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OLTGOfl.'lERlZATlON CATALYST SYSTEM 

AND PROCESS FOR OLIGOJ\.'1ER1ZlNG OLEFINS 

Fl ELD OF 1HE INVENTION 

(001] This disclosure relates to an oligomerization catalyst system, methods for 

preparing the oligomerization catalyst system, and methods for using the oligonwri2alion 

catalyst system fix preparing an oligom;;:Tization product. 

BACKGROUND OF THE INVENTlON 

(002] The chromium-catalyzed synthesis of l-hexene fa1m ethylene constitutes a 

commercially significant process for the sekcti ve preparation of this alpha olefin, \vhich in 

turn is useful for preparing a range of polyokfins \vhen deployed as a comonomcr with 

ethylene. ;\ vddcly reported dirorn.im:n catalyst system comprises chromium(HI) 

carboxylates (e.g. tris(2--ethylhexanoate) chromium(Ill) (Cr(EH)J, a pyrrole-containing 

compound, and a mdal alkyl for the selective production of l-hexcne. 

(003] Many oligomcrization catalyst systems cont.ain a chromium-containing 

compound, a pyrrole or pyrrole-containing compound, at least one metal alkyl, optionally 

a solvent, and optionally additional components, \vhich c:m be combined in various vvays 

and in various ratios to arnxd tii;;:'. catalyst system. Some catalyst system preparative 

methods appear to rely on the presence of particular solvent to aid in the activation of the 

catalyst components,. while other methods rnay rdy on using an excess of a metal alkyl or 

other activator Typically, any rnet11od of preparing, activating, and usmg a catalyst 

system may present challenges \Vith respc'.ct to its pmticular preparation, activ~1tion, and 

stability, as well as lo the activity and selectivity provided by the catalyst system. 

[0041 'lli.crcfore, it would be useful to cliscO'i/er and develop new· oligornerization 

catalyst systems, new· methods fbr preparing the oligomenzation catalyst systems, and nev-.· 

methods for using the oligomerization catalyst systems for preparing an oligomerization 

product Hmt inight provide gre<itcr efficiency and cost effectiveness, ln one aspect, new 

oligomenzation catalyst systems and methods for prcpming the oligomerization catalyst 

systems arc needed that might affi.xd greater activity and more efficiency, and possibly 

lmvcr the cost or increase the efficiency of using the chromium-based catalyst system. 
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StiT\tT\tARY OF TI-lE INVENTION 

(0051 Among other things, this disclosure provide for new olefin oligomerization 

catalyst systems, new methods for preparing the okfin oligomerization catalyst systems, 

and nc\V methods for using the oletln oligomerization catalyst system for preparing an 

oligomcrization pmduct. In one aspect, the new oligomcrization catalyst systems 

described here and prepared according to the various disclosed embodiments may allmv 

for achieving good catalyst activity and selectivity. 

(0061 Accordingly, one aspect of the disclosure provides for a catalyst systenL iu 

w-hich tl1c catalyst system can comprise: 

a) a transitfon metal compound: 

b) a pyrrole com.pound having indcp¢nckntly-sdccted Ct to Cm organyl groups at 

the 2- and 5-positions, wherein at least one of the organ~·I group alpha-carbon 

atoms attached to the 2- and 5-posit1ons of the pyrrok compound can be a 

secondary carbon atom; and 

c) a metal alkyl. 

ln another aspect of the disclosure provides for a catalyst system, in which the catalyst 

system can comprise: 

a) a tr;msition metal compound; 

b) a pyrrolc com.pound having indcpendent.ly-sdectcd C2 to C1s organyl groups at 

the 2- and 5-positions, \\·herein the organyl group alpha-carbon atoms attached to 

the 2- and 5-positions of the pyrrok compound can be secondary cai-bon atoms: 

and 

c) a metal alkyl. 

In yet another aspect, the catalyst system disclosed herein can co1nprisc: 

a) a c.hronuum compound: 

b) a pyrrok compound havmg independently-selected c, to c,~ organyl groups at 

the 2- and 5-positions. "\Yherein at kast one of the organyl group alpha-carbon 

atoms attached to the 2- and 5-positions of the pyrrok compound can be a 

secondary carbon atom:. and 
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c) a metal alkyl 

In a further aspect, the catalyst system disclosed herein can comprise: 

a) a chromium compound; 

b) a pyrrok compound having indcpcndently-sdccted e;, to Cm hydrocarbyl 

groups at tht;:'. 2- and 5-positions, 'Wherein the hydmcarbyl group alpha-carbon 

atoms attached to the 2- and 5-positions of the pyrmle cornpound can be secondary 

carbon atoms; and 

c) a metal alkyl. 

For example, the'. 2,5-diethylpyrrolc (2,5-DEP)-based catalyst systems can afford certain 

advantages over unsubstituted pyrrok catalyst systems and non-2,5-disnbstitutcd catalyst 

systems fn any number of embodiments, the catalyst system according to this disclosure 

can further comprise a halogen-containing comixnmd. 

(0071 _A ft11iher aspect of this disclosure provides for a method or proci..~ss for 

preparing a catalyst system, the method or process comprising contacting: 

a) a transition metal compound: 

b) a pyrrole com pound having independently-selected Ci to Ci s organyl groups at 

the 2- and 5-positions, •vhcrein at least one of the organyl group alpha-carbon 

atoms attached w the 2- and 5-positions of the pyrrole compound can be a 

secondary carbon atom; and 

c) a metal alkyl. 

In another aspect of tlus disclosure provides f<_ir a method or process for preparing a 

catalyst system, the method or prnc.ess comprising contacting: 

a) a transit1on metal compound; 

b) a pyrrolc compound having indc_pcndcntly-selccted C1 to C13 orgm1yl groups at 

the 2- and 5-positions, \\-herein tht:'. organyl group alpha-carbon atoms attached to 

the 2- and 5-positions of the pyrrolc compound can be secondary carbon atoms; 

and 

c) a metal alkyl. 
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In still anotfa;r aspect, this disclosure provides a method 1'..1r process for preparing a catalyst 

system, tlw method or process comprising contacting: 

a) a chromium compound; 

b) a pyrrok compound having imkpendently-sdectcd (\to Cvi organyl groups at 

the 2- and 5-positions, vvhercin at least one of the organyl group alpha-carbon 

atom.s attached to the 2- and 5-positions of the pyrrok compound can be a 

secondary carbon atom: and 

c) a metal alkyl 

In a farther aspect, this disclosure provides a method or process for preparing a catalyst 

system, the method or procxss cmnprising contacting; 

a) a chrom.ium compound; 

b) a pyrrolc compound having indcpcndently-sckctcd C2 to Cill hydrocarbyl 

groups at the 2- and 5-positions, vd1crein tht~ hydrocarbyl group alpha-carbon 

atoms attached t<.l the 2- and 5-positions of the pyrmlc compound can be secondary 

carbon atoms; and 

c) a metal alkyl. 

In any number of embodiments, the method or process fbr preparing a catalyst system can 

fonhcr comprise contacting a halogen-containing corn pound. In this aspccL contacting 

can occur in the presence or absence of a halogen-containing compound. 

(0081 Otkr aspects of the method or process for preparing a catalyst system can 

include any of the follO\ving: contacting in the presence of the absence of :m unsaturatcd 

hydrocarbon; contacting in the presence of the absence of 1-hexene: contactlng in the 

presence or the absence of a sol vent; or any com bi nation of the presence or absence of any 

of these com.ponents. 

10091 According to a fortlwr aspect and in any embodiment this disclosure also provides 

for an oligom.erization process for preparing an oligomerization product, in which tliis 

process comprising oligomcrizing a feedstock olefin \vith an oligomcrization catalyst 

systern, the catalyst system comprising: 

a) a transition metal compound: 
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b) a pyrrok compound having indcpcndcntly-sckctcd C 1 to C 13 organyl groups at 

the 2- and 5-positions, wherein at least one of the organyl group alpha-carbon 

atoms attached to the 2- and 5-positions of the pyrrolc compound can be a 

secondary carbon atom; and 

c) a metal alkyL 

Other catalyst systems which may be utilized in the oligornerization process arc readily 

apparent from this disclosure. As disclosed, in one aspect the transition metal compound 

can be a chromium compound, and the Ci to Cm organyl groups at the 2- and 5-positions 

of the pyrrok compound can be Ci to Cm hydrocmbyl groups. Accordingly, in yet anot11er 

aspect and in any embodiment of the present disclosure, there is provided an 

oligomerization process comprising: 

100101 

a) contacting a f{'.edstock olefin ·with the catalyst sysk~n1 according to any 

embodiment of this disclosure: and 

b) oligomcrizmg the olefin under oligomenzation conditions to form an 

oligomcrization product. 

The pyrrok: compound disclosed ht>rein can have Ci to Cm organyl groups at 

the 2- and 5-posit:ions, ,,.·herein alpha-carbon atoms of at lca$t one of the 2- and 5-organyl 

groups can be a secondary carbon atom: alternatively, the pyrrolc c-0mpound disclosed 

herein can have C-1 to Cm organyl groups at the 2- <uKl 5-positions, 'wherein alpha-carbon 

atoms of the 2- and 5-organyl groups may be secondary carbon atoms. In one aspect, any 

Ci to Cis organyl group can be a hydrocarbyl group and in another aspect, any C1 to C rn 

organyl groups can be an alkyl group, As provided herein .. the organyl groups at the 2-

and 5-positions of the pyrrole compound can contain inert functional groups. Other 

substituents at the 3-position, the 4-position, or both the 3- and 4-positions of the pyrrok 

compou:nd can be present or can be absent, and their presence or absence is not required. 

Tims, fbr e.xampk the pyrrole can he 2,5-suhstitutcd, 2.3,5-substitutcd, 2,4,5-substituted, 

or 2,3,4.5-substituted. <uKl each substituent is selected independently. Tims, according to 

some aspects and embodiments, the pyrrolc compound can be a 2,5-disubstituted pyrrok, 

and in some aspects and cinbodiments, the p)rrok compou11d can be 2,5-diethyl pyrrole. 

100111 In a further aspect of this disdosun:'. and in any embodiment, there is provided 

an oligomerization process comprising combining a feedstock olefin \vith an 
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oligmncrization catalyst system to fmm an oligomcriz..ation prnducL the oligomcrization 

catalyst system, comprising any of the oligomer1zation catalyst systems disclosed herein. 

Thus, rn som.e aspects and in some embodiments, the process can be an okfin 

trimcrization process. ln fwthi::r aspects and embodiments, the feedstock olefin can be~ an 

alpha olefin; allemarively, the focdst<.:x.:k olefin can be ethylene. rvforeovcr, in some 

aspects and embodiments, tfa~ process cm1 be an olefin trimerization process and the 

resulting product c~w comprise an olefin tri1ner_ In yet other aspects and embodiments, the 

process can be a11 ethylene trimcrization process and the oligomcrizt1.tion product can 

comprises 1-hexenc. 

[0012] In other aspects of any of the herein mentioned embodiments, the 

oligomerization process according to this disclosure can provide greater product 

selectivity and/or trimer puritfos than a corresponding oligomerizatlon process using 2,5-

dimcthyl pyrrolc as t11c pyrrok compound. That is, under t!H: same conditions and using a 

catalyst system. that differs only in the pyrrole, tl1e oligomeriz.ation process of this 

disclosure can have provide greater product selectivity and/or trimer purities than a 

corresponding oligomeriwtion process using 2,5-dimcthyl pyrrok. In ~mother aspect, the 

oligomerization process according to this disclosure also can produce less polymer than 

the corresponding process using an oligomcri7..ation catalyst system in which the pyrrolc 

compound is 25dimethylpyrli .. !lc. 

(OOBJ These and other aspects and embodiments oft.he transition metal carboxylatc 

compositions and oft.he synthetic process for their preparation arc described more folly in 

the Detailed Description and claims and fortlwr disclosure provided herein. 

BRIEF DESCRIPTION OF THE FIGURES 

10014} FIG. l iUustrntcs a plot of the sdcctin: C6 productivities (g C6/g Cr) as a 

function. oftem.peraturc C'C}, for chromium-based catalyst systems prepared using the 

following pyrrolcs: 2,5·dimcthylpyrrok (2,5-DMP): 2,5-dibcnzylpyrrolc (2,5-DHP}: 2,4-

dimethylpyrrolc (2,4-DMP); pyrrolc; and 2,5-dicthylpyrrolc {2,5-DEP). 

10015} FIG. 2 provtdcs a comparison of the 1-hexcne purity(':·(, of total C6 product) 

and C6 selectivity e;;,, of total oligomerized product) for a variety ofpyrrok cornpounds, 

repo1ted at the temperature {°C) of the highest observed productivity {g C6/g Cr), using 

the indicated pyrmles in the catalyst system disclosed herein 
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DETAILED DESCRIPTION OF THE INVENTION 

General Description 

(00161 According to various aspects and embodiments of this disdosure, there is 

provided ne'v ok'.fin oligomerization catalyst systems, methods for their preparation, and 

methods fbr their use fbr prepanng an olefin oligomcrization product. In one aspect, the 

new o!igomerization catalyst systems described here and prepared according to the various 

disclosed embodiments can allmv for achieving good catalyst system activity, catalyst 

systern productivity, product selectivity, and/or product purity by sdec:tion of the pyrrole 

cornpound or component used in t11e catalyst system. fn another aspect, the nc"' 

oligomerization catalyst systems produce lmv quantities of polymer. 

10017} One aspect of this disclosure provides a catalyst system comprising: 

a) a tra.nsitfon metal compound: 

b) a pyrrnlc compound havmg independently-selected Ci to Ci~ organyl groups at 

the 2- and 5~posirions, wherein at least one of the organyl group alpha~carbon 

ato1ns attached to the 2- and 5-positions of the pyrmle compound can be a 

secondary carbon atom; and 

c) a metal alkyl. 

Another aspect of this disclosure provides a catalyst system comprising: 

a) a transition metal compound; 

b) a pyrrole com.pound having inde_pcndcntly-selccted C2 to Crn organyl groups at 

the 2- and 5-positions, vd1erein the organyl group alpha-carboi1 atoms attached to 

the 2- and 5-positions of the pyrrolc compound can be secondary carbon atoms; 

and 

c) a metal alkyl. 

According to a further aspect, this disclosure provides for a process or method of 

preparing a catalyst system,. the process compnsing contacting components a}, b), and c) 

recited as components of the catalyst system. According to various embodiments and 

aslx:cts, whether catalyst systems or processes, the transttion metal compound of the 

catalyst system can be a chromium compound, and the C1 to Crn organyl groups at the 2~ 
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and 5-positions of the pyrrolc compound can be C1 to Cm hydrocarbyl groups~ or 

alternatively, the C2 to Cm organyl groups at the 2- and 5-positions of the pyrrole 

compound can be C2 to Cis hydrocarbyl groups. 

(00181 ln yet another aspect and in any embodiment of the present disclosure, there is 

provided an oligomeriz..ation process for preparing an oligomeriza:tion product, in \vhich 

this process comprising oligomerizing a foedstoc:.k olefin '"itl1 an oligomerization catalyst 

system, the catalyst system comprising: 

a) a transttion metal compound: 

b) a pyrrolc compound having independently-selected Ci to Ci~ organyl groups al 

the 2~ and 5-posirions, \\·herein at least one of the organyl grnup alpha-carbon 

atoms attached to the 2- and 5-positions of the pyrmk cornpound can be a 

secondary carbon atom~ and 

c) a metal alkyl. 

Accordingly, in yet another aspect and in any embodiment of the present disclosure, there 

is provided an oligomerization process for preparing an oligomerization product, in vd11ch 

this process comprismg oligomcrizing a feedstock olefin with an oligomcrization catalyst 

system, the catalyst system comprising: 

a) a transition metal compound: 

b) a pyrrolc compound havmg independently-selected C2 to C115 organyl groups at 

th;;.~ 2- and 5-positions, \vhercin the organyl group alpha-carbon atoms attached to 

the 2- and 5-positions of the pyrrok compound can be secondary carbon atoms: 

and 

c) a metal alkyl. 

In the various embodiments ofthis aspect of this disclosure, the transition metal 

cmnpound of the catalyst system can be a chrorn.ium compound, and the Ct to Cis orgmiyl 

groups at the 2- and 5-positions of the pyrrolc compound can be Ci to Cm hydmcml1yl 

groups; alternatively, the C2 to Cm organyl groups at the 2- and 5-positions of the pyrmle 

compound can he C1 to C1!l hydmcarbyl groups, 

(0019] Various patents and rcforences relate to chromium-based olefin 

oligomerizalion systems, including those that provide 1-hexene. Examples of such patents 
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and rcforcnces include, but arc not limited to, U.S. Patent No. 5,376,612, U.S. Patent No. 

5,523,507, U.S. Patent No. 5,543,375, U.S. Patent No .. \689J128, U.S. Patent No. 

7,157,612, U.S. Patent No.6,445,648, U.S. Patent No. 6,380,45 l, U.S. Patent No. 

7)%_970_ U.S. Pak:nt No. Lrn4Jrn6, US. Patent No. 6J33A95, US. Patent Application 

Publication 2002/0182124, U.S. Patent Application Publication 2004/0236163, VS. 

Patent Application Publication 2005/0l9752l, Enropean Patent Application 0608447AL 

U.S. Provisional Application No. 61/110,396 (filed October 3 l, 2008). U.S. Provisional 

Application No. 6 l!.l 10,.407 (filed October 31, 2008}, and U.S. Provisional Application 

No. 61/110,476 (filed October 3 l, 2008). AU of these patents and patent applications arc 

hereby incorporated by rcforence m their entireties. 

Definitions 

100201 To define more dearly the tenns used herein, the following definitions arc 

provided. Unless othenYise indicated, the following definitions arc applicable to this 

disclosure lf a term is used in this disclosure but is not specifically defined herein, the 

definition from the IUPAC Compendium of Chemical Terminology, 2nd Ed ( 1997) can be 

applied, as long as that definition docs not conflict -..vith any other disclosure or definition 

applied herein, or render indefinite or no1Hmablcd any claim to which that definition is 

applied. To the extent that :my definition or usage provided by any document incorporated 

herein by rcforenc.e conflicts \\.olth the definition or usage provided herein, the definition or 

usage provided herein controls. 

