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WO 2009/ 155472PCT/ US2009/ 047882 Title: FUNCTI ONALI ZED
H GH VI NYL TERM NATED PROPYLENE BASED OLI GOMERS
wo poensary s) . Patrick Brant and Donna J. Cr owt PEF/US2009/047882
PRIORI TY CLAIM [0001] This application is a
continuation in part of USSN 12/143,663 filed June 20,
2008, which is incorporated by reference herei n. FlIELD
OF THE |1 NVENTI ON £0002 This invention relates to
Titsr: FTNCHIONY O B GH Y INY TERMIAATED PROPVLENE BASED
OIRGORYERSE- et hyl ene 10ol i gonmeri zation, to produce vinyl
term nated oligoners. BACKGROUND OF THE | NVENTI ON
Inveptons): A@%%P“g??‘h@?méé’p%&”gﬂy t hose contai ni ng about
6 to about 20 carbon atons, have been used as
internediates in the manufacture of detergents or
P of comercial products. Such al pha-ol efins
[000Ye ahBCpREERoNREDoASUIRNOTBAS of BSRE /24T d63iflled J'uﬂ@@d 2008, which
| ow density polyethylene. 15 Commercially produced
is ipgopteaatest kerpigEsnegrhereiy pi cal |y nmade by ol i goneri zi ng
FIELHYUENBE INOR8GToRhal n al pha-ol efins, such as
—vinyl-term nat ed pol yethyl enes are al so known and can
[0092] useFhid iagwnhen | rdiaivy 191 eddin fobgdnaaizatipn, particularly propylenc-ethylene
oners. [0004] Al |yl
011%0%91%‘(89 al, b@ﬁ&%ﬂ&nﬁ&t@@&ﬁg‘%ﬁ@& [ 1A Ty

erm nat ed nmol"ecul ar welg solids and liquids of

ly i MNe al so been pr oduced,

[Odﬂgglcf a[(%lﬁya gl%‘msug'sﬁec%lé/g[ﬂ(?sn %hﬁﬁafag &Bﬁ )é]ﬂ? Bi)@as ’ Eg}bon a&oms have been
usedamimaiogdiates' Bythd tm@mf@mﬂ df Crageatste pileatyporofebmbefciahpducts. Such
alp%{ gl@%lgte?adgﬁﬁ()( ggeﬁ pl}é%% ¢ )réonWP&JZ“ a%):pgcflaﬁfé/f ﬁllfalrmoear Ilow densr% polyethylene.
Cohnpgeaally @Wb@r@l‘@qlegfmmgyp(l@iz Gua@dB )y \Mlg(hnerlzmg cthylene. Longer chain

sk osERse YR GaR Y P BE TR 95 R0y 300 B o

bloglfs Bllayokg ﬁlnctw@ﬂaﬁtmon@@p@inymnwmewh L| near Pol yet hyl ene
[O@ggr‘;%}ﬁ' t1 P%‘Irl]l ggﬁ 1(2\&2 t}r}ozeg llaroxﬁelg d\ﬁq rgsa ?ig e?ﬂgzﬁerne or propylene have
als®hekincirbdueed, ymaca’llxatbn e, db mechasrmlpelyuieemnaﬁ r&00dms. See, for example,
N AT R T T
Po@(n@«ép@ézné)armthhﬂﬁeeqncmmzpmzmwemy}y )@ipb g eviizarioh @ﬁlf@dﬁpyﬂ@e and Linear
bS t et |.e

Eth&@n%p o(m(frs )"Ca {T%()t Er]% twh{i]zl aﬁl?ad%)ﬁe)?g%zg)/ll%o&?% rsgse nlO[Xcrz)mhleculengIZO% 1450-
1464)),t imdoKanuiyddh uitlirdnd reogbr(“Symtharak@f dldcy| and Grafy Copolymers with Linear
Po{yetéy%neagegnq?g; %P %{'; rergelir?clltzg)g??é)%lg%i %g?%grag% eé(g)r% alzt@oci)i nlg)lymerzzatzon and
AtoahOT: mmsy‘ermal\iEafrﬁo@haeMmt&nﬁmdhchﬁn@ecales BRHWE, ﬂB%MSDyl iC

100f5T1 1 JHEREE 5 2 0 GiEas Yo bRy Dits BRI fons Ry aicnorice

bls@ehtalﬁgﬁylexgﬁﬂ@eﬁ)&dlaﬁym)im&aﬁcﬁmﬁﬂo| ﬁlﬁhlblﬁiel 0 a6@0 lil,%()fe%t‘ametM?—l n-butyl
tion t han 60 wt % sol ve
Cy%@(ﬁ?@%ﬁyl)ﬁl d% g"g‘gstﬁle%ﬁ}ialgpggg%fn {0 eg&? pr efxaleeh\glth or without

hy@¥gepto edake] ElQﬂlG]VTﬁ?)t]I kreinagddd pdopylént. hdvid-oligoaiel haveid a low degree of

poljﬁ?‘l?r(l)ztagorgéié ?% ﬁlbeg 15% y %r%edﬁf@e]h%%ﬁl? Lﬁdj}%g%@ﬁ@i%ﬂ allylic vinyl

unfatudivst Littewsike, ithesd dliomeatstldrk @bin r@imr Sndijde pr@ducVDat low productivities with

2009/ 155472PCT/ US2009/ 047 4 6) bt ai ne
a lage S ERHPE BHPRPat ”‘W?ﬂ@ﬁél/%rl\d%%} Iifg If“ & "gilgip fran 60 wtve

soléenfBb Rkt ~+ plopylcREBsBNR pasacht hhaﬂl dffficRimleH- dl mst hyl
1- heptene were forned. The dom nant termn

m%l:hanT%lhﬁnaﬁtpaéa@eMO{ &b 9@&930 gt 1¥y) vserl éﬁé W%?%Wﬂﬁ@h‘* M= Zr

andJHAW Hﬁk&ﬁ%gﬂer@ dfikorhds. t I MretAly beQatheSduct@BstiRSion with ohgomers up to
denonstrated by deuterium |l abeling studies. 5[0007] X

Yang, et al. (Angew. Chem |nfl- Edn. Engl. 31 1992
1375) di scl oses anorphous, | ow nol ecul ar wei ght

pol ypropyl ene nmade at | ow tenperatures where the
reacti ons showed | ow activity and product having 90%
aI I yI | C VI nyls, rel atlve to aI I unsaturations, by 1H

__IL_. ~ o, /7 = A ~l ~
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5 bi s(phenoxyi m ne) titaniumdichloride ((PH)2Ti C12)

activated with nodified nethyl al unoxane (MVAG, Al / Ti
worRdoansuat i o range 150 to 292) in sem -batch PCT/US2009/047882

pol ynmeri zations (30 psi propyl ene added to tol uene at

OC for 30 mn, followed by ethylene gas flow at 32 psi

of over pressure at about OC for polynerization ti mes

to 4 hours to produce E-P copol yner_ havi ng

C24|\@/[1b$36éB&l@@,f)btalggbattreorg geraygnturg. n Whsises foas é/ér ~tigigonly the d1mer 4-methyl-1-

perft @R QhY MRt 4 0AfmctiBl 1 eptenChEE RorRRES THE 86:8BSR Goriidalion mechanism
i ncreasi ng et hyl ene 10i ncor poration roughly accordin

apregred He Dot mefhy! yansler yome tengipingrgrding Rck tiprthg metal cEher, as was
de&&ﬁﬁitwlﬁtdeﬁﬁﬁﬁmﬁbe Qe % et hyl ene incorporated) +

100. For exanple f% ally %?jo ared to total
[0097 at UF-a¥ dnendt a{,véénge@pghqr@dnﬂ gl 3bd893 Hgp) discloses amorphous, low
mo%@ﬁlgla\klalgﬁ{%o%%m'gﬂler@ Shdavde @&7@ tem-Elgf'aﬁlrésSwﬂetEethQ 'r&bt?(ﬁlg sRdwedllow activity

opul atiron achi eved. For | % 1 ncor por at ed

B AT gy s pole g el WS, i 6 SRy [Thereafer, Resconi
et zﬁ) r(@ qﬁHﬁ tdh\éfnt S’oc‘%ﬁﬂ%j@@? q0PRh Uﬂg rd'lsél%gé tﬁ@ §se 0@9&@%‘[&158@18@Yo%entadlenyl)

erqoeelrs]aml i lm(p%amqthyécympq@tadgnﬂ)b@fmam Ceﬂ'@ﬁo fa eglyssrige [psepylene and

obt(ung@%@ta }ﬂeﬂ]tY/i tehﬁﬁlﬂﬁdﬁ%ﬁﬂn tllHY(lli%Qlﬁers RE R %‘f‘ec&lglp@laﬁéﬂfeﬁolymers with
made with fhe constrained geometry netal | ocene

“maiglyadllyst and svbutygemvEmatedt chpibyt yiS) Tithgegese di iUpat-8 b0t Hhe oligomers
pro@(lcgﬁ Ei@)n%t ﬁfﬂ/g M%@%‘%bﬁl PORIn c%gg)?an?f@n otiﬁ)gﬁtZSObQQ%QOLﬁ‘Qg OOO g/mol (as
Macr omp nmun 003 24 311-315). 20[ 0014] Jani ak
me%ﬂ@d@WaﬁQ\H‘éghWrthez@méysvw st progctiviey (- e A ebumelgnetallocene. hr>3000
AoEbingasi on of olefins (Macromol . Synp. 236 2006,
4 22). [0015] Rodriguez, et al in US 2005/0159299
[0098% | o%@ﬂarbialsylmﬂr indaBiogkhasin §Matrpge/mBRi 1942, BH2Widisloses the use of a
I Z
oSNl FATRIIES D0 AEEL A8 AR s v
amgmh\?y@ by tghe djaﬁré@lhy]p[gl'rqng}y h@[lrg ]ged-p@tlmt or mblﬁi@ﬁgql chain growth, chain
terﬁlﬁllg@&ywa bgtb 'hg&mfe Lémn%aﬂgﬁ Q}{Ji h%ﬂ aﬂloﬁlﬂp BP%?I%G%& S. Dekmezmn et al.
cat al ysts however typically produce abou
(MW”WWZ ah08b 3ot 1-80% diselgdes tetseals srthundp abavs ét mra‘tnlt Mmsl termination
I X
maﬁ@ﬁ %&mteﬁl%mlg bi dﬁ@; gltetggfeg pﬁgﬁﬁgﬂﬂg@d)l FTEI%I A;%gﬂl%lﬁée( glﬁﬁjln%%alumo ane
in @i@@m@t@ﬁ;ﬁdﬁ@fﬂ ubreamai¢rialsAiay e o mimbar diverageonsldelas avepbtipldabout 12,300
(mé’Msﬁer WRh fH’N@hilj r&H&‘é‘H@luﬂé péQt(BftaQouWChom propyl ene
I goner re to have 95%al lyl -term nati on, an
[000@1 i gd\rfescalzlat D nald e@reetomet. 26, FO0Whi lOM8) i dislogesetbat e of rac-
dnﬁe&@s@ﬂ%&&km@%% el;uggﬁ%c{/ein glsr(%g ugrg&gﬁgltl(?edwﬁl\ Vr\rllfé%maﬁm“ane in batch
poly®ed7Ajions Oébtopylhlg tpipiodnceandteriady velmraal. y@bf;ﬂl‘, erak gowphpdwary's peevails over any
| hai [ ' ' Lo

othQLr grgtygl%ugg QJE C‘jlﬁ;r gljogé}leg %Igltﬂégez ?eg?tﬁo\%ge,i Iglﬁli’hé)lg% A c%]w{trgp was limited and
apmwglhatplwéd%ctflthﬁlctla}mﬁms aprablp\d. ene- based pol yneri zati ons,
(ORRS! @l PRI DG PIRSE 15 S DROUIEELERLIAT o B Rcutar weigh
symtmmtmopm)ymm;gzlehh at[rrirhve (33416 -9.P3)t evithn mbdut 0H00Ps edlghtendn groups using

. high amount s .(90%0r . : .
oy SRR DB ERR O reaid i guined ety stamorane
(MT\@K@%WI muhre@td ar 206 urghateh pdiahercations eunrbdecat 20 and +20°C for four
ho%r% Ol &ese potlyn% n%gtl?otgé’l aog%y efle gvaf %hssolvergl i qblogne)t{) create a 1.65 M toluene

nmrer c1al
solntixme CataAlst pgoduatielyywas tvherlcezv {(0s95a0 rhée@/nﬁrml prm)py I e n e

oL A B SSBIETS, SR Ly RERRERR TS o

usis® makekihls tsychpay HESEd eticated redramonéonite thetbpylimidm, téisepropyl aluminum,
provides for 5 potential crystallizable ethylene runs,
while lowering glass transiti@n tenperature). Further,
there is a need for propyl ene based reactive materials
having vinyl term nation which can be functionalized
(and or derivatized) and used in additive
appllcatlons SUMVARY OF THE INVENTICN [0018]Th|s

- e D o o
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10 propylene, fromO.1 to 45 wt % et hyl ene, and from
0.1 to 5 nol % di ene, wherein the oligoner has: at
WO ewet1580% al | yl chain ends, an Mh of about 15BCT/0S2009/047882
about 10,000 g/ nol, and an isobutyl chain end to
allylic vinyl group ratio of 0.7:1 to 1.35:1.0, where
t he heteroat om containing group conprises one or nor e
het er oat ons selected fromthe group consisting P,
wh@re tl@ thll qupy cag i is fgi info Bt shB'ry 15 4ejugnge Thiy H@F‘?Sﬁ ﬁré)pp%é gpbstantially

150%%&11&9&%%&%0@1&% b Qighifildht bk bORIrpIBLOMPSTNET
chai n 15[ 0023] This invention further rr?ates to a

[0G1Zhct i el 9t 2EEMpaerarlenuicy G 41 dHpia7s idisgjoteh @olyedudango-propylene)

ma%QGh&ﬁerQBmlﬁav rb?gtnﬁfcgff’tt VR YraluRd @hiR %Bd@n@h(%} w:'ére made with
hono- ol i gonmer o | ene, wherein the ol igoner

blsﬁ’lhelloeélmme@ Jograym 101&‘?1&%((%1?1355 iClah agityaisd il drodsEd m@hylalumoxane
(M@MtAI/ZIQ nfoPP r;gforfmge 1§(‘5‘to‘ @Qpﬁ{ts)!ﬂn %‘ ﬂ(‘)ly%&?’izattfan@@b)pgﬂ p(fopylene added

Vi ny grou rati o of .0,” and | ess

to tazhsel@ %Pt &I ity Fﬂﬂombseethﬁ@lelgé% %% At B ﬁV%rrm¢Sﬁge at about 0°C for

pol?&%b‘&tl&i)ﬂﬁéé §€23 g h@i'érs Wb%dﬁk%t@[?%%\l&ﬁﬁersl{%bﬁgtag%ﬁ BPQBout 4800 to
Oof

Bgroup conS|st|ng
23,800. gIn ferkireppréeds qopelymeivalions el ybi <btin ghiredectsasd mlthen‘fréasmg ethylene

1ncgrrpngQt1$ﬂJﬁﬁ§H1§3£@brdglcg%J@lé e(lﬁﬁﬁorpha' n. [0024] This i nvent ' on
further relates to honbgeneous processes to make

ol i7gaiaic shajmpnds (f ﬁ@altun@aﬂéﬁfop@r ﬁ@é@%é ofiviche @corporated) +100.

Folﬂe&ﬁbe g PG géoalpafeago L0 uﬂsalueatl‘ogy b esat-p 8@&; faﬁléii containing
or derivatize oners. 25 BRI DE CRI PTI ON
29 pr&\Fthidsne. [Tclezs]hﬁll@?%allyl pepulptign athicyed. gior & melalncgipprated ethylene,
onI? had o reROshs HER SR al@llﬁﬂh@t lﬁ%h%emf Of thEX HORIRE 7 aPens¥afbea rom 0.78 x
61. (The trlang es are data from Macr onol ecul es
10z ggnol Z1hr tg462 4§ o/ meol dgflyar es r epresent Exanpl es 52
[0G1@b61 }%‘P‘ tb nﬁs Q}\lotﬂgl Al &p;flegeﬁglrt&ﬁieEﬁQW N%SA) )mel tell‘mmated ethylene-

|gure IS a chart range of C emcC
Pfoﬁhlﬁlﬁ@t coa@,lsfmgnnel?t\@thf the cqnpigainaslsomstry wpfallasenerrgtalysOiCalves(SiMe;N-tert-

but&ﬁﬁl\é EcthQ{é@ Wm@gﬂk Q04 ﬁl\@%@%[\ﬁzci’%m’o? Z(ﬂJZQJSaP(;%Qfl 8%7% and Macromol

|nyf (relative to total olefin population of

Rag drogyin 0§ d81 1z85).on t enperature (Tp) for isotactic

0212 AR SRE RS, Ssbaly S vy BB LB pomon o o

Gﬂpﬁwpyl%ne)ﬁﬁhﬂmélkﬁbher conpri si ng propylene and | ess
[O(blggpe‘?lgo% uezb ()‘[ci)a(?J 1%1@? Q%Z’QIS%@fdiesc% és%ogfm%%)u%r? gl (())11g0m’enzat1on with
cat@90 OhpodLBCT SW@@E’/ P48 8@priojt aat ek@a&ﬂﬁegﬁ%ad;ﬂzyﬂwn with a catalyst

corflpeoun? gé}g}éthé g% laIl 11 f}ng%{%? Zir orn%fme ;11%1 }%/l g a capped support.
Sudv entages h@lfeefeu b@rcallge lpgjdtlce( Nh))lt GO%abmjdtanE(HbouwS(H/b olurtylidene terminal

d 1H NWMR (preferably 500 to
ungugggﬂgé@g%%?% hM/ %‘“%g)ooo preferably 800 to
[008,6000 Exanple, Bpreﬁerabby QQOTUG 7d&&6wspreﬁmgabdy(ﬁmﬁmymﬂmwdwl

00 °
b1s{:0ﬁt§g¥1cgofﬁ:8r %ﬁ grrpg/nlmfr% d \;;% >1}1|de 6?18% 8)\{/1& mg@y@ o_xLaI%e atyéjo C to make
horho-BtopylBne olng))mlererslsorteh anhal4 066 pitint-tatnination,Mn ”()bgﬁfeeuzahhylegree” of 45

oS Rrsha Ryt SouP Pl bt T *pt & Syl MguePRTogoppom. e

actppjaiep als¢ 4P2GJloi s i nvention relates to a propylene

[o(ﬁggg{llrlggﬂgée 15]_1%\1“ i O(acglaglgté%gﬁoﬁ OVQ’a%(gpli%gquglo g/ nPc & un%atura‘uons in
highryadlay, ablide %Eget&f 111513(913@@ whgief ardabity h‘fgﬁhOprdllcihQu}OQQ propylene-based

.
propPlefé lﬁlﬁéﬂp’yz{cﬁﬁﬁ)n@mél@fﬂﬁﬂ able lliSeriinaBbn piebdd inpiigf @icabds Y90% or more),

20 to 80 nmol % preferably 30 to 75 nol % preferably 50

to 90 nol%9 and 10 to 90 nol Y3(-preferably 85 to 15

nol % preferably 20 to 80 nol % preferably 25 to 70

nol % preferably 10 to 50 nol %9 of one or nore

al pha-ol efin conmononers 15 (preferably ethyl ene,

but ene, hexene, or octene, preferably ethylene)

oy I
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at |l east 90%al lyl chain ends (preferably at | east

91% preferably at |east 93% preferably at |east 95%
w@e@bassanl y at | east 98% ; a nunber aRET/HHW09/047882

nol ecul ar wei ght (M) of about 150 to about 15,000

g/ nol, as neasured by 1H NVR (preferably 200 to

12,000, preferably 250 to 10,000, preferably 300 to

10, 000, preferably 25400 to 9500, preferably 500 to
Wﬂb catity] opre rérdstsme rEoolesuly, weghts théﬁ%?“é’ﬁ magg st egmerpigh fgmperatures

£nded gn@idoyd)i dnd \CoMtercihl QHB DD @/tholh %réhu&tﬁn@ 035101%)0 -Alternately,

0035]Th|s |nvent|on further relates to a

thegﬂ 1SQQOWIJ OrCBrI‘?B* IS ]@ylene oligomeyp hp‘éagtstng:@lr%lprp@fsg}e%qvx}legt addition of

cthy BAS Fai 80 wlsQJsﬁf/ %ﬁ@bllley SOYIQ)lﬁt? Opal%m'éter prefaaval idrogﬁeﬂeo 2% pr0V1des for
preferably to 98.5) nol % prop %rene fromO0.1 to

potfclﬁ}aéeréetgbqrayleﬂhy e@%‘g{ns 3;51111er VETIBE § Psytra@mgopt ‘@mggature) Further there is a
neddr ©f ?rogplelye r;lasécprea&we %(htd@raefremglvmyl 1ePmin@tickOWhiBP LR be functionalized
ene, and fromO0,1 to 5 (preferably 0.5 to 3,
(ang Peg aivatinedlong uged Hﬁddrﬂyr WRAcEBS-(such as C4 to Cl12
SUMMARYOOE G EINeVIESTIGNCh as but adi ene, hexadi ene,
octadlene) nor bor nene, ethylidene norbornene,
(0018 hy| nHF%@Y%’é‘ﬂlefel%%rt%érﬁHﬁHﬁ’f@H@d cqredjgomer comprising the reaction product of

1) q|}ﬁ%§da%@@$rﬁﬂh1ﬁ?%}oupm@§f§)| A cBQﬁg&ﬁérgﬁmﬁ% a'ﬂaﬁn of 300 to 30,000 g/mol
at | eas 0% al chai n ‘ends referab

(mepgoped By efﬂ SR %Pdaﬂom[’@%l%& 1® 8040 lraf)le/r erroaﬂrl}ﬁ aalri 1@59 8931%01% of ethylene,

whereih thBBEEh@DlaY Allcak©R8S aB%hain chds (Pé\Qtlve to total unsaturatlons) prior to
2009/ 155 72PCT/U82009/047 82 unber averag

fungiigmabizafian. whereght X(Tvay- 96@0&%6@%.‘/1@1150110106)0%&# 90), G@@n 10 to 60 mol%

ethgreﬂeo s 5r@§m easbeds &yerlaﬂdbi 4— QB ef hablyer 200 6b%nd Jess than 70 mol%

referably 250 t 0, preterably 30

ethzleneol@ ereseglr wrthe gheligomon al%do3)§< e©b83*p§me¥°/e PABERE lswequr%ﬁed) -83), when 70

to 50 4O, etﬂ}l&fc% Allett AR LoD1i2oAAOWherd i h@férdaﬁ)gpébtniﬁnu@"g'}bﬁb comprises
end to allylic vinyl group ratio of 0.7

whee @1@3%1%99%11 GFoUp [§RMpYiseR Ofifet 9% lefpsea?*’é@nwe%eeieﬁ freméhegram gonsisting of

P, Day &, Bes3, i, haf k4 GnPRETALtUF A o-BE: F BRoy751:6$.30 filMefonal groups

1060 'ppm al’'um num preferably | ess than 500 ppm

Pmé%ﬂﬁrnunr preferably | ess than 100 ppm al um num

[ﬂ(ﬁrﬁ’?f erﬂ!?é }ﬁvlslﬁﬁﬁ ﬂn@l?erl] r@the@Wb %&%ﬁlﬁ%d %%ﬁ}tlgr{ea(h ngL‘le%§mprlsmg the
than 20 ppm alum num preferably |ess

reaatllqrrrﬂrm]m off DOBIFICTPrtaM condnng grPunlasd 2t &l eligeger @I@nsmg more than 90

) ¢ A | A
morgg@%gﬁ%ﬁ 1 %gsn@rn;a /[ t 1@11]@ %e%gg%rk Eg&g@ﬁ ﬁa%ts at 1S Mgt 93% allyl chain

ends g mgldwerveragg meetilprereight (Mavel ahent KA @fabwt@ﬁao@@)grmb an lsobutyl chain
enc?% Q@QC g{n@p lgroﬁﬁ rﬂrnoao?qu@g t(pY 33"’1'I ON%% 1e¥§h§15‘n qh Bl:)rh GQEAum, where the
Is referred to as conprising an olefin, the olefin
hetpyogtgmpontaiing gsouy| domprises ong o here cblleﬁe@ewéxs ispleqieds gmnthgfgroup consisting
of f’ Q? SoNeéf' G FAI B{dcb?)ﬁl %{Eﬁh@ﬁh&m{zea §11@%ephds%%5 1.1 h@‘i’dn@tgonal groups
I'éast ‘50 nol % of propyl ene. A co-oligomer is an
pﬂb%@goner conprising at |least two different 15 nononer
S I, n
[U(EE}LD_ 'fh?s;glr@rg?l%ln gﬁ%%y oﬁ?gsoﬁe r? flgltgﬂ%lraﬁ%? @lene 011g?mer comprising: the
reagtanmeprevoeione) a b@mﬁomsormimipgl Breng and A@nw@e@nﬂep@pmmgﬁm least 50 mol%
N 8lge] I e :
oro R oD 30 B G Pl AL P 1k o et cncs
an Ma ¢fsibowgi 1ghito sbpet bﬂg@or@&helcmdaarn iggbiuyhthafmedgo rlidichynyGgroup ratio of
Pe 0
O aE e APt ARG AR 8 Vel BUEL ¥ resent at from 0 10 3
motarwlrred g hetplaypm opabning ansipglhmppess oener, merp detaohtoms sclected from the
I
e B 5 NV e r o By e R o MBner s 075 1
1.1CHmehenabgypens vyt chdinvi ded by Mh (neasured by 1H NWR).
Unl ess ot herw se noted, all nolecular weight units
(e.g., My, Mh, Mz) are g/ nol -4[-0039]"Al Iyl chain ends"
is defined to be an oligoner having at | east one
term nus represented by (CH2CH CH2-oligoner), formula
l: 25allylic vinyl end group where the ""
represents the ollgoner chaln In a preferred

Y . " e [T
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per cent age of isobutyl chain ends to the percentage of
allylic vinyl groups. [0043]1n a preferred enbodi ment,
Wa b@opsapy| ene ol i goner prior to functionali 7 aRQDIS2009/047882
conprises less than 3 w % of functional groups
sel ected from hydroxi de, aryls and substituted aryls,
hal ogens, 20 al koxys, carboxyl ates, esters, acryl ates,
gen, nitrogen, and carboxyl, preferably |l ess than 2
[0%131/ it Inyereia faloy relgesior hamctionating! nieiidenp obigepeippgmprising: the
real:t%sprédﬂl@trbf Q) 2 fL‘Mzt{Snaf%BL%) i e(}eﬁl %mgc}fnér %%pﬁsn%rht Qagt SWm(ﬂ% propylene,

nmore preferab upon th evvesig1
frogy Q- Ig@rﬁérmol%\w%egmi%mﬁbw wglo0ord4rg Mewm]ﬁm%hgomer has: at
1%9'9‘09&%[ clﬁ'fneén%g %Qll\)fn 9%0@@1 st at AE6RN g)i'n@le Gk iddBulfVBhain end to
to 25,000 % mol e, 200 to 20, 600 g
all)ﬂICé/Ffé(I aoryraps of 0-81 16 1 950 0gy hese the Iafsté%tpmoyta@@@ gqyp comprises one or

molOh R0t SHhi RiocteR rfﬁ)ﬁrﬁ{h@%#éﬁpdcggsﬁtﬁg 12 POQOSQI(I”EI 'Cl, F, I and or B, and the
preferably 750 to 10 Further a désirable

fungipenebizsid sp-oliganegh hasr kg ldﬁgi%éormrowm @aii on of any

er a a | mprising:
et T g SEERALL DL B 855 TR G S
reaatmmuﬁtg)f tl ba hdteoatern herdanige soPD. Bad 2 el obigprivyy cpinprising at least 50 mol%
prog?@ﬁg)krgl% Osleﬁ:)tél'S%% e[thé}é] éﬁﬁ%roﬂl (') gw&of% Qleﬁcr @Jﬂlﬁ:r)émnﬁesol?gomer has: at

ass transition terperature (19g) | ess
leate99% qllab cltist endpvionddn biabginf Kerie hltquallo aWeaimik gnd an 1sobuty1 chain end to

ally’flﬁlv‘ﬁ{y'l EI%EI; %‘u@%f 6’?51 Q{ h ??@ Ob\ghé?é’\‘?he hptEl%Etgﬁlacgh%m é Rb? comprises one or

nore re erab C or ESS nor e re
oD eAtoTes oo Ihﬁ@f@PéI@hS}Stmg@CPof) 5 eNEBr 10 1, dome]or B, and the

ﬁmlﬂﬁlaﬁie'(i%%ﬁéon&"r ﬁiseb"?%bcw 16 ‘Rﬂfcﬁ% grh@;ﬁ?elt(h@lﬂ 80 wei ght %
efin(s), (such as 1so n- but ene,
[002313 ut eTms mvwbluﬁyﬂhe‘nelateawda fuuctt@datlen@lom(bal@dleu pomprisire the reaction
f f I
pro\ﬁﬁét ¥ erl%%] hett%gat A)cglgt?ig{ng rég{)"]%yaq{dag d h% >-5lj olﬂl%g/oilgro\ﬁglléﬂe wherein the
gm@t basa bl lyaSIt 8¥% atlhlaohaid endsymn MnecffelbabISW tegwut HEW022/mol, an isobutyl

ch%“ SJg?d Vet? g/ﬁ;’hg{ 2’?& ro%gff%’ﬁ? égﬂ;‘gltl h}oallf]\& 5’0 @{dqgsg/g[ ll@d pﬁ)?lg?lﬁrﬁ?\gsn, where the
hetb.agtem qut@mmg@oqpeqog)puse@fonq bremorke ihgiorpatoms selected from the group consisting

of #5([) OQLN]# ggrl:nflgu? I %/b ? tl%lélﬁlgcceﬁﬁa{th({ & gl?%%ﬁll %’ yé"s%(’]'}sbﬁtlg ﬂslo functional

