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were made with 5 bis(phenoxyimne) titaniumdichloride ((PH)2fiCl2)
activated wt gd met hyl al unoxane (MVAQ Al ai nol ge 150
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functionalization, m@ re: é2(§ % gﬁgnp % % Lfne I ncor ‘; + 100)
when 10 to 60EOTUH Y AT eRd P ']Ber"‘ d SRPP AT R TS By e 2y 45,
when greater than 60 and | ess than 70 mph% 15 ethylene is present in the
co-oligoner, and 3) X = (1.83* (nDI96etherne i ncor porated) -83), when 70
to 90 nol % ethylene is present in the co-oligoner, where the heteroatom
cont ai ni ng group conprises where the functional group conprises one or nore
het er oat ons sel ected fromthe group consisting of P, 0, S, N, Br, d, F, 1
and or B, and the funetionalized co-oligonmer has 0.75 to 1.10 functi onal
groups per chain. 20[00191This invention further relates to a
functionalized propyl ene oligoner, conprising the reaction product of 1) a
het er oat om cont ai ni ng group and 2) an oligonmer conprising nore than 90 nol %
propylene and Iess than 10 nDI96etherne mhereln the ollgoner has: at | east
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5 allylic vinyl group ratio of 0.8:1 to 1.35:1.0, where the heteroatom
contai ni ng group conprises one or nore heteroatons selected fromthe group
consi sting of P, N, Br, d, F, | and or B, and th 0 i zed
co- ol i goner H%§2889 ¥ 1.10 functi onal groups per cha|%C&?%%%%?$ﬁ%s
invention further relates to a functionalized propyl ene oli goner,
conprising: the reaction product of 1) a heteroatom containing group, and
2) an oligoner conprising at |east 50 nol % 10 propylene, fromO0.1 to 45
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of 0.7:1 to 1.35'1.0,
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chain 15[002 I nventi on relates functional i zed
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e c ooty L 1 e A O R 300 2 954080
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200f P, 0, S, N, unctr onal tg% oI i goner
t
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relates to hdnoqenrém@s%phsd@e@segitp@tmm@mlsmmhwmal m@omeﬁ)sEer@ﬂVnar @mamin“
thereafter reaghededyid.b ﬁmh;er]@r@@;tqmr9%&@4“%1&9@(%99@ chd®% iR brated ethylone,
functionalized and or derivatized o oners. g BRI EF DESCRI gc THE
DRAW NGS [ 0028 E §lite urpatpratiogs 6‘éy1‘6f TR of PW?‘V‘B“WHPW‘&% r80s

nol % et hleSeneozfgz)mmEb(Ja/ﬂrptbegz Sﬂ)‘andmam/hro 61. (The triangles are data from
Macr onol ecul 08 6 r 0 61
and the ci rcﬁe r% prePrsf(érn tétyog( hu aEf %%nggg% lgpr%%mmyﬁg@gﬁ%%tﬁ gr%lek
range of chemoggfnespiiofymengaic g ﬁ%@s‘ﬂ%fredte??@ei%@ﬁﬂ{qune edraShCENS oGttt he
El- Pf copol yrr}%ﬁtynilﬂezamﬁrcg Wit BECFS; dd ig'ﬂ\ﬁm_(’@zfur%[ fuph 34, rre(b@num(aglr(ol)rm(?&;alz

ol efin popu rsus polynerization tenperature (Tp) for
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[ 00281Thi2® i mAOdAL i ofeniakelaat Blnk eunanapropyhreryeothomp radtddgo mBgomeconpr pSolpigs
propyl ene an‘éMLJf-‘cﬁ&r %91@10253(58051% o conononer, preferably 0O wt % conononer,
wherein the o oner WO 2009/ 155472PCT/ US2009/ 047882 i) at |east 93%
ally! chain éfﬁ’dgl (pR@r@rcabryl iaUS|28354}1 598 dlischppes e apiztiograng digemerggtpy with
preferably atatdi@asdmpOEU) on a spedificaly ﬂﬂddﬁbﬁfpp(ﬁt/ﬁﬂa%pﬂms @61§llhia‘fzaﬁkvﬁ ivgihta c(nhm of

about 500 to about . 000 . DL, As as | NVR (P radbu1
R AR e
S5preferalBby 900 wplyits O0Q:vepyréady phldyce 1000 Wﬁ 80 eed almlteﬁ% ablbfwe@@omt%

5, 000); lll)u@&uraﬁ&br&mlzteﬁmltmtﬁ@ﬁhs&@rat&bl ylic Vl nyl group ratio of 0.8:1 to
1.3:1.0; iv) igsthanl ppm al um num

rably | ess than 120 pm
preferably | 940k hafrarplso bpmo! pr¥Per abt 717I( e§‘§“lt’sﬁ%m o Fominsihgh ﬁ“f’%iiml?y
| ess t han 100isaaydrofi@828] Fhiosiui nmmldeocbnrpalnat\em i @hyde yprodpy | ae 1€ Ccio-radke gomer
having an M, V@850, o1 rgferably
400 to 20 0 0(1)850 I?fg)?/leké) %Qm%(?eg)orge[dqpha 495 /, ;19/} %?@?%EF?H %{60 xlren;atl%él(ep §y
pr ef er abP{ g0thidhdikalp cpos: fOﬁréfrerfarbrtyl@@G 16 aBotigee At ‘ér%rta’él%fb@ommt dhe. 000
g/ nol ), COITplidtrSﬂtrﬂsgtlsa.vaEzﬁlogD mol % pr opyI ene (pr ef erably 15 to 85 nol %

preferably 2 80 prefer
o199 and 10108700 ROTUA{(BPLLILBry 55 1 15> RN "oF AL KRy 2B ra%dp
mol % pr ef er aibh yicR5 a wdmango Ioﬂ/enorgwéﬂr evcahl yodl @ith bighQrodwitivly &f p@méel@rbamr e

al pha-ol efin &QH@H% ORI SpeckBy GRD mﬁé&rea@re]ye @)rxh @legmbbun@lmaherm&an%,near for
oct ene, greferabl eth fene erein gorrer s at |least X% al|lyl

chain ends (P&MAYF %e%d%oarearme&ﬁ%*émrréiy ESH@)““ By ‘“ali%h apownty OB g™ ¢fip| %
et hyl ene incorporated) + 100 alternately;1.20 (-0.94 (no |% ethyl ene
incorporated) + 100), alternately 1.50(- 0 94 (ol % et hyl ene incor por at ed)
+ 100){), when 10 to 60 nol % ethylene is present in the cooligoner, and 2)
X = 45 (alternately 50, alternately 60), when greater than 60 and | ess than
70 nol % 20 ethylene is present in the co-oligoner, and 3) X = (1.83* (nol%
et hyl ene incorporated) -83, {alternately 1.20 [1.83* (nol % ethyl ene

i ncorporated) -83], alternately 1.50 [1.83* (nol % ethyl ene incorporated)
-83] { ), when 70 to 90 nol (% ethylene is present in the co-oligoner.
[0030]Alternately X is 80%or nore, preferably 85% or nore, preferably 90%
or nore, preferably 9596or nor e. 75[0031]In an alternate enbodrnent t he
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at least 50 (preferably 60 to 90, preferably 70 to 90) nol % propyl ene and
from10 to 50 (preferably 10 to 40, preferably 10 to 30) nol % ethyl ene,
wherein the L has: at |east 90% al |yl chai ferably
at | east 91% B?e era ly at | east 93% preferably at Ieggﬁﬂgégﬁaggeferably
at | east 98%; 10an Mh of about 150 to about 20,000 g/nol, as neasured by

"I-1 NWR (preferably 200 to 15,000, preferably 250 to 15, 000 preferably
300 to 10,000, preferably 400 to 9,500, preferably 500 to 9,000, preferably
750 to 9, oooymﬂaﬁamlmwrdW%hraﬁeP%@@%@@qW%ﬁ%ﬂhﬂeﬁHWﬂ@ﬂ%ﬁnymm@vvwﬁwwn@F%up
ratio of 0.8:dgtmdand: ailm@) an\dhelﬂﬂérﬂalm&mmﬁU/hhﬁMl/mQ}roti@:lﬂf/ltyOd'l RBd) & A(I:taﬂzbayl
atonms are present ss t

a
15preferably ERAYS atlllfﬁ% f°(5 DE‘)’ phﬁqe%]y & hég’ ant y Lm leﬁl%bubtfcéﬁgﬁfrf adm)on 3
i nvention furdatykne ragbsatigssity omdaﬂprbdplyhtemeramwrgom@rm eanpwiesd nepd prOVldCb fat

| east 50 (fpr q;oéﬁtﬁbérystaﬂtmdleee@lﬁften@lqylb Qﬁlﬁfl&{eﬁ@ Hasd Qanglﬁongtgmémnﬁé’) ef-tﬁtrhafbthé&e B8Q to
99, preferably 90 to ene, from referably at

| east 35, preFe %Pfg}wge“%g% gyt %“vepm?@lge{mﬁ iyl 66“?6‘“‘05rwé‘fcgrcéb’i"’ygi‘“t‘g“a%edlo)
mol % et hyl endandandtrifationt) Hhd Lsctl o Bdi{iRragfiestall y 0.5 to 3, preferably 0.5 to 1)

mol % 20C4 to @'MMQk?de“rfféfW]zn@ oRutene, hexene or oetene, preferably
butene), wherein € ol'Tgomer nas: at least 90% allyl chain ends
(preferably dP018kas(Thyimgntipy fisy ity fyncienalizedgeroliggug cospnsibipg Biprepctige podset 95%
preferably aty)l.argtad8 @mtammg group ancﬁZﬁMU@&[ﬂOﬁMﬂfaﬁ@@ amnemdoarm “RO@ymdVh)

of about 150 to ab ut1 b N ef bly 200
to 12,000, prefErabry H%@YS‘Q% Bd %ﬁ”fﬁlol& ?‘? é‘%"?ﬁ |pr°p§%6 P, ‘GM%%W y?e“am
25400 to 9500\'helpmetfleepladgm§r BOEL feest 90/0@1@}/1 cmuefslells alblayvewgooftdmngdu@@@)\s) paprdwan

i sobutyl Cha'hﬂ]g%ﬁ’lvgt%naﬂlvlle}’el i )Cx\él (rbyd4<ngﬁo@lémyle@tlh&rp%te@) me) tyhed 1BR: 6b- hbi%

[ 0035] This inyention furt | at es ene 0 | ng:
at least 50 (PV&re BBIY "éple |C%&é=t°m%0“‘nd6 éf F‘%}l‘ St | ga 8) nsleﬁﬁr g‘f“g;r)o B 80
to 99, priéf erallkye i9festio B d)olipamd et 0 i (@r&é" (oot it @pedBed] B efvemabl y at

| east 35, pr %( &f 1@(9‘1/03&]19131% 1;[ 19’65\319 in dﬂé cq)f ﬁlL@rQBII y«vh@re % hgtgmaton?fgonpalhﬁlfg%(ﬁp l&,(}{np]‘lselé to
10) rml%ethylene and fromO.1 Cpreferably 0.5 t preferably0.5 to

1) ot % di en&¢g e W“&%’“MWBC@P?S%PT:?H)é“‘6Wé’@‘é“)‘&ii"ésrfé@“?dsf{%hﬂ“é%m‘ﬁ’&f)%f&fl%%‘Pé
hexadi ene, oc¢tad, 5n@) ¢l RoLkiar Benethe @intriphilieddeneligvorbamenep 1V Aydtiomt hormene,
nor bormadi ene, qun di cycl opent adi ene), wherein the oligoner has:

at | east 900/ chain ends (preferably at |east 91% preferably at |east
93% prefdr alb‘w9ht 36} anettion Byherpelate oad FupctigpalipedapepyB8egligomygDcomprising the

2009/ 15547 2PeLld52R094% 05 &%eroatom w@anmgmarp Y ef aaqgﬂwaml %&hﬂr@ﬁ m;egml 96 th)

of about 150 tg about 20,000 g . g asure l%/ IQ “ZL%
15,000, pref SPRHPYPYEYRdges] S 3)‘bm°‘6°r ¥Y&P%B’Peye“3 b° %“‘Td‘dbﬁb SHret By aBrHY 400
to 9,500, pr efdsraapinier 5@zt 0ol8uROYsighy éhef elohty0F©@bduo20000@Mp!, aminebughchain

i sobutyl chaip t%rmymn@l bbb Gridf b4, LT OV ¢ ahd sabsqflanoma o taguﬁm%E’wﬂQOc
5[0036]An of the oligoners prepared herein prefera ave | ess than 1400
ppm al uni? unflefa?aé%foaginylg |gé>§%c<tnwaﬁ% 26;0,0) “b?fifdiegloﬁ‘ﬁi“mﬁlff oh Freap E¥ SR CIgigRet han
500 ppm al um)fmm SV, ef, €n,&bl 4id biers snd theafinciQli4eP MligahmbanUTy to P @fusrtiabl yrolpess
than 50 ppm gl umhum preferably |ess than 20 ppm alum num preferably |ess
than 5 ppmalum num [0037] This invention also relates to a honbgeneous
process, pref®28lbl yThis putnkionp fusbasgeatest to anfmictionrlired erepoFicqdigeres, compdB38] As used

herein, the t&kih p@mgﬁnpmerefoam@l%dtm@ (lehiﬂN@ danngmemomﬁxﬁ&mdm{at d0Qa0%, 000
g/ nol as asur is refe rising

oner
ool et AT RO P B LR moTH SPHE o T RS B T ISk TP of
the ol efin. P opapoaned oldbgon®etigndmmdhi ganel chhavihy aéihCIvevalsglmEsOatmlf % of

propyl ene. A g9-0k bGQMEferdiS mBhnls AN uCOMRd ShdE df%llnb an%%?&enft wor gt hies ent
15 nonomer units (such as propyl ene and et hyl ene). hono- ol |%oner is an

ol i gomer conPPYsAYe A ﬂ‘?“’s"oa&‘fm ‘t"ﬁ@‘“?&#&é’“‘hﬁﬁ@ﬁﬁ’? "‘(es‘UBWea{‘gte‘ib’f“B’B%/“le e frompde ysed
herei n, M i grotpshetingyer age Nyek, et U, asndwe Bghil t{emeasuniad byolighindlvk wTiltess
stated other Ie in Table 3A), Mv is weight average

nol ecul a?glme%ﬁ%m lrgr)gaé%rgJ eg)gg Per meat i on Chr onmat ogr aphy), and Mz is z
aver age nol ecul ar wei ght (rreasured by Gely Perneation Chromatography), w %
is weight percent, and nol % is nole 20percent. Ml ecul ar wei ght
distribution (MAD) is defined to be Mv (neasured by Gel Perneation

Chr omat ogr aphy) divided by WMh (neasured byNWVR). Unl ess otherw se noted, all
nol ecul ar weight units (e.g., My, Mh, Mz) are g/nol. [0039]"Allyl chain
ends" is defined to be an oligomer having at | east one term nus represented

by (CH2CH CH2-oligoner), fornula 1: allylic vinyl end group where the ""
represents the oligoner chain. In a preferred enbodi ment the allyl chain
ends is represented by the formula Il: allylic vinyl end group The

amount of allyl chal n ends |s det erm ned u5| ng 1 1 NWR at 120C u5| ng

N . Y. Y oy o " o o - o NN R



[ 0040] "I sobutyl chain end" is defined to be an oligonmer having at | east one
termnus represented by the fornmula: isobutyl end group) where M
represents t r chain. In a preferred enbodi ment, tyl
chai n end ish§8?eﬁgg€§nted by one of the follow ng fornu FTﬁrﬁmgggﬁg end
group isobutyl end group isobutyl end group isobutyl end group mhere M
represents the oligonmer chain. [0041] The percentage of isobutyl end groups
is determned using "C NVR (as described in the exanpl e section) and
the chem cal @Mt JdbsiiganentiethiomcRes onifungtongiped Jopalsre ditens:. SowrisiO AR,
élé |151025 11933@01 &Q{duégpf;{%ﬁ&@\ﬂmji SRED, %d gqmro%mare@lm Blng ttqgattrsollﬂalo Fhigpyige 2 for
-P oligoners,

L sobutyl chain end (? %ch V|Q§ roup ratio"
i s defined tot“’HbO & Pabs ghdre e b Eal LBnt Ry e Céf° B Yo @HEs HEEREL § t he
percent age ofleaad J0% alllgl cidimyrlds, g OWPS aboOG4 3] dbputa0.pi0ed evlr @d aeivthod] ¢heintepd the
propyl ene ol ig sz% Pram fark @ w%tl's@%' av%?etthe%cﬁ)%m blﬁﬁan S@&@ cslﬂﬁn%%ny@r% of

functional group ¥r0n1 dr oxi %y ut ed
hal ogens, 20 %ﬂlkhf%wwmea~“r1%>é>ﬁ|0%%tt@>sgr0@gp@rb§ng ¢ 1 étl\ésBl %‘x{jgleﬁd "‘n?ﬂnééfﬁn
and car boxyl fu@ﬁ@m@&am(ylg&ms%tohar@ lZlOMn%onﬂ@fo&psﬁbbﬁ:fhﬁﬁ abl y less than 1 w %

g?re]? eP;gr ;I‘ S'b[wz%j b glé dnvex&gn%ﬁ% %%’FCS Ht lfl&tmh élzegl ;X(a)g ene 01100% Lom:llirlsmg Qthermr €
2009/ 155472 PCR-YS2000+ 6141788261{40)@144]1@#1@@ obirgoxtBr anptigfrst @bipysifzas canso mol%

Miet er m ngyd op léle%l @i to]@Qvt%ch%@neOng G016 5 m%p/pd&& \2@16@10(90 (g{gmi% has: at
preferably 250 to

1 g/mol . preferably 300 15 preferably
400 to 12, 000%/ K61 Y‘F&Paé]f Jrnp V“?’ﬁd”t“ Y6 By 1%@@&(1“"‘ ﬁ‘]& f“}gfé‘go oyl e pEE) o
nol ecul ar  weiag¥itc vingingep cain obE7: any 360 1hi vt thadrteohtoanyntaippegroupobatids ane wei ght
limt wth arl]l}{)lé %Y&eorato[ﬂp Le@&gh bm dggaltp Lbﬁsmlﬁo é@@Cg Il‘b%ﬂ @bpv{ecmd M B d'n§ the

det er ni ned accor to the methods described bel ow'in the exanples
section. [004@?Tﬁé“ﬁﬁ@gﬁ%@ﬁ‘bPQV%PdeﬁmH&§”§W@P£§§hF?anS|t|on t enper at ure
(Tg) of lss [p023n OChiOtnvi@eStuftas rediat erarufteshaliyd ﬁldnfof(ﬂl@@ﬁﬁr i cahpr8HA MR Ircﬂglon

?gl)(();r :)IITE][ ;ZS%§OI%§?S? Ii :_ 2 geroalﬂm u)n? DY ejrc?u;i)glggi ¥) el;ré?néo 81%1}161 0§8 opy ergogﬁercm hg‘S!Sy

10 [0046] Th@h$WWQEWEmkp*éﬁ@p%bUymeﬁialMBO?@Q@‘ﬂ%anm8@2%%mgmwﬂ%@@$b@ﬂ

ol efin(s), (%m.ahena% ﬂﬁ@b&l{yv&&n%ﬁa oPYE- e R 2: 20, BMLIES Bian | DOPIH MiBiRGa, WARE the
butadlene) gase t. of the oligoner, re% Pﬁﬁ?y | ess than 10

W% prefera F‘?O%‘O amﬁ’r’e’f‘)é*‘P é%‘t‘py“qb QUG OTIECTTRROYS Sqeis CFPRELSHIPE L 3

wt % pref20r abl p, 0,658, Bhah F21 mtl % Bpmé fiterfadoligpalized go-dligamer haswik. %to prefiectabdly
lless than 0.3 W% ligferably less than 0.25 wt% of C4 olefin(s) based upon
the wei ght of the ol igoner. 15[0047]Alternately, the oligoner preferably
contai ns | ess0B2lan 3s igeengipit fughepfelass tohonipgingous PRFGSITE &) make sysk Kligegesahicy C30
ol efins, typia@ahddifiduebe@ittCéhdioaGhicotta@ink BSup foyPinCahdtiynasittdn@s ddvatifed, Cg,
Cl12, oIefins e ), based upon the weight of the oligoner, preferably |ess
than 10 wt % ° 3?erably 5 mﬁ@b preferably |l ess than 4 % preferably |ess
than 3 wi2¥, [BRE HERAPIEHN OF A -Gareferably less than 1 wt%
preferably | WSF hapxmge 515\Mp?</9c 01&)@1@&1@51%& M1d1n%§(§ v&rbﬂ'ﬂlof‘% &ﬁ&lé% %’f@i{dn 94 &hin(s)

based 20upon t he wei ght the ol determ

[0048] I n ano?%é?led%%ﬁFﬁﬁﬁimcﬂﬁ%hﬁP“&Hﬁ@ﬁ“&&hﬁ%@l11BﬁQ%Voaﬁbﬁﬁmﬁdﬁﬁ?ﬁ§es at
| east 50 wt YE(pipes 61 @bl yndatic clre@spresths Bta%pleps.ef erably at | east 90 wt % based
upon the wei of l. i FhL9n 5 6

car bon atonsgy%?%fegﬁIFQHMQ%W?Mtﬁ”g% °%ﬁ#&5€%%§lQa?%?&tnﬁﬁ%béfﬁﬁgégg 102

car bon at8ns )or s Erfsapdreseh- by 1H NVR assumi ng one unsaturation per chain.

25 100491 | ngagt hek; @@boi@llanaaﬁl, ot BEny@ FBOEELH @Qm@ﬁi degen&radmmﬂwm
conpri ses Iess t han 50 wt % di mer and triner % ref eraﬁ %dle s than 10 wt %

preferably | ¥ YRARN Smpgragre [Tt et Bratierhpryy et riA c% it b based upon the
wei ght of t hETAIIJUNRESCRIRPEIN tion), as nmeasured by GC. [0050] I n anot her
enmbodi nent , oI| r o) a um
pr ef er abl lgﬂﬁs aﬁﬁgghmg%qﬁggnluﬂﬁhﬁ?gﬁgéé%%én%eggm% q“ﬁéggﬁg%ggﬁgtnl
based on3ghe0§MéPémﬁmmgwﬁﬁﬁyﬁﬁﬂ“ﬁ%Ud@@@ﬂwawﬂﬂ@%@eﬁ%@@méwbcatalyst enpl oyed.
[0051] I n anot her enbodi nent, the oligoners described herein nmay have a
melting point (DSC first nelt) of from60 to 130C, alternately 50 to 100C.

I n anot her enbodi nent, the oligoners described herein have no detectable
mel ting point by DSC foll owi ng storage at anbient tenperature (23 C) for at
| east 48 hours. 35[0052] Melting tenperature (Tni) and glass transition
tenperature (Tg) are neasured using - 10- WD 2009/ 155472PCT/ US2009/ 047882
Differential Scanning Calorinmetry (DSC) using conmercially avail abl e

equi pnent such as a TA Instrunments 2920 DSC. Typically, 6 to 10 ng of the
sanpl e, that has been stored at roomtenperature for at |east 48 hours, is
seal ed |n an alunlnun1pan and Ioaded into the |nstrunent at room

e o —— o T 1 o, S~ " I Y 1 o, o




5 80C. The sanple is held at -80C for 5 mn and then heated at a heating
rate of 10C/ mn to 25C. The glass transition tenperature is nmeasured from
t he heating I Alternatively, the sanple is equilibr t hen
heated at a h‘}eogtzﬁ%”%l#%te of 10C/ mn to 150C. The endot he??n)%gm%q*%?
transition, if present, is analyzed for onset of transition and peak
tenperature. The nelting tenperatures reported are the peak nelting
tenperatures fromthe first heat unless otherw se specified. 10 For

sanpl es di spl ayDng' st Brpillel gyl (rHeabbettdgn§Spoirvitrabbor 199 fngjeferably at
tenperature) is dehitb@d.to be the peak rreltlng tenperature (i.e.,
associated wth.the | argest endather in range
of tenperatures) i) ?P‘g?heta?’igaﬁéfleﬁ@?mc 8?‘@% et %%’ﬂbfm 5@?10@?1@? ase’ﬁ%‘%u ‘fadrPé(

the ol i gomers desdf NM&dphteraely 500ip é5.800] mlefunldyatOtQHEDOO 10081 30 anHehermol,
embodi ments, the O)Jegeggm 886 } b] ,qbtt)ecto@m d@@‘b?ef@d@ly“@bdtgg@@d)” ed as 15
descri bed bel ow) of to about % rrg ;. altelr nately 2000 to 25, 000
g/ mol , al t er nat 8l 8 bprhinensde ety Vdﬂyl"T%'Pupd @rors 4 W bf  about 1700 to
about 150, 000 gik)mks, thal t460 piah ekuyin8O0(pte@rab(UesO @An g20vnipm, (OOGLY My aad 10 ar e
measur ed by using a. H.gh,lePgeLak ZenEXE! Hsian, Ghr omat ograph (either
fromWaters Corpo gltlpgﬁg m(;t?n )Hglﬁl}a%ratg&gs pQ-B ped with a

di fferential P&} actTihyavenpon I‘Fh@efxdﬁ’et’ié@@é(r‘)l(cl?)ml)hd“@x‘ﬁ 1|0ﬁ%99t“a¥0 Wewals, are

ﬁl/gscr [ b|6d10| In mchmchUf] H RMRBpra@tbly B0 tRoo, @oqgeeablﬁm tA/\és 006, p@i@@sssioeyq 12 ooo
Cronol ecu es, rerer.e
therein. Thrd& fﬁg‘gf W ﬁﬁ)g Ie?gaﬂyeégﬁlé&% r%??n%f\/?&%o 9@ IdnPLiEE e s&d.

