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[0003] The chromium-catalyzed synthesis of 1-hexene from ethylene constitutes a

commercially significant process for the selective preparation of this alpha olefin, which in
turn is useful for preparing a range of polyolefins when employed as a comonomer with
ethylene. A widely reported chromium catalyst system for the selective production of 1-
hexene comprises chromium(III) carboxylates (e.g. tris (2-ethylhexanoate) chromium(III) (Cr

(EH)3)), a pyrrole compound, and a metal alkyl.

[0004] Many oligomerization catalyst systems for the selective production of 1-hexene
contain a chromium compound, a pyrrole compound, at least one metal alkyl, optionally a
solvent, and optionally additional components, which can be combined in various ways and
in various ratios to afford the catalyst system. Some catalyst system preparative methods
appear to rely on the presence of particular solvent to stabilize the catalyst system. Typically,
any method of preparing, activating, and using a catalyst system may present challenges with
respect to its particular preparation, activation, and stability, as well as to the activity and

selectivity provided by the catalyst system.

[0005]  Therefore, it would be useful to discover and develop new oligomerization catalyst
systems, new methods for preparing the oligomerization catalyst systems, and new methods
for using the oligomerization catalyst systems for preparing an oligomerization product that

might provide greater efficiency and cost effectiveness. New oligomerization catalyst
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R1311_, ( bearing the hydrogen atom adjacent to the nitrogen atom of the pyrrole ring may have a

structure such that i) the carbon atom of the bulky Cs to C;5 organyl group attached to the
pyrrole ring carbon atom is attached to three or four carbon atoms, ii) the carbon atom of the
bulky Cj; to Cy5 organyl group adjacent to the carbon atom attached to pyrrole ring carbon
atom is attached to three or four carbon atoms, or iii) the silicon atom of the bulky Cs to Ceo

silyl group attached to the pyrrole ring carbon atom is attached to four carbon atoms.

[0008] In another aspect, the present disclosure provides for catalyst systems comprising a

pyrrole compound having Formula P2, P3, or P4:

12p R22p
R13p R H R33p H
= = N—H =
__ NH NS _ NH
R14p R<%P ¥ R34p
H H
P2 P3 P4

where i) R'*P and R"*? of Formula P2 and R*? of Formula P3 independently are a C; to Cys

hydrocarbyl group; and ii) R'"* in Formula P2, R** in Formula P3, and R**? and R**" in



--- NHRl4p'..---<--- HR22p H -\ NH R24p------ H P2P3P4 where i) R12P
and R13P of Fornula P2 and R22P of Fornula P3 independently are a G to Cl15
hydr ocar bw0D 2griowspg27and ii) RL4P in Formul a P2, R24P in Pomrask@183343and R33P
and R34P in

3

Formula P4 independently are a bulky Cs to C;s hydrocarbyl group or a bulky Cs to Cys silyl
group. In an embodiment, the R**P group in Formula P2, R*P group in Formula P3, and R*P
and R*? group in Formula P4 are attached such that i) the carbon atom attached to the pyrrole
ring is attached to three or four carbon atoms, ii) the carbon atom adjacent to the carbon atom
attached to pyrrole ring is attached to three or four carbon atoms, or iii) the Cs to Cys silyl

group has Formula Sil:

R1s
R#-Si—*
R3S/
Sil
wherein R*, R®, and R¥ independently are a C; to Cs hydrocarbyl group.