‘es’s 't an’ or nore o

grogps [€4clag. C30 ol efl ns, typi caI I y such as ¢4 to’ C12

lefi i.call efi : :
[O@t‘lg ), sag%%ltlon fur%te ?ates QO ?m%%en%oﬁls proFessesth mah<e LR oligomers which
arepghatadtcalrhgted WEB athhan)atbﬁl w;n%nnpg gbar 'a)bﬂogm @mﬂ@,ﬁphzed and or derivatized

1}%J\'teferabl y less than 4 wt% preferably |less than 3
ol1;
pr ef er abI y I

BRIET |_l}_._!» lc : d

ess than 2 Mm% preferably | ess than
INGO. 5 Wt % preferably | ess

[O%ﬁ he %‘Ir? 65 o "géler&eéj? %l:lyrIIgﬁ ad‘? %%e%%osw "EIII%ZIV\?‘IY Yimples 35 and

52 anét.hethe eﬁhxgdas lmnda,ta frire Mdcragainenlec 003081,1350136pr Gteisgdres represent

50 wt abl t | t 75 wm %
Exﬁ?ﬁg%)egrz ?I/ er(g% St ﬁew‘ggf%pjgg upgnat hee\{;\l;i ght of ’

[0026¢ ol Figeaels €S itHe roikk oBklfinics siAvbs@nhts f@abd isdfityl chain ends
" ca&?g %ﬁﬂﬁorrs (preferably at | east 51 carbon atonms,
or FAY At | east 102 carbon atons) as neasured by

[0021] NVRiggs BNisg ¢RPR dMBALUr @E1kOR 18efotal RASA - podBlaf 0401 00%) versus
I n anat her errbo§| nment, the oligoner conposition

polymeiraten tompsrpkicd £R) fpisgagtin aﬁlY@repfoff% predrevithager st I mer
DEIATEES' BERORIPASONt han 10 Wt % preferably | ess than 5
W% nore preferably less than 2 w% based upon the

[00281 ght Thi inygréioTeladcs e # PERBHERFSIOMOgHZomels coppaisipe @Eppplgne and less than
0.5@%% doRBRGhdr NpraBRb ) O @I RALLIRAL whdriif thR LGB hadr 0duced

here contains | ess than 25 ppm haf ni um

preferably |l ess than 10 ppm h&fnium preferably |ess

than 5 ppm haf ni um based on the yield of 30pol yner

produced and the nmass of catal yst enployed. [0051]In

anot her enbodi nent, the oligonmers described herein may

have a neltlng p0|nt (DSsC flrst nelt) of from 60 to

A NN N I T . A NN N e N T
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5 increnent for the system The refractive index, n =
1.500 for TCB at 135C and A= 690 nm For purposes of
WO R009/153392ent i on and the cl ai ms thereto (dn/dc)PEI/0S09%047882
for propylene polynmers and 0.1 otherwise. Units on
parameters throughout this description of the SEC
nethod are such that concentratlon IS expressed in
cnB, nol ecul ar wei is expressed in g/nole, and
1}1»[ A4 lﬁgsf 830\/?@&%16%1?1’?)?118 (P@f?ﬁ?’b@é atdepst H%anrefcrably at ieast 97%, preferably at
10[ Qa0kMpl ecul ar wei ght di stribution (NM/Nh - by
GPC-DRI) 1s determned b met hod abov
dhbadr tagera&eﬁ@l?frllawﬁef\{télv@r of ahpet S0 fpearbewéﬁ OH%\%/é“"é §s measured by

MV M NP (586 bIRIsD0 @f 151009, Isr@fePaQr ﬁb&@[m@mebﬁéfeﬂabyy 400 to 8,000 g/mol,

10. O.igonerizaiion Proce Thi s |nvent|on also
r el Ateéea gn%%? thNEY @rréf‘&béy bQOSée@QOO preénraéflsafﬂOQ toy>. P

rarlpa@ﬁsbutﬁeharrﬁ&er 1d ARSI gle@gneﬁeoptegrrd pedoher ei n I'n
a referred enbodi nent, y(p Iene and optiona

R 440G D aleniapy 13(:!5??:5 than dRF B r rsfegblgyless than 1000
r ea@fnh N8crabigiab 1sh SEYPhe p}ef&wmers&hdﬂg 00Bpa). | ocene

cormpound(s), and one or nore activators) with the
[0020k+ i nEhis igydneion wlehs ¢ yRePyleng caloligomss hygesian M8 o9ty 31000 g/mol as

meSWFdd b@SHmRQﬁgféfa%lﬂlf)@/t@Eo Ho0d pREBIby Ao ¢90NE Bfe&‘ém)%l 600 to 12,000,
suspensi on, honbgeneous bul k, “sol ut’i on, sIurr

prefﬁrejw Plete 1,080, dfrff@rélrfe PPt §.0. preseablis dWan 7610 Lgéeqi) comprising 10 to

90 RiéBH pﬁ??l@ﬁes@?e?er 1331% 8"5%1% p@fe?a@ly%ttg IQO m%@f)n prgf@rtaf;ly ’30 to 75 mol%,
or contil nuous nodae. rocesses and des are

pregeEhnSG ¢ Pneel pnd lﬁdﬁﬁg Yoletseblynsrtp i%movn, pprfeeelg@@éo 80 mol%,

prefdd dyDQ§ft@F7() %1% ﬁere@rmpe;ne@% nm%yn%h@ 3t bR RPIRCASH comonomers
is defined process where at |east 90 % of

(prrfﬁréblps coalsae brl@nes brX@m &r pgieneactprably ethplengredicaciy the oggnier has at least

X9 QTP BIREP UadsP ?@1@@&5 td %tnaaﬁsatgraharsb ywRiST 8F Kked. (-0.H4 Qioles ethylene
process i s defined process wher e nononer

incpippaEdt ¥ 49 iﬁhemrfelar1r20f(e0e%rs(n10é%>tq%ﬂqnea@9@r>rafe§) 70 00 rifreately 1.50(-

0.9%0R6 1R lehe Hc&%&@éﬁﬁlfyl 000), S et to o Igél%jbthﬂgﬁbt is!pPesent in the co-
present or added in the reaction nedium (exce

oligoer.snd ) Xaﬁtﬁmremréfé &0, ademnpely O4) mhep grgfpr tbr@@arddrsy gan 70 mol%

eth§]§é§et ?snhl‘agenptnh Qile @(dgl'léofn\élesando?;) RMOYNKS* t(]Ylle/S; alhy¥nd @MBorated) -83,
e npnone ropane in

{altee@%] S Ua&ﬁ*éﬁ@i% @@ﬁlﬁgfi gepperted) 185{ o@fmﬁdm)é PO 4483 ofmol% ethylene

mcbln@llaréq)e 8@951 wWHeR r@iro%tnwrg,etﬁynes fs phds@H e cESRTRIES
i ncl ude straight and branched-chai n hydrocarbons such

[0039] | sc‘blrtﬂﬂ@ff‘éy ift a¢ve, orpapicaneicrably iB8Bpenmarse prafadndYe or more,
pmh§gm&%@ng”naeptane oct ane, dodecane, and m xtures
hereof ; cyclic and alicyclic hydrocarbons such as
[0Q3>1]:I ohexa nleemw@mhnﬁe@mafhe oligretehlyds @y lohsd 9% asabytyl chain ends (based upon
the%ﬁ&h&f' &g&%?&%ﬂ%& ?H;'r? ewcfﬁlﬁl %?(E) :)p {r ats‘llé'gslt1 85’1?% 1&)@Qtyl chain ends,
onmer Ci sopars al ogenat ed
prel&ydﬂsoddrd@b?f% s&qblhtyla@apemfls ubhffrrmtle,dhﬂfhgp@leah#@aamesobutyl chain end to
(ol I t
1l PRSOZ AN of ROY 1R ¢ okivih $UBS oL bRy 0.9:1.0 10 1.1:1,
a‘%?éh&’gﬁaio g%dﬁ%s“@u@ﬂpgg)%enz%ge tl)olg (fb%e %y09 Oto 0.
[0032%i t yTImmeyenantdreiayds emeproﬁjdmtewblgen@ro¢qnqmsmg afowhamﬁiﬂ al& propylene
(prefler%illﬁg%g(l% ggrln(r)n]ls/ g‘.fera!ﬂ)ly ?{PI engl%) and ETDﬁ t%grr? {OS T(())IBA) e{tréylene (preferably 1 to
4nﬁﬁhexehebWﬂ4pémtémhwhmdmnﬁaﬁgﬁmﬁﬁﬂHZPCT/U82009/047882
and atlleé/ It 930 allﬁ%‘rﬁal{elnegds (%re?eer%br%atflgarst 95%/e rPreeerably af Pe t%e‘%, preferably at
kms@B%able [0059]In a preferred enbodrnent t he feed
ggln\%gnl%r earlt I e[(%ag%ﬁfn%lecugf w%g‘gqg/nzgf' a% t 4%6] t%/a%out%o\()eb gﬂ%l Oéos measured by
HNMRe(IpEfﬁdrgbIQGOQ/(b(b aﬁrﬁO%rmqffeﬂablssﬁOORpeIfSGQOG,bPIYfetaﬂpbr 700 to 10,000 g/mol,
5ol igonerization is run in a bulk process.
[ 0060] Sui tabl e additives to the ol igonerization
process can include one or nore scavengers, pronoters,
nodi fiers, reducing agents, oxidizing agents,
hydrogen, alum numal kyls, or silanes. [0061]In a
preferred enbodrnent hydrogen |s present in the

- . e o Y ~ N A
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each R is, independently, hydrogen or a G to Cs

al kyl group, preferably a G to Cs linear alkyl group,
w@e@wbassanl y met hyl ethyl, propyl, butyl, pentyPCT/H82009/047882

heptyl or octyl, R may the sane or different as 15R2;

each R2 is, independently, hydrogen or a G to Cs

aIkyI gr oup, preferably a G to GCs Ilnear al kyl group,

erablg th pr opy , entyl hexyl ,

Prefféﬂ)tlwo g “8e¢: yreferihl ?/%dééop@vé’fef%{?bh/é tto 6A&f R or

R2 hlslsa&ﬁyﬂauadﬁ egep allﬁfc%ﬁ@&?@hﬁ’raﬁ@&ﬁ Bf (R 33‘311191 afd are
not hydroq pr ef er.abl are

br afehéen 13¢baem ahemipan, (PWEFéibéshlféth 12%@%9@#6rablw lgps than 1000

ppﬁ%%ﬂamw@.dtheﬁ 5W§kt&myel@sshyﬁr1@@@§ﬂayl group havi ng
froml to 8 carbon atons, preferably 1 to 6 carbon

[0033b s, Thy inveafiaibplsp ralatsy st irpriead obgonishsaBBESMg it ed C1 t o

Cs L fé%rSO "ﬂ)lléfékabgir SWQ)’ 9(P ?Jf&ﬁ ﬁggttmbﬁ%%lt%ﬁngﬁ%e and from 10 to 50
y , Yy vid

pro
(orhion b (@ i rehr oL 01t i Kgp ohsiinge RSN ogen

(al Bﬂ%&@b@%ﬁllﬁ%ﬂﬁm%ﬁd%%@ol@ﬁtﬂez@pg1‘%] isel| at least 93%, preferably at
al ter nat el I ve groups are not hydrogen

kﬂ%é@%&@é?ﬁ@ﬁ@ﬁkmﬁﬁﬁéh the catal yst conpound is to used

to pRke Bh@ooﬂpm Rl IRy, OdOrQﬁoleﬁg; lﬂle%%lrédsby H NMR (preferably 200 to
i ndependent |y drogen, or a substituted

15.0%15 mﬁeffabﬂsu%i%o rwé% exsfaply 1060 p0-A%y P‘ﬁ’&’“fbl%‘iﬂoio P60 preferably 500 to
9,06@N peqtg}a %@m—:’to 9@0@; gf@bly 1 to 6 carbon atons,

pre er ab a substituted or unsubstituted Cl to

| | nélarlsoh‘{ltklyfhag’r Bdpto Pvle ainybespuprattioyel @8:hyip 1.3} %p\yherem monomers

hamg Bl oPAREE ¥hrboB¥NS arc PeREM lat OGN 3 ﬁ@l@v@%@gaﬂ'wm‘éﬁ lthan 1 mol%,
ive %ﬁfu ps are nethyl, or four

pméﬁﬁubgyéh%“h%ﬁoﬁ®@ﬁﬁﬁ #hdnedto)| east  one RS group WD
1003999/ HhapdifdhGId gﬁﬁ&qaé@s z%%derf%né?l%%mtelo c&?ﬁ;{rﬁﬂgﬁ I tuted

or unsubstltute hydr ocar preferab | east two,

t hr efeleast Yuipraferaly gelegmBoly ,p@qj’ggblgﬁ @tr992 pte(ﬁer@y 80 to 99, preferably 90 to
98. §}Jlkﬂ§lt%l lgrgﬁﬁgleofroﬂf pSub §§ h}r%ﬁgly hy 5 §§rpl1)éférll}ly 0%5}8 Bo I%f”eferably 1 to 20,

I ndependent hy en Oor a substituted

prenfnﬁamb 5§ ta 1) el y@wb&% myi/ rog P dup S (meﬁq@bbr%%wénpr@ferably 0.5 to 1) mol%
c, et SbRAL QMERBLRLL h&%ne%%{%ne Bfegrﬁﬂ)ﬂa thef W%Hl*eﬁltthé &Hg%ﬁter has:

or unsubsti t ut ed hydr ocar by rou Vi ng from1
20 ebleBd HO%@Bﬂwhalpreeﬁ%(m@r@Matt 19a889 E’/arms@fﬁrablwhkast 93%, preferably at

1 @?&?1@@&%1 suhskdt.uted or unsubstituted G to Cs
eaﬁlnea# yaatgroup,spreferably nmet hyl ethyl, propyl

but ¢ mumlp@ By Srege nipdseylar whighyt(Yin) ofabpyt| 150 s dbevti ltSLQp@ mol, as measured by
'H WY refeﬁaﬂg/hzsqﬁsto Rb9 Sucﬁé}%ly b tdon?(m() \Aﬁreﬁ‘wb 300 to 10 OOO preferably

substitute ere
40¢ 19 964B pm@&céﬁ%yp 006 pecieratdy Vrﬁkthﬁlooo)e@rmyl pr opyl

but ){Ill 1501993@ Qﬂallﬂ end to allylﬂgﬁllﬂﬁ Mﬁ(ﬂaﬁ&@fb o1 1. 5-7511 bo Cs

al kyl group, preferabl %: I'I'near al kyl group,
(004356 erEin lyvqmeorhﬁulrtherm@tthbyla prcwbpwhgomqt, yomprpengt yl |

gle)lié leaspgtﬁgyéf prf%el}l 9{31%% 60 eé f%l?yg{ %[r-fera lﬁ? I0%9C€referably 90 to
98.pr wébles propytengeirény 0, 1 t@ﬂﬁ&ﬂrefer@blmpy]east bﬁ;tpye}feralpjg ﬁ{Syb 30 preferably 1 to 20,

e [ 0
pre%?%ﬁ% Ls n'E‘o Brlﬁog% fl?félé/ hd ﬁﬁ&ﬁ'@ R s (grefe'rJB ops P)gqg ﬁl{;‘f%ab&o.s to 1) mol%
dlen@(sngh 4S|Ci=ﬂeta|C1alakvil1l Ogr:gwbenepfseﬂeasebbtayhenfethh?ylldieet, legtadiene), norbornene,
I X | :

ot ERRY otk SRR KomehE WporIERRL o1 @Ebkpenadions), whercin e
oligpoter hasdr ogen, alternately at |east eight R7 groups are

not r.Nat 0

hyd ?tglégejslf] 085 %}I}éla(%l%lg P@s (?Léfer%# %tﬁgajggp);trb?% g §QP Ieast 23 %, preferably at
leag 9§ Yot prgfq:@bbfrat @a&tﬁ?%ﬁ ring of Formula |V are not

hydrogen); Nis nitrogen; T is a bridge, preferably,

Si or Ge, preferably Si; 20ea@h Ra, is independently,

hydr ogen, halogen or a C 1 to C20 hydrocarbyl, such as

net hyl , ethyl, propyl, butyl, pentyl, hexyl, heptyl,

octyl, phenyl, benzyl, substituted phenyl, and two Ra

can forn1a cycllc structure |nclud|ng aronatlc

. T Y | T Y, | N 1
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coordi nati ng anion. [0072]1In one enbodi nent, al unoxane
WQ@RaomsHer s are utilized as an activator in theCT/US2009/047882

catal yst conposition. Al unbxanes are generally

ol i goneri c conmpounds containing -A (Rl)-0- sub-units,

where R is an al kyl group Exanples of al unoxanes

i ncl ude met hyl al unoxane ( B

met ﬁy}llg])qg ﬁﬁﬁ;{%ﬁqéno(lwtjvelg]étt(w af @ﬁ%&é%’ abapt 20,000 g/mol, as measured by
'H Imﬂ@ l@lsryfeaalblyrmma% oé‘é l@Yéf@Lﬂng@-ﬂﬁﬁl @Odpéﬁrd‘md?so‘ol 80,000, preferably

noxanes are t al yst activators,

40%‘Qr9y309iﬂr%f?qak’/ly\m%r? %CWQ FH%@?P%&?%\B)I 9e0q0P gahd is an al kyl ,
hal aflRobud1kRah BRI 0 hiaRIVEST oMiptatis £50. 21 1i 34:£0.ent

al unoxanes and nodi fi ed al unoxanes may al so be used. .
[0036] mwweofpm@p@gwr%pqe@ar% Berginyjrefergbly \hayq gy than 1400 ppm aluminum,
prere%brgy lod ﬂrarpmep nealgln%w pRiferfift J,heeg iah %U@?{Sﬁrﬁeahﬁﬁﬂmpepreferably less

Itered to produce a clear solution or cfear
thaal 19RowpEN élueawnb @refereliitlesd theoa) R drsivegp. setasblpdess than 20 ppm
amémﬁ&gfkﬁﬁ&ﬂﬁﬁ%@ﬁ%ﬁhﬁnﬁﬂﬂﬁng'ed met hyl al unoxane
cocatal yst type 3A WO

[00§Gb9/ 1BBYnmaT] USPGHOS 027 B@Rogeneymreioetsal prgferaklaa [ball| peocess, to make
such’ofl ghéggo Chemi cals, Inc. under the trade nane

fied NEthyIaIunpxane type 3A, covered under patent
[0ﬂ$t8hberAsU®e6 heuih, §84prm [QRFRFNiedefided t@bavevant Mn df droan 100 to 25,000

I hired t

o/ TR e e MR ORAI R SO0 CORGRATERR it otfi
prepalt av theglegeswr Althdwlgemeriteddoronefahy siefipr 8 pmpstsne flmometis an oligomer

I [ The
haxglgg: 4 lea %b %]10\’{‘% 0? P%P%/lg%e- Ar J;el)c(l),ll gglr Inlﬁlgﬁ ghgfm]er conilpnsm at least two different
momrnerrtmai eucpraefpeqwede ararﬂgleéeniehw hawo-apgdaneer 5O 011,g0mer comprlsmg units

of %}? er na{) Qinyer Fﬁ (c:)ﬁm&)sl&g %IE)SGA‘ ; l%&f]g%%t Esrr%u%t})r%ppga{ie%ﬁ mc())recular weight
(mcﬁslga(hbjaffirhﬂimmc&s mmdrmr@rwm eh fargyankpde in TdblezB0), Mgy is weight average
mo?egulglc&lhéﬁ (?{Stﬁs]uﬁegrﬁy @{Pee?lﬁ%\@? %foﬁatog&%hﬁd%d Mz is z average molecular
wetghi (nge@mm(ylb}aﬁ@ﬂrﬁ’eﬂmmtlon ﬂhrqnjp@jg@pyy)apv@mmwmght percent, and mol% is mole
perF%% ng F’&LM & m#{i@h@égﬁ%ﬁ'aﬁ éﬁr'ikﬁ)e) i bﬁﬁrﬁlhgéi‘ :bé \h/vfel% t(@%%ﬁ%&%g (GR1 Permeation
Ch@rnatqgmplay)rrgvmd st Mnc@ne@metdrbyc FadtMR)at Onlessmgherwia¢ nefed, all molecular
yl) amoni um tetrakis
we ggﬁﬁgfﬁﬂoroqﬁe %yﬁﬁ%?g%e a tris perfluorophenyl
[0(1381 on ‘rzrsélbfhwam ahdgrie defirsdtto lor aneoligomer lpeing latBroaptehyinus represented
| e 0 15 pol yhal ogenat ed

byﬁﬂﬁero a'onwﬂ1€£nq?0[)98/43983) boric acid (U S.

Patent No. 5,942, 459)~ar_ combi nation thereof. It is

also wthin the scope of>fhis T™MVertion to use neutra

or ionic activators alone or in conbination wth

al unoxane or nodified al yEExaRg aktdypt ors. Mich
preferred activators are the ionic ones, not

t he

wheye the e bispepeats, thf gbg@}eE)@heﬂam ésa@fefeq@gtqt@pmment the allyl chain ends is
mpﬁpgh&ﬂhgﬂpﬁﬁmgaﬁctlvators include tri-substituted

boron, “tel lurium 20 alum num galliumand indium or

m xtures thereof. Tﬁe\three\s t groups are

each i ndependently sel'ected Yrom a yl s, al kenyl s,

hal ogens, substituted al kyls aryl hal i des,

al koxy and hal i des. Preferably, three groups are

i ndependent 'y sel ect ed{fam/nal , m)no or

nul ticyclic (including hal osubstituted) aryls, alkyls,
Theyrrenoaintk ehallyk shayo uands 1& ndgtannieed rusmgt HrérWR afprlé@ er pegR deuterated
tet@EHRorBl KRB thd Lgupe mh@yomH; nfahifQardh &@J&teatcmconﬁhhad by "°C NMR.

groups having 1 carbon atoms, 25 koxy groups

having 1 to 20 carbon atons aRd aryl groups having 3

to 20 carbon atons (including substituted aryls). Mre

preferably, the three groups are alkyls having 1 to 4

carbon groups, phenyl, napthyl or m xtures thereof.

Even nore preferably, the three groups are

T 1 1 T 1 o AR A
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WO 2009/ 155472PCT/ US2009/ 047882 integer from1l to 3; n

is an integer from2 to 6; n - k =d; Mis an el enent
w@eleasa® from Goup 13 of the Periodic Tabl e BET/UK09/047882

El ements, preferably boron or aluminum and Qis

i ndependently a hydride, bridged or unbridged

di al kyl am do, halide, al koxi de, aryl oxi de,

hydr ocar byl substltuted hydr ocar byl , hal ocar by
Resc(pishas gqppg%fi Prafo8 4l Bg,rpon assignments (neat perdeuterated tetrachloroethane used for

protfb'i‘i' gy‘éé{ﬁs&zhﬂeui @@S@Yrﬁftﬁfé&ff%hnfﬂ 3l GRldSuterardill Q‘et@clﬁéﬁ’éétﬁ&e vaas used for
5 carbon atons with the proviso that in not

car?weqrao@bww@w&f‘ée jegordpdapt H%Q {qa a Boplker é%%qoyspe%rgwﬁte@negatmg at 300
MI?Z fot H@Ednﬂlﬁ& eslah m{zom&éawdn) ﬁfr QBRI {aawnagd probPeRQliEEOh T American
nnr%ﬁg;e erably each Cﬁﬁs a fluorinated ary
Ch@?@ﬁﬁocéhhl 102951 @12ehat preyrsefdldired i s a pent af | uoryl
[0@@% MRty c@éﬁ"@% €S dQfned W deaRloBg il hﬁll%@at 1836t e Rrminus represented
oron conpounds as disclosed in U S
by hedormubos which is fully incorporated hereln by
reference. 10[0084] Il ustratives~Dbut pot limting
exanpl es of boron conpoundsMwﬁ/(h'hﬁy be used as an
activating cocatalyst in the preparation of the
i nproved catal ysts of this inventioh are
tri-substituted anmonium salts such
tr|nethylannnnlun1teh&%g@eam%hgbate triethylannnnium
tetraphenyl borate, tripropyl amoni um
wht:rétMar,ghr@m}s bi&e @@1gomqr rqhelﬁ_ i]lpt Y |p)“eéqff¢grﬁmhwliment, the isobutyl chain end is
reptREHQRRERY bPAE AfiBwink ForbiurabuUt Y1 ) anmoni um
tetraphenylborate 5N, N—dlnethylanll|n|um
tetraphenyl borate, N, N-dieth

Mt%a?rh@um%ka/\&l\#dl met yI

troplII|un1tetraphenbeorate tri phenyl car beni um 1/)

tetraphenylborate tri ghenyl phosphoni um

t et raphenyl borate triefhylsilylium tEPEbHdEABor a
benzenECHAZERF UM t et Faphenyl borate, trimethyl ammoni um
tetraki s(pentafl uorophenyCborate, triethylanmoni um

tetrakls(pent f1 uor ophenyl )borate, tr|(sec- i

butyl)annonlun1tetrak (pent af | uor ophenyl ) bor at e, /}

N, N- d' 2;5: n' um isobutyl end

tetraki s(pen orophenbeorate, N, N-dlethgfanlh
whtre M wlprese(n}mehet aifgomelr aptneny Cbor at e,

o] s (st G bR BT e AR o desried n e

exdn@lld @lti pmﬂqafchemﬁmrgmamydlg@mmtle Retcohiphany lAaardiemi 860. 1992, 114,

10%;2{0{3? E(hj %&%&%ﬁ%&%ﬁﬁgg%n& set }:OI‘&I id Figure 2 for E-P oligomers.

[004e{ r atfh%E mam; %mm ahe rhylbl)icgomt Qouﬁ fauet Imyd(iegmbd/ td blemI%e ratio of the
tetrakls penta uor op orat ene I azoni u

perpaes Rf Sehybih gt ¢igp wﬁﬂf‘erf%frey%? aled y1 IW? R anmoni um

[00481 I akih S ﬂr@felsed%lﬁfohﬁﬁeﬁlafﬂll&ﬁﬁm rﬂ)}'llgam@%ﬁi & functionalization comprises

triethyl anmoni umtetrakis

lesy than éf"ftd’o?f&b‘r?élﬂ%l gﬁ)@}psa%e@cte% rf1i051r lgylgwx Is @pq substituted aryls, halogens,
alkbBls! @l oxylars, %st@rsﬁactrﬁitésat)kykg@ﬁ QpiRsRY | hBREBLE, preferably less than 2 wt%,

tri (nbutyl)anmmoni u |
mogeapreiglaply- lesz tgan41 B(t/fJ,elpi;rsprqjg?lay &ﬂﬁ%ﬂ‘ﬂp )O@o\yta/t, guore preferably less than 0.1

wmﬁhﬂ&kg%ﬁﬁmﬂQUQM%ﬁﬁﬁﬂQ@bMﬂkR@%ﬁﬁ&%ﬁﬂﬂgmnm
30(2 4, 6-tetrafl uorophenyl )borat e,

N, N—dlnethylanlllnlum

tetrakis-(2,3,4,6-tetrafl uorephenyl)borat e,

N, N- di et hyl ani I i ni um

tetrakis-(2,3,4,6-tetrafl uorophenyl)borat e,

N, N-di met hyl - (2,4, 6- trinmethylanilinium

tetrakls (2 3 4 6 tetrafluorophenyl)borate tropillium

. . .

ni um
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coordinate to said cation or which is only weakly
coordinated to said cation thereby renaining

waedbiisident |y | abile to be displaced by a neutPEI/USON/647882
base. "Conpati bl e" non-coordinating anions are 10
those which are not degraded to neutrality when the
initially formed conpl ex deconposes. Further, the

anion will not transfer an anionic subsm t uent or
[0G4dh g et ofigomeserreferahly hassan Ms as deteminseé by t HNMR of hiato 25,000 g/mole,

20(%%'@@!) gfn‘R)ll' rpr@f@t‘%l '2@@¥0e1 sb %Ml(ﬁcﬁgf@raﬁlg%@ Wk @)@%/Iﬁol preferably 400
neut ra gro uct from f he "ani on. Non- coor dl nati ng

to b?rﬁoérgém}s@ﬁ Tablyr7 58 é& - ¢iretmobi Fuitherd desirghlemplcgieraregght range can be
an;l @&ﬁﬁnattﬁﬁt ofa&% &[R)@p‘%oll&{lﬁr W%B;ﬂp '11H1@@11tﬁ ha‘?ly Bhal herens weight limit
cation in the sense of bal anci n%plts i oni c charge at
des¢ribedyabove- etVhi 1§ dstermingd @erordingoio the ymatlpds slegsaiped pelow in the examples
secllbspl acenent by an ethylenically or acetylenically
unsat ur at ed nononer during polynerization. In addition
[0043] t hebe Oagctmqmteéﬁrraldsohﬁﬁ@w%d%trmiti@@tem@ralthT g) of less than 0°C or less (as

etéﬁﬁlye%q%e({ ﬁ‘er% tfl é&:ﬁﬁgn€éﬁ%?mfeﬁ% ak 'deécﬁ@clal‘gey % Hiferiag MY @ or less, more

tri m num 71 0088 vention proc can
Pfeéftlif}illlw‘}zo?fo@fdlisaal weye prebamgduR oy arlesaandry presrablyo rd atlisss.
I .l C ol
[064'3 oﬁfh? Jﬁg {*n]ma glebf‘er{b%z C %néé%r%% ﬁ%%o?%%ﬁ%ﬁ } f %4 oleﬁn(s) (such as
ISO_bthl@lezmbltttr@r Rbnueme, aﬁ@htpvlen@, epbbutadeacy, bowd ‘upttrmht Iwelght Of the oligomer,
0] 6] QW n 0
pre#‘é?%ﬁ??%ésn@a I(?uor Ob %fr:]ere{: ;v %W"}B’Jgferag yulemssntal% 4 th) Breferably less than 3
wtahwticably less Hpd2 oo plyferazbiy lpsp diraindevtPs, gmfmialxlxalew tband) ant%, preferably
. - i zi ng
st RIS P SF 0l BRAR LR Gty R SEEBI 81 T2, o
[0062D 73QltdrMely,lthms)tlgcam@qumﬁenalﬁlyamaiamgdws thamo A weight % of C,; or more
gcen ee .t

olegg(;)g Slljlﬁ dS - toggpg\u B@glcg%Sucé as Cf é)r rfﬁt elans gsfplcaﬁly such as C4, Cg, Cs,
C1oz viefitse etic 9rtiagedogap Ittexx&sghn sf tig oagfah@gma&raaydeqs tRn4l 0 wt%, preferably 5

M%o@gjgragg@ésﬁ%%sg ;J\]vt’%,1 Ot ergbrit %esis th%% é‘\é%sprfe?eta%?y(jle %lgdn a \Qng), preferably
lesatin v atthan gmf@ﬂiﬁlﬂ &by gihn Odmzx% pegerably s thafi 025 Oiﬂ%i @ni4colefin(s) based
ent,.and . a..noncoor di ng, conpatible
“p"nxthe Wel?@g’rf gl %?tﬁ“m?e%ﬁuld;ﬁ Xe+)d (Ad-), (16)
[0(wser eiln aQdtreri anbadlmtm i (ﬂlgOﬁﬁbIChOﬁiplgti(ﬁgﬁﬁﬂucb(an)mlg’is& at least 50 wt%
charge qf ed: e is hnte ro tq 3; and A-., 3 :
ERAE A28 wFa, Pl MR A B e aBon Tl che olgome

coropdsition) (ﬂ@hﬁ@&\ﬁﬁ@&lti lewst 3sderboh @toBgprafertibly at least 51 carbon atoms, preferably

byl - subst i t ut Pb+2.
o LI @R Bt et Oy AL PR o0 i GOm0 chin
[owwl adshythéehbodsher the ohgsmebmp@nioh PrddnE@SbAPriRE 1eds than 20 wt%

dlnéeﬁ fl%ffl tlpgllsrp %ﬁe&%}i}%ﬁss&{x% %%%%ra#yefefes&'éﬁ ga‘?’t%hl%&re preferably less than 2

m%cﬁalsadaipeﬁ thic Grefot aityesdhgpme[mn@osﬁndnatas éhehssired b 'GL. nol ar
3 . Alternate 35preferred ranges include fromO,1:
104581 1 o pnothgricaprdimanty the oljgsneer profitged htscroptaing ase i e szm hafnium,

prefdiR losdl tHaf 1MPpA0RFhilmD A 2IibTy 152 8R/508haB 82mB0baked on the yield of
alternately from1:1 to 1000: 1. A particularly useful
polyBgoqused4ng fregnass of @Blyseemploysilef erably 1:1 to 5: 1.