The nom nal P owl% ewtelqns(p®f65dbtyrﬂﬁ/tqﬁ5mwl%mﬂeftrhﬂéy HWomPhadld m@@@blv ohtovphylte i s

300 vi L. The VaddsQU® tf mnmﬁtndlmtte%,moept,t@menwdoddltltl%r geki@l 26 8fsh aghkonet er
(the DRI detect or? are nt ai ne Sol vent 25

for the SEC &¥FEPIment 7%s}“°ﬂ)f"elﬁéfF‘é‘HY t@ md?%% %t}|OﬁQ“%orgIP‘ﬁhélplb“rSﬁUtV?’&l’t"é’a‘g
hydr oxy tidl ugmecraldy ahyl@antitoci lhaemb, or petohe Ipretogidly cdil lol),cvhibcin theebgent hagstdde | |
2, 4 trichl 069)3%[‘% qgn eI(@Bktelatt-CQeto -It-&\’ﬁ L%%&Hf’oﬁs) tctuhelr? )E "l @E@meﬂb’r QH}gglca'

0.7 1.imglass pre-filter and subsequent | hr oug filter.
The TCB i s tHéﬂpﬂé‘@‘ﬁgé'@ﬁ'atﬂﬁ“tal‘t@‘yah’%(nq %feoﬁea%eéﬂmﬁerrﬁ?f% +elﬁ9)e?‘feﬂ’©‘e‘tyHé0(SEC
Pol yrmrer sol ubivomsolar @ypne padsrgdatday +ploac), WerdetopiNWl’etﬂyl@nﬁs gleasis inctntai ner ,
adding the dEiS(ITOI{ %rdan Bt”tatsct Ite nCEBly 55 ha emate a%()l) NWhen g)rgat rt]l n @6 sethgttmlqg’/c Wi t h
cont i nuous altalon or about 2 ties are rrea ed’
gravi net rzi)calethy'ene?hé“ff@B"ﬁéﬁstotoﬂ'&“euwél 3 &€ ex(ﬂ)tge"s@‘t‘%eﬁ“pt?wr'm?fpmated) -83,
clz 0 g g int ; ?ra io ?alieﬂtat@i?a 26y 0d3u r(ﬁol%”ﬁtﬁy&n@-fn&n gottﬁa@f -89, mlenatelyr 10, gﬁ{meg@%m@lf ?ﬂnd

g a oncentration.i o ng
with | ower cB’r‘i%B‘Hft?d&tgpghs?’h%}e% M ‘%‘)g’?fi fﬁ&gnc i yREE 0883 ‘)%EtnrCl wei ght sanpl es.
Prior to runmiodgl eaehexwtypbiemt&ﬁ% @Rlnmd,ettrefeltalm 8a%d>rtrhtee i m¢fedtop0%roe npu; ged.
Flow rate in %ﬂe‘b@gglﬁq)%&§ is then 35increased to 0.5 nm/mnute, and the
DR is allowed to stabilize for 8 to 9 hours before injecting the WO
2009/ 155472 P9PBUS2 09 0lk7Bg2mpedinaqnt apHsPacr hpglegbiiteiprbpitdhgnendy (basgd upeach
point in thettehtlemt@g@amumqald@alsatuﬂaet eldmfdhﬂkﬁl,’lpﬁét‘@abk}&ﬁ&laétB%demﬂaﬁkﬁrﬁddeRl
ZI g(r)]ﬁls"[ a:‘l'lt:)Rld rtelécl}alon‘?fn%te Faasﬁ‘)g P 1si)bum g%m egc sat Ilt%%ﬁf:ly the (ﬁlo racr hé, 311 moggttirlvmﬁam el%d:ﬁgslt i {/Z
i ndex 5 i ncri&entylitopp tah@fwetfeh% rr%eleteebty&@twézq heigseferahly0.911.0500. 1fl6r TCB
at 135C and {500321690Tmmn£95nthtwh@%ép}m&e tttum%erl h\t@ﬁtﬁ%@ﬂg dohemm@m
t hereto &dn/dc = 0. ¥ )/ ts
par anet er8 t H’ff‘étatjtlrot?tm %‘tﬂl@ et b?%t&ﬁmat’ D lceéenrtetnﬁ'daeﬂa#eée PERAFOPH A

concentrat i ofnmboBs, exfraeissed nel%yjvend, thoalgeoehar wei ght is expressed in
g/nmole, and intri j | IS . r
wei ght d|str|but|g%“fﬁﬁ%%ﬁQ?hr§m%58$%%F§%?§gag?é?#?%§ %g%9$ﬁ@l%§%%%§hgbove.
I n some enbolish®Hit)s, the oligoners of this invention have an Mv Mh (by
GPCG-DRI) of 1.5 tacnuaem adtkdeembladuet yc@m ?Mlt)efﬂwm 40(1&02%93’0l03@.§/in01na5|?150@§1&;8$y

[ 0057] Thi,s i n_.al.so S r

bul k proéissqysQﬁhg fmﬂ%%ﬂpﬂeé%ﬁﬁ) H%?%’ escr|§%§§ﬁ%ﬁm%? %Pﬁgég &{?g?red
enbodi nment, propyl ene and optlonal conmongners (such as ethylene) can be
oligonerized by reacting a catal yst system (conprising netall ocene
conpound(s), and one or nore activators) with the olefins. OQther additives
may al so be used, as desired, such as scavengers and/or hydrogen. Any
conventi onal suspension, honobgeneous bul k, solution, slurry, or

hi gh- pressure ol igonerization process can be used. Such processes can be
run in a 20 batch, sem -batch, or continuous node. Such processes and
nodes are well known in the art. Honbgeneous pol ynmerizati on processes are
preferred. (A honpgeneous polymerization process is defined to be a process
wher e at Ieast 90 mt@bof the product |s soluble |n the reactlon nedla ) A

o o o Y o

on



Cat al yst Conpound 25[ 0066] Cat al yst conpounds useful herein include one or
nore netal |l ocene conpound(s) represented by the fornul ae: II WO
20091155472P ,0-17882 R7 where Hf is hafnium,. Bo/df7dsS

i ndependent | ﬁ69§%g%?4ed fromthe group consisting of hyo'l)r ocar by‘fS radi cal s
having from1l to 20 carbon atons, hydrides, am des, al koxides, sulfides,
phosphi des, hal ogens, di enes am nes, phosphi nes, ethers, or a conbi nati on

t her eof , preferabl y met hyl, et% roo,qé but yl hen}O/ benzyl, chloride,
broni de, i odi&eraflaiop &% evlwyeri 0%ctos. b prefesln 18006a6-0005f 2 fused ring or a
ring systen); eachn Q)blu@l(,hhlﬂdﬂﬂ@ﬂ@ﬂd’ﬁlhﬂ@ﬁ@ﬁh@%f@ﬁl&)lhﬁtl&)[ﬂﬂtom preferably
C, N P. S (preferab roatom | t.ernat at
| east two Qs arelets‘h!élx‘%g%%p or dd‘mf“fmlr Ifmgflftl%brb gl}i R s, °ra Pl “Har lTbb %a? ?é}&eéast
three Qs ar emtnhlecfgalﬁnlcwhadﬁQOfpememeIHé)tlesrbdatlbQ@EPthI ter natel y at least four

Q s are t hﬁ 5{@6‘3’31 or "[(msflJv@r[tl@lﬂ:;lsohggtgsrtpgﬁ 9&%)1@ olloorﬁé‘le}lﬁ;Llngs i nd6pendent | Y,
hydrogen or a Cl to | i near al kyl

group, preferabl y“‘hléatsh% 1’@%(%8 60[5? 8?J>wac”tmt Zﬂ kY 98%???%1 plo[’r’(é&%/f‘“d TFraptY o 5(9r
octyl, Rl maypitteblgame 40mprdhirdbfyao erio) asl%l8ikR e, @Bt@d’in RRoligsiperimdependent | y,
g%/gruggegl’ g:; e?‘abcllyg qeagg)o ol alfl%//l ch%ﬁ Q‘Hlpd)l&ff z@oflyea[t {t)él'ﬁepnt er{abq)y ??ge)c(ig; 9@?%2%{9‘%}49/
octyl, provi d@'tf%%d%‘ef‘ét‘bbr‘éé?stﬁ%ifﬁe of Rl or R2 i s not hydrogen, preferably
Bot h ﬁf de) and R2aiar@ of@bouhydr © geds z(pm()@f@ﬁ@msyneﬁz,Lroamglllaer\lﬁz [ﬁ&f&ampt()() to
ranche 20¢ 12. 3 i enden! r
=substituted Q@Q)rgefela%l ?Sm(r)gﬁ&ﬂ é%?lﬁ )P(tjom (’?l%fg abp4 (gtﬁ%'g?é I’era‘i;ieq @Pabl y
1 to 6 carbor?-V4¢ @r?@fdbbﬂé(?fe@é)mwmé substl tuted or —substl tuted C to C8
l'i near al kyl group, 1s&fu@1f SHafDdnY toTBiymY lvinGtt hydpnatw pr()hi 1 tch?aYb,Ww h’lhnomb@xyl
heptyl, octyl ‘EFaOVI ded ho ver that at teas(g g fgl uns ? f"/
hydr ogen (al 8 HaPE1% PSP ‘ﬁ?toé’}sc?ffd’é“g}jé Wfd’? GENCaRY aY'Raf ymIo Ve R3
groups arlg n@tcfdlabdrlc}g@m()ﬂlzﬁ%mrefmnm gloynol’®mhen the catal yst compound is to
used to make 663 ] hOFH?xs Qxbénqa%lrthefjl@ﬁ@s %@%Qp%«%e ollgoﬁler &ﬂ%ﬁﬁﬁgﬂdent ! y1 hydr ogen,

or a SUbStItUte or =substit drocar group navin

carbon atons, preftéeEsP W‘%Clilwftﬁl%séﬁ%(?ﬁf%‘lbbfﬁﬁ to ??r%?réfeﬁblwgé) 9§db%ff’l?lt%?(étd or
=substi t ut ed 9&¥) mmo(a&pylbﬁaewm @l toyb (@Mﬁhlﬂy at[IH’aﬁfSﬁiﬁ)&b:]r(}blyﬂH thyo, p&&dmybly,l tpe@pyl ,
g::lgﬁ;)s g?gt ﬁ.lé){cﬁcw]%glyl S'to 52](? ¥} éthyﬁél% )émd fr(gn i YI‘ R gire{' 8ﬁ@§% H%Iiraal%?)o 5% 6‘) algotl‘ygneRB
R3 group 20\ADC2@(§9:/01@54MP€W@52@@9¢ @@?‘8‘82[)1?@ aldy @Qenwowl@s:lrstmmgintmb@d or
unsubsti t ut ed hyda&@&a@b%ldn;(mﬁﬁf SUAPSerdly ok RAS 1oL, Webfordbll £ Bast DOUIpr¥ratliy € R3
groups are a, C2 2 aa?@ h %g/(;.d or unsubstituted hydrocarbyl)l; each R4
i's, independ&Aty 3/01’hey gei ' substituted or unsubstituted hydrocar byl
group, a het er oat ommber ahedze moatutamweigint )it pguight® tepboup ef08 g/atol. ys raeasured by

substituted aof m&s@%&abty%@% Méb q;a&&ml ZﬂrtQ‘f'(p()OhaM&fﬂgol Sodf 6 Q0do, bPreaBly
car bon at.aons, ref erab Ty a substituted or

p
unsubst i £t ed” (%1’9@8 p@j"'li‘qun%)gf” 9aﬂollﬂef"g‘fb<':¥d|30 t°|c?r Qé)e?“ﬁbl y nethyl ethyl, propyl,
butyl, pentyl, heaﬁydobutjﬂemﬁlydnﬁ toGtiflielviny Sgubp tdtib ut el phemylb. (such as propyl
g?e?gl )C:]_Zpﬂ)e/ﬁ)ﬁbglaf LJTI?/h inven %1Sfullt11%1u r%lfeitge t?lalp {)y’len% §l%%mel cso n%:l';l'bn LR, 1 Whhg:ilel g I's a
R5 is hydrogen orat é?dtt:io ﬂ’@fewlyalf kgt 6(g|‘t°t§t?rt9b1YﬁPéf%’r“aﬁ?fyla‘@ly@ t0t98 m’ﬁeli‘bil}h et

al kyl group, ops)efoer, @@{a%cm@ﬁioﬁh}ﬂ b to 19 ghdithbly PI@RYS, preRubllo.s r@@(ﬂbbéferabiﬂa)ﬁyho

hept yl or,,0ct '0gen or

S e A e R £ e
hexyl, hept yHicigrisuole tsyd4; to €aTHpIRPmES,, didnerd sl mrdteatlibne, hehydthne getpricnox mabO@@mi o C8
al kyl group, etQ}nﬁ@n%r ﬁplLOYneﬁe qlm}lr@rb%el lel %@Bméﬂléﬁyl affdilf Qféﬂﬂopg{tﬁfeﬁé’)amhﬁ eiElhpY|
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided however that
at 15 | east *¥8VER7 groups are not hydrogen, alternately at |east eight
R7 groups are notat hydp@geln] claint@datc@layly al kasRT1Ygpotpslyar Basndt%, pydrdlyen,
(preferahly Eﬁf9fgpg&999§ﬂ@ “%hg 3 and 4 positions on each Cp ring of
Forrmula I'V are not Jrogen N'is nitrogen; T is a bridge, preferably, S
or CGe, preferably Si; 20each Ra, is independently, hydrogen, hal ogen or a
G to C20 hydrocarbyl, such as nethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, phenyl, benzyl, substituted phenyl, and two Ra can forma
cyclic structure including aromatic, partially saturated, or saturated
cyclic or fused ring system and further provided that any two adjacent R
groups may forma fused ring or nulticenter fused ring system where the
rings may be aromatic, partially saturated or saturated. 25[0067] The term
"substituted" neans that a hydrogen group has been replaced with a

hydr ocar byl group, a heteroatom or a heteroatom containing group. For
exanpl e nmethyl cycl opentadiene (Cp) is a Cp group substituted with a nethyl



four R4 groups are not hydrogen, alternately all R4 groups are not
hydr ogen. [0069]Cata|yst conpounds that are particularly useful in this
i nvention incl, nore of: (1,3- D nethyl /
|ndenyl)(pentaneﬁhchyclopentadlenyI)Hbfnlundlnethy PCTIUS2009/047882
(1, 3,4, 7-Tetranet hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) Haf ni undi net hyl ,
35(1,3-D nmet hyl i ndenyl ) (t etramnet hyl cycl opent adi enyl ) Haf ni undi net hyl, WO
20091155472PCT/ US2009/ 047882
(1, 3- Di et hyl i ndeny Pyhserverasrendynleycisbiidhit dabehi jahen Putttistral Hymeasead B3- D
l( rlnr R)/gylh |1 ngerf)qlmamﬂ&fam&;t bl 16 Y € boppgakasli eﬂw&))lﬁadonprumbllgxgabHd;%élm O(r)gd preferaﬁlyl

t hy t adi eny ni undi et hy
(1,3-Di rrethyldl’oﬁ(f%)rf’JO gh@?ﬁyﬁyEmE%F 4082@% &ienyl)kbfnlunﬂlnethyl
5(1,2,3-Trimet hyn llwbndéqhylhyr(dpo dhiiaried hryllmatyoc)f@bémlaﬁlleﬁny 1)H afn ium di m

et hy ( 1.3%D [0036] Any of the oli mers prepared herein, preferably have lcss than 140() ppm aluminum,
i met hyl benzi ndenyl ) ( pent anet hyl cycl opent adi eny { yl 2, 7-Bis

DUt 1 Uor SIS ER RO H P SO EA Oy AT AR HETRYY. prfertly o
(9- thhylfluamenwbkﬁmemmammthyﬁﬂ¢q4m@anhaﬂxﬂﬂyhmmhﬁﬁ|mnﬁmM¢u@men20pmn
(2,7,9-Trinet n cl opent adi enyl ) Haf ni undi et hyl ,

10p. - Di hydroé?%mIlbgg MM F%ﬁ%ﬁh%rggmg%%gntadlenyl)kbfnlundlnethyl

Di met hyl si 1y 10931 r arfeis hyf:@ymﬂ@pelpf@satdraéwwgyl(cgbmroscpy|ptcr¢ahbftarbylk¢?§%¢s@>r§emkadi eny
I') Haf ni undi nedhyibomeand 1.t-Di cyclopropylsilyl (bis
tetranethylcyﬁQ&Pentadlenyl)kbfnlundlneth yl ., 100701l n an %

enbodi ment mma??é?mtﬂéw?PaﬁﬁﬁPW%ﬁoH@f&?N@"FWE‘VméTz%ﬁM)

cat al yst 150qmmmund®uam0véHm®ﬂ¥ewmﬁ@edenmhg&&dmhah&dmm@smnho&ﬁndmnhﬁmr|de
or difluoridel..afdig ?m%' o%gumeﬂ%tf&r&%' om ox p.lagﬁenwoﬁggm@m &l Yimmane
activator. Activators and Activation for Catal yst Conmpounds

[00711The t erAEne = 5esaitansfsef prapyéene: o ¢ ‘i}‘ét)%eif is'an gligomercapdying af lppst two different
interchamgeab&mmﬁﬁdmamﬁddemhnﬁdw&&jh@ma@yAmmmp@ugﬂwmhhmh@&&nca@mkmghﬂmany
catal yst  comsblnanE SR ARl o PR TS act iy A panbEIAElb R Gl T2
Non-1imting (@%wrmoH§MR elrlcbe%%tﬁb}t rwipen g fpicksaraitiiioebin é4), Mal ’ﬁWFlﬁ’HrﬁV%’gﬁyl S,

i oni zi ng act ||ﬂ()&h95r5welg\ﬂhdnfétikufm%y g neruetaﬁ@]l CQ(b’mdtd%m)le) dammyqomsewgb Qﬂ&[u‘le{[ype
cocat al ysts. gferred §b§ ators |c9 1 }u e. oturmxtanedcqu ,
modi fied al ufSEAHECEERD ‘E} emg?fﬁm ﬁ)mzalohréy Ahi'on "precursor &b moourfﬁlémtehat
abstractanepmeattMWembaWbduNdﬂmmwvdM“HDgahﬂMﬁakmewum@mweialG@@me@wn
cationic and d@fo%)%mg) é’:v@é%af%g@ncg%lxeﬁ%'1ﬂ9\11\@1@)r1c@1955dbﬂ%15990‘t&f alVBRICk Nar
coordi nati ng anj on | n _one enpbodi ment, al unbxane activators are
utilized as dfeaep ?V%%dVWIM“Pﬁ%“EEFH1yst conposi tion. Al unpxanes are
general ly O|HgnﬂprlCAE@Hﬁﬁ&ﬂﬂSmQ@ﬂk&hﬂmﬁgohﬁ%&Eﬁ&QO1®umeQHMQhrMhﬁm&th IS
an al kyl gro es, al unpxanes include nethyl al umoxane (MAO),

nodi fi ed netﬁgcﬁ%%%%%ﬂéw Mﬁ%MXethylalunnxane and

i sobut yl al unoxane. AIkyIaIuananes\a@d ~-38.hpdi fied al kyl al unoxanes are
suitabl e as catal yst activators, partlcularﬁy ‘when the abstractable |igand
is an al kyl, halide, al koxide or am de. M xtures of different alunpxanes
and nodi 25ed al unoxanes may al so be #ybdvimilendgggprbe preferable to use a
visual ly cl ea«ﬁlcrmhyl a} AREBRAR. olifvrkek OMTY 18N 38l dnBJIMIOXAN BlIyE BAinb&ds is
filtered to roduc ear solution or clear alunoxane can be decanted
fromthe cIo% CoRYaRYe] Bﬁ?% ”mﬁﬂither al unoxanc is a nodified nethyl al unoxane
(I'VIMAO) cocatal yst type 3A WENg009Fi554 [ 182009/ 047882 (comrercially
avail abl e from Akzo Chenicals, In¢ undaf theYirade nane Mdified

Met hyl al unbxane type 3A, covered under patent {nunber US 5, 041, 584).

[ 0073] When the activator is an al unoxane (nodified or unnodified), sone
enbodi nents sel ect the naxinun1aHDMﬂkvm&uﬂ@@&mator at a 5000-fold nol ar
excess AWM oY rtn(l;ll%t %%lt ?ylyaia nPEAAE UL Sd(e)tlérn'gix%ﬁrusm? ‘FWR afatla(k Q\’ft us 10 (lleglgl)dted The
mi ni mum acti vat 6r-to t- precursor is a
preferreéoraﬁgeémmﬂbﬁﬁééhﬂﬁ‘@@OSGGWf”H%m%éWﬁﬁ@é1Veﬂﬁhﬁﬁbgwﬁmﬁdbh\@é%ﬂ%teIy
up to 100:1 alternately from1l:1 to 50: 1.4 [0074] Al um num al kyl or

or ganoal um num conpounds whi ch may be utilized as co-activators (or
scavengers) include trimethylalum num triethylalumnum triisob uty la

| umi num tri-nhexylalum num tri-n-octylalumnumand the Iike. 1onizing
Activators [0075]1t is within the scope of this invention to use an
ionizing or stoichionenic activator, neutral or ionic, such as tri
(n-butyl) ammoniumtetrakis (pentafluorophenyl) borate, a tris

per fl uorophenyl boron netalloid precursor or a tris perfluoronapthyl boron
nmetal | oid precursor, 15 polyhal ogenated heteroborane anions (W 98/43983),
boric acid (U S. Patent No. 5,942,459) or conbi nation thereof It IS also

oy o



WO 2009/ 155472PCT/ US2009/ 047882 i ncor porated by reference. [0078]1onic
catal ysts can be preparedly reacting a transition netal conpound with sone
neutral Lew i uch as B(C6F03, which upon reacti @prikioh/dig
hydrolyzableswgggﬁgﬁ?é of the transition netal conpoung Forﬁslén énion
such as ([B(C6F5)3(X)r), which stabilizes the cationic transition 5netal
speci es generated by the reaction. The catal ysts can be, and preferably
are, prepared with activator conponents which are ionic conpounds or
conposi t i ons. RPOOTY} CHTO RIS WS eI AugrBt LBt RECHPIE IFtsAlRivE TR vteH dor
preparation gfrotbhgedn@Ringe eab 8b WSdurS yStoRhi® abts Reklclrad @ rphRoesse Gfas el Sor
e O COMBE LS Seda G LA 3 FELEL BRLY oy B OISl et AL GaPAR! © of
relatively | a“ﬁ!gefor rlretoe ndl 7@; MEzdpabbe) G visylaginfopted rrr@yicrr@olaemfrrve\ Jacatapst
speci es (the &kaun sé ﬂ@ﬁ@@nﬂoz%ﬂh@h}aﬂa% &afineenwhen the two conpounds are
conbi ned and saj d anio e sufficiently labile to be displaced by

ol efinic, di dPM&ni CIE%H/I ‘d’&@ﬂﬂ yficing! f%}’cﬁ‘h%lﬁt”ﬂ?‘ﬁfvé‘& a’é]ﬁﬁé‘fr‘rcé&:f‘%”bd?pr%?wgr

neut ral LemnSwhaﬁﬁQMSUCh as ethers, anmnes and the |ike. Two cl asses of
conpati bl e non-coordi nati ng ani ons have be drsclosed in EP-AO 277,003 and
EP- AO 277,004 published 1988: 1) anionig oordrﬂatlon conpl exes conpri si ng
a 15 pIuraIrty of lipophilic radicals covalently coordi nated to and
shielding a central charge-bearing nmetal or |l oid core, and 2) anions
conprising a plurality of boron atons such as gg}boranes, nmet al | acar bor anes
and boranes. [0080]1n a preferredisenybdilaert , tHe stoichionetric activators
i nclude a caty,gn m%r@&tbarﬂr ergoﬁram%enﬂm ﬁ@grrmlbgﬁmErﬁp{h@%@QRﬁth g
fol l ow ng fornul a: ﬁ 14? wherein L is an neutral Lew s base; H
i s hydrogén 'r@I@?mengﬁf BHetiefoRwiag: Ad- is a non-coordinating anion

having the charge d-; and d is an integer fr¢ 1 . 1] Thie cation
conponent , (LMFQ//ﬁay/yﬁkage/Bkgnsted a¥i ds sucp as pfotondied Lewis
bases capabl e of protonating a noiety, such as ap al kyl or aryl fromthe

bul ky I'i gand netal | ocene 25contaiining transition metal catalyst precursor,
resulting in a cationic transition netal specres g»qu; The gdctivating

cation (L-Hdf may hgmg?@&gg§$ed capabl e © 5N

on |Rg a proton to the
transition netal catalytic precursor resultrng |n a transition netal

cation, including ammni ums, oxoniuns, phosphoniums, silylifuns, and
di

m xtures t her eof ef I AEON-UNE  of N ney
di met hyl am nd i et hyT ani n¥, N—nethylanrwlne
trimethylamne, 30 trieth Ianln@ N, N-di met hyl api | i ne,

henylanlnez
met hyl di phenyl am ne, pyridine, p-bgsono N, N-di nmethylaniline, s
pnitro-N, N-di met hyl ani | i n hosp niuns from tri.ethyl fh sphL;

tri phenyl phosphi ne, Qdm l8ﬁﬁwgnylphosphlne oxoﬁru%% fr%n?ethers such as

di met hyl ethemmdk%mm9¢m$m¢m%mmﬂévmahydrofuran and di oxane, sul foniuns from
thioet hers, b] aST d)%}cgﬁﬁi?c Ehké%ﬁt&/ﬂ%ﬁ Sméfﬂ‘i &%E}Hl%%@ﬁpb&]&\l%%%scnmqn the

m xt ur es thereof he ani on conponent - I nclude those having the
formula [V rzmmgh]s%rﬂowér § ﬂleramrlsshlgrrmmelm@F%@S&V% =oA i l%%o@rolz%é

i nt eger ﬂSOWWﬂﬁUOEBbrWW%§mﬁﬂmkﬂm@@®£mﬂﬂ&ﬁhﬁnﬁﬂgﬁez&1EP%lgmdm Mis an

S:, g][rgp;bis;l g (}Oﬁg] fr 1Phe 150911% Lil'am elai t& aﬁ\S/hFc)(:"vrmI ggré)r,cﬁ)d;er?? llb de mﬁé p EKLe Ia, 10 0? the 2d
unbri dged d|aﬁky@aﬂﬁddMthkmde%t%¢«mmr@9$OQﬂWWowwﬂﬁmmhydrocarbyI

substi tuted qug Ocafnbayr refer%leﬁﬁgﬁﬁrpfyx rhe%%?l@ﬁctdﬁtrmr Bl‘%r@& ﬁl‘fi@%k&hzﬁ[}gwmpmeb

hal osubsti tut ed-hydrocarbyl radicals, sai Ravi n ar bon
atoms with t K& ROV Eoelifrision st scligpdien Bﬁr%ld&&ég}r@ h‘(‘?é“ti“%d ”@Ia%ﬁ’&%"i‘“de