(0021] Regarding claim transitional terms or phrases, the transitional term 

·'c.omprising", 'vhich ts synonymous 'with "including,,. ''containing," or ·'characterized by," 

is inclusive or open-ended and docs not exclude additionaL unrecited elements or method 

steps. ·111c transitional phrase "consisting of' excludes any clement, step, or ingredient not 

specified in the claim. 111c transitional phrase '·consisting essentially of' limits the scope 

ofa clarm to the specified materials or steps and those that do not materially affi:~ct the 

basic and novel charactcristic(s) of the claimed invention. A ''consisting essentially of' 

claim occupies a middle ground between closed claims that a.re written in a ''consisting of' 

fomrnt and fully open claims that are drafkd in a "comprising'' format .Absent an 

indication to the contrary,. when describing a compound or composition "consisting 

essentially of' is not to be construed as "compnsing," but is intended to describe the 

recited c.omponent that inducks materials which do not significantly alter composition or 
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method to which the teim is applied. For example, a focdst:ock consisting of a material A 

can include impurities typically present in a commercially produced or commercially 

available sample of the recited corn pound or composition. \.Vhcn a claim includes 

different features and/or feature classes (for example, a rncthod step, fo::!dstock features, 

and/or product features, among other possibilities), the transitionaJ terms comprising, 

consisting essentially of and consisting of apply only to feature class to \vhich is utilized 

and 1t is poss1ble to have ddforent transitional temis or phrases utilized \vith different 

features v.·ithin a claim. For e:-<ampk a method can corn prises several recited steps (and 

other non-recited steps) but utilize a catalyst system preparation consisting of specific or 

a!ternativdy consist of sp;;:'.cific steps but utilize a catalyst system comprising recited 

cornponents and other non-recited components. 

100221 \Vhile compositions and methods arc described in tem1s of "comprising" 

various components or steps, die compositions and methods can also ·'consist essentially 

of' or "consist of' the various components or steps. 

(00231 Tiie terms ·'a," "an," and "the" are intended, unless specifically indicated 

otherwise, to include plural alternatives, e .. g., at least one. For instance, t11c disclosure of 

''a chrom.ium carboxylatc" is meant to encompass one chromium carboxylate, or mixtures 

or combinations of more than one metallocene unless otherwise specified. 

(00241 ln one aspect, a dwmical "groUJf' can he defined or described according to 

how that group is fr)mmlly der1ved from a reforence or ''parent'' compound, fr)r example, 

by the number of hydrogen atoms that are fi.mnally removed from the parent compound to 

generate the group, even if that group is not literally synthesized in this manner. Tiiesc 

groups can be utilized as substituents or coordinated or bonded to metal atoms. By way of 

example, an ''alkyl group" fbm1aJly can be derived by removing one hydrogen atom from 

an alkane, \Vhik an "a!kykne group" frinnally c~m be derived by removing t\vo hydrogen 

atoms from an alkanc MoreoveL a more general term can be used to encompass a variety 

of groups that fonnally arc derived by removing any number {"'one or m.orc'') hydrogen 

atoms from a parent compound, \vhich in this example can be described as an '·aJkme 

group,'' and \Yhich encompasses an ''alkyl group," an ''alkylcne group," and material have 

three or more hydrogens atoms, as needed for the situation, removed from and alkanc. 

Throughout the disclosure that a substituent, ligand, or other chemical moiety may 

constitute a particular "group" implies that the well-known rules of chcnric~d structure ~md 
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bm1ding arc follO\ved \Vhcn that gmup is employed as described. By way of example, if a 

subject compound is disclosed in w"hich substituent X can be an '"'alkyl group," an 

"alkylcne group,., or an "alkanc group," the normal rules of valence and bonding arc 

followed. When describing a gmup as being "derived by,-' ''di;!rrvcd from,'' ''formed by," 

or '·frmned from_" such Hmns are used in a fixmal sense and arc not intended to reflect any 

specific synthetic metl10ds or procedure, tmlcss specified othenvise or the context requires 

othcnvise. 

(00251 Also, unless othcnvise specified, any carbon-containing group for which the 

number of carbon atoms is not specified can have, according w proper chemical practice, 

L 2, 3, 4, 5. 6, 7, 8, 9, JO, 1C12, 13, 14, 15, 16, 17, 18, 19, 2.0, 21, 22., 23, 24, 25, 26, 2.7, 

21L 29, or 30 carbon atoms, or any range or combination of ranges bct\vcen these values. 

For example, unkss <Jthenvise specified, any carbon-containing group can have from 1 to 

30 carbon atoms, from l to 25 carbon atoms, from l to 20 carbon atoms, from l to 15 

carbon atoms, fron1 l to lO c.a1·bon atoms, or from 1 to 5 carbon atoms, and the like. 

J\.foreover, other identifiers or qualifying tcnns may be utilized to indicate t11e presence or 

abscrn.~ of a particular substitucnt, a particular rcgiochcmistry and/or stcrcochcmistry, or 

the presence of absence of a branched underlying structure or backbone. Any specific 

carbon-containing group is limited according to the chemical and strnctural requirements 

for that specific group,. as understood by one of ordinary skill. For cxampk, unless 

ot11erv-.·isc specified. an aryl group can have from 6 to 30 carbon atoms, from 6 to 25 

carbon atoms, from. 6 to 20 c.a1·bon atoms, from 6 to 15 carbon atorns, or from 6 to l 0 

carbm1 atoms, <md the like. Thus, according to proper chemical practice and unless 

otherwise specified, an aryl group can have, an aryl group can have 6, 7, 8,. 9, I fJ, 11, 12, 

13, 14, 15, 16, l 7, l 8, 19, 2tt 21, 22, 23, 24, 25, 26, 27. 28, 29, or 30 carbon atoms. or any 

range or combination of ranges between these values. 

10026] The term "subst1tuted" when used to describe a group, for example, \Vhcn 

rcfernng to a substituted analog of a particular group, is intended to describe any non­

hydrogen moiety that fbm1ally replaces a hydrogen in that g1\1llJ\ and is intended to he 

non-limiting. A group or group may also be rcfimed to herein as '"\msubstiluted'' or by 

equivalent terms such as "non-substituted," 'vhich rcfors to the original group in which a 

non-hydrogen moiety docs not replace a hydrogen within that group. ·'Substituted" is 
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intended to be non-limiting and include inorganic substituents or organic substitucnts as 

specified and as understood by one of ordinary skill in the art. 

[00271 A "halide" has its usual mcani ng: therefore, examples of halides ind udc 

fluoride, chloride" bromide, and iodide 

100281 The term "hydrocarbon'' \\hcncH>r ust:'.d in this specification and claims rders 

to a compound containing only carbon and hydrogen. Other identifiers may be utilized to 

indicate the presence of particular groups in the hydrocarbon (e g. halogenated 

hydrocarbon indicates that the presence of one or more halogen atoms replacing an 

cquivaknt twmber of hydrogen atoms in t!K hydrocarbon). 111e term. ·'hydrocarbyl group" 

is used herein in accordance \Yith the definition specified by JUPAC: a univalent group 

formed by removing a hydrogen atom frmn a hydrocarbon (that is, a group containing only 

carbon and hydrogen). Similarly, a "hydrocarbylcne group" refers to a group fomied by 

removing two hydrogen atoms fli .. 1m a hydrocarbon, either two hydrogen atoms from one 

carbon atom or one hydrogen atom from each of two different carbon atoms Therefore, in 

accordance \vith the terminology used herein, a '·hydrocarbon group" refers to a 

generalized group frmncd by removing one or more hydrogen atoms (as needed for the 

pmticular group) from a hydrocarbon. A "hydrocarbyl group,"· "hydrocarbylenc group," 

and "hydrocarbon group" can be acyclic or cyclic groups, and/or may be linear or 

branched. A ~'hydrocarbyl group," '·hydrocarbyknc group," and '·hydrocarbon group'' can 

include rings, ring systems. aromatic rings, and aromatic ring systems, \vhich contain only 

carbon and hydrogen. ''Hydrocarbyl groups,'' "hydrocarbylene groups,'' and "hydrocarbon 

groups" include, by way of example, aryl, aryknc, arcne groups, alkyL alky!enc, a!kane 

group, cycloalkyl, cydoalkykne, cydoalkane groups, aralkyL aralkylcne, and aralkru:ic 

groups, respectively, among other groups as members. 

100291 An '·aliphatic group" is a gt:'.neralizcd group formed by nmrnving one or more 

hydrogi;::n atoms (as needed for the particular group) from carbon atom of an aliphatic 

compound Thus, an aliphatic cornpound is an acyclic or cyclic, saturated or unsaturated 

carbon compound, excluding aromatic compounds. 111at is, an aliphatic compounds is a 

non-aromatic OP.Janie compound. Aliphatic compounds and therefore aliphatic groups 

may contain organic functional group{s) and/or atorn{s) other than carbon and hydrogen. 
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(00301 The tem1 "alka.nc'·' \Vhcncvcr used in this specification and claims refors to a 

saturated hydrocarbon compound. Other idcntlficrs may be utilized to indicate the 

presence ofpaiticular groups in the alkanc (e.g. halogenated alkanc indicates that the 

presence of one or more halogen atoms replacing an equrvah:mt number ofhydrogen atorns 

in the alkane). Tiie term ''alkyl group" is used herein in accordance with the definition 

specified by IUPAC: a univalent group fonned by removing a hydrogen atom from an 

alka.nc. Sirni!arly, an "alkyk'.ne group'' reft>rs to a group fixmcd by removing two 

hydrogen atoms from an alkanc (either ·two hydrogen atoms from one carbon atom or one 

hydrogen atom from two d:itl:Crent carbon atoms} An "tilkane group" is a general term 

that rcfoLo;; to a group f(imwd by removing one or more hydrogen atoms (as needed for the 

particular group} from an alkane. An "alkyl group," ·'alkylcnc group;' and "alkanc group" 

can be acyclic or cyclic groups, and/or may be linear or branched unless otherwise 

specified Primary, secondary, and tmtiaxy alkyl group arc derived by removal of a 

hydrogen atom from a primary, secondary, tertiary C<uh:m atom, respectively, of an 

alkane. ~n1e n~alkyl group derived by removal of a hydrogen atom from a terminal carbon 

atom ofa linear alkanc. The groups RCH2 {R • H), R2CH (R • H), and R3C {R • H) arc 

prirnary, secondary, and tertiary alkyl groups, respectively. TI1c carbon atom which 

attached to the indicated moiety arc secondary, tertiary, <U1Cl quaternary cm·bon ato:m, 

respectively 

(00311 The tcm1 "organyl group'' is used herein in accordance \:vith the defillition 

specified by IUPAC: an orgamc substituent group, regardless of fonctional type, lurving 

one free valence at a carbon atom. Similarly, an ''organylenc group" refers to an organic 

group, regardless of funcdonal type, derived by removing t\vo hydrogen atoms from an 

organic compound, etthcr two hydrogen atoms from one carbon atom or one hydrogen 

atom from each oftvm different ca:rbon atoms. An "organic group" refers to a generalized 

group fonned by removing one or more hyd1\.1gcn atoms from carbon atoms of an organic 

c.ompound. Thus, an '"organyl group:' an -'organylcnc group," and an '·organic group" can 

contain organic functional grnup(s) and/or atmn(s) other than carbon and hydrogen, !hat is, 

an organic group that can comprise functional groups and/or atoms in addition to carbon 

and hydrogen. For instance, non-limiting examples of atums othenhan carbon and 

hydrogen include halogens, oxygen, nitrogen, phosphorus, and the like. Non-limiting 

examples of functional groups include ethers" aldchydes, ketones. esters, sulfides, amines, 
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and phosphines, and so t<mh. ln one aspect, the hydrogen atom(s) removed to fom1 the 

''organyl group," ·'organylenc group:' or ''organic group" may be attached to a carbon 

atom belonging to a functional group, for cxmnple, an acyl group (-C(O)R), a fom1yl 

group (-C(O)H), a carboxy group (-C(O)OH), a hydrocarboxycarbonyl group {-C(O)OR), 

a cyano group <.-C• N), a carbamoyl group (.-C(O)NH2), a N-hydnJcarbylcarbamoyl group 

(-C(O)NHR). or NN1-dihydrocarbykarhamoyl group (-C(O)NRl), among uthcr 

possihdities. ln another aspect, the hydrog,'.n atrnn(s) removed to form the "organyl 

group,·' "organyknc group,'' or "orgamc group" may be attached to a carbon atom not 

belonging to, and remote from, a functional group, for exampk, -CH2C(O)CH3, -CH2NR2, 

and the like. A.n "organyl group," "orgauylenc group," or ''organic group'' may be 

aliphatic. inchisivi;:'. of bi;:'.mg cyclic or acyclic, or may b''. aromatic. "Organyl groups,'' 

'·organylene groups," and "organic groups·' also encompass heleroatom-containing rings, 

heteroatom-containing ring systems, heteroaromatic rings, and hetcroaromatic ring 

systems. '·Orga:nyl groups," "organylenc groups,'" and "organic groups·' may be linear or 

branched unless otherwise specified. Finally, it is noted that the "organyl group,'· 

"organykne group,"' or ''organic group., definitions include "hydrocarbyl group," 

·'hydroca..rby!cne group." "'hydrocarbon group,,. respectively, <md ·'alkyl group;' "alkylcne 

group,'' and "alk.:1.ne group," resp1:'.ctiv1:Jy, among others, as members. 

(0032) For the purposes of this application, the term or variations of the term ''"organyl 

group consisting of ineit functional groups·' rcfors to an organyl group wherein the organic 

functional groups and/or atoms other than carbon and hydrogen present in tl1e functional 

group a.re restricted to those fonctionaJ group and/or aroms other than carbon and 

hydrogen \vhich are non-reactive under the process conditions defined herein. 111us, the 

term or variatton of the term "ot<sanyl groups consisting of inert functional groups" further 

defines the particular organyl groups that can be present. Additional!}·, the teim "organyl 

group consisting of inert functional groups"' can refer to the presence of one or more inert 

functional groups \\oithin the organyl group. TI1c term or variation of the '·organyl group 

c.onsisting ofinert fi.rnctional group" definition includes the hydrocarbyl group as a 

member. 

[00331 For purpClscs of this application, an '·inert functkmal group"' is a group \\-hich 

does not substantially intcrfore >vith any process described herein in which it takes part 

(e.g. inte1tcre with the <Jhgomerizat1on process). Non-limiting examples of inert 
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functional groups vvhich d<.1 not substantially intertcre \Vith any process described herein 

can include a halogms (t1uoro, chloro, bromo, and iodo), organoxy groups (e.g. hydroxy 

group or alkoxy group arnong others), sulfidyl groups, and/or hydrocarbyl groups. 

(00341 A cydoalkanc is a saturated cydic hydrocarbon, with or without side chains, 

for example, cyclobut<mc. Unsaturated cyclic hydrocarbons having one cndocydic double 

or one tripk bond arc called cydoalkcncs and cycloalkyncs, respectively. Those having 

more than om:: such multiple bond arc cycloalkadiencs, cydoalkatnencs, and so forth. 

[0035] A ·'cycloalkyl group"' is a univalent group derived by rernoving a hydrogen 

atom trom a ring carbon atom from a cydoalkane. For example, a l-met11ykyckipropyl 

group and a 2-mcthylcyclopropyl group arc illustrated as follmvs. 

•.l"t.f'\l''r,.)' 

I ,,CH· c .. --- ,, 
/\ 

H:.:C-·-----·CHz 

Simihu-ly, a "'cycloalkyknc group" refers to a group derived by rem<.rving t:<.vo hydrogen 

atoms from a cydoalkanc, at kast one ofv>il1ich is a ring carbon. Thus, a "cycloalkyknc 

group,, includes both a group derived from a cycloalkanc in \Vhich two hydrogen atoms 

arc formally rcm<.lved from the same ring carbon, a group derived from a cycloalkane in 

which two hydrogen atoms arc formally removed from t\vO difforcnt ring carbons, and a 

group derived from a cycloalkanc in \\hich a first hydrogen atom is formally removed 

from a ring carbon and a second hvdrmren atom is fixrnaJlv removed from a carbon atom 
'lo,.• ~· ~...,,, ~ 

that is not a ring carbon. An ''cycloalkanc group" refers to a generalized group f-ormcd by 

removing one or more hydrogen atoms {as needed for the particular group and at least one 

of,vhich is a ring carbon) from a cycloalkane. 

100361 The term "a!kene'' \\·hcncv;;:'.r us;;:'.d in this specification and claims refers to an 

olefin that has at least one carbon-carbon double bond. The tcm1 "·atkenc'' includes 

aliphatic or aromatic, cyclic or acyclic, <md/or linear and bnmched alkenc unless expressly 

stated otherwise, 1h: term ·'alkene," by itself~ does not indicate the presence or absence of 

hctcroa:t.oms and/or the presence or absence of other carbon~carbon double bonds unless 

explicitly indicated. The tem1s '"hydrocarbon alkcne" or '·aikene hydrocarbon" rdc.r to 

olefin compounds containing only hydrogen :md carbon. Other kkntificrs may be utilized 

to indicate the presence or absence of particular groups within an alkcnc. Alkcnes may 

also he further identified by the position of the carbon-carbon doubk bond. Alkcncs, 
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having more than one such multiple bond a.re alkadicnes, alkatricncs, and so forth. The 

alkcnc may be further idcnritfod by the position of the carbon-carbon double bond(s) 

[00371 An ''alkenyl group·' is a univalent group derived from an a!kenc by removal of 

a hydrogen atom from any carbon atom of the alkcnc ·nms, ''alkenyl group" includes 

groups in \Yhkh the hydrogen atom is fom1al1y removed from an sp2 hybridized {olcfinic.) 

carbon atom and groups in ·which die hydrogen atom is fomrnlly removed from any other 

carbon atom. For c:\.amplc and unless othenvise specified, propen-1-yl (-CR0°CHCH:;), 

propen-2-yl !(Cil;)C""CHz], and propen-3-yl (-ClbCl·l""Clh) groups are all encompassed 

with the tem1 '"alkenyl group." Similarly, an '·aJkenykne group" refers to a group frmm~d 

by fomially removing two hydrogen atoms from an alkcne, either two hydrogen atoms 

from one carbon atom or one hydrogen atom frorn t\vo different carbon atorns. An 

"alkcne group" refors to a generalized group fonned by removing one or more hydrogen 

atoms (as needed for t11c particular group) from an alkcm::. When the hydrogen atom is 

removed from a carbon atom participating in a carbon-carbon doubk bond, tl1c 

regk)chemistry of the carbon from which the hydrogen atom is removed, and 

rcgiochcnustry of the carbon-··carbon double bond may both be specified. The tcnm; 

"alkcnyl group," "al.kcnyk:nc group:' and "alkcnc group'' by themselves do not indicate 

the presence or absence of heteroatoms and/or the presence or absence of other carhon­

carbon double bonds u:nkss explicitly indicated. The tcm1s ''hydrocarbon alkcnyl group,'' 

"hydrocarbon alkenylcm:: group," JJJ(I "hydrocarbon alkcnc group'' re for to olefin groups 

containing only hydrogen and carbon. Other identifiers may be utilized to indicated tl1e 

presence or absence of particular groups within an aJkene grnup. Alkeny>I groups may also 

have more than one such muldplc bond. The alkene group may also be further identified 

by the position of the carbonAcarhon double hond(s). 