[00@1‘ i Vq;l%hotﬁ@@ibeéiweﬁ’tnﬁle oﬁlg&geu. bidsciited Wedeli Rayt REe %"-iﬁ’@@ng point (DSC
this invention that ca st conpounds can

ﬁrSé &?BP AE o tthtoohe” Cs dernaishyed Gator l%&‘ ors amthea@mbe@me@n the oligomers
des@gﬁela%l%lﬂj@aslg b Q@t@ctﬁ@@ﬂl@lﬂng Bin@3APHE GolloRirzNRhAA3E bRBieRftemperature

activators have been described’in U S. Patent Nos.
(235C) B atileppt Hfipuss, 453, 410, Eur opean publication EP-Bl 0

1 Cal4

0G2F ) 0ag R RaTs R TPl ORR SRR MR TE g mesured wsie

al unoxane in conbi nati on w t-hln i oni zi ng acti vator.

A igoner Uses 10[0092] The ol igoners prepared herein

may be functionalized by reacting a hereroatom

containing group with the oligomer with or without a

catal yst. Exan'pl es i ncI ude cat aI yt| c hydr 03| I yI ation,

___________ Y .
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2.0, and nost preferably fromabout 1. 1 to about 1.7

nmol es of sai d nonounsaturated carboxylic reactant are
web@pged7r 0 the reactor per nole of oligoner CPEF/YeWN9I/047882

[ 00100] Functionalization can be achi eved by any

sui tabl e nmet hod. Useful nethods include the reaction

of an ol efinic bond of the oligoner with an

unsat urated, preferably a nonounsaturated, 30
Diffeterpigh {eanping é&nam R%Fé MRS icameTeiaflp @vgjapls agipmeninsuch as a TA
Insﬁ@maﬁd BOeMmIICe d’)ﬁﬁﬁl@g6 &Nl 0ahd BRhOSanPleORaRs ﬁ&ﬂts%kdaﬂ aflEbom temperature

npounds. The hal ogenat ed ol i goner can then

forr "éalé%sé $SVRAUR- fith &ealggntiups a{uav% @2 gpd doaded entacthfa Insgrpgent at room

mnﬁkhﬁﬁﬁefmﬁﬁﬁpkh§mﬁﬁﬂ@%&ﬁﬁ@gﬂﬁhﬁﬂ¢§§%Qﬂ&ythmBﬁﬁﬁhﬁﬂklwmmnmto
can_al so be contacted at el evated tenperatures tq

80 gau'gh@ samp ﬁé*rl??éq at-3HE" forr %5’& @I@ﬁhqndlefltﬁqj( at apllleﬁ@ég rate of 10°C/min to 25°C.

ThAkl& RakikiVEe kpelahife RORQMBSATUHAhE featind BRYY | I@teﬁﬁtldelyc aRe sample is
be reacted with the oligoner by free radlcal i nduced

equilibysted ﬁ925°%5t#ﬂbhea1€ﬂ @b‘ﬁé?aﬂa% “’t“h%f Wreaimio |3Venthopmdefrmic melting

traﬁﬁwﬁlumgjﬂe@ﬂﬁ' ik ZRayR fRNn8&G t ofWrdRitidn Nind CPMR{ t@ﬁ&ﬁm&rbc The melting
WO 2009 155472PCT/yU82009/ 047882 conpoun

tempeREEGERPogFd gfe thgpstk nglting ‘FVP‘EW‘@%ffPWéheafﬁﬁtdﬁi‘t uakSSa&therWlse specified.

Fol saﬁ@tes @iRSlay3sd AigipRIpkks ahé ﬁaemﬁgap@hrx&t meltiiCteRbkdituRl Bdicfined to be the
ydr oxy aromatic conpoun can be further reacted

pe%n?l%lrgrﬁ?@p%ﬁﬁe\la% - PO INKIHhihE Haf%eé%@lde@ﬁa% salprimpgiriGyepippnse in that

ran@®oabERaes)areh BOD8CINGIHz@agent to yield a Mannich
Base condensate. In yet another nmeans to functionalize

[0453¢ ol Ingentiar empoiment; tbwﬁomﬁwe%b%ddﬁf%%r@a ligwpigl pt 25°C.
[od%Q?r bap 1BReXkdBodiMed:, h{fhe Plifes b edchfrlb@(F h@r‘éi h&v%taﬁJ W (measured as

under Koch reaction conditions to
desgiippsitbictorr) ef11.00G e abeirt BO.LYQ g/@Oé\@lt@fn@?lm 3p) tOIZﬁ OQ@J ntOll @ﬁemately 3,000
to ?’odohgmﬁp%/ﬁor%tMQ% aBdut fT90F T HR& | kb Qgr}nolt Bifferately 800 to 100,000

ol'i gorrer of the present invention can
g/maknct i onal i zed by nmethods of air OX|dat|on

nol s , .

OGSO b/ LI SORILABHIAN sy Gromsonn
(eit@er0f2gm 9P gerSdl oppmatidn | 0r|H0tyeneﬂ_@abqyatgm¢sh mqu@@ed Wwitlhe differyntial refractive

ind h&gcm](bﬁgeE%éﬂﬁlteﬁt%% alﬂg eage @ésérﬁ)‘éﬁ'ﬁ{ TC§1§1, 'P?ﬁ{)a#{, R R.GChance, and W.

erivatize erivati zing conp

W.gerepolsp Mafomdéogles,nVawné oh Numabet hd @ﬂéﬁ%@@, t20€hetnd refhrgnces therein.
TP AP RASL ol TR SOEAERRESE Ao Ay i 0
cmf/mm:tancbmlwl nagigal psje@font\mmnfmmcﬁoﬂ qial iThe draradus gnmﬁcr lbry:s columns and

bstit ut Ma .
T AT .
forcta® SiBe @@Elﬁtﬁerﬂﬁd/pﬁﬁpaled)l‘bbadlﬂoli/ﬁ@% igvsnsd&r burdhted @ydroxy toluene as an

o Q5B A T o DU LRSBFIG) hinb VEORBBRIAES (aiindle TCB mixure i

theEiltaded Sitbuigh.,a BN AMCHIAsE BreCidt @l WuBGqEAIP Btb\dS 22000 uACREIWh filter. The
hal i de contai ni ng conpounds. The derivati zi

TCBoWpBUntRgassth "B Apr rdiae dpeavsen dptognentsting| thy ﬁﬁgl i Rolypgujglutions are

pre@ﬁgd (312 llﬁﬁ(ﬁﬁg&bjy Yoldned i8@%lasd dataHIE l8A hE U&sir8d SRSt of T CB, then heating
pi cal derivatized oligoner is na % ontactlng a

thef IE}WBF‘? 8ha(° Fevithh conyiness agjtation fog @b%lf i2t

gra@f’iﬁ{e@% %]' BhcAft Bl ARMI¥INCE & &rpre%sc'{h@ olyYMe; fonBentration in mass/volume units
nucl eophilic reagent, e g, am ne, aIcohoI, 20

arej IpfoB lg(ifler@ 9901 tymp@fatu@mnﬁd 33t etHel §35°¢ cHBstifjoesiomsprgentration is from 1.0

I. .

o SO TR 4590 g3l BIRE RS RSB BRI, prior o
rung@g eachl sewply alneewl @tamr pchthe meedtaslafegunasd. vy e imthdeppayatus is then
inc&%tdq bis Iﬂmfnlé ”@}1 eﬂﬁg gl‘ﬁm%d BYBl117¢ ?&bﬁz{ol J iufiefrd thjecting the

a car oxy I c acl y e or ester,

nucl eophilic reagent, e.g., -anhine, to make a

guat ernary ammoni um conpound or am ne oxi de.

25[ 00102] The functionalized oligomers and/ or

derivati zed ol i gonmers have uses as |ubricating

addltlves mhlch can act as dlspersants VISCOSIty

o s o, o "

tqpala‘u‘ues are measured
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0.1-5 Lube G| Flow Inprover 0.01-2 0.01-1.5

Detergents and Rust inhibitors 0.01-6 0.01-3 Pour
weioatsBepr essant 0.01-1.5 0.01-1.5 Anti - Foam POI/B§ONY/647882

0.001-0.1 0.001-0.01 Antiwear Agents 0.001-5 0.001-1.5

Seal Swellant 0.1-8 0.1-4 Friction Mdifiers 0.01-3

0.01-1.5 Lubricating Base G| Bal ance Bal ance 30*

W% s are based on active ingredient content of the
firsg spamnlg- VE‘IG Cg]i&ﬁiyl‘[éqlm&[f@ﬁt @HEP IRty fhe ﬁ@p@lﬁ‘rpgr@m %ﬁa}}culated from the baseline-
subdstbd DR?Sl?ﬁplf]ﬁgﬁsmg)ﬂleff&FOMg% h@ignwhi ch will be the sum

of the A wel ght of each additive plus the weight of

total oil or diluent. [GOLOBYWEN 9t her additives are
whe@PLQY &0a chifstal®YetBthika Sty @dibRtin@ kichORD! hlnﬂ' q&m&t@qm&afeymcme index

to prepare additive concentrates conpris

incgepierielRt fhatsedens ol bt redngiveindgrsher SO0 A T&B %lémml}deér 690 nm. For
pu!?gs% Bf W8S indehtiBh ahdlR dIdKE meke%] (c(n/&) CaNGANS ﬁltoﬁylélwl}tiﬁers and 0.1

er ei nabove descri bed), together wth one or nore of
othgryits- oy oRduFamieless traughent i cdenriptipe oftflsn SEC method are such that
coﬂ%@rﬁl%hbﬁ Iétekﬁ}gssé%ﬂn AP thHEoulik I%fgﬁﬁs Q;&;Iréégedrlﬁfg/%{oﬁee thd iftrinsic viscosity is

herein as an additi ve- package) whereby several
expagpeidtin g can be added sinultaneously to the base oil

forgn I

001 T BB AR OO TP LTy o ot
abavay Ipenfegoibbdimantedhdylicomkrs ef this imrntiby havieen II@N/MH (by GPC-DRI) of 1.5
toﬁpgl%%w £d; 0\t/1\I|Ot h mld heating, but this is not

essent | 40subj ect functionalized or derivatized

Whe present invention can be added to
ﬁa’?ﬁ@ nﬁﬂﬁ) Lls@%?a?esq ]f] hSh CF%B{L B&Q{%%&éf@aﬁg%%k%ﬁ%&%ss, to make

desir a orm
the- ohgﬁmers e cbabha &4 12 B@Eﬁk@@b@@%@dﬁ@gmrmg@@ optional comonomers

t I 0 [
(su?l‘? qg %lth:}reﬂ% (?aglnfi)ea h%o%%%%il F ak():{cl){%t QQJ(SIL}%%{ s%/s?eg?g yr!}'ﬁgllng metallocene
corﬁwcmmi(a)b@nd orfc5ort mora rotinatorH Hyithathd ohafios. Oitlef eddititey niayorkso be used, as
t ig S
desgrgé) br glcrz)l‘r??sa %(%V%%g% an ?81/ 4 9dko g{n?re%(%lg/ nlgtlo\é susggzg%lg g hrS)mO%eneous bulk,
solgtidn, slurry, or [ngﬁ}m@%}lrerigorhi:rizatlorf opared @nibe nsdnﬁgchqmzdeﬁys can be run in a
bat psel(*r:l?{);lrtr%il 2)3er£tbnu9us%é%8e 0&1 pl%?%B% aé? &&%E% ew\é\fl tkﬂown in the art.
Hoswbandousaretyntehieation rpmcasgeﬁadirp peder(edn dAolpunogﬂabmsypolymerlzatlon process is
viat. I b ) .
defgl%{l lto npz’gc%%shxpl{eg%}e{ le%gte%)l%t /ogogglfe Sp%?q?]?{jls s?lubol% 1’;1 theZ reeéctlon media.) A bulk
hor(l@g@)l@lus grmms ss pardedalyi ltrefdrrbrér e\ hulkaprecebseis slefifealnto 1@ anprdgess where
I d r.abl 9, 8% €
oY RIRHBF0 BE LBl L 13 50 ) SR AR oncror
dilgenai pdeser%)r edd@d abthy rdaetgm hdiam, It forethe sraddl ymduasgised as the carrier
f 9 ' Q :
forttltl‘éact&ta ? t(re)lﬁso? a@?[' n%igég!?ségls%@(ﬁ%ﬁ tmlg ?({ugg %rgtg]tlfenm(gn%&%}, e.g. propane
lnlanlv)fddme)' errbodl ment the f unct i onal i zed (co)oligoners
[ﬂdé%i?relr a%t'rl le ledélgesntﬁ/sﬁ) ! ;grs 011% eepg on 1 4 %cgey ?%ncc%%fq I&?lng, thert liquids.
Ex:(mlﬂésatnk:haée bimaiglotaal hnmh&dbnhaml lmdmcabom:emhl rag dsobytaﬂ.d—I butane, pentane,
150% a%m%rhgisz}nes, llSOﬁe)}a{I]% EJIFP]E%UC% oc(arng,f 01 lal 1(1166 gﬁde i 1?1‘%;' utilg}*ti(l)fo /:ychc and alicyclic
hyc(rocakl@has \S&cht os tcptlalicxunrs ayclola:ptam) SmahylnMaxaaei blythjzlleblcloheptane and
m1>!}|ure% thereB:Ii‘ &4 /%S(S) (!Sanltbg%gunfgggrrﬁglrlér(e% a@y?{)?%arsﬁ erh Sgﬁa efé}{y 0% bons such as
er@n@inated\m 1t kanexd, ahlowbsna’emu; aild ammatasandeaal@lﬂubsjmbw drbinatic compounds

sucll\ll €3 %?néetbe hoyuuseged C?al}y?gﬁlec h {eln% ﬁ@a : l%elraés(ghgernrtg arlls%tl{lc udeq%ultgi olefins which
madectlailntqnzmtns onc@nonsmmspmlw@lg(@lﬁylmrm’amﬂ@ld outenwe t-hesfeoe, 1-pentene,

measur enent of unsaturations. [00110] I n anot her

enbodi nent, the functionalizel®{co)oligoners consi st

essentially of propyl ene,
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Alternately C4 olefins (such as isobutyl ene,
wheadsane, nbutene) are substantially absent PEDES100%8047882

functionalized (co)oligoners. Alternately C4_20

olefins are substantially absent fromthe

functionalized (co)oligomers. Alternately isobutylene

i's subst antially absent fromthe functionalized
3-mpelyf-direeeite fanctny | DapStcahrand. yrhbseisee Mixeaad therggesoing are also
sultaB@ nmonomer is present in the oligoner/co-oligonmer at

wt % or less, preferably at 0.5 w %or |ess,

[0%91# erlapipyelared gmbedipens, the God qorpeTragierolon e oligeesaivFron s, 60 volume %
soltxé?@ oP WD Ghe @bl WDGhLIARAL, GrQUPSrefefibRY 85 GEm&@; Br RO t Breferably the
1.2, alternately 0.75 to 1.1 functional groups per
oligagriFptiop isgfie prgtulk R8s ng t hat Mh has not al tered by
[0(18‘9! € tﬁﬁ@bl&éﬁﬁﬁ&s 99%351 mEerah{)W M@esg)fcaﬁ glugsl: LEOUE oférscavengers
co-ol i goner prior to ctionallzation an opt i ona
progiwtarsy aroifigesi r@ducmgwm O@ﬂIang ﬁgftnitsohsairoggn,@d}p@mp@ plkglh.apir pilanes.

[0(}76%5{ M}Ilpngﬂﬁ?efgtgée fnmgglgl%ﬂ%dﬁ?gzwgrre%gnﬁ %IEO) b ghégo%aauo%%eactor at a partial

pressuena Tt NMRp S evedtferatrie frem (ejuio Bp@sigwinota pecferahly 8B Ite 10 psig. It has
beeﬁnﬁgﬁlgigtﬁ%[#fé ‘r?hep rQSte{?t”syQ%? %éf Eeno%lg BE QRELFLN Abred Livity without

sighifiganity Zmp@'tinadhlocatatyettsr@niey &® p(oT@Ee- 21112)10 akedn endansireferably the catalyst
actly 8[&8 cu?atéﬁ'qsg%/%%ol s{/llff ?s‘ at( l-glg's? Ml%ﬂér tﬂglsthlees%ﬁle rgﬁﬂon without
er er “cont am nant
hydrbgen pmmt dreftraliget lta'seS Q“/hblgherairefsﬂabl[ytasleasm 190fehixhR
[0@2?“ ;Cn%lag Ieg Iﬁr% I o?q’lt nguc?w%z & ?%tp 4%'0 ]g/m\g%(g&lglér,_preferably 5000
or th2©@ g/rﬁhelmomabreﬁmbﬂ}t B, (E)f) er nhete@/rmnnﬂd refeably\pe,00@ ot there g/mmol/hr.
TCE-d WO 2009/ 15547 US20Q9/ 047882 whi
10gb3T oo H8ge SRR BE DRUTHEY ey St 0 D g o . profrably a
leasi gfmadom ghendhi, ypréiefablyha Veagty 2,000t gntdul/fit, Sprkteiabl@eﬁt least 250,000
RDA is the normalized
g/n?lﬂ(g)i?ﬁrpgi(}gabl%?t it 30%19?’%%“? Y% or the vinylidene
[006a§o|n&risfeﬁecbatgmmahb@maame Utn 4t @@cil&erﬂpegﬁur@@ﬁlﬂdaﬂq)réshﬁes such as
Vi ny reson s at 1ro 0
ffo{“s”t%&%%rﬂ’i‘*aflsm éé&%ﬁ&g‘i&f%ﬂ%& ngog‘ﬁta%(g%ﬁefefaégp 411‘61? b5 010 MPa,
pre‘fdﬂzﬂ)lﬁfrd)rﬁbab' k€6 Mg PEter@bly froht. £foeistPh et ween from about
0 to 2. pm (1A . The nunber of vinyl groups/1Q0
[0G63¢ borl8 § @P)cali diggaeuraiphabe fisilneenéms of |r§actlewmup to 60 minutes,
pred4H) btwdchA to MRMirtiteY YA rabll: i1 B @MoSRinutele number of
M& vi nyl ene groups / 1000 carbons (YE) is
c romthe fornula: (VDRA * 1000) / (IA +VRA
[0%6I/DRA)atal§éR@0m \5@% VR Heénﬁﬁ@lu&%e RPMHORInhet B cene compound(s)
rated signal intensities in the chem cal shift
fepfeé@t@r%’t%ﬁo #:above. M is cal cul ated assum ng one
unsat ur at ed end-group per 18Qligoner chain. Wh =
(14*000Ry/ mol )/ (VI + VE) 112] After the oligomer
ques dos it 1S necessary to
Rhe reson ™) em' cal shift regions of the
s jal group t otk '6e % functionalization. To
Rdo 80, .rePea the aboveRlHii ~ ocedure on a cl ean
&2 unct i onal 4 ol i'goner (e.g. washed to
react ed e’ ~Reéont am nants, etc.). Refer
Sadt | er CQuide MR Spectra”, ed. 15 WIlliam
Valgser Qisnons, publ igitfed the Sadtler Research
Laboratories, 19TR for assistance in determning the
shift regions for specific functional groups. The
nunber of functional groups /1000 Cs (F) = (FA
*1000)/( FA + 1A +VRA + VDRA), where FA = nornalized
integrated signal intensitiesldin the chem cal shift
region of the functional group"” and IA, VRA, VDRA are
as defined above. 20[00113] Percent functionalization
of the oligonmer = (F * 100)/(F+VI +VE). The nunber of
Vi nyI groups/ 1000 carbons (Vl*) and nunber of

s A NN N -
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WO 2009/ 155472PCT/ US2009/ 047882 decenoi c acid,

2-pentene-1,3,5-tricarboxylic acid, cinnamc acid, and
wo omwensarkyl (e.g. Cl to C4 alkyl) acid ester sPOF/US1969/047882

foregoing, e.g. nmethyl naleate, ethyl fumarate, nethyl

fumarate, etc. Particularly preferred are the

unsat urated di carboxylic acids and their derivatives,

especially maleic acid, fumaric acid and mal ei c

anhydri de. 5[00119] Preferably at |east 90 wt % of the

fgnc opalized or degj vatdized propyl ene oligoners or

ne et hyl ene 8 ol ifgoners are represented by one

o f the a @, alternately at |east 95
0} aI rnately aty, le 98 W % based upon the
\ghtrioH e furrttianal iy or derivatized propyl ene
j rgior propylegg|eth RBe co- ol i gorrers.

Rf r1 N anot her ﬁnb nt the functionalized
(cd)oligoners have a |ﬁg poi nt of 20C or 10l ess,
alRernately 0C | es |ternately -10C or less, as

Mheasur ed by DSCas d%scrl%ed bel ow. [00121]1In another

enbodi ment the functionalized (co)oligonmers have a
whefgat of fusion of 15 J/g or less, alternately 10 J/g
HfQhabfs, alternately 5 J/g or Iess as nmeasured by DSC

as descri bed beIOM/1l00122]In another enbodi nent, the
eachiXs s pintigprndenthy. nelesiid fam the geaup sonsisting efpydiogapylradicgls having from 1 to

20 d&@ftoReforhO WRAridRNE amifed, OalRfxidecl €sudEdeS eﬁﬁosphldes halo ens dlenes amines,
functionalization of the oligomer to Eercen% of

phegphipgsi ethsys. oy p combiggiion ﬂpeﬁeqi PISfﬁliabLb’élPerﬂe/é 4101201 ﬂﬂltyt ﬂ?éenyl benzyl,

chlb§&b%ﬂllldec1|a@1'dé‘ (8RehaleB tf;v'ér)@§ @ﬂﬁergrpQﬁ' Bf & AbddQingSr h RBg system);
sane as a(%@hd t he i sobuty ain end to allylic vinyl

cachQispnfepen eébﬂnu%é&eh@w@mnpref%m]NdPn SAPterdly at Ieast one Q is
hetSRIROM1 MR Matctng 1&URGS Qanal t'h@ ?eﬁine(& Q)ff?}lréng%f)ﬁorgﬁ ﬁﬁgm@ag at least three
herei n have the sane M, or Mv and Mz as, up
Q'st Ye igvsagicet (éfferﬁttalwt@wm% ﬁbtfmla}elu [t ﬂeastlf@% 8r5 g éhe Same or differont
hettd@Bhs); @s the starting (co)oligoner, "same" is defined
to mean within 5% 20[00124]1n another enbodinent this
cach Ry dsm indgiendeatnhudroge or afs tonCs aliad grognarsforably & 61 & ¢8916ﬁeralkyl group,
pre@éi’aﬂﬁyeﬁl@tlﬁillyeﬂ%@ REdyS ibhg1, gy ﬁ@(‘}f ﬂl@(ﬁglﬂfr Qetye 'Rl @fay thk)safe or different as
het er oat om cont ai ni ng group, a co-ol i gomer
»haV|ng an Mh of 300 to 30, 000 g/nDI (nmeasured by 1H
eactalltﬂs ﬁﬂ%eﬁ@éﬁﬂ% @ulragenl& alcQ 196, anpgh ?g/i?oﬁﬁ qwe@hg a@eh égqm%a alkyl group.