Pr ef er abkg, a&&hsGMmgymmimewnnﬂﬁedohydrmﬂa&mymdgHMMp refortrig leds than 2@t%Car bon
atoms, nore 6 I%f rf yyleﬁ@lﬁh I %3 ma pﬁ%lyq@sg ﬁ'gn @%Wt%%&y BPc?ei%ng lcnp&tm 0.1
preferably each 6 IS a pent af uory group. Exanples of suitable Ad-

al so i ncl udevth BOraFEBHPOYE s Pe fé%r%@éer therpligpnsr. pPat . No. 5, 447, 895,
which is fully incorporated herein by reference. 10[0084] 11l ustrative, but
not limting exanpl es of boron conpounds gahi ch may be used as an activating
cocatalyst in the preparation of the inproved catalysts of this invention
are tri-substituted amonium salts such as: trinmethyl amoni um

t etraphenyl borate, triethylanmoni umtetraphenyl borate, tripropyl anmoni um
tetraphenyl borate, tri(n-butyl)anmoniumtetraphenyl borate,

tri(t-butypanmmoni umtetraphenyl borate, 15N, N-di met hyl anilini um

tetraphenyl borate, N, N-diethylaniliniumtetraphenyl borate, N, N-dinethyl-
(2,4,6-trinmethylanilinium tetraphenyl borate, tropilliumtetraphenyl borate,
tri phenyl car beni um tetraphenyl borate, triphenyl phosphoni um
tetraphenylborate trrethylsrIyIrunrtetraphenbeorate

o - o N a2 a2 . o

or



tetraki s(perfluoronapthyCborate, trimnmethyl anmoni um

t et raki s(perfl uorobi phenyl)borate, 10triethyl amoni um
tetrakis(perflugrghiphenyl)borate, tripropyl ammoni um
tetraki s(perfluor obi phenyl )borate, tri(n-butyflamoni um
tetraki s(perfluorobi phenyl)borate, tri(tbutyl)amoni um
t et raki s(perfl uorobi phenyl)borate, N, N-di nethylanilinium

t etraki s(perfl uorobi phenyl)borate, N, N-diethylanilinium

t et raki s( per fI100xH oblehelwlllnymté‘/ hap i predetsptined 2y 2H MRy 4fridh toy2P A0 ¢/inpl.um)
tetraki s(per fiOUW@Qb@D%UW%r}@QB@Qﬁ)’tO 4 @0ighidol, lﬂf&elably 300 to 15 000 g/mol, preferably 400

ot cakc ol por i B HET LR S Sot BTG G Afer s e can

t et r aki s( per fdnyerobhrgobe nf k)ybamat opledutar etelginl Bivik y\llthuim lower molecular weight limit
tetrakis( per fde&%e%ba!b%equ%%mnedba%&%ﬁ&%%@&&md%' rZ‘flscrlbcd below in the examples
t et raki s(per f1 uor obi phenyCborate, trinmethylamoni um
tetrakis(3,5-%"€¢trifl uoronet hyfl phenyl )borate, triethyl anmmoni um

t et raki s(3, 5- [omﬁqs(t Tihé d)ug@rh@@m&hybfylhwhe;myd t}ab@tf(ﬁttdﬂlpelhtﬁﬂemg)DMES@HHD@P.C%mess(ab
tetrakis(3, 5- L f thyfl n ora t m
tetraki o3, 5 Beaptdpt pHBPARE e B BEiSh B M oty LI
tetrakis(3, S-Mt@{bﬂyr EQOF @ohe%nmlhlglﬁblpﬁeﬁgm)%@ﬁﬁamewplewaldl AEChylesni | i n| um
tetraki s(ﬁy S-1o@ep ( T Frind IOH%@{@JCMBI}V%%}{J 1R0R 80 Wi € &t By biiicd)] Rbdams

tetrakis(3,5- bis(trifluoronethyfl phenyl)borate

N, N- di ret hyI lioéutﬂcné ntbtu c%gﬁk}tf)rgnliscrbpﬁ‘cwndtbéiafh&}g? @(sgd, gpon the weight of the oligomer,
bi s(trifl uor omutdvf kphi@enyD oo @tfeqbly 5 ool fréfumhly less than 4 wt%, preferably less than 3
tetrakis(3, 5- i . I . efi

tetrakis(3,5 “Ql/sl%%fé fd{h% uor%@wx %&.{:ﬁ,ﬂ%%al)} B%E g%’g/b P %ré? Hygér%i/ﬂpxhgg%db/g ﬁ]:etémﬂy
tetraki s(3, 5-pf %‘(YtOrQSf"‘It"(?(S'F%rPé?ﬁhejl3fqaﬁﬁéﬁwﬂ)e%f"é\‘toéthcP'ﬁ&oé"?‘hyl silylium

t et r aki s(13, 5qoda7p(t wu&way Qrmtﬂkmlkrplh@fayd@ b&ﬁcﬁ’ft{saehb b@ﬂzz@nvee(lgﬂlt azeﬂwm) more

tetrakls(35 |qu hen and. di al m.sal ts
such as: di- Pﬁ"(g)o{ﬁucf’ “am (UO )'Cﬁg/y%’ é?ol O?IBﬁIhetﬁ@f%‘é?uém Ay
di eyel ohexyl énzrmlnﬁuamtq)eluaﬁcaﬂkwst( t}bem:lalft lohibe glmqenymnbfbi@blaﬂees thand vathdirefenbialb

tri-substitutggq QQQMSEQQ%M%@%EﬁaﬁyEQ RS 3%*/ ﬁet*eﬁbl%yc h&sm@ﬁ Miably
tetraki s(pentafl uoro orate, and

Ré ? S hon| um
ot 1 aki o bentar Pior BRRETTBORarEh 0300RETREEES ey i Yo St o BHE s
st oi ehi odt r |um>nal@tWe@tcmthe(ohgoH)edas detdakined bg ,'C NMR-

di met hyl ani i enrlo iy ihdhP R0 composifion pir S
tetrakis( peril(?uuo ob|E tlh§ Pﬁ%{)%lapelpl\?%ﬁéngg IR ﬁ& i M%‘glﬁtﬁ}g{ ga gbglk
35bis(trifl uaﬁﬁ?fﬁﬂmﬁl ly@phé‘hyr/y e ety ﬂtrlPﬁoh‘éhw cé?ﬁ“@éﬁpqﬁlnﬂlwmalm% (ﬂrfe&rhg%ear onap
thyl ) bor at e, wn\{&@a&Q@&éﬂ@Mﬂr&B@fE&U&Q&% Qéﬂﬁ@%fcx ably at ledst 51 carbon atoms, preferably

tri phenyl car b nltu]r’ﬁ Carbona )}perfl uoroborgvﬁ{n orat e l?hengl carbeniuntetra

kis(3,5- bis(trrflusHSratE Y BHERSIY tmrleiunaulat LT BERT um

t et r aki s@per 10048 ophemythy lbobaitrent, [he@8@]nbrrwmn®nem@d4wrbcr¢tnprlaanleaclnm\law%@n

met hod usi ng dfn{épzlné LG pfe@er&lngmgmdé% NOLe GANEQ1RL B9 R M ASHIM S IPEQLAR » but
capabl e of producing net al | gcene catal yst cation and their

non- 5coor di ﬁéd”|bﬁ’§d%‘3f‘8‘ﬁw5‘1géOé‘lhgﬂlg&%ﬁﬁ%‘ﬁ&?l"éi?"éd‘sm%‘ae(bbryeccdescr| bed in EP-A O
426 637, EP- 08057 31middha@nrdbddingnt, BabBmeNRodubed36:€ coftdns IMHhGthﬁfpel Rkiunher ei n
i ncorporated b ef.erenc 1 n coor atl ani NCA)
nmeans an ani Bleyb\ﬁllry R ?hfl? ﬁ%lp L tagefgllmb?m%é@?’dess ga“ thmqmﬁl " dooﬁl tge y\,\ﬁh gﬁ is
only weaRly poordpndicethnd te gaisdf @atyptonriordr eby r emai ni ng suf ficiently

labile to be[(ﬂ;kﬁ]pl aﬁxeaqwm eﬁbdaﬁl%'htr ﬁiL: ok&%@ dg@@%d helgﬁmaﬁtldvbla%eltm point (DSC
non- coor di nag.l nfgl ani_ons neutrality

are
when the ini tPalPfl) “fé‘t‘“ﬁe((g t&d%?’eﬁtelﬂ@%ﬁﬁé‘éé@m Fﬂ‘r ?"H?QF’ e%’tbﬂgmﬁ}‘ﬂ ‘ho’\ﬁo’i“F‘Snot
transfer an aniroal ieraulpst nd dsentblomelfifgagme bt DSO fullbveing aitrh@rat swhi@steingergatse it
to forma neytralg, aplggbt&q\g‘grdl nate netal | ocene conpound and a neutral
by- pr oduct from'the ani Non- coor di nat i ng ani ons useful in accordance
wi th thiddinlP@atli onMélF“ég t»ﬁl@%wt: Ha&t) i eleo patipbraperaitighiTel g nopwred using
met al | ocene cation in the sense of balangjng its ionic charge at +1, yet
retain sufficient lability to 15 permt displacenent by an ethyl eni cal | y
or acetylenically unsaturated nononer during polynerization. In addition to
t hese activator conpounds or co-catal ysts, scavengers are used such as
tri-isobutyl alumnumor tri-octyl alumnum [0088]1nvention process also
can enpl oy cocatal yst conpounds or activator conpounds that are initially
neutral Lewis acids but forma cationic netal conplex and a noncoordi nati ng
anion, or a 20 zwitterionic conplex upon reaction with the invention
compounds. For exanple, tris(pentafluorophenyl) boron or alum numact to
abstract a hydr ocar byI or hydr| de Ilgand to y| eI d an i nvention cationic
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10[ 0092] The ol i gomers prepared herein may be functionalized by reacting a
her eroat om containing group with the oligoner with or without a catal yst.
Exanpl es i ncl yde, gﬂt ,ytic hydrosilylation, ozonolysis, hygtofonmng,ation,
or hydroam nation, fonatlon hal ogenati on, hydrohal ogenati on,

hydr obor ati on, epOX|dat|on or Diels-Ader reactions with pol ar dienes,
Friedel -Crafts reactions with polar aronmatics, nmaleation with activators
such as free radical generators (e.g perOX|des) The 15 functionalized
ol i goners carPifeenigledrapipedioriade ﬂ?&ﬁésm%sonmwlf/ GYRNY cB¥P kRt Wilthep @ TA
addi tives, adhashen pPront. eﬂ'y§1czﬂl@d§ mmlyi:, @fttﬂsbaﬁm@@mat tﬁﬁﬁeh@ﬁﬁed d?fcﬁifn%nfp@ldmﬂts es
i ncl ude addl ttl Vetsl fOI’ thbrl caln E ? in a% anF)r ef er [n?o the m ?rumen¥ a{n
cont ai ni ng grdups ithet JgEs BN lnan‘ﬂlhu&b% 4 4G aci anfydri'des,
sul phonat es, tpammhwuﬂép&ym@uc@wmb@wQMQGWTﬁn@émﬂ0d@1@aa%ﬁmnﬁmeﬁéwﬁmmW@ride

100931C hey  upes ﬁ% slllli})"?e 1£ WNEL: L RP@kd: 2 6fh QlER RS aﬂ Rkt &tk 1PCASH keisZEer s,
surfactants fg» § O detergents, Fabrl antistatics,  etc.
TeF §4t5dh 8

er
Preferred het *%twﬁtt%wpﬁﬁaw Fetips! e e e e S Al oot is
al cohol s, aci«slibraahy ds*Cdésy hearrtiat s bkqio nated $0°Cpan to GUCarThy eglubemivi welagi d,
mel ei ¢ acid apd;nRl gi pqcsanhx%algz%d féro&?&ufmaﬁmﬁ a%mm' aﬁpaéursherhglﬂl&%rs

produced herein are functionalized descr

6, 022, 929; A.lemsiptytes reparted g1 the ek me%}ﬁ%fcwerm@ﬁﬁ%he fis PSphenlesgliervate speciigd:

213- 219, 520025ampladiisplayiAiinul@hle paksSOE meltide3RB0y (ol hiing AdkBdBrale3 4.defi2O B ki

pr ef er red engga Inm?tlngg%é Erh tuleqlﬁ% g)soua §df \a(v)xth Bebﬁrfr SIE gr%gtﬂérmkcrcl:\({lglr]&lglfthnreﬁ)%&el? that
functionaliz > chem ca Todi T ed Wi one or mnore tunctional groups
(al so referréﬁk%@*%@w@mﬁ@ﬁ@ﬁﬁﬁﬂﬁﬁﬂwwwgé?%tng group) typically containing

het er oat ons 93] @S [Panofer e§bodmnen8ﬂ1e ol omerEdesmb@eﬂQre%rarear liqikkefkerably N, 0, C
and or Br , preferabl N an ferred functional groups are

sel ected fron??%4b tllfé‘“g‘j’Fhﬁhﬁm?f)BﬁéeP ffien 8?6%6‘?5‘({5’6‘1 agtiprhave ahgfpgueed as

aci d- est dirss, daxmmabhmnyﬁ$pmnanhmﬂwksomﬁOMM¢hsmwnmmnyB$®w@mnwhsqmmyﬁH®Myls
and acetyl h r, fierr NGt hose
repr esent ed %;bt g?n%+&Q$%%%%nB§ﬁ1%&Hggghfhﬁng92ﬁkégg #%ﬁbgﬁgLH&ﬁgbthe C
and the X |sgﬁvﬁrogen ni trogen, hydroxy, oxyhydrocarbyl (e.g. ester),

oxygen, the g@isk) noiet %m@\érmga@&&myl\dsﬁ@aahgnafe;abam@e Gize Blckaibh Chrallnlﬁ@éripﬂe

e o A SO il e Pt G b Pt cb e U Rl afeelsn as
phosphor 29 barlondetestat DR, Expliiradntahdstads, omtdovmipreyn: BeSwub Srdant. Bt BAChapdehand W.

hydrocarbyl  @f Xy dURGHIMEhicIVOURS 34, RumbiQ9,3RY1-6:95,Q0RI) IFBYerBEc4:QhdAGH
t hrough (X). __[0096]Preferred heteroaton1conta|n|n | ude acg
ir

ps in
groups deri valet POMROHSTHIEET Rhedt \umnginestR po! ‘H’i“&é’?‘ﬁ IT??‘E: ogHRay (é""éﬁ‘éf it
derivatives, c@@in, @RttRS Sondmd nﬁa’ﬁﬁdnSvolunﬁ 15 @@9,21] h/bar eansmemﬁfmmH ¥olu@hsi ganer
bnhydr i de. 2SN ng0r 5 SRESI B i s a2 SRR oduct
of the oBﬁgoﬁEﬂmMSEhcamn@wmunsamud@we@wﬁambéﬁymhcﬂﬁgab@amwmwompmmsungnat

| east one neghglidsehaakedof @M, t&nOLRKA, QQﬂﬁAﬁkaQm@?nﬁb)Tﬁpﬁﬂ¥9§ﬁﬁyéated
C4 to Cl10 dicarboxylic acid (preférably wherein groups are

vicinyl, (i.&en/ ity Oadfnaéléwed“éfﬁlbaaﬁ *tézﬁe@%)ly %?wagh( 309 " a*P TF%%’sft“e‘o n&e
prefer abI y bath,is O}f:n Sahded 1oh adpanentgacar Ron aiong ﬂarsmcpamyn&f s@atiods are
nnnounsaturat|on ferivative c to C5
al cohol deri VéY H%E‘Mg W%osﬁfmer 3 aog'fabs wstgm% aﬁéﬂ htPr%%(S)]ﬁeﬁgée{{ “Ur at eg t&q\%mm%lo
nnnocarbéQyIﬂ@rm@u@emh@Y@nﬂmUhem@aﬁb@mm@aﬁbGMMMQUDWB Bdinditiesc opjmegratcéd t o

the carboxyl glgmqgcﬁuallg/ ﬁw’TC@f dcﬁslﬂ%s sdd H)Q&ME&@ thie pgl_lger%xQ:)antra(ldM]§ [n@bb/golhlﬁc gﬁwbl €
bonded to O, d (iv) derivatives of (1ii) such as C C5 al cohol

deri ved nonoéfétlé?%gﬂalr dt o tympeygiEpngt éé%f‘tz‘i’ Bt Wt Tthﬁéuebfrqngwm%@f%h%| e
bond of the mnnpmgsahuma&eﬂc&ﬁ@ﬁmbﬁx&hgah&mmﬁm@ﬁimmammne&dsahmﬂaledmtJhus
;g[]ygi(?g}ejl eaﬁln&!}a{?ag/ ] qamp%g detec or anei lle\é\lﬂnjteart]or%nhcﬁ)gr%gcz: i ITE 8318@ g)@lartatguc 1|erl? 1
unsat ur aBed H@Pﬁﬁhnﬂéﬂﬂamﬁﬂqh@ﬂé@PRMhﬁ@hwéﬁEm@§éTﬁl8ﬂU%@W%dﬁ@ﬁlw@Wﬁb@hds,
include acrylic acid, crotonic acid, methacrylic acid, nmaleic acid, naleic
anhydride, fumaric acid, .itaconic acid, itaconic anhydride, citraconic
acid, citraconic anhydride, nmesaconic acid, glutaconic 20 acid,

chl oromal ei ¢ acid, aconitic acid, crotonic acid, nethylcrotonic acid,
sorbic acid, 3-hexenoic acid, 10-decenoic acid,

2-pentene-1, 3,5-tricarboxylic acid, cinnamc acid, and |ower alkyl (e.g. Cl
to C4 alkyl) acid esters of the foregoing, e.g. nethyl naleate, ethyl
fumarate, nethyl funmarate, etc. Particularly preferred are the unsaturated
di carboxylic acids and their derivatives, especially maleic acid, fwnaric
aC|d and nal ei c anhydrlde 25[0099]Typ|cally, fron1about 0 7 to about 4.0
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[ 00104] The functionalized oligoners and/or derivatized oligoners described
herei n havi ng I\/h s (g/nmol) of greater than 10,000, preferably greater than
10,000 to 30,{ oQRf F;zerabl y 20,000 to 30,000) 35are usefilcdf d!;mygs?com ty
i ndex i npr overs ubricating oil conpositions, adhesive addit
20091155472PCT1U820091047882 antifogging and wetting agents, ink and paint
adhesi on pronoters, coatings, tackifiers and sealants, and the like. In
addition, such oligonmers nmay be functionalized and derivatized to make

mul tifuncti orfast smpg% J&¢ eopeanidien ci ArprebRar & Pirgheamarped ipyels daedian Spkpdiant
properties. (dmgfactBDBIE sighdl QfTBihQR: PlRATRREM: US 6, 022, 929.) 5[00105] The
functionalized oligoners and/or deri vakl %el% ol.i goners descri bed herein may
be conbined with other additives (such &4 eddsi ty index inprovers,
corrosi on i nhilgictiom, is @xdodwdni deterinimbyl by tadibratingi tkpORE and (dnfdgbie thyi fefréckignwndex

i nprover, detgrgentS, ndGMhSirhd £fRuiveliMRE, ol NNEJRAI LOFS ot POUE 1RPL DleodRRT BGSANT
ant i -foam ng agents, antiwear a ents seal swellant, friction nodifiers,
and the |ike nopestpl Bisdregion axhiip Flans pheys @VeD > OB8 T prepglempedmsty, anfl Prie’
42- col um 78, otleivi®. Sdnigng Itm@reefteﬁo@n&esmm@mﬁ@dn tohetee$BT) mbthod @k Much that
;gg})??bgl ggi kcgr(ljgléntrrrta (in lhexglessi:cﬁg‘tg/lugﬂs{)lecupa% Wf(l %({p scdmr?%t/rgclr)]kl% rzﬂé Olﬁtggslxcn\ilsﬁysgf HOI !
additives ar éXng‘/apﬂde‘aClLl/%/ are bl ended into the base oil in anounts Whl ch are

ef fectivejgt o pesayi derdidagh. wergm q@tlnb@tnt BRHAN  HUBPLIDRD, is ReRiARE By Aldl K&hod
effective armﬁnts of such 15 gb %\l%s ar basedé\?n a(éh %&f ¢

i ngr edi ent cSRYEnt" SgPe ?W@dlﬁl&m fl1e\9 oomé‘ﬁéif P mypBK pe 1 YA (e B Tt oL éﬁy
additive- pack(a@ealtcolatcﬁv@ﬁmmloatl on which will be the sumof the A l. weight

of each addi tdhégmﬁkzgéon Eceyyel ght of total oil or diluent. [00106] When ot her
additives aré 0 be desirable, although not necessary, to
prepare addi tWQf co éleﬁ’t’?“ﬁt”éféwé?iﬁﬁfr‘i) & POTRPSENSPHE BFFE TR PEEEl| prik BRcsp o make

di spersi ans afe digensUnb@Bid Retdi. tlnvael&cf&éed%xbb(hmau |1m{)@laﬁd @n o()mdlalﬁﬁﬁlﬁle)ﬁft-:ﬂ% ate
amounts herein boveth ESCI‘I bbe\c,i\%}i 1 rge({P eavtvlinu a bdgl?bt system (comn r1 R metd ou?n%r

addi tives (sad EoRREAFT Sl WhER EBRs Y (it YAddit \} r% ture ‘peing
referred to lenmpmiQsndnnaedidad seivaras kddade Wf@ﬁ e@}}lefse‘@éw%lmdad@i) b veed ©ean be
added si nul t apeAUSIN & Qed Bgcbasfor Adroded. fQK %ﬂv’@ﬁn}hﬂ'@&sﬁ)&n@q&ﬁ r}gm ichcous bulk,
conposi tion. é@‘nsso utio the additiyve concenér at ubri cating

oi | may be faCtirt*at’ed” E¥$ RBPYR AT MEHE BY ORPRTEAGC & aﬁ%ﬁewtﬁwr’
heating, 20ut btti, semiatalptor ess@mius alode. TReh4etsysent rrfcdﬁc:otm onlaknaedinghe art.
derivatized @l hgQHRSyRncilfoPhESER ark PYRRLI AR &%o&&uégaﬁgcnmor? gﬁubb is

amounts of base oil or other conpatible solvents alo ot her desirable
addi tives tod HF%OQ%IEPYP?%@VWC\?\W%WQW by pipgey i U@é@éig? tﬁwa%lzn Betadagaulk

cont ai ni ng ammdgaxemng;rr@ah enpastichlaryc pbkeet | (veuarmaadsds adfintdypibe al progesk e about
2.5 to about f t . .
preferably f I;né)m %Bgor.{gllg%%n f ﬂg%%btt«f) gxgg]aﬁg‘qw() v%ﬁmg 9, do%?’;(%%’é\)eﬁgl%}{?ate?rﬁg sﬁpeﬁttox
appropri ave prSHOr PEEHS! Wde%lnﬁh?éwwmeﬁ@@r (C’ﬁéli’*rf@" thyasgiall gipgunts used as the cryrjeY 7]

The fi nal fOlfdﬂHe@ith 1N Sy st Yor @RAR h@tivesy P aBlirdtsyty ka0t fouddOw it A6 dnohfte.g. propane
additive- pack]a W bh 5t he remai nder being base oil. [00108]1n anot her
embodi nent t hd" t0icti onal i zed (and optional |y derivatized) propylene

ol i goners anth0s8lopybenie etlivytserent doroblisgomentdn (ifidudn b i-oralifatied inert liquids.