[0009] In an aspect, the present disclosure provides for an oligomerization process
comprising: A) contacting a feedstock olefin with a catalyst system comprising 1) a transition
metal compound; ii) a pyrrole compound having (a) a hydrogen atom located on at least one
pyrrole ring carbon atom adjacent to the nitrogen atom of the pyrrole ring, and (b) a bulky Cs
to Cy5 organyl group or a bulky Cs to Cg silyl group located on a pyrrole ring carbon atom
adjacent to any pyrrole ring carbon atom bearing the hydrogen atom adjacent to the nitrogen
atom of the pyrrole ring; and 1iii) a metal alkyl and B) oligomerizing the olefin under
oligomerization condition to form an oligomerization product. In an embodiment, a bulky
substituent located on pyrrole ring carbon atom adjacent to any pyrrole ring carbon atom
bearing the hydrogen atom adjacent to the nitrogen atom of the pyrrole ring may have a
structure such that i) the carbon atom of the bulky Cs to C;5 organyl group attached to the
pyrrole ring carbon atom is attached to three or four carbon atoms, ii) the carbon atom of the
bulky Cj; to Cy5 organyl group adjacent to the carbon atom attached to pyrrole ring carbon
atom is attached to three or four carbon atoms, or iii) the silicon atom of the bulky C; to Ceo

silyl group attached to the pyrrole ring carbon atom is attached to four carbon atoms.

[0010] In another aspect, the present invention provides for an trimerization process
comprising: A) contacting a feedstock olefin comprising ethylene and a catalyst system
comprising i) a transition metal compound comprising a chromium(II) or chromium(III)
carboxylate wherein each carboxylate is a C4 to Cyg carboxylate, ii) a pyrrole compound

having Formula P2, P3, or P4:
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wherein R*!, R®?, and R independently are a C; to Cis hydrocarbyl group. In other
embodiments, the trimerization process may have a higher productivity (g Ce/g transition
metal - e.g. Cr) than the process using 2,4-dimethylpyrrole as the pyrrole compound, provide
a higher selectivity to Ce products than the process using 2,4-dimethylpyrrole as the pyrrole
compound, and/or provide a higher purity 1-hexene product than the process using 2,4-

dimethylpyrrole as the pyrrole compound.

[0011] In yet another aspect, this disclosure provides for a process for preparing a catalyst
system, comprising contacting, a) a transition metal compound; b) a pyrrole compound
having i) a hydrogen atom located on at least one pyrrole ring carbon atom adjacent to the
nitrogen atom of the pyrrole ring, and ii) a bulky Cs to C;s organyl group or a bulky Cs to Ceo
silyl group located on a pyrrole ring carbon atom adjacent to any pyrrole ring carbon atom

bearing the hydrogen atom adjacent to the nitrogen atom of the pyrrole ring; and ¢) a metal

alkyl.
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Forrmul a P4 independently are a buI ky C3 to Cl15 hydrocarbyl group or a bul ky
C3 to 45 silyl group, and iii) an metal al kyl conprising a m xture of
triethylal um num and di ethyl al um numchloride; and B) trinerizing the
feedstock ol efin under trimerization conditions to forman trinerization

product compri sing. 1- hexene. .In an enbodi ment, the R14P group in Formul a
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where i) R'*P and R"*? of Formula P2 and R*? of Formula P3 independently are a C; to Cys
hydrocarbyl group and ii) R'"*? in Formula P2, R** in Formula P3, and R**" and R**" in
Formula P4 independently are a bulky Cs to C;s hydrocarbyl group or a bulky Cs to Cys silyl
group; and c¢) a metal alkyl comprising a mixture of triethylaluminum and diethylaluminum
chloride,

DETAILED DESCRIPTION OF THE INVENTION
General Description
[0013]  According to various aspects and embodiments of this disclosure, there is provided
olefin oligomerization catalyst systems, methods for their preparation, and methods for their
use for preparing an olefin oligomerization product. In one aspect, the oligomerization
catalyst systems described here and prepared according to the various disclosed embodiments
can allow for achieving good catalyst system activity, catalyst system productivity, product
selectivity, and/or product purity by selection of the pyrrole compound used in the catalyst

system.