90 nol % of et ene, wherein th oner has at | eas

preferably mothy legifil, rprwaé?uzyt dreafyh et élet%lt 05|°Ct§fh PEavifed thap hfslyast one of R’
ﬁ*i @bt 1 SO bARLT RNandIGFEnot yd cfordbly R! d/ R’ t

o S4(n8?3§et%yleﬂg¢|ncorpo?ated) f i%é&mnlﬁeﬁ 15 an Or areme

bmﬁﬁt@bethylene is present in the coollgoner and 2) X =

cach R’ iWVRRBpBE&AY Sy dtddan obP sﬁ)@t@uﬂe@ §1Suﬂsﬂl§sﬁtuzeg h‘?@lloc/@rbyl group having from

ethylene is present in the cooligoner,
1 tq § cqghen atorpy, 95cEr Ny bR qWB@Watrelayabb/aaybst%@wr‘Pesubﬁltuted Cito Gy
hne%Q anat %RhNleRRBLy ey e SBNt ptdfsyt hsetyq: Opefyl, SRR ,he(m{te b&yl, provided

t he eteroatomc ntalnln qU rlsesvvhre
howy gyt thatot éﬁastgt*raiaﬁ 8OHPY 1S e%t ﬁ@get (aH?SP"éelh é‘t‘JérRo§f°é‘ﬁ%are not hydrogen,
auesedta}cheﬁdtﬁgramshh%ogmku%agonsI sting of P, 0, S, N Br,

and or B, and the functionalized

{AB%“%?IV’g\B]PFé‘rthh g¥algstpgmpepng iy ¢ p3gA de Mgkafhediogtadispragr then cach R’ s,

md@ﬁk%liéhﬂy, derd@'@@ &Or QIbLESHRR or Qﬁsuﬁﬁfuﬁ&f ﬁﬁﬂocllrb\ﬁ'h foﬁb flha&lh\ﬁ from 1 to 8
co- ol i goner has nore than 90% al |y ai

car?(?ne;}t%ﬁlq veladly biof camzilfqmsa@m:@@y aps'u pgifutgdqor unsubst1tuted C; to Cg linear
a1k§luglﬁﬁ1i %@&h@@tﬂe@m ethJt, pldpsL, %Qt_yf-"p'eﬂ?l”ﬁé )fhe aﬂfyamaodded however
erein I'i goer conprises at ‘to 95 W
thaétlmli EYFeR agtaun% age 8 qr%tws@wawswe lt%aycﬁ%cﬁégd #Cleast e R group
(relative to total unsaturations) prior to
functionalization. W 2009/-1B6472PCT/ US2009/ 047882
4. The co-oligonmer of paragraph 1 wherein the
co-oligonmer conprises at 30 to 95 wt % et hyl ene and has
nmore than 70%allyl chain ends (relative to tota
unsaturatlons) prlor to functlonallzatlon preferably

o ~N\N 7 A r
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20has an Mh that is up to 15% greater than the W of
the starting (co)oligonmer, preferably up to 5%
wQ@ematigz72 17. A honpgenous process for maki ngP@TES2009/047882
functionalized propyl ene co-oligoner of any of the
above paragraphs 1 to 16, wherein the process
conprises: 1) a first honngenous process for naklng a
yl. ene co-oligoner, said first process having

P
is ap%@u%et Jubstigyfedogr ‘5*@“‘15@3@9 hydseerreyf Mrveferehly at (iRg fep, ﬁh&eﬁefour or five R’
grotlgf)sra?& a DI RAQS8bsERAA ok &%ﬁbshﬁ@é&ﬂ@@ﬁobi}gyl)}at a tenperature
from35C to 150C, lene, 0.1 to 70 nmol %
cachiRn g BHlepcaiaty et & kit W%uhi}ﬁft%ﬂglé/ﬁchﬁbﬂﬁé"upa a heteroatom
or Eét&&ﬁ&ﬁ %oﬁtﬁmﬁhg Gasp! M%fera%}&sat QIFs G BP bt %Sﬁ&tl@%d@%ﬁ%%ﬁrgroup having
| east one netall ocene con‘%@Fnd [ ggr esent ed
2

and
fromrﬂewf?&rq%{hoaétoms 3ucieb do'e/B155er 2T RISE b/w’?ggtzted O unsubstituted
C; b Ids Minehresiry Hiroups pRaéri Iy Mheti8R Gy X pr§p 1lm;§ap§a1@gs Nhdxyl, heptyl, octyl,

sel ected from the group consi sting rocar byl , ,
substityted ghayhgushiy p¥°mslfﬁhfn>t1b pheygl, silyl, b@&?ﬁﬂ&ttmlyl yeft 3sdd&SiR’ where R
is aa(lf[‘tg €S, hydlokpi1 dash asSﬁBﬂ{y'l e, p 95 Bty ideenylital ogens,

di enes, am nes, phosp es ers, or. a conbinat

R’ fsﬁgflr‘é)gfn Orpi’r%lfté ICaB]kyl gfélf.[hy}‘e,fer%ll}h? p1 tOpq;gdW?I allgrugsppp, preferably methyl,
ethpthx@Wl; budg %Miyl h@M qaeptgile)r oappm de, i odide,

t er nat el form a Eart of a fused r|Q%
R® Efr YErogF ey & lstf’ &q)alk.‘/le%rew orefegably e PerrdBiien kvt gropy prprably methyl,
cthdl, Piopar a1 typna@tyqenaalhwor&tyi\l P, S (prefer abl y at

e ast one iS a heteroatom alternatel at | east two
eacty% iy igdepppdeathydydped; PF & Ced Chetkst %ra%n%efefabltf &r fraledysylinear alkyl

grodp, r&asbly hidisecthAQSpya) flﬁlt}ﬂ r}ﬁn@ﬂ Hexy?, rheglM $r&cBMtprovided however that at
heteroa ons, alternately | east four S

e the
leagas‘%eno]?\ (grqup% Akepipot Hg(flré)lg%taétﬁ%l)itelyeﬁclﬁastgpg Ra groups are not hydrogen,
auérm@p gindeptolps, ar@n@hya@géﬁS(paéf&my et rodpt ef 8¢ 3khy/4 Bostons on cach
Cs _linear alk roup, preferably nethyl ethyl,
CPﬁW%B@B”mBBﬂVPm éhﬁ gehhexyl , heptyl or octyl, R may
ngﬁﬁpggﬂe or dlfferent as R2; each R2 is,
nde endent]y, a to Cs aIkyI gr oup, preferably a G
Tli% eﬂFﬂ@ﬁWydﬁﬁyped?%ﬂﬁmyébeferably 15net hyl et hyl,
cadAr e 1ndé§@ﬁd>éh‘uly, ﬂ@&%gén,, hiexl or Heptylc20 ﬂly&@&%yl such as methyl, ethyl,
refera y Rl are not branched; each

proip Bﬁé‘nﬂ%’ﬁt ] lgpxylhwltyé,g@ﬁzl nhenyd, @B@gtsple%lfuéqﬂi Renyl, and two R can form a

cy i StaRSré tnvlueidg vahes garlamly SHuPdR, BraMiuRgkdf Fa ok filséd Bng system;
car bon atons, referabl to 6 carbon atons,

andpfugherpagyidpd dhag EFB’sttWOtatgia%ec‘Pt Brgr%’g 3% foren it Wepdcirisop multicenter fused ring

sysltdnﬂ@%re b Iﬁ)iés Iﬂd’yQiéFéronﬁH‘u@f[ﬁftﬂm YarurRbdyd sa@taidal ., propyl,
butyl, pentyl, hexy octyl, prOV|ded howeve

[0Q6:7ht aTheIt%’ﬁls f’chSWP@é" Reany %ﬁb%vdacrgén BioED hap Peesgeptaced with a hydrocarby!

gro(lg A 1RfRAtR ¥ aﬁﬁ%’foa% an@h‘dﬁ%g &b&. Rt eMQ[&Q&H‘yI cyclopentadlene (Cp)is a
alternately ive gro gs are not hydrogen); ch

Crapup gy SPW&FéméW@elﬂ%tw S @nbefby] alsphe] l%wltyl givre ?Pbé‘ilmted with an -OH
grodfisubsti tuted hydrocarbyl group, a heteroatom or

het er oat om cont ai ni ng group, preferably a substituted

[0068] unslniss piterateemvgimest af lsgat orgr R ugsoupay hefdydrogm altermgteppat least two
t
R f%)'h ee{r}g ﬁ&tqggrosﬁg g{teﬁ'ftiag%iegt %?‘SE %ﬁegulga% &?8 talgdng{ggydrogen alternately at least
four Rnéralapsallr%}qt hyfresep, altplfnéiﬁbfraélﬁi Eroges #g hotdwdrpeen. pr opyl |
yl,

[U(R%L Cdgﬁ{}tt %Am&mﬁ%&r@gﬂb&)} fu'% %Elté%{l/lfl]‘)l}pl% E m tﬁl? IE'FIIOP 'iﬂau%g one or more of:
(1 %Dbs@thstlmﬂ@ﬂl)mehtymethjlmelagh@bﬂgaiﬂummhﬁ R is acCl

(1, %97%32119%%2@?%5%§ntaﬁ&ﬁ{) d%?og&%cﬁéﬁy gl BAPY pyl

(1, ZPoughy lipdat B etettsimgthyle@ilopeptadisnytl [Hadmpmdimkipy L, gr oup,
preferably nethyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl or octyl; -F6-is hydrogen or a Cl to
Cs al kyl group, preferably a Cl1 to Cs |inear alKkyl
group, preferably nethyl, 30ethyl, propyl, butyl,
pentyl, hexyl, heptyl or octyl; - 32 - WO
2009/155472PCT/U82009/047882 each R7 is,

a P~ o ' | o
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each X is, independently, selected fromthe group
consi sting of hydrocarbyl radicals having from1 to 20
W@ 2000055422 ons, hydri des, am des, al koxi des, suPET/tig2909/047882
phosphi des, hal ogens, di enes, am nes, 5phosphi nes,
et hers, or a conbination thereof, preferably nethyl,
ethyl propyl butyl, phenyl, benzyl, chloride,
om de MtanMel two, X' s forma part
(1 %Pleéhﬁla@f@w@Fﬁ@n%hylwc}opﬁ@adé%kﬂémmméw é

(1, 3 miﬁ ﬁi&lﬂglll)@e&ﬁﬁ@l@ky@fop@ﬁﬁ%?lﬂ@%@ﬁﬁm&ﬂ@ﬁ er abI y C N
| east one&g is a heteroaton1

(1- %{Jiethé @Ylpn%?tlylf{(@%@%mqt%ye}ogen Eny i flgRdmgthyli f f er ent
a, h@‘irﬁétﬁ’ﬁﬁ@éf? f)(t@&ahﬁ hﬁﬁ)‘i(ﬁ)‘yléy@lt)pehf%@i%ﬁyl}}ﬁﬁﬁﬁn@néthﬁlr e the

erent heteroatons, alternatel | east
(1.3.¢nd Fimeyhyglinglemyl} pratagngihy Iy glopgniaglispd pfah %ﬁ@fﬂ@%@ht ONE) ;

(1 ﬁ@@hetﬁglbd@mé@ﬁ@&ﬁﬁd&m}lw1opamglen99H£$aluathﬂéthﬂr oup,
referab | i near alﬁggq roup preferably

Sﬁwut.‘/éfi%wlﬂ)(@?Iaﬁwhﬂ%lommadﬁ@ uﬁlém Yhheptyl or

(9 Méih&lﬂuoﬁﬂyl][?éﬁtdrﬂ&ﬁl &@a@pe@fadféhﬁﬁﬁrﬁﬁﬁhdla@thaz each R2 is,
i ndepend al ky] group, preferably a Cl

Cs
2,49 TégleThP/Wé%liemél (R%?‘Fa“&FprjCloliﬁn@ﬂ’éP Biafnipadimgthykt hyi |
- Iﬂl’lﬁﬂyslllyl lQb{EYrleetﬁﬁ@}thdpenthﬁé%leHaﬁﬁﬂ{dﬁhetﬁ’ﬁ octyl,

preferably /or R2 are not branched; 15 each R3
p- Dlmethwhdxéﬁéwd@ﬂvlcyclommﬁl@@é}@ -propylrinatibdeyiconengadicyl) Hafniumdimethyl,
adnsubstituted hydrocarbyl group having from1 to 8

carbon atons, preferably 1 to 6 carbon atons,
u- IpmM(@r@blsyylé)lstammmltymyeldp@tadwnslhﬂwmumdmedlym to Cs

[ﬂdjgr ear, n%lg Eﬁ{waq n?enﬁf er.ap] Q{Iggf%ﬁy hﬁ? Ff?(ta)éldg%ag\’%{?g ist of catalyst

coﬁqhﬁthds dbpvalsl relﬁlhoee viRth zgﬂﬂiulpﬁ (8uck agelidniride or dilhodidayior RBisphenoxide,
are not hydrogen and at | east one R3 group is a

parglrly Techg B AIPESTE At ORSUbS i t uted hydr ocar by

Ac(ivpr@f ardatitiyatvh Melash fdrWatalykhT@eoufiddur or 20five R3

ups_are a C2 t ubstituted r unsubst i d
W‘?@Er ocHFBYMy ; C"é%\t&]PiStRﬁnqs §ctwat%| ePehy H?fﬂv lmﬁvﬁ%g%fy gyl agp defined to
be &H@S:binbbﬁnﬁdwﬁil’:h Was Whslatet afyeshehydocardnit cbhpiiads described above by

het er oat omé Ft eroat om cont ai nj n gcg?up ref erably
conyeiligh 41 Y HE FABPSUTEWENRS Pt SFIHFETo %ﬁTtalgﬁlﬁﬂlﬁpomd cation. Non-
11m|i’ti:h‘g| A gvdtsronfod eiaﬁhp?ﬂg iGAIdD QMRS QKES,, al@rﬁﬁﬁﬁr a’:ll%}lél idnitifg Bctivators, which
r bon tons ferabhy a subst | %
ma& d’ﬁgt{f 4l pufie- éf £87ERInRIRS CoPR Fts 6?ff)‘Tedp*i”8Yaé?réB¥W°ally include
alufikdig|codpbynlds, nrdoml alunikbyd confRahd andhﬁiﬁying af®Ptpydcursor compounds
octyl, 25substituted phenyl (such as propyl phenyl),
thabﬂ@ﬁ%t OneslieP%}]IVe shpyad peifldiga qn@lpng télg el g(gnmlgmc and providing a
cha)ﬁékega@anang h&lcaor@ﬂaat‘h% oEhRaltly &foﬁﬁl@aﬁlﬁy hniosuch as nethyl,
thyl, propyl, buty phenyl); R5 is hydrogen or a c1
[0(}781 Cs Ialqzhylerrgaowﬁnt amémbacw%orefrq atilzsd |ap pa aetivatgeyin the catalyst
corgﬁd%fth@n PAIEMEEAR Yre r@hg})ﬁhy oﬁ%olﬂiéhc cQﬁlﬁﬁiﬁlds cpr%lﬂllng -AI(RY)-O- sub-units,
pentyl, hexyl, he or oc hydr ogen or

where @i an elkybgrRyn- ’FWS %@M@ﬁ%ﬁ ;}tlcwdepeﬂ?dla@nquewo) modified

meﬁllyl%)ﬂmogﬁ&u @Ml\@(@f eétﬁ}mllﬂmg@ah@yénd 3964 bumo e pylAlkylalumoxanes and
pentyl, hexyl,, heptyl or octyl; each R7

momﬁgé B]éﬁld]@ﬁlp](a}les Hy é#l'@b]é s Caiplysh aqtiyatpy, @gtlcallapgly |Whg]p 61@ 'gbstractable ligand

is 4 eﬁltﬁ rl?alﬂhé’ aﬁmgﬂie bPafRlc! MIS@Fes 3k hﬁffereg{ QHIBOXﬁBESeJn%rIQ(pilfYGd alumoxanes
propyl, butyl, penty

) ex
ma @{syi;e uﬁ@ﬁovlr @éﬁdbmw@rﬁé}e tp hggra ‘afualhe a@%r @f‘éﬁglé%imwam é\uﬁgudy or gelled

aluflo€anR®hn BY HHQGER pr@d&@%@ﬁ%@io‘fut@h ok @@&I al@h&he &h WIRRRA from the
are not hydrogen, alternatel groups are not

clondauiobjien, Anpihes demamiage tsr?emwg ?ﬁl@@tb@ aé}tquh@ @A) gocatalyst type 3A
positions on each 35Cp ring of Forrmula IV are not
hydrogen); WO 2009/ 155472PCT/ US2009/ 047882 N i s
nitrogen; T is a bridge, prefErably, Si or Ce,
preferably Si; each Ra, is independently, hydrogen,
hal ogen or a C 1 to C20 hydrocarbyl, such as nethyl,
et hyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
phenyl benzyl substltuted phenyl and two Ra can

o — o o R . .
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22. The process of paragraph 18 or 19, wherein the
catal yst system conprises one or nore of

w@ 2034a834met hyl | ndenyl ) (pent armet hyl cycl opent adi BCil/U$2009/047882
Haf ni undi et hyl ,
(1, 3,4, 7-Tetranet hyl i ndenyl ) (pent anet hyl cycl opent adi en
yl') Haf ni undi net hyl ,

15(1,3-Dieth Ilndeny&g pentanethgl cycl opent adi eny|
(copﬁffelrﬁl'ﬂm #eplgyom AkZo Chemicals, Inc. under the trade name Modified Methylalumoxane

typééA%oDe@a m{pﬁa@ﬂa&memgrstoaﬁregi)yl cycl opent adi enyl )
f ni undi et hy

[00(7§l Vet Wien, the pfrﬂdptw isiapalppryne peadifiekeripmegdicdp emcammbeodinents select

the! nhaxkiR i b BH: WBL Y htor at a 5000-fold molar excess A/M over the catalyst precursor (per
1, 2, 3-Tri et hyl i ndenyl ) ( pent anet hyl cycl opentadlenylf
meﬁhf"ﬁi‘lm Pifept FR?F minimum activator-to-catalyst-precursor 1s a 1:1 molar ratio. Alternate

pre(felq«eé rd;lgé@hm&ehﬁm Iso@l e rbytleﬁléte@%ambdw | &Y shepept@dbEN¥lenately from

f ni undi et h
11ttoéinyIfIuorenyl)(pentanethylcyclopentadlenyl)

od#aj ni Uk, 1 or organoaluminy mpounds which a be ntilized as co-activators
[ (9EN@th It ﬁbré%y pent aneI%y? % opent a |%nyPS
(orF@pweggmﬁ) ngpqhyqe trlmethylalummum tricthylaluminum, triisobutylaluminum, tri-n-

hex(y%thﬁm{f fth'iﬁ%ﬂXAl@iﬂ%%ﬂa’!hl iRent anet hyl cycl opent adi eny!l

fni und
_lﬁagaéﬂiﬁmﬁhyl|ndenyl)(pentanethylcyclopentadlenyl)

[ﬂ(ﬁ? m Zﬂ.r% %}g{llkgﬁee ct%)g? pL enyvgn(tllgré r‘% g?ree % 1 121n (gpsé(hl%hl(anetric activator,
neLylia olr-larbmlp,u subhhad itde(n-butyl) ammonium tetrakis (pentaﬂuorophenyl) borate, a tris

lﬁbé #h% nﬁ: lﬁo%{}?/ hig&‘ﬂ&ﬂyﬂrl&lps% ’flqle{r{s]yﬂe?ﬁ’u%to%&&%la%r(ﬁp}Qe)allmd precursor,
polhal G Bitpt bygrbbaeherapions TBIN ARE3995), dpeit opidndlasli Bk Wo. 5,942.459) or

corlglﬂflaﬁieﬂ m&&% Ipl)tﬁg 6§? w1thgletr}]1§3/ |S<50FE) é)ﬁ tthés ngltv?]nt oré )t/% Psgpneelrllttrag II éor?;/c activators
alohy oHaf momlmmh(aj gt , alumoxane or modified alumoxane activators. Much preferred

act{yéi%o% a?ngéLgfct gé@ hogenklab BsofRmet hyl cycl opent adi enyl )

[0078] 3- [Emmphylobelmztrah d&mhio)r(epe:nambﬂsylhdydrl opehitaded bylod, tellurium,
Haf ni undi hal i 30(2 :

alu{nngmi, ﬁnﬂ uor en 11‘1(31 pe%rt Ianrlr)g ﬁsy lttcl:e{/eolf open? tlge ulfsiltuent groups are cach

1ndbiﬁldﬂnlﬂm§elh®¢d filen alkyls, alkenyls, halogens, substituted alkyls, aryls, arylhalides, alkoxy

an % ll\é% agf enl¥e| )ch & egrto%]gl;rse %rréyin(cié(penc?e%ﬁ séatlectgc{] )frlo)n halogen, mono or
fni de
mu(tEy(ﬂl,cq-m'EhldngtHayistﬁﬂsutoteéhydbe( giEYiB aamétaﬂigehﬁymhmpmd‘s aod ermthires thereof,

—%

ndi-hal i I OCes
pre}eérng arre aa enylﬁmips E%Véng b\ﬁ% Ca]{bﬁn Qtorrn(s) ! gfsl gﬁ)ugs atvmlg 1 tg t20 carbon atoms,

a&ﬂ@@@nmmumvmgmnO@@camMymmnMaand@ﬂnmohﬁmnpiuﬂhﬂhﬂ@n@umm(mdumng
subo{ltu{e gs:) yl\/ﬁ‘) e earsa ly, glg%l%roer %?prs%pel '.}Ilkyqs halv?n%slt togo /‘%bon groups, phenyl,
na[iﬂ@ﬂ)@)k ]:15514%2 ﬁ’l@TdotﬂSZ'B’@@/nﬁ)ﬂﬁﬂ B8 RrablA theT thecepgrogesse dflogmyted, preferably
ﬂuorlqape & I‘% ug)ies ost priférab V\ﬁllg %Fe%t%leéglefgo&gt%g’ aé:t%vaf’(a)r is tris perfluorophenyl
borpapafgis aq:rﬂsorm?apthgl Ron. wher e in the heteroatom

W@gréglﬂgﬁlgg} g‘ﬁ-}ofqﬁ ngragosfecz)ﬁlg)?lgl}d? rﬁ&lr}mclrpgtﬁmet ea{c Qe Rfrg!f:'ogr or some other
catloh assEmatlsd ﬁ’mi bk ndBCO(ﬁ&lﬁata'(hﬁ @rogdssselyfcoadinaed to the remaining ion of the

AT RGO

57(]3%2bEP|—SA @15‘!21) B, EEAFKDJWSDEP Bil 10y500 déeh &Pgk-02p3 NA0HE EP-A-0 277 004,

o ESEENE L 08 AR08 25T OV BATEY 0% S 0.4

an(hUﬁbEa‘term Applicaydn Sk ENgros28s,53M0 6Gdcabansi dadraltdievhich are herein fully
functionalized oligonmer, and F is the nunber of
functional groups per 1000 carbons. 10[00125]1n a
preferred enbodi nent, the hono-oligoners described
herein (particularly in paragraphs 1-26 are one or
nore propyl ene hono-oligoners having froman M of
fron11500 to 11, 000 g/nDI and a Meso di ad content

AP . ~NNN 7 I T . ~rmn s
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23-5to 25.5 and 25.8 to 26.3 ppmE-i-Bu 39.5 to 40.2

ppm P-Vinyl 41.5 to 43 ppmE-Vinyl 33.9 to 34.4 ppm
wa100p/15¥R [ 00134] I H NVR data was col | ected at BCT/K82009/047882

roomtenperature or 120C (for purposes of the 20

claims, 120C shall be used) in a5 nmprobe using a

Varian spectrometer with a ' Hydrogen frequency of at

| east 500 MHz. Data was recorded using a maxi mum pul se
incpgialed by rfgencg. seconds bet ween pul ses and si gnal

[ﬂmfr agbie céltglg)st; ERARRI ?ﬁ'ﬂ&%dly %Eb%ﬁ'ﬁgr @'Jratﬁlklglm ﬁ‘Jeﬁl M‘ﬁﬁp%und Wlth some neutral
r ated anhd the nurrber of unsaturation

Lewiy @gl © VI8 @(Qﬁs)g,@d]l(@mpa@ ée@ctb)}a vl the ]@{dyquf{@blp |l]1gand (X) of the transition
megl'l fCI)Iﬁ[;(RlH& f&Hhi %Sanmﬁ LRA0 %ﬁﬂcgﬂ Fggaﬁ gvh‘iéﬂestd‘bﬁ%é ¥het&6t10nlc transition
he total nunber of carbons 5 he chem cal
me@h spacicp @ghagriad b thet 1saction. eTh%caﬁ@}q@ésScaarl@ ded preégablio atge prepared with
actp/% oh&is \le%ﬂ a%‘ﬁoﬂ& c® ?&Inﬁ@)r DoRgb@Rs, Unsaturation
eRegl on (pp nber o drogens per structure
[00\7%Ey| zﬁ@gmgn(gogeivl Ay pi @@try@upr Tompongut2in the preparation of the ionic catalyst
sys%%l\g'dgéd ﬁqge'S ééeséofg’tﬁlg 11;reh§dﬁb(§)§ﬂ Hd @gaq’loﬂ' ]wlgchgg ére_[fé}%ﬁg]Bronsted acid
e popu at ons of olefin unsgt urations found in the
capablo @tidangtitiga prfolMRd acempatiieanon-zeel dinpfiggbion whichjapion iy rglatively large
(butl lcg]a biehﬁ sfébﬂﬂng %paldh@et da%'f&st QJ%ClQS (ﬂ%r@%ﬂ[; @gﬁlo(ﬂf whith ?sl formed when

Saturatl on,

theZWQ) wmn@zammbe@g @Iﬂ @W@S’Zl voH &e befEeiently lohale|to bedigntpged by olefinic,

dlo‘Mf M& &nta c%@ﬁﬁllﬁﬁfsﬁﬁ&%dn&lbgﬁws aJI‘ %ﬁ‘ér g%ﬁtreﬁ ELGW %s@g s&‘ﬁ as ethers,
assum ng one unsaturation per chai n an e ree

amine$ §nvethe Blet i Tove, clesesenf eplageélb}m@b@pordmatmgcﬂwmeh@e llPﬂ¢ft @sclosed in EP-

AOPEH 06? @h(p EP ’_AQ)" 2’;7%4 g)ﬁ MJ—:({E e g0 I1 SA0%L c&fr@ﬂ%ﬂfﬁh %ombf%?es /é’omprlsmg a

vinyl ranges from - npar at | ve exanpl es
plu@eéltyaq)fylg)pgl)lhq wdigals h(px@}en@}sco.oggg@te(dp}) an@@‘gﬁqhgg & ggptr@f charge bearing metal
or %‘idll\éﬁlt Odre, 51{219 ZJ %ﬁl%né()@[{lﬂ)l’%ﬁlgl ¥ Qllr{ (ﬁ{ ﬁ(goﬁa such as carboranes,
catal ysts (conparative exanples) did not pro
metgilagarborangrand Ppiayds. popul ati ons, and the met al | ocenes D,
[ﬂ(ﬁﬂﬁnd i a% gi%’rpc{ %glk%flﬁnﬁ[% qgﬁ &&%hﬂé‘ﬁn% %Waf%# i’fll;lluge XICQtYOIH and an anion
cont ent (f to . I'n the case o e activator
corgpetr and mpy ibprpaesentdiebydhrafoHowieg fairmalei on pat hway. | n
the case of F runs, h(:Lqu) aylic vi nQ,;h) popul ati ons
were attained with bo 1 4 activators, although
wheieinyLiie awineytral plogyas é@aeo&ﬂ debsrdeme,dﬂnﬁﬁelstal ?romtt:m acid; A* is a non-

erature

cod R SRR O & BB B e 1T 2 0! For
[0(}81] V\heTIe danwacctmpmsnt,o@sH}dV edy indludaciromypplosids suttoasuptiongated Lewis
bas;las ?T}S)er ) toa Cll'(])ltoez%n)gnfrtngie og%ur 23 B&O%%rér%lgfrg‘%ztgerr [)% e}éjilgang metallocene
comdinivg tranyitioo ostat gatal\ﬂsplmamw,rrwltmg 1IBH@tiost rgnsiion metal species.

okfj.el d.vi.sconet Ref ract j,ve ur.ed
10082 O iV SRR Frf ey BRA PP 3K pdRIs T AP ngroron o he
traigitoal maﬁ:lecrmyﬂmepsrecume desulbing ibiastdbsitivg hyedal 3:at-10’h- Bty @mmoniums,

| 0 en n|u di met | silyl
or B PRTEN T FIANGET G ALY TH T D I 4 atbylamine,
anithhayet (ﬂlyllefhylamﬁnebl slidtindeniyi¢,) Nahathymiliiemretdiphenylinine, trlmethylamme
triegﬁr?t f a l,ﬁ%ﬁﬁgf?{hy aﬁgégtn?eqlllﬁg Xhezlglaﬁnne pyrr]igan)Q ll)r(r)]rglg IRIyIlI 1methylan1hne p-
nitl(otTé,NF(ﬁ]IﬁEthﬁylhlﬁlyeCl ohesphadhimny phl, Siedlyyprdsplyihé, ndeiplydny lphdsphine, and

.bu inethyl; F = . .
cinp P ATRBIR Ry RIS o STe R % et TP PRy iy rofuran and
diokan®) qhilfortuly from @Gisethers, such as diethyl thioethers and tetrahydrothiophene, and mixtures
the Lt ft ramet hyl cycl opent adi enyl ) (1-i sopropyl i ndenyl)
niumdinethyl; H =
[0083¢t r arletdmdncopﬁipamﬂmdhamel thésk-Has@p niePivimda MVPIQPYWhdicin k is an
denyl) hafniumdinmethyl; and J = di net hyl silyl
bi s(2- et hyl, 4- phenyl i ndenyl ) + coni um di net hyl .
25[ 00138] Several ionic activators and one supported
ionic activator were used to activate the
net al | ocenes. The ionic activators used were: 1
d| met hyI an| I | n| um perfl uor ot et r aphenyl borate, 2

N a



10

15

20

25

30

35

Catalyst F: (CpMe5) (1, 3- Me2COH5) Hf Me2 [ 00140] Li COH7
was generated in Et20 (-35C) by the reaction of 29 g

wo paenss4(D. 25 nol) with 1 5 equival ent of n- BukCT/$0M47882
hexane) added slowy. LiCOH7 was isol ated by reduction
of the ether solution, addition of hexane and
filtration over a nediumglass fit. The product was
washed with additional hexane