(co)oligoner Ex&rnpii@%lﬁf&ipg{galglﬁﬁﬂ ig}arhgc\ﬁe:hzlu?% dr&%&m ]chth(yR@lltlalyc b&tml Pcn%ﬂcds
preferablé | ess than 8% preferably |ess 6% preferably |ess than 5%

pref er abPf | SeEnpizapexapes, %‘?Cé?“érhﬁlﬁ?%‘? EREISS d?dﬁ%‘ﬁe 31“’0)“"“&"%?"8’F%fb‘lyy““l weyyqian 204
preferably 10ydessbinkanchl % (ycehabiey eydldeitob.ahettyigabisxat] ondylaslon@asurad by
"ILI NWR). | 1 rs
descri bed he%gﬁﬁgﬁgegﬁggég%g &ﬁ@@% gﬁﬂ%Php%hh§Fﬁ$gﬁﬂ&k&éggggg%pbbgégg t han
5% pr ef er abpsjiljosaadedtGragrilkpnay, chjopabpngereyand prympigt arl alinlgubt{ivtek Jroppic é@ﬂl’r‘f’é%% ur ed
byNWR) ; and lLess tehant, rLQelv&t 19/(@5‘@/ ten¢ dnd eﬂ&cusﬁablus@kh@ RISy infiRfligri@bkyhs h@gs t han
ﬁ;)f) 1|F;r1e.|r\ls/éabl Xyl%b?gbsta?tl Ql%g}' Ol‘ C ?1]{) %»mers ib‘u\é n 8'[ %/THC H)I()plléélé? Etr‘_bgr ?‘E)Lgexenef‘e?eéx aﬁ‘gij;ed
| ess than 5@6 preferably Iess than 1 % _ qielatlve to total =saturations as
measured by tHNVR). No hydrogen or chain transfer/ternination agent shoul d
be used during functionalization, derivitization or stripping (of =reacted
nononer) for neasurenent of =saturations. [00110]In anot her enbodi nent, the
functionalized (co)oligoners consist essentially of propylene, 20
functional group and optionally ethylene. Alternately C4 olefins (such as
i sobutyl ene, butadi ene, nbutene) are substantially absent fromthe
functionalized (co)oligoners. Alternately C4 20 olefins are substantially
absent fromthe funetionalized (co)oligonmers. Alternately isobutylene is
substantlally absent fron1the functlonallzed (co)ollgoners By
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5 interest between fromabout 0 to 2.1 ppm (1A). The nunber of vinyl

groups/ 1000 Carbons (VI) is determned fromthe fornmula: (VRA * 1000) / (1A
+VRA + VDRA) i t he nunber of vinylidene & vinyl / 1000
car bons (YE)‘Wg g?%ﬁ%lned fromthe fornmula: (VDRA * 105§?RTQ%¥M%&@RA +
VDRA). VRA, VDRA and | A are the nornmalized integrated signal intensities in
the chem cal shift regions defined above. M is cal cul ated assum ng one
unsat urated end-group per 10oligonmer chain. Mr = (14,000 g/nol)/ (VI + VE).
[ 00112] Aft er Yhehdilivepsare rt-nathydplredtand i -ocignef yddtdeesnaMivtaes oftthe fregnangaasdyoy t o
det erm ne thaumgsonances/chenical shift regi ons of t he functional group to

determ ne @6f§R§ﬁronalrzatron r epeat abov g N@ﬁ
procedure on | eaﬂ“%ﬂﬁﬁ@@CBP“WW@tFﬁﬁf@?ﬁﬁﬁ???%@r‘F? FMFEB Bhéd to
renmove unreaebednmamermakebyGOmemeManﬂssnﬁ&m@yZG&m@m(%arkmheﬁsammyem
Quide to LAl 6din . (LlLiamWalter Sinons, published by the

Sadt | er Rggsaﬁgﬁ% Siﬁﬁgﬁréﬁﬁmmggé for assistance in determning the shift
regions for SPROIfi Sukalscrditysato e eligoserizring mupber Belude e of BAAISCHYPBEpS
/1000 C Sd( F)pw'merF sbmocﬁmo)eéucﬁé\ddenﬂs ﬁxﬂil\/ﬁé\aibmy%hge? \Mﬂrﬁlﬁrﬂmﬁﬁyg oﬂQl’aﬁ&' i zed
integrated si intensjties ipn the chemcal shift region of

functi onal g@f’g any? PACTSIRR Lo PRANAFOsE PRER T &G "laé}%’v’émm?df%@ialig]pa‘ﬁ%lr cent
functional|zakmmmcﬁDO@h@SObmgowémbWF@ﬁ(Nﬂmﬂﬁwﬁ@me%pwﬁEwwOThelmmubthef
vinyl gr Orbpslb%&fif@unqarabme ,( Mo )STS%Q rr;,trr@eﬁ caPfe dbdY 31 tdR0 ﬁmgrs@mac@yfmom

carbons (VE*) for functionali zed igoner are determned fromt

| FI NMR spect P%n‘éfa“flﬁh é“PP’&r‘H%th aﬁarﬁéah% rq gotret alfvhe fire WdneRERMg rhCargtaW and
VE for the untiingtdatnlakd Zfegmﬁio]cgﬂml’n) isPstelfaer 200 yighdaghapeliecc@mt reaction without
functionaliz h I 0 re.. pref Iy 80% or nore,
preferably 93@€9%n9 %&lﬁggmhg era ﬁhé%{p%%hggfgﬁ“F%@f%%?gh a preferred
enbodi ment, F0062/ * Inraﬂl-‘_@hematr( aubs O meatthoEyductiviy aifleaptaidPa e/ mmal/ gy, prferably S000
(0.60(VI "‘lSVE)o} moB E&hRIARE, Mleh:sla N 600"()V§01€E/nﬁlQ)LleO[{rM“mjblyg))ﬁOO olh&f enably. F +
VI* +VE* > (? %%£VI+ VE) ) ?erabl%E VT* +VE* ég.BO%VL+ VEQ%’

pref erably F I\,Ex*altgmz(t erglg)fhmeqjc ylyducﬁ\fltéfl%at éem,th O_I_g/)m pl/h_p\yﬁqf rably at
(0.90( VI + VE)lgast mo@be ramboyht- prefdvbty 4\VEkst 20, ()I)()95’(n\ﬁol¥11r,\/E1)eje;'abpr ef essal3bQ00F 30+
VI* +VE* > (Q,98(V + VI* +VE* (0.60(VI+ VE)),
preferably F +,%%M WE%EmQM(B& gﬁ@@fn%ﬁfn [00115] I n another enbodi nent, the
functi onal i zé#6dko) STefegerhergsmarzewre@rlés errt?eamb‘y TerRpSTafugss Y @ Presswes. such as
2P09/ 155402 P@Eﬁx@&ﬁl@@k%&&&ﬂy 0lsh 020pd, rederdblyars @ Josd, bdt prdidrablyr ﬁaﬂmd(F 6 [e(smzt S

ol i gomer or co ncti.on roup, provided at |east one
Xis a functpgcgwbqwgﬁp ‘EEMFqu?mh%FO%Ri%ogpggps i ncl ude any of the
functional grl¥eps déscmipbedlighovietn ehercsidacd uncdf bnatacipnoupss td KL nindes,

het er oat om Cgatakii, ?lg,earsqyrrﬁmmgr foghiy 5 & ALAM comprises B, 0, S N Br,
a, ko preferably N, 5 or Br, preferably N and or
0). Partrculéﬁﬂ#ﬂéﬂﬂﬂ@ﬂﬂbd functronal groups are sel ected from the group
consi sting ofr(ms] ds Carase& nHoundRyRr He B8Snc kA€ bid veG b1e MStall XY Canifd ok S,

car bonyl s, fggl %ab ﬁ Exmlarbonyls hydr oxyl s, and acetyl halides.
Particularly r red” TURCTT onal groups include those represented by the
formula: -C(0)- X* ie bonded to the C and the X* is
hydrogen, nitrog Jjyl (e.g. ester), oxygen, the salt
noiety - _ OM whg' e-g. alkali, alkaline earth,
transition neta 2 e\l i ke, oxyhetero, e.g.-0-Z wherein Z
represents a Rete ch as phospldrugxboron, sul fur, which heteroatom
may be substituted dr ocar byl jor xyh$drocarbyl groups, or tw acyl
groups may be | ep hrough ( XR)= ’6] Preferred functional groups

i ncl ude acyl grou erived from unsat urat ed nono-or 15di carboxylic
acids and their deriwdtives, e.gr’est®&'s and salts. [00117] More
specifically, loligomer functi®®nalized with mono-or dicarboxylic acid
material, i.e., acid, anhydride, salt or acid ester are preferred,
including the reaction product of the oligoner with a nonounsat urated
carboxylic reactant conprising at |east _gpe nenber selected fromthe group
consisting of (i) monounsaturated C4 to Cl0 dicarboxylic acid (preferably
wherein (a) the carboxyl 20 groups are vicinyl, (i.e. located on adjacent
carbon atons) and (b) at |east one, preferably both, of said adjacent
carbon atons are part of said nonounsaturation); (ii) derivatives of (i)
such as anhydrides or Cl to Cc al cohol derived nono-or diesters of (i);
(ii1) monounsaturated C3 to CR) nonocarboxylic acid wherein the

car bon-carbon doubl e bond is conjugated to the carboxyl group, i.e., of the
structure - C=C-C(0)- (where 0 is double bonded to C), and (iv) derivatives
of (i) such as CI to C5 aIcohoI 25der|ved nonoesters of (|||)

PN NA A CNA N T Y 1 e o " Y N




[00121] I n anot her enbodi nent the functionalized (co)oligonmers have a heat
of fusion of 15 J/g or less, alternately 10 Jig or less, alternately 5 Jig
or |ess, d hy DSC as described bel ow. [00122]I

enbodlnent ?ﬁgi |§o %tyl chain end to functional grouppgaﬁﬁgﬁﬂﬁﬁmdef ed
to be the ratio of the percent functionalization of the oligomer to the
percentage of allylic vinyl groups. In a 15preferred enbodi nent the

i sobutyl chain end to functional group ratio is the sanme as any of the

i sobutyl chain en@?to allylic vinyl group ratios described herein. [00123]

I n anot her enbodl Ft?he functi %nal iged (co)oligonmers described herein
have the sane Mv an Qr |YI'z as, or up to 15% greater than
(preferably up to greater t‘ban rb he starti ng (co)oligoner, "sane"

i s defined toRrﬁe hin 5% 2@[\ I n anot her enbodi ment this invention
relates to: ) mal i dgo [0)% r preferably conprising the
reaction pr od 1) a heteroat o?n/ern afni ng group, and 2) a co-oligoner

havi ng an M 30, 000 g/ asured by 'H NWVR) and conprising 10
to 90 nol % pr opy,l;rene and 10 to 90 % of ethyl ene, wherein the oligoner
has at least % allyl chain éndsRrel&tive to total unsaturations) prior to
functionalization, where: 1) X = (- 25 0.94(nol % et hyl ene i ncorporated) +
100), when 10w 60 nol % et hylene is present in the cooligoner, and 2) X =
45, when greaiyhakhan 60 and | ess than 70 nol % et hyl ene is present in the

cool i gomer,, and 3) X = 83* %.et hyl ene i nc 70 to
50 ol 96 et hy BN bdnsreaaie Ykl R L6 250 Gamars SVREPaM bl Gl o

cont ai ni ng gr2éuprbeonrPms.segridhermadds hekdxitae tshidnal pigsides. deolvpms.ségcoreigs. nor e
het er oat ons ?ﬁ&%ﬁlﬁxﬁe@@thferrs qmatcaﬁongi'tﬂytﬂer&)@ r}r?éfé&b'lﬂtgetl%fl eﬁ)l L ﬂnpyfl; bu?o ?ﬁenyl(%anyll: 301

and or B, an functiagnal i zed co-ali gonmer 1(?1)d functional
groups per c 1§alprifle. bromiderjpdidg ltgnatgy e b‘f‘dyrfa‘?“a‘dt"aﬁ qmt}\/ﬂléiroéidﬁnﬁﬁéem

co-oli gomer kRas Qg rigiefdnduntOE 8w a b aWetemhtamupreﬂdsy CrelPat {prderdbly 4t @hsabne Q is a
unsat ur at jooN el RLud Aud HREL: B FA! Qe or etk LIRS, BluPBAIT aph
1 wherein the co- [1|gorrer conpris % et hyl ene and has nore
t han 80% al | ' & &icrianhersdiferar attrr%o“tboa'feﬁtﬂ"aly qﬁﬁ@%ttferré%% thdhe e oF diffgrent
functionali Z&Etbl@ﬁﬂ@ms)m 2009/ 155472PCT/ US2009/ 047882 4. The co oI [ goner of
par agraph 1 rein ses_at ne and
has nore than “%8‘% lll%c’cndc ﬁa%?’f'fgé%%‘a rgﬂ At h(\yllélqtub ptrgqabﬁ u‘gg‘é ulrnaat o%igf prior
to functi onalpreie&@Iyomﬁt11Yb¢tle@ eroall Satdesylt vayl. 8O @bty R appyithy saipgles diffegnt ag
functi onalsi zed propyl ene ol i goner, conprl sing nore than 90 m)l % propyl ene

and | ess than % t hy| ene e nthe o st 93%
TR R S i b R R Gl O - e
about 20, 000 pgfembly, meghy! dtigd Ipripyll bushaicmyleindylt loptal dryottvlcmvrlrtpyllthagrtwg op@dfiRd of
0.8:1to 1. 3§rﬂ- 1QnotﬁﬂgogLrgﬁl%fehB@@oti]I%p@ R ab ﬁlm&lﬂmt:n pt@fera@lyffiugﬁi?dr@nﬁla h#ed
propyl ene ol i goner, ‘conprising the reaction pr oduct of 1) a heteroatom
cont ai ni ng gPBEe4nd 2) an ol i gomer conprising more than 90 nol % propyl ene
and | ess 20hamach @’ is liddepdki&tig thixirb e ner mrtﬁitenidrhxeutﬁhﬁl@d)hsetrochag grogi havie@§dm 93%
allyl chain I h 50Q-t o
Sbout 20,000 1) it MU BB AR Rl BEHL Brbl dttes bl Rl BBONE PR o
0.8:1 to 1. 3hnepr glkylagieyn] egfgratlhawtllzbellsﬁpwwl Uivh mﬂﬁywe% hf h@t‘ e padcdm
cont ai ni ng gtlwcre&mntaaeaeme,@ps m)ﬁ@ hiredcef Qatrandy Sed I€ckak afrcf Thidgegr oup
consi sting of1 P DS " qudr ) and or B, and the functionalized

ol i gomer has “{F75% e gf@i’p?iﬁn‘& FPBRaYgr oups per chain. 157.A functional i zed
propyl ené5ol iigmvercly. ebimphd giahyt comhend éale tubgdrio prisdliie toresfoligymey s teeah Fatiom
cont ai ni Ng giAYRadeARdnliogdd) opltkﬁﬂt'f@tEd aomru«atuaghatoctreﬁ%tou@(aaml Hapt apy| ene

and from 10 to 50 nol %e erein t ast. 90%

al Iyl chain ERYE %y pf\?lffr%gyl Bgtrtrb‘ilét?mf d’mé"ﬁ% t“f%)’gb‘%gor ‘}“F*P%I’“““%ié gBbut yI
chain end toala:rlloydup corsferhyt methg Lephyk atopd, lokyl.QpeByll hixgl, mcrﬁrl locBl, r)mercethCVCI
monomer s havingf.Qule R IR Ge LA 2L ATE oRALS R BEE M edland £ Ond 1© o,?bu[;rol %
where the heteroatom cont ai ni ng 20group conpri ses one or nore heteroat ons
selected fromthe group consisting of P49, S, N, Br, d, F, | and or B,
and the functionalized co-oligomer has 0.75 to 1.10 functi onal groups per
chain. 8. A ftnetionalized propyl ene oligoner, conprising: the reaction
product of 1) a functional group, and 2) an oligoner conprising at |east 50
nmol % propyl ene, fromO0.1 to 45 nol % ethylene, and fromO0.1 to 5 ml % 4 to
Cl2 olefin, wherein the oligoner has: at |east 90%allyl chain ends, an M
of 25 about 150 to about 10,000 g/nol, and an isobutyl chain end to
allylic vinyl group ratio of 0.8:1 to 1.35:1.0, where the heteroatom

cont ai ni ng group conprises one or nore heteroatons selected fromthe group
consrstrng of P, O, S N, Br, d, F, I and or B and the functlonallzed

[ N - . a AN £ a0~ o [



17. A honogenous process for making the functionalized propyl ene
co-oligoner of any of the above paragraphs 1 to 16, wherein the process
conprises: 1) st __honogenous process for making a pr ,
co-ol i goner, ggﬁgbﬂﬁ%gt process having 25 productivity o Q$Xk?ﬂ?%%§? 4500
gimolihr, wherein the first process conprises: contacting, at a
tenperature of from 35C to 150C, propylene, 0.1 to 70 nol % et hyl ene and
fromO to about 5 w % hydrogen in the presence of a catalyst system
conpri si ng ans aét ivGtsertiaiad oamsubsised oecarhst @icfeadlreleasbhpolirrd. frapr Exelt ed

by the for mJl@&l[)sargQCth@ %@@%e&@ﬁﬂ?@ﬂ@[éd@%@&%wmw R7 R7 RP" Ill where
Hf i s hafnium

a4C ect ed omt rou consi st ng
of hydr acar byPlradt EaeTet HORP O 2oy s e i SPSHE iy | Ggon
am des, al koxdrdespatsukbdntathis, gnpnh,ngjhabdte@ subfialtige nsspbsdives @girocanm/lrwglp having

phOSph' ness efkhﬁf 0 2oQ£rb<§h %ﬂblir&@éﬂl?ﬂtotﬂ%rb%ﬁ’fxmms%ﬁfe%@gkh{bsmﬁ&ﬁlwunbu%m{éd,
propyl, buty“a phenyl , benzy 1 ide, bromde, iodide, (alternately two

X's may form tﬁaﬁetlmeﬁr alkyk %I%‘é’d owerfg‘m}ﬂeﬂal Fﬁhﬂgp@%t‘@ﬁj  Pepyle Hoxg), jheptyl, octyl,

i ndependent | wulsatlao pheoy! (achepepaahan, ppamelfl eiyabibytinGd s, (Rich S (Ipsdf ehabk'y at
| east one Qis, t |.t er nat I Qs arc the sane or
di fferent hetergéggngyﬁ&%rtggrbﬁglte Ctpﬂ ﬁiy gl%ﬁyl bﬁgﬁéhc%p s are the sane or

di fferent hetferiouiioeas or apt@ﬂaawlgy)uatpreﬁeé%ta Giouf: loey alylerqupgrphly wethyl,

di f;er egltlmeteefyp@t,@nrﬁ))uyl @sﬁﬂ@hh&yl hdﬂs}e@eaﬂent I y, a bCl to C8 al kyIh gr oup, |
preferably a Gl t Y pr et py
butyl , pent yI hé/groigceg oha B to Cb alLH rOfngpreyel%lRly a Ce t% éahneex d;g%alpfeftel%e}/nrfxg e
each R2 is, eﬁdép@m&émvﬂymwhh@wlmecgoaﬂkyl group, preferably a Cl to CB

| i near al kyl BhQUR, Hm@&mr@b 1M1r@m; by, ue@hmky,l ﬂﬂﬁ&@)&lfembw ¥l o ety Lukyl
hexyl, heptyl or oG

is, |ndependéﬁ??ﬁ"e%%ﬁ?ﬁ%gﬁ“m6ﬁnﬁys§%§ﬂFWﬁt@ﬁBZFWﬁHE8%?ﬂ??ﬁ?ggmﬁyﬁf%%ﬁrbyI
group haWﬁngl®MOﬁwmIiQﬁ@msambmnhﬁMQw£cmpnﬁﬂﬁaab%ye@mtb ﬁmwambowtawwan
preferably a aﬁéﬁpa%tl}J duu4t’ ef%uﬂrar%§%§)§gén c@cqabgjfhé © %?in dt @E%ran@h ¥l thlgiqul(!Q:’h
preferably nethyl “ethyl, { uty pentyl, hexyl, heptyl, octyl,
provi ded homéWéwg?ﬂﬁFm%ﬂVP§§§ hyfigeal” R3 groups are not hydrogen
(al ternatelyNiouifrodgdd groups are not hydrogen, 20alternately five R3 groups
are not hydr ently, hydrogen or a substituted or
unsubstitute %Q% @%%m s?%&méﬁﬁ% ¥groaton1or het er oat om cont ai ni n
group, pﬁ@feﬂabﬂy h“@@ﬁ%ﬁpbuﬁé c@rh@W§HH§9KFUPéHOﬁyﬁ%@@ﬁr%&@agw@bﬁ‘ﬁa ing
from1l to 20 pepyibomat@yBhexfl IRHQI &3)iyphdoyt, @englesﬂISJﬂQlﬂ:d Ph@APBand PR ER A RY a8
Z?E;f I, t g;[, ggy?}cchbgiuct'.xre lnﬁj}élglfl%lfrome},tf%)?alin%ﬁgt latei? or s8a L{ayefi L}Q:%B F}\bbe(f IrufgL?stce%xbLKeggf hyl
(such as propvimeemthﬁﬂphemywoa%w@WR;nsmb@Wﬁ@mWédméﬂMyhanS@mmhayrmg
CH SiR, wheigeR wikd m% riceds ka9 bgmmm FReB Pilated §M§tbrat@§ net hyl et hyl,

rogen or a Cl to C8 alk

propyl, butyI ghen 5 1S ‘i %

preferab@? al %ﬂ”??héﬁﬁmﬁT 9Fm@ﬂﬁﬁﬁwmﬁ¢%§@F%%??”ﬁﬁ? Vﬁ“mﬁfﬁvwxmﬂﬂopyl,
butyl, pent ylkiouh ehgt&roatd‘meqi}taylbteleitorﬁ)C(In}aimng group. FoRExaingle mgdlylegadpenidicae Cp) k0 C8
al kyl group, . ) et hyl
30et hyl, prop [gl%tuﬁ u@st? :ttl}[eciaveltgn;agﬂe&%ﬁg%/ ril'ldr!?%lg alé%} 5g§rdng@?%?(?tll) ?Jbgtgﬁ&%lthyan n@ltl
2009/155472P€WNU82009/047882 each R 7 is, |ndependently, hydrogen, or a Cl1
to C8 al kyl aesip, eraﬁfaﬁéh@m e}oﬁb&{nﬁaﬁ Bﬂca@m‘s R‘n@@d'p laﬂokh@]dro@élphl@ma@l&%{ 1@2&13(@[) y

nmet hyl e rop ent

novover - Pliat "aPo o dbirbi e o e %e%%tgfﬁw%a a5l apBial § By

| east ei ght R¥r jreoupsrarpehnogerhyidmaglenl] Radrowes mateehydrabl. | e groups are not
hydrogen. ( Pibéy ab&;fm;bh@mdﬁgun QYRS ﬁhwﬁanﬁUb%fum%ﬂn@%nfldcfmé Qs &m 5Cp
ring of Fornul are not rog en IS nitrogen; i's a bri

preferably, &3 ‘Bllme’@é'l‘d?j’V%(P%H‘aamh%@i‘OPe“é’éEW')ﬁéf“luP’é“ﬁeH’éibpendent ly, hydr ogen,

hal ogen or a1@41Im&BQmMmdmﬁn@mbm&nw@@m@ma&mﬁaﬁhymmmaahy propyl, butyl,
pentyl, xy 0 e bstituted phenyl, and tmo
Ra can fo?nl13f%m%%%mﬂm¥@f%%?“§ﬂynﬁxfmfﬁw ﬁ%ﬁ%ﬁ% Q%A partially saturated

or saturated cycllc or fused ring systemsand further provided that any two
adj acent R groups may forma fused ring or nulticenter fused ring system
where the rings may be aromatic, partially saturated or saturated; and 2) a
second functionalizing process conprising contacting the co-oligoner
produced in the first process with a heteroatom containing group. 1518 . A
honmbgenous process for making the functionalized propyl ene hono-oligoner of
any of paragraphs 1 to 16, conprising: 1) a first honbgenous process for
maki ng a propyl ene hono-oligoner, said first process having productivity of
at | east 4500 g/ mmol / hour, wherein the first process conprises:

contacting, at a tenperature of from30C to 120C, propyl ene, 0 nol %



200 to about 5 w % hydrogen in the presence of a catal yst system conpri sing
an activator and at |east one netal | ocene conpound represented by the
formul ae: 155472PCT/ US2009/ 047882 where EIf is ' ch X is,
i ndependent YSVB%%CS d fromthe group consisting of hyé’?g@girog{ﬂmr%gdl cal s
having from1l to 20 carbon atons, hydrides, am des, al koxides, sulfides,
phosphi des, hal ogens, dienes, am nes, 5phosphi nes, ethers, or a conbination
t hereof, preferably nmethyl, ethyl, propyl, butyl, phenyl, benzyl, chloride,
br omi de, i odi(deéDiglalirdemhatcetyetinggclofertadinay)Habrumdimgyatt of a fused ring or a
ring system; l@@?ﬂﬂop@nﬁd@nyl) p@gﬁMQQ?JHpEMad%ﬁﬁm&u@fdm@th@ﬁt eroatom preferably
C N P, S (pref roa (?ﬂa{lglternately at | east

two Qs are tﬁé/[egéﬁep é’ryﬁ‘afieﬂ"@Pe@ﬁ?“ﬁ’@‘tyélt"%e&'tdgiﬁbﬁﬁmt‘% 1y at least three
Q s are the sapPionhtideheXientmehepepdationspqdialbiédnatdhyhyat | east four Qs
are the Sare (‘PB ’SGHJngtﬁylﬁ@etnyl%P&%Bl@tﬂdgalcfaf;@)adlex%ﬁﬁm‘ma ldlhlg‘thy!' nd6pendent | y, a O