Definitions

[0014]  To define more clearly the terms used herein, the following definitions are
provided. Unless otherwise indicated, the following definitions are applicable to this
disclosure. If a term is used in this disclosure but is not specifically defined herein, the
definition from the ITUPAC Compendium of Chemical Terminology, 2" Ed (1997) can be
applied, as long as that definition does not conflict with any other disclosure or definition
applied herein, or render indefinite or non-enabled any claim to which that definition is

applied. To the extent that any definition or usage provided by any document incorporated
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provides Tor a Egocegs for preparing a catalyst system conprising
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characteristic(s) of the claimed invention. A “consisting essentially of”” claim occupies a
middle ground between closed claims that are written in a “consisting of” format and fully
open claims that are drafted 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 “comprising,” but is intended to describe the recited component that includes materials
which do not significantly alter composition or method to which the term is applied. For
example, a feedstock consisting of a material A can include impurities typically present in a
commercially produced or commercially available sample of the recited compound or
composition. When a claim includes different features and/or feature classes (for example, a
method step, feedstock features, and/or product features, among other possibilities), the
transitional terms comprising, consisting essentially of, and consisting of apply only to
feature class to which is utilized and it is possible to have different transitional terms or
phrases utilized with different features within a claim. For example a method can comprises
several recited steps (and other non-recited steps) but utilize a catalyst system preparation
consisting of specific steps but utilize a catalyst system comprising recited components and

other non-recited components.

[0016] While compositions and methods are described in terms of “comprising” various
components or steps, the compositions and methods can also “consist essentially of” or

“consist of”” the various components or steps.

[0017]  The term “consists essentially of,” or variations thereof, whenever used in this
specification and claims in connection with a commercial product (e.g. a feedstock olefin
such as ethylene) refers to a commercially available product. The commercially available
product can contain impurities which are not the named product which are not removed

during the commercial product’s product process. One of ordinary skill in the art will
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feedstocIggébcl;‘f‘n%lsS?t;%th“g;‘ﬁ]!(c%El g%?%rr’atggr%l_%ﬁ#&%ga ?dﬁlg%%k éﬁﬁ#ﬁﬁ?’?%h?es tyog? cally
present ihsidregens ptaerscisalebded gorghusmation ravmvae froinah lalkangy aitirelgheutsthepl e of t he

recited ; itJ.on. [, AL - di . features
and o f SSERSHe Gl o BOTRT a0 o BB B AL ORI L DA irce,
and/ or priegaupt infpdiat thetebs welldbmgyvrotukee pf gesedabstiucturesd, bohdieg tredoikivtedonal t er ns

conprisin Qnsi stin ssentially. o and. consj st ng..of apply.only to
foatur o o BRFELE N UhoRISEN deRlripha e, AP Sr GBIl MbiR o BRARTE L, o
transiti alisalosddan nehichrsulplingses cait bd anzely hgrolp, tarf fatkyént gfoapt’ ur @s“alliandi n a
claim For ex; | e t hod can c ri ses veral_ recited steps (and other
mon r eci SEPe L BHRTB AR, b TASEE s g 6 AR S S A S ReT o1 i g of
speci fi ¢ bsingPderligll bt i*ddrized Ro@At Bdrisdl beY 6t ‘EoinGed i, Siudh tdr@e€ hit@gedia@ponent s
and ot herf no?-reci t. ed corrporaecpts. . .

ormal sense and are not intended to reflect any specific synthetic methods or procedure,

unless specified otherwise or the context requires otherwise.

[0020]  Also, unless otherwise specified, any carbon-containing group for which the

number of carbon atoms is not specified can have, according to proper chemical practice, 1,



[ 0016] Whi | e conpositions and net hods are described in terns of "conprising”
vari ous conponents or steps, the conpositions and nethods can al so "consi st
essent i alwg 20f1713m027" consi st of " the vari ous components ®CTASe@3/03340017] The
term "consists essentially of,” or variations thereof, whenever used in
this specification and clains in connection with a commercial product (e.g.
a feedstock olefin such as ethylene) refers to a coormercially avail able
product. The commercially available pﬁ%duct can contain inpurities whi ch
are not the named product whic renoved_d he conmerci a

product ' $ priodut” proteds. Uk 16f1 ﬂ@.lﬂa@l%@m th 2t3h%4 ar 2o 11287

recogni zeot K& chibBn hdBRdrlady AR SUBMbInkNorOdf rifpes BRREIn th&e VABY iFol €S present
in the commercial product will depend upon the source of, and/or the