2 X
integes BN} dey 35 hispp Jgeeee Byinddo fon - 85 %@ aPéQ@tﬁ@&eW%fmm Group 13 of

thePEREES TABY of e El%ﬁleﬂplpreféﬂblﬁ b&)m oMlhﬁfnm% MLQ & 1ﬁcbs§endently a hydride,
reacti on m xtur I ent era

bﬂi%@ﬂ/@t@tﬁ?ld&%sdl?%ﬁ%%dmg@ alk%fle@ ﬁwé%lei lily(ﬁ'tﬂcarbbly S%%fé%ydmcarbyl
halbﬂ‘&ﬁiﬁfl WRbsdRAbdetaREirb §IX bk kel ds OB SituteiChy HoBarb @rhdicals, said Q having up to 20
-Me2COH6 was . synt hesized by lithiation of NeCOHY
car]s@} zﬁg;p%‘fqﬂb}]ile WEVESO et 1nam)amaﬁl}]é961ulsoc\ﬁmqgc%§ Q a halide. Preferably, each Q is
a ﬂ[ubﬂlﬂa[eli h3dvEtsd Ehp \ﬁ@ﬁngsyﬂ)tj@%fbéﬁ oY, h&a fefe@z[bl;géach Q is a fluorinated
Me2C9H6 in_hexane with excess nByLi equi vt#é 0
aryi swun zmﬁ swrsereterBlyfich @ 13 8ipPefa syl epyl tgé’ruéd Eéﬁap fragfhwgeble A™ also
incWdt iR donPoatds NEXARBs@NG dIsi gk, NG, ¥aa1@9 Qvivdhek ully incorporated
pure [Li][1,3- I\/E2C9H5] B (14.5 Q). 1H NWVR ( THF-d8,
hef%@ymf&l)‘mcé ppm 7.25-7.10 (m C6H4, 2H), 6.45-6. 30,
[0(@@!;4 Iﬂﬁ@tpau@é %Qt T hngt'n%g'% les RIE BbRRA: combbundg f\x;rh"_{:h(rﬁay be used as an
141 Me5HF C13 (Crowt her, D.
actga‘réquqog@?lyst N the yéqpalaﬁon o the mprgd catalysts pf fhPﬁem%?l? @rﬁﬁrl substituted
amfDRTIGEks SOFisety (1991), 113(4), 1455-1457) (10.4 g)
was reacted with [Li][1,3-M2COH5] (3.7 g, 24.8 nmol)
trimeshygmprgoniu tptrppheny bgratg Arigty [ monipa t%P@Pllle@Wbﬁﬁa@d gpropyg1monium
tetﬁﬁﬂehﬁ%r@t@ tmh fun1 l\}gﬁéﬁdn% 2 e@uﬂk@eﬁ Stri tthtggmmgﬁlhﬁdet;aghenylborate,
|

crude as a

N %dﬂe@%awmqm € @hen%{f@@ bl dlqﬂlyrkmrhln@wzm@enﬁmatWN dgmethyl-
(2, g@%m&hﬁﬁnﬂnuﬁ) tétfﬁﬁs&gmﬁ)ate @op’lxﬂlufnstetra%hénF@%ﬁYel tr%flﬁiggzﬁl)oemum
tetre@gn@g()r(iti tgplr@@g (quv@g_tztr egll@fatwéet@l%lyl‘lq@{ftrpﬁ;henylborate
beﬂz@ﬂe@ﬁ%mﬁﬂa@t@ﬁdﬂlén ﬁ)@g\ter ?rﬁﬂetﬂ%ﬁijan%&ﬁhn'}/%mls(ﬁéhtaglugvopl?en}l borate,

equiv, 3.0 Min 20). The reaction m xture was ed
trieghy legpeoniuh tegalﬁ%Eﬁl@ﬂuﬂPP@ﬁyl&?&lt? HEpremyEmpIngs | es wer e
tet&ﬁg@&ﬁmubfbpmw&r&@ thnQJu@xl)@mﬁf%hﬁlgl t%kfstbeﬁ‘@ﬁu&éﬁh@ﬁqﬁ)@ﬁte tri(sec-

butzhapmeagm ée%ﬁklé(efm%fw@r%ewl)@rﬁe %ﬁrﬁgﬁbﬁ%\%&m romt
ten%%%@fﬁ;&oﬁhen%&% 2 i;'fdd}f%@ylﬁﬁuﬁuéteﬁalg%_(&mﬂdﬂum& e, N,N-
(2 @ﬁ}rlm@h@@lly@um)fetgamQ@tp.guor@q]qynyl)tor’a‘@ t((gollhgﬁ Ne 5
tetr;ltﬁ ntafﬁlo%ghfl(\\ggbdﬂgte Ve he arbe@ﬁﬁr@d Hads ntaflyorophenyl)borate,
p&\ rMe2 [00144] ZrCl4 i36 g) was
tri Fft}’rllrhio Omwncﬁllzbi@ele@ﬂ}@rwmnyah@a Hepfhylsbdived with Me25
tetléﬂig(p gnté}')uofo?ﬁen%l)g&atg YehzenSliNRAR) h@l%kl@(%@htﬁﬁuo%ﬁe@gg&gte

he reaction m xture. Yell ow solid began

tﬂ%ﬁi‘@émn%% tefiplist2. 5 0d5flueiprhesy Ihbriatowddeiulgnanapragm feérakls -(2,3.4,6-
tetr%fr‘l?r%gl?n)fl)b%%f\%ﬁl @)%;r,%ﬁlm%iéum@ Ztaraqus nﬁb ngmteﬁfﬁiug%gh&ggwate tri(n-
utgl)wmlgn alflg—(Z Rt uorg-p en(yB]aorgte q\y@g;lyl(tzbugba@glomum tetrakis-
(2, @ Nﬁ&])aﬂu(?roﬁgnﬁﬁ)ora@ Wh}meﬁlg%ﬂﬁllﬁl%%@%r Ké—?etrﬁﬁ&)r&)hgﬁyl)borate,

was slurried 1nh Et20 (250 nl) and reacted wt
N.N-djeflpfensiniugsigaaag s} vtfsﬂlg’yoph@wl)maﬁ%%dlmm@ (2.4, 6
tmﬁe%l%@atﬂﬂﬁﬂm@rté}%&{ét(z Wa%-tird flusfo C?_He Ugg&frat@ &b AR fetrhis-

WO 2009/ 155472P 009/ 047882 CH2Cl and
tetfaﬂ‘i‘oé%PhFWWal@%mPNnb’loﬁlﬁ@“% totgkipf Bt tictaélgorophegyl bhggpde
tnp%bﬂ&ﬁﬂﬂo%ohﬂm@ﬂ%ﬁsf(?@q 6btafRBAp R o%ie \Widiky 1 ﬁ@ﬁte@ﬁlﬁs ©,3.,4,6-

Min Et20). After 4 hours dinet et hane (6.8 Q)
tetr\ﬂégor%t&la%vd)ba% bagene@izgenigh) thirakisee 4f Ietreffuogpp enyl)borate
Addi tional Et20 was used to extract the solid residue.
The filtrates were reduced and cooled to -35C. An
of f-white solid product was filtered and dried in
vacuo (14.8 g). 5(CpMe4) (1, 3- Me2COH5) Zr Me2 [ 00146] 1H
NVR (CD2C12, 500 MHz) 6 ppm 7.35, 7.05 (m COHS),
5.51 (s, C9H5) 4.83 (s, Cpl\/b4H) 2 17 (s I\/E2C9H5),

A — o~ A — o~ 7~ R A A1 N A ~ A — ~ a1
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[00152] TEAL-Si 02 (2.0 g) was slurried in toluene (30
nm.) and reacted with Triphenyl carboni um 10
W eqopaki4gper f | uor ophenyl borate (142 ng, G acePCHUBR09)47882
for 10 mnutes. Metallocene E (56 ng) was added as a
solution in toluene (5 nL) to the slurry and all owed
to react for 12 hours. The supported catalyst was
filtered, washed wi_th hexane and dried i n vacuo.
tringethylanyragqniyen tetrplgel peySpaspiapihybberefe.drigthylyraqniym et al | ocene
tetrki &ﬂﬁM@ﬂa%fhtyggorﬁg tHRSFYIARBEhiAR @(@m@@@@e&roﬁd@% f@er&e Gri(n-
510 14 ny

15T of ionic activator 1, and
butgpanygaendym EFéré]ﬁé(PEﬂ%PléaPH’é’BB‘)thdPS}ﬁEM)%@P@H@

tetm%éﬁh&ﬁ%myg&ﬁat@lm &Qﬁﬁéthpaﬁlﬁlhu@&et@a@ bﬂﬂu@ﬂéﬁa thyl)borate N,N-
nerlzatlons were carried out for t stu y us

dleEwE‘Elhgwmt?féaéflswffa@r%@hﬂ@a@f%N Nyflgncgiek @r‘l %éranthla}ﬂ&wpl@l)
tetrhkis(p1abrySdpth§Obdthtt, qra)%ﬂmﬁﬁ Ruig E@ﬂ&;ioﬂaath@)wraf[e i HeRd&Mbenium

ed Vacuum At nospheres dry addi ng near|y
tetfélaﬁﬂg?fﬂp%rena@#yab%? |t9P}fnﬁeh0fplt99)umztstr Hioraaptyl borate

tnelf[ﬁz‘lsﬂ Ti2€ RS APHIRGb Ay Pordt® bénAhe(@h0onfug)Uene in a 10
ss vial, The mxture was stirred for severa

tetfﬁ#l?@%régorawhw%atﬁ rapsthepnpgnipy t%f%}ﬂ@é%ﬂuow%?@hew}>b<éate
trie@BladinyYchiunt tét}ms(ﬁéaﬂ@g@{ﬁieﬁymraw Opb@§1aﬁmmiuwe riz at i o n

procedure foll Yotri-n-octy
tetfebs(egﬁugrompl}envlﬁmﬁaé% él?{éém‘é@a@@ﬁ%ﬁgﬁwkﬁ%fﬂm@bHﬂzenyl)bOfate tri(t-

butS’I)ﬁﬂMJ)rﬁlE}ﬁ te\ﬁempaﬂdﬁablp&nplblﬁmrt@ Acki QimetiN@xfilidu@ react or
eated to the sel ected olynerlzatlmwtenpera

tetfa]ﬂé(P%rgtl%fP%lﬁePé%‘ioF*\}%\%N d\lzs&?l@r W%@tf?l?%l?ﬁfﬂlr?éobélﬁl%ﬂ%b@{ate N.N-

dintedy® (22D 6-krith @yl @i @8RGt tEMkisWet o B P h &y 1) BEraiR Ytk PR Bum
Addi ti onal propyl ene was optionally added for a total

retigis oy HHoratg. 7 RS ACAEE B (RSB bt
tn@&%ﬂloiﬂh@ﬁhﬁ taﬁkis@sltﬂub@mgh&}sg@oraia bhahﬁﬁbyhmhb/d rogen

artial pressure was as as 50 f at the start
tetrakls@?féluwewphe%lp%@é? .bﬁlazeﬁl%ﬁama@mé ke %aeréu?mlflel?enzléb%e

tnrﬁ@hyrﬁﬂﬁﬁ(‘}rﬁlﬁn te@*ﬁﬂs(t;‘s B%(ﬁﬂﬁorﬁﬁ%ﬂ%eﬁ@ﬁoﬁ%{rﬁﬁylammomum tetrakls(3 5-
ressuri zed opene At this §0|nt the coll ected

blSBP %et@g})@llwpb@fat%ﬁ?rapsﬂ@am%% tetrakis s (lyenemethy hphnyDborate,

tn(ﬁ%ﬁﬂquoﬂ@lﬁ@éﬁ@hs@@llﬁﬁﬂtﬂhaﬁoh@ﬂlyl)ﬁhehi}l%o%% RS ani@shium
initially reduc t he many cases the

tetralgpdySebi u?ff@@e@zﬂlmhﬁnxl)k@fa&vw Gﬁkﬁ’@}ylaﬁ}hﬁ“&gté‘ﬁakbﬁ@@e or
bls(tﬁﬂuoamﬁé%@l)tphéﬂy[morwe tl‘h’lN&ﬁ@h}Hﬁﬂhﬂhﬁﬁ widkis(Sgme of the
west nol ecul a &ﬁgﬁh %pner product. may be | ost
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[0085] Most preferably, the ionic stoichiometric activator (L-H);" (A%) is, N,N-
dimethylanilinium tetrakis(perfluoronapthyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbenium tetrakis(perfluoronapthyl)borate,

-20 -



10

15

20

25

30

35

3# Polig A 4 30/60 140 10 25 *** 4# Polig C 4 10/ 25

140 8 160 *** 5# Polig B 4 4/12 145 7 140 *** 6# Polig
W@B2M96843%2 152 5 47 *** T7# Polig B 1 6/15 130 1BCBOS2009/047882

8 Polig

triphenylcarbenium tetrakis(perfluorobiphenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, or triphenylcarbenium tetrakis(perfluorophenyl)borate.
[0086] In one embodiment, an activation method using ionizing ionic compounds not containing
an active proton but capable of producing a bulky ligand metallocene catalyst cation and their non-
coordinating anion are also contemplated, and are described in EP-A 0 426 637, EP-A 0 573 403 and
U.S. Patent No. 5,387,568, which are all herein incorporated by reference.
[0087] The term "non-coordinating anion” (NCA) means an anion which either does not
coordinate to said cation or which is only weakly coordinated to said cation thereby remaining
sufficiently labile to be displaced by a neutral Lewis base. "Compatible" non-coordinating anions are
those which are not degraded to neutrality when the initially formed complex decomposes. Further,
the anion will not transfer an anionic substituent or fragment to the cation so as to cause it to form a
neutral four coordinate metallocene compound and a neutral by-product from the anion. Non-
coordinating anions useful in accordance with this invention are those that are compatible, stabilize
the metallocene cation in the sense of balancing its ionic charge at +1, yet retain sufficient lability to
permit displacement by an ecthylenically or acetylenically unsaturated monomer during
polymerization. In addition to these activator compounds or co-catalysts, scavengers are used such as
tri-isobutyl aluminum or tri-octyl aluminum.
[0088] Invention process also can employ cocatalyst compounds or activator compounds that are
initially neutral Lewis acids but form a cationic metal complex and a noncoordinating anion, or a
zwitterionic complex upon reaction with the invention compounds. For example,
tris(pentafluorophenyl) boron or aluminum act to abstract a hydrocarbyl or hydride ligand to yield an
invention cationic metal complex and stabilizing noncoordinating anion, see EP-A 0 427 697 and EP-
A 0 520 732 for illustrations of analogous Group-4 metallocene compounds. Also, see the methods
and compounds of EP-A 0495 375. For formation of zwitterionic complexes using analogous Group
4 compounds, see U.S. Patents 5,624,878; 5,486,632; and 5,527,929.
[0089] Another suitable ion forming, activating cocatalyst comprises a salt of a cationic
oxidizing agent and a noncoordinating, compatible anion represented by the formula:

(0X)a (A)e (16)
wherein OX®" is a cationic oxidizing agent having a charge of e+; e is an integer from 1 to 3; and A",
and d are as previously defined. Examples of cationic oxidizing agents include: ferrocenium,
hydrocarbyl-substituted ferrocenium, Ag’, or Pb™. Preferred embodiments of A* are those anions
previously defined with respect to the Bronsted acid containing activators, especially
tetrakis(pentafluorophenyl)borate.
[0090] The typical NCA activator-to-catalyst-precursor ratio is a 1:1 molar ratio. Alternate
preferred ranges include from 0.1:1 to 100:1, alternately from 0.5:1 to 200:1, alternately from 1:1 to
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500:1 alternately from 1:1 to 1000:1. A particularly useful range is from 0.5:1 to 10:1, preferably 1:1
to 5:1.

Activator Combinations

[0091] It is within the scope of this invention that catalyst compounds can be combined with one
or more activators or activation methods described above. For example, a combination of activators
have been described in U.S. Patent Nos. 5,153,157 and 5,453,410, European publication EP-B1 0 573
120, and PCT publications WO 94/07928 and WO 95/14044. These documents all discuss the use of
an alumoxane in combination with an ionizing activator.

Oligomer Uses

[0092] The oligomers prepared herein may be functionalized by reacting a hereroatom containing
group with the oligomer with or without a catalyst. Examples include catalytic hydrosilylation,
ozonolysis, hydroformylation, or hydroamination, sulfonation, halogenation, hydrohalogenation,
hydroboration, epoxidation, or Diels-Alder reactions with polar dienes, Friedel-Crafts reactions with
polar aromatics, maleation with activators such as free radical generators (e.g. peroxides). The
functionalized oligomers can be used in oil additives, as anti-fogging or wetting additives, adhesion
promoters and many other applications. Preferred uses include additives for lubricants and or fuels.
Preferred heteroatom containing groups include, amines, aldehydes, alcohols, acids, anhydrides,
sulphonates, particularly succinic acid, maleic acid and maleic anhydride.

[0093] Other uses of the functionalized oligomers include as plasticizers, surfactants for soaps,
detergents, fabric softeners, antistatics, etc. Preferred heteroatom containing groups include, amines,
aldehydes, alcohols, acids, anhydrides, and sulphonates, particularly succinic acid, maleic acid and
maleic anhydride.

[0094] In some embodiments the oligomers produced herein are functionalized as described in
U.S. Patent No. 6,022,929; A. Toyota, T. Tsutsui, and N. Kashiwa, Polymer Bulletin 48, 213-219,
2002; and J. Am. Chem. Soc., 1990, 112, 7433-7434.

[0095] In preferred embodiments, the oligomers of the present invention can be functionalized
(e.g. chemically modified with one or more functional groups (also referred to as a heteroatom
containing group) typically containing heteroatoms such as P, O, S, N, Br, Cl, F, I and or Br
(preferably N, O, Cl and or Br, preferably N and or O). Preferred functional groups are selected from
the group consisting of acids, esters, anhydrides, acid-esters, oxycarbonyls, carbonyls, formyls,
formylcarbonyls, hydroxyls, and acetyl halides. Particularly preferred functional groups include those
represented by the formula: -C(O)-X , where the O is double bonded to the C and the X is hydrogen,
nitrogen, hydroxy, oxyhydrocarbyl (e.g. ester), oxygen, the salt moiety -OM wherein M is a metal,

e.g. alkali, alkaline earth, transition metal, copper, zinc and the like, oxyhetero, €.g2.-O-Z wherein Z
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represents a heteroatom such as phosphorus boron, sulfur, which heteroatom may be substituted with
hydrocarbyl or oxyhydrocarbyl groups, or two acyl groups may be joined through (X).

[0096] Preferred heteroatom containing groups include acyl groups derived from
monounsaturated mono-or dicarboxylic acids and their derivatives, e.g. esters and salts.

[0097] More specifically, oligomer functionalized with mono-or dicarboxylic acid material, i.e.,
acid, anhydride, salt or acid ester are preferred, including the reaction product of the oligomer with a
monounsaturated carboxylic reactant comprising at least one member selected from the group
consisting of (i) monounsaturated C, to Cyo dicarboxylic acid (preferably wherein (a) the carboxyl
groups are vicinyl, (i.e. located on adjacent carbon atoms) and (b) at least one, preferably both, of said
adjacent carbon atoms are part of said monounsaturation); (ii) derivatives of (i) such as anhydrides or
C; to Cs alcohol derived mono-or diesters of (i); (iii) monounsaturated C; to C;p monocarboxylic acid
wherein the carbon-carbon double bond is conjugated to the carboxyl group, i.e., of the structure -
C=C-C(0)- (where O is double bonded to C), and (iv) derivatives of (iii) such as C; to Cs alcohol
derived monoesters of (iii). Upon reaction with the oligomer, the double bond of the monounsaturated
carboxylic reactant becomes saturated. Thus, for example, maleic anhydride reacted with the
oligomer becomes succinic anhydride, and acrylic acid becomes a propionic acid.

[0098] Suitable unsaturated acid materials thereof which are useful functional compounds,
include acrylic acid, crotonic acid, methacrylic acid, maleic acid, maleic anhydride, fumaric acid,
itaconic acid, itaconic anhydride, citraconic acid, citraconic anhydride, mesaconic acid, glutaconic
acid, chloromaleic acid, aconitic acid, crotonic acid, methylcrotonic acid, sorbic acid, 3-hexenoic acid,
10-decenoic acid, 2-pentene-1,3,5-tricarboxylic acid, cinnamic acid, and lower alkyl (e.g. C; to C4
alkyl) acid esters of the foregoing, e.g. methyl maleate, ethyl fumarate, methyl fumarate, etc.
Particularly preferred are the unsaturated dicarboxylic acids and their derivatives, especially maleic
acid, fumaric acid and maleic anhydride.

[0099] Typically, from about 0.7 to about 4.0 (e.g., 0.8 to 2.6), preferably from about 1.0 to about
2.0, and most preferably from about 1. 1 to about 1.7 moles of said monounsaturated carboxylic
reactant are charged to the reactor per mole of oligomer charged.

[00100] Functionalization can be achieved by any suitable method. Useful methods include the
reaction of an olefinic bond of the oligomer with an unsaturated, preferably a monounsaturated,
carboxylic reactant. Alternatively, the oligomer can be halogenated using chlorine or bromine-
containing compounds. The halogenated oligomer can then be reacted with the monounsaturated
carboxylic acid. The oligomer and the monounsaturated carboxylic reactant can also be contacted at

"

elevated temperatures to cause a thermal "ene" reaction to take place.  Alternatively, the
monounsaturated carboxylic acid can be reacted with the oligomer by free radical induced grafting.

The oligomer of the present invention can be functionalized by contact with a hydroxy aromatic
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compound in the presence of a catalytically effective amount of at least one acidic alkylation catalyst.
The alkylated hydroxy aromatic compound can then be further reacted to form a derivative by
Mannich Base condensation with an aldehyde and an amine reagent to yield a Mannich Base
condensate. In yet another means to functionalize the oligomer, the oligomer may be contacted with
carbon monoxide in the presence of an acid catalyst under Koch reaction conditions to yield the
oligomer substituted with carboxylic acid groups. In addition to the above methods of
functionalization, the oligomer of the present invention can be functionalized by methods of air
oxidation, ozonolysis, hydroformylation, epoxidation and chloroamination. (For more information
please see US 6,022,929 Column 21, line 16 to column 33, line 27.)

[00101] The functionalized oligomer can in turn be derivatized with a derivatizing compound.
(For purposes of this invention and the claims thereto the term functionalized oligomer encompasses
derivatized oligomer) The derivatizing compound can react with the functional groups of the
functionalized oligomer by means such as nucleophilic substitution, Mannich Base condensation, and
the like. The derivatizing compound can be polar and/or contain reactive derivative groups. Preferred
derivatizing compounds are selected from hydroxy containing compounds, amines, metal salts,
anhydride containing compounds and acetyl halide containing compounds. The derivatizing
compounds can comprise at least one nucleophilic group and preferably at least two nucleophilic
groups. A typical derivatized oligomer is made by contacting a functionalized oligomer, i.c.,
substituted with a carboxylic acid/anhydride or ester, with a nucleophilic reagent, e.g., amine, alcohol,
including polyols, amino alcohols, reactive metal compounds and the like. (For more information
please see US 6,022,929 column 33, line 27 to column 74, line 63.) Alternately a derivatized
oligomer may be made by contacting a functionalized oligomer, substituted with a carboxylic
acid/anhydride or ester, with a nucleophilic reagent, e.g., amine, to make a quaternary ammonium
compound or amine oxide.

[00102] The functionalized oligomers and/or derivatized oligomers have uses as lubricating
additives which can act as dispersants, viscosity index improvers, or multifunctional viscosity index
improvers. Additionally they may be used as disinfectants (functionalized amines) and or wetting
agents.

[00103] Functionalized oligomers and/or derivatized oligomers having uses as dispersants
typically have Mn's g/mol)of less than 20,000, preferably less than 10,000 and most preferably less
than 8,000 and typically can range from 500 to 10,000 (e.g. 500 to 5,000), preferably from 1,000 to 8,
000 (e. g. 1,000 to 5,000) and most preferably from 1,500 to 6,000 (e.g. 1,500 to 3,000).

[00104] The functionalized oligomers and/or derivatized oligomers described herein having Mn's
(g/mol) of greater than 10,000, preferably greater than 10,000 to 30,000 (preferably 20,000 to 30,000)

are useful for viscosity index improvers for lubricating oil compositions, adhesive additives,
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antifogging and wetting agents, ink and paint adhesion promoters, coatings, tackifiers and sealants,
and the like. In addition, such oligomers may be functionalized and derivatized to make
multifunctional viscosity index improvers which also possess dispersant properties. (For more
information please see US 6,022,929.)

[00105] The functionalized oligomers and/or derivatized oligomers described herein may be
combined with other additives (such as viscosity index improvers, corrosion inhibitor, oxidation
inhibitor, dispersant, lube oil flow improver, detergents, demulsifiers, rust inhibitors, pour point
depressant, anti-foaming agents, antiwear agents, secal swellant, friction modifiers, and the like
(described for example in US 6,022,929 at columns 60, line 42-column 78, line 54 and the references
cited therein) to form compositions for many applications, including but not limited to lube oil
additive packages, lube oils, and the like.

Compositions containing these additives are typically are blended into the base oil in amounts which
are effective to provide their normal attendant function. Representative effective amounts of such

additives are illustrated as follows:

Compositions (Typical) (Preferred)
wt %* wt %*
V.1 Improver 1-12 1-4
Corrosion Inhibitor 0.01-3 0.01-1.5
Oxidation Inhibitor 0.01-5 0.01-1.5
Dispersant 0.1-10 0.1-5
Lube Oil Flow Improver 0.01-2 0.01-1.5
Detergents and Rust inhibitors 0.01-6 0.01-3
Pour Point Depressant 0.01-1.5 0.01-1.5
Anti-Foaming Agents 0.001-0.1 0.001-0.01
Antiwear Agents 0.001-5 0.001-1.5
Seal Swellant 0.1-8 0.1-4
Friction Modifiers 0.01-3 0.01-1.5
Lubricating Base Qil Balance Balance

* Wt%'s are based on active ingredient content of the additive, and/or upon the total weight of any
additive-package, or formulation which will be the sum of the A.I. weight of each additive plus the
weight of total oil or diluent.

[00106] When other additives are employed, it may be desirable, although not necessary, to
prepare additive concentrates comprising concentrated solutions or dispersions of the subject additives
of this invention (in concentrate amounts hereinabove described), together with one or more of said
other additives (said concentrate when constituting an additive mixture being referred to herein as an
additive-package) whereby several additives can be added simultancously to the base oil to form the
lubricating oil composition. Dissolution of the additive concentrate into the lubricating oil may be
facilitated by solvents and by mixing accompanied with mild heating, but this is not essential. The
subject functionalized or derivatized oligomers of the present invention can be added to small

amounts of base oil or other compatible solvents along with other desirable additives to form additive-
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packages containing active ingredients in collective amounts of typically from about 2.5 to about
90%, and preferably from about 15 to about 75%, and most preferably from about 25 to about 60% by
weight additives in the appropriate proportions with the remainder being base oil.

[00107] The final formulations may employ typically about 10 wt% of the additive-package with
the remainder being base oil.

[00108] 1In another embodiment the functionalized (and optionally derivatized) propylene
oligomers and propylene-ethylene co-oligomers ("functionalized (co)oligomers") described herein
have less than 10 wt% allyl chain ends, preferably less than 8%, preferably less than 6%, preferably
less than 5%, preferably less than 4, %preferably less than 3 %, preferably less than 2%, preferably
less than 1% (relative to total unsaturations as measured by "H NMR).

[00109] In another embodiment the functionalized (co)oligomers described herein have less than
10 % allyl chain ends, preferably less than 5%, preferably less than 1 %, (relative to total
unsaturations as measured by 'H NMR); and less than 10 wt% vinylidene unsaturations, preferably
less than 5%, preferably less than 1 %, (relative to total unsaturations as measured by 'H NMR);
and/or less than 10 % vinylene unsaturations, preferably less than 5%, preferably less than 1 %,
(relative to total unsaturations as measured by '"H NMR). No hydrogen or chain transfer/termination
agent should be used during functionalization, derivitization or stripping (of unreacted monomer) for
measurement of unsaturations.

[00110]  In another embodiment, the functionalized (co)oligomers consist essentially of propylene,
functional group and optionally ethylene. Alternately C, olefins (such as isobutylene, butadiene, n-
butene) are substantially absent from the functionalized (co)oligomers. Alternately Cy,9 olefins are
substantially absent from the functionalized (co)oligomers. Alternately isobutylene is substantially
absent from the functionalized (co)oligomers. By substantially absent is meant that the monomer is
present in the oligomer/co-oligomer at 1 wt% or less, preferably at 0.5 wt % or less, preferably at 0
wit%.

[00111] In another embodiment, the number of functional groups is present at 0.60 to 1.2,
alternately 0.75 to 1.1 functional groups per chain (preferably assuming that Mn has not altered by
more than 15% as compared to the Mn of the oligomer or co-oligomer prior to functionalization and
optional derivatization. Number of functional groups per chain = F/Mn, as determined by "H NMR as
follows: The instrument used is a 400 MHz Varian pulsed fourier transform NMR spectrometer
equipped with a variable temperature proton detection probe operating at 120°C. The polymer sample
is dissolved in 1,1,2,2-tetrachloroethane-d, (TCE-d,) and transferred into a 5 mm glass NMR tube.
(The solvent has less than 10,000 ppm water and is free of other contaminants that could change the
chemical shifts in the NMR spectrum).  Acquisition parameters are pulse width = 45°, acquisition

delay= 8 s and number of scans= 120. Chemical shifts are determined relative to the TCE-d, signal
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which is set to 5.98 ppm. VRA is the normalized integrated signal intensity for the vinyls with shifts
between from about 4.9 to 5.1 ppm. VRDA is the normalized integrated signal intensity for the
vinylidene resonances between from about 4.65 to 4.85 ppm and the vinylene resonances at from
about 5.15 to 5.6 ppm. IA is the normalized integrated signal intensities for the aliphatic region of
interest between from about 0 to 2.1 ppm (IA). The number of vinyl groups/1000 Carbons (VI) is
determined from the formula: (VRA * 1000) / (IA +VRA + VDRA). Likewise, the number of
vinylidene & vinylene groups / 1000 carbons (VE) is determined from the formula: (VDRA * 1000) /
(IA +VRA + VDRA). VRA, VDRA and IA are the normalized integrated signal intensities in the
chemical shift regions defined above. Mn is calculated assuming one unsaturated end-group per
oligomer chain. Mn = (14,000 g/mol)/ (VI + VE).

[00112] After the oligomer in question is functionalized it is necessary to determine the
resonances/chemical shift regions of the functional group to determine % functionalization. To do so,
repeat the above 'H NMR procedure on a clean sample of the functionalized oligomer (e.g. washed to
remove unreacted materials, contaminants, etc.). Refer to "The Sadtler Guide to NMR Spectra”, ed.
William Walter Simons, published by the Sadtler Research Laboratories, 1972 for assistance in
determining the shift regions for specific functional groups. The number of functional groups /1000
C’s (F) = (FA *1000)/( FA + IA +VRA + VDRA), where FA = normalized integrated signal
intensities in the chemical shift region of the functional group, , and IA, VRA, VDRA are as defined
above.

[00113] Percent functionalization of the oligomer = (F * 100)/(F+VI +VE). The number of vinyl
groups/1000 carbons (VI*) and number of vinylidene groups/1000 carbons (VE*) for the
functionalized oligomer are determined from the "HNMR spectra of the functionalized oligomer in the
sam¢ manner as VI and VE for the unfunctionalized oligomer.  Preferably the percent
functionalization of the oligomer is 75% or more, preferably 80% or more, preferably 90% or more,
preferably 95% or more.

[00114] In a preferred embodiment, F + VI* +VE* > (0.50(VI+ VE)), preferably F + VI* +VE* >
(0.60(VI+ VE)), preferably F + VI* +VE* > (0.70(VI+ VE)), preferably F + VI* +VE* > (0.75(VI+
VE)), preferably F + VI* +VE* > (0.80(VI+ VE)), preferably F + VI* +VE* > (0.85(VI+ VE)),
preferably F + VI* +VE* > (0.90(VI+ VE)), preferably F + VI* +VE* > (0.95(VI+ VE)), preferably F
+ VI*¥ +VE* > (0.98(VI+ VE)), preferably F + VI* +VE* > (0.60(VI+ VE)), preferably F + VI*
+VE* > (0.99(VI+ VE)).