to C8 al kyl group, prefera e/ I rnear al kyl group, preferably
net hyl ethyl th 5P6W}Ylbe‘5ﬂ‘f‘§ﬂyl) PRERey ey cfpasiyadienhEgfipmdgiethgler i | RL may t he
sane or di ffez eumis taﬁtylmqlen@B(@éhthchylSyulopﬂﬁﬁﬁ@ﬂl)d@ﬁ’lﬁﬂnylmeﬂiylcj_ to Cg al kyl group,
preferably a y nethyl ethyl, propyl,
butyl , pentyI(g:?v#hﬁy(lﬂc‘gcnﬁg@%n%m(:%?k ('()Pgild(alléllP I)H?&% llm%gk and/ or R2 are not
branched; 152 é&ffhmﬁiylﬂ@leﬂY‘ﬁ@é‘iﬂ'@ﬁhﬁéﬂdﬁlPlgﬁlltdﬁ?’dD%ﬁ@W‘dl’é?thSé substituted or

unsubsti t yt ed,. IbM)Qﬁ&ﬁﬁb@&énaﬂét@k@/clb@\{ﬂadﬂ&yf)lﬁﬂﬁﬂlﬂmu&@h}g carbon atons, pref er abl'y
1 to 6 carbon atons, Ere erab I a substituted or unsubstituted CI

to
| i near al kyl “gl?lﬁ’ﬁ‘ﬁ“s“d [SEEEVARE %FWPYIQ Pfﬁ}l?ylt“’ﬁ?ﬂ@’ﬂ)‘yfl"peﬁtﬁ‘fl?}’l‘/)Hﬁ‘@m@‘?ne‘hﬂexyl
heptyl, octylapd provi ded however that: 1) all five R3 groups are nethyl, or
2) four R3 gr S, ar o group is a C, toCs
substituted OHP Lloﬁlb‘s?flsnl 'ngfmﬁle'g}rﬁ%yC%P%na?m p}ﬁa@lé]?@ﬁﬁethﬁgt | east two, three,
four or 20fi \1@07RB gﬂroamplselweeenﬂvomem oheoalnmhtiéhﬁtds tht gehsiopn merd bt fist uitoetdlw
hydrocar byl ) ;oo 626k Bovk S rep REERENAQRLILAY (sublY A RARRIOE: ReSHRS b £ WL @thoRiie,
unsubsti t ut ed h drocar byl group, a heteroatom or heteroat om contai ni ng
group, pref eﬂ’%‘ﬂ?‘@f‘“éf%ﬂﬁé‘t“ihtalm‘lwxé‘}e afiy&0bst i t ut ed hydrocarbyl group having
froml to 20 A@Wabﬁﬂnﬁl\ﬁﬁﬁnonMe&ﬁ@l’f&@amlyﬂxdompnﬂmdlsal’ bon at ons, preferabl y a
Z?E;T It g£ ggyﬁﬁ 7ll|EtSUt%l§et tlerltmlélt(%?atagst ancf Cgﬁatoxn§1ae‘ruse%lh{i§1¥1|n lrgeé‘ghg%gst}] atn(cl?lege m%d tnEt hyl
(such as pr o;bg/lan}ph@wm)d Wlpﬂwewyl actl@iel gy, ong uﬁghq «taﬁ*ﬂYéfdwgliPPWb dgseribeth d@fse by
CH, SI R, 2hertgvRind G feuled cﬁt@lya@%gm Q)Mﬂf t@@l&:ﬁtbwluallyshbﬁbb @lﬁlly@@kﬁiﬂmd e4iby.| Non-
pr Opyl but ylll tghe&&z)r fRS I 1% | lu egj xan i { %1 1 ac zﬁ which
preferably a'Bffg & TE T Hegy %Fk&}‘l g Efr P%F&Bl nyref’ grs ST VB opy! |
butyl , pent ylmay hexsgitral digpicy kndorongotionkl:type cocatalyRe |Ps%fdmy<¢im!g=ews ovicalyGiclido C3
al kyl group, ,phLef.e! @cmljyunﬁs Cloaiilu glﬁn(lx'a&%%ﬁlp@x'n&y lmd%rQHngl ang)ﬂl%tc%mﬁp |cbfm[§5§§(gy|
30et hyl, propyl, butyl, pentyl, hexyl, he or oct each
i ndependent | yhat 445t e Factisg: GePomd %ﬂlésdnémewg F 868! °°]5‘P‘§’f SRENG Vdéwéﬂmt%d Cs
| i near al2kyl dgxrdatu)plampl@Q&rﬁ&ﬂ@ha}ing’mtwlamy ®@bilaphing pri@pyl , butyl, pentyl, hexyl,
Esgf_ glg eﬁr OC{I(YO?%]a ﬁyonétemlb%cP \A%l\tlgailiué ! ?ﬁltﬁ.? Wat|8rle§aé€é[ lé HiZ l%é/ nngt a%ﬁ %/a%lflrl)ﬁs thg'rc%algs(%t
alternately a¢nhpomongrﬁmpsxaaqseamgmmh@ydvlmg@wu «(O}yn‘e#n@r @bﬂaymg hal GF&? Ogrfa@uplss at
the 3 and 4 9/9§& kl QNg aﬁlgl EQM ok Elgm&fandz QJCHH(L ﬁ‘lcthﬂaléﬁ&aﬂsqm@d&&ﬂ%ﬂ)
WD 2009/ 155472PCT/ US2009/ 047882 N is nitro gﬁl referably,
Si or Ge, pr&FByaprye; M@’ﬁ‘&% Fiéiy“F"é‘”‘la‘ﬁdéb‘gﬁiffé‘ﬁ}ff‘woxﬂ‘fdr SYBH AP e or a
C to C200hydoditaraiylal ums:umé% aazssultmtehydatalyettahwat;orbmaﬁpylhry\blﬂti thk pbspenbly liganhexyl |
heptyl, oct yks’angﬁﬁpwhde @U‘acye ar at?lep SMU&ME <g dgg%ﬁtyélum(ﬁg}lgb glwnoaﬂie& Qiﬂm(txgﬁegn a
5cycl|c structure i nclu aromatic, pa |y saturated, or saturated
cyclic or fu8edal bﬁg“egyéft *émbeawémbm Wéﬁwaﬂwlaﬁéemhh'a@m%zﬁgﬁ iy gelbft R
groups nmay f atmdsand dis edfiliddago ﬁﬂbdd’cwbtleﬁeﬁltnﬁfn of visediumbfige Syt asmambieten thhe
:; qugtsl gﬁ;l chlglll‘dgl)mttio% Aplaf;cr alamg;%{iﬁcs 185‘ E:ag{ot mcL? mct'lfly Sﬂ%a% a%%@\?lgﬁepgoca%glysépgggg 23 in
the first process with a heteroatom cont ai ni ng group. 1019. The process of
paragraph 17 or 18, wherein the activatof,conprises one or nore non-
coordi nati ng anions. 20.The process of paragraph 17, 18 or 19 wherein the
catal yst system conpri ses one or nore of (pentanethyl cycl opentadienyl)(
1, 3di net hyl i ndenyl ) haf ni um di net hyl , and ( pent anet hyl cycl opent adi enyl ) (1, 3
di met hyl i ndenyl ) hafnium dichloride. 1521. The process of paragraph 17 or
19, wherein the catal yst system conprises one or nore of
(1, 3-Di net hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) Haf i nundi net hyl ,
(1, 3,4, 7-Tetranet hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) Haf ni undi net hyl ,
(1, 3-Di net hyl i ndenyl') (t et ranet hyl cycl opent adi enyl) Haf ni undi et hyl ,
(1, 3-Di e hyI | ndenyl )(pent anet hyI cycl opent adi enyI ) Haf n| umzh rret hyI

e T Y |

)
Vs



35(1, 3-Di propyl i ndenyl) (pent anet hyl cycl opent adi enyl ) Haf ni undi hal i de, WD
2009/ 155472PCT/ US2009/ 047882

(1- Met hy1l, 3- p&88¥) 1n enyl)(pentanethylcyclopentadlenylk y%ﬁg allde
(1,3-D nethy ny ) (tetramet hyl propyl eycl opent adi eny|C ni urmll hal i de,
, 2, 3-Trimet hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) Haf ni undi hal i de,

, 3- b met hyl benzi ndenyl ) (pent amet hyl cycl opent adi enyl ) Haf ni undi hal i de,
-Bis t-butylfluorenyl) (pentanethyl cycl opentadi enyl) Haf ni undi hal i de,
yl f | udremyddilp evatlenteetomakey €hayina i lad inestayhd) tradiafanic ivfedifindlMpthidalumoxane
Tr|neng%hghgq&gﬂmh&ﬁ@@n&g@ghﬁyﬁgy@@@pentadlenyl) Hat hi undi hal i de,
hydr05|lyl-b|s (tetramet hyl cycl opent adi enyl ) fn undi

|de5|IW?@@etW&ﬁ%ﬁﬁ?V%V@Pb 76 Y S O DB S ‘?FW@% Ogégfﬁﬁ@ﬁtadle
t ni undhdadxintley anlddarvd adivddbray € Foprapybisi duyehs( AN over the catalyst precursor (per
tghy§\l\f]y§éta9 Qﬁeﬂ%tﬁcg §nyflh): @ﬁ&fn% 'Jén‘%lét!}% uga%m l%gc‘ursa-hlg H[loxgﬁa ?t%f R]?elﬁégr aph

ystem conpri'ses one or nore o
i et hy | IHRIsh rgee ps’ehﬁcam ﬁ@ﬁr le ylEemaiple P éﬁﬁo@h gAY w1 el hdemyFly from
, 7- Tet rianeshy! i ndenyl ) (pent amet hyl eycl opent adi enyl ) Haf ni urmll met hyl ,

-Di et hy enyl ent anet h cl.opent adi I Haf n|
i propyil %ﬂgnyl 1‘%%‘8‘ Plh‘ifga 19%11”8 h‘tog’a?%lﬁi/% z yh ére ?‘{t,lv’am“
hyl, 3- mnop:yfiVI:ngmsl)eruycth)d(cpemtl(alm@ﬂdnyﬂiueyc h*mbtelnlvaniwenwmwtﬂafamum nethyl |
- Trigret Byhd AReRY ) L ReMAIRLML &Y stopent adi enyl ) Haf ni undi net hyl ,
met hyl benzi ndenyl ) (pent amet hyl cycl opent adi enyl ) Haf ni undi et hyI

i s t-lepiARgsc nyl) (pent anet hyl cycl opent adi enyl ) Haf ni undi met hyI :
| I UQO(HISW ) (pie RairBEdy bz yE |tlﬁ{)ﬁhl@énﬁdi 8nyd n Hﬁifzﬂﬂ.g uirdbiodnkeyc, activator,
rimeth Iuorenyl (pe JTEL I
thyIlerﬁe or |131“ sum Pb ? lh%n‘gu )),%/ Sr%%%%uglgﬁ%%l%l ) %baorﬂﬁn%?{]m mﬁ
- Tet manfedr WPWYhH‘éﬁyP’)?PE}%P@WhW ey %@Wfoawtf@hpw)m Pﬁ@ﬁil%ﬁmqﬁﬁa}f i de,

@t hxﬁbllymlﬁawea Gmaaoﬁmetamyﬂse(ym opentadiebyuty (biaf Bdtéhmoha,béﬂdl&)) or
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, 2, Tri metahvyd pndewﬁb)l(ap@nwlnehlmyﬁaw@t @pélﬁwbélwewhq dqﬂaﬁfm urdichalrifeesd
,3-Di met hy|a€%@£léqk@;@%y n)g (hent.ametdyl sygl.opent adi enyl ) Haf ni undi halide, 30
, 7-Bis t- ren pent anet hyl eycl opent adi enyl ) Haf ni undi haI i de,

- Met hyl f1 ué‘?‘éﬁ b1 b@ﬁi@a PWP‘CW‘FWW&&?&?‘@W?I 1)’°“Hﬁftﬂib‘t?ﬁfﬂi‘tﬁb|"irﬁb tellygige.

(2,7,9-Traom amh.y]hiﬁxj yonenyhd (pent ametiiyed ayeofl opentiad enyientHabups wnd ieach
e et W E SREERSL R S RIS ALy L0, 22 RER LR R0
preferably atnd bdides. 8B%Ecraply efhe b )*llo}mg R APy pricsre il Jalogen. | megtor
3595% WO 2Q{&Blcﬂe@éﬁo&ﬁm/hu%ﬁ&%&ﬂ%&ﬁ2a1ky24andﬂﬂ@n;@ OGRS &ds @hd a&wlaaftheleof
DRSSP0 L e RS S DR R BB,
group corpri slésxy(m@ptofrawnm & Herbpoairoms!d srel @@mﬂedavmgém Etheultyn aaps Getlingt | ng
2]; 'I[D (2)5 VSVh Nlbstﬁﬁted 2% 9). Eﬁore Iglé‘é}%lﬁ khe %rce Tﬁ@alw\}ﬂﬁ%ﬁ@l Q{;l @AMYn %uﬂ@%ﬁl@a@[ aph fs
vi nyf) gr oupgir"g’lilgbe‘ ‘B‘é?‘beb rﬁlk?‘e%dE‘R?E nf%e weﬁ%@?f %? ‘Wﬁef%w%i”ggﬁ @%ﬂwg‘spw %6
Car bons for tiheinuaf anciropnahbe edfeobly gbimsuiral Mbithipgettidwetivatpniers wffluviophghyl

Por “The tuncirgrar St Bub®Z QUE°G The nunber of functional or oups.
per 1000 38ar H¥AY., mpleetp%l]»mﬁl i agh s SPRRYNE T FOHERED a¢iNe PROPDY SPTPQRET s
descri bed hetgibMasiRart veu |batrnbtycobrﬂm£}&ft6;g)f &pﬁﬁoiwz@)r@ﬁz@edﬁﬂﬂle@d}namﬂﬁr&)nﬁﬁﬂlpy| ene
i ad content TG HREFHLAE rL eE e R U aa iR e et sty g
to 90% pref L. \EPthe SHORDESIA-0 6Py’ S BRa3ie %)0%4 6F-Adp2 77 603148 E-Ad) 7@ PPt el y
from 50 to 14«51@ s. @htRNDAE @41 5h 15003 & § @6 ¥40S20d, 97, armbztsemaba) Arbedi nent

AR il S ey AR g T T

1500 to 11,000 g/mol, and a ratio of nesg,diads to racenic diads of 1:1 or

| ess. [00126] Meso and racemic diad content (and ot her propyl ene

m crostructures) are determ ned by 13CNVR according to the procedure

descri bed at page 38, paragraph [0613] to [0615] of US 2008/ 0045638).

20[ 00127] I n anot her enbodi ment, the oligonmer described herein (particularly
i n paragraphs 1-26 above) is one or nore of 1) propyl ene hono-oligoner
havi ng an neso diad content of 50% or nore and an Mh of about 2500 g/nvol;

2) propyl ene hono-oligoner haying an Mh of about 5000 g/nol and an neso

di ad content of 50% 3) propyl ene hono-oligomer haying an Wh of about

10, 000 Cno' and an |sotact|0|ty of about meso di ad content of 5096 4)

o o ~ - I A NN N - o, e 4



10t etrachl oroet hane-d2 at concentrations between 10 to 15 wt% prior to
being inserted into the spectroneter nagnet. [00132]Prior to data analysis
spectra were f d by setting the chemical shift of, "

si gnal where ﬁgzg&'ﬂnﬁ 9 ppm [00133] Chain ends for quaﬁt@?@?/%s\%\er
identified using the si gnal S shown in the table below 15N butyl and

n- propyl were not reported due to their | ow abundance (less than 5%
relative to the chain ends shown in the table below. Chain End 13CNVR

Cheni cal Shi fifpcomojateppy @BreBeet 0 25.5 and 25.8 to 26.3 ppm & i-Bu 39.5 to 40.2
ppm P- Vi nyl 3]1)0@“ 0 1%k (QQH/L’[ELa\(bQ}ﬁlcpage%}ygeatﬁlga‘lr-aﬁ]sltia@H%talldo NMBnd QQL{LS;%{})]% I1\"‘;%&\1‘131 a

was col lected at either roomtenperature, or t he
clainms, 120C &I Shachaddfin “a‘emgulfﬂhfeﬁw%év‘tﬁﬁlf Hﬁ‘g‘éﬂ?}’éﬁ? ﬁd @ﬁéfc* er%“}’?ﬁ‘n“élr
with a ' Hydr oged chmequefoy afanab, Judast(FROF,)NKYE), Dathasahis:s tecendedrasiang a
maxi mum pu§ SQnéMl Jawpfienéét’ed §y %%QQJE% L?ﬁet %ﬁi@ts QH § cﬁ[{;} eéle%' pt@ﬁ/a?erdavglhng

120 transients. ectral signals were Integrated he nunb
unsat uration WW@EWH@P“CT@UB‘%%? ’B’éih%"‘%‘éldt%luﬁﬂﬂoéf“é’e} by nul ti pl y| ng t he
di fferent grqups)by (19919&111@9”&%61@1 au el dagvatoheonﬁ@wl tn day pxrcmntnot)alhe ARy

gg:; |b(r:])23 t (%5%29%CHE5 V%eg in @ﬁ gmf%tl ?t tﬁ mventl ¥ in?l?% dl’cgt{é)fl ol é"h 1 retlurtglhlt g?lro(r)xhte(qaud

Vi nyl Vi nyl i deréle304naiipk e pretol, randsu@smttbutnemjcqaeigwm afigp Whiclgan®8 isgelatiycly 1&7@_ 4. 84
5. 31-5. 55(¢b. ](Qulléf[) 30habie ob&dbiRhe Y %tiqgga%itmﬁ&les HhUGH W £cafod whick is R 36 The

popul ati ons efin unsaturations found are
sunmmari zed | ﬁlt‘el‘abf‘é“pgun%rﬂe tgib@ed o pd anfggayi 'i’crﬂ){}mf)lg%&%gﬁ“zﬁm/pédél_‘ab IS’/EF '¥ent age
of total unsafidrfiaiciaph aceydenichy @OQGAIEEBH2RCH UBZ0BS/04788Dapy ovh dedthars,

wel I, along wifh Jinh?herlﬁwb?&o Q&K @&%mBQJbE%'A @Jord%@éug%o&%&elﬁe@rhﬁ%% i@gsum ng

one unsaturation per chain and degree pol ymeri zation, or average numnber
of propyl ene At?n%”@“p@rd EPrE #7-0fbpublithed b%%pk)l“éﬁ@“ I RHEY CPPBRICPRITSIEE o4
vinyl ranges plii0im of Opdpeiaapaicat ¢0Vﬂelﬂ§(amﬁiua&d£b zﬁlmdneﬂifhﬁwc&ht%tf&bge%ﬂmﬂ@mhhlgh as

(98% (F).“Regaudlges ol 86 b BLOL bRl o2 Al Er L CALLY, GOUIPSL e S

catal ysts (conparative exa not pro dude’ si gni ficant viny
popul ati ons, BEfdacelkeraipptigdlbpgecenes D, G and H al so produce products with | ow

allylic vi ny|[068©ﬂt emnfa {)rla@n&cpenéog%lentltﬂe Et&@n&m Bfivalss ikd\Be @ChiloM kD @RAeAr s

to inpact the chain termnation F? F\Apgﬂ case of F runs, high
al Lylic viny“PEpubat| B fBrFE gt Parhe & P\“”B th 1 and 4 activators,

al t hough 281 lylic vinyl popul ation(ddri@dsed nodéstly wth increasing

pol ymeri zat i QLG PGN AL Wl L-E@{I%Eeatiﬁqehy%géﬁeﬁ 8 TiOh &b lich REL YAV iy lhof OF
10but less so for F. Were inpact was observed, It was opposite to usi ng

bri dged, chi ceirdifagpginiopduingdhe chigerda7nd & asistess §pail ¢9on Tenper at ur e (Tg) was
measured by PBBIpS drsekibbeshpakey d.- H)ﬁ Se0mthYe Eﬁﬁsteﬂ&&&ﬂﬁﬁld adprot3EIUSWRY a

|B|r (r)]gkf ield Vlbc%s%bocﬂ.ggb?erdf ero?ongtlang taln\llo(i:"etyl rs]ucf“\ 1As an cﬁkyrlr%ra as ql’ F 1e bué’ychgan(ti mcta@o%cn@m Na

25  containing transition metal catalyst precursor, resulting in a cationic transition metal specics.
[0082] The activating cation (L-H)," may be a Bronsted acid, capable of donating a proton to the
transition metal catalytic precursor resulting in a transition metal cation, including ammoniums,
oxoniums, phosphoniums, silyliums, and mixtures thercof, preferably ammoniums of methylamine,
aniline, dimethylamine, diethylamine, N-methylaniline, diphenylamine, trimethylamine,

30  triethylamine, N,N-dimethylaniline, methyldiphenylamine, pyridine, p-bromo N,N-dimethylaniline, p-
nitro-N,N-dimethylaniline, phosphoniums from triethylphosphine, triphenylphosphine, and
diphenylphosphine, oxoniums from ethers such as dimethyl ether diethy! ether, tetrahydrofuran and
dioxane, sulfoniums from thioethers, such as diethyl thioethers and tetrahydrothiophene, and mixtures
thereof.

35 [0083] The anion component A% include those having the formula [M*Q,]* wherein k is an

-18 -



Materials 15The follow ng netal |l ocenes were used: A =
bi s(1-nmet hyl, 3-n-butyl cyc | opentadi enyl)zirconiumdinethy |; B =
di et hyl si | yl 6, 7-tetrahydroi ndenyl) zirconium
di met hyl si |yl gﬁi"%’ﬁ?}s Bnyl) haf ni um di methyl; D = YR k=
(tetramet hyl cycl opent adi enyl ) (1, 3-di net hyl i ndenA2| rconi um di net hyl ; 20E =
(tetramethy Icyc lopentadi eny 1)( 1,3 -di methy |indenyphafnium di methyl;

= (pent anet hyl cycl opent adi enyl ) (1, 3-di net hyl i ndenyphaf ni um di nrethyl; G =
(tetranet hyl cytedcofiant &of: e iy )rteke fwopt © Pyt i d iy fs)an hé T ERcEd free Ryup [3pf=
(tetranet hyl Ct)(&ﬂ’ellgtpcemb@d)if%e BMmbok{ E@feﬁﬂgf @&yr;]-m%lumﬂmmpd'nd QPY inkidpBndd@R¥lnydrhaaf ni um

dimethyl; and J = dinethylsilyl bi 4-p | | nd I jreoni ym
SRR RNE B e AR S A e e R A

acti vat or werheloussted sttotitated hakatrbylf iné hatetialiluodbyiegarbyl h@hualansmd Qllotving an or® used
wer e. Sdl rE%‘xth'l}’ Jt&%‘ddh@l&e%&@ (hfatl IHQJt%%ttl'{a@rp Q&QM&@@& QtaQ‘pah(% Pr eferably each Q is

4- tert butyl aniliniumbis pentafluoro % quoro-2-napt hyl) bor at e,
3 = 4-tert- b&@plgﬁfeﬁ fl)ﬁiilq& yl group having 1 to 20 carbon atoms mme preferably each Q 1s a fldorinated

(pent af | uor opig @yl taﬁd ﬁéspeléfeiabngare@hb R aptinfiuddionad tgeup. BBzdama;ledbfrmitdb;elﬁdmldm ni um
tetraki S( perf l lIlucc)Ir q b010n nE}JEXrWs QO%QII sed §1 U. d!’a d‘héhg’ﬁwi' @hlyfmbt lti)}’ ﬁ’dﬁh a:§cd5
(pent af | uoroph oro heny‘l orate ='tris-perfluorophenyl

bor on. [00139’]6’€atbal6§@s<tm@onpound Synt hesi s: Typl cal dry-box procedures for

synt hesi sioof [aag4 Se@lﬁisttra‘tl\l@ but not hmﬁlQﬁrBQHlBQ§ ot‘/\ﬁ)lfxﬁ Joﬁibduﬁéﬁ;eﬂnchs%)f\/@ﬂk&i weme
purchased from Al dric and dried ove

3ovas
P F om A\ i | ch A BEREHEL hT CTETERLAL HaPERe S LG PR T Rt NG iy
WO 2009/ 1554 22RCintS2000L 847882 Metal | ocenes A, B and C were purchased
from Boul der ggd tl%‘iﬂnfohlﬁm%ralﬁlﬂp,m&:l eem hﬁnaaw tMﬁg&hyﬁbo‘l\zﬁé Waﬂa@mﬂf rom

Al bemarl e or G ace Davi son. Cata C% %
[ 00140] Li COHFURRSRopEr a%lbwTSi‘)ﬁ“l'Et’W ie“agéf‘(‘;’y’ gret H P‘é‘éﬁéﬁ%ﬁmé “a@’ﬁnyéboﬂlﬁdene

(0. 25 nol )5 WiN,K-dilnethDlagitpdiny @lrghény bbrat,-NHdicthf ROlidiGm faespbenelporad ded-dglcoml v .