(0038] The term '·atkyne·' is used in this specification and claims to reforto a 

compound that has at least one carbon-carbon triple bond. The term ''aikyne" includes 

aliphatic or aromatic, cydic or acyclic, and/or linear and branched alkynes unless 

expressly stated othenvise. ·nie tenn ''alkync_., by itself docs not indicate the presence or 

absence of hctcroatoms and/or the presence or absence of other carbon-carbon triple bonds 

unless explicitly indicated. TI1e terms "hydrocarbon alkync" or '·atkync hydrocarbon'' 

refor to alkyne compounds contJining only hydrogen and carbon. Other identifiers may be 

utilized to indicate the presence or absence of particular groups \Virhin an aJkyne. 
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Alkyncs, having more than one such multiple bond arc alkadiy11es, alkatriynes, and so 

frmh. The alkync group may also be fltrther identified by the position of the carbon­

carbon triple bond(s). 

(00391 An ''alkynyl group" is a univalent group derived from an alkyne by removal of 

a hydmgen atom from any carbon atom of the alkync. Thus, '"aJkynyl gmup" includes 

groups i11 which the hydrogen atom is formally rcnmved from an sp hybridized 

(acctylcnic.) carbon atom and groups in \\'hich the hydrogen atom is fonnally removed 

from any other carbon atom_ For example and unless otherwise specified, 1 -pmpyn -1 -yl 

{-(\:"CCH~) and propyn-3-yl (1-IC:ooCCl-h-) groups are all encompassed with the term 

"a!kynyl group." Similarly, an '·alkynyknc group" refors to a group frinned by fbrmally 

removing two hydrogen atoms from an alkyne, either two hydrogen atoms from cme 

carbon atom if possible or one hydn.1gcn atom from two difforcnt carbon atoms. An 

·'alkyne group" refers to a g;;:'.neralizcd group fbnncd by removing one or more hydrogen 

atoms (as needed for the particular group) from an alkync. The temis '·alkynyl gmup,'' 

''alkynyknc group,'' and "alkyne group" by themsdves do not indicate the presence or 

absence of hcteroatoms and/or the presence or absence of other carbon-carbon double 

bonds unless e.xphcit!y indi catcd. TI1c terms "11 ydrocarbon alkyny 1 group," ·'hydrocarbon 

alkynyk:nc group,'' and "hydroc;trbon alkyne group"' refi::r to okfin groups containing only 

hydrogen and carbon. Other identifiers may be utilized to indicate tl1e presence or absence 

of particular groups within an aJkyne gmup, Alkyne gmups may have more than one such 

multiple bond. Alkync groups may also he fi.irther ickntified by the position of the carbon­

carbon triple bond(s). 

(00401 The term "alpha olefin" as used in this specification and claims refe.rs to an 

olefin that bas a double bond betvveen the first and second carbon atom of the longest 

contiguous chain of carbon atoms. The tenn ''alpha olc:fin'c includes linear and branched 

alpha olefins unless expressly stated othenvise. In the case of branched alpha okfins, a 

branch may be at the 2- position (a vinylidene) and/or the 3-position or higher 'with respect 

to the olefin double boncL lhc tt;::rm "vinylidene'' \\hene·ver used in this specification and 

claims refers to an alpha olefin having a branch at the 2-position \Vith respect to the olefin 

double bond. By itself the tcnn '"alpha olefin'' does not indicate the presence or absence 

ofhckroatoms and/or the prcsenc.e or absence of other carbon-carbon double bonds unless 
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explicitly indicated. The tcm1s ''hydrocarbon alpha olefin'' or "alpha olefin hydrocarbon" 

refor lo alpha <Jlefin compounds containing only hydrogen and carbon 

[00411 "lll.c term ''linear alpha olefin" as used herein refers to a linear olefin having a 

double bond bet\vccn the tlrst and second carbon atom. The tcm1 "hnear alpha olefin" by 

itself docs not indicate the presence or absence of heteroatoms and.ior tl1e presence or 

absence of other carbon-carbon double bonds, unless explicitly indicated. '111c terms 

"linear hydrocarbon alpha olefin" or ·'linear alpha olefin hydrocarbon" rcfors to linear 

alpha olefin compounds wntaining only hydrogen and carbon. 

[00421 TI1c term '·normal alpha olefin"' whenever used in this specification and daims 

refers to a linear hydrocarbon mono--olefin having a doubk bond bct\veen the first and 

second carbon atom. It is noted that '·normal alpha olefin" is nol synonymous 'with ·'linear 

alpha olefin" as the term ·'hn;;:'.ar alpha olefin"' cau include linear okfinic compounds 

having a double bond bet\\'een the first and second carbon atoms and having hcteroatoms 

and/or additional doubk bonds. 

[0043) An "'aromatic group" refors to a g;;:'.neralized group frmncd by removing one or 

more hydrogen atoms (as needed for the particular gmup and at least one of \vhich is an 

aromatic ring carbon atom) from an a:romatic compound. Thus, an '·aromatic group'' as 

used hen::rn refers to a group derived by removing one or more hydrogen atoms from an 

aromatic cornpound, that is, a compound cont.aining a cyclically conjugated hydrocarbon 

that follows the Hlickd (4n+2) mle and containing {4n+2) pi-electrons, where n is an 

integer from l to about 5. Aromatic compounds and hence "aromatic groups" may he 

monocyclic or polycyclic unless othcrwtse spec.ificd. Aromatic compounds include 

"arenes" (hydrocarbon aromatic compounds) and ''hctcroarcnes,'' also tcrn1ed "hctarencs" 

{heteroaromatic compounds formally derived from arencs by replacement of one or more 

mcthine (··.C==:) carbon atoms by trivalent or diwdent hctcroatoms, in such ~1 \\Hy as to 

maintam the continuous pi-electron system characteristic of aromatic systems and a 

number of out-of-plane pi-electrons corresponding to the Huckd rnk (4n + 2}. While 

arene compounds and heteroarene compounds are mutually exclusive members of the 

group of aromatic compounds, a compound that has both an arcnc group and a hcteroareue 

group that compound generally is considered a hetcroarcnc compound. Aromatic 

compounds, arenes, and hcteroarencs may be mono- or polycyclic unkss otheni,;'ise 

specified. Examples of arencs include, but arc not limited to, benzene, naphthaknc, and 
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toluene, among others. Examples of hctcroa.rencs include, but arc not limited to fornn, 

pyridine, and mcthylpyridine, among others. As disclosed herein, the tem1 '·substituted" 

may be used to describe an aromatic group 'wherein any non-hydrogen moiety fom1aHy 

replaces a hydmgcn in that group, aml is intended to be non-limiting. 

100441 An '·aryl group" is a group derived from the forrnaJ removal of a. hydrogen 

atom from an aromatic hydrocarbon ring carbon atom from an an:ne compound. One 

ex.ample of an ".aryl group" is ortho-tolyl (o-tolyl), the structure of which is shown here. 

Sim.ilarly, an "arykne group·' refers to a group formed by removing tvrn hydrogen atoms 

{at least one of vd1ich is from a11 aromatic hydrocarbon ring carbon) frorn an arene. An 

'·arcne group'· rcfors to a. generalized group frlm1ed by removing one or more hydrogen 

atoms (as needed fix the particular group and at least one of\\.foch is an aromatic 

hydroc~u·bon ring carbon) from .an arem::. However, if a group contains separate and 

distinct arem:! and heteroarene rings or ring systems (e.g. tht.~ phenyl and benzofuran 

moieties in 7-pheny!benwfuran) its classification depends upon the particular ring or ring 

system from \\hich the hydrogen atom 'vas removed, that is, an arene group if the removed 

hydrogen came from the aromatic hydrocarbon nng or ring system carbon atom (e.g. the 2 

carbon atom in the phenyl group of 6-phenyibenzofuran and a hcteroarcne group if the 

removed hydrogen carbon c<m1e from a hetcroaromatic ring or ring system carbon atom 

(c,g. the 2 or 7 carbon atom of the: benzofurnn group or 6-phenylbcnzofuran), 

(00451 An ''arnlkyl group'' is an arykmbstituted aJkyI group having a free valance at a 

n<.m-aromatic carbon atonL for example, a benzyl group is an "'aralkyl" group. Similarly, 

an '«xralkylcm:: group'' is an aryl-substituted alkykne group having t\'>·o free valances at a 

single non-aromatic carbon atom or a free valence at two non-aromatic carbon atoms 

\Vhik a '·aralkane group" is a generalized is an <uyl-substituted alkanc group having one or 

more free valances at a non-aromatic carbon atorn(~-:} A '"hetemaralkyl group" is a 

hctcroaryl-substituted alkyl group having a free '>'alencc at a non-hetcroaromatic ring or 

ring system carbon atom. Similarly a "hcteroaralkylcne group'' is a hctcroaryl~substituted 

alkykne group having a tvvo free valances at a single non~heteroaromatic ring or ring 

system carbon atom or a free vak:nce at two non-hetero.aromatic nng or ring system 
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carbrn1 atoms >vhilc a ''heteroaraJkane group"· is a generalized aryl-substituted alkane 

group having one or more free valances at a non-heteroaromatic ring or ring system 

carbon atom(s). 

(00461 lf a compound or group contains more than one moiety it is formally a member of 

the group having the highest naming priority as stipulated by llJPA C .. For exam pk 4-

phen ylpyridinc is a hetcroaromatic compotmd and a 4-{phen-2-yknc)pyridin-2-yl gmup is a 

hctcroaromatic group because the highest naming groups is the pyridine group and tIK! 

pyridin-2-yl group respectivdy. 

[00471 An ·'organoaluminum compound,'' is used to describe any compcnmd that 

contains an aluminum-carbon bond. Tims, organoaluminum compounds include 

hydrocarbyl aluminum compounds such as lrialkyl-, dialkyl-, or monoalkylah.iminum 

c.ompounds; hydrocarbyl almnox<.me c.ompounds, and aluminak compounds \:vhich contain 

an aluminum-organyl bond such as tetrakis(p-tolyl)aJuminatc salts. 

(0048] Tii.e term ·'reactor etlluent" and it derivatives (c,g. oligomerization reactor 

et11ucnt) generally refers to aU the material ·which exits the reactor, TI1e term "reactor 

effluent" and its derivatives, may also be prefaced with other descriptors that limit the 

portion of the reactor effluent being rdbrenced. For example, \\hik the term '"'reactor 

effluent" v•.-ould refor to all material exiting the reactor (e.g. product and solvent or diluent, 

among others), tht;:'. tcnn "olefin reactor cfHuenC rcfors to tlK~ dlluent of the reactor \Vhich 

contains an olefin (i.e. carbon-carbon) double bond 

[00491 lhc term '·oligomenzation,-' and its derivatives, refors to processes which 

produce a m.ixture of products containing at least 70 '"eight percent products containing 

from. 2 t<> 30 monomer units. Similarly, an '\)ligomcr" is a product that contains from 2 to 

30 monomer units while an "oligomcrization product" includes all product made by the 

"oligomerization" process includmg the ·'oligomers" and pnxlud:s 'which arc not 

"ohgomers'·' (e.g. product which contain more than 30 monomer units, It should he noted 

that the mm1omer units in the '·oligomer" or "oligomeriza:tion product" do not have to he 

the same. For exm:npk, an '·oJigomer" or ·'oligomcriz.ation produce of an 

"oligom.enzation'' process usillg ethylene and propylene as monomers may contain both 

ethylene anc!lor propylem.: units. 
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(00501 The tem1 "trimcrization,'' and it derivatives, refors to a process which produce 

a mixture of products containing at least 70 weight percent products containing three and 

only three monomer units. A '1rimef' is a product which contains tlirce and only three 

monomer units ·while a '1rimerization product" includes all products madi:! by the 

trimerizat1on process including trimer and product \.vhich are not trimer (e.g. dimers or 

trtramers). Generally, m1 olefin trimcrization reduces nun1her of olefinic bonds, i.e., 

carbon-carbon double bonds, by t\vo wh;;:'.n c.onsidering the number of okfi.n bonds in the 

monmcr units and the number of olefin bonds in the trimer. lt should be noted that the 

monomer units in the 'trimer'' or "trimcrization pmduct" do not have be the same. For 

example, a "'trimer'' of a 'lrimcrization" prnc.ess using cthykne and butene as monomers 

may contain ethylene and/or butene monomer units. TI1at is to say the "trimer" 'will 

include C;, Cg, C rn, and C12 products. In another example, a "trimer" of a ''trimcrization'· 

process using ethylene as the monomer may contain ethylene monomer units. lt should 

also be noted that a single molecule may contain two monomer units. For ex.ample, dienes 

such as 1,3-butadiene and l A-pentadiene have t\vo rnonorner units within one molecule. 

Oligomerization Catalyst System 

(0051) ·n1e oligomerization catalyst system minimally comprises a transition metal 

compoun(t a 2,5-disubstituted pyrmlc compound, and a metal alkyl. ln one aspect the 

pyrrolc compound can hav;;:'. indcpemkntly-sclectcd Cl to Cls orga.nyl groups at !he 2- and 

5-positions, \vherein at least one of the organyl group alpha-;;;arbon atoms attached to the 

2- and 5-positions of the pyrrok compound can be a secondary carbon atom; alternatively, 

independently-selected C:1. to C 1 ~ organyl groups at the 2- and 5-positions, wherein the 

or:ganyl gwup alpha-carbon ~ltoms attached to the 2- and 5-positions of the pyrrnk 

compound can be secondary carbon atoms. Optionally, the oligomeriwtion catalyst 

system may fmther comprise a halogen-containing compound. The transition metal 

compound, pyrrolc compound, metal alkyl, and optional halogen containing compound an:: 

i11dependent clements of the oligomerization catalyst system. These clements of the 

oligomerization catalyst systern are independently described herein and independently 

selected, and these elements may be utilized in any combination to describe the 

oligoi:neri.zation catalyst system. 

(00521 Transition .Metal Compound. Generally, the transition metal compound fi.1r the 

oligomcnzaticm catalyst system can comprise a group 5, 6, 7, 8, 9, IO, or ll tr;:msition 
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metal. In some embodiments, the transition metal compound comprises chromium, nickel, 

cobalt. iron, molybdenum, <Jr copper. For example, in some embodiments, the transition 

metal compound comprises chromium. 

(00531 ln some aspects, the transition metal compound for the oligomerization catalyst 

system may be an inorganic transition metal compound. In other aspects, the transitlon 

metal compound m.ay contain ligands formally derived from an organic compound or 

moiety (e.g. a carbo:\.ylatc, alkoxide, or beta-dionate, among others). ln an embodiment, 

suitable inorganic transition metal compounds include, but are not limited to, a transition 

metal halide, a transition metal sulfate, a transition met:al sulfite, a transit1on metal 

bistilfatc. a transition metal oxide, a transition metal nitrate, a transition metal nitrite, a 

transition metal hydroxide, a transition metal chlorate. or any combinations thereof: 

altemali vdy, tr<msiti<.m metal halide, a transition metal sulfr1tc, a transition metal oxide, or 

a transition metal nitrate. In an embodiment, the transition metal halide may be a 

transition metal chloride, a transition metal bromide, cir a transition metal iodide. ln an 

cmb<Jdiment, the transition metal compound may be a transition metal alkoxide, a 

transition metal aryloxidc, a transition metal carboxylatc, a tr;:msition im:tal bcta-dionatc 

{such as an acctylacctonate), a transitwn metal amide compound: alternatively, a tra:nsitwn 

metal alkoxidc or transition metal aryloxide: altcmativdy, a transition metal carboxylate, a 

transit1on metal bcta-dionate; or altemativcly, a transition metal amide. Further, in another 

aspect suitable transition metal compounds can contain combinations of these recited 

ligands. ln some embodiments tlli:: transition metal compound comprises a transition metal 

carb<Jxylatc. 

[00541 Alternatively and in ;my aspect and embodiment, suitabk tnmsitkm metal 

compounds can be a transition metal halide; alternatively, a trnnsitlon metal sulfate: 

alternatively, a transition metal sulfite: alternatively, a transition metal bisutfate; 

altcmalivcly, a transition metal oxide:. alternatively, a transition metal nitrate; 

alternatively, a transition metal nitrite; alternafrvdy, a transition rnetal hydroxide; 

alternatively, a transition metal alkox:ide: alternatively, a transition metal aryloxidc; 

alternatively, a transition metal carboxylaic: altcmativdy, a transition metal beta-dionalc: 

alternatively, a transition metal chlorate; or alternatively, a transition metal .:m1ide" ln m1 

embodiment tlle transition metal halide may be a transition metal chloride; alternatively, a 

tmnsit1on metal bromide:. or ahemativcly, a transition metal iodide" 
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(00551 Acc,wding t(1 a fort,hcr aspect of this disclosure and i11 any embodiment, each 

transitkm metal hydrocarhoxy group (alkoxy or aryloxy), carboxylatc group, bct~Hhona:tc 

group, or amide group may be a Ci to C24, a C.i. to Ct<J, or a ('5 to Cn hydrocarboxy group 

{alkox:y or aryloxy), carboxylatc group, bcta-dionatc group, or mnide group. In an 

embodiment, each carboxylatc group of the transition metal compound may be a C 1 to C2.i. 

c.arboxylate group; ahcrnativdy, a Ci to C19 carboxyla:tc group; or alternatively, a C:, to 

Cn carboxylatc group. In some embodim,'.nts, ('.ach alkoxy group of the transition metal 

compound may be a C 1 to C:24 alkoxy group: altemativdy, a C4 to C19 aikox:v group; or 

alternatively, a (.'.5 to Cu aJkoxy group. In other embodiments, each aryloxy group of the 

transition metal compound may be a(\; to C2-; alkoxy group; alternatively, a(\ to Cw 

a!koxy group: or alternatively, a C; to Cu alkoxy group. In yet odK'.r embodiments, each 

beta-dionate group of the transition metal compound may be a C5 to C2c1 beta-dionate 

group; alternatively, a c, to C19 beta-dionate group: or alternatively, a Cs to Cu beta­

dionatc group. In fnrtl1''.l' emboduncnts, mnick group of the transition metal compound 

may be a C1 to C14 amide group; alternatively, a (.'.3 to C19 arnide gronp: or altcmativcl:v, a 

C4 to Cc amide group. 