[00115] Inanother embodiment, the functionalized (co)oligomers are represented by the formula:
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[00117] More specifically, oligomer functionalized with mono-or dicarboxylic acid material, i.e.,
acid, anhydride, salt or acid ester are preferred, including the reaction product of the oligomer with a
monounsaturated carboxylic reactant comprising at least one member selected from the group
consisting of (i) monounsaturated C, to Cyo dicarboxylic acid (preferably wherein (a) the carboxyl
groups are vicinyl, (i.e. located on adjacent carbon atoms) and (b) at least one, preferably both, of said
adjacent carbon atoms are part of said monounsaturation); (ii) derivatives of (i) such as anhydrides or
C; to Cs alcohol derived mono-or diesters of (i); (iii) monounsaturated C; to Cy9 monocarboxylic acid
wherein the carbon-carbon double bond is conjugated to the carboxyl group, i.e., of the structure -
C=C-C(0)- (where O is double bonded to C), and (iv) derivatives of (iii) such as C; to Cs alcohol
derived monoesters of (iii).

[00118]  Suitable unsaturated acid materials thereof which are useful functional groups, include
acrylic acid, crotonic acid, methacrylic acid, maleic acid, maleic anhydride, fumaric acid, itaconic
acid, itaconic anhydride, citraconic acid, citraconic anhydride, mesaconic acid, glutaconic acid,

chloromaleic acid, aconitic acid, crotonic acid, methylcrotonic acid, sorbic acid, 3-hexenoic acid, 10-
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decenoic acid, 2-pentene-1,3,5-tricarboxylic acid, cinnamic acid, and lower alkyl (e.g. C; to C, alkyl)
acid esters of the foregoing, e.g. methyl maleate, ethyl fumarate, methyl fumarate, etc. Particularly
preferred are the unsaturated dicarboxylic acids and their derivatives, especially maleic acid, fumaric
acid and maleic anhydride.

[00119] Preferably at least 90 wt% of the functionalized or derivatized propylene oligomers or
propylene-ethylene co-oligomers are represented by one or both of the above formulae, alternately at
least 95 wt%, alternately at least 98 wt%, based upon the weight of the functionalized or derivatized
propylene oligomers or propylene-ethylene co-oligomers.

[00120]  In another embodiment the functionalized (co)oligomers have a melting point of 20°C or
less, alternately 0°C or less, alternately -10°C or less, as measured by DSC as described below.
[00121] In another embodiment the functionalized (co)oligomers have a heat of fusion of 15 J/g or
less, alternately 10 J/g or less, alternately 5 J/g or less, as measured by DSC as described below.
[00122]  In another embodiment, the "isobutyl chain end to functional group ratio" is defined to be
the ratio of the percent functionalization of the oligomer to the percentage of allylic vinyl groups. In a
preferred embodiment the isobutyl chain end to functional group ratio is the same as any of the
isobutyl chain end to allylic vinyl group ratios described herein.

[00123] In another embodiment the functionalized (co)oligomers described herein have the same
Mn, and or Mw and or Mz as, or up to 15% greater than (preferably up to 10% greater than), as the
starting (co)oligomer, "same" is defined to mean within 5%.

[00124] In another embodiment this invention relates to:

1. A functionalized co-oligomer preferably comprising the reaction product of: 1) a heteroatom
containing group, and 2) a co-oligomer having an Mn of 300 to 30,000 g/mol (measured by 'H NMR)
and comprising 10 to 90 mol% propylene and 10 to 90 mol% of ethylene, wherein the oligomer has at
least X% allyl chain ends (relative to total unsaturations) prior to functionalization, where: 1) X = (-
0.94(mol% ethylene incorporated) + 100), when 10 to 60 mol% ethylene is present in the co-
oligomer, and 2) X = 45, when greater than 60 and less than 70 mol% ethylene is present in the co-
oligomer, and 3) X = (1.83* (mol% ethylene incorporated) -83), when 70 to 90 mol% ethylene is
present in the co-oligomer, where the heteroatom containing group comprises where the functional
group comprises one or more heteroatoms selected from the group consisting of P, O, S, N, Br, Cl, F,
I and or B, and the functionalized co-oligomer has 0.75 to 1.10 functional groups per chain.

2. The co-oligomer of paragraph 1 wherein the co-oligomer has more than 90% allyl chain ends
(relative to total unsaturations) prior to functionalization.

3. The co-oligomer of paragraph 1 wherein the co-oligomer comprises at 15 to 95 wt% ethylene

and has more than 80% allyl chain ends (relative to total unsaturations) prior to functionalization.
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4. pSi The co-oligomer of paragraph 1 wherein the co-oligomer comprises

and has more than 70% allyl chain ends (relative to total unsaturations) prior to functionalization,
preferably more than 90% allyl chain ends.

5. A functionalized propylene oligomer, comprising more than 90 mol% propylene and less than
10 mol% ethylene wherein the oligomer has: at least 93% allyl chain ends, a number average
molecular weight (Mn) of about 500 to about 20,000 g/mol, an isobutyl chain end to allylic vinyl
group ratio of 0.8:1 to 1.35:1.0, and less than 1400 ppm aluminum.

6. A functionalized propylene oligomer, comprising the reaction product of 1) a heteroatom
containing group and 2) an oligomer comprising more than 90 mol% propylene and less than 10
mol% ethylene wherein the oligomer has: at least 93% allyl chain ends, a number average molecular
weight (Mn) of about 500 to about 20,000 g/mol, an isobutyl chain end to allylic vinyl group ratio of
0.8:1 to 1.35:1.0, and less than 100 ppm aluminum, where the heteroatom containing group comprises
one or more heteroatoms selected from the group consisting of P, O, S, N, Br, Cl, F, I and or B, and
the functionalized oligomer has 0.75 to 1.10 functional groups per chain.

7. A functionalized propylene oligomer, comprising: the reaction product of 1) a heteroatom
containing group, and 2) an oligomer comprising at least 50 mol% propylene and from 10 to 50 mol%
ethylene, wherein the oligomer has: at least 90% allyl chain ends, an Mn of about 150 to about 10,000
g/mol, and an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.2:1.0, wherein monomers
having four or more carbon atoms are present at from 0 to 3 mol%, where the heteroatom containing
group comprises one or more heteroatoms selected from the group consisting of P, O, S, N, Br, Cl, F,
I and or B, and the functionalized co-oligomer has 0.75 to 1.10 functional groups per chain.

8. A functionalized propylene oligomer, comprising: the reaction product of 1) a functional
group, and 2) an oligomer comprising at least 50 mol% propylene, from 0.1 to 45 mol% ethylene, and
from 0.1 to 5 mol% Cs to Cy; olefin, wherein the oligomer has: at least 90% allyl chain ends, an Mn of
about 150 to about 10,000 g/mol, and an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to
1.35:1.0, where the heteroatom containing group comprises one or more heteroatoms selected from
the group consisting of P, O, S, N, Br, Cl, F, I and or B, and the functionalized co-oligomer has 0.75
to 1.10 functional groups per chain.

9. A functionalized propylene oligomer, comprising: the reaction product of 1) a heteroatom
containing group, and 2) an oligomer comprising at least 50 mol% propylene, from 0.1 to 45 wt%
ethylene, and from 0.1 to 5 mol% diene, wherein the oligomer has: at least 90% allyl chain ends, an
Mn of about 150 to about 10,000 g/mol, and an isobutyl chain end to allylic vinyl group ratio of 0.7:1
to 1.35:1.0, where the heteroatom containing group comprises one or more heteroatoms selected from
the group consisting of P, O, S, N, Br, Cl, F, I and or B, and the functionalized co-oligomer has 0.75

to 1.10 functional groups per chain.
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10. The oligomer of any of paragraphs 1 to 9, wherein the oligomer is a liquid at 25°C.

11. The oligomer of any of paragraphs 1-10, wherein the Mn is about 500 to about 7,500 g/mol,
the Mw is 1,000 to about 20,000 g/mol, and the Mz is about 1400 (alternately 1700) to about 150,000
g/mol.

12. The functionalized (co)oligomer of any of paragraphs 1 to 11, wherein F + VI* + VE* >
(0.60(VI+ VE)), wherein VI is the number of vinyl groups/1000 carbons and VE is number of
vinylidene groups/1000 carbons for the unfunctionalized oligomer, VI* is the number of vinyl
groups/1000 carbons and VE* is the number of vinylidene groups/1000 carbons for the functionalized
oligomer, and F is the number of functional groups per 1000 carbons.

13. The oligomer of any of paragraphs 1-12, wherein the oligomer has no detectable melting
point by DSC following storage at ambient temperature for at least 48 hours.

14. The oligomer of any of paragraphs 1-12, wherein the oligomer has a melting peak of from
about 60°C to about 130°C.

15. The functionalized oligomer of any of paragraphs 1-14 wherein the heteroatom containing
group comprises sulfonates, amines, aldehydes, alcohols, or acids, preferably the heteroatom
containing group comprises an epoxide, succinic acid, maleic acid or maleic anhydride, alternately the
heteroatom containing group comprises one or more of acids, esters, anhydrides, acid-esters,
oxycarbonyls, carbonyls, formyls, formylcarbonyls, hydroxyls, and acetyl halides.

16. The functionalized oligomer of any of paragraphs 1-15 wherein the functionalized oligomer
has an Mn that is up to 15% greater than the Mn of the starting (co)oligomer, preferably up to 5%
greater.

17. A homogenous process for making the functionalized propylene co-oligomer of any of the
above paragraphs 1 to 16, wherein the process comprises:

1) a first homogenous process for making a propylene co-oligomer, said first process having
productivity of at least 4500 g/mmol/hr, wherein the first process comprises: contacting, at a
temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol% ethylene and from 0 to about 5 wt%
hydrogen in the presence of a catalyst system comprising an activator and at least one metallocene

compound represented by the formulae:

R4 R
R4 @7#3
R4 G\ GX
R4 R3 R? Hf>(2 R3 R HfX2
R3@3 R® R3
I W M s =3



10

15

20

25

30

33915 67 1 2/ 3.5 7 60 60 165 22841 68 1 6 / 10.4 7

45 30 487 45375 69 1 2/3.5 7 40 10 1.5 2180 70 1 2 /
W@2®958544D 5 2.3 6689 71 1 4/ 7 7 50 10 140 1eAT70820§9047882

14/ 7 22 45 10

7 R* R’
1
R’ R R4 _Q
Q R®
\R7 \

RAT RS 2

’ O}foz R ps B HIX,

R’ R7 R® R3

7

I R v B3 RS
where
Hf is hafnium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals having from 1 to
20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens, dienes, amines,
phosphines, ethers, or a combination thereof, preferably methyl, ethyl, propyl, butyl, phenyl, benzyl,
chloride, bromide, iodide, (alternately two X’s may form a part of a fused ring or a ring system);
each Q is, independently carbon or a heteroatom, preferably C, N, P, S (preferably at least one Q is a
heteroatom, alternately at least two Q's are the same or different heteroatoms, alternately at least three
Q's are the same or different heteroatoms, alternately at least four Q's are the same or different
heteroatoms);
ecach R' is, independently, a C; to Cs alkyl group, preferably a C, to Cg linear alkyl group, preferably
methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or different as R?;
each R is, independently, a C; to Cs alkyl group, preferably a C, to Cg linear alkyl group, preferably
methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R* are not branched;
each R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group having from
1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or unsubstituted C; to Cg
linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, provided
however that at least three R® groups are not hydrogen (alternately four R® groups are not hydrogen,
alternately five R® groups are not hydrogen);
each R*is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a heteroatom
or heteroatom containing group, preferably a substituted or unsubstituted hydrocarbyl group having
from 1 to 20 carbon atoms, preferably 1 to 8 carbon atoms, preferably a substituted or unsubstituted
C; to Cq linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
substituted phenyl (such as propyl phenyl), phenyl, silyl, substituted silyl, (such as CH,SiR', where R’
is a C; to Cyz hydrocarbyl, such as methyl, ethyl, propyl, butyl, phenyl);
R’ is hydrogen or a C, to Cy alkyl group, preferably a C; to Cq linear alkyl group, preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
R® is hydrogen or a C; to Cy alkyl group, preferably a C; to Cg lincar alkyl group, preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
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each R’ is, independently, hydrogen, or a C; to Cg alkyl group, preferably a C; to Cg linear alkyl
group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided however that at
least seven R’ groups are not hydrogen, alternately at least eight R’ groups are not hydrogen,
alternately all R’ groups are not hydrogen, (preferably the R” groups at the 3 and 4 positions on each
Cp ring of Formula I'V are not hydrogen);
N is nitrogen;
T is a bridge, preferably, Si or Ge, preferably Si;
each R® is independently, hydrogen, halogen or a Cl to C20 hydrocarbyl, such as methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two R* can form a
cyclic structure including aromatic, partially saturated, or saturated cyclic or fused ring system;
and further provided that any two adjacent R groups may form a fused ring or multicenter fused ring
system where the rings may be aromatic, partially saturated or saturated; and 2) a second
functionalizing process comprising contacting the co-oligomer produced in the first process with a
heteroatom containing group.
18. A homogenous process for making the functionalized propylene homo-oligomer of any of
paragraphs 1 to 16, comprising:
1) a first homogenous process for making a propylene homo-oligomer, said first process having
productivity of at least 4500 g/mmol/hour, wherein the first process comprises:

contacting, at a temperature of from 30°C to 120°C, propylene, 0 mol% comonomer and from
0 to about 5 wt% hydrogen in the presence of a catalyst system comprising an activator and at least

one metallocene compound represented by the formulae:

R R
. ()
)f ﬁﬁ” @
R Gz\
R* g3 R HX, RsR/fo2
I R R3 11 R3 R3
R7
R’ R R’
R”- 4 é
R\ _ 2 5
\R7 C\) R
RAT r9q )
O}foz R* g R HfX5
R7 R7 R3 /R3
m R v & R
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where

Hf is hafnium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals having from 1 to
20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens, dienes, amings,
phosphines, ethers, or a combination thereof, preferably methyl, ethyl, propyl, butyl, phenyl, benzyl,
chloride, bromide, iodide, (alternately two X’s may form a part of a fused ring or a ring system);

each Q is, independently carbon or a heteroatom, preferably C, N, P, S (preferably at least one Q is a
heteroatom, alternately at least two Q's are the same or different heteroatoms, alternately at least three
Q's are the same or different heteroatoms, alternately at least four Q's are the same or different
heteroatoms);

each R' is, independently, a C, to Cs alkyl group, preferably a C, to Cg linear alkyl group, preferably
methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or different as R?;

each R” is, independently, a C, to Cy alkyl group, preferably a C, to Cy linear alkyl group, preferably
methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R* are not branched;
each R? is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group having from
1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or unsubstituted C; to Cg
linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, provided
however that: 1) all five R’ groups are methyl, or 2) four R’ groups are not hydrogen and at least one
R’ group is a C, to Cs substituted or unsubstituted hydrocarbyl (preferably at least two, three, four or
five R* groups are a C, to Cg substituted or unsubstituted hydrocarbyl);

each R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a heteroatom
or heteroatom containing group, preferably a substituted or unsubstituted hydrocarbyl group having
from 1 to 20 carbon atoms, preferably 1 to 8 carbon atoms, preferably a substituted or unsubstituted
C; to Cg linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
substituted phenyl (such as propyl phenyl), phenyl, silyl, substituted silyl, (such as CH,SiR', where R’
is a C; to Cyz hydrocarbyl, such as methyl, ethyl, propyl, butyl, phenyl);

R’ is hydrogen or a C, to Cy alkyl group, preferably a C, to Cq linear alkyl group, preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;

R® is hydrogen or a C; to Cy alkyl group, preferably a C; to Cg linear alkyl group, preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;

each R’ is, independently, hydrogen, or a C; to Cyg alkyl group, preferably a C; to Cyg linear alkyl
group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided however that at
least seven R’ groups are not hydrogen, alternately at least eight R’ groups are not hydrogen,
alternately all R’ groups are not hydrogen, (preferably the R” groups at the 3 and 4 positions on each
Cp ring of Formula I'V are not hydrogen);
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N is nitrogen;

T is a bridge, preferably, Si or Ge, preferably Si;

cach R? is independently, hydrogen, halogen or a C1 to C20 hydrocarbyl, such as methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two R* can form a
cyclic structure including aromatic, partially saturated, or saturated cyclic or fused ring system;

and further provided that any two adjacent R groups may form a fused ring or multicenter fused ring
system where the rings may be aromatic, partially saturated or saturated; and

2) asecond functionalizing process comprising contacting the homo-oligomer produced in the first
process with a heteroatom containing group.

19. The process of paragraph 17 or 18, wherein the activator comprises one or more non-
coordinating anions.

20. The process of paragraph 17, 18 or 19 wherein the catalyst system comprises one or more of
(pentamethylcyclopentadienyl)(1,3 dimethylindenyl) hafnium) dimethyl, and
(pentamethylcyclopentadienyl)(1,3 dimethylindenyl) hafnium) dichloride.

21. The process of paragraph 17 or 19, wherein the catalyst system comprises one or more of
(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafhiumdimethyl,
(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafhiumdimethyl,
(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramethylpropylcyclopentadienyl) Hafniumdimethyl,
(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hathiumdimethyl,
p-Dihydrosilyl-bis(tetramethylcyclopentadienyl)Hafniumdimethyl,
p-Dimethylsilyl(tetramethylcyclopentadienyl)(3-propyltrimethylcyclopentadienyl) Hafniumdimethyl,
u-Dicyclopropylsilyl(bis tetramethylcyclopentadienyl)Hafnium dimethyl.
(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dimethylindenyl)(tetramethylcyclopentadienyl) Hafniumdihalide,
(1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
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(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(1,3-Dimethylindenyl)(tetramethylpropylcyclopentadienyl) Hafniumdihalide,

(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

p-Dihydrosilyl-bis(tetramethylcyclopentadienyl)Hafniumdimethyl,

p-Dihalidesilyl(tetramethylcyclopentadienyl)(3-propyltrimethylcyclopentadienyl) Hafniumdihalide,

and

p-Dicyclopropylsilyl(bis tetramethylcyclopentadienyl)Hafnium dihalide.

22.

The process of paragraph 18 or 19, wherein the catalyst system comprises one or more of

(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafnhiumdimethyl,

(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafhiumdimethyl,

(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide, and

(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide.

23.

The process of any of paragraphs 17 to 22, where the process has at least 70% conversion of

allyl chain end to functional group, preferably at least 80%, preferably at least 90%, preferably at least

95%.
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24, The process of any of paragraphs 17 to 23, where the process is a solution process.

25. The process of any of paragraphs 17 to 24, where in the heteroatom containing group
comprises one or more heteroatoms selected from the group consisting of P, O, S, N, Br, Cl, F, I and
or B.

26. The process of any of paragraphs 17 to 25 wherein F + VI* +VE* > (0.80(VI+ VE)), wherein
VI is the number of vinyl groups/1000 carbons and VE is number of vinylidene groups/1000 Carbons
for the unfunctionalized oligomer, VI* is the number of vinyl groups/1000 carbons and VE* is the
number of vinylidene groups/1000 carbons for the functionalized oligomer, and F is the number of
functional groups per 1000 carbons.

[00125] 1In a preferred embodiment, the homo-oligomers described herein (particularly in
paragraphs 1-26 are one or more propylene homo-oligomers having from an Mn of from 1500 to
11,000 g/mol, and a meso diad content ranging from 45 to 98%, alternately 50 to 95%, alternately 60
to 90%, preferably the homo-oligomers have a Tm of up to 145°C, alternately from 50 to 145°C,
alternately from 80 to 140°C. In an alternate embodiment, the homo-oligomers described herein
(particularly in paragraphs 1-26 above) are one or more of propylene homo-oligomers having an Mn
of from 1500 to 11,000 g/mol, and a ratio of meso diads to racemic diads of 1:1 or less.

[00126] Meso and racemic diad content (and other propylene microstructures) are determined by
BCNMR according to the procedure described at page 38, paragraph [0613] to [0615] of US
2008/0045638).

[00127] In another embodiment, the oligomer described herein (particularly in paragraphs 1-26
above) is one or more of 1) propylene homo-oligomer having an meso diad content of 50% or more
and an Mn of about 2500 g/mol; 2) propylene homo-oligomer having an Mn of about 5000 g/mol and
an meso diad content of 50%; 3) propylene homo-oligomer having an Mn of about 10,000 g/mol and
an isotacticity of about meso diad content of 50%; 4) propylene homo-oligomer having an Mn of
about 1000 g/mol and a ratio of meso diads to racemic diads of between 1.2:1 and 0.8/1.0 ; and 5)
propylene homo-oligomer having an Mn of about 2000 g/mol and a ratio of meso diads to racemic
diads of between 1.2:1 and 0.8:1.0.

[00128] In a preferred embodiment, the co-oligomers described herein (particularly in paragraphs
1-26 above) are one or more propylene co-oligomers having from an Mn of from 1500 to 11,000
g/mol, and a meso diad content ranging from 45 to 98%, alternately 50 to 95%, alternately 60 to 90%,
preferably the co-oligomers have a Tm of up to 145°C, alternately from 50 to 145°C, alternately from
80 to 140°C.

EXAMPLES

[00129] The foregoing discussion can be further described with reference to the following non-

limiting examples.
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Product Characterization

[00130] Products were characterized by "H NMR and *C NMR as follows:

“CNMR

[00131] “C NMR data was collected at 120°C in a 10 mm probe using a Varian spectrometer with
a 'Hydrogen frequency of at least 400 MHz. A 90 degree pulse, an acquisition time adjusted to give a
digital resolution between 0.1 and 0.12 Hz, at least a 10 second pulse acquisition delay time with
continuous broadband proton decoupling using swept square wave modulation without gating was
employed during the entire acquisition period. The spectra were acquired using time averaging to
provide a signal to noise level adequate to measure the signals of interest. Samples were dissolved in
tetrachloroethane-d, at concentrations between 10 to 15 wt% prior to being inserted into the
spectrometer magnet.

[00132]  Prior to data analysis spectra were referenced by setting the chemical shift of the (-CHy-),
signal where n > 6 to 29.9 ppm.

[00133] Chain ends for quantization were identified using the signals shown in the table below.
N-butyl and n-propyl were not reported due to their low abundance (less than 5%) relative to the chain

ends shown in the table below.

Chain End “CNMR Chemical Shift
P~i-Bu 23-51t0 25.5 and 25.8 t0 26.3 ppm
E~i-Bu 39.5 10 40.2 ppm
P~Vinyl 41.5to 43 ppm
E~Vinyl 33.9t0 34.4 ppm

'HNMR

[00134] 'H NMR data was collected at either room temperature or 120°C (for purposes of the
claims, 120°C shall be used) in a 5 mm probe using a Varian spectrometer with a 'Hydrogen
frequency of at least 500 MHz. Data was recorded using a maximum pulse width of 45°, 8 seconds
between pulses and signal averaging 120 transients. Spectral signals were integrated and the number
of unsaturation types per 1000 carbons was calculated by multiplying the different groups by 1000
and dividing the result by the total number of carbons.

[00135] The chemical shift regions for the olefin types are defined to be between the following

spectral regions.

Unsaturation Type Region (ppm) Number of hydrogens per structure
Vinyl 4.95-5.10 2
Vinylidene 4.70-4.84 2
Vinylene 5.31-5.55 2
Trisubstituted 5.11-5.30 1

[00136] The populations of olefin unsaturations found in the products by 'H NMR are

summarized in Table 3. In this table, the vinyl population, as a percentage of total unsaturation, is
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provided as well, along with the number average molecular weight calculated by assuming one
unsaturation per chain and degree of polymerization, or average number of propylene units per chain.
For the propylene oligomer products, the % vinyl ranges from ~0 (comparative examples A and B
catalysts) to as high as ~98% (F). Regardless of activator, the less sterically encumbered A, B
catalysts (comparative examples) did not produce significant vinyl populations, and the metallocenes
D, G and H also produce products with low allylic vinyl content (10 to 42%). In the case of E, the
activator appears to impact the chain termination pathway. In the case of F runs, high allylic vinyl
populations were attained with both 1 and 4 activators, although allylic vinyl population decreased
modestly with increasing polymerization temperature. Temperature played a role in the % vinyl for E
but less so for F. Where impact was observed, it was opposite to using bridged, chiral metallocenes.
[00137] Glass Transition Temperature (Tg) was measured by DSC as described above. Viscosity
was measured at 35°C using a Brookfield viscometer. Refractive Index was measured at 25°C with
589 nm Na line.

Materials

The following metallocenes were used:

A = bis(1-methyl,3-n-butylcyclopentadienyl)zirconium dimethyl;

B = dimethylsilyl bis(4,5,6,7-tetrahydroindenyl) zirconium dimethyl;

C = dimethylsilyl bis(indenyl) hafnium dimethyl;

D = (tetramethylcyclopentadienyl)(1,3-dimethylindenyl)zirconium dimethyl;

E = (tetramethylcyclopentadienyl)(1,3-dimethylindenyl)hafnium dimethyl;

F = (pentamethylcyclopentadienyl)(1,3-dimethylindenyl)hafnium dimethyl;

G = (tetramethylcyclopentadienyl)(1-isopropylindenyl) hafnium dimethyl;

H = (tetramethylcyclopentadienyl)(1-isopropyl,3-n-propylindenyl) hatnium dimethyl; and

J = dimethylsilyl bis(2-methyl,4-phenylindenyl)zirconium dimethyl.

[00138] Several ionic activators and one supported ionic activator were used to activate the
metallocenes. The ionic activators used were:

1 = dimethylanilinium perfluorotetraphenylborate,

2 = 4-tert-butylanilinium bis(pentafluorophenyl)bis(perfluoro-2-napthyl)borate,

3 = 4-tert-butylanilinium (pentafluorophenyltris(perfluoro-2-napthyl)borate,

4 = dimethylanilinium tetrakis(perfluoro-2-napthyl)borate,

5 = dimethylanilinium tetrakis(3,5 (pentafluorophenyl)perfluorophenylborate); and

6 = tris-perfluorophenyl boron.