manuf act GKHAYS prlseeaBerias apacHicdr Wy Gabop-Rentabiaraup 51 e dget L tod8nsequent | y,
the termgegn §tb§1% SR $ 8BS &tﬂoyl a®ms, 804 11th S0 t‘a%&)rfﬂ‘aﬂ&lﬁs WREN! #58¢aibin
conjunction wth a conmrercial is not intended to [inmt the amunt/quantity
of the n@tﬂnﬁaﬁ@@i 15p d@ garbori atpros. ot frem 1day catbpratoms. ang éietlikg. Meagoverether
amount s/ E%ﬁﬁ [ RIEL 018] The
terns " ?&@lﬂhéé ble(ilng QIthIHa |eﬁ1?ﬁel%3qglnﬁﬁc fegss g%:[algel i cgalg%‘ ?%%?cat ed
othermns@aﬁmmwtmbmuwmtpﬂuﬂahhawg@dwauwmesmﬂgﬂgxmmhﬂmMeastm@ﬂ@ﬁmﬁgpf
i nst ance, enconpass
chr o umag%’fggox also?e{n%ﬁéﬂr u%dglﬁyntl%‘stﬁlg{u%%r%g& I%Ené; ] léJ s%%cq]?c &a%b&ﬁe.:{%ﬁtmm%qe ohr omi um
car boxyl @tcmpumlnmmi ant:drrémgntcsthe shmmcetl lamcﬂstruwlfhl ﬁqhnemﬁﬁs fas hetdpecific gloepr cal
Lgroup’  Gan, Re. e N8d Ol AESCIIDRA: ACERIL A LA RN Lhak proupy LS formal Iy
derived ft9 i %8 8 ]WS Fent” co@p v o g&@ﬁﬁ %y the nunber
of hydrogﬁnmahmhsmﬁhat6ahﬁnhﬂmﬂabhy fr@novens farloom didiss, ﬁam&nbzocmpomnd to

enerate the roup, if that .group.is iter synthesized in this
e aliseTyRannaS i ont ot 9 Bab Gubet one AbS g g v Bhas oat od of

bonded t acdmrding toaftrwcheﬁyca\n@mcme aﬁdﬁﬂ[@sls&)theﬁﬁlse gJeklﬁbd gﬁ@tyn)grofl@t’:dffﬂialvé’ can be
derlved by_r enovi atom f an "al kyl ene

o oup 1 6 et Pt 2P 180 b s o B kel oh o Pt iare 2er et a8 orBm o

al kane. M&%@@Mﬁhs(ﬁaﬁpﬁﬁggﬁﬂﬁﬁ@hmﬁ&f&h&ﬂﬁsQﬁw&%&ﬁmé@ﬂﬁ&ﬁonpass a var|ety of
groups that formally are derived by removing any number ("one or nore")

hydr ogen A@GZQFB fTRORHR - QBERINEd CORTQNAL dittiBa bidup, ToSex@NPRPIBerGaRrig
descri bed as an "al kane group,” and which enconpasses an "al kyl group,"” an
"al kyl endo gpuhstituted gpgdo aé}artswkar BEUP-AyInfRAkto dpscibs Bie SYUPVHERELR NS, as
needed f Q¢hefdifarsidoHali@Ren hEERMSEEhall) QPR BldkRRL in tﬂtrg?&gh%t ctulae

di scl osure that "a substituent, |igand, or other chemca nnle

const i t utaad & iptanded uberonlgnigng " AicaBPouad of BreED ek alie be rekarrsdito h%tlégs of
chem cal «gtd UGk o f,Ql & 1 0akn i ]ggﬁhoyed as
descrlbedﬁ %@ngéﬁ ex%ﬂaﬁ%,g??sgwsu%fgﬁﬁqgﬁﬁgghhg Fsg%?ggtdig i n which
subst i t uerupXr cempdyad.aiSubstititgdl” igindended toghe noaflinytizgrmd grabusds ittorganican " al kane
group, " f :