Li COH7 was i %?Jl @‘Erﬁ‘r%th Mmrlrg 1L(I)CE$tllaﬁ n}%o ané]gop%h%?{etra%gényltobrgg ’mﬁ%ggfllcwbaﬂmpf hexane
and filtration ‘over I um gl ass f duct was wash

addi ti onal hdstgphenyitprage, m*@heﬁmhomeWﬁ%@y'e%% alIW&I'Ylwmﬂn?ﬁwnyél&W‘ed to -35C
and reacted Wblfz&e@ﬁ@ﬁﬁﬁﬁn)tb@ph&(n@lb&?@ tlﬁ'ﬂﬂdthylaﬁﬁmﬁmg)etxaléé‘(ﬁc&tﬁﬂ@rd@ﬂiﬂﬂﬂ)otahe reaction
m xture was VtvathrrF rtﬂ[% K t(ﬁ %orac tTipropy.1a, monwals isolated as a

col orless |idui dBunomum Yo]¥ “%d & ° er pé’x fons. 10 Sinilarly

1, 3- Me2CR96 Msklsmntaﬂ@squ@dl)u@wel, irrtrhlruafd)momowm W@@fﬂ?ﬂfaﬂuﬁlenlhwl)awtami(wut h Mel
and aqueous Wiﬂ\lﬂi‘r‘bmu{nLfétllifilg(pe%fakﬁ;&ah?ﬂ)bo‘f@esNW@&Qﬁﬁdnﬂﬁmey reaCt | on of
1,3-Me7COH6 in hexaﬁ %g lgb LE | “% %t iL ll% r The white
solid was fi 'T8HEF " GHe RELTH éfra\'}ﬁ’ ﬁ‘maf‘i 1B‘PfﬁlCI RS ‘éi)hoéf Niidi é)tfc’ Nacuo to
yi el d pure [ ldinjefhi|-@4Nein@3kHNilinBm{ tdakb(pgitafludivdRefyDbiFatdgropiBO® MHz) 6 ppm
7.25-7.10 ( a n raki %QﬂL(oﬁy hefy magenyl proton,
1H), 2. 35 getl%%t 3&‘& thé%ﬁéra@: I%Qhe y%%mxa% @ s@pe p D.

Baenzi ger 5 Nt“Ph%J"dli’H‘éhho‘“FEn fetrgkis( %ﬁ#%qphef/ ‘iohléc %{ﬁ‘@‘lf”@a‘ﬁn Chem caI Soci ety
(1991), 113( Arakid g fbAbidny IftbBrodbegientidisronieantediswbrdiugrbihblyDb@atde 7COHS] (3. 7
g, 24.8 mol }1 elax E&%@m&l&%@d@ ()2 3 4%rtetljaa J%?)'ﬂénz}) b(;l;ﬂce tl}{eglylagﬁlxoﬂﬁrg Hgl&s (‘Q@% 6-
col | ected by filtration over a ass 1 crud

( CpMe5) (1, 3- mefewsl}w @212(08‘“60@’?““%“181“ﬁ‘i“)%lfluﬁrzé M tﬁfrr*ﬂml@hewb{fee Mlz] NVR
(cpz2ciz, 300 bﬁﬂﬂ&:)nnﬁmeﬂ Mtraldis- 52&-476-—134ﬂaﬂ(x(51‘b pl@ﬁﬁ%})mteﬁinﬂhﬂ(Sbuqz)ahlﬁdﬁﬁw letrixisot on) ,

(2@?%/9(5 )S( fi]J 3%%%‘&%?1 %16 Yg)bé Ak, 1\% '}{E e}h]ylalu i, fg 112%&(9?4 6- teuat&hﬁ(_)bo(ghen l}bmate

r eact ed szrhdmmgmm(tm f@lagls (223 4.6- éﬂmﬂuval@nﬂ)bwpfﬁ N-Edpgihyl-FHé- r eact i on

m xture was heak @thl@u@)qgafqﬁlh 334 @@Hﬁl’f@moﬁsfeltxﬁf)[)mQt@@lloblnlgmttd%@klél@33116 l es were
renoved in vacuo exane (4 25x 40

C
n). Hexane ¥ “P%’Pﬂifé@%“ﬁ%ﬂ?htewem@ﬁl%’i‘ ﬁ%‘”é?«? ?8&%“*‘@% OPWSy@’O” {9 solid yellow
(CpMe5) (1, 3- trivb@ID ki) Helhili kog kis-E,3(4,62rct6rtlghro MR §oBBDB icth O Livic)ralds-(B P ro-
]7- ?g (7$4§5( Metr%%%e%ma‘% b%xgzel?e((ﬂzém(lﬁﬂ) t&;%tb ZQ&Wtetr.glqu )ll@l%/’l)b(;rat§|\/97ch5 6H) ,
(CpMe4) (1, 3- Me2COHS) Zr Me2 [00144] Zr Cl4 ( @ g) was sI urrl ed in CH7C17 (200
m.) and then reacted with Me2S (19.2 g) for 1 30 hour. CpMe4HSI Me3 (34 Q)
was added slowy to the reaction mxture. Yellow solid began to precipitate
after several hours and was filtered to yield a first crop of 21.3 g of
l'i ght yellow solid product. (CpMe4H)ZrC13. (SMe2), NWR (CD7Cl2, 300 MHz) 6
pp'": 6.05 (s, CpMe4H), 2.6 (hr s, MeS), 2.27 (s, CpMe4), 2.20 (s, CpMe4).
[ 00145] (CpMe4H) ZrC1. 3 (15.0 g) was slurried in ELO (250 nL) and reacted
with [Li][1,3- 35Me2COH5] (7.5 g) for 16 hours. The reaction product was
filtered over a glass frit, washed with WO 2009/155472PCT/ US2009/ 047882
CH2C12 and drled |n vacuo. AI! t he SO|Id product (ca 22 Q) was slurrled in

= NN NN Y 1 T T R A R A 2 NN\ AL 2



5(CpMe4) (1, 3-M e2COH5) Zr Me2" [ 001461NWVR (Cll 2C12, 500 MHz) 6 ppm 7. 35,
7.05 (m C9I-15), 5.51 (s, COH5), 4.83 (s, Cpl\/e4H) 2.17 (s, Me2C9HS),

1.79, 1.70 (s , -1.31 ZrMe. Catalyst E (CpMe4) < )HfMeZ
[001471 Hf Cl4 ?%M@\Kas siurried in CH2C12 (200 ni) St MREEREG)

w th CoMe4HSI Me3 for 10 several hours. The reaction m xture was f||tered,
reduced in volunme and hexane (80 nL) was added. The filtrate was cooled to
-35C. The off-white product was collected and dried in vacuo. (CpMe4H) Hf C13
(8.0 g) was dfiwgbylyaepnjum tebigpgriwonplyegie. frsherserf th [ Li ][ 1, 3- Me9CIH5]
(2.8 g). Afteturakisipertifiorsni@nyebrat, Itﬁmymaamtnemaq)eﬂwmmy[ybﬁxuﬁenl<rneact| on

m xture extr iltrate was reduced in vacuo

C
to a light ye f@dmm%“t‘tmdte‘”kg@ﬁrg“t“‘("ﬁggﬂgt thi Aﬂ‘(rb”{y&o Y™, 3- 15 Me2C9H5) Hf C12
(7.2 g) was sttipkisipebudmattioDbare NIt ynilanoh eedspaduawnepthdbereaiNG] ent s of

MeMyBr (3 M '(nctllr:yﬁagt(ﬂ)numT&]%lﬁ[%%ﬂogﬂth%%pa%rﬁ%ﬁetl&@@t@jﬁtkt@thg%mﬁtﬁ{ 6 hours.
The m xture was cooled to roomt era xethaﬂ i3 m) was

0

added. The vdPEKFPEEFEERIYEHEY a0 bR g gm%%tt*t‘it@ta&dﬁwet DL and t he
filtrates werterakig@trd@tonhnhyagug triphinglpprspaict tawalss(edlubeatad)tafdcer cooling to
-35C(285 : . VR, 2, 500 MHz) 6 ppm
55 567 Q) ety %Mﬁ%&ﬂn@c MR)?OQ%T@ gwrh/ggc %1&%’%% Aty 5 1b (s
Me2COHS5) , 1 7g1 11(pe,éuo&gmpﬂ@%ﬂ”mmethl amgtow%tralwte%ug;gl{lphenyl)botate
H: (tetranmet hyhat;gctramemlaaﬁmemwf)tbﬂ;blps@ajaybe@yj triprapyum@pyilim COH6) H1Me2'
[00148] 1-iso rthuoy 0 1(n 0 niy rate, tri
1-i sopropyli %PE)!(Pe ! *ﬁ Rer%%{lb g%l-@ V\{)af?' A rgom%gget%a%g(p%ﬁ'i%&%ﬁggp g t tm salt is
synt hesi zed fbrl‘@lfﬁnBﬂtElimﬁTﬁraEt"(P@uorql_)iPPﬁ[nlDtioﬁaéi’p}ﬂ(Bwllﬂethmnhmzﬁ propyl 09F15] (2.1
%L NE?S( gl ssolt&arlatb(adaﬂfet@@he(n@%ofﬁte)Naxttﬁleu{yaamtuad tmlﬂpd@méw%ﬂ%&#% r(ml 0 9).

equi val e t ol uene
added and t héilnfeg’ag{zi‘lgn“"\?vgsy aﬁ]qmtumatetrak“g’ﬁ'éum% Ithmtyqaorﬁe ttm‘slﬁtl fie reaction was
cool ed, Vidl attétlaldspariurbebknabidratchiepighyietbayibm prgdretiluebiplgetdoaii t h hexane.
The pr OdUCt mcﬁfmmf"sbﬁb%gmaéraﬁﬂp@-ﬁm%lp%ng/l)lﬁ)ﬁtc&ng)xylbtly‘ﬂlmNM R (C6D6, 300 MHz) 6
ppm 7.48 (d), another ubl et parti L H ébent 7.02 (m,
5.53 (s), 4. 7@2ral( gyerﬂtgruéQhe(n?ﬁljboraf?ol?mf?c(f ?ﬁ)mun?) t%{T 1€(H(;r eny oie, o 7 4, 2.73
(s), 1.22 (d)tr,xmeihy@%n(oﬁll)lm tetIﬁktsTlS( Big(trHfuerMBthy plen@BDolas, tr 1¢’f[ty—ld\fbt)omuﬁia¢trak1§(315 G
(@%4)(1 I Il 1) 4 1 aAK 1, 1 Y et
al. OM 2004 o o f%%%‘t%l%?;’y% } ¢! St ARLAAYLLRAG IS it ol g LRGSO
with (Cpl\?tQ4I—|)“l‘4If1@1‘8”a(‘5mB‘”’@)‘emPlﬁ IhisEElypremetiphigheayibogtepfi ath%leanwa?§mﬁ |tered and
washed with hexanes-6SuklughmetiyOphad)vo e ICRI dinfetGR:ntBiyikdh @&hakitds-1 NVR (C6D6, 300

?/I;)Z) 2 ggm 1% érf?uft’ogtéthﬁffhé Xl))B(ora)@e 1%% (gﬁlzy’lafgitfm (tcg;;j l)ls(3 ?/\051 (d), 4.96 (s), 3.72
2009/ 155472P@Wﬂllﬂ}'S@@@@)’llM%@@rd[fﬁﬁﬁIB@quhé(?d‘i Chimsthy lgalingy ©piiy3-f-ed in tol uene

(50 nL) and %ﬁ@t@ﬂu@@m\éﬂl;lhhgly%%'tev@(lpﬂmn&eﬁickmmhmtrlfh;)olMe\‘tﬂl)lﬁiet%@)))orata_he reaction
was heat were renoved.
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triphenylcarbenium tetrakis(perfluorobiphenyliborate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, or triphenylcarbenium tetrakis(perfluorophenyl)borate.
[0086] In onc cmbodiment, an activation mcthod using ionizing ionic compounds not containing
an active proton but capable of producing a bulky ligand metallocene catalyst cation and their non-
5  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 arc all hercin 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
sufficicntly labile to be displaced by a noutral Lewis base. "Compatible" non-coordinating anions are
10 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
15 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-octy!l 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
20  zwitterionic complex upon reaction with the invention compounds. For ecxamplc,
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 0520 732 for illustrations of analogous Group-4 metallocene compounds. Also, see the methods
and compounds of EP-A 0 495 375. For formation of zwitterionic complexes using analogous Group
25 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" (16)
wherein OX°' is a cationic oxidizing agent having a charge of e+; e is an integer from 1 to 3; and A’,
30 and d are as previously defined. Examples of cationic oxidizing agents include: ferrocenium,
hydrocarbyl-substituted ferrocenium, Ag’, or Pb 2 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

35  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 S:1.

Activator Combinations

[0091] [t is within the scope of this invention that catalyst compounds can be combined with one
5 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 usce of
an alumoxane in combination with an ionizing activator.
Oligomer Uses
10 [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, of 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
15 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,
sulphonatcs, particularly succinic acid, maleic acid and maleic anhydride.
10093] Other uses of the functionalized oligomers include as plasticizers, surfactants for soaps,
20 detergents, fabric softeners, antistatics, ctc. Preferred heteroatom containing groups include, amincs,
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,
25 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
30  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, e.g.-O-Z wherein Z
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represents a heteroatom such as phosphorus boron, sulfur, which heteroatom may be substituted with
hydrocarbyl or oxyhydrocarby! groups, or two acyl groups may be joined through (X).

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

5 [0097] More specifically, oligomer functionalized with mono-or dicarboxylic acid material, i.c.,
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 Cy 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

10 adjacent carbon atoms are part of said monounsaturation); (i) derivatives of (i) such as anhydrides or
C; to Cs alcohol derived mono-or diesters of (i); (iii) monounsaturated Csz to Cyy monocarboxylic acid
wherein the carbon-carbon double bond is conjugated to the carboxyl group, i.e., of the structure -
C=C-C(O)- (where O is double bonded to C), and (iv) derivatives of (iii) such as C; to Cs alcohol
derived monocsters of (iii). Upon reaction with the oligomer, the double bond of the monounsaturated

15 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 thercof which arc uscful 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

20  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, c.g. methyl malcate, cthyl fumaratc, methyl fumarate, etc.
Particularly preferred are the unsaturated dicarboxylic acids and their derivatives, especially maleic
acid, fumaric acid and maleic anhydride.

25 [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 arc 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,

30  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.

35  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 cffective amount of at least onc 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

5 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.)

10 [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

15 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.,
substitated with a carboxylic acid/anhydride or ester, with a nucleophilic reagent, e.g., amine, alcohol,

20 including polyols, amino alcohols, reactive metal compounds and the like. (For more information
plcasc sece 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 aming oxide.

25 |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

30  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 hercin having Mn's
(g/mol) of greater than 10,000, preferably greater than 10,000 to 30,000 (preferably 20,000 to 30,000)

35  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 plcasc sce US 6,022,929.)

5 [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, dispcrsant, lube oil flow improver, detergents, demulsificrs, rust inhibitors, pour point
depressant, anti-foaming agents, antiwear agents, seal 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

10 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 o0il in amounts which
are effective to provide their normal attendant function. Representative effective amounts of such

additives are illustrated as follows:

I5

Compositions (Typical) (Preferred)
wt %* wt %*

V.I Improver 1-12 1-4
Corrosion Inhibitor 0.01-3 0.01-1.5

20  Oxidation Inhibitor 0.01-5 0.01-1.5
Dispcrsant 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

25  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 Oil Balance Balance

30  * 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.1. 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

35 of this invention (in concentratc 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 simultaneously 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

40  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-
-25-
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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
5 the remainder being basc oil.
[00108] In another cmbodiment the functionalized (and optionally derivatized) propylenc
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 lcss than 4, %preferably less than 3 %, preferably less than 2%, preferably
10 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);
15 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 propylenc,
20  functional group and optionally ethylene. Alternately Cy olefins (such as isobutylene, butadiene, n-
butene) are substantially absent from the functionalized (co)oligomers. Alternately Caip olefins are
substantially absent from the functionalized (co)oligomers. Alternately isobutylenc is substantially
absent from the functionalized (cojoligomers. 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
25 wt%.
[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
30  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

35  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
5  interest between from about 0 to 2.1 ppm (IA). The number of vinyl groups/1000 Carbons (V1) 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 [A are the normalized integrated signal intensities in the
chemical shift regions defined above. Mn is calculated assuming one unsaturated end-group per
10 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 functionzﬂ 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.

15  Wwilliam Walter Simons, published by the Sadtler Rescarch 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.

20 |00113] Percent functionalization of the oligomer = (F * 100)/(F+VI +VE). The number of vinyl
groups/1000 carbons (VI*) and number of vinylidenc groups/1000 carbons (VE*) for the
functionalized oligomer are determined from the 'FINMR spectra of the functionalized oligomer in the
same 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,

25 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

30+ 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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where  nsnnn represents oligomer or co-oligmer
X is H or a functional group, provided at least one X is a functional group. Useful functional groups
include any of the functional groups described above Preferred functional groups include heteroatom
containing groups where the heteroatom comprises P, O, S, N, Br, CL, F, I and or Br (preferably N, O,
5 Cland or Br, preferably N and or Q). Particularly 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
10 metal, e.g. alkali, alkaline earth, transition metal, copper, zinc and the like, oxyhetero, ¢.g.-O-Z
wherein Z 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*).
[00116] Preferred functional groups include acyl groups derived from monounsaturated mono-or
15 dicarboxylic acids and their derivatives, ¢.g. esters and salts.
[00117] More specifically, oligomer functionalized with mono-or dicarboxylic acid material, i.c.,
acid, anhydride, salt or acid ester are preferred, including the reaction product of the oligomer with a
monounsaturated carboxylic reactant comprising at lcast onc member sclected from the group
consisting of (i) monounsaturated C4 to Cyo dicarboxylic acid (preferably wherein (a) the carboxyl
20 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 Cs to Cyn monocarboxylic acid
wherein the carbon-carbon double bond is conjugated to the carboxyl group, i.e., of the structure -
C=C-C(0O)- (where O is double bonded to C), and (iv) derivatives of (iii) such as C; to Cs alcohol
25 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,

chloromalcic acid, aconitic acid, crotonic acid, mecthylcrotonic acid, sorbic acid, 3-hexenoic acid, 10-
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lsobutyl cham 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%.
20 [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, whercin the oligomer has at
least X% allyl chain ends (relative to total unsaturations) prior to functionalization, where: 1) X = (-
25 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,
30 Iandor 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
(rclative 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.
y p
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4. The co-oligomer of paragraph 1 wherein the co-oligomer comprises at 30 to 95 wt% ethylene
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 propylenc oligomer, comprising more than 90 mol% propylene and less than

5 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

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, CI, F, I and or B, and
the functionalized oligomer has 0.75 to 1.10 functional groups per chain.

15 7 A functionalized propylene oligomer, comprising: the reaction product of 1) a heteroatom
containing group, and 2) an oligomer comprising at least 50 mol% propylenc 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

20  group comprises one or more heteroatoms selected from the group consisting of P, O, S, N, Br, CL, F,
1 and or B, and the functionalized co-oligomer has (.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 lcast 50 mol% propylene, from 0.1 to 45 mol% cthylenc, and
from 0.1 to 5 mol% C4 to C» olefin, wherein the oligomer has: at least 90% allyl chain ends, an Mn of

25 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

30  containing group, and 2) an oligomer comprising at least 50 mol% propylene, from 0.1 to 45 wit%
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 isobuty! 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, [ and or B, and the functionalized co-oligomer has 0.75

35  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.
1. 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.
5 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 tunctional groups per 1000 carbons.
10 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

15 group comprises sulfonates, amines, aldehydes, alcohols, or acids, preferably the heteroatom
containing group comprises an epoxide, succinic acid, maleic acid or malcic 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 [-15 wherein the functionalized oligomer

20 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, whercin the process comprises:
1) a first homogenous process for making a propylene co-oligomer, said first process having

25 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:

L ()
e O
4
RCY, o RO 53 inxz
R3\Q./R3 R3 <R3
I RS R3 1 R3 R3
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where

Hf is hafnium;
each X is, independently, selected from the group consisting of hydrocarbyl radicals having from 1 to
5 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens, dienes, amines,

phosphincs, cthers, 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 lcast two Q's arc the same or different heteroatoms, alternately at least three
10 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 Cg alkyl group, preferably a Cy to Cy 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
15  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 Cs

lincar alkyl group, preferably methyl cthyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, provided

however that at least three R* groups are not hydrogen (alternately four R* groups are not hydrogen,
20  alternately five R® groups are not hydrogen);

cach 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,
25 substituted pheny! (such as propyl phenyl), phenyl, silyl, substituted silyl, (such as CH>SiR’ where R

is a Cy to C)» hydrocarbyl, such as methyl, ethyl, propyl, butyl, phenyl);

R is hydrogen or a C, to Cg alkyl group, preferably a C; to Cs linear alkyl group, preferably methyl,

ethyl, propyl, butyl, pentyl, hexyl, hepty! or octyl;

R® is hydrogen or a C| to C; alkyl group, preferably a C, to Cy linear alkyl group, preferably methyl,
30 ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
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each R’ is, independently, hydrogen, or a C, to Cy alkyl group, preferably a C; to Cs 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,
altcrnately all R” groups are not hydrogen, (preferably the R” groups at the 3 and 4 positions on cach
5  Cpring of Formula IV are not hydrogen);
N is nitrogen;
T is a bridge, preferably, Si or Ge, preferably Si;
cach R® is independently, hydrogen, halogen or a Cl to C20 hydrocarbyl, such as methyl, cthyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two R* can form a
10 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 muiticenter 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.
15 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
20 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:

2
R i3 R7HfX, R? R/fo2
RS%S R3 RS
I & R n g7 R
R7

n r v
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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, diencs, amincs,
5  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 Ieast two QQ's arc the same or different heteroatoms, altcrnately at least three

Q's are the same or different heteroatoms, alternately at least four Q's are the same or different

10 heteroatoms);
each R' is, independently, a C, to Cy alkyl group, preferably a C; to Cs linear alkyl group, preferably
methyl ethyl, propyl, butyl, pentyl, hexyl, hepty! or octyl, R' may the same or different as R’;
each R* is, independently, a C, to Cy alkyl group, preferably a C; to Cs linear alkyl group, preferably
methy! ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R! and/or R* are not branched;

15 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 Cy
linear alkyl group, preferably methyl ethyl, propyl, butyl,b 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 Cg substituted or unsubstituted hydrocarbyl (preferably at least two, three, four or

20 five R groups are a C, to Cy 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 Cy linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,

25  substituted phenyl (such as propyl phenyl), phenyl, silyl, substituted silyl, (such as CH,SiR' where R’
is a C; to Cy» hydrocarbyl, such as methyl, ethyl, propyl, butyl, phenyl);

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

30 ethyl, propyl, butyl, pentyl, hexyl, hepty! or octyl;
each R’ is, independently, hydrogen, or a C, to Cy alkyl group, preferably a C, to Cs 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

35  Cpring of Formula IV are not hydrogen);
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N is nitrogen;

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

each 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) asccond functionalizing proccss 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
(pentamethyleyclopentadienyl)(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-Dimcthylindenyl)(pentamcthylcyclopentadienyl) Hafhiumdimethyl,
(1,3,4,7-Tetramethylindenyl)(pentamethy lcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramethylcyclopentadienyt) Hafhiumdimethyl,
(1,3-Diethylindenyl){pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylindenyl)(tetramethylpropyleyclopentadienyl) Hafhiumdimethyl,
(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafhiumdimethyl,
(1,3-Dimethylbenzindenyl)(pentamethylcyclopentadienyl) Hathiumdimethyl,

(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hathiumdimethyl,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(2,7,9—Trimethylﬂuorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,

u-Dihydrosilyl-bis(tetramethy leyclopentadieny)Hafniumdimethyl,
u-Dimethylsilyl(tetramethylcyclopentadieny)(3-propyltrimethylcyclopentadienyl) Hafniumdimethyl,
u-Dicyclopropylsilyl(bis tetramethylcyclopentadienylyHafnium dimethyl.
(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dimethylindenyl)(tetramethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dicthylindeny!)(pentamethyleyclopentadienyl) Hafhiumdihalide,
(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hathiumdihalide,
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(1-Methyl, 3-propyllindenyl)(pentamethyleyclopentadienyl) Hafniumdihalide,
(1,3-Dimethylindenyl)(tetramethylpropyleyclopentadienyl) Hafniumdihalide,
(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dimcthylbenzindeny ) pentamethy leyclopentadienyl) Hafniumdihalide,

5 (2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(2,7,9-Trimethylfluorenyl){pentamethylcyclopentadienyl) Hafniumdihalide,
u-Dihydrosilyl-bis(tetramethylcyclopentadienyl)Hafniumdimethyl,
u-Dihalidesilyl(tctramcthylcyclopentadicny )(3-propyltrimethyleyclopentadieny ) Hafniumdihalide,

10 and
u-Dicyclopropylsilyl(bis tetramethylcyclopentadienyl)Hafhium dihalide.

22. The process of paragraph 18 or 19, wherein the catalyst system comprises one or more of
(1,3-Dimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3,4,7-Tetramethylindenyl)(pentamethy lcyclopentadienyl) Hafniumdimethyl,

15 (1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hafhiumdimethyl,
(1,3-Dipropylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1-Methyl,3-propyllindenyi)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,2,3-Trimethylindenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
(1,3-Dimethylbenzindeny [)(pentamethylcyclopentadienyl) Hafniumdimethyl,

20 (2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdimethyl,
{9-Methylfluorenyl)(pentamethyleyclopentadienyl) Hafniumdimethyl,

(2,7,9-Trimethy fluorenyl)(pentamethylcyclopentadicnyly Hafniumdimethyl,
(1,3-Dimethylindenyl)(pentamethylcyciopentadienyl) Hafniumdihalide,
(1,3,4,7-Tetramethylindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,

25  (1,3-Diethylindenyl)(pentamethylcyclopentadienyl) Hathiumdihalide,
(1,3-Dipropylindeny!)(pentamethylcyclopentadieny!l) Hafniumdihalide,
(1-Methyl,3-propyllindenyl)(pentamethylcyclopentadienyl) Hafniumdihalide,
(1,2,3-Trimethylindenyl){pentamethylcyclopentadienyl) Hafniumdihalide,
(1,3-Dimethylbenzindenyl)(pentamethyleyclopentadienyl) Hafniumdihalide,

30 (2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl) Hafniumdibalide,
(9-Methylfluorenyl)(pentamethyleyclopentadienyl) Hafniumdihalide, and
(2,7,9-Trimethyfluorenyl)(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 lcast 90%, preferably at least

35 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
V1 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 cmbodiment, 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 cmbodiment, 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:

PC NMR

[00131] "“CNMR data was collected at 120°C in a 10 mm probe using a Varian spectrometer with

5  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
10 tetrachloroethane-d, at concentrations between 10 to 15 wit% prior to being inserted into the

spectrometer magnet.