[00139] Catalyst Compound Synthesis: Typical dry-box procedures for synthesis of air-sensitive
compounds were followed. Solvents were purchased from Aldrich and dried over 2A sieves. Indene

was purchased from Aldrich and pentamethylcyclopentadiene was purchased from Norquay.
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Metallocenes A, B and C were purchased from Boulder scientific or Albemarle. The activators were
purchased from Albemarle or Grace Davison.
Catalyst F: (CpMes)(1,3-Me,CoHs)HfMe,
[00140] LiCoH; was generated in Et,0 (-35°C) by the reaction of 29 g indene (0.25 mol) with 1
equivalent of n-BuLi (10 M, hexane) added slowly. LiCoH; was isolated by reduction of the ether
solution, addition of hexane and filtration over a medium glass frit. The product was washed with
additional hexane (2 x 40 mL). LiCoH; was dissolved in Et,0, cooled to -35°C and reacted with
excess Mel (0.375 mol, 47.6 g). After 2 hours the reaction mixture was warmed to ambient
temperature. 1-MeCyH,; was isolated as a colorless liquid by aqueous work-up and ether extractions.
Similarly 1,3-Me,CoHs was synthesized by lithiation of MeCyH; , methylation with Mel and aqueous
work-up. [Li][1,3-Me,CoHs] was synthesized by reaction of 1,3-Me,CoHg in hexane with excess
nBuLi (1.1 equiv) for 12 hours. The white solid was filtered and washed with additional hexane and
dried in vacuo to yield pure [Li][1,3-Me,CoHs], B (14.5 g). 'H NMR (THF-dg, 300 MHz) & ppm;
7.25-7.10 (m, CgHy4, 2H), 6.45-6.30, CsH,, 2H), 6.10 (s, 2-indenyl proton, 1H), 2.35 (s, 1,3Me,CoHs, 6
H).
[00141] CpMesHfCl; (Crowther, D.; Baenziger, N.; Jordan, R.; J. Journal of the American
Chemical Society (1991), 113(4), 1455-1457) (10.4 g) was reacted with [Li][1,3-Me,CoHs] (3.7 g,
24.8 mmol) in Et,O (100 ml) for 12 hours. The yellow product was collected by filtration over a glass
frit and dried to yield crude (CpMes)(1,3-Me,CoHs)HfCL,(8.6 g) as a mixture with LiCl.
[00142] 'HNMR (CD,Cl,, 300 MHz) & ppm; 7.58-7.11 (m, C¢Hs), 6.17 (s, 2-indenyl proton), 2.32
(s, 1,3Me,CoHs), 2.09 (s, CpMes).
[00143] Crude (CpMes)(1,3-Me,CoH;)HACI, (2.5 g) was slurried in toluene (100 ml) and reacted
with MeMgl (4.2 g, 2.1 equiv, 3.0 M in Et,0). The reaction mixture was heated to 80°C for 3 hours.
After cooling the volatiles were removed in vacuo to yield a solid which was extracted with hexane (4
x 40 mL). Hexane was removed from the combined extractions to yield solid yellow (CpMes)(1,3-
Me,CoHs)HfMe,, E ( 1.6 g). "H NMR (CgDs, 300 MHz ) & ppm; 7.55-7.48 (m, CsHs, 2H), 7.20-7.16
(m, CoHs, 3H), 2.00 (s, 1,3Me,CoHs, 6H), 1.76 (s, CpMes, 15H), -0.95 (s, Hf-Me, 6H).
Catalyst D: (CpMey)(1,3-Me,CoHs)ZrMe,
[00144] ZrCly (36 g) was slurried in CH,Cl, (200 mL) and then reacted with Me,S (19.2 g) for 1
hour. CpMe,HSiMe; (34 g) was added slowly to the reaction mixture. Yellow solid began to
precipitate after several hours and was filtered to yield a first crop of 21.3 g of light yellow solid
product. (CpMe,H)ZrCl;(SMe,), 'H NMR (CD,Cl,, 300 MHz ) & ppm; 6.05 (s, CpMe,H), 2.6 (br s,
MeS), 2.27 (s, CpMey), 2.20 (s, CpMey).
[00145] (CpMesH)ZrCl; (15.0 g) was slurried in Et;O (250 mL) and reacted with [Li][1,3-
Me,CoHs] (7.5 g) for 16 hours. The reaction product was filtered over a glass frit, washed with
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CH,Cl; and dried in vacuo. All the solid product (ca 22 g) was slurried in Et,0 (200 mL) and reacted
with MeMgl (38 g 3 M in Et,0). After 4 hours dimethoxyethane (6.8 g) was added and the reaction
mixture filtered. Additional Et,0 was used to extract the solid residue. The filtrates were reduced
and cooled to -35°C. An off-white solid product was filtered and dried in vacuo (14.8 g).
(CpMey)(1,3-Me,CoHs)ZrMe,,
[00146] 'H NMR (CD,Cl,, 500 MHz) & ppm; 7.35, 7.05 (m, CoHs), 5.51 (s, CoHs), 4.83 (s,
CpMe,H), 2.17 (s, Me,CoHs), 1.79, 1.70 (s, CpMe4H), -1.31 ZrMe.
Catalyst E: (CpMes)(1,3-Me,CoHs)HfMe,
[00147] HfCly (31 g) was slurried in CH,Cl, (200 mL) and reacted slowly with CpMe,HSiMes for
several hours. The reaction mixture was filtered, reduced in volume and hexane (80 mL) was added.
The filtrate was cooled to -35°C. The off-white product was collected and dried in vacuo.
(CpMe,H)HICI; (8.0 g) was dissolved in Et,0 (150 mL) and reacted with [Li][1,3-Me,CoHs] (2.8 g).
After 1 hour the volatiles were removed and the crude reaction mixture extracted with CH,Cl, (2 X 60
mL). The filtrate was reduced in vacuo to a light yellow solid product (7.2 g). All (CpMe4)(1,3-
Me,CoHs)HFCI, (7.2 g) was slurried in toluene (200 mL) and reacted with 2 equivalents of MeMgBr
(3 M in Et,0). The reaction mixture was heated to 90°C for 6 hours. The mixture was cooled to room
temperature and dimethoxyethane (3 ml) was added. The volatiles were removed, the residue
extracted with CH,Cl, and the filtrates were reduced in vacuo. The product was collected after
cooling to -35 °C (2.85 g). (CpMes)(1,3-Me,CoHs)HfMe, "H NMR (CD,Cl,, 500 MHz) & ppm; 7.35,
7.06 (m, CoHs), 5.50 (s, CoHs), 4.89 (s, CpMesH), 2.18 (s, Me,CoHs), 1.79, 1.76 (s, CpMe4H), -1.49
HfMe.
Catalyst H:(tetramethylcyclopentadienyl)(1-isopropyl, 3-propyl-CoHg)HfMe,'
[00148] 1-isopropyl, 3-propyl-CoHs was synthesized by reaction of 1-isopropylindenyl lithium
with propyl bromide in Et;O. The lithium salt is synthesized from BuLi in Et,O. [Li][1-isopropyl, 3-
propyl -CoHs] (2.1 g) was dissolved in Et;O (60 mL) and reacted with (CpMe,H)HfCl; (4.0 g).
MeMgl (2 equivalents) were added to the reaction mixture, 60 ml toluene added and the reaction was
heated to 90°C. After 2 hours the reaction was cooled, volatiles removed and the dimethyl product
extracted with hexane. The product was obtained as an amber oil (3.8 g). "H NMR (C¢Ds, 300 MHz)
o ppm; 7.48 (d), another doublet partially obscured under solvent 7.02 (m), 5.53 (s), 4.72 (s), 3.25 (p),
2.72 (m), 2.31 (m), 2.83, 2.77, 2.74, 2.73 (s), 1.22 (d), 1.07 (d), -0.73(s, Hf-Me), -1.29 (s, Hf-Me).
Catalyst G: (CpMey)(1-iCsH--CoHs)HfMe,
[00149] 1-Tsopropylindenyl lithium (Bradley et al, OM, 2004, 23, 5332) (2.0 g) was slurried in
Et;,0 (100 mL) and reacted with (CpMesH)HfCl; (5.0 g) for 12 hours. The solid product was filtered
and washed with hexane (3.7 g). (CpMe,)(1-iCsH-CoH5)HfCL, 'H NMR (C¢Dg, 300 MHz) & ppm;
7.55,7.41 (d), 6.95 (p), 6.22 (d), 5.51 (d), 4.96 (s), 3.72 (p), 1.93, 1.92, 1.83, 1.64 (s), 1.34, 1.11 (d).
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[00150] The dichloride was slurried in toluene (50 mL) and reacted with 2 equivalents of MeMgl
(3 M in Et;,0). The reaction was heated to 90°C for 2 hours and then cooled. The volatiles were
removed. The crude mixture was extracted with hexane (2 x 40 mL), filtered and filtrate reduced to
solid product in vacuo (3.1 g). 'H NMR (CgDs, 300 MHz) & ppm; -0.52, -1.46 Hf-Me.

[00151] TEAL-SiO,: SiO, Davison 948 calcined at 600°C was slurried in hexane (30 mL) and
reacted with Triethylaluminum (10 mL, 1.9 M in toluene) for 12 hours. The solid was filtered and
washed with hexane (2 x 20 mL). After drying in vacuo the yield was 10.75 g TEAL-SiO..

Catalyst I:

[00152] TEAL-SiO, (2.0 g) was slurried in toluene (30 mL) and reacted with Triphenylcarbonium
tetrakisperfluorophenyl borate (142 mg, Grace Davison) for 10 minutes. Metallocene E (56 mg) was
added as a solution in toluene (5 mL) to the slurry and allowed to react for 12 hours. The supported
catalyst was filtered, washed with hexane and dried in vacuo.

Catalyst K:

[00153] Similar to Catalyst I, Metallocene E was supported as described above except that 3.8 g
TEAL-Si0,, 215 mg of ionic activator 1, and 114 mg of metallocene E were used.

Polymerizations

[00154] Propylene oligomer batch or continuous polymerizations were carried out for this study
using a 2L stirred autoclave reactor are described in Table 1. Catalyst solutions were prepared in a
dry nitrogen purged Vacuum Atmospheres dry box by adding nearly equimolar (typically 1.00:1.05)
quantities of metallocene and activator to 4 mL dry toluene in a 10 mL glass vial. The mixture was
stirred for several minutes and then transferred to a clean, oven dried catalyst tube. An example of the
basic polymerization procedure follows: 2 mL of 25 wt% tri-n-octyl-aluminum (0.037 g Al) in
hexanes as scavenger and 100 mL propylene were added to the reactor. Next the reactor was heated
to the selected polymerization temperature and catalyst/activator was flushed from the catalyst tube
into the reactor with 100 mL propylene. Additional propylene was optionally added for a total of up
to 1000 mL. In some cases, hydrogen was also added from a ballast tank (see Table 2A). Hydrogen
partial pressure was as high as 50 psig at the start of the run. Polymerization was carried out for 10 to
60 minutes, and then the reactor was cooled, depressurized, and opened. At this point the collected
product typically contained some residual monomer. The residual monomer concentration in the
product was initially reduced by “weathering.” In many cases the sample was heated in the oven
under nitrogen purge or for a short time with applied vacuum. Some of the lowest molecular weight
oligomer product may be lost along with the residual monomer. In some cases, residual monomer is
still detected in the product in "H NMR spectras recorded at 30°C (but is not detected when spectra

are recorded at 120°C). In the Tables below Polig means propylene oligomer, EP means propylene-
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ethylene oligomer, T, means polymerization temperature, P-time means polymerization time, Cat

means catalyst, Act means activator, DP means degree of polymerization.

Table 1: Summary of Propylene Polymerizations

Example |Product Cat Act | Cat/Act (mg/mg) Tp P-time | Yield | Additional
ec) | (min) | (g C3**
1# Polig A 4 30/60 90 10 25 Rk
2# Polig B 4 10/25 90 7 110 Rk
3# Polig A 4 30/60 140 10 25 Rk
4# Polig C 4 10/25 140 160 Rk
S# Polig B 4 4/12 145 7 140 Rl
6# Polig B 1 6/15 152 47 Rl
T# Polig B 1 6/15 130 10 30 Rk
8 Polig D 4 6/13.1 132 10 5.7 Rk
9 Polig E 4 10/25.7 132 10 19 Rk
10 Polig E 4 10/25.7 100 12 31.9 100
11 Polig E 4 10/25.7 80 12 52.5 100
12 Polig E 4 10/25.7 80 27 142 400
13 Polig E 4 10/25.7 60 10 65 Rk
14 Polig E 4 12/30.8 75 40 242 500
21 Polig E 1 10/17.9 132 10 17.9 Rk
22 Polig E 1 10/17.9 80 12 46.2 100
23 Polig E 4 10/25.7 80 27 ~127 300
24 Polig D 4 10/31.5 80 10 8.9 150
26 Polig E 6 10/11.5 80 30 0 Rk
25 Polig |K(150mg) 80 30 9.8 250
284 Polig | 1(210mg) 60 30 14.9 Rk
27 Polig E 6 10/11.5 132 30 0 Rk
30 Polig E 5 10/45.7 80 30 162 450
31 Polig E 2 10/23.1 80 30 112 350
32 Polig E 3 10/25.7 80 30 112 250
36 Polig E 1 10/17.9 45 30 130 Rk
37 Polig H 4 10/25 80 30 13.2 200
38 Polig F 4 10/25 80 30 46.2 250
39 Polig G 4 10/22.7 80 25 70 150
40 Polig G 4 10/22.7 100 30 55.7 70
41 Polig G 4 10/22.7 132 30 16.2 40
42 Polig E 4 10/25.7 38 20 ~200 Rk
44 Polig E 4 10/25 60 30 ~75 Rk
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45 Polig E 4 10/25 37 30 ~85 Rk
46 Polig E 4 10/25 100 30 36.7 80
47 Polig E 4 10/25 132 30 ~10 Rk
48 Polig E 1 10/18 60 30 ~110 Rk
49 Polig E 1 10/18 80 30 ~70 280
50 Polig E 4 10/25 60 180 | ~200 Rk
51 Polig E 1 10/18 60 120 | ~220 Rk

# comparative, " supported, **Additional propylene added, *** Continuous run using continuous
propylene feed from day tank

[00155] Propylene-ethylene co-oligomerizations, carried out for this study using a 2L stirred
autoclave reactor, are described in Table 2. Catalyst solutions were prepared in a dry nitrogen purged
Vacuum Atmospheres dry box by adding nearly equimolar (typically 1.00:1.05) quantities of
metallocene and activator to 4 mL dry toluene in a 10 mL glass vial. The mixture was stirred for
several minutes and then transferred to a clean, oven dried catalyst tube. An example of the basic
polymerization procedure follows: 2 mL of 25 wt% tri-n-octyl-aluminum in hexanes as scavenger and
300 mL propylene were added to the reactor. Next the reactor was heated to appropriate
polymerization temperature and catalyst/activator was flushed from the catalyst tube into the reactor
with an additional 300 mL propylene. Ethylene was then added continuously throughout the reaction
at partial pressures from less than 5 psi up to 220 psi. After a pre-determined reaction time, the
reactor was cooled, depressurized, and opened. At this point the collected product typically
contained some residual monomer. The residual monomer concentration in the product was initially
reduced by “weathering.” In many cases the sample was heated in the oven under nitrogen purge or
for a short time with applied vacuum. Some of the lowest molecular weight oligomer product may be
lost along with the residual monomer. Note that catalyst productivities are 28 to 678 times higher

than the productivities reported by in Macromolecules 2008 41, 559-567.
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Table 2 Summary of Propylene-Ethylene Copolymerizations

% vi nyl s* DP* M1* 33

Example | Catalyst/ Mole Ty, Psi§ Time, Productivity,
Activator | metallocene® | °C G min Yield, g g/mmol/hr
33 E/4 2.13E-05 65 20 10 320 90,122
35 E/4 4.26E-06 60 40 20 127 89,526
52 F/4 8.26E-06 60 40 20 240 87,297
53 F/4 8.26E-06 65 30 10 128 92,838
54 F/4 4.13E-06 60 20 10 178 258,206
55 F/1 2.06E-06 58 <5 30 95 92,055
56 F/1 2.06E-06 70 <5 30 87 84,303
57 F/1 6.19E-06 70 10 60 80 12,920
58 F/1 8.26E-06 68 30 10 158 114,597
59 F/1 4.13E-06 65 50 10 95 137,806
60 F/1 2.07E-06 55 220 10 108 313,329
61 F/1 4.15E-06 65 50 5 46 133,455

*1in all cases, slight molar excess (~5-10 mol%) of activator used with metallocene.

Table 2A: Propylene Polymerizations with Catalyst F in the Presence of Hydrogen

Ex Act Cat/Activator | Hy, Tp. Time Yield Productivity
(mg/mg) psi (© (min) (2) g/mmol/hr

62 4 10/25 7 80 10 342 39768

63 4 5/12.5 7 27 60 348 13489
64 4 4/10 7 60 30 225 21803
65 4 4.5/11.25 7 40 45 428 24579
66 1 5/9 7 29 50 525 33915

67 1 2/35 7 60 60 165 22841

68 1 6/10.4 7 45 30 487 45375
69 1 2/35 7 40 10 1.5 2180

70 1 2/35 50 40 5 23 6689

71 1 4/7 7 50 10 140 101740
72 1 4/7 22 45 10 202 146770
73 1 4/7 50 42 5 30 43622
74 1 4/7 50 47 30 325 78731

Table 3: Characterization Data for Propylene Oligomers
Example | % Vinyls* DPp* Mn* Tg (°C) | Viscosity at | Refractive Index
35°C (cps)
3.35 12.55 526.91
2 5.5 107.5 4516
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0.718 -88 95.9 18.4 773 53 0.447 0.578 97.2 22.1 929
54 0.501 0.606 96.4 18.9 795 55 0.428 0.529 -83 95.9
WQ@33002/185442 56 0. 611 0.702 94.6 11.7 490 57 0. 4Ba1/0SH8H047882

94.9 26.8 1124 58 0.378 0.472 94.8 25.5 1071

3 1.50 6.57 275.92

4 28.7 86.1 3618

5 12.6 242 1017

6 1.94 6.54 274.51

7 1.64 6.93 291.18

8 14.19 8.23 345.51

9 25.03 4.34 182.43 1.4240
10 41.47 6.89 289.26 3.5

11 57.17 8.95 375.94

12 55.74 9.01 378.28 16.0

13 73.30 26.97 1132.69 -37.3

14 69.63 14.40 604.75

21 30.75 3.54 148.48

22 54.24 7.80 327.72 37.3 1.4489
23 60.88 8.46 355.15 1.4534
24 24.72 46.04 1933.70 -56.9

25 54.11 9.05 379.92

28 63.3 17.48 734.1

29 16.1 45.8 1923

30 55.52 8.52 357.69

31 57.49 8.54 358.70

32 60.45 9.33 391.83

36 62.37 68.17 2862.99 -16.7

37 10.68 8.07 338.90

38 97.20 4.62 194.04 1.4252
39 42.16 7.61 319.42

40 27.06 4.68 196.63 1.4298
41 15.14 3.59 150.81

42 74.12 106.5 4472.84

44 97.48 7.12 299.02

45 97.61 24.12 1013.02

46 95.02 4.31 181.21 1.4367
47 88.73 3.79 159.25

48 97.49 8.52 357.87

49 97.85 4.68 196.41 1.4205
50 96.24 8.14 341.96

51 97.13 8.24 346.28 1.4422
62 97.1 6.31 265
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59 0.351 0.447 96.5 37.6 1580 60 0.124 0.176 76.4

115.7 4861 61 0.247 0.329 99.1 44.7 1877 * Cal cul at ed
WO e@1IHTNVR % Vinyls = % allyl chain ends PCD03%69/047882

Exanpl es 35 and 52-61 were characterized by 13C NWR as

descri bed above then 5conpared to the data in

Macr onol ecul es 2008 41, 559-567. Table 5: Allyl chain

onds in Pr npyl ene- Et hyl ene Co-0li goners Source \W 9%
bt hyBeng MY0% et|hyl2eife |% 4Byl |chain @nds M Talh it 0.0
N. 09, 100 Mqfab it 24s4 [29.0565.0 M Tal it 29.9[39.0
00— MIrab—+—t— 5406164306 Coates—TFab—++—54—7464——10
98.2 13.59 570

66 97.2 19.97 838

67 98.0 6.21 261

68 974 10.31 433

71 98.0 6.79 2854

72 98.2 7.52 315.7

73 96.7 10.56 443.5

74 974 9.07 380.8

% Vinyls = % allyl chain ends,* "H NMR, IBCE = isobutyl chain end.

Table 3A GPC-DRI(PP standard)

Ex. H,, psi | '"HNMR GPC-DRI (PP Std)
My My My M

0 4516 3245 9600 21306

0 3617 3262 9584 22496

0 1017 576 2745 12604
13 0 1133 811 7546 675,306
24 0 1934 360 12,359 | 614,945
33 0 1283 947 3,703 10,279
35 0 4546 4,080 | 19,065 | 313,648
36 0 2863 2,075 | 13,793 | 1,541,001
42 0 4473 3,410 | 26,362 | 180,129
45 0 1013.02 504 2,409 9,196
63 0 945 468 1,736 4,143
64 7 275 106 265 611
65 7 570 255 850 1,883
66 7 838 389 1,810 4,557
67 7 261 98 198 431
68 7 433 183 538 1,142
71 7 285.4 134 395 1,676
72 50 315.7 153 443 1,600
73 7 443.5 102 288 1,143
74 22 380.8 156 564 1,440
52 0 773 378 2,277 22,624
53 0 929 466 9,804 53,617
54 0 795 315 3,577 38,176
55 0 974 651 3,290 23,906
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42.0 35 34.8 44.5 84.1 52 28.2 37.1 95.9 53 42.2 55.3
97.2 54 39.4 49.9 96.4 55 47.1 57.2 95.9 WO

WQO®9/1383172PCT/ US2009/ 047882 56 29.8 38.9 94. BCHUSHE9/6:47882
56.6 94.9 58 52.8 62.2 94.8 59 55.3 64.9 96.5 60* 82.4
87.6 76.4* 61 67.1 75.3 99.1

56 0 490 294 1,292 9,395

57 0 112 490 5,208 31,162
58 0 1071 501 6,709 65,024
59 0 1580 633 11,053 118,559
60 0 4861 3,519 | 71,123 433,478
61 0 1877 900 16,764 348,185

Table 4: Properties of Propylene-Ethylene Copolymers

Sample | Mole fraction Wt fraction Tg (°C) | % vinyls* DPp* Mn*
propylene in propylene in
product*® product*®
33 - - -45.6 82.5 30.6 1283
35 0.555 0.652 -53.1 84.1 108.2 4545
52 0.629 0.718 -88 95.9 18.4 773
53 0.447 0.578 97.2 22.1 929
54 0.501 0.606 96.4 18.9 795
55 0.428 0.529 -83 95.9 23.2 974
56 0.611 0.702 94.6 11.7 490
57 0.434 0.535 94.9 26.8 1124
58 0.378 0.472 94.8 255 1071
59 0.351 0.447 96.5 37.6 1580
60 0.124 0.176 76.4 115.7 4861
61 0.247 0.329 99.1 44.7 1877

* Calculated from "H NMR % Vinyls = % allyl chain ends
[00156] Examples 35 and 52-61 were characterized by “C NMR as described above then
compared to the data in Macromolecules 2008 41, 559-567.

Table 5: Allyl chain ends in Propylene-Ethylene Co-oligomers

Source Wt% ethylene Mol% ethylene % allyl chain ends
M-Tab 17 0.0 0.00 100
M-Tab 17 21.4 29.0 65.0
M-Tab 17 29.9 39.0 60.0
M-Tab 17 51.0 61.0 43.0
Coates Tab 11 54.2 64.0 42.0
35 34.8 44.5 84.1
52 28.2 37.1 95.9
53 42.2 55.3 97.2
54 39.4 49.9 96.4
55 47.1 57.2 95.9
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The purified solvents an
comonomers (such as butene and hexene), if present, are first purified by passing through a three-

r
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St AND ——

column purification system. The purification system consists of an Oxiclear column (Model # RGP-
R1-500 from Labclear) followed by a SA and a 3A molecular sieve columns. Purification columns
were regenerated periodically whenever there is evidence of lower activity of polymerization. Both
the 3A and 5A molecular sieve columns were regenerated in-house under nitrogen at a set temperature
of 260°C and 315°C, respectively. The molecular sieve material was purchased from Aldrich.
Oxiclear column was regenerated in the original manufacture. Purified ethylene from in-house supply
is fed into the manifold then the reactor through a Brookfield mass flow controller. The ethylene is

delivered as a gas solubilized in the chilled solvent/monomer mixture. The purified solvents and
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Sol vent and nononers are m xed in the manifold and fed

into reactor through a single tube. Al liquid flow

rates are neasured using Brooksfield nass flow neters

or Mcro-Mtion Corioli s-t)épe flow neters. The
mopeyngrpraici thewy Ghisd do abiivt -bheC bypeoing dhireyghp diiller defgre fed into the reactor
thr&%ﬁ%lrﬁ{aﬁfolﬁr %nggﬁt'a}{él Mnoqh%?garg Iﬁﬁ{e%q;l ﬁfe'rﬁa%fblg%n&j ?etdQntQ r1‘&10‘[01‘ through a
[I"sted in the table below and Figure 3. EX.
singlp tubg; Py liqa@id Afows rateg prg nogasyrigd using Bypeks opld maes ﬂqwmﬁtyrsm dyficro-Motion
Coﬂ(l)lfgpt%ée A0WPmMERY rhe zé{ioﬂ%hﬁdlﬂ%@ E% cc:]igfglggn\{f RY¥4 %at‘é‘l@ét roductivity
T e M B Irh i 17125 93
andgchagetenzptigy datggareg listed in the. table below and_E1gure 3o C2 ) 1

Ex. | Cat | Act | Tp, | Tm, °C | AHf, |%Conv|Produc| Vinyl/ | Vinyli | Vinyle| Mn x | Mn x
°C J/g |ersion* tiVitzl 1000C | dene/ | ne/ | 1000 | 1000
g’/‘;l(())l / 1000C | 1000C Nlll\}R GPC
min
Cl J 1 | 125 13193 | 82.65 | 94.07 | 46.5 - - - - -
C2 J 1 | 120 | 134.32 | 87.26 | 95.68 | 47.3 | 093 | 1.14 0 6.76 | 6.69
C3 J 1 | 115] 13691 | 84.17 | 98.11 | 48.6 | 0.51 | 0.82 | 0.09 | 9.86 | 9.82
C4 J 1 | 110 | 140.77 | 90.01 | 98.79 | 48.9 | 0.78 | 1.21 | 0.11 | 6.67 | 9.36
C5 J 1 | 105| 14231 | 92.33 [100.61| 46.9 - - - - -
Co6 J 1 | 100 | 145.07 | 97.75 [100.71| 66.2 - - - - -
Cc7 J 1 95 | 146.07 | 96.40 [100.64| 66.2 | 0.24 | 043 | 0.08 | 18.7 | 19.74
C8 J 1 90 | 148.15 |103.70(100.39| 66.0 | 0.21 | 0.28 | 0.15 | 18.9 | 32.11
C9 J 7 | 130 | 127.14 | 78.58 | 65.68 | 1.83 | 0.99 | 1.11 | 0.01 6.1 6.0
cio| J 7 | 120 | 132.64 | 84.16 | 67.36 | 324
Cit| J 7 | 110 | 138.27 | 91.6 | 70.14 | 33.3 | 0.46 | 0.40 | 0.01 144 9.0
ci2| J 7 | 100 | 140.83 [127.15| 72.61 | 34.6
Ci3 | J 7 90 | 145.42 | 9589 | 73.54 | 36.3 | 0.17 | 0.35 | 0.00 | 23.7 | 25.0
cil4| J 7 80 | 151.24 |103.60| 73.57 | 36.3
Cis| J 8 | 130 132.33 | 89.6 | 57.93 | 28.6 | 0.78 | 0.47 | 0.03 | 10.5 8.7
Cle | J 8 | 120 | 137.18 | 87.8 | 60.79 | 30.0
Ci7|( J 8 | 110 [ 143.44 | 96.72 | 62.04 | 30.6 | 0.37 | 0.19 | 0.00 | 23.7 | 243
Cig| J 8 | 100 146.0 [100.70| 62.46 | 30.8
Ci9 | J 8 90 | 152.85 | 93.78 | 63.43 | 31.3 | 0.25 | 0.22 | 0.01 | 29.2 | 56.6
Functionalization
Example A

[00160] In separate runs, each of the (co)polymers prepared in the Examples above and pulverized
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120 134.32 87.26 95.68 47.3 0.93 1.14 0 6.76 6.69 C3 J

1 115 136.91 84.17 98.11 48.6 0.51 0.82 0.09 9.86 9.82
wW@2003/1354110 140. 77 90.01 98.79 48.9 0.78 1. 21 BCWUSHBOGT47882

9.36 C5 J 1 105 142.31 92.33 100.61 46.9 ---- ----

maleic is charged at a ratio of 1.6 moles of maleic anhydride to one mole of (co)polymer under dry
nitrogen and at atmospheric pressure to a 100 ml pressure reactor equipped with a stirrer and a
thermocouple and heated by means of an electric heating mantle. The reaction mixture is heated to
70°C, after which the reactor is gently purged by bubbling dry nitrogen through the liquid reaction
mixture for 15 min. The purging is then terminated and the reactor sealed. The reactor temperature is
then raised to a temperature of 220°C and is maintained at that temperature for 6 hours. while stirring.
The reaction is then terminated by cooling the reaction mixture to about 60°C, after which the liquid
mixture is transferred to a glass beaker. Unreacted maleic anhydride is stripped off by passing dry
nitrogen gas through the liquid at 140°C. The liquid product so prepared in each run is expected to
contain (co)polymer functionalized with succinic acid.

Example B

[00161] In separate runs, dispersant materials are prepared utilizing liquid products as prepared in
Example A. The succinic acid anhydride substituted polymers are dissolved in an equal amount by
weight of mineral oil (SISONL). To the polymer solution is added tetracthylene pentamine (TEPA),
and the mixture is heated to 140°C under nitrogen while stirring for about 2 to 4 hours. The molar
ratio of total polymer to polyamine in terms of succinic acid equivalents to TEPA charged is 2 to 1.
Example C: Preparation of a Mannich Base Dispersant Additive

Alkylation of the Phenol

[00162] In separate runs, about 50 grams of each of the (co)polymers prepared in the Examples
above are dissolved in 100 ml of chlorobenzene and added to a solution containing about 10 gram of
phenol in 300 ml of chlorobenzene. While stirring at room temperature under nitrogen, 0.5 g of BF;
gas is bubbled into the charged solution, and the reaction mixture is stirred while the temperature is
increased to 50°C for about one hour. The reaction mixture is then neutralized with gaseous ammonia
until a neutral pH is obtained. The solution is filtered and the filtrate is heated to 150°C to distill off
the solvent and excess phenol.

Mannich Base Condensation

[00163] To a 500 ml round-bottomed reaction flask is charged 25 grams of S150NL mineral oil in
which is dissolved 25 grams of (co)polymer substituted phenol as just prepared. 0.61 g of 1,6-
hexanediamine and 0.35 g of formaldehyde are then added to the flask at 30°C under nitrogen. The
mixture is heated to 115°C and kept at that temperature for 1 hour, after which the temperature of the
reaction mixture is raised to 130°C and maintained at that temperature for 45 min, all the while
sweeping the reaction flask with dry nitrogen gas. The stripped reaction mixture is then cooled to
room temperature, diluted with 100 ml of heptane, and filtered. The filtrate is then stripped at 130°C

with dry nitrogen gas to remove heptane.
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100.39 66.0 0.21 0.28 0.15 18.9 32.11

EXAMPLE 9

Example C: Oxidized (Co)polymer

[00164] In separate runs, 1500-ml glass reactor equipped with gas inlet and outlet tubes, a
thermometer, and a stirrer is charged with 800 grams of (co)polymer as prepared in the examples
above. The temperature is raised to 200°C while stirring the (co)polymer. Dry air is bubbled through
the (co)polymer via the inlet tube for 6 hours, all the while maintaining the temperature at 200°C. At
the end of 6 hours, the air flow is terminated, and nitrogen is bubbled through the copolymer while
cooling the reactor to room temperature.

Preparation of a Nitrogen-Containing Dispersant from Oxidized EB Copolymer

[00165] A nitrogen-containing dispersant material is prepared utlizing oxidized (co)polymer
product as prepared above. The oxidized (co)polymer is dissolved in an equal amount by weight of
S150NL mineral oil. To the polymer solution is added tetracthylene pentamine (TEPA), and the
mixture is heated to 140°C under nitrogen while stirring for about 2 to 4 hours. The molar ratio of
total polymer to polyamine in terms of equivalents of carboxyl groups in the oxidized EB copolymer
to TEPA charged is 2 to 1.