Gesori bi Ay UEhEOL o eSSl AP RSy b O MR, - o
"forned ftheomi." such terns are used in a formal sense and are not intended
to reflect any specific synthetic nethods or procedure, unless specified
othermﬁsdmﬁﬂ]théfbdhméh%imeqmﬂnesmugh%mmﬁ@@cﬁbﬂ@@@@ﬁmé@ﬂwuhks$@HMBhermtse

spemhe%T %QP contai ning group for which the nunber of carbon atons
Ol c

is not specl can ‘have, accordlng to proper chem cal practice, 1, 8 2,

3, 4, 5, 0 14,..1 21, 22,

23, 24, i@””ge %ert%ﬁ’i#yd a"bo Beng%ﬁrt‘%%er? 'a lsnéjgmﬁcazlo% a§r %t%‘%é rgf?"sé%%bu nati on

of rangeSOhQMMﬂenmhMEg@nMahﬂﬁsan&bﬂh@xan@ﬂermgmﬁéﬂan¢M®MMMaﬂnsmh@mé|ed

any carb cont ai r can_ have from 1 to froml to
55" carbonterenies 4 ppfiedh Bt 3R By fost i e PR AR RS B ¢ om
1to 10 Qmﬂhﬁ@nﬁ&ﬂﬂﬁioﬂﬁmﬁMﬁ@hﬂogﬂaﬁm&&qbﬂﬁnﬂhﬂﬂﬁwdﬁﬂdmhh&wﬂm&ﬁng&breover,
ot her identif.ier terns be ,utilized. to i ndjcate the

o osence i iphe bt Tt Bl e peth o B ptedege G

r egi ochenmedefitition BskcAled Bt emmghetrmstlem grélp fbﬂﬂeedtwe@rﬁmeg Dhydehgeaesm of a

branched underéﬁgn structure or backbone. $e0|f|c car bon-cont ai ni ng
group is ki k BGY atgesouaor?@nteﬁét&oetﬂcaatﬁ)a anq pyfEegsphl SIELY: Rement s f or
that specific group, as understood by one of ordinary skill. For exanple,

unl ess ot herw se specified, an aryl group can have from6 to 30 carbon
atoms, from6 to 25 carbon atons, from6 to 20 carbon atons, from6 to 15
carbon atons, or from6 to 10 carbon atons, and the |like. Thus, according
to proper chem cal practice and unless otherw se specified, an aryl group
can have



6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, or 30 carbon atons, or any range or conbination of ranges
bet ween tWwe=elwshazes. [0021] The term "substituted" whenPo3as2e10/0888Cri be a
group, for exanple, when referring to a substituted anal og of a particular
group, is intended to describe the conpound or group wherein any

non- hydrogen noi ety formally replaces hydrogen in that group or conpound,
and is intended to be non-limting. A’conpound or group nay al so be
referred o herein as "unsubstituted" or by equivalent terns such as

"non- s ubsiircrre&aé%rlene\&rﬂue href&t ris2r e PRRCAdPiTgnAEDe GYtdrasen B8mp Somd:

" Subst i t wl@dcarb&h, bitte® RALEY dk ek 8o Mrobd dHelchmBen &0 dr BRd Mo deh QlodPfdf
substituents or organic substituents as specified and as understood by one
of ordi n&rsp Aye fif i%F?nt grebogratomy: Oithetefose. im agcpyglanceyth the eryigolery Higdni ng.

Exanpl es yefeihat hﬂﬁ&cafﬂaﬁ LgH)qE” fr&ot a%nerglli‘ﬂeg fdiilﬁ ’forglre@mf H&novARbnt BFER-