[0056] According to a fi.uther aspect of this disclosure <md in any cmbodunent, the 

transition metal compound can have an oxidation state ofO, l, H, HL IV, V, or Vl (also 

written as 0, +l {or 1), +2 (or 2), +3 {or 3), +4 (or 4), +5 (or 5), or +6 (or 6), respectively 

In another aspect and in ot11er embodiments, the transition metal compound can have an 

oxidation state of Il or Ill: or altc rnati vcl y, the transition metal compound can have m:1 

oxidatfon state of III. Further to this aspect and in any embodiment the transition metal 

compound can have an oxidation state of O; altemativdy, I: a.Jtema:tively,_ ll:. altemativdy, 

III; alternatively, JV; alternatively, V; or a!tcrnatrvcly, VL 

(0057] Jn still a further aspect of this disclosure, the transition metal compound for the 

oligomcrization catalyst system can be a chromium compound. In this aspect, the 

chromium com.pound can have a chromium oxidatlcin state of 0 to 6. In sorne 

cmbod.iments, the chromium compound can rnay have an oxidation state of 2 or 3 (that is, 

a chromium( II) or chromium(.III) compound). In other embodiments, the chromium 

cornpound can have an oxidation state of 3 (i .c. a chromium{JH) compound). For 

cxJinpk, chrornium.(Il) compounds ''hich may be used as the transition metal compound 

for the oligmtwrizarion catalyst system can include, but are not limited to, chromium(JI) 
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nitrate, chromium(ll) sulfate, chromium(U) fluoride, dmnnium(Il) chloride, chromimn(H) 

bromide, <Jr chromium( II) iodide_ Also by way ofcxample, the chmmium{IH) compounds 

which may be used as the transition metal compound for the oligomerization catalyst 

system can include, but an::: not limited to, chromium{Hl) nitratl:!, chrornium{Hl) sulfate, 

chromium(III,) fluori.de, chromium(JJI) chloride, chromium(IJI) bromide, or chromium(IU) 

iodide. Alternatively, the chromium c.ompounds that can be used as the transition metal 

c.ompound fi.lr the'. olignmerization catalyst system can include, but arc not limited to, 

chromium{U) nitrate: alternatively, chromium(ll) sulfate: altcmativcl:v, chrommm(ll) 

fluoride: alternatively, chromium(Il) chloride; alternatively, chromium{ll) bromide: 

alkrnativdy, chrnmium(Il) iodide: alternatively, chromium(lII) nitrate; alternatively, 

chromium(lll) sulfate; alternatively, chromium(Hl) fluoride; ahcma!ivdy, chromium(lU) 

chloride: alternatively, chromium(III) bromide: alternatively, chromium(IIIJ iodide: or 

alternatively, any combination of any of these compounds, 

(00581 ln yet an additional aspect of this disclosure and in any embodiment, the 

transitkm metal compound for the oligomerization catalyst system can he a chromium(U) 

a!koxide. a chronuum(II} carboxy!ate, a chromium(II) beta-dionatc, a chromium Oil) 

a!koxidc, a chronuum(III) carboxylatc, or a chromium(III) hcta-dionak: altcmativdy, a 

chromium(ll) alkoxide or a chromium OH) alkoxide; ahcmativdy, a chrominm(ll) 

carboxylate or a chromium(lll) carboxylatc; alternatively, a chromium{ll) bcta-dionatc or 

a chromiurn(Ul) bda-dionatc; altcmativdy, a chromium(H) alkox.ide: altcmatl\.-dy, a 

chromium{U} carboxylatc: alternatively, a chromium(H) beta-dionate; altcrnatrvdy, a 

chromium (Ill) alh.lxidc; altemat1vely, a chromium(IU) carhoxylate: or alternatively, a 

chrornium(IU) beta-<lionate . In an embodiment, each carhoxylate group of the chromium 

cornpound may be a Ci to (;~,; carboxylatc group; altcmathdy, a Ci to CN carboxylatc 

group; or altemativdy, a C5 to Cu cmboxylate group_ Jn some embodiments, each alkoxy· 

group of the chromium compound may be a Ci to C24 alkoxy g1\'mp; alternatively, a C4 to 

C10 alkoxy group; or altcrnativdy, a Cs to Cn alkoxy group, ln other embodiments, each 

aryloxy group of the chromium compound may be a C; to C:.i aryloxy group: alternatively, 

a C; to C1}J aryloxy group: or altcmativdy, a C6 to C12 aryloxy group ln yet other 

embodiments, each bcta-dionate group of the chromium compound may he a(\ to C1.4 

bctaAdiona:tc group; al.tcrnativdy, a Cs to Ci9 bcta-dionate group: or alternatively, a c, to 

C12 bet.a-clionatc group. ln fmthcr embodiments, amide group of the chromium compound 
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may be a C1 t(1 C2 .. amide group; altemativdy, a C3 to C19 amide group: or alternatively, a 

C1 lo C 12 amide group. 

[0059] "lll.c chromium c.arboxylatcs are particularly useful transition metal compounds 

for the oligomerization catalyst system. Thus, in one aspect. the catalyst system and 

process according to this disclosure provides for the use of chromium carboxylate 

compositions, including but arc not limited to, chromium carboxylate compositions in 

which the carboxylatc is a Ct to c,_. monocarboxylak. The most widely employed 

chromium carboxylate composition catalysts arc those of chromium (Ill), for example, 

chrorn.ium (Ill) compositions comprising 2-cthylhcx<moat:c are effective catalyst system 

components for sckctive l·hcxenc synthesis. 

(0060} Jn one aspect, this disclosure provides chromium carboxylatc composition in 

which the carboxylate group is a Ci to C:c.1 monocarboxylatc. In an embodiment, the 

carboxylate group may be an acetate, a p1\.1pionate, a butyrate, a pent.anoate, a hcx.anoate, a 

hcptanoate, an octanoatc, a nonanoate, a decanoatc, an undccanoate, a dodecanoate, a 

tridccanoate, a tetradct-..anoate, a pcntadc.canoate, a hexadecanoatc, a heptadccanoate, or an 

oct.adccanoatc; or altcmativdy, a pentanoate, a hcxanoate, a hcptanoak, aoctmioak, a 

nonanoatc, a decanoate, a u:ndecanoate, or a dodccanoate. In some embodiments, the 

c.arbo,\ylatc group may be ac;;:'.tatc, propionate, n-bmyrate, valcratc (n-pentanoate), neo­

penta:noate, capronatc (n-hexanoate), n-heptanoate, caprylate (n-octanoate), 2-

ethylhexanoate, 1M1onanoate, caprate (n-decanoatc), 1Hmdecanoate, 1aurate (n­

dodccanoatc), or stearate (n-octadccanoatc): altcmativdy, vakrate (n-pentanoate). neo­

pcnt:anoate, capronate (n-hcxanoatc), n-hcptanoat:c, caprylate (n-octanoate), 2-

cthylhexanoatc, n-nonanoate, capratc {n-dccanoatc), n-undecmwak, or laurntc (n­

dodccanoatc): alternatively, capR1nate (n-hexanoak); altcmativdy, n-hcpt;moate); 

altcmativdy, caprylatc (tHictanoatc): or altemativdy, 2-ethylhcxanoak 

(fJO(;q ln an aspect and in any embodiment, the transition 1m~tal compound for the 

oligomerization catalyst system may be a chrornmm(U) carboxylatc; or altemafr,,.dy, a 

chromimn(Jll) carboxylatc. Exemplary chromium(ll) carboxyfates may include,. but are 

not limited to, chromium(Il) acetate, chromium(ll) propionate, chromimn(ll) butyrate, 

chromium(ll) ncopentanoatc, chromium(fl) oxalate, chrornium(HJ octanoatc 

chromium(ll) (2-ethylhcx.anoatc), chromium(H) laurate, or chromium(ll) st.earatc. 

Excrnpla:ry chromium(Ul) carboxylates may indude, but arc not limited t<\ chromium(IU) 
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acetate, chromium(IH) propionate, chromium( Hi) butyrate, chromium(Ill) ncopentanoatc, 

chromium(IJJ) oxalate, chromiurn(JII) octanoate, chmmium(IU) 2-ethylhexanoatc, 

chromium(lll) 2,2, 6,6 ,-tetrarneth y lhcptaned1 onate, chromium( no naphthenatc' 

chromium(lll) lauratc, or chromium(lll) stcaratc. ln a further aspect and in any number of 

embodiments, the transition metal compound for the oligomerization catalyst syslern may 

bi.\ but are not limited ro: chrnmium(H) acetate; alternatively, chmmiumm) propionate; 

alternatively, chromium(U) but:yrak: alternatively, chromium(II) ncopcntanoate: 

alternatively, chromium(ll) oxalate; alternatively, chi\-muunl{H) octanoatc; alternatively, 

chromium{fl) {2-ethylhexanoate); aJtematively, chromium(ll) laurnte: alternatively, 

chromium(U) stearate; a!ternativ;dy, c.hmmium(Illl acetate; alternatively, chmmimn(Jll) 

propionate; alternatively, chromimn(lll) butyrate; alternativ,Jy, chromium(Ill) 

neopcntanoate; altemadvely,. chromium{IJI) oxalate; alternatively, chromium(HI) 

octanoare: alternatively, chromium(ll1) 2-ethylhexanoate; altematively, chrominm(lH) 

2,2,6,6,-tctramcthylhepta:nedwnak; alternatively, chromium(III) naphthenate; 

alternatively, chromium(lll) lauratc; or altcmativdy, chromium(lH) stearatc. ln some 

embodiments, the transition metal compound for the oligomcrization cataJyst system can 

be chromimn(ll) 2-cthylhexauoatc or chromiurn(lll) 2-ethylhexanotc: or alternativdy 

chromiwn(lll) 2-cthylhexanoate. 

(0062) J~.)J!Ql~J,:Ql11!X1.~!J1d. Generally, the pyffole compound (also called the 

"pyrrolc") of the oligomc:rization catalyst system can comprise or can consist essentially 

of a pyrrole compound having a Ct to Cm group attached to the 2- and 5-positions of tfa:: 

pynok. Unless othenvisc specified, the pyrrole compound having a C 1 to C 18 group 

attached to the 2- and 5-posilions, may have groups attached at the 1, 3, and/or 4 positions. 

In an embodiment the pyrrok compound of the oligomcrization catalyst system can be a 

2,5-disubstituted pyrrole compound, that is, the pynolc compound has substituents only at 

the 2- and 5-positions. Regardless of whet.her or not the pyrrok compound has 

substituents present at the L 3, :md/or 4 positions, the groups attached to the 2- and 5-

positions of the pyrmlc compound may be the same or different. For example, 2-cthyl-5-

methyl pyrmk and 2-ethyl-5-propyl pyrrole are arnong the suitable 2,5-disubstituted 

pynoks for use in the catalyst system and methods of this disdosure. In other aspects and 

embodiments, the groups attached to the 2- and 5-positions of the pyrrolc compound may 

be the &'une. 

efiling
Rectangle



WO 2010/051415 PCT/US2009/062700 

27 

(0063] The C 1 to Cm groups attached to the 2- and 5-positions of the pyrrole ring may 

be Cito Cm organyl groups in \\'hich the organyl groups may be C 1 to C 1~ organyl groups 

containing inert functional groups, Ci to Cm hydrocarbyl groups; or alternatively Ci to Cm 

alkyl gmups. Alternatively, the groups attached to the 2- and 5-positions offhe pyrrolc 

ring rnay be C1 to Cu organyl groups, C1toC12 organyl groups containing inert flm,;tional 

groups, C 1 to Cu hydrocarhyl groups; or alternatively, C 1 to Cn alkyl groups. 

Altcrnativdy, the groups attadu:'.d to the 2- and 5-positions of the pyrrole ring may be Ci 

to(\ organ:}'! groups, C 1 to C*' organyl groups containing inert functional groups, C1 to C3 

hydrocarbyl groups; or alternatively, C1 to C*' alkyl groups. According to any embodiment 

of this disclosure, the pyrrolc compound C<Ul have independently-selected organyl groups 

(Ci to Ci~- alternatively Ci to Ci;~, or alternatively C1 to C~) at the 2- and 5-positions. 

Alternatively, the pyrrolc compound can have independently-selected organyl groups 

consisting ofinert functional group (C\ to Cui, alternatively C 1 to C 12, or alternatively C 1 

to C!I) at the 2- and 5- positions. Altcrnattvdy stilL the pyrrolc compound can have 

in<lcpcndcntly-sdectcd hydrncarbyl groups (Ci to C1s, alternatively Ci to C12, or 

alternatively C1 to Cs) at the 2- and 5- positions. Yet altemativdy. the pyrmlc compound 

can have indepemkntly-sclected alkyl groups {C\ to Cm, altcrnafrvcly Ci to Cn, or 

a!temativdy Ci to C~} at the 2- and 5- positions. 

(00641 ·n1e C2 to Cm groups attached to the 2- and 5-positions of the pyrrolc ring may 

be c~ to C1s organ~·l groups in vd1ich the organyl groups may be C2 to Cm organyl groups 

containrng inctt functional groups, C2 to Cm hydrocarbyl groups; or altenrntrvcly C2 to Cm 

alkyl groups. Alternatively, the groups attached to the 2- and 5-positions of the pyrmle 

ring n:rny be c~ to c p organyl groups, c?. lO c r?. organyl groups containing inert functional 

groups, C} to Cu hydroGu·byl groups; or altemativdy. (_',,~to Cn alkyl groups. 

Altematively, the groups attached to the 2-and 5-positions of the pyrrok ring may be C2 

to C*' organyl groups, C2 to c~ organyl groups containing inc1t functional groups, c~ to Cs 

hydroc,:ubyl groups; or alternatively, C;~ to C~ alkyl groups. According to any embodiment 

of this disclosure, the pyrrolc compound can have independently-selected organyl groups 

(C2 to Cm, alternatively C2 to Cu, or alternatively C2 to Cs) at the 2- and 5-positions. 

Altemadvcly, the pyrrok compound can have i11dependc11tly-sdectcd organyl groups 

consisting ofincrt functional group (C2 to Cm, altcmativdy C'. to Cn, or altemativdy C1 

to Cs) at the 2- and 5- positions Alternatively still, the pyrrok cornpound can have 

efiling
Rectangle



WO 2010/051415 PCT/US2009/062700 

28 

independently-selected hydrocarbyl gmups (f::~ tn C 1s, altcmativcly C2toC12, or 

alternatively C2 to C~) at the 2- and 5- positions. ·Yet alternatively, the pyrrok compound 

can have independently-selected alkyl groups (C2 to Cm, altcrnatrvcly C2 to Cn, or 

alkrnativdy C:; to C~} at the 2- aml S- positions 

100651 Generally, the gmups attached to the 2- and 5-positions of tl1e pyrrole ring arc 

attached to the pyrrolc ring in such a \vay that at kast one carbon atom attached to the 2-

and 5-positions of tl:u:: pyrrok: ring is a secondary carbon atom; alternatively, the groups 

attached to the 2- and 5-positions of the pyrrole ring arc attached to the pyrmfo ring in 

such a 1-vay that both the carbon atoms attached to the 2- and 5-positiom; of the pynole ring 

arc secondary carbon atoms That is, when the carbon atom of the group attached to foe 

pyrrolc ring is a secondary carbon atom" that secondary carbon is attached to one, and only 

one, other carbon at<Jm besides the carbon atom of the pyrrole ring. ln some 

embodiments, the groups attached to the 2- and :5-positions arc attached in such a ''<IY that 

the carbon atom attached to the 2- and :5-positions of the pyrrok ring are secondary carbon 

atoms, <m<l the groups are branchetL Jn other embodiments the groups attached to the 2 

and 5 position of the pyrrok ring may be linear. 

(0066) ln an aspect the pyrr1..1lc compound is a pyrrole compound having Cr to C18, 

alternatively Ci. to Cn, or alternatively C 1 to Cs, n-alkyl groups a:rtached at the 2- and 5-

positions of the pynolc ring. In another aspect and embodiment, the pyrrok compound is 

a pyrrolc compound having C2 to C1s, alternatively c~ to Ct2, or aJtcmativdy C2 to C8, n­

alkyl groups attached at the 2- and 5-positions of the pyrrok ring. In forther 

embodiments, then-alkyl groups are selected independently from methyL ethyl, n-propyl, 

n-butyl, n-pentyl, n-hexyL n-heptyL or n-octyl: alternatively, ethyl, n-propyl, n-butyL n­

pentyl, n-hexyl, n-heptyl, or n-octyl: alternatively, ethyl, n-propyl, n-butyl, or n-pentyl; 

alternatively, methyl: alternatively, ethyl; a.ltcmarively, n-prnpyt allcmativdy, n-.fattyl; 

altemalivdy, n-pentyl; alternatively, n-hexyl; aHemativdy, n-heptyL or altcmatlvely, n­

octyL ln another embodiment, t11e pyrrok compound is 2,5-diethyl pyrrok; alternatively, 

2,.5-di-n-propyl pyrrok; alternatively, 2,5-di-n-hutyl pyrmlc: alternatively, 2,5-di-n-pcntyl 

pynok; or altemativdy, 2,5-di-n-hcxyl pyrrok. According to this aspect, the pyrrnk 

cornpound has alkyl groups at the 2- and 5-positions selected independently from ethyl, n­

propyL n-butyl, n-pcntyl, n-hexyl, n-heptyl, or n-octyl; alternatlvcly, ethyl, 11-propyl, n­

butyl, or n-pentyl: alternatively, ethyl: alternatively, n-propyL alternatively, n-hut:yL 
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alternatively, n-pcntyk altcmativcly, n-hcxyl: alternatively, n-hcptyI; or alternatively, n­

octyL For example, the pyrrok compound of the catalyst system can he a 2,5-disubstituted 

pyrrolc, such as 2,5-dicthyl pyrrole. 

(00671 ln yet a forfher aspect of this disclosure, the pyrrolc can have the formula PI: 

(Pt), wherein 

a) R2 and R5 arc selected independently from a C1 to C1s organyl group, 

wherein at least one of the organyl group alpha-carbon atoms attached to 

the pyrrnlc nng is a secondary carbon atom; and 

b) R' and R4 are sekcted independently from hydrogt~n and a C1 to Cm 

organyl group. 

In an embodiment,. the pyrrok can have the tl..1mrnla Pl, \\herein 

a) R2 and R5 are selected independently from a Cl to Cis organ~·! group, 

wherein the orgauyl group alpha-carbon atoms attached to the pyrrok ring 

are secondary carbon atoms: and 

b) R' 'md R4 arc selected independently from hydrogen and a C1 to Cm 

organyl group. 

In this aspect R2
, R3

, R'1, and R5 ari.:'. independent clements of the pyrrolc lmving f()rmula 

Pl. The pyrrole having fommla Pl may he described using any combination of the R2
, R', 

R4
, and R5 described herein. ln an embodiment, R2 and R5 are sdccted independently 

from a C 1 to Cm organyl gn.1ups, wherein at least one organyl group aJpha~carbon atoms 

attached to the pyrrok ring is a secondary carbon atom and R' and R4 are hydrogen. In 

another cmbodim.ent, R2 and R5 arc sckctcd independently from a C2 to Cm orgru:iyl 

groups, wherein the organyl group alpha-carbon atoms attached to the pyrrok ring arc 

secondary carbon atoms and R3 and R4 are hydrogen. ln some embodiments, R2 and R5 

arc selected independently from a Ci to Ci~ organyl groups, wherein a:t least one of the 

organyl group alpha-carbon atoms attached to the pyn:olc rmg is a secondary carbon atom, 

and Ri is hydrogen and R4 is a C 1 to C 13 organyl group. In sorne other embodiments, R2 
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and R5 are selected independently from a C2 to Cn; organyI groups, wherein the organyl 

group alpha-carbon atoms attached to the pyrrolc r1ng arc secondary carbon atoms, and R' 

is hydrogen and R 1 is a C1 to Cni organyl group. In other embodiments, R2 and R5 arc 

selected independently frorn a C1 to C 1 ~ organyl groups, \\herein at least om::! of the 

organyl group alpha--carbon atoms attached to the pyrrok ring is a secondary carbon atom 

and R:; ;;md R'~ arc selected independently from a C 1 to C is organyl groups. In yet other 

embodiments, H.2 and R5 arc selected irKkpendcntly from a C2 to Ci;; organyl groups, 

wherein the organyl group alpha-carbon atoms attached to the pyrrolc ring arc secondary 

carbon atoms and R' and R' are selected independently from a C1 to Ci8 organyI gmups. 