[00166] All documents described herein are incorporated by reference herein, including any
priority documents and/or testing procedures to the extent they are not inconsistent with this text. As
is apparent from the foregoing general description and the specific embodiments, while forms of the
invention have been illustrated and described, various modifications can be made without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the invention be limited
thereby. Likewise, the term "comprising” is considered synonymous with the term "including” for

purposes of Australian law.
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CLAIMS

What is claimed is:

1. A functionalized co-oligomer comprising the reaction product of 1) a heteroatom containing
group, and 2) a co-oligomer having an Mn of 300 to 30,000 g/mol (measured by 'H NMR) and
comprising 10 to 90 mol% propylene and 10 to 90 mol% of ethylene, wherein the oligomer has at
least X% allyl chain ends (relative to total unsaturations) prior to functionalization, where: 1) X = (-
0.94(mol% ethylene incorporated) + 100), when 10 to 60 mol% ethylene is present in the co-
oligomer, and 2) X = 45, when greater than 60 and less than 70 mol% ethylene is present in the co-
oligomer, and 3) X = (1.83* (mol% ethylene incorporated) -83), when 70 to 90 mol% ethylene is
present in the co-oligomer, where the heteroatom containing group comprises where the functional
group comprises one or more heteroatoms selected from the group consisting of P, O, S, N, Br, Cl, F,
I and or B, and the functionalized co-oligomer has 0.75 to 1.10 functional groups per chain.

2. The functionalized co-oligomer of claim 1 wherein the co-oligomer has more than 90% allyl
chain ends (relative to total unsaturations) prior to functionalization.

3. The functionalized co-oligomer of claim 1 wherein the co-oligomer comprises from 15 to 95
wt% ecthylene and has more than 80% allyl chain ends (relative to total unsaturations) prior to
functionalization.

4, The functionalized co-oligomer of claim 1 wherein the co-oligomer comprises from 30 to 95
wt% ecthylene and has more than 70% allyl chain ends (relative to total unsaturations) prior to
functionalization.

5. The functionalized co-oligomer of claim 1 wherein the co-oligomer comprises from 30 to 95
wt% ecthylene and has more than 90% allyl chain ends (relative to total unsaturations) prior to
functionalization.

6. The functionalized co-oligomer of claim 1, wherein F + VI* +VE* > (0.50(VI+ VE)),
wherein VI is the number of vinyl groups/1000 Carbons and VE is number of vinylidene groups/1000
Carbons (VE*) for the unfunctionalized oligomer, VI* is the number of vinyl groups/1000 Carbons
and VE* is the number of vinylidene groups/1000 carbons for the functionalized oligomer, and F is
the number of functional groups per 1000 carbons.

7. The functionalized co-oligomer of claim 1, wherein the functionalized co-oligomer has an Mn
of about 500 to about 7,500 g/mol, an Mw of 1,000 to about 20,000 g/mol, and an Mz of about 1400
to about 150,000 g/mol.

8. A functionalized propylene oligomer, comprising the reaction product of 1) a heteroatom
containing group and 2) an oligomer comprising more than 90 mol% propylene and less than 10
mol% ethylene wherein the oligomer has: at least 93% allyl chain ends, a number average molecular

weight (Mn) of about 500 to about 20,000 g/mol, an isobutyl chain end to allylic vinyl group ratio of
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0.8:1 to 1.35:1.0, and less than 100 ppm aluminum, where the heteroatom containing group comprises
one or more heteroatoms selected from the group consisting of P, O, S, N, Br, Cl, F, I and or B, and
the functionalized oligomer has 0.75 to 1.10 functional groups per chain.

9. A functionalized propylene oligomer, comprising: the reaction product of 1) a heteroatom
containing group, and 2) an oligomer comprising at least 50 mol% propylene and from 10 to 50 mol%
ethylene, wherein the oligomer has: at least 90% allyl chain ends, an Mn of about 150 to about 10,000
g/mol, and an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.2:1.0, wherein monomers
having four or more carbon atoms are present at from 0 to 3 mol%, where the heteroatom containing
group comprises one or more heteroatoms selected from the group consisting of P, O, S, N, Br, C1, F,
I and or B, and the functionalized co-oligomer has 0.75 to 1.10 functional groups per chain.

10. A functionalized propylene oligomer, comprising: the reaction product of 1) a functional
group, and 2) an oligomer comprising at least 50 mol% propylene, from 0.1 to 45 mol% ethylene, and
from 0.1 to 5 mol% C, to Cy, olefin, wherein the oligomer has: at least 90% allyl chain ends, an Mn of
about 150 to about 10,000 g/mol, and an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to
1.35:1.0, where the heteroatom containing group comprises one or more heteroatoms selected from
the group consisting of P, O, S, N, Br, Cl, F, I and or B, and the functionalized co-oligomer has 0.75
to 1.10 functional groups per chain.

11. A functionalized propylene oligomer, comprising: the reaction product of 1) a heteroatom
containing group, and 2) an oligomer comprising at least 50 mol% propylene, from 0.1 to 45 wt%
ethylene, and from 0.1 to 5 mol% diene, wherein the oligomer has: at least 90% allyl chain ends, an
Mn of about 150 to about 10,000 g/mol, and an isobutyl chain end to allylic vinyl group ratio of 0.7:1
to 1.35:1.0, where the heteroatom containing group comprises one or more heteroatoms selected from
the group consisting of P, O, S, N, Br, Cl, F, I and or B, and the functionalized co-oligomer has 0.75
to 1.10 functional groups per chain.

12. A functionalized homo-oligomer, comprising the reaction product of 1) a heteroatom
containing group and 2) a homo-oligomer of propylene, wherein the oligomer has: at least 93% allyl
chain ends, an Mn of about 500 to about 20,000 g/mol, an isobutyl chain end to allylic vinyl group
ratio of 0.8:1 to 1.2:1.0, and less than 1400 ppm aluminum, where the heteroatom containing group
comprises one or more heteroatoms selected from the group consisting of P, O, S, N, Br, CL, F, I and
or B, and the functionalized co-oligomer has 0.75 to 1.10 functional groups per chain.

13. The functionalized co-oligomer of claim 1, wherein F + VI* +VE* > (0.80(VI+ VE)),
wherein VI is the number of vinyl groups/1000 carbons and VE is number of vinylidene groups/1000
carbons for the unfunctionalized oligomer, VI* is the number of vinyl groups/1000 carbons and VE*
is the number of vinylidene groups/1000 carbons for the functionalized oligomer, and F is the number

of functional groups per 1000 carbons.
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Cl5 J 8 130 132.33 89.6 57.93 28.6 0.78 0.47 0.03 10.5
8.7 Cl6 J 8 120 137.18 87.8 60.79 30.0 Cl7 J 8

WaA1®9183744 96. 72 62.04 30.6 0.37 0.19 0.00 23rC1/B#2089/047882
Ci8 J 8 100

14. The functionalized oligomer of any of the above claims, wherein the oligomer is a liquid at
25°C.
15. The functionalized oligomer of any of claims 1-14 wherein the heteroatom containing group

comprises sulfonates, amines, aldehydes, alcohols, or acids.
16. The functionalized oligomer of any of claims 1-14 wherein the heteroatom containing group
comprises an epoxide, succinic acid, maleic acid or maleic anhydride.
17. The functionalized oligomer of any of claims 1-14 wherein the heteroatom containing group
comprises one or more of acids, esters, anhydrides, acid-esters, oxycarbonyls, carbonyls, formyls,
formylcarbonyls, hydroxyls, and acetyl halides.
18. The functionalized oligomer of any of claims 1-17 wherein the functionalized oligomer has an
Mn that is up to 15% greater than the Mn of the starting (co)oligomer.
19. The functionalized oligomer of any of claims 1-17 wherein F + VI* +VE* > (0.85(VI+ VE)),
wherein VI is the number of vinyl groups/1000 carbons and VE is number of vinylidene groups/1000
carbons for the unfunctionalized oligomer, VI* is the number of vinyl groups/1000 carbons and VE*
is the number of vinylidene groups/1000 carbons for the functionalized oligomer, and F is the number
of functional groups per 1000 carbons.
20. A process to make the functionalized co-oligomer of any of the above claims, comprising 1) a
first homogenous process for making a propylene co-oligomer, said first process having productivity
of at least 4500 g/mmol/hr, wherein the first process comprises:

contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol% ethylene and
from 0 to about 5 wt% hydrogen in the presence of a catalyst system comprising an activator and at

least one metallocene compound represented by at least one of the formulae:
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146.0 100. 70 62.46 30.8 Cl19 J 8 90 152.85 93.78
63.43 31.3 0.25 0.22 0.01 29.2 56.6 Functionalization
wE@apsa7A 10[ 00160] I n separate runs, each ofPETES2009/047882

(co)polynmers prepared in the Exanpl es above and

pul verized WO 2009/ 155472PCT/ US2009/ 047882 maleic is
charged at a ratio of 1.6 noles of maleic anhydride to
one nol e of (co)polynmer under dry nitrogen and at
atnﬁ#pherlc pressure to a 190 nl pressure reactor

H%UI edprth a stlrrgr angl a thernocoupl e and heat ed

s of an el rtt LG tln% mantl e. The reaction
m xt is heated t§ 70 whi ch the reactor is
%T ly Dirged by b thl nltrogen t hrough the
ui der

ion 5Rm mn. The purging is
ﬁﬁﬁgged and th Rééﬁ}dﬁ 8al ed. The reactor
ature is then o.a tenperature of 220C
S ﬁalntalned at t erature for 6 hours.

1 whit e stirring.yThe re on is then term nated by

cooling the reaction R?xtuﬁg to about 60C, after which
hthe liquid mxture is transferred to a gl ass beaker.
Witiir eact ed mal ei ¢ anhydride is stripped off by passing
Hf drwfoiink;r ogen gas through the liquid at 140C. The

each}iégig,idg %n%glgtg/) E)eieic)fﬁélip%rath% grﬂlllg‘f?zl?ig 0 o axcijﬁcag)e{&?ﬁﬁglg havmg from 1 to
20 Garbch at@iﬁhﬂﬁirﬁeﬁam{d@@ 153)11116% ﬁﬁhﬁi @h@phlﬂfsshalégeﬁ@ @leB&Ndmines,

oL, S A SRR L5 R0 P35 ra o

syﬁmbstltuted polyners are dlssolved in an equal anount

f era S150NL) . To the pol ynmer
cac8) rindpen Gl Okt Faptigiiane pent am ne (TEDA)
each@émmmenmnﬂy W@ th 65 he;atgeﬁlptm AQKE dander dlmntemgaﬁ,
t|r Q9r t 2 to 4 hours. The nolar ratio
G FpeB(Eﬁ“;]gré’ R0 & e | n terms of succinic
cach Gy’ d@ &ﬂbpeﬂdﬁn&ﬂﬂ@dlbglen]'ﬁ%ubhﬁftgﬂd uhsibgitlited Aydrdex@pidrenpCiaving from

|on of. .a Manni ch Base Di spersant Additive
1 PR P RN B okl RS B el e
cacAlRI i, indEhegdaartp, hglirogaad aafibstitaed (o€ aspiestiyuneits diptePa atp| aheteroatom
thezgxaqﬁ%es 20 above are dissolved in 100 m of
or RAFFEHADENULHEE FAW> added to a sol uti on containing about
R’ khygogem ook (pedodlkyil Bro3@0 m of chl or obenzene. Wil e
stlrrln erature under nitrogen, 0.5 g of
§ﬁ§m8§§gF§CBdb§ %@ﬁng?% the charged sol ution, and the
cach@®a s, independiontlydrhediogens bi a €.ad @\ﬂk&l@rdd@ﬁprbﬁﬁ@ﬂfo&ktﬁr ¢hat & least seven
R7|ncrease(%l Hf 50C for about one hour. The reaction
BOVRS Rt YRR neutral i zed with gaseous ammonia unti |
Ndanmegﬁmal pH is obtained. The solution is filtered and
Ti ﬁv%ﬁltrate is heated to 150C to distill off 25the
1%% t and excess phenol. Manni ch Base Condensati on
eacﬂlm li6lepEadeatlp G diotent bisrdn bod € draCOrtgactirbyl, dnld #8&kR1 G form a

s SR B e o P Ty B e lsts Pl o sem:

an(HSlrthdI$t0ij’e& pfar zﬁﬂ twﬁ) adjdceg Rofrolpstmaylfeantekddaingve manidenter fused ring

form are. t.he flask at

%6@’&%% F“H%St‘?a&gbér?r Pﬁﬁlahi( %‘H?‘S‘g?rssa‘ﬂéaé P o 115C

2) asredoﬂdetmcuaﬁahtzmgprot:&ﬂp@ﬁp&ismgeoﬁtamng tHa(QU-rohg(ﬁ]fldr @rodwdetd ¢hthe first
the t erat ure the reaction mxture is raised to

pmﬁg@)?f”g etﬁ’iﬁ’?tﬂfné’loﬂ%l&mgtgmcuﬂat temperature for 45 nin,
all the while sweeping the reaction flask with dry
nitrogen gas. The stripped reaction mxture is then
cooled to roomtenperature, diluted with 100 m of
heptane, and filtered. The filtrate is then stripped
at 130C with dry nitrogen gasSs¢-o renove heptane. WO
2009/ 155472PCT/ US2009/ 047882



10

15

20

EXAMPLE 9 Exanple C Oxidized (Co)polyner [00164]In

separate runs, 1500-m gl ass reactor equi pped with gas
wo pdoetsamy outl et tubes, a thernoneter, and a BET/DEEO9/047882

is charged with 800 granms of (co)polyner as prepared

in the exanples 5 above. The tenperature is raised to

200C while stirring the (co)polymer. Dry air is

bubbled through the (co)polynmer via the inlet tube_ for

16 houpPwoesalty Hake awfmPaontaret inkr HigoRe PBRPEIGL Lipeligt homogenous
pro@&s@@)r nfdkin gtﬁ%rcﬁ)@@n@ﬁo& Bl%fn%r sdild@rsthiocdss BWidgSroductivity of at least 4500

term nate and nitrogen i s bubbled through the
g/%@PVrﬁé‘Per% heéﬁ%&cr‘:ﬁﬁgomwe% eactor to room

t en‘@@fﬁﬁ:ﬁlﬂg %t a Rhafatdr %mofoo@td\lep@%birgﬁ@thhd'l%%monomer and from

rsant from Oxj di zed EB Co O[ 00165] A

0 19y ?‘f%@é‘ﬁ%éwﬁlto&?%nﬁbe HEspesr %fé‘rﬂa %/ Tptemy corn@ﬂﬁ%t}a?%awr and at least

ondhhbthiZdcBiE @¥bElind 8&hréseRIPB tiEREmPASdUCt as prepared
above. The oxidized (co)polynmer is dissolved in an

equad amunt by weight of SF5CNL nmineral oil. To the
[ [ et hyl ene pent am ne

|€3-'.ted to 140C under
g\ about 2 to 4 hours. The
: I>{;Zolyamne in ternms of
$1lvxp t he oxi di zed EB
s 2 to 1. [00166] All
Re incorporated by

Rfrol &, ra_i~ of total pol
equity aeRt sHEX2car boxy!|
coppl 15t o0 TEPA har
docu Riescri bed
refe e herein, |ncI ,any priority docunents
rand®or tR%ting prgcedhres the extent they are not
inconsistent with this text. As is apparent fromthe
foregoi ng general degeripRion and the specific

enbo s, while farns [of the invention have been

iR" ated and 'e Eri i ous nodifications can
be RWI t hout departl O fromthe spirit and scope
e the \nventi onR4,5?c‘ctprd| g\, it is not intended that
3 | WeHfXon be |i mReds fed§, Likewise, the term

Ising” is conside ed/éynonyrmus wth the term
i7ng" for purfp RAustralian law. WO
1 - 20d9/ 155472PCT/ 1L{,’SZOOQ/ 882 CLAIMS What is clained
i ¥ 1. A functional jed Ro-ol i goner conprising the
eaction product of 1) a heteroatom containing group,
nd 2) a co-oligoner having an Mh of 300 to 30, 000
Hf@/hﬁﬁilumneasured by 1H NWR) and 5 conprl sing 10 to 90

eacm %ﬁdegg%{ggt 5626% ]F?eas %?8%) 1)1}515 n%%a yﬁrogahrgyl ra}{\cp ca{s%avmg from 1 to

20 (qafbloat dtangs, thy dtidds akmidkes aztlkmca:tes omh)dep;r plospltides, halogens dienes, amines,

phosﬁh hiic ngtE%l Ie ? c%%al)mo ereo 1 8WO_X é Gla%f?g}é g$ og%gé{sleg n%g or a ring

syspmesent in the coollgoner and 2) X = 45, mhen greater
. % ethylene is present in
em%Qgﬂlg gﬂgw%”%ﬁm£gﬁggg§?£8%l 83* (ol % et hyl ene
cachiR¢ &%, pdermhdmily, 283 )tg Cwilkeyl gROPIR) 18Y thodadic et fifitentes RS, 10
resent | where the heteroatom
em%é% Hﬁﬂ%ﬁ*@ﬁ aQ?égb %%g%¥ flhere the functional group
cach R, ur@e&ndwely,drydmgcre ohetwsittatcd msurselbsamteddlyﬂnowb)tl lgepup having from
up Cconsi d F an 3
1 tcgg garF(hn 29? usn @{legl%% (Inv%eé/ tgat §| alll}lia/re‘ré%r ghougs ade :TZ)%ur% groups are
notfhsrm(ogermmd lat lgsrsoqmsﬁ [gequp cmaﬁizrto Cg Rubsfltoed bumsubsomaald ihgddcarbyl;
eac?ﬁg{r gs Fﬁ apﬂ%%e&ﬁ/g,ﬁyrl@gen T g}%ﬁl?sélﬁl rgl 0( }ngﬁugiqltu%d lgrgnt%%rpglag%up, a heteroatom
orMmsaﬁmnamﬁ@meggmupor to functionalization. 153. The
n nal i C I mer of claim1 wherein the
k%y&%?ﬁ“§ ngo ﬁ&@é%g$r0n115 to 95 wt % et hyl ene and
has nore than 80% allyl chai+®7nds (relative to total
unsaturations) prior to functionalization. 4. The
functionalized co-oligomer of claim1l wherein the
co-oligonmer conprises from30 to 95 wt % et hyl ene and
has nor e than 7096a||y| chai n ends (relatlve to tota

. " N a ~~r " - .
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516. The functionalized oligonmer of any of clains 1-14
wherei n the heteroatom containing group conprises an
wepwitsia72 succi nic acid, maleic acid or nal ei CPCT/US2009/047882
anhydride. 17.The functionalized oligoner of any of
clainms 1-14 wherein the heteroatom containing group
conprises one or nore of acids, esters, anhydrides,

(acid-esters oxycarbonyls carbonyls, fornyls,
R® s fipBa BOn{A S5 2R 8108Ry | s, and acetyl hal i des.
cachQI8s, ThRpdndatlyl BRRlger O a @, 118 O RIky QS ro @) YroOfde € h@tdVBr thathaf least seven
mhereln the functionalized oligoner has an Ma that is
R'@Buﬁﬁnﬂ@@@ﬁﬁgﬁper than the M of the starting
N it s@b&dnt goner.  19. The functionalized ol i gomer of any
of clains 1-17 wherein F + VI* +VE* > (0.85(VI+ VE)),
Tigt@id8Fn VI is the nunber of vinyl groups! 1000 carbons

eaaartd NEndcpetieitie hy@bgcni MibdeARRa @ QUER hybRREHGRLRPR® R® can form a
for the unfunction %lze oligoner, VI* is the nunher

CyHF ST Ingdie armEto ear&%J}yb%wgat%@ner Sfsateplgy elice gy disp pigery stem;

andPhurtdrpydvi R it ByOMPRjad PR LpbaRS fdrBra ubk ring or multicenter fused ring
functionalized oligonmer, and E is the nunmber of

sysfeghhsroHa FingyBygs ab%?atli qeriafiysagsped or sograted. idocess to

2) mkﬁadtftﬂ&uﬁﬁum%g Qﬂﬁésk E@ﬂprfé&g@bﬁt%ﬂ? Fhe BbmaRYgier hRuced in the first
above cl ai ns, nprising 1) a first honbgenous process

P“FWFWﬁﬁﬁ@ﬁ@”@”ﬁﬁ@ﬁﬁmgﬁé“wﬁ ol i gomer, said first process

22.havirRg pREQGUYE tiadh DY 0PF1 dhert @8 HRARIRH LoMRidiky group comprlses one or
wherein the first process conprises: 20contactin

moge heggrogipmrslegedfom g fras corss s oid QoS Myfrefb I Ign Of%

23.70 mat rRtRydrengmang F1r gl WiRrab o adivithYebieHseg6m biNmore non-
the presence of a catal yst system conprising an

coosdip3tpgPpiPisand at | east one metal | ocene conpound

241 epraspidt8dofapy at c1AiRasd toOZ?aeNHéfelﬁ e c;ftﬂglﬂbl}ts&ﬁl con}ﬁ@ses one or more of
2009/155472PCT/U82009 047 i s haf ni um

<peéfaeﬁthyécyeopeptﬁ@eﬁé>ﬁld%ﬁwe@yh%déméble%ﬁaumrdam ke group

(peﬁ@ﬂléﬂhﬂtc%dkﬁ)eﬁtﬁmsﬁ&q)b(p@ &h{émlyhﬁceﬂylp@dﬁﬁuﬁ%hmaé romlto
on at , .am des, al koxi des,

(1, %QFIfl?t%péede%H@gﬁhmeréﬁélcycmﬂa@déﬁ@ hafnaypedimethik nes,
a, pm @%Hﬁrﬂ&ﬁyhn@éﬂ?ﬁ(p‘éntaﬁ&ﬂyl@yc@d?yeibhd?@krl)‘hﬁlﬁﬁdﬁﬁlﬁrﬁ&ﬁyl (two
rong or a ring system
(1, %Qeﬁethylinéenypﬁﬁe&e%@mlpgﬁn@%%hha&ma ipethgk oat om
a, amyﬁhddnﬂ)(pbmﬁmn@%bwad@y@hammﬁﬁn@{ﬁyI group, Ri
sane or different as . 10each is,
(13- Hy&éﬁaﬁa@wh)@enten@yl%yaloegﬁ%ﬁ@aaw h@fwawﬂlmeé%h R3 is,

(1- M@%@pﬁﬁl@gﬂhhdénylwammlcy%pemaaimm hdtaibR6inREhyl,
unsubstjtuted hydrocarbyl group having from1l to 8

(1. & Ripdy lind gab tetsmsthy hecpylgderratediepdt hajfupdingthyh hr ee R3

(1, ggm%thgnﬂeﬂﬁ;(péwa@l{que@el dmfahleﬁ%l) haFniuh figRpendent 1y,
(lﬁﬁ en or a substituted or upsupstituted h¥drocarbyl

vibenpaday baeurnahy netosrsaiamt) canraiitr ey gr oup;
@, 71585 uuﬁynhm%plg@anﬁﬁeﬂgysl&lllo alltagenﬁll) kaﬂuuglaﬁwggl R6 is
ogen or al Ky roup, .eac [ S,
OBy e BeE Ml ky 1 oF oup,
@, 109thée@hfm@ﬁmﬁpentahmhya;tyc1b@aeuleﬁﬁy1e:ﬁnﬁ%zdlgfeﬂypS are not
D%dro en; Nis nitrogen; 20T is a brid each Ra, is
H-

ﬁb@ﬂf%meth#%b@éwadlmi)%@hm@fmﬁh "to C20
u- ﬁm{h9%ﬁ§la%{ameﬁgﬁyél%nﬁ@leﬁ'ﬁﬁ ER)‘bWrﬁn&%@é Bpélttgdﬁje‘ﬁglll)l hé&hni mdimethyl,
i ncluding aromatic art y Saturated, or saturated
p- I@lyxﬂlqpmpmsﬂﬂﬂs%dtrmeﬁg/lwybp@mdleaﬂdlaﬁmnll Hleretlm ovi ded t hat
dj ra fiusgd ring or
= ?B?(Ifletmm T{yfs)? 1gt!';euae%’lq C%Em?@yny\kh %rg}eun%dﬁheaﬁr 'ngs may be
(Lad, @ﬂ‘atrame;thyplademyla(plelytalsahyjc3&1®dntmlersatha|ﬁlamem1ahdmd 252) a
second functionalizing process conprising contacting
the co-oligomer produced in {38 first process with a
het er oat om cont ai ni ng group. WO
2009/ 155472PCT/ US2009/ 047882 21. A process to nake a
functionalized hono-oligonmer, conprising 1) a first
honngenous process for naklng a propylene

o o S I L
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each X is, independently, selected fromthe group
consi sting of hydrocarbyl radicals having from1 to 20
W@ 2000055422 ons, hydri des, am des, al koxi des, suPET/tig2909/047882
phosphi des, hal ogens, dienes, am nes, phosphi nes,
et hers, and a conbination thereof, (two X s may forma
part of a fused ring or a ring 15system each Qis,
i ndependent|y carbon or a heteroato each R is,
(13- Pa%@ﬂaéwl)i/retfaale@ﬂlcv@metaéllew ) hadigipdihalide, npy the same
a, 9D1e@ﬁyﬁlﬁ&éh§%eﬁ§ne%ylcy@%g§htﬁgen&§ hathfodRpeRgently, a Cl to
rou I ndependent | hydr ogen,
(1 PR N s EAeryl BRYAIE by ot oup
(1- N@ih'yﬂgplgof)ﬁmld%gﬂl)(f)@lta%le@@w?@lﬂpéﬁa@ﬁﬁyl) H’effﬂlﬁﬂn&ﬁﬁigﬂ)@o}/\eVer -
or our
(1, ﬁPanﬁ%vhalfi@YHG%traﬁvawgwcaﬂepeatadlie@éélta%a%dlh@l dgroup is a
(1,Qamﬁle%h@ébﬁ;(psn%@dly%cluﬁbmafehm sr@dmmysligecar byl ;

each R4 is, 1ndependently ydrogen or a substltuted
(1, %Plfﬁﬁ@d‘ﬁ@?lﬁ@wweﬁ%w@%lfp?nt@dﬂf‘élmb hafgiugdihalidsat om or

@, hBlsQf’bQ%r‘lfﬁﬂ}e%ﬂ%éitﬁhéﬂ%r RpdtadRayl) BahyAimgeR, or a Cl to
al kyl %r ou 0 55472PCT/ US2009/ 047882 R6 i s

(- W@w@g&wn Mp%ltaefﬂtyw@spearwpylbhaéwn iBafids R7 i s,
Q2,7 mﬁa@n@lgmbﬂeyyl)(Ml%ﬁw&ycleﬁen&d@lylj KufiG8maihidk, gr oup,

rovi ded however that at |east seven R7 groups are not
-Iihyirerguhbis(fqtpgethy leycnperadigyDHafngmgimgbd; each Ra, is
- lﬂlgﬁlgcar EQL alrr)éthglé%a V\%gRgl’ercl:)gﬁé ?Q)?%trﬁﬁeﬂ@rl Ic%pir{?a}d%?l Paefmumdlhahde,
andncludlng aromatic, partially saturated, or saturated
cl i r .provi ded t hat
u—[%l%}g/cll(ip?o fsg¥1§)§s tgttr%Hll_.gqg'103)!1%@6%@&6%?212}11%1{1 Pﬁléhe ‘Ying or
25.mul trhcmntees offcligie @0 ta Hgwisyst B m Wil eVE™ th(e.80(Vikg Y Emayhdyein VI is the
number IgP\&nfl Shp s/%(?]oglcallzélorﬁsaatnhl rr\%glse rslusmqbceg & tlrll’lyr 1c:needg'roull?§/ q’bi(tﬁa)ébo%s for the
unﬂlhrelohidmﬁi «ﬂigoglenw * ]B rt@dmmbdr df Nmty]‘@rodps/ﬂQ@O qarh@oe&si Wit *t ik tha number of
Vlnﬁﬁée?lé grgﬁ]g?s\l;a,(])‘a@ car (;ngltf(ﬁghe%{el cgrer(l)aé ec? §li omf,r Qndcfcg%hsé n%}cnber o?lﬁmctlonal
groope s il @¥sabns. or  nor e heteroatons selected fron1the
group consisting of P, 0, S, N, Br, d, F, | and or B
23. The process of claim 20, 21 or 22, wherein the
activator conprises one or nore non- 15coordinating
anions. 24. The process of any of clainms 20 to 23
wherein the catal yst system conpri ses one or nore of
(pent anet hyl cycl opent adi enyl ) (1, 3 di net hyl i ndenyl)
haf ni um di net hyl , (pent anet hyl cycl opent adi enyl ) (1, 3
di met hyl i ndenyl ) hafni um di chl ori de,
(1, 3-Di net hyl i ndenyl ) ( pent anet hyl cycl opent adi enyl )
haf ni um di et hyl ,
20(1, 3,4, 7-Tetranet hyl i ndenyl ) (pent anet hyl cycl opent ad
enyl ) haf ni undi et hyl ,
(1, 3-Di net hyl i ndenyl ) (t et ranet hyl cycl opent adi enyl )
haf ni undi net hyl ,
(1, 3-Di et hyl i ndenyl ) (pent anet hyl cycl opent adi enyl )
haf ni undi net hyl ,
(1, 3-Di propylindenyl) (pent anet hyl cycl opent adi enyl )
haf ni undi net hyl ,
(1- Met hyl, 3-propyl | i ndenyl ) ( pent anet hyl cycl opent adi eny
) haf ni undi net hyl ,
25(1, 3-Di nmet hyl i ndenyl ) (t etranet hyl propyl cycl opent adi e
nyl ) haf ni undi net hyl,
(1, 2,3-Trinmethylindenyl) (pentanet hyl cycl opent adi enyl)
haf ni undi net hyl ,
(1, 3- D net hyl benzi ndenyl ) ( pent anet hyl cycl opent adi enyl)
haf ni undi net hyl, (2,7-Bis -59-
t-butyl fl uorenyl) (pentanet hyl cycl opent adi enyl)
haf ni undi net hyl ,
(9- Met hyl f 1 uor enyl ) (pent anet hyl cycl opent adi enyl )
hafnlundlnethyl
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