[ 0023] The term "hydrocarbon" whenever used hi s specification and clains
refers tdyéroeanponn@s eededionthsgpagishipr grarn)éwrramhlydﬁwrt@geﬁ “hiaesrbyildent i fiers
may be u Ze t>» i he
hydrocarg%%b(eﬂﬁ&gﬁﬁ@gggﬁgﬁg Qﬁ%ﬁ%@@ﬁ? g%gﬁﬁga%%#%gkt]ggfgﬁgéﬁ %nce of
one or nenéohabpobrelmeat arpsanckqdl acihydroambequoupd] ‘@ndroparbiere godupki yeaidogen at ons

in the hy G rein in
accordancg %ﬁﬁﬁg%nﬁe %h% p%%ﬂg%qﬁl ?&%¥%yﬂp%ﬁ§8nghaﬁﬁﬁggpgnf group formed
by rennvmmgmmsh@dh@gﬁmnahbnnﬁmnamhbh@ﬁmmcémhnmmﬁwhgmuwg’ﬂ@d@cnugmmontaining
only carbon ang(gql ¢ mgllIS|n1H9 é " drocarb 1ene rou refers to
a group £Orid Wg ggPﬂg hﬁdP é@ﬁ”&t 0nra ot BORPei t her

t wo hydr@g@na&y&naaﬂmmﬂpem@cyabbbﬂ @mbmmpmn@nﬁﬂmmdmegmnmﬁMmefron1each of

t wo differﬁ%ﬁ ar]?@on atons. Therefore, in accordance with the term nol ogy
used her &faKYIgpe q0g gralicane EWHPSQFGSB??“V‘?%faE’r%‘gP “eSTgenér AI°T'28d group forned by

renovi ng as needed for the par i.cul ar group)
fronra h C and
JiPSLor sl ﬁ%?@&&%\rwon@r%%w SRR Searl renaiyfli g
"hydr Ocargﬂﬁiii” @rOxReralian chfpdsyelibg réhovenstdne ©r glbeugarogamdbms (armyediade | i near

yar ocarbghe B ) P Db Aps o gLyt S tal oRRYIENR ngs, and

ar onet i ¢ chmPOuNANTHy BBy bEE) cHORE @RIV hiksabRdtER Bn@hidind¥dr gthed” Hydr ocar byl
groups, " "hydrocarbyl ene groups,” and ' ﬁdrocarbon groups” include, by way
1p

of exarrpl%gangrcympmardyr%wbatwépeﬁemglﬁWp@ HIGGPUDs H1aK ¢PREAE OTgN€ane gr oup,

cycl oal kxfhncueﬁra%%{)&ymrmtoﬁxgl ARt HAREarBs PRSIy dREA. Kyl . aral kyl ene, and

ar al kane groups, respectively, anpbng ot her groups as nenbers [ 0024] An

al i phat i Go@BPOoRRGcHS “AkdMONwAERIBLLEL iR HHALCEi AR AHDBainficfcAlh Rhat i ¢ gr oup”

is a generalized group formed by renoving one or nore hydrogen atons (as

needed f ¢ptukarpd hydiogarben eompgresly gytherridentifiprs meaxbp yhlized dorindishte dlie ragserdsat i c

conpound.,¢ i@l id HOTRAUENE o "BYo BEUACHEIE 1 dRateS Wak IhE pr bdRed or

unsaturafe lanéﬁgg&F I near orqb§anc§%dtorgaﬁrc cgﬁpoun p&?rpﬁaf%c

conpoundsr aot Laldgematoins rgplasingsin gayvaden namber of gmrpgﬁnfammstln 6r¢a1|1kag¢)ou p( s)

and/or a r

anenover "ugaa hrkohl 30, SAHAR, AR SALRAR . b e A T A

hydr ocar laomw@bnpgrumrdfor@dmfrremd'eng p hy&pgenrmym remuan ialkaze Bimdarlyndn cat e t he

presence . artlcu, roups i-n_the alkane (e. haI en ted kane

Ph cat oo HrBE FhE SRl BERTp OBy Rnl % A6 100 SRE B BN 21

equivalemMﬂmuwhendm&mhmdmm@emxmbomem1nomheomﬂganeynaﬂmmﬁmmnmn&ﬁhkml group”

is used he ein i accp dance with the defi on.s | UPAC. a

uni va entSBPbHBTFbr e dIR- FeHbut Ag R Ry d R EE shE Fove e ane.