[00132]  Prior to data analysis spectra were referenced by setting the chemical shift of the (-CHz-),

signal where n > 6 t0 29.9 ppm.

[00133] Chain ends for quantization were identified using the signals shown in the table below.
15  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 23-5t0 25.5 and 25.8 to 26.3 ppm
E~i-Bu 39.5t0 40.2 ppm
P~Vinyl 41.5 to 43 ppm
E~Vinyl 33910 34.4 ppm

'H NMR
[00134] 'H NMR data was collected at either room temperature or 120°C (for purposes of the
20 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.
25 [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
30 Vinylene 5.31-5.55 2
Trisubstituted 5.11-5.30 |

[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 Icss 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 I 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 = dimethylsily] bis(indenyl) hafnium dimethyl:

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

E = (tetramethylcyclopentadienyl)(1,3-dimethy lindenyhhafnium dimethyl;

F = (pentamethylcyclopentadienyl)(1,3-dimethylindenylhafnium dimethyl;

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

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

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

[00138] Secveral 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(pertluoro-2-napthyl)borate,

3 = 4-tert-butylanilinium (pentafluorophenytris(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 pentamethylcyclopentadicne 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)HiMe,
[00140] LiCyH; was generated in Et,O (-35°C) by the reaction of 29 g indene (0.25 mol) with 1
5  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,O, cooled to -35°C and rcacted with
excess Mel (0.375 mol, 47.6 g). After 2 hours the reaction mixture was warmed to ambient
temperature. 1-MeCoH; was isolated as a colorless liquid by aqueous work-up and ether extractions.
10 Similarly 1,3-Me,CoHg was synthesized by lithiation of MecCyH; , methylation with Mel and aqueous
work-up. [Li][1,3-Me.CoH;] was synthesized by reaction of 1,3-Me:CoHs 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.CoH;s], B (14.5 g). 'H NMR (THF-ds, 300 MHz) & ppm;
7.25-7.10 (m, C¢Hy, 2H), 6.45-6.30, C¢H,, 2H), 6.10 (s, 2-indenyl proton, 1H), 2.35 (s, 1,3Me,CoHs, 6

15  H).
[00141] CpMesHfCl; (Crowther, D.; Baenziger, N.; Jordan, R.; I. 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 E6,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)HFC11(8.6 g) as a mixture with LiClL
20 [00142] 'HNMR (CD.Cl,, 300 MHz) § ppm; 7.58-7.11 (m, C¢Ha), 6.17 (s, 2-indenyl proton), 2.32
(s, 1,3Me,CyHs), 2.09 (s, CpMes).
[00143] Crude (CpMe;)(1,3-Me,CoHHFCL: (2.5 g) was slurried in toluene (100 mi) 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
25 x40 mL). Hexane was removed from the combined extractions to yield solid yellow (CpMe;s)(1,3-
Me.CoHs)HfMe,, E( 1.6 g). 'H NMR (C¢Ds, 300 MHz ) & ppm; 7.55-7.48 (m, CsHa, 2H), 7.20-7.16
(m, CoHs, 3H), 2.00 (s, 1,3Me,CoHs, 6H), 1.76 (s, CpMes, 15H), -0.95 (s, Ht-Me, 6H).
Catalyst D: (CpMes)(1,3-Me,CoHs)ZrMe;
[00144]  ZrCl, (36 ¢) was shurried in CH,Cl (200 mL) and then reacted with Me;S (19.2 g) for 1
30  hour. CpMesHSiMe; (34 g) was added slowly to the reaction mixture. Yellow solid began to
precipitate after several hours and was filtered to yicld a first crop of 21.3 g of light ycllow solid
product. (CpMcyH)ZrCly (SMe ), 'H NMR (CD,Cl,, 300 MHz ) & ppm; 6.05 (s, CpMcyH), 2.6 (brs,
MeS), 2.27 (s, CpMcs), 2.20 (s, CpMey).
[00145] (CpMe,H)ZrCl; (15.0 g) was slurried in Et:O (250 mL) and reacted with [Li][1,3-
35 Me>CoHs] (7.5 g) for 16 hours. The reaction product was filtercd 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 EtO (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;O 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).
5 (CpMes)(1,3-Me,CoHs)ZrMe,,
[00146] 'H NMR (CD.Cly, 500 MHz) 8 ppm; 7.35, 7.05 (m, CoHs), 5.51 (s, CoHs), 4.83 (s,
CpMegH), 2.17 (s, MexColls), 1.79, 1.70 (s, CpMeyH), -1.31 ZrMe.
Catalyst E: (CpMe4)(1,3-Me,CoHs)HfMe,
[00147] HfCL (31 g) was slurried in CH2Cl, (200 mL) and reacted slowly with CpMesHSiMe; for
10 scveral 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)HAC; (8.0 g) was dissolved in Et,O (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,ClL: (2 X 60
mL). The filtrate was reduced in vacuo to a light yellow solid product (7.2 g). All (CpMe4)(1,3-
15 Me,CoH)HICL (7.2 g) was slurried in toluene (200 mL) and reacted with 2 equivalents of MeMgBr
(3 M in E,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,ClL and the filtrates were reduced in vacuo. The product was collected after
cooling to -35 °C (2.85 g). (CpMe,)(1,3-Me;CoHs)HiMe: 'H NMR (CDuClz, 500 MHz) 8 ppm; 7.35,
20 7.06 (m, CoHs), 5.50 (s, CoHs), 4.89 (s, CpMesH), 2.18 (s, Me,CoHs), 1.79, 1.76 (s, CpMesH), -1.49
HfMe.
Catalyst H:(tetramethylcyclopentadienyl)(1-isopropyl, 3-propyl-CoHg)H{Me:'
[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 EtO. [Lij[1-isopropyl, 3-
25 propyl -CoHs] (2.1 g) was dissolved in Et,O (60 mL) and reacted with (CpMesH)HECL; (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 (CgDg, 300 MHz)
5 ppm; 7.48 (d), another doublet partially obscured under solvent 7.02 (m), 5.53 (s), 4.72 (s), 3.25 (p),
30 2.72 (m), 2.31 (m), 2.83, 2.77, 2.74, 2.73 (s), 1.22 (d), 1.07 (d), -0.73(s, Ht-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,O (100 mL) and reacted with (CpMesH)HSCL; (5.0 g) for 12 hours. The solid product was filtered
and washed with hexane (3.7 g). (CpMe,)(1-iC3H-CoHs)HICL, "H NMR (CgDs, 300 MHz) 8 ppm;
35 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, L.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). "HNMR (CsDs, 300 MHz) § ppm; -0.52, -1.46 Hf-Me.

5 [00151] TEAL-SiO,: SiO. Davison 948 calcined at 600°C was slurried in hexane (30 mL) and
reacted with Tricthylaluminum (10 mL, 1.9 M in toluenc) 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..

[00152] TEAL-SIi0, (2.0 g) was slurried in toluene (30 mL) and reacted with Triphenylcarbonium
10 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
15  TEAL-SiO,, 215 mg of ionic activator 1, and 114 mg of metallocene E were used.
Polymerizations
[00154]  Propylenc oligomer batch or continuous polymerizations were carried out for this study
using a 2L stirred autoclave reactor arc 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)
20 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
25  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
30 product was initially reduced by “wcathering.” In many cases the samplc was hcated 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
©C) (min) (g) C3##
1# Polig A 4 30/60 90 10 25 HEE
2# Polig B 4 10/25 90 7 110 ok
3# Polig A 4 30/60 140 10 25 HEE
4# Polig C 4 10/25 140 8 160 ok
S# Polig B 4 4/12 145 7 140 o
6# Polig B 1 6/15 152 5 47 Aok
7# Polig B 1 6/15 130 10 30 FrE
8 Polig D 4 6/13.1 132 10 5.7 ok
9 Polig E 4 10/25.7 132 10 19 o
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 ok
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 wEE
25" Polig |K(150mg) 80 30 9.8 250
28" Polig | 1(210mg) 60 30 14.9 R
27 Polig E 6 10/11.5 132 30 0 FEE
30 Polig E 5 10/45.7 80 30 162 450
31 Polig E 2 10/23.1 30 30 112 350
32 Polig E 3 10/25.7 80 30 112 250
36 Polig E 1 10/17.9 45 30 130 ok
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 ok
44 Polig E 4 10/25 60 30 ~75 E
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45 Polig E 4 10/25 37 30 ~85 i
46 Polig E 4 10/25 100 30 36.7 80
47 Polig E 4 10/25 132 30 ~10 o
48 Polig E 1 10/18 60 30 ~110 o
49 Polig E 1 10/18 80 30 ~70 280
50 Polig E 4 10725 60 180 | ~200 A
51 Polig E 1 10/18 60 120 | ~220 Rl

# comparative, ” supported, **Additional propylene added, *** Continuous run using continuous
propylene feed from day tank
[00155] Propylene-cthylene 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
5  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
scveral minutes and then transferred to a clean, oven dried catalyst tubc. 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
10 polymerization temperature and catalyst/activator was flushed from the catalyst tube into the reactor
with an additional 300 mL propylene. Ethylenc 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
15 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 fowest 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.

- 44 -



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 WO
38?22552373P%%é%%%9%95047882 56 0 490 294 1,292 9,395 570,414,399, 5, 208

Table 2 Summary of Propylene-Ethylene Copolymerizations

Example | Catalyst/ Mole Ty, Psig Time, Productivity,
Activator | metallocene® | °C & 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 /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 /1 6.19E-06 70 10 60 80 12,920
58 F/1 8.26E-06 68 30 10 158 114,597
59 /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

“in all cases, slight molar excess (~5-10 mol%) of activator uscd 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 | (C) (min) (& g/mmol/hr

62 4 10/25 7 80 10 342 39768

63 4 5/12.5 7 27 60 348 13489
64 4 4710 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 6/104 7 45 30 487 45375
69 1 2/35 7 40 10 1.5 2180

70 1 2/3.5 50 40 5 2.3 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 I 4/7 50 47 30 325 78731

’ Table 3: Characterization Data for Propylene Oligomers
Example | % Vinyls* DP* 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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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 P

. opyl ene- Et hy|
fract i on prop gé?{’@/l N

pol ymers Sanpl e Ml e fraction propy
product* Tg (C) % vinyls* DP* Mh*

30.6 1283 35 0.555 0.652 -53.1 84.1

lpgg/%sioﬁbmqgisg

uct *
96 82. 5

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 34551

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 31942

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

- 46 -



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 9C§/%§2009/047882

WO 2009/155472

63 96.5 22.49 945
64 96.7 6.55 275
65 98.2 13.59 570
66 97.2 19.97 838
67 98.0 6.21 261
68 97.4 10.31 433
71 98.0 6.79 285.4
72 98.2 7.52 315.7
73 96.7 10.56 443.5
74 97.4 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)
Mx My Mw Mz

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 3410 | 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 4435 102 288 1,143
74 22 380.8 156 564 1,440
52 0 773 378 2,277 22,624
53 929 466 9,804 53,617
54 0 795 315 3,577 38,176
55 0 974 651 3,290 23,906
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0.472 94.8 25.5 1071 59 0.351 0.447 96.5 37.6 1580 60 0.124 0.176 76.4

%;5.? 4861 61 0.247 0.329 99.1 44.7 1877 * Calculated from'l-1 NVR %
inyls = %ally!l chain ends [001561Exanples 35 and 52-6 cterized

by 13C NM R a@xdg’gﬁ?”ﬁﬁed above then 5conpared to the dal}g%%& / Jg?s{%?ml ecul es

2008 41, 559-567. Table 5: Allyl chain ends in Propyl ene-Ethyl ene

Co-ol i gonmers Source W % et hyl ene Mol % et hyl ene % ally( chain ends MTab It

0.0 0.00 100 MTab It 21.4 29.0 65.0 MTab It 29.9 39.0 60.0

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* Dp* Mn*
propylenc in propylenc 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 1157 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 BC NMR as described above then

5 compared to the data in Macromolecules 2008 41, 559-567.

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

Source Wt% cthylene Mol% ethylene % allyl chain ends
M-Tab 11 0.0 0.00 100
M-Tab 1+ 214 29.0 65.0
M-Tab 17 29.9 39.0 60.0
M-Tab 1% 51.0 61.0 43.0
Coates Tab 1T 54.2 64.0 42.0
35 34.8 44.5 84.1
52 28.2 37.1 95.9
53 422 553 97.2
54 39.4 49.9 96.4
55 47.1 57.2 95.9
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MTab It 51.0 61.0 43.0 Coates Tab it 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 WD
2009/ 155472PCT/ US2009/ 047882 56 29.8 38.9 94.6 57 46.5 4 9 58 52.8
62.2 94.8 59 ¥829RVE 96 5 Wer Rl otrais

56 29.8 38.9 94.6
57 46.5 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

M-Tab is table 1 of ¥ Macromolecules 2008 41, 559-567  * 10C exotherm

Table 6: percent Chain End Microstructures from “C NMR

Sample | Saturated End Groups * | Unsaturated End Groups | Init/ Term
[B-P IB-E Vinyl-P Vinyl-E
52 71.8 28.2 71.7 283 1.31
53 64.5 355 64.1 359 1.32
55 48.6 51.4 61.8 38.2 1.16
56 62.4 37.6 65.6 34.4 1.03

[00157]  Saturated chain end microstructure analysis reveals the surprising result that propylene is
nearly always the first monomer inserted following B-Methyl elimination or transfer involving a
5  growing chain and/or incoming monomer, even in polymers containing up to 52 mol% ethylene.
Comparative Examples
[00158] Activator 7 is triphenylcarbonium perfluorotetraphenylborate and Activator 8 is
dimethylanilinium perfluorotetranaphthylborate.
[00159] Polymerizations with catalyst J and Activators 1, 7 and 8 are carried out in the reactor
10 described below at temperatures ranging from 70 to 130°C. Inlet propylene feed concentration is 3.5
to 4 M. Residence time for all runs is S min. Tri{n-octylaluminum (TNOAL) is used throughout as
scavenger. Molar ratio of TNOAL to metallocene is ~20. The polymerizations are performed in a
liquid filled, single-stage continuous reactor using mixed metallocene catalyst systems. The reactor is
a 0.5-liter stainless steel autoclave reactor and is equipped with a stirrer, a water cooling/steam
15  heating element with a temperature controller, and a pressure controller. Solvents, propylene, and
comonomers (such as butene and hexene), if present, are first purified by passing through a three-
column purification system. The purification system consists of an Oxiclear column (Model # RGP-
RI1-500 from Labclear) followed by a 5A and a 3A molecular sieve columms. Purification columns
were regenerated periodically whenever there is evidence of lower activity of polymerization. Both
20  the 3A and 5A molecular sieve columns were regencrated 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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60* 82.4 87.6 76.4* 61 67.1 75.3 99.1 MTab is table 1 of-I1- Macronol ecul es
2008 41, 559-567* 1 OC exothenn Table 6: percent Chain End M crostructures
fromNMR Sanple Saturated E in G oups * Unsaturated End It/ Tenn

| B-P IB-E ViR Hyl -E 52 71.8 28.2 71.7 28.3 1.31 %@9@?&?5 64. 1
35.9 1.32 55 48.6 51.4 61.8 38.2 1.16 56 62.4 37.6 65.6 34.4 1.03

[ 00157] Saturated chain end m crostructure analysis reveals the surprising

result that propylene is
monomers are then chilled to about ~15 °C by passing through a chiller before fed into the reactor

through a manifold. Solvent and monomers are mixed in the manifold and fed into reactor through a
single tube. All liquid flow rates are measured using Brooksfield mass flow meters or Micro-Motion
Coriolis-type flow meters. The polymerization conditions, % conversion of feed, catalyst productivity

5 and characterization data are listed in the table below and Figure 3.

Ex. | Cat | Act | Tp, | Tm, °C | AHf, |%Conv|Produc| Vinyl/ | Vinyli | Vinyle| Mnx | Mn x

°C Jig |ersion™ tivit?’/ 1000C | dene/ | ne/ | 1000 | 1000
Jﬁfﬂ/ 1000C | 1000C NER GPC
min

Cl J 1 [ 125) 131.93 | 82.65 | 94.07 | 465 | —- - e e e
c2 | J 1 [ 120 13432 | 87.26 | 95.68 | 47.3 | 0.93 | L.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 1 J | 110 | 14077 | 90.01 | 98.79 | 489 | 0.78 | L.21 | 0.11 | 6.67 | 9.36

(O () I [ 105 142.31 | 9233 |100.61| 46.9 | ---- o ---- - -
cé6 | J 1 | 100 | 145.07 | 97.75 [100.71| 66.2 | ---- | === | == | —— | -
c7 |7 1 | 95 | 146.07 | 96.40 [100.64| 66.2 | 0.24 | 043 | 0.08 | 187 | 19.74

cg |l 1 90 | 148.15 |103.70]100.39| 66.0 | 0.21 | 0.28 | 0.15 | 18.9 | 32.11

colJ 7 | 130} 127.14 | 78.58 | 65.68 | 1.83 | 099 | LII | 001 6.1 6.0
Cloy J 7 1120 132.64 | 84.16 | 67.36 | 324
crry) J 7 (110 13827 | 91.6 | 70.14 | 33.3 | 046 | 040 | 0.01 | 144 | 9.0
Clz| J 7 | 100 | 140.83 }127.15) 72.61 | 34.6
Ci3y I 7 | 90 | 14542 | 9589 | 73.54 | 363 | 0.17 | 0.35 | 0.00 | 23.7 | 25.0
Ci4 J 7 | 80 | 151.24 |103.60| 73.57 | 36.3
Cis| I 8 | 130 132.33 | 89.6 | 57.93 | 28.6 | 0.78 | 0.47 |} 0.03 | 105 8.7
Cle | J 8 1120 137.18 | 87.8 | 60.79 | 30.0
Cl71 7 8 | 110 14344 | 96.72 | 62.04 | 30.6 | 0.37 | 0.19 | 0.00 | 23.7 | 243
Cl8| I 8 | 100 146.0 [100.70] 62.46 | 30.8
c1op 7 8 | 90 | 152.85 [ 93.78 1 63.43 | 31.3 | 0.25 | 0.22 | 0.01 | 292 | 56.6

Functionalization

Example A
10 [00160] In separate runs, each of the (co)polymers prepared in the Examples above and pulverized
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transfer involving a 5grow ng chain and/or incom ng nononer, even in
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[ 00158] Act i vat' 8P’ 0?/975 'Bt ri phenyl car boni um perf | uor ot et rapﬁlﬂ%hzomtsé and
Activator 8 is dinethylaniliniumperfluorotetranaphthyl borate.

[ 00159] Pol yneri zations with catalyst J and Activators 1, 7 and 8 are
carried out in the reactor 10 described bel ow at tenperatures ranging from
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1000C Vi nyl i “dene x 1000 GPC d
J 1 125 131. 93 igbubplsd g thepcharged solution, and the reactlon mixture 13 mrred whlle the temperature is

increased to 50°C for about one hour. The reaction mixture is then neutralized with gascous ammonia

until a neutral pH is obtained. The solution is filtered and the filtrate is heated to 150°C to distill off
25 the solvent and excess phenol.

Mannich Base Condensation

[00163] To a 500 ml round-bottomed reaction flask is charged 25 grams of S1SONL 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
30  mixture is heated to 115°C and kept at that temperature for | 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 heptanc.
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46.5 ---- ---- ---- ---- (C2J 1 120 134.32 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 4 J

1 110 140.77 &820(?)29]./1595%279 48.9 0.78 1.21 0.11 6.67 9.36 A, 1s2000/04782

EXAMPLE 9
Example C: Oxidized (Co)polymer

[00164] 1In scparate runs, 1500-ml glass rcactor cquipped with gas inlet and outlet tubes, a
thermometer, and a stirrer is charged with 800 grams of (co)polymer as prepared in the examples
5  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
10 [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
SI150NL 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
15 to TEPA chargedis 2 to 1.
[00166] All documents described hercin arc 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
20  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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J 1 105 142.31 92.33 100.61 46.9 ---- ---- ---- ----  (C6 J 1 100 145.07
97.75 100.71 66.2 ---- ---- ---- ---- C7 J 1 95 146.07 96.40 100.64 66. 2

0.24 0.43 0.08 18.7 19.74 C8 J 1 90 148. 15 103.70 100.39 66.0

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 co-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* (moi% ethylene incorporated) -83), when 70 to 90 mol% ethylene is
present in the co-oligomer, and wherein the co-oligomer has an isobutyl chain end to allylic vinyl
group ratio of 0.8:1 to 1.35:1.0, and 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 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% ethylene 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% ethylene 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% ethylene 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 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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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 C10 J 7 120 132.64 84.16 67.36 32.4 Ci1 J

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
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 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, CL, F,

I and 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 heteroatom
containing 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 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, [ and B, and the functionalized co-oligomer has 0.75 to

1.10 functional groups per chain.
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7 110 138.27 91.6 70.14 33.3 0.46 0.40 0.01 14.4 9.0 C12 J 7 100 140. 83
127.15 72.61 34.6 Cl3 J 7 90 145.42 95.89 73.54 36.3 0.17 0.35 0.00
23.7 25.0 C14 J 7 80 151.24 103.60 73.57 36.3

12. A functionalized homo-oligomer, comprising the reaction product of 1) a heteroatom
containing group and 2) a homo-oligomer of propylene, wherein the homo-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 homo-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.

14. The functionalized oligomer of any one of the preceding claims wherein the co-oligomer

comprises 50 to 90 mol% propylene and 10 to 50 mol% of ethylene.

15. The functionalized oligomer of any one of the preceding claims wherein the co-oligomer has an

isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0.

16. The functionalized oligomer of any one of the preceding claims wherein the co-oligomer has

more than 90% allyl chain ends relative to total unsaturations prior to functionalization.

17. The functionalized oligomer of any one of the preceding claims wherein the co-oligomer
comprises from 15 to 95 wt% ethylene and has more than 80% allyl chain ends relative to total

unsaturations prior to functionalization.

18. The functionalized oligomer of any one of the preceding claims wherein the co-oligomer

comprises from 30 to 95 wt% ethylene and has more than 70% allyl chain ends relative to total

unsaturations prior to functionalization.

19. The functionalized oligomer of any one of the preceding claims wherein the co-oligomer
comprises from 30 to 95 wt% ethylene and has more than 90% allyl chain ends relative to total

unsaturations prior to functionalization.

20. The functionalized oligomer of any one of the preceding claims wherein F + VI* + VE* >

(0.50(VI+ VE)), wherein VI is the number of vinyl groups/1000 Carbons and VE is number of
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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.

21. The functionalized oligomer of any one of the preceding claims wherein the functionalized

oligomer has an Mn of 500 to 7,500 g/mol, an Mw of 1,000 to 20,000 g/mol, and an Mz of 1400 to
150,000 g/mol.

22. The functionalized oligomer of any one of the preceding claims wherein the oligomer is a liquid
at 25°C.
23. The functionalized oligomer of any one of the preceding claims wherein the heteroatom

containing group comprises sulfonates, amines, aldehydes, alcohols, or acids.

24. The functionalized oligomer of any one of the preceding claims wherein the heteroatom

containing group comprises an epoxide, succinic acid, maleic acid or maleic anhydride.

25. The functionalized oligomer of any one of the preceding claims wherein the heteroatom
containing group comprises one or more of acids, esters, anhydrides, acid-esters, oxycarbonyls,

carbonyls, formyls, formylcarbonyls, hydroxyls, and acetyl halides.

26. The functionalized oligomer of any one of the preceding claims wherein the functionalized

oligomer has an Mn that is up to 15% greater than the Mn of the starting (co)oligomer.

27. The functionalized oligomer of any one of the preceding claims wherein F +VI* +VE* >
(0.85(V1+ VE)), wherein VI is the number of vinyl groups/1000 carbons and VE is number of
vinylidene groups/1000 carbons for the unfunctionalized oligomer, co-oligomer or homo-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.