[0068] In an aspect the R2 group and/or R5 which is a Ci to Cm organyl group, 

\\.·herein the at least one organ~·] group alpha~caibon atoms attached to the pyrrole ring is a 

secondary carbon atom may be a Ci to C 12 organyl group: alternatively, a Ci to Cs organyl 

group; alternatively, a C 1 to C rn organyl group containing inert functional groups; a Ct to 

Cn organyl group containm.g inert functional groups: altcrnatrvcly, a C1 to Ca organyl 

group containing inert fonctional groups: altematively, a C1 to Crn hydrocarbyl group: a C1 

to Ci2 hydrocarbyl group; alternatively, a Ci to(\ hydrocarbyl group: altemativcly, C1 to 

Cm alkyl group; alternatively, a Ci to Cn alkyl group; oralkrnativcly, a Ct to Cs. alkyl 

group. 

10069} In .:w cmbodimcn~ the R2 group which is a C2 to C is organyl group, 'wherein 

the organyl group alpha~carbon atoms attached to the pyrrok ring are secondary carbon 

atoms may be a C2 to C11 organyl group; altemativcly, a C2 to Ca organyl group: 

alternatively, a C2 to Cm organyl group containing inert fonctional groups; a C:~ to C 12 

or:ganyl gwup containing inert functional groups; alternatively, a C2 to C; organ~l group 

containing inert functional groups~ alternatively, a C2 to Cm hydrocarbyl group: a C>. to Cn 

hydmcarbyl group; ahemativdy, a C2 to Cg hydrocarbyl group; ahemati.vcly, C2 to Cm 

alkyl group; altemarively, a C2 to Cn. alkyl group: or altemat1vely, a C2 to C8 alkyl gmup, 

ln an embodiment, the R5 group which is a C:: to Ci~ organyl group, vd1crein the organyl 

group alpha-carbon atoms attached to the pyrrok ring arc secondary carbon atoms 1nay he 

a C2 w C12 orga11yl group: alternatively, a C2 to C8 organ~'! group: alternatively, a C2 to Ci~ 

or:ganyl gwup containing inc:rt func:t.ional groups; a C:: to Cn organyl group containing 

inctt functional groups; alternatively, a C' to Ca organyl group containing inc1t fonctional 

groups; alternatively, a C2 to Cm hydrocarbyl group; a C2 to C;2 hydrncarbyl group: 
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alternatively, a C2 to Cs hydrocarbyl group; alternatively, C~ to Cis alkyl group; 

alternatively, a C2 to C12 alkyl group; or alternatively, a C2 to Ci alkyl group. In an aspect, 

R3 m.ay be hydrogen or a C1 to Cn organyl group; alternatively, hydrogen or a C1 to C8 

organyl gmup; alternatively, hydrogen or a C1 to C18 organyl group containing itK!rt 

functional groups; hydrogen or a Ci to Cn organyl group containing inert fonctional 

groups; alternatively, hydrogen or a C 1 to Cs organyl group containing inert functional 

groups; altcrnatlv1dy, hydrog1;>U or a Ci to Cu; hydrocarbyl group; hydrogen or a C'i to Cn 

hydrocarbyl group: alternatively, hydrogen or a C1 to Cs h:vdrocarbyl group; aJtcmativcly" 

hydrogen or a C 1 to C 18 alkyl group: aJtcrnati vd y, hydrogen or a C 1 to C 11 alkyl group: or 

a!krnativdy, hydrogc'.n or a Ci to Cs alkyl group. Jn an embodiment, R3 may be a Ci to 

Cu organyl group: alternatively, a C1 to Cs organyl group: alternatively, a Ct to Cm 

organyl group containing inert fo.nctiona1 groups; a Ci to Ci2 orga11yl group containing 

inert functional groups; alternatively, a C1 to Cs organyl group containing inert functionaJ 

groups; a!tcrnatrvdy, a Ci. to C1i1 hydrocarbyl group; a Ci to Cn hydrrn.:.adJ~1 group: 

alternatively, a Ci to Cs hydrocaibyl group; alternatively, C1 to Cis alkyl group; 

alternatively, a Ci to Cu alkyl group; altemativdy, a C1 to Cs alkyl group; or aJtemativdy" 

hydrogcR In an aspect, R4 may be hydrogen or a Ci. to Cn organyl group; alternatively, 

hydrogen or a C 1 to(\, orgm1yl group; alternatively, hydrogen or a Ci to Cis orgm1yl group 

containing inert functional groups~ hydrogen or a C1 to Cu organyl group containing inert 

functional groups: alternatively, hydrogen or a Ci to C!: organyl group containing inert 

fonctional gmups; a.ltemativ\"ly, hydrogen or a C 1 to Cm hydrocarhyl group: hydrogen or a 

C1 to Cc hydrocarbyl group; alternatively, hydrogen or a C1 to(>, hydrocarbyl group; 

alternatively, hydrogen or a C.: 1 to Cis alkyl gn .. 1up; alternatively, hydrogen or a C1 to C 12 

alkyl group; or alternatively, hydrogen or a C1 to c~ alkyl group. In an embodiment, R4 

may be a C1 to Cu organyl group; alternatively, a C1 to Cs organyl group: alternatively, a 

Ci to Cis organyl group containing inert fo.nctional groups; a C1 to Cn organyl group 

containing inert functional groups~ alternatively, a C1 to c~ organyl group containing inert 

fonctional gmups; altemarively, a C 1 w C 1 ~ hydrocarbyl gmup~ a C1 to C12 hydrocarbyl 

group; alternatively, a Ci to (\1 hydrocarbyl group, alternatively, Ci to C rn alkyl group; 

alternatively, a Ci to Cu alkyl group; altemativdy, a C1 to Cs alkyl group; or aJtemativdy" 

hydrogCR 
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(0070] ln any aspect of the pyrro le of the fonnul a P 1, each of R? and R5 <..'-<tn be 

selected independently from a methyl group, an ethyl group, an n-propyl group, an n-butyl 

group, an n-pentyl group. an n-hcxyl group, an 11-heptyl group, or an n-octyl group; 

alkrnativi:::ly, an ethyl group, an n-propyl group, an n-butyl group, an n-pentyl group, an n­

hexyl group, an n-heptyl group, or an n-octyl group. In some embodiments, of the pyrrole 

of the fomrnla Pl, R1 and R5 can be selected independently from a methyl group, an ethyl 

group, an n-propyl group, an n-hutyl group, or an n-pentyl group: alternatively, an ethyl 

group, an n-propyl group, an n-butyl group, or an n-pentyl group: altemat:ively, a methyl 

group: alternatively, an ethyl g1\1up; alternatively, an n-propyl group; altemativdy, an n­

butyl group: alternatively, an n-pentyl group: alternatively, an n-hexyl group; 

alkmativdy, an n-hcptyl group: or alternatively, zm n-octyl group. 

100711 Jn any aspect of any pyrrole having the formula Pl, R3 and./or R4 \Vhen not 

hydrogen can be a methyl group, an ethyl group, a propyl group, a butyl group, a pentyl 

group, a hcxyl group, a hcptyl group, or an octyl group; altcrnativdy, a methyl group, an 

ethyl group, a propyl group, a butyl group, or a pentyl group~ alternatively, a metl1)d 

group: alternatively, an ethyl group; altcmativdy, a propyl group; alternatively, a butyl 

group: alternatively, a pcntyl group; alternatively, a hcxy! group; alternatively, a heptyl 

group: or ahemativdy, an octyl group. ln an embodiment of ai1y pyrrolc having the 

f.. . ~ d' 4 l 1 d b 1 I ornmla Pl, R an ;or R \V Kn not iy mgcn can .c a rnet Jyl group, an et Jyl group, an n-

propyl group, an iso-propyl group, an n-but:yl group, a sec-butyl group, an iso-butyl group, 

a tcrt-butyl group, an n-pentyl group, a m::o-pentyl group, an n-hcxyl group, an n-hcptyl 

group, or an n-{lctyl group: alternatively, a methyl group, an ethyl group, an n-propyl 

group, an iso-propyl group, an n-butyl group, a sec-butyl group, an iso-butyl group, a: tcrt­

butyl group, an n-pcntyl group, or a neo-pcntyl group: alterna:tivdy, an n-propyl group; 

alternati"vdy, an iso-propyl group; altemativdy, an n-but:yl group; alternatively, a scc­

butyl group; alternatively, an iso-butyl group: aJtcmativcly, a tert-butyl group; 

alternatively, an n-pentyl group; alternatively, a nco-pcntyl group; alternatively, an n­

hexyl group; alkrnati'l-'dy, an n-hcpt:yl group; or alternatively, an n-octyl group. 

(00721 According to a fo.tther aspect, the pyrrole of the catalyst system disclosed here 

can be selected from. a 2,5-dialkylpyrrok, a 2,3,5-triialkylpyrrolc, a 2,4,5.:triialkylpyrrolc, 

a 2,3,4,5-tctrnalkylpyrrolc. or any combination thereof ln this aspect, and not by way of 

limitation, the the pyrrok c.an be selected from 2-methyl-5-ethylpyrrok, 2,5-
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diheptylpyrrok\ 2,5-dioctylpyrrole, 23,5-trimethylpyrrole, 2,3,5-tricthylpyrrmlc, 2,3,5-

tributylpyrrrok:, 23,5-trihcxylpyrrrolc, 2,3,5-triheptylpyrrrolc, 2,3,5-trioctylpyrrrolc, 

2,3 ,4,S-tctramcthylpyrroh::, 2,3 ,4,:'Hctract.hylpyrrolc, 2,3,4,5-tctrnbutylpyrrolc, 2,3,4,5-

tctrahcxylpyrrok, 2,5-bis(2 ',2 '2 '-tritfoorocthyl) pyrrok, 2,5-bis(2' -methoxymethylJ 

pyrrok, or any combination tfa~rcof Jn son1e embodiments, the pyrrole may be 2-methyl-

5-cthylpyrrok; alternatively, 2,5-diethylpyrrrolc; alternativdy, 2,5-di-n-propylpyrrok; 

alternatively, 2,5-di-n-butylpyrrolc; altcmativcl.y, 2,5-n-hcxylpyrrolc: altcmativcl:v, 2,5-di­

n-hcptylpyrrolc; or altcmativdy, 2,5-di-n-octylpyrrok. 

[00751 _l\ .. f etal A1kvl. Generally, and accmding to one aspect of this disclosure, the metal 

alkyl may be any heterokptic or homokptic rnctal alkyl compou:nd For example" the 

metal of the metal aJkyl can comprise or can he a gn.mp 1, 2, 1 L 12, 13, or 14 metal: or 

alternatively a group l 3 or J 4 metal: or alternatively a group 13 metal. ln some 

embodiments and aspects, the metal alkyl may comprise a lithium alkyl, sodium alkyl, 

magnesium alkyl 0 boron alkyl, a zinc alkyl, or an alum.inum alkyl. In this aspect~ for 

example, suitable inetal alkyls include, but arc not limited to, n-butyl lichium, sec-butyl 

lithium, tert-butyl lithium, diethyl magnesium, or dtcthyt zmc. tn an embodiment the 

metal alkyl may be an aluminum alkyl. 

100741 According to a further aspect and in any embodiment of this disclosure, the 

metal alkyl may be a metal alkyl halide .. Metal alkyl halides are described herein and may 

be utilized as the metal alkyl component of the oligomcrization catalyst system. 'l1ie 

halide portion of the metal alkyl halide maybe chloride:. alternatively bromide;. or 

alternatively iodide. 

(00751 ln some aspects and embodiments according to this disclosure, the met.al alkyl 

can be a non-hydrolyzed alkyl aluminum c.ompound. In an embodin1en!~ the non­

hydrolyzed alkyl aluminum compound may be a trialkyl aluminum compound, an alkyl 

aluminum halide, or and alkyl alurninrnn alkox1de. Generally, each alkyl group of any 

metal alkyl described herein (e.g. alkyl aluminum compound or alkylaluminum halide, 

among othcL<;), if there is more lh<w one, rnay independently be a Ci to C:m alkyl group: 

alternatively, a C1 to Crn alkyl group: or alternatively, a C 1 to C6 alkyl group. ln an 

embodiment the alkyl group(s) may independently be a methyl group, an ethyl group, a 

propyl group, a butyl group, a pentyl group, a hcxyl group, a heptyl group, or an m.:tyl 
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group: alternatively, a methyl gmup, a ethyl group, a butyl group, a hcxyl group, or an 

octyl group. In s<Jme embodiments, the alkyl group may independently be a methyl group, 

an ethyl group, an n-propyl group, an n-butyl group, an iso-butyl group, a n-hcxyl group, 

or an n-octyl group; alternativdy, a methyl group, an ethyl group, an-butyl group, or an 

iso-butyl group; allema1ivdy, a methyl group; aitcmalivdy, an ethyl group: alternatively, 

an n-propyl group: alternatively, an n-butyl group: alternatively, <m iw-butyl group; 

alternatively, a n-hcxyl group; or alternatively, :m n-octyl group. 

(OfJ761 Acc()fding t<.l another aspect of this disclosure, the metal alkyl can comprise or 

can he selected from a trialkyl aluminum compound, a <lialkyl aluminum halide 

compound, an alkyl aluminum dihalidc compound, a dialkyl aluminum hydride 

compound, an alkyl aluminum dihydridc compound, a dialkyl aluminum hydrncarbyloxide 

compound, <ID alkyl aluminum dihydrocarbyloxide compound, an alkyl aluminum 

sesquihalide compound, an alkyl aluminum sesquihydrocarbyloxick: compound, or any 

combmation thereof Applicable alkyl groups and halides for the metal alkyl, metal alkyl 

halides0 andfor metal alkyl hydrocarhyloxidcs are described herein and may be utilized to 

further describe the suitable metal alkyls, 

(0077) Exemplary trialkyl aluminum compounds may include but arc not limited to, 

trimcthyl almninum (TtvtA), tricthyl aluminum (TEA), tripropyl aluminum, tri-n-butyl 

aluminum, or tri-isohutyl aluminum, or mixtures thereof Exemplary alkyl aluminmn 

halide compounds may include, but are not limited to, diethylaluminum chloride (DE.AC), 

diethylaluminun1 hmmide, ethylaluminwn dichloride, cthylaluminum sesquichloride, and 

mixtures thereof In various embodiments, the trialkyl aluminum compound may be 

tricthyl almninm:n. 

(00781 According to a further aspect, the rnctal alkyl compound may be a mixture of a 

trialkyl alurninum compound and u:n alkyl aluminum halide. Gener;:dly, the trfa1lkyl 

aluminum compound of the rnixturr'. may be any trialkyl alurninum cornpound described 

herein. The alkyl aluminum halide cornpound ofthe mixture rnay be any alkyl aluminum. 

compound described herein. In some embodiments, the mixture of the trialkyl alumimm1 

cornpound and the alkyl aluminum hahck may comprise, or consist essentially of tricthyl 

aluminum and diethyl aluminum chloride, tricthyl aluminmn and ethyl aluminum 

dichloride, or triethyl aluminum and ethyl aluminum sesquichloridc. In an embodiment 
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the metal alkyl cmnponcnt of the ohgomcrization catalyst system may be a mixture of 

triethyl aluminum and diethyl aluminum chloride. 

[00791 In another aspect and in any embodiments, specific examples of mc.tal alkyls 

that arc uscfol in this disclosure can comprise or can include, hut arc 110t limited lo 

trimcthylabminum (T~ifA), triethylaluminum (TEA), ethylaluminum dichloride, 

tripropy !aluminum., dicth y lah1rn in um ethoxidc, tri buty !alum in um, disobutyl al mnirmm 

hydride, tnisobutylaluminum, diet11ylaluminum chloride (DEA CJ, and combinations 

thereof. In other aspects, and in any embodiments, spedfic examples of metal alkyls that 

are useful in this disclosure can comprise or can include, but are not limited to 

tricthylabminum (TEA) or dicthylaluminum chloride (DEAC). 

(00801 l-ia.lmrcn-Containing Compound. While not intending Co be bound by theory, it 

is thought that a halogen-containing compound can improve the product purity and 

selectivity of the oligomcrization process. ln some aspects and embodiments, the halogen­

containi:ng compound may be a chloride-containing compound, a bromide--containing 

compound, or an iodide-containing compound. In an embodiment, the halogcn-con!aining 

cornpound may be a dilorick-containing compound. 

(00811 ln an aspect the halogen-containing compound, regardless of \\.hether it is a 

chloride-, bromide-, or iodide-containm.g compound, may be a metal halide,. alkyl metal 

halide, or an organic halide ln various t;:'.mbodiments and aspect, the halogen-containing 

compound may be a metal chloride; altematively, a metal bromide: or alternatively, a 

metal iodide. ln an embodiment, the halogen-c.ontaining compound may be a metal alkyl 

chloride: alternatively, a m;;:'.tal alkyl bromide; or alternatively, a metal iodide. Jn an 

embodiment, the halogen-containing compound may be an organic chloride; a.ltematively, 

an organic bromide;. or alternatively, an orgamc iodide. 

10082] \"loreover, and in :mother aspect, the halogen-containmg compound comprises 

a group 3 metal halide, a group 4 metal halide, a group 5 metal halide, a group 13 metal 

halide, a group 14 metal halide, a group 15 metal halide, or any combination thereof By 

way of example, tlie halogen-containing compound can be or the halogen-containing 

compound can comprise scandium chloride, yttrium chloride, lanthanum chloride, 

titanium tetrachloride, zirconium tetrachloride, hafnium tetrachloride, boron trichloride, 

aluminum chloride, gallium chloride, silicon tetrachloride,. trimethyl chlomsilane, 
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gcnnanium tctrnchloride, tin tetrachloride, phosphorus trichloride, antimony trichloridc, 

antimony pentachloride, bismuth trichloridc, boron rribromidc, aluminum tribmmidc, 

silicon tetrachloride, silicon tetrabromide, aluminum fluorick, molybdenum pentachloridc, 

tungsten hi:::xachloride, trityl hexachloroantimonatc, cir any combination thereof. 