ﬁi (T | ar | Yem@fing' (?iei@yh@%hylgidg@mat(oﬁﬁtﬁrnsedeﬁ f& ﬁ@%}ﬁiﬂtﬁbuﬁdﬁgfﬂaﬁ) ﬂﬁ?‘inﬁﬁ!mlwﬂeng tﬁ’o
ydrogen ato rom a ane (either two hydr atons from qne carbon

at om or dHe 2 Hﬁt}’H%rBQ%n ag]fyﬁ?ﬂef%r% tane ?J[“f“feéf%ﬁt “E‘éi%BBﬂeaéP‘b‘?F@}Ch fs:r‘fﬁ“sél kane

group” i %t@n@@@@fe&hed errithdriabedn@irr sdt@tiay @H(?U%}oﬁ[%rﬂ'ﬁ@hvl@h{ bl RN a0Ne or
mor e hydroan atons (as needed for the particu rou from an al kane. An
sk

"al kyl ~ ghgtiggen atgp ﬁvw1%dﬁcond%demawarben go8u EFSP??&yelbé)f pR Alkae or
branched 14h&$§1 group derived by removal of a hydrogen atom from a terminal carbon atom of a



ot herw se specified. Primary, secondary, and tertiary al kyl group are
derived by renoval of a hydrogen atomfroma primry, secondary, tertiary
car bon atwoporespecti vely, of an al kane. The n-al kyl gr egp/usesiiwasszby
removal of a hydrogen atomfroma term nal carbon atomof a 10 |inear

al kane. The groups RCH2 (R H, RRCH (R H), and R3C (R H) are primary,
secondary, and tertiary al kyl groups, é‘especti vely. The carbon atom by

whi ch indicated noiety is attached isl secondary, terti ary, and quaternary
carbon atom respectively 0026] The term" nyl. group” is used herein in
accor danc@aidtany: hTéle@équﬁBF&’éﬁRfﬁacM%éR by DI DR Rif IorigapiBaEubst i t uent
group, r%%ﬁﬁﬁr?sa%d%‘mafrylaﬂcﬂrl %?&ﬂJs &éb@@tweﬁavﬂh@ga@&?a%l&l% Wadhengitat& a carbon
atom Simlarly, organyl ene group"” refers to an organi c group,

regar dl ed¥igy 1Sf'f’€1tﬁ‘élei1 @r?aﬂecwb@ tea@m 9%qwrrwr%@tqwemﬁw6§en atoms from
an organl c conpound (either twy hydrogen atons from one carbon atom or one
hydr ogen [$%8in  FRACBACHEYY! ETRBD o PicdMEstn B aPestfnet itk ihe deinitel gani ¢ gr oup”
refers tq &1&%%§VI@PA€9‘AnQFg9H1@ shintinest P rl% Hleﬁ%f?ﬁﬁ%ﬂ@ﬁal %@%amﬁgr@ﬁ@en at oms
from carbon atons of an organi ¢ conp oun hus, an "organyl group,” an

"or gany| dise vglerngpt 2 caben apm. 8mghriwn otEapylenegouws mfgrﬁrp Br YeicePUnRct i onal
group(s) r an organic
N A R SR T R R

car bon arsdmhyuiddejther twedrydiagsn atnme fromeme athon dtory oeremipldesgenftontfonms ot her

t han car a X osphor us,
and the % %Hxﬁe%g?%dé&%(aﬂpﬁgsg%gg ?gmu?l %%’g g%e%%glgzl%gtéﬁoﬁge et hers,

al dehydesforniedﬂo@meanqvngcuerosmomﬂyﬂragelsatomsrfmm&,arbandtopiwﬁphongasc and so fort h.
In one as eCtUn tl}% sthr‘ genn artoorms organ ege I'tl? forli nt ‘hre a'r'nc 6111n¥|angr oup, "

