands m12 and
m14 with metal compound c4, bearing a pentamethylcyclopentadienyl ligand
10  afforded efficient ethylene/1-octene copolymerization catalysts according to the

present invention.

Comparative Experiment A

A catalyst system formed from metal compound c4 was
15  evaluated according to the polymerization procedure and conditions of Example
1 in the absence of a guanidine ligand. The polymerization results are given in
Table 1. It can be seen that catalyst systems comprising a catalyst component
comprising guanidine ligands m12 and m14 (Table 1, Examples 1 and 2) have
better productivity and yield higher molecular weight copolymers than the
20 catalyst system where the guanidinate ligand is not present.

Comparative Experiment B and C

Catalyst systems formed from metal compound ¢13 were
evaluated according to the polymerization procedure and conditions of Example
25 1 and 2 respectively. The polymerization results are given in Table 1

(Comparative Experiments B and C).
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been performed (D, G, H, |, J, K respectively) with the only difference that the

15  employed catalyst component had an unsubstituted Cp ligand. The lower
activities had to be compensated by increased dosage of catalyst component.
The polymerization results are given in Table 2.

Table 2: Results of ethylene propylene copolymerization experiments

Example Catalyst Catalyst AlITi TBF20/Ti C3/C2  Yield Prod. c2 v

nr. component (umol)  (molar) (molar) (molar) (@) (ppmTi) (wt%) (dL/g)
3 CG05 0.40 1125 2 80/40 12.81 1.50 50.1 10.1
4 CGO5M 0.20 2250 2 80/40 12.82 0.75 n.d nd
Comp.D CGO02 0.40 1125 2 80/40 0.76 25.20 n.d. nd
5 CG21 0.50 1000 2 50/50 13.42 1.78 52.1 1.2
6 CG21M 0.07 7143 2 50/50 10.28 0.33 n.d nd
Comp.E CI01 0.20 2250 0 80/40 15.06 0.64 n.d nd
Comp.F CI07 0.20 2250 0 80/40 14.73 0.65 n.d nd
7 CG12 0.10 5000 2 80/20 2.1 227 487 4.78
Comp.G CG11 2.00 1000 1 80/40 1.53 62.59 n.d nd
8 CG15 0.30 1667 2 50/50 4.32 3.33 51.8 1.42
Comp.H CG19 2.00 1000 2 50/50 2.87 33.37 n.d nd
9 CG17 0.30 1000 2 50/50 4.15 3.46 n.d 1.37
Comp. | CG13 2.00 1000 1 80/40 1.35 70.93 n.d nd
10 CG20 0.50 1000 2 50/50 11.89 2.01 n.d 1.12
Comp.J CG18 2.00 1000 2 50/50 2.06 46.49 n.d nd
11 CG24 0.50 1000 2 50/50 15.09 1.59 50.6 1.17
Comp. K CG23 2.00 1000 2 50/50 8.42 11.37 n.d 3.15

20 n.d. = not determined



Exanpl e 12 The copol ynerizati on was conducted in a batch polynerization
S5reactor according to Exanple 3 (catal yst conponent CG) with the follow ng
changes: wol2oams42PMH) contained ENB (0.7 nL) and VNB ( @CT/EPR)10/066905

tri phenyl met hyl i um tetraki s(pentafl uorgeghenyl) borate (boron:catal yst nolar
ratio = 2) was added directly after the catalyst injection into the
pressuri zed reactor, and the 03/02 nolar feed ratio was 2. The

pol ynmeri zation results are given in Table 103. Table 3. Results of

et hyl ene/ propyl ene/ VNB/ ENB experi nents. Exanple Catal yst Catal yst Yield C2
ENB VNB Productivity Nr. Conponent Loading (prol) (g9) (W9 (WA

(wt %9 The polymerization results given in Table 2 show that an
efficient catalyst system for ethylene propylene copolymerization is obtained,
when the cyclopentadienyl guanidinate titanium catalyst component comprises

5 a pentamethylcyclopentadienyl ligand (Examples 3, 7, 8, 9, 10 and 11)
according to the invention. The catalyst system comprising the catalyst
component with the unsubstituted cyclopentadienyl ligand (Comparative
Experiments D, G, H, |, J and K) result in poor polymerization results, as known
from the above cited prior art.