100831 Jn accordance with another aspect, the halogen¥containing compound can be or 

the halogen-containing compound can comprise, a Group I, 2, J 2, or 13 alkyl metal 

halide: alternatively, a Group 12 or I 3 alkyl metal halide; cir alternatively, an alkyl 

aluminum halide or an alkyl tin halide, According ro a further aspect, the halogen~ 

containing compound can be or the halogen-containing compound can comprise, an alkyl 

aluminum halide In some embodiment, the alkyl aluminum halide may be an alkyl 

aluminum chloride; altcmativdy, an alkyl alurninum bromide; or alternatively, and alkyl 

aluminum iodide. 1n <Jther embodiments, the alkyl tin halide may be an alkyl tin chloride: 

alternatively, an alkyl tin bromide; or alternatively, an alkyl tin iodide. In <UJ embodiment~ 

the alkyl m.etal halide may be a11 alkyl aluminum halide. In another crnbodimcnt, tfa:~ alky 

metal halide may be an alkyl tin halide_ 

[00841 In various embodiments and according to another aspect, the halogen­

containing compound can comprise or can be selected from a dialkylalumirmm halide, an 

alkylaluminmn dihalidc, or an alkylaluminum sesquihalick. In chis a .. -,;pcct, the alkyl group 

of the alkyl aluminum halide, the alkyl tin halick, the dialkylaluminum halide, the 

alkylaluminum dihalide, or the alkylaJuminum sesquihalide is a C1 to C8 alkyl group 

_Moreover and in this aspect, the halogen-containing compound can co1nprisc 

diethylaluminum chloride, ethyl a!wninum scsquichkrride, ethyl aluminum did1loride, 

tributyl tin chloride, dibutyl tin dichloride, or any combination tlKrcoL alternatively, 

dicthylalumi:num chloride, ethyl aluminum sesquichloride, ethyl aluminum dichloride, or 

any combination thereof or altemat1vely, dicthylaluminum chloride. 

(0085} According to a fmther aspect and in any embodiment, the halogen-containing 

compound can comprise or be selected from a C 1-C1s organic halide: altcmativdy, a Ci to 

Cw organic halide; or alternatively, a Ci to Cs organic halide. By \Vay of example, 

ac.cording to this aspect, the halogen-containing compound can comprise or be selected 

from. carbon tetrachloride, carbon tetrabromidc, chloroforn1, bmmoform, dichloromcthane, 

dibromoethane, diiodomethanc, chlo!i.1rncthane, brnrnomethanc, iodomcthanc, 

dichlomcthane, tetrac.hloroethanc, trichkiroac,'.tonc, hcxachlomacctonc, 
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hcxachlorocyck1hexanc, l ,3,5¥trichlorobcnzenc, hcxachlorobcnzcnc, trity1 chloride, bcnzyl 

chloride, lxnzyl bromide, benzyl iodide, chlorohcnzcnc, bromobcnzcne, iodobcnzcne, 

hexa!luorobcnzcnc, or any cornbination tliercof 

(00861 ln an aspect, the catalyst system has a molar ratio of metal i11 the transition metal 

compound to metal in the metal alkyl nmging from l: 1 to l: 150: ahcmativdy, L l to 1: 100: or 

alternatively, l :9 to l :21. In an cmbodiim::nt, wfo:n the trn.nsition metal compound is a 

chmm.imn com.pound (c.g a chromium(Ill) carboxylatc composition) and the metal alkyl is an 

alkylaluminum compound (e.g. triethylalurninwn, diethylalwninum chloride, or a mixture 

thereof), the catalyst system may have a molar ratio of chromium to aluminwn ranging from 

l: l to l: 150: alternatively, l: l to l: l 00: or alternatively, l :9 to l :2 l . 

(00871 ln an aspect, the catalyst system has a molar ratio of nitrogen of the nitrogen 

c.ontaining compound to m;;:'.tal of the tr<msition metal compound ranging from 1.0: 1 to 4.0: 1; 

altemativdy from l .5: l to 3.7: l; altemativdy from 1.5: l to 2.5: l; altcmativdy from 2.0: 1 to 

3.7: L alternativdy from 2.5: l to 3.5: l :. or alternatively fro11129:1 to 3 i · 1. ln an embodiment 

when the trn.nsition metal compound is a chromium compound {e.g. a chmmium(HI) 

carhoxylatc composition) and the nitrogen containi11g compound is a pyrrok (e.g. a 2,5-

disuhstitucnt pyrrole), the molar ratio of chromiurn to pyffolc typically ranges from 1.0: l to 

4. 0: l, aJternati vcly from 1.5: I to 3. 7: l : alkmati vdy from 1 5: l t{) 2. 5; I; altemativdy from 

2.0: l to 3-7: L a.ltcmativcly from 2.5:1 to 3.5: I: or altcmativdy from 2.9: l to 3.1: l. 

Oligomerization Process 

[00881 lhc oligomerization catalyst system described herein may be utilized within an 

oligom.erizatlon process or a process to prepare and oligomerization product Generally, 

the <>ligomerizat1on process or process to prepare an oligomerization product comprises 

oligomcnzing a feedstock olefin vdth the oligomerization catalyst as described herein. 

(00891 ln various embodiments and in accordance with one aspect, the feedstock 

olefin may be an alpha olefin :md the oligom;;:'.rization process can be an oligomcrization 

process for preparing an alpha olefin oligmmTization product alternatively, the focdstock 

olefin can be a linear alpha olefin and the oligomcrization process can be an 

oligomcrization process for preparing an linear alpha olefin oligomerization product: or 

altemati vely, the focdstock olefin can be a normal alpha olefin and t11e oligomerization 
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process can be an ohgomcrization process for preparing a nonnal alpha olefin 

oligmncrization product. 

[00901 In one aspect the oligomcrization process for preparing an olefin 

oligomerization product may be an olefin trimerization process for preparing an olefin 

trimer product. In an cmbodimenL the trimerizatlon foedstock olefin can be alpha olefin 

and the oligmrn:.rization pro<.:cess <:an be an trimcrization process for preparing an alpha 

olefin trirnerization product alternatively, the tnmerization feedstock olefin cm1 be a 

linear alpha olefin and the oligorneriz..ation process can be an trimerization process for 

preparing an linear alpha olefin trimerization product: or alternatively, the trirnerization 

feedstock olefin can be nonna1 alpha olefin and the oligomerization process can be an 

trimerization process for preparing an nonnal alpha olefin trimerization product. 

100911 Generally, the feedstock olcfm(s). alpha olcfin(s). linear alpha okfin(s), or 

normal alpha olefm(s) may be Ct to C3Q, C2 to C 16, or C2 to Cw olcfin(s), alpha okfin(s), 

linear alpha okfin(s), or normal alpha okfin(s). In an embodiment, the olefin comprises, 

or consists essentially of ethylene. \Vhen the feedstock olefin consists essentially of 

ethylene, the C1ligornerization process can be an ethylene trimerization process, the trin:icr 

product can be .l-hexcne, and the trimerization pr1..1duct comprises I -hexcne. 

10092] One con1posite catalyst system which may be used in the invention is the 

combmation of chromium (Hl) t;::thylhcxanoate, 25-dicthylpyrwlc, tricthylahrminum, and 

diethylaluminum chloride. This composite catalyst system can be used, for example, to 

trimcrize ethylene, frmning 1-hcxcnc. Other catalyst applicable catalyst systems arc 

disclosed herein. 

10093] 1Jsually, and in one aspect contacting and/or reacting the chromium 

compoumL pyrrok or pyrrok-cont:aining compound, and metal alkyl is carried out in the 

presence of an unsaturated hydrocarbon. The unsaturated hydrocadmn can be any 

aromatic or aliphatic hydrocarbon, in a gas, I iquid or solid state. To effect thorough 

contacting of the chromium compound, the pyrrole or pyrrok~containing compound, and 

metal alkyl, t11e unsaturated hydrocarbon may be in a liquid state. lt ·will be understood, 

however. that the invention may be used in connection with appropriate catalyst systems, 

irrespective of the method of producing the catalyst system. In one aspect, the unsaturated 

hydrocarbon c<m be l-hexene, Alternatively, the contacting and/or reacting the chromium 
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compound, pyrrnk (1f pyrrolc-containing compoumt and metal alkyl can be t..'-<lrricd out in 

the absence of 1 -hcxene. 

[00941 "lllC unsaturated hydrocarbon can have any number of carbon atoms per 

molecule. Usually, fhe unsaturated hydrocarbon will comprise less than about 70 carbon 

atoms per molecule, or less than about 20 carbon atoms per molecule. Exemplary 

unsaturated, aliphatic hydrocarbon compounds include, but an: not limited to, ethylene, 1-

hcxene, l ,3-butadiene. and mixtures thereof in one aspect ofthc invention, the 

unsaturated aliphatic hydrocarbon compound is 1-hexenc" If 1-hexene is the target 

oligonwr lo be formed, this may decrease the need fr>r subsequent purification steps. 

A.romatic. hydrocarbons that may be used as the lmsarurated hydrocarbon for the catalyst 

system may include, bnt are not limited to, C; to Cso a:rornatic compounds; alternatively, 

C; to C30 aromatic compounds: alternatively, C, to C rn aromatic compounds; or 

alternatively, C_, to Cm aromatic compounds .. Exemplary aromatic hydrocarbons include, 

but an:: not limited to, benzene, toluene, cthylbenzene, xylene, mesitykne, 

hexamethylbenzcne, and mixtures thereof. In an embodiment the aromatic compound 

may be ethylbcnzcne. Unsaturated, aromatic hydrocarbons may be used to improve 

catalyst system stability, as well as produce a highly active and selective catalyst system. 

In one embodiment. the unsaturated hydrocarbon may he toluene: alternatively, ethyl 

benzene. 

(0095] lt should be recognized, hmvever, that the reaction mixture comprising a 

chmmium compound, the pyrrok or pyrrole-containing compound, metal alkyl and 

unsaturated hydrocarbon can contain additional components which do not adversely affect 

and can enhance the resultant catalyst system, such as, for example, transitions metals 

and/or halides. 

10096} The amount of aromatic compound tlmt may be used in the prcpmation of the 

oligoim::nzation catalyst system rnay be up to about 15 'Weight P'~rc~mt based on HK~ 

amount of solvent in the reactor, between about OJ)() l and about 10 w·cight percent, or 

bet\\l~cn about 0.0 l and about 5 \veight percent. Excess aromatic compound may inhibit 

catalyst system activity and insufficient aromatic compound may not stabilize the catalyst 

system. Generally, the moks of aromatic compound per mok ofmctal in the transition 

metal compound (e.g. chromium compound) in the catalyst system may be up to about 
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6,000, between about l 0 and about 3,00Ct or between about 20 to 1,000 moles of aromatic 

compound per mole of metal (e.g. chromium compound) in the catalyst system. 

[00971 Contacting oftJw aromatic compound and catalyst system may occur under any 

conditions sufficient to stabilize the catalyst system in the presence of heat Generally, the 

temperatures for contacting may be bet\\cen about -50 ''C and about 70 "C, bct\veen about 

- I 0 ''C and about 70 ''C, or bctv~\x:n about 5 "C and 30 "C. Gencrnlly, contacting times 

may be less than about 5 hour, behvecn about 0.0 I seconds and about 4 hours, or beh...-cen 

about ll l seconds and 3 hours_ Longer cont.act times may not improve catalyst system 

stability, and shorter contact rimes may he insufficient to allm:v complete contacting of the 

aromatic compound and catalyst system and, therefore, may not be sufficient to stabilize 

the cat.alyst system. Any pressure ,,,.foch allows thorough contacting of the aromatic 

compound and catalyst system may be used. Generally, any pressure \vhich can maintain 

the arom.atic com.pound and catalyst system in liquid frirm may be used. 'Ilic cata.lyst 

system preparation is generally performed under an inert atmosphere, such as nitrogen or 

argon, to decrease the amount of \Vater vapor and oxygen present. Nitrogen is oft:cn used 

due to cost and availability. In addition to the discussion herein, other applicable 

cx:.unpks of transition metal compounds and oligomerization catalyst systems, and their 

exemplary preparation, are provided in US. Patent No. 6,133,495 and U .S Patent No. 

7,384,886, each of \Yhich is hereby incorporated by reference in its entirety for all 

purposes. 

(00981 The oligomerization rcact1on p1i.1ducts_ i.e., olefin trimers, can be prepared 

from the catalyst system of this invention by solution, slurry, and/or gas phase reaction 

techniques using conventional equipment and cont.acti11g processes. Contacting of t!ic 

monomer or monomers \:Vith a catalyst system can be cffocted by any mariner known in tl1e 

art. One convenient method is w suspend the catalyst system in an organic medium and to 

agitate the mixture to maintain the catalyst system in solution throughout the trimcrization 

process. Other kno>\·n contacting rnethods can also be employed. 

(0099] For example, a continuous-feed autoclave reactor \Vith a fluid jacket or intemal 

heat tnwsfcr coil and any suitable stirring rncchanism, such as, for cxampk, mechanical 

stining or the sparging ''ith an inert gas, typically nitrogen, may be used. ln another 

embodiment, a loop reactor with mechanical stirring, such as, for example, a circulating 
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pump, can be used. Alternatively, tubular reactions for canying out the oligomerizatkm 

mav also be used in connection with the invention. 

[00100) Alternatively, the trimerization process can be carried out in a slurry of the 

catalyst components in an inert medium or diluent \\·hich is the process medium Tf 

empk)yed, any number of aliphatic or aromatic solvents may be used as a diluent for the 

oligon:u::rization reaction Generally, tl1c solvent ''ill be stabk \\itl1 respect to the 

oligom.enzation process, e g., having no double bonds that may be reacted durmg the 

oligmnerization. Accordingly, the oligomerization solvent may generally be a stable 

aliphatic compound. The oligomerizat1on solvent may be a Ci to C2,1 compound:. 

alternatively, a Ci to Cis compound~ or alternatively, a Cot to Cw aliphatic compound. 

Exemplary aliphatic compounds indndc but are not limited to isobutane, pcnt:ane, 

cydohexane, methykyclohex<me, 1-hexene, heptane, and octane, among others. The 

choice of the oligom.erization solvent may be made on the basis of convenience in 

processing. For exan1pk, isobutane may be chosen to be compatible \:vith diluents used 

fr.)f the fbnnation of poly<Jlefins in a subsequent processing step. Since l~hexene may he 

the reaction product of the ohgomerization, it may be chosen as the oligomerization 

solvent to decrease the need for separation. Further, cydohexanc or mcthylcydohcxanc 

may be chosen to solubilizc the products made during the oligomerization. In an 

embodiment, the oligomerizat:ion solvent may be cydohexane. Other diluents that may be 

available on site may also be used for the proccss. 

(001011 ln accordance with another embodiment of this invention, a slurry process can 

be carried out in a diluent (medium), which is a product of the olefin oligomcrization 

process. ThcrcfClrc, the chClicc Clf reactor diluent, or medium, is based on the selection of 

the initial ok:fin reactant. For cxarnpk, if the oligomerization catalyst is used to trimerize 

ethylene t:<.) 1-hexene, the solvent for the oligomerizarion reaction \Vouid be 1 ~hexcne. If 

ethylene and hexene \Vere trimerized to produce decene, the oligomerization reaction 

solvent WCluld be 1-l:u::xene. lf l,3-butadiene \\·as trimerizcd to l,5-cydooct.adiene, the 

trimerization reactor solvent \vould be 1,3-butadiene or I ,5-cyclooctadiene, and so on. 

[001021 Reaction temperatures and pressun:'.S can be any temperature and pressure 

which are suitable to trimcrize the okfin reactants using said catalyst system. Generally, 

reaction temperatures arc within a range of about -20" to about 250"C. ln another aspect of 

the invention, reaction temperatures arc within a range of about 60" to ~1bout 200"C. In yet 
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another aspect reaction temperatures arc within a range of 80" t:o 150°C. Generally, 

reaction pressures am within a mnge of about atmospheric to about 2500 psig. In another 

aspect of the invention, reaction pressures may be within a range of about atmospheric to 

about 2500 psig; or alternatively, \:vithin a range of about atmospheric to about 1600 psig. 

In yet another aspect of the invent.ion, the reaction pressure ranges between about 300 and 

about 900 psig. \Vhcn the okfinic compound is ethylene, the reaction may be performed 

at an ethylene partial. pressure ranging from 20 psi to 2500 psi; alternatively, from 100 psi 

to 2000: alternatively, from 200 psi to l.500 psi; or altcmativdy, fh.1m 300 psi to I 000 psi. 

(001031 Too low of a reaction temperature can produce too much undesirable insoluble 

product, such as, for example, polymer, and too high of a temperature can cause 

deactivation of the catalyst system and isorncriza.tion of the reaction products. Too lmv of 

a reaction pressure can result in lmv catalyst system activity. 

(001041 Optionally, hydrogen can be added to the reactor to accelerate the reaction 

and/or increase catalyst system activity. lf desired, hydrogen also can he added to the 

reactor to suppress polymer production. \Nhen hydrogen is utilized, the hydrogen partial 

pressure may range from 2. psi to 100 psi; alternatively, 5 psi to 75 psi; oraltcrnativdy, 10 

psi to 50 psi. 

100105] The contents of tlli:: reactor can be agitated or stirred by an inert gas (e.g. 

nitrogen) purge, by introducing the reactant, hydrogen, fluid medium, or catalyst or 

exhausting the eftl.uenl i:n a manner causing agitation, by mechanical or magnetic stirring, 

or in any other suitable manner. 

[00106) lhe reaction usually is nm continuously by steadily charging lmver l-okfin 

reactanl(s}, catalyst system. and process medium and removing t11c liquid conlcnls of the 

reactor. For example, a continuous stirred tm1k reactor system can be employed that 

indudcs foed systems for catalyst syskm, reactant and medium and a discharge system fr)r 

the effluent. Altemativdy, a batch process can also be employed. 

(001071 Tiic tritm>rization reaction is an cxotht>nnic process, so the reaction temperature 

usually can be regulated by circulating cooling water through a jacket or heat transfer coil, 

thus transforring heat out of the reactor. lt is important to be able to transfer heat 

efficiently out of the react<Jr, so the reactor can be etfoctivdy maintained at the desired 

reaction temperature_ Another advantage of more effccfrn:: heat trnnsfor is that the 
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trimerizatkm reaction can be nm at a higher throughput for a given temperature, \Yhich <..'an 

improve production efficiency. 

[00108) In an aspect the reactor effluent is treated to deactivate the active catalyst 

system, and may fl!rther be treated to separate products, rccydc the residual reactants, 

medium 0 and other components suitable fr)r recycling, and dispose of any components that 

are not recycled. 

(001091 \:\/hen the oligomeri7.-ation or trimcrizat.ion process is deemed to be complete, 

the reactor c~muent stn:~am compnsing solvent, okfi.n product(sJ, catalyst system, and 

some polymer and/or oligomer, may be contacted with an alcohol to deactivate t!ic active 

catalyst system. Any alcohol \\hich is soluble in the reactor eftlmmt stream can be used. 

As used herein, the term '·alcohol'' includes monoakohols, diols, and polyols. TI1e alcohol 

may be selected by boiling point, molecular weight, or such that the alcohol ·will not 

azcotropc \Yi th the olefin monomer product. In some embodiments of the invention, the 

alcohol has a boiling point ditforent from the olefin product in the reactor effluent stream. 