" or gany| &REPGIGup S B B LE %pgroupg MSC BRUR PRCHe GBS R B at om

bel ongi ngoﬁtmna)rgammd‘hmcmmadl ggmp@pandf/@ratom@rqﬂ{eexhaalafacrydmdgwdm@er( i B)&M), a

e T e

N- hydr oc almysgﬁﬁrft@anﬁwhcegﬁ@umn{tmg @ﬁd}ﬂﬂwﬂl%)fatoﬁfs oblheNthrafl tAY 6l DAk ypb@ar baeryI

group (-C(0) anong ot her iliti n anof her aspect, the

hydr ogen l%gﬁ%ggogrném 6 BOEG} ARCR Omw@fﬁ%rl%r%%ﬁmltmgrbagrrﬁ%&ﬁe group, "
or "or garfh&ugﬁaﬂ)?fbupmmu@@etﬁér& atlpdict, ke@®n&AESAIE sAUFQEY, ﬂﬁheb@h&ﬂ%ﬁlﬁn&o and
renote from a tunctional for exanple, -CH? 0).CH3, -CH2NR2, and the

like. An2FyRf Igngpoet %ﬁﬁlgéﬁeﬁr%@n@} tsigved tgrlomy @a%%%g@ub may be
al i phat i 6oQhnAERMRsIHS: orc‘bﬁ%!aﬁlg gRp BN Fhd GracRIF REarbdlB&H b@lronélﬁ?{bcahed

"Or ganyl gr oups, organyl'ene groups,” and "organi c groups SO enconpass
het er oat dwctiondl aroup.fgr xamgls; amisy bereer ORI QBAEdPINhGraUPng syst ens,
het er oar r I is noted
that the rarhahyrars BN (i A0RG B LE o %“Egﬁf%%%wdng
definiti @rrslpl(r(E,EtI‘{)decdflbu]rdxybglauﬂoyC(@M{m aN—hm«zhadwmaﬁwne}’ﬂ%rgmdup,

2l kane. gr a0y e? PRaR R BERy b Ebin bl L au ¥l Bupe B TBB5Y For tne

pur poses Inhndtidr aspagpth @adrbgon, atdnie) eMOBIAL fortmrtha‘tcrrmsl @but, heorgmynsne or ganyl
group consi sting of .inert, fu ctlo roups” refers to. an or gr oup
Sher i . EHDoGapERns BREY T BHATE SPOGHLT ARG OROHBREE R ERibon. and
hydr ogen fihe 8 Gitctibihl gﬂa)ap,ffulr@bmpﬁalcmco@l)@}gr € H,8Rb g iR dikb 0OAh tegenyfi unct i onal
groups and/or_ atons other than carbon and hydrogen which are non-reactive

k19

under t h&"BPoc S5ENHBHATP Py “GEPTIAGEPUAMAY B ahﬂlra%c orafmatier ¥FlE v ar i ati on of
t he ter macRNligamilor BAQHOSHERAS. Sﬂrgﬁlypérohﬁe’r‘%réaﬂjﬁl%é R6@s,”Ah@URSanid ur t her
defines the particular organyl groups that can be present. Additionally,
t he ter merawyamial cngemRAss BAsTeHtemicaptapng rHEh theferntom-eonatinige BUpHYste8itin refer to

the presepeRaRfmBR8nS, aflPicferbdGhitic rH@%&éthﬂ@lFlﬂd‘l@u@% ntdah ifchereahgany!
group. The termor variation of the anyl group consr sting of 1nert

29 CC

f unct i onarougy oQfEandefd gipun, o ° prg@me@wpt ik Belidp iy dgcaipl eravhg ot her s,

as a rrerrb 98@3% p PU f 0 # ncti onal
gr oup” |sﬁadr%c£ao V\E dfgg&?%g%& u(hl?t an |a{ lyg/’a%ﬂr?tg}rk%’ﬂ?nouﬂ ﬁy{l{{l)@/ process
descri begrdvwer eind “rlhanmrwln “irespeciively, pagng otferg as inpmbaerf.er e wi t h t he

ol i goneri zati on process). Non-limting exanples of inert functional groups
whi ch may not substantially interfere with any process described herein can