10
Comparative Experiments E and F
Ethylene propylene copolymerization experiments employing
the iminoimidazolidine bearing catalyst components Cl1 and CI7 were
conducted according to the batch method. The polymerization results are given
15 in Table 2.

It can be seen that the formed iminoimidazolidine based
catalyst systems are efficient ethylene/propylene copolymerization catalysts, as
known from prior art. The introduction of substituted cyclopentadienyl derivative
(CI7, comparative Experiment F) has a negative impact on the productivity if

20 compared to the unsubstituted cyclopentadienyl derivative (Cl1, comparative
Experiment E). This behavior from the prior art stands in strong contrast to the
present invention, where the introduction of a substituted cyclopentadienyl
ligand in the catalyst component results in improved productivity of the catalyst
system as described above.

25
Examples 4 and 6

Ethylene propylene copolymerization experiments employing
dimethyl versions of the pentamethylcyclopentadienyl guanidinate titanium
catalyst component have been performed in example 4 and 6. The use of the

30 catalyst components CG5M and CG21M show a further improvement of
polymerization activity if compared to the respective dichloro catalyst
components from examples 3 and 5 respectively.
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pol ymerization of ol ef LI’R% c%fpofy%errr?zla%o%/mlfahézgén%?erde inna batch polymerization
5 reactor according to Example 3 (catalyst component CG5) with the following

changes: solvent (PMH) contained ENB (0.7 mL) and VNB (0.7 mL), triphenyl-

methylium tetrakis(pentafluorophenyl) borate (boron:catalyst molar ratio = 2)

was added directly after the catalyst injection into the pressurized reactor, and

the C3/C2 molar feed ratio was 2. The polymerization results are given in Table

10 3.

Table 3. Results of ethylene/propylene/VNB/ENB experiments.

Example Catalyst Catalyst Yield C2 ENB VNB Productivity
Nr. Component Loading
(umol) (9) (wt%) (wt%) (wt%) (ppm Ti)
12 CG5 0.40 5.91 47.8 1.42 0.96 3.24
Comp. L o 0.10 12.57 484 1.08 0.75 0.38

Comparative Experiment L

15 An identical experiment to Example 4 was performed with the
only difference that ¢1 was employed as catalyst component. The
polymerization results are given in Table 3.

In the comparison of the results given in Table 3 (Example 12
and Comparative Experiment L), the catalyst system according to the present

20 invention (CG5) shows an increased affinity for incorporation of ENB and VNB
than the reference catalyst ¢c1 (Comparative Example L). This represents a
further advantage of the present invention allowing more efficient production
processes for ethylene-propylene diene terpolymers with increased levels of
copolymerized dienes such as ENB and VNB.

25



5Ms a Goup 4-6 netal, Cyis a cyclic ligand, Lis a guanidinate |ligand, Zs
an anionic ligand, and pis the nunber of anionic |igands 10whi ch conponent

i s characwenowméd492n that Cy is a nono- or pol ysubstit ut @4T/EP2010/066905

cycl opent adi enyl -type ligand, and L iss3g_guanidinate |igand of the formula
RR1IA C=N- 15R2R3A wherein: each A is independently selected fromnitrogen
or phosphorus and R, Rl, R2 and R3 are independently selected fromthe
group consi sting of hydrogen, hydrocarbyl, silyl and gernyl residues,
substituted or not 20wi th one or nore _hal ogen, am do, phosphi do, al koxy, or
aryloxy radicals. 2. Catalyst conponeQL—@@gording to claim1, wherein Mis
sel ected fromthe group consisting of Ti, Zr and H . 3. Catal yst conponent
according to claiml or 2, wherein the one or nore 25substituents of Cy are
sel ected frlom t hé gatalyst egmepaentigr Bie prlyogszation af elefrs ¢f foraulg| and
gernyl residues, hoN Squbstituted with one or nore hal ogen, am do,
phosphi do, aIkox&SR%yahggk%%a radi cals. 4. Catal yst conponent according to
any one5of the claiib 1 isxa&roupdréimetdl,is nitrogen and R Rl, R2 and R3
are independently selected fromthe 30group consisting of hydrogen and