In an exemplary process, wherein the catalyst system is used to trimcrize etl1ykne to 1-

hcxenc, an alcohol v;:ith six or more carbon atoms _per molecule may be used. ln an 

embodiment the alcohol may he a C4 to C.iQ, Ci to C20, or Ci to Cn alcohol. Such alcohols 

arc easily removable from the l -hcxen;;:'. olefin produce Exemplary alcohols include, but 

arc not limited to, l-hexa.nol, 2-hcxanol, 3-h;;:'.xanol, 2-ethyl-hexanol, 1-heptanol, 2-

heptanol, 3-heptanol, 4-heptanol, 2-methyl-3-heptanoL l-owmol, 2-octanol, 3-octanol, 4-

octanoL. 7-mcthyl-2-dec.anol, 1-decanol, 2-dccanoL 3-decanol, 4-dec-anoL 5-dccanol, 2-

ethyl-1-decanol, and mixtlires thereof. In an embodiment the alcohol may he 2-etJryl-l­

hcxru:wl. 

(001101 Alternatively, a lov.,·-molccular-\vcight dfol or polyol, for example ethylene 

glycol, can be used as a ca:talyst ckactivation agent Diols and polyols commonly have 

much higher boiling points than monoalcohols of comparable molecular v;:cight, and thus 

can be separated m.ore easily from l -hexcne. 

[001 llJ lhc alcohol is added to the reactor efJ:1uent stream m an amount sufficient to 

quench and/or kill the catalyst system to inhibit, or halt: ( 1) production of undesirable 

solids, i .c., polymer; and/or (2) product purity dcgmdation due to isomerizalion, in tl1e 

product separation process. 
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(001121 After the catalyst system has been deactivated, olefin prnductfa), such as, for 

example, 1-hexene, can he removed. Any removal process can be used, including for 

exJinpk, distillation. 

(00113.1 ln an aspect the oligomcrization process or the process to prepare an 

oligomerization pmduct comprising contactlng the feedstock okfin \Vith the 

oligon:u::rization catalyst system described herein produces less polymer than tl1c process 

using an oligomcriz.ation catalyst system using 2,5-dimctliyl pyrrok: as the pynuk 

compound. In an aspect \Vhercin the oligomerization is an ethylene trimerization process, 

the catalyst system produces an oligomerization product having a greater selectivity to 1-

hexcnc than an oligomcrization catalyst system using 2.,5-climcthyl pyrrolc as tlH..~ pyrrok 

compound. in another aspect wherein the oligomerization is an ethylene trimcrization 

process, the catalyst syswm produces a 1-hexene product having a greater purity than an 

oligom.crization catalyst system using 2,5-dimethyl pyrrok as the pyrrok compound. In 

an embodiment the catalyst system produces an oligomerization selectivity to I-hexcne at 

least 0.5 (~·~, LO%, 1.5 'hi, or 2.0 ~..;,(absolute) greater than the oligomerization selectivity 

to 1-hcxcne product produced by an oligomeri:zation catalyst system using 2,5-dimcthyl 

pyrrole as the pyrrok compound. 

Articles Prepared in Accordance with this Disclosure 

(00114) According to yet a further asp('.Ct of this disclosure and in the various 

embodiments, this disclosure encompasses various articles prepared from the olefin 

oligomers made by the disclosed process. For example and not as a limitation, this 

disclosure encompasses an article prepared from the oligomeri:zation product produced 

from the process as described herein. For example, the article can be produced. using the 

oligomerization product in which the oligomerization product is a copolymer .. Also by 

way of exam pk, the article can be produced using the oligomcrization product in which 

the oligomcrization product is a polyethylene copolymer and tfa.~ oligomerization product 

is l-hcxenc. 

[OOL15] In a further aspect, and also by way ofc:\.ampk the Jiiide can be produced 

using the oligorncrization product in which the oligomcnzation produc:t is a high density 

polyethylene, a low density polyethylene, a medium density polyethylene, a linear h>w 

density polyethylene, Jn these aspects, the oligomerization product can be subjecting to 
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blending, heating, melting, compounding, cxtrnding, injection molding, precision molding, 

blmv molding, forming a film, fr.lm1ing a coating, or any combination thereof: in forming 

the aitidc. 

Comparath1e Results 

1001161 Rcforring to FIGS. l and 2 and Tables 1and2, oligomcrization studies were 

carried out to compare the catalytic behavior of different pyrroks under standard selective 

1 -hexcne oligomerization reaction conditions, both to identify the various substituted 

pyrrolcs that provided reactive catalyst<>. and to adjust the oltgomcriza:tion conditions to 

dctcrrninc upper levels of productivity for the various catalyst systerns. 

1001171 FIG. 1 illustrates a plot of the selective C6 productivities (g C6/g Cr) as a 

function of temperature (""C), for chromium-based catalyst systems prepared using the 

follo·wing pyrroks: 2,5-dimcthylpyrrok (2,5-DJMP); 2,5-dibcnzylpyrrok (2,5-DBP}; 2,4-

dirncfaylpyrrolc (2,4-DMP): pyrrok; and 2,5-diethylpyrrok {2,5-DEP). As illustrntcd, 

each pyrmk provides a unique temperature profile to the catalyst system,. \.vhich can be 

readily determined, and vvhich can be used to establish optimum or desirable operating 

conditions for that particular catalyst Generally, these studies revcakd that the 

productivity of the 2,5-disubstitutcd pyrrolc-bascd catalyst systerns i;vas more acutely 

afrected by variations in temperature than other catalyst systems containing pyrroles that 

arc not 2,5-disubstituted. Thus, the non-2-.5-disuhstituted pyrroles generally had a more 

flat temperature profile. In addition, the 2,5-Dl\..f P and 2,5-DEP showed high 

productivities at lmver temperatures than the other pyrrolc compou11ds tested, The data 

illustrate in FIG. 1 are provided in detail in Table 1. 

(00118) The Table 2 and FIG. 2 data provide the 1-hcxenc purity{% 1-hexcne of total 

C6 product), shown as Series J in FIG. 2, and the C6 selectivity (g C6/g Cr), shown as 

Series 2 in FIG. 2, fbr the indicate pyrrolc compounds. ·111esc data arc reported at the 

temperature ("C) of the highest observed productivity {g C6/g Cr), \'<hich is also sho\vn in 

Table 2, using the ca:talyst prepared according to the Examples. Thus, Table 2 illustrates 

ho\v the productivities for catalyst systems prepared using the illustrated pyrroks, can 

provide dramadt.-ally difrerent catalyst productivity values. Among other things,. these 

data illustrate that 2,5-disubstituted pyrrolcs provide catalysts vdth higher productivity that 

those that contain nrn1-2,5-disubstituted pyrroks Thus, pyrrok:s that do not include 
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substitucnts at botl1 the 2- and 5-positions, regardless of the other substituents in the 

pynok, afford catalysts with lower activity. Generally, the catalytic productivity was 

observed to increase on moving from the non-substituted pyrrolc, to the 2.- or 5-substituted 

pyrrok (for example, 2,4-dimcthylpyrrok), to the prototypical 2,5-dimethylpyrrnk:. 

Although some sreric congestion at both the 2- and 5-positions appcarlo be useful, as 

evidence in the data fbr the 25-dicthyl pyrrok m1d the 2,5-dimethyl pyrrok it appeared 

possible to exceed the sterically-optimum pyno!c substitucnt-,; in the catalyst system. 

Thus, comparing the data for the 2,5-dicthyl pyn-ok and the 2,5-dimethyl p:vn-olc ·with the 

2,5-diisopmpyl pyrrok illustrates how the more bulky substituents at these 2- and 5-

positions successively lmv;;:T or R'.prcss catalytic activity. 

(001191 lhe FlG. 2 and Table 2 data forthcr illustrates the highest 1-hcxcnc purities and 

C6 selectivities generally are obtained \\'ith the 2,5-disubstituted pyrrole compounds at 

their highest measured catalyst prodncfrvity tcmpcrn.tnn:s. As indicated in FIG. 2, the 2,5-

DJVIP, 2,5-DEP, 2,5-DIP, and 2.,5-DBP, as well as others such as 2-Mclnd, \vould appear 

to <.rffor a good combination of selectivity and purity. What is not illustrated by FIG. 2 is 

the productivity values for these respective catalysts. By comparing FIG. 2 data to the 

FIG. 1 plot, one can obsen"c the benefits of 2,5-DMP ;,md 2,5-DEl\ and further observe 

the substantial improvement in selectivity that is attained with 2,5-DEP over 2,5-DJ\lP 

1001201 Additional experiments \Wre conducted to evaluate the potential effect of using 

fuscd~ring compounds such as i:ndolc or substituted indok as the nitrogcn~containing 

compound in the catalysts systems. fn these experiments {Example 5 ), 2~mcthyl-3-cthyl-

5-metl1ylpyrrok (productivity - 2L}OO g C6/g Cr) and 2-methylindok (productivity -

3,500 g C6/g Cr). tvrn compounds characterized by a similar substitl1tion pattcm, "'ith 

su:nilar steric congestion, provided very difforent productivities, differ by O';/cr si~-fold. 

\Vbilc not intending to he bound by theory, iris possible that the ekctron-withdra:\ving 

phenyl group fused to the pyrrolc ring in 2-mcthyl indolc produces a catalyst \Vi th low 

activity_ As a furtlier illustration, indolc (productivity - 800 g C6/g Cr}, which also has an 

dectron~\vithdrawing group fused to the pyrrolc ring, produces a catalyst with almost an 

order of magnitude lower productivity than the pyrrok catalyst (productivity - 6,400 g 

C6/g Cr). Again, whik not intending to be theory-bound, it is possibk that ckctronic 

dfocts may reduce the productivity of 2,5-dibenzylpyrrolc (productivity - 23,400 g ('6/g 
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Cr) as compared t<.1 that of 2,5 ... dicthylpyrmlc (pmductivity ... 75,800 g C6/g Cr), although 

increased stcric cftects may play a significant role. 

General Disclosure lnfonnation 

(001211 All publications and patents mentioned in this disclosure arc incorporated 

herein by rcforenc.e in their entireties, for the purpose of describing and disclosing the 

constrncts and methodologies described in those publications, which might be used in 

connection with the methods of this disclosure. Any publications and patents discussed 

above and throughout the text arc provided solely for their disclosure prior to the filing 

date of the present application. Nothing here in is to be constrned as an adm.i ssion tlwt tl1c 

inventors arc not entitled to antedate such disclosure by virtue of prior invention. 

(001221 Unless indicated otherwise, when a range of any type is disclosed or claimed, 

for i;::x.ampk a range of the number of carbon atoms, molar ratios, k~mperatures, and the 

like, it is intended to disclose or claim individually each possible number that such a range 

could reasonably encompass, including any sub-ranges cnc.ompassed therein. For 

example, vvhen descnbing a range of the number of carbon atoms, each possibk individual 

integral number and ranges bet\vecn integral numbers of atorns that the range includes arc 

encompassed therein. Thus, by disclosing a C1 to Cw alkyl g1\1up or an alkyl group having 

from l to lO carbon atoms or "up to" lO carbon atoms, Applicants· intent is to recite tlwt 

the alkyl group can have I, 2, 3, 4, 5, 6, 7, 8, 9, or lO carbon atoms, and th,~se methods of 

describing such a group are interchangeable. \Vhcn describing a range of measurements 

such as molar ratios, every possible number that such a range could reasonably encompass 

carL for exampk, refor to values vvithin the ra..nge ·with one significant digit more th<m is 

present in the end points of a range. In this example, a rnolar ratio bct\\Cen l 03: l and 

l. l 2: l includes individually molar ratios of l .03: .l, 1.04: l, .l .05: l, l .06: l, l 07: l, .l .08: l, 

l.09: l, 1.10: l, 1. l l: I, and 1.12: I. Applicants' intent is that these two methods of 

describing the range are interchangeable MoreoveL ,,h,~n a rang'~ ofvahws is disclosed 

or claimed. which Applicants intent to reflect individually each possible rmmber that such 

a range could reasonably encompass, Applicant<> also intend for the disclosure of a range 

to reflect, and be interchangeable \Vith, disclosing any and alt sub-ranges and 

combinations of sub-ranges encompassed therein. ln this aspect Applicants' disclosure of 

a C.:1 to Cw alkyl group is intended to literally encompass a Ct to Cr, alkyl, a C.:4 to Cs aJkyL 

a C2 to C1 alkyl, a combination of a C 1 to C, and a C5 to C7 alkyl, and so forth. \Vhen 
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describing a rnnge in which the end points of the range have different numbers of 

significant digits, for example, a molar ratio from 1: 1 to 1.2: 1, every possible number that 

such a range could reasonably encompass can, for example, refor to values \:o;.·ithin tfa:~ 

range \:vith one significant digit more than is present in the end point of a range having the 

greatest nwnbcr of significant digits, in this case 1.2: .1. fa this example, a molar ratio from 

1: 1 lo l.2: 1 inc.ludes individually molar ratios of 1.0L 1.02, L03, L04, l05, 1.06, Lor 

1.08, 1.09, l.10, Lll, l.l2, 1.13, U4, Ll.5, 1.16, l.17, l.18, Ll9,and 1.20 .. allrdative to 

1, and any and aJJ sub~rangcs and combinations of snb-rangcs encompassed therein .. 

Accordingly, Applicants reserve the right to proviso out or exclude any individual 

members of any such group, including any sub-ranges or combinations of sub-ranges 

within the group, if for any reason Applicants choose to claim kss Ckm the foll measure of 

the disclosure, fr.ir example, to account for a reforence that Applicants arc unaware of at 

the time of the filing of the application 

(00123) ln any application before the United States Patent and Trademark Office, the 

Abstract of this applicatfon is provided for the purpose of satisfying the requirements of 3 7 

C.F.R. § 1.72 and the purpose stated in 37 C.F.R. § l .72{b) 'lo enabk d1e United States 

Patent and Tradem.ark Office and the public generally to determine quickly from a cursory 

inspection the nature and gist of the technical disclosure'' Therefore, the Abstract of this 

application is not intended to be used to constmc the scope of the claims or to limit the 

scope of the subject matter that is disclosed herein . .t\forcover, any headings that may be 

employed herein an:: also not intended to be used to constnie the scope of the. claims or to 

limit lhe scope of the subject matter that is disclosed herein. Any use of the past tense to 

dcscri.be an es.ample othenvise indicated as constructive or prophetic is not intended lo 

reflect that the constructive or prophetic example has actually been carried out. 

(00124] For any pmticular compound disdosed herein, the general structure or name 

presented is also intended to encompasses all stmcmral isomers, confom.ational isomers, 

and stereoisomers that may arise from a particular set of substituents, unless indicated 

otherwise. ·rhus, a general rcforcncc to a compound includes all structural isomers unless 

explicitly indicated otherwise; e.g. a general rcfonmc.e to btrl.ane include n-pentane, 2-

mcthyl-butanc, and 2,2-dimcthylpropane. Additionally, the rdbrcncc to a general 

stmcture or name encompasses all enantiomcrs, diastereomers, and other optical isomers 

whether in enantiomeric or racemic fbnns, as well as mixtures of stereo isomers, as the 
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context permits (1f requires. f(1r any particular t<mnula or mune that is presented, any 

general frm1nda or name presented also encompasses all conformational isomers, 

regioisorners, and stcrcoisorners that may arise from a pmticular set of substitucnts. 

(001251 ·n1c present disclosure is fi.lrther illustrated by the following examples, \\'hi ch 

arc not to be rnnstrued in any way as imposing limitations upon the scope thereof On the 

contrary, it is to be dearly understood that n:.smt may he had to various other aspects, 

embodiments, m.odifications, and equivalents thereof which, a11cr reading the description 

herein, may suggest themselves to one of ordinary skill in the art without departing from 

the spirit of the present invention or the scope of the appended claims. 

(001261 ln the follov,:ing cxampks, unless othenvise specified, the syntheses and 

preparations describc'.d therein ·were carried out under an inert atmosphere such as nitrogen 

and/or argon. Solvents were purchased from commercial sources and \Vere typically dried 

piior to use. Unless otherwise specified, reagents were obtained from commercial sources. 

EXAMPLES 

General Expern:nental Procedures and Startm11 l'vlaterials 

1001271 Unless specified othcTwise, all reactions were performed under an inert 

atmosphere. All glass\vare was dried in an oven at 100 °C for 4 hr and brought into an 

inctt atmosphere glove box (dry box) while warm. 

All solvents were purchased from Aldrich as anhydrous grade and were stored over freshly 

activated 5A molecular sieves. 

A. Pyrroles. 

[001281 "ll1c foHO\\'ing abbreviations arc used for the pyrrole and indo!c ligands used 

herein: 2,4-dimethylpyrrole (2,4-DlVfP): 25-dimethylpyrrole (2,5-DtvfP or DtvfP); 2,5-

diethylpym)le (2,5-DEP or DEP): 25-dibenzylpyrrole (2,5-DBP or DBP): 2,5-

diisopropylpyrrok {2,5-DIP or DlP); indolc {Ind); 2-methylindolc {2-J\klnd); and pyrrok 

(Pyr). 

(00129] Tiw pyrrole compounds 2,4-dimcthy!pyrrole (2,4-Dl\4P), indolc, and 2-

mcthylindok: \vere purchased from Aldrich .. Both indok (RP >99'J.q and 2-

methyhndolc(RP 9:n·;i) were dried under vacuum at 110 "C for several hours 'Without 

further purification (RP is the reported purity in \Vt '}b: ~lP is the measured purity in \\t 
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'h,). The 2,4-dimetl1ylpyrrole (2+DT\tP, RP 97%1) was purified by distillation under 

nitrogen (bp"" 165-167 °C) producing a colorless liquid (l'v1P 99.5~-~)). 

1001301 Other pyrrok ligands., such as 2,5-diethylpynolc (2,5-DEP), 2,5-

dibenzylpymilc (2,5-DBP) and 2,5-diisopropylpyrrok (2,5-DlP) were prepared by 

Chemstcp (Carbon-Blanc France). The 2,5-DfP{R.P >95%,) '\vas received as a colorless 

liquid (\IP 96.S~'O) and vvas used \Vithout further purification. 2,5-DEP (RP >97%) 'was 

distilled (MP 98.Y~o) prior to use. TI1c 2,5-DBP (RP 82%1) was received as an orange 

waxy material {MP 82.2'%) and was used without further purification. The identity of all 

three new 2,5-dialkylpyrroles was confirmed by GC-i\tS. 

B. Catalyst Preparation. 

(00131] A catalyst solution was prepared using the standard procedure described here, 

in which the molar ratios of TEA (tJicthylaluminum) to DEAC (diethylaluminum chloride) 

to pyrrok: com.pound to Cr were standardized to TEA:DEAC:pyuole:Cr ''' l UU: 1. 