28. The functionalized oligomer of any one of the preceding claims 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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110 143.44 96.72 62.04 30.6 0.37 0.19 0.00 23.7 24.3 C18 J 8 100 146.0

100. 70 62.46 30.8 Cl9 J 8 90 152.85 93.78 63.43 31.3 0.25 0.22 0.01
29.2 56.6 Functionalization Exanple A 10[00160] 1 n separate runs, each of
the (co)polynmers prepared in the Exanpl es above and pul verized WO

2009/ 155472P; l el ¢ | - i f of
mal ei c gﬁhydﬁ%gﬁggﬁz\%ﬁ%ﬁée%@ a?%?épgﬁ tggrg{e&gﬂlégcﬁa"%r @ﬁ%ﬁ"ﬁhgg%%mger{gﬂ %a"tﬁ 5

at nmos phegticiable medingpeint by BSA Gdjoyying slowss arambreaiemppraiepioppdersi® kouss-stirrer
and a thernocouple and heated by nmeans of an electric heating mantle. The
reaction mxture is heated to 70C, after which the reactor is gently purged
by bubbf¥ ng §reyfupsticpaddigenelisamerufreny 1eae of §igirsecedngctiiiph wherely; ¢ gHePntephas g i n.
The pur gengs pesk bhesn @b nmared and the reactor seal ed. The reactor
tenperature is then raised to a tenperature of 220C and i s nmaintai ned at
that tenperature for 6 hours. while stirring. The reaction is then

term nated by fieblt ngbridagt addittd @omptixihyrike toigaizo Wt £ CGoneabt elie Yhaceding he
liquid Crpé?r(r'g ure is transfetTed to a gl ass beaker. Unreacted mal ei ¢ anhydri de
is stri ppecf' of f by passing dry nitrogen gas through the liquid at 140C. The
| i quid product so prepared in each run is expected to 10contain (co)pol ymer

functi 0@' i 3 %ro\é’iesls l?O %g?e(\tilp}uﬁct%%lﬂged @S&@%ln%r (% 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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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, and a combination thereof, (two X’s may form a part of a fused ring or a ring
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[00161] I n separate runs, dispersant materials are prepared utilizing liquid
products as prepared in Exanple A The succinic acid anhydride substituted
pol ymers are di ssolved in an equal anount by weight of mneral oi

(S150NL). To the polynmer solution is added tetraethyl ene pentam ne (TEPA),
15and thgp.xture is heated to 140C under nitrogen while stirring for about
2 to 4 hours. The nolar ratio of total polyner to polyanine in terns of
succini@whﬁﬁdieﬁa@@aﬁbm@éwnorﬂE$MmmMErged is 2to l. Exanple C Preparation
of a Ma‘@eah (f(m 1581?13 elltaeﬁ %altg Cg gxlot{ﬁ TJA'l‘l ?%eas 1|n99r ffergrtt%s Ehenm [ 00162] In
Separate runs, ou grams o co)polyners prepared in the
Exanplegwhﬂéwahévem@néydﬁhsn¢wdb4@nua00 m of chl orobenzene and added to a
solutio ) f ne.

whi e orih R hohBpOR e Hordt d ATLRLBRTR Bhab bty Blogn 891 B ARERARC

bubbl ed! ot @rtiohetogtsarrgadeddolvardr gt atdgask thieeR} graetsiapmothydregess i s stirred
while t e ction
it ur e e R RoniREeRs, Ayl BRRSPT A Be PO ik B BRA AR lp. o PR RE

obt ai nee.hetfphatogodontaingng greupf i | tered and the filtrate is heated to 1500 to
distillg cess phenol. Mannich Base Condensati on
1001631 ?%Lgﬁg%g%nfe %Qpémgp?tﬁﬁed reaction flask is charged 25 grans of

Si 5ONL R inbydapgenior a Cntowhialitil greurdi ssol ved 25 grans of (co)pol yner

substit I d 0.35
G of 1 orre cEnpagdn KakoRATRITE CRuSt e rrd g DR A SR

30 i xtRirgoups atseat lvdragen; 115C and kept at that tenperature for 1 hour, after
whi ch tag fiefRgrature of the reaction mxture is raised to 130C and
mai nt ai ned at” that tenperature for 45 nmin, all the while sweeping the

react i ohisfalbsidke;wi t h dry nitrogen gas. The stripped reaction mxture is then
cool ed 4,0, Rog%&eﬁﬂﬂgﬁt@t Wd?ogeﬁ“h Wg&dor\ydlrto %199 hmroc%f‘byhgﬁ)& R cgrpﬂ)rrh' I tered.
The filtraté is tripped at 130 trogen gas to renove
heptanéwd“MEWQQ@9$$%®&%@@@#WU@Eﬁﬁ9ﬁ®W1@$®rE%AMPEBN@CE%éﬁﬁhé%@yﬁ@mldlzed
(Co) D0|a)AH?thhL10;%ﬁéJd' tﬂat%%o%ﬁﬁcén‘t’ﬁ%mu%?gtgy ﬁjnnglfés%é rih€GhAfic ARV RREGhW th
gas inlet and outlet tubes, her monet er’, a stirrer Is charged mnth
800 gr adrgemvhere dhegiisy mey b%wowtépaa@dlyﬁntutarﬁé oemrrpqe‘é@nd 5 above. The

t enper ah Y& ohd fuhdion@hidedré@QGotlilife &)tnta(:ﬁﬂg{}ge {8 geﬁ@t) ROINBEBA thd iy @l T 1S
bubbl ed throu h the (co)polymer via the inlet tube for 6 hours, all the

whi | e rPagcsEsayiny aigtergpgon @?ﬁ@t‘%gf@@ at 200C. At t he end of 6 hour s, the air
flowis term nated, and nitrogen is bubbl ed through the copolyner whi |l e
cooling the reactor to roomtenperature. Preparation of a

Nitr ogg A- Corft &FteFsigioDmaiser Surrtionaliged ormetPlranepRcaTspsing niBra fiof Jowesnaus

nitr Og%ceg%ﬁhmd*gga ﬁb@@e% $8mb- oHQ&n?err' @d ﬂr§ pPJc@sB%@ﬁ'g F}&hﬁ&lb@ﬂo%lﬁét%@o

(co) pol'ymer product as prepared above. The oxi di zed (co)polyner is

di ssol \2aamplfhoyr, wagigh) thel tm@cewomrlwqt of S150NL nmineral oil. To the

pol ymer sol Wbhi@fink Su @@éﬂrﬁ)@ratu% 5EFIDYAeNs 1 BP0t A8h e T EEB) cordi@mbivndmiont ur e
is heated to 140C under nitrogen while stirring for about 2 to 4 hours. The
nol ar OdPiabeusf wtgst drqsen yhibe presensd PLapdtaest BYStanbpqprisme @g rtivatos ard atdeast

car boxyhe BE@URENd ddnlphendd¥preleaRd bi-Re ¢RIy mer 15to TEPA charged is 2 to 1.

[ 00166] Al l docunents described herein are incorporated by reference herein,
including agy erbrlty docunments a testing procedures to the extent

t. As is apparent fromthe foregoing
gener al ‘de ongand the &P enmbodi ments, while forns of the

i nvention g-hpen illustra Kdescri bed, various nodifications can be
DI rit and scope of the invention.
2nvention be limted thereby.

epas 20 fro
Accor di ngl y R |§3Bs hﬁgzlntended Rﬁa

Li kewi se, the "conpri si opsi dered synonymous with the term
"includin poses of 'Bn |l aw. CLAIMS What is clained is: 1.
A functional | co-ol i goner co ing the reaction product of 1) a

het er oatfom Ront aRhi ng grogp,thd ZF?a co-ol i gomer having an M of 300 to
30,000 g/ mol (neasured by 1H NVR) and conprising 10 to 90 nol % propyl ene
and 10 to 90 mol % of ethylene, wherein the co-oligoner has at |east X%
ally! chain ends (relative to total unsaturations) prior to
functionalization, where: 1) X = (- 0“94*(n0|@6ethylene i ncor porated) +
100), when 10 to 60 nol % ethylene is present in the cooligonmer, and 2) X =
45, when greater than 60 and | ess than 70 nol % ethylene is present in the
cooligoner, and 3) X = (1.83* (nol % ethyl ene incorporated) -83), when 70 to
90 nol % ethylene is present in the co-oligoner, and wherein the co-oligomner
has an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to
1.35:1.0, and mhere the heteroatontcontalnlng group conprlses one or nore

[ T 1 o



7. The functionalized co-oligoner of claim1, wherein the functionalized
co-ol i goner has an Mh of about 500 to about 7,500 g/nol, an Mwv of 1,000 to
about 20,000 g/rmol, and an Mz of about 1400 to about 150,000 g/nol. 8. A
functionalized propyl ene oligoner, conprising the reaction product of 1) a
heteroaton1conta|n|ng group and 2) an oligoner conprising nore than 90 nol %
pr opyl ene anB | ess than 10 nnR@betRblene wherein the oligoner has: at |east

93% al | y! ds, a qgnbeg ayvey age nol ecul ar wei ght (M) of about 500
to about 5 g/nDI an 1Q6bu rPn end to allylic vinyl group ratio
of 0.8:1 to . 3%r1. 0, and Iéﬁ\ 100 ppm al umi num where the heteroatom
contalnnqgrgroup conprlse84onélor e heteroatons selected fromthe group
consi sting R-HWfXs, N Br, I;’CIR?’ Hf¥%2d B, and the functionalized

ol i gomer 75 to 1.10 funptl groups per chain. 9. A functionalized
propylen% 0 oﬁér conpri si'hg R%action product of 1) a heteroatom
cont ai ning Gr oup, and 2)[van ol i r conprising at |east 50 nol % propyl ene

and from 10 to 50 nol % et hyl exfe, wWR&rein the oligoner has: at |east 90%
allyl chmir@ ends, an Mh of about 150 to about 10,000 g/ nol, and an isobutyl
chain eng,é aIIyllc vinyl group ratio of 0.8:1 to 1.2:1.0, wherein
monomer & KA F our or nore carbon atoms are present at fromO0 to 3 mol %
vvhler e téae}fl e, Qﬁdﬁ@érﬂ@ﬂt@@iﬂe@teﬂ iffdh tH¢ gw?p gdh@ipmﬂgssceayl\l@a@r@n raﬂ&ﬁll@: hbx:aﬁgefrgﬁté (103 g
sel ected fromthe group, consjsti o) .0, S, N, .Br, , F,..l and B, an
he 1 urdk FURA (g OGS goRR: HGNGesrsdes o iRt b ghBsRepB

chai n. phbtbhinds,fatived, aahalbmBidatph ARy tEN@wE X’ gMaR FormCOPPT bBa NGed tie of £aiGg T on
pr oduct of 1) a heteroatom containing group, and 2) an oligoner conprising
at | easYS8% nol % propyl ene, from0.1 to 45 nol % ethyl ene, and fromO0.1 to 5
mol % %abl@QGEiLBld@;beﬁﬂdtnﬂy cbef @larhetchatond; i gorrer has at least 90%ally' chain

ends, bout 150 to abqut 10, Q00 an n_ i sgbutyl chain end

to all yqafl{\:/ﬁvlis T ep@ﬁé&‘fé P&t Yoo&@ﬁ(yk)grg?‘pl%t a t}§§af&e ‘F@iﬂg}lé ghe het er oat om
ontalnmagRbﬁdmppammmbisesm&nem@rgﬁmﬁe heteroatons sel ected fromthe group

consi st P, 0,,S N Br, d, F,. |l and B, and the fynctionalize

ool | QoL R hismisraiserly. Margieh et biiate G gL BaFd bt it foviHom

functi onal8 cagdn Bfoﬁxpyﬂr&ﬂ&ddioiwgmffﬁmt 1galfivd R grgupstakeeméte cdri2) Ifbu]ﬁ Régmaps o 1) a

het er oat cont ai and r conpris ast 50 nol %
o opy | EM Gk fed i Wy Do afh i b o TR By B ane.
wher ei reatthe’ ig) m@pﬁ’eléntlyaﬁydr@en beasibstR0%d at dnghbstdfaaid hydodshyl arouphn leferabout 150
to abouth q,qp gtnn and an isobutyl chain end to allylic vinyl group
ratio of PESPAMEENINPEEOUE: “hare the het er oat om cont ai ni ng group compri ses
one orlﬁﬁgmdhgﬁebnamanﬁksk&@y@eﬂ fromthe group consisting of P, 0, S N,

b % 1? functionalized co-oligoner has 0.75 to 1.10
funct|&%é§58F§d%?%H@ CCRATH.E2. A functionalized hono-oligomer,
conpri &aaﬁgﬂ lbend®alﬁiehm hpdroghucor o€, th)Csallyébeupatrovidcddiotvaianiting agestugvand 2)
a hono- oner 911ﬁ | ene, wherein the hono-oligonmer has: at |east 93%
al |yl §f PEHEE "N R of about 500 to about 20,000 g/nol, an isobutyl
chai n end nitwgad;l ylic vinyl group ratio of 0.8:1 to 1.2:1.0, and less than
1400 pRM g m num where the heteroatom containing group conprises one or
nor e het ?%ns selected fromthe group consisting of P, 0, S, N, Br, C,
F, | arechoR® B, indepdndehedy, fhym@gero rhallogenecd $hoime 6RO gmraasarltyzb,sanﬁ t¥b R’ @ad f&kbh a

IAEQ?;: ﬁ? !c -Eg\lﬂ%‘rg El%mgc alaﬁ&(;\%:%l_gll ate %% Isa?ura%ecbfyc ic & sted rgﬁ{%}é IE 81]: \(;: ﬁ;lm 1,
gr oups AddO0Mthegrodes! tlaatdnylﬁzvq esijanemb?egrom:fs maynfigin d éused gng)mpsvilmedmr temedons f or
t he unfunctl |zed ol i nyl groups/ 1000

car bond ARy €%§lwrm§%ma ﬁ%mnmw z%?%@fm %ﬁ@ob%%6%85f%%o carbons for the
functi ammcmebfunﬂtlogajmlg,pmm chbmpssingrentactimigehe loinofaligotmergmeducet inulpsfirpier 1000
carbons, 14 d oligomer of any one of the preceding

cl ai nspv%%srsémrl% he tema%m (ion%%negrg%uc?nprl ses 50 to 90 nol % propyl ene and 10 to
50 nol % of ethylene 15. The functionalized oligonmer of any one of the
precedi ng clains wherein the co-oligonmer has an isobutyl chain end to
allylic vinyl group ratio of 0.8:1 to 1.35:1.0. 16. The functionalized

ol i goner of any one of the preceding-£&?ains wherein the co-oligoner has
nore than 90% ally! chain ends relative to total unsaturations prior to
functionalization. 17. The functionalized oligoner of any one of the
precedi ng clains wherein the co-oligonmer conprises from15 to 95 wt %

et hyl ene and has nore than 80%allyl chain ends relative to total
unsaturations prior to functionalization. 18. The functionalized oligoner
of any one of the preceding clains wherein the co-oligomer conprises from
30 to 95 mﬁ@bethylene and has nore than 7096a||y| chai n ends reIatlve to
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where: Hf is hafnium each X is, independently, selected fromthe group
consi sting of hydrocarbyl radicals having from1l to 20 carbon atons,

hydri des, am des, al koxi des, sulfides, phosphides, hal ogens, dienes,

am nes, phosphines, ethers, and a conbination thereof, (two X s may forma
part of fused rin a fd NG,y . BT - e Q) ] | dent |y
arbon 3¢ a it BPkarshio i BR vl jn yEKIRETFOGRR Spul REFRERURGYY,
Rl may tmhe hswmetoors sdidtédefir@mnthe gpuRRonseticg0fR2 0} 8, N iBidepeidaedtiy., a Cl to C8
al kyl group; each R3 is, independently, hydrogen, or a substituted or
unsubsti tuted hydrocarbyl group having from1l to 8 carbon atons, provided
however 33.hat Tlat ptoeass tof tdmiiee32R33 goraifip svharegn et achiyaderogpaprisgsacte R4 mpgs, non-
indepengoeonéilegfih Qi(()jnrsogen or a substituted or unsubstituted hydrocarbyl

group, a eteroaton or het er oat om cont ai ni ng group; R5 is hydrogen or a Cl1
to C8 alkyl group; R6 is hydrogen or a Cl to C8 al kyl group; each R7 is,

i ndepengent | hydr.ogen F.a I r rovi. t hat
at | oast sev it sr Loty Sl ynihe ¥ PR R S RARKE L
each Ra(pentsméthdeyptopaeantidny|)(1Bydmehpimdeind) mffewrm dimethyll t o C20 hydr ocar byl ,
and two } [ re. udi omatic, partially

sat ur at %)83% a’ﬁ‘%gys’ayt%"?%’?% gbgl’cil %i%ce)tﬁﬁin@g (.11)I @?‘lﬁ%{ggfﬁ@{’ g(lriﬁ and further provided

t hat anil,3+Rimetyjindeeni(pRatgnahybe clopgntddenyh) bathiusetimethyly or nul ticenter fused
ring systemwher [] I Ci £ saturated or

St ar at ol P M s TR B AR B Rl 2 g cont acti ng

t he co-@l3Qortrylipdeod(crdmethy tywbopbitrdienypriothésslimethyl, a het er oat om cont ai ni ng
group. . j jczed - ol i goner, conprising 1) a
first h§%‘é"sﬁ%ﬁ@%ﬁ%%E%éaﬁﬁh’i%&%}é@%‘d’eﬁﬁg’ﬁ%%ﬁﬁ%‘ﬁ%‘“ﬁ%rm- ol i gomer, said first
pr oces s(1¥aipregy frdoeiX pantaimethy tof cloggeniadignyt!) pboomdjimethwl. / hour, wherein the first

process; ¢ .Ses. i i . : of from 30C to 120C,
propyl e%@\?&@lﬁ%?@gy}}g%n%)@ﬁﬁ%ﬁ@ﬂg%@ egtg%lgn@ggﬁ?ﬁrg&_‘hv%%ﬁmylhydr ogen in the

pr esenc@.3ePimgthybindehyl¥tetremethypropdeystdpsitadierah haiumdamethyland at | east one

met al | 0 : : 1l R71V where H is
haf ni ugﬁ%ﬁﬁﬂ@;ﬁg?%@@g@gﬁ%@%ﬁ ;&%%Pgngpg%%ﬁmftp}g’ Pr oup consi sting of
hydr oc ail BylPimethol |berdinglemed) pangpnfethy ey dlopeptag@nyd hkdfonmaimstay, hydri des, ani des,

al koxi riSUL T ;W% i [ i nes, phosphi nes,

et her s,d(gg/n%%{n{:t%lﬁg?%ﬁntl 02&%@%&&]%%@%@‘hsa%r_lrlglg&fﬁlgtrh ?nlr’na part of a fused ring
or a riAgMgpdflemsnybarohtagethycyclapdeipdienibrinfnyuneimigbyl. or a het eroat om each Rl

is, in e)nﬁglq . sanme or different as
R2; eaggﬁi?é |s%dl>i)ﬁr]1%fg?on§§ el(rpltf1 rﬁ%@%}ﬁépex%&&cgi)gﬁﬁnﬁﬁ%rpgﬁ% each R3 is,

I ndepend@iittpsilhpittcgarthybyclapstidsny iitfedndmethysubst i t ut ed hydrocar byl
R O R T e e O

R3 groups ar 0 y en an
one R3 gbay@oprBpydsiGRbik etra@ethylbgddpentadichydhafuingibistthilut ed hydrocar byl ; each

R4 is, independently, hydr n or a substituted or unsubstituted
hydroca(ll’BS}?‘E‘@?‘ﬁwenﬂj(ﬁwggﬁéfwwmﬁﬁg? @T‘B‘Hﬁ‘gﬁlﬁ{eai ning group; R5 is

hydr 09Qm,3,QEZ-Petn@iheﬂ@li%nﬂ}(k%ﬁan@ﬂ@w@ﬂo%ﬁtahﬁnﬁyEﬁfﬁgmﬂihﬂidea Cl lt(; ICg al kyl
group; RY I.s, independent]y, rogen, ofr Cl to Cg al kyl group,
provi dég’%ﬁ%ﬂ}@&g‘“dﬁs%ﬂteﬁm‘fﬂéﬁ%ﬁcloﬁ@g@%“ﬁg%ﬁff’]’ﬁ’ﬂﬁéhaﬁ?ee not hydrogen; Nis

ni t r ogem3-Mieth@lindeNi(gRineRalcc1ff@ntadisnyitdepandeaidey, hydrogen, hal ogen or a
Clto .hydrocarhyl, and t Ra can form a.cyclic structure including
ar omat i(g?gjd%ﬁ%ﬁ 15‘?‘?V%?P‘aW&%&‘&W@F“@%ﬁw%ﬁ%&“"&%)@“ﬁ% or fused ring system
and f urd-hvesthyB-@vdpstgid dénf Bipedtiyieth oy chughe@adierty ) Rafhpiondiisliday form a fused ring
or mnulti ter fused rin ste er he.rings (,be aromatic, partially
sat urat(bavgﬁ?i?‘etéé'f'ﬁl?@fq)é t,rargﬁjil??{@ pygéy\é\lg’ggﬁ@%@ﬁgi'?gg'ﬂ’gﬁﬁggﬁieng process conpri sing
cont act(l,pg-Trieethyoingenol)ipgaesthyicyethpeasidngl) hhfidhidiatidgr ocess with a

heter O%E ,g—rBir%gtlﬂ§/l%én%nqgny%hgeggfnethylcyclopentadienyl) hafniumdihalide,

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

(9-Methylfluorenyl)(pentamethylcyclopentadienyl) hafniumdihalide,
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34. The process of claim32 or 33 where in the heteroatom containing group

conpri ses one or nore heteroatons selected fromthe group consisting of P,

0O, SS N Br, d, F, I and or B. 35. The process of claim32, 33 or 34,

wherein the activator conprises one or nore non-coordinating anions. 36.

The pro f 2 al yst system conpri ses

one or eﬁ%Tg m?% u?e IﬁnFﬁl% hﬁgﬂF§%whﬁ9ﬁ3?H&gﬁ%ﬁ§%thyI|ndenyl) haf ni um

di et hyfi, Dllﬁymm%tlﬂFhﬁ(tlaydtrﬁe}tlﬁ,}ll@pkbpérmﬁiu@ply}l{éf(\ﬂlmﬂmwthyet hyl i ndenyl ) hafni um

di chl ori th I|nde nt amet h cIo ent adi en f.ni um

di met hyt"; “(litgéS‘ﬁ/l(’?e“‘F@Fﬁhéﬁ%"t‘WP yreg@ﬁwé %QP@V@FBMHE%’H?‘% ?‘)d'ea

haf ni unglignet hyl , (1, 3-Di nethyllndenyl)(tetranethylcyclopentadlenyl)

haf ni undi net hyl , (1, 3-Di et hyl i ndenyl ) (pent anmet h Icyclopentadlenyl)

haf ni urrmwmopy eliyl@LSﬁtﬁrr@é*yl%/ﬁﬂ@ﬁ&?ﬂff‘@ﬁ@ﬁ@%@ ey cl opent adi enyl )

haf ni undi net hyl , (1-Met hy1l, 3- propyII|ndenyl)(pentanethylcyclopentadlenyl)

hafnlundlnethyl (1, 3 D nmet hyl i ndenyl ) (tetranet hyl pro cycl opent adi enyl )
Ryt Fer

haf ni untfi- met R progess, of ckamrﬁ?me%quhqrméﬁy‘(lj“@@%ﬁdﬁé vpernddiehy | )

haf ni ungljnmget szmyl rlau 7100084 boHs BRI E %ﬂﬁb%ﬁ&f%ﬂh@éﬁ@‘gﬁ)&bﬁmb@aﬁﬂh@m aeyl)

haf ni undi et hy BIS*t butyl f1 uorenyl) ( pent nethylcxplopentadlenyl)
haf ni untf %flwllzed(oggwrh\ﬂ fis the PrAbar pl yarteatves POCpbpisea tvAdiieths pymber o

Ea]t ni unnﬂéhﬁﬁ%m%mupé@o&o Qrbbhd fFRIB Yirklistalifalig e ha mas My heysd- epgntiadiieny! )

af ni undi ne

pt - Di h%ﬂ@6§mﬁﬁmo%F§?@§tranethyIcyclopentadlenyl)kbfnlundlnethyl

-Di et hylsi 1yl(tetranet hyl cycl opent adi enyl) ( 3- propyltrlnethylcyclopentadien
yl') hafniundi methyl, il-Dicyclopropylsilyl(bis
t et ramet hyl cycl opent adi enyl ) haf ni um di net hyl .

3- D net hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) haf ni undi hal i de,

3,4, 7-Tetranet hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) haf ni undi hal i de,
, 3-Di met hyl i ndenyl ) (t etramet hyl cycl opent adi enyl ) haf ni undi hal i de,
, 3-Di et hyl i ndenyl ) (pent anet hyl cycl opent adi enyl ) haf ni undi hal i de,

3-Di propylindenyl) (pentanet hyl cycl opent adi enyl ) haf ni undi hal i de,
hy1, 3- propyl | i ndenyl ) ( pent anet hyl cycl opent adi enyl ) haf ni undi hal i de,

3-
3-

Ve

—

D net hyl i ndenyl ) (t etranet hyl propyl cycl opent adi enyl ) haf ni undi hal i de,

, 3-Tri met hyl i ndenyl ) ( pent anet hyl cycl opent adi enyl ) haf ni undi hal i de,

D net hyl benzi ndenyl ) (pent anet hyl cycl opent adi enyl ) haf ni undi hal i de,

Bis t-butyl fluorenyl) (pentanethyl cycl opent adi enyl) hafni undi hal i de,

Met hyl fl uor enyl ) (pent anet hyl cycl opent adi enyl ) haf ni undi hal i de, - 60 -

, 7,9-Trimet hyl fl uorenyl) (pent anet hyl cycl opent adi enyl ) haf ni undi hal i de,
.t-Di hydrosilyl-bis(tetranethyl cycl opentadi enyl ) Haf ni undi net hyl ,

i |-D met hyl silyl (tetramet hyl cycl opent adi enyl ) (3-propyl tri net hyl cycl opent ad
i enyl ) hafni undi halide, and il-Dicycl opropylsilyl(bis

t et ramet hyl cycl opent adi enyl ) haf ni um di hal i de. 37. The process of claim32 to
36 wherein F + VI* +VE* > (0.80(VI+ VE)), wherein VI is the nunber of vinyl
groups/ 1000 carbons and VE is nunber of vinylidene groups/ 1000 Carbons for
t he unfunctionalized oligoner, VI* is the nunber of vinyl groups/ 1000
carbons and VE* is the nunber of vinylidene groups/ 1000 carbons for the
functionalized oligoner, and F is the nunber of functional groups per 1000
car bons.
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