hydr ocar byl resi dueCY WO EXFIEEIB#IPPCT/ EP2010/ 066905 - 32 - 5. Catal yst
conponent according|to apy gﬂﬁnﬂﬂuﬂ@ﬂ sh@ins 1 to 4, wherein the anionic |
igand Z is selected fron1t% group coﬂsis%ing of C1_10 hydrocar byl

radicals. 6. A catalyst ssyan aniohia ligans, @odyneri zati on of ol efi ns conpri sing
a catal yst 5conponent in.therﬁkgsence of .one or nore ingredients selected

fromthe group consPstin§ B PrRIANONE L08R r and carrier characterized

in thayothe catalyiin EHMBEREATisichaffGSifid @ that any of the claims 1 to 5. 7.
Cat al yst system according to clains 6, wherein the activator is selected

fromthe group céhsisst negoobr polyatiestitbiedayelopedtadidyyl-dypaigand mead
L is a guanidinate ligand of the formula

1
RR A\

15 R2R3A/

wherein:

C=N-

each A is independently selected from nitrogen or phosphorus and
R, R', R? and R?® are independently selected from the group consisting
of hydrogen, hydrocarbyl, silyl and germyl residues, substituted or not
20 with one or more halogen, amido, phosphido, alkoxy, or aryloxy
radicals.
2. Catalyst component according to claim 1, wherein M is selected from
the group consisting of Ti, Zr and Hf.
3. Catalyst component according to claim 1 or 2, wherein the one or more
25 substituents of Cy are selected from the group consisting of halogen,
hydrocarbyl, silyl and germyl residues, optionally substituted with one or
more halogen, amido, phosphido, alkoxy, or aryloxy radicals.
4. Catalyst component according to any one of the claims 1 to 3, wherein
Ais nitrogen and R, R', R? and R® are independently selected from the
30 group consisting of hydrogen and hydrocarbyl residue.



108. A process for the polynerization of one or nore olefins having 2 to 20
carbon atons characterized in that the one or nore olefins are contacted
wi t h t he weatalysg92conponent according to claim1 to 4 i rRCTEP2@0es@PEe of an
activator. 9.Process according to clai.mp8, wherein the olefin is ethyl ene.
1510. Process according to claim8, wherein the olefins are ethylene and 1-
octene. 11. Process according to claim8, wherein the olefins are ethyl ene
and propyl ene. 12. Process according to claim8, wherein the olefins are

et hyl ene, 20propy|ene and at | east one non-conjugated diene
Catalyst component according to any one of the claims 1 to 4, wherein

the anionic ligand Z is selected from the group consisting of Cy.1o
hydrocarbyl radicals.

6. A catalyst system for the polymerization of olefins comprising a catalyst

5 component in the presence of one or more ingredients selected from

the group consisting of activator, scavenger and carrier characterized in
that the catalyst component is according to any of the claims 1 to 5.

7. Catalyst system according to claims 6, wherein the activator is selected
from the group consisting of borate, borane and alkylaluminoxane.

10 8. A process for the polymerization of one or more olefins having 2 to 20

carbon atoms characterized in that the one or more olefins are
contacted with the catalyst component according to claim 1 to 4 in the

presence of an activator.

9. Process according to claim 8, wherein the olefin is ethylene.
15 10. Process according to claim 8, wherein the olefins are ethylene and 1-
octene.
11. Process according to claim 8, wherein the olefins are ethylene and
propylene.
12. Process according to claim 8, wherein the olefins are ethylene,

20 propylene and at least one non-conjugated diene.