A11hydrous, degassed ethylbenzenc was added to a dry vial in a drybox. To this vial was 

added neat triethylaluminum (TEA) and neat diethylaluminum chloride (DEAC) Tiic 

contents wen:: mixed and allmved to stand for 15 minutes. 'flK: selected pyrrok ''as then 

slo\:vly added. as gas evolution \\as observed in most cases. Chromium(Hl) 2-

ethylhexanoate (7.25 \Vt t~{) Cr in ethylbenzene) was used as the tnmsition metal compound 

and was added slowly to the alkylaluminum/pyrmle solution with stirring. The catalyst 

solutwn was dilukd to a concentratwn o:f 5.6 mg Cr/mL by adding an appropriak amount 

of ethyl benzene tn constitute the active catalyst what was used as prepared. Orange 

colored solutions \><:ere observed for 2,4-DlVf P, 2~methylindok, and 2,5~DEP based 

catalyst, which an:: typical. 2,5-DBP initially produced an orange solution, but gradually 

precipitated a noticeable amount of grey solid over the course of 24 h. Hoth indole and 

pyrrok produced an orange solution with a \\'bite, fluff\ solid which was removed by 

filtration. 2,5-DlP produced copious amounts of blac.k precipitate suggesting !hat !he 

catalyst solution was fairly unstable 

E.XAL\lPLE l 

Oligomeri:ulti.on Reactions 

(00132] Oligomeri.zation reaction studies comparing the catalytic bch:.rvior of difforent 

pyrroles under standard selective 1-hexenc oligomerization reaction conditions, as follows. 
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'The standard reactor was a IL batch reactor, and oligomerization reactions were <..'-<lrricd 

out at 115-117 °C under 50 psig lb, and under S50 psig ethylene \\'ith ethylene uptake on 

demand, over a 30 minute run time, using 2.5 mg Cr, in 450 mL ofcyclohexarn::. This 

methodology vvas useful for identifying V<Kious substituted pyrroks that provided reactive 

catalysts. 

EXAMPLE2 

1-Hexene Productivity as a Function of Temperature 

1001331 The activi ry of selected substituted pyrroles and their catalyst systems as 

descri.bed were fl.lither investigated. Particularly, catalyst systems that employed 2,5-

dibrnzylpyrrole (2,5-DBP), 2,5-dimethylpyrrok (2,5-Dl\'lP), pyrrok itsdf and 2,5-

diethylpyrrok (25-DEP) were farther investigated for their catalytic tenrperature profile, 

in which their activity and productivity were exmnined as a hmction oftcmpernture. FIG. 

l illustrates a plot of total hcxcne producti,.:ity (g C6/g Cr) as a function of temperature 

r:'C), for chromium-based catalyst systems prepared using the t.b!Iowing pyrroks: 2,5-

dimethylpyrrole (2,5-DMP); 2,5-dibenzylpyrrole (2,5-DBP)~ 2,4-dimcthylpyrrofo {2"4-

DMP); pyrrole: and 2,5-diethylpyrrolc (2,5-DEP). The FIG. l productivity versus 

temperature data arc listed in Table 1. 

(001341 Among other things, these studies indicated that each pyrrok typically is 

characterized by its ov•.-n unique temperature profile, '"hi ch can be readily ascertained, and 

which can be used to establish optimum or desirable operating conditions. Generally, 

temperature dependence studies also revealed that the productivity of the 2,5-disubstituted 

pyrrok-hased catalyst systems \Vas more acutely affected by variations in temperature than 

other catalyst systems containing pyrmlcs that :.u·c not 2,5-disubstituted. ·nrns, the non-

2.5-disubstituted pyrroks generally had a more flat temperature profile. Moreover, the 

2,5-D\fP and 2,5-DEP sho\vcd high productivities at lower temperatures than the other 

pyrrok compounds tcst(xL 

(001351 As illustrated i:n FlG. l and the data in Table Lone consequence of comparing 

the productivities of various catalyst systems at a single standard temperature is that an 

incompktc com.parntivc picture may result For example, at higher temperatures ( l 30-135 

"·'C) the 2,5-D!\'.1P and 25-DEP catalyst systerns provide somewhat comparable results 

(25,900 g C6/g Cr and 22,828 g C6ig Cr, respectively), but \vhen compared at their 
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respective highest pmductivitics at about 92-95 °C, this difference in productivity is 

exaggerated. At these lmver temperatures, the 2,5-Di\lP (99,460 g C6/g Cr, 9Y'C) is about 

31 t}'~, more pmductivc than the corresponding 2,5-DEP cataJyst system {75, 757 g C6/g Cr, 

92oq. 

EXA1VIPLE 3 

l -Hexene Productivity as a Function of Pyrrole Substitution 

[00136] Table 2 and FIG. 2 provide a comparison ofpmducfrvitics (g C6/g Cr) for 

catalyst systems prepared according to Exam pk 1, in vduch the catalyst systern contain 

the indicated pym.lles, The temperature al the highest observed productivity is also 

shmvn. 

(00137) Among other things, the data from this Example and FIG. 2 illustrate that 2,5-

disubstitutcd pyrroks provide catalysts ·with gcm>rally higher productivity that those that 

contain non-25-disubstitukd pyrrok:s, that is, pyrroks tha:t do not include substitucnL" at 

both the 2- and 5-positions, regardless of the other substituents in the pym11c. Generally, 

the catalytic productivity was observed to increase on moving from the non-substituted 

pyrrolc, to the 2- or 5-suhstituted pyrrok {for example, 2A-dimethylpyrmle), to the 

prototypical 2,5-dimcthylpyrrolc. Although some stcric congestion at both the 2- and 5-

positions appear to be useful, too bulky substituents at these positions lower or repress 

catalytic activity (compare L5-D1\/1P and 2,5-DEP \vith 25-DIP and \\'ith 25-DBP) 
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Table 1. Productivity (g C6/g Cr) versus temperature frw a variety ofpyrrok compounds. 

TIKse data are illustrated in FIG. 1. 

N 
H 

DEP 

r"""~·.'-.. ;;~''-;,; 
[,. if /;····v., f I\ 
~--_.. ... ~...., __ H \\ .~·,·_t.~~,.,/; 

''7""" ........... ,,.../ .. --.......... "-

N 
H 

·~ 
105 66,443 

115 39~233 

130 22,828 

95 99,460 

105 87,300 

115 60,660 

125 43,000 

135 25,900 

45 2,792 

70 15,021 

85 23,411 

~~ ii""""( , .......................................................................................................................................... 1 

---~(~) >······························-i-lfr······························ ·························--i~'.iI~---························I 
2 .. ~DMP . 

145 13A04 I 

-0-1~~ 
~-- i 115 6, u8 1 

............................ ~}~:1:1:~1~ ............................ : ............................. --1.~? ........................................................... ~·?!? ......................... ....! 
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Table 2. 1¥f-lexcne purity ('l,{,oftotal C6 product) and C6 selectivity{% of total 

oligomcrized pmduct) frw a variety of pyrrok compounds, reported at the temperature CC) 

of the highest observed pmductivity (g C6/g Cr), using the catalyst prepared according to 

the Examples, 

li""~ 
/I ,\ 
I!. \.1 ,, / 

N 
H 

pyrmle 

789 

3,508 

3,631 

6,427 

14.284 

23.,411 

99A.56 

75.757 

115 95 .2. l 93, I 

115 98.48 94.93 

115 98,89 94.57 

90 96.54 95.39 

115 96.46 92.89 

85 99,38 96.13 

95 99.02 91.72 

q-i 
.,C. 99.20 94.21 
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EXAI\·1PLE 4 

l-Hexene Purity and Selectivity as a Function of Pyrrnle Substitution 

(001381 ·n1e Table 2 and FIG. 2 data also provide the l-hcxene purity(';{, 1-hcxene of 

total C6 product), shown as Series 1 in FIG. 2, and the C6 selectivity Oo C6 of total 

oligomenzcd product), shO\\ll as Series 2 in FlG. 2, for the indicate pyrrok compounds. 

These data am reported at the temperature ('T) of the highest observed productivity 

(g C6/g Cr), vd11ch is also shown in Table 2, using the catalyst prepan.~d according to the 

Examples. 

(00139) Among other things, the FlG. 2 and Tabk 2 data illustrates the highest 1-

hexrne purities and C6 sekctivities generally arc obtained \Yi th the 2,5-disubstitutcd 

pyrrole <..~.impounds at tfo:~ir highest measured catalyst productivity temperatures. As 

indicated in FIG. 2, the 2,5-D\·'IP, 2,5-DEP, 2,5-DIP, and 2,5-DBP, as well w:> others such 

as 2-rvldnd, would appear to offer a good combination of selectivity and purity. What is 

not illustrated by FIG. 2 is the productivity values for these respective catalysts. By 

comparing FIG. 2 data to the FIG. I ploL one can observe the benefits of 2,5-DMP and 

2,5-DEP, and further observe the substantial improvement in selectivity that is attained 

with 2,5-DEP over 2,5-Dl\tP. 

(00140] Among other things, FIG. 3 illustrates that the three lowest values of purity arc 

associated \Yith the catalyst systems containing non-2,5-disubstitutcd pyrroks, 

specifically, indolc, pyrrolc, and 2,4-dimcthyl pyrrok (2A-Di\1PJ, each of which provided 

purities of <96.5(~o, 

EXAMPLES 

l-Hexene Productivity as a Function of Pyrrole-Based or lndole-.Based Catal:yst 

Systems 

1001411 Additional experiments were conducted to evaluate the potential effect of using 

fused-ring compounds such as indolc or suhstitukd indolc as the nitrogen-containing 

compound in the catalysts systems A comparison of productivities for catalyst systems 

prepared under identical conditions except for the pyrrolc or indolc compound 

(00142] 2-Mcthyl-3-dhyl-5-mcthylpyrrnlc (21,700 g C6/g Cr) and 2-mcthylindok 

{3500 g C6/g Cr) arc characterized by a similar substitution pattern, with similar stcric 
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congestion, yet their productivities diflcr by over 600~~)" Moreover, indok (800 g C6/g 

Cr) produces a catalyst with almost an order of magnitude lower productivity than the 

pyrrolc catalyst (6,400 g C6/g Cr). lhcsc data can be compared to the productivity of 2,5-

dibcnzylpyrrok: (23,400 g C6/g Cr) as compared to that of2,5-dicthylpyrrok (75,800 g 

C6/g Cr}, although increased stcric effects may play a rok in this observed productivity. 
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CLAlf\tS 

Vv'hat is claimed is: 

l. A catalyst system comprising: 

a.) a transition metal compound; 

b) a pyrmle compound comprising independently-sekcted C 1 to C 1 ~ organyl 

groups at the 2- <uKl 5-positions, wherein at least one of the organyl group 

a.lpha-carbon atoms attached to the 2- and 5-positions of the pyrrok 

compound is a secondary carbon atom; and 

c) a metal alkyL 

2. A catalyst system comprising 

a) a chromium compound; 

b) a pyrrole com.pound comprising indepcnrlcntly-sdccted C1 to Crn 

hydrocarbyl groups at the 2- and 5-positions, wherein at least one of the 

hydrocarbyl group alpha-carbon atoms attached to the 2- and 5-positions of 

tlie pyrrok: compound is a secondary carbon atom: and 

c) a metal alkvl. 

3. A catalyst system according to any one of claims 1-2, \vhcn::in the pyrrok 

compound has independc.ntly-selcctcd C:, to Cis alkyl groups at die: 2- and 5-

positions and \,·herein the hydrocarbyl group alpha-carbon atorns attached to the 2-

and 5-positim1s of the pyrroic compound arc secondary carbon atoms .. 

4 A catalyst system according to any one of claims 1-3, \\·herein the pyrrok 

compound has alkyl groups at the 2- and 5-positions selected independently from 

methyl, etllyl, n-propyl, n-butyl, n-pcntyL n-he:\.yl, 11-heptyl, or 11-octyl 
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5. A catalyst system according to any one of claims 1-4, \\·herein the pyrrok 

compound is a 2,5-disubstitutcd pyrrolc. 

6. A catalyst system according to any on''. of claims l-2, wherein the pyrrolc 

compound is 2,5-diethyl pyrrok. 

7. A catalyst system accordmg to any one of claims l-3, \Yhcrem the pyrrok has the 

formula Pl: 

(Pl ), wherein 

a) R2 
and R5 

aTC'. se!cctd indcpcnckntly from a Ci to C1s organyl group, 

wherein al least one the R2 and R 5 organyl group alpha-carbon atoms 

attached to the pyrrok ring is a secondary carbon atom:. and 

b) R' and R4 arc selected independently from hydrogen, a Ci to C 18 organyl 

group, a C1 to C1ii organyl group comprising incn functional groups, a C1 to 

Cm hydrocarhyl group, and a Ci to Cm alkyl group. 

8. A catalyst system according to any one of claims l-3, wherein the pyrrok: has the 

fbrrnula Pl: 

a) R~ and R'5 ~lrC selected independently from a C:: to Cm organyl group, 

wherein at least one the R2 and R5 organyl group alpha-carbon atoms 

attached to the pyrrole ring is a secondary carbon atom; and 
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b) R~ and R4 arc selected independently from hydrogc1i, a C 1 to C 18 organyl 

group, a C1 to Cm organyl group comprising incn functional groups, a C1 to 

C1s hydrocarbyl group, and a Ci to Cm alkyl group 

9. A catalyst system according to claim 7, \vhcrein each of R2 and R5 arc sekc:tcd 

independently from a C2 to C18 hydrocarbyl group. 

l O_ A catalyst system according to any one of claims 7-9, vd1crcm R' m1d R 1 arc 

hydrogen. 

1L A catahst s,-stcm according to anv one of claims 7-8, wherein R1 and R5 arc .. ~ - - "'- - - ~· - . 

selected independently from an ethyl group, an n-prnpyl group, an n--fattyl group, 

an n-pentyl group, an n-hexyl group, an n-heptyl group, or an n-oct:yl grnup. 

l2 A catalyst system according to any one of claims 7-8 and 11, vA1crcin R' and Ri­

arc hydrogen and R 2 and R5 arc selected independently from an ethyl group, <mu­

propyl group, an n-butyl group, an n-pcntyl group, an n-hcxyl gronp, an n-hcptyl 

group, or an n-octyl group_ 

13. A catalyst system according to any one of claims l-2, \Yhen~m the pyrrok is 

selected from 2,5-dicthylpymok, 2,5-dipropylpymik, 2,5-dibutylpyrrolc, 2,5-

hc,ylpyrrolc. 2, 5-dihcpty lpyrrok, 2, 5-dioctylpyrrok, 23 ,5-trimcth y lpyrrok, 2, 3 ,5-

tn et!iyl pyrrro le, 2,3, 5-tri butylpyrrrok 2,3 5-trihexy I pyrrrolc, 2 ,3 ,5-

triheptylpyrrrok, 2,.15-trioctylpyrrrok, 2,3,4,5-tetramethylpyrrok,. 2,3,4,5-

tctraethylpyrrole, 2,3, 4, 5-tetrabutylpyrrole, 2), 4,5-tetrnhexy lpyrrok,_ 2, 5-

bis(2 ',2 ',2" -tnHuorocthy l) pyrrok, 2.5-bis(2'-mcthoxymcthyl) pyrrolc, or any 

combination th(~rcof 
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14. A catalyst system according to any one of claims 1-13, wherein the transition metal 

compound comprises an inorganic or organometallic compound of a group 5, 6, 7, 

8, 9. 10, or l l metal, or any combination thereof 

15. A catalyst system according to any on''. of daims l-13, wherein the transition metal 

compound is a chromium (II) or chromium (Ill) halide, 1,3-diketonatc, or 

carboxylate. 

16. The catalyst system according to any one of claims I~ 13, transition metal 

compound is a chromium(ff) or chrnmium(lll) carboxylat:c wherein each 

carboxylate is a C1 to Ci<,< carboxylatc 

17. A catalyst system according to any one of claims l-13, wherein the transition metal 

compound is selected from chromium (HI) 2-cthylhexanoa:tc, chromium (HJ) 

octanoate, chrnmium(Ill) 2.2, 6, 6, -tetramethy lhcpt:ancdionate, chromium( HJ) 

naphthcnate, chmmium(111) acetate, chrornium(lll) propionate, chromium(lH) 

butyrate, chromium(lll) ncopentanoatc, chromium{IH) laurate, chmmium(Hl) 

stearatc, c.hrnnuum(Ill) oxalate, chromiurn(ll) bis{2-cthylhcxanoate), chromium(II) 

acetate, chromitun(ll) propionate, chromium(lI) butyrate, chromimn(ll) 

ncopcntanoate, c.hromium(Il) laurate, c.hromium(ll) stcarate, chromium(II) oxalate, 

or anv com bi nation thereof 

I 8. A catalyst system according to any one of claims 1-17, \vherein the metal aJkyl 

comprises a group 1, 2, 11, 12., 13, or 14 metal alkyl compound. 

19. A catalyst system according to any one of dmms 1~ 18, further comprising a 

halogen-containing comixmnd selected from. a metal halide, and alkyl metal halide, 

or an organic halide. 

20 The catalyst system according to claim I, wherein the transition metal cornpound is 

a chromium is a chromium(.Il) or chromium(IU) carboxylate \.vherein each 
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carboxylatc is a c~ to Ci 9 carboxylate: the pyr.rolc compound is a 2,5-disubstitutcd 

pyrrofo and the substituents at the 2- and 5-positions selected independently from 

ethyl, n-propyl, n-butyl, n-pentyl, n-hcxyl, n-heptyl, or n-octyl; and the metal alkyl 

comprisi:::s a mixture of a tricthylaluminum and a dicfhylaluminum chloridi;! 

21. An oligomerization process comprising: 

a} contacting a foedstock olefin with tlie catalyst system of any one of claim 

1-19: and 

b) oligomcrizing the olefin under oligomerization conditions to form all 

oligomerization product. 

22. The oligm11erization process of daim 2Ct wherein the feedstock olefin is ethylene 

the oligomeriz..ation product comprises 1-hexene, the transitlon metal compound is 

a chrom.iurn{H) or chromium(Ill) carboxylate ''herein each carboxylate is a c~ to 

C l9 carboxylatc; tlle pyrrole compotrnd is a 2,5-clisubstituted pyITO!c and the 

substituents at the 2- and 5-positions selected independently from ethyl,. n-propyL 

n-hutyl, n-pentyL n-hexyL n-heptyL or n-octyl; and the metal alkyl comprises a 

mixture of a tridhylaluminum and a diethylaluminum chloride. 

The oligomerization process of claim 22, wherein the process provides a higher 

selectivity to 1-hexcne than the process using 2.5-dimethylpyrrok as the pyrrole 

compound. 

24. ··Ille oligomerization process of claim. 22, \vherein the process pmvides a higher 

purity 1-hcxene product than the process using 2.5-dimethylpyrrok as the pyrrole 

compound. 

25. A process for pn:~paring a catalyst system of any one of claim l-2(L compnsing 

contacting: 

a) the transition metal compound; 
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b) the pyrrole compound: and 

c) the metal ;;i.lkyL 

26. ·111c process of daim 25, \vhcrein the transition metal compound, the pyrrolc, and 

the metal alkyl arc contacted in the presence of an unsaturated compound. 

27. The process of claim 26, wherein the unsaturated compound is a C6 to C18 aromatic 

compound. 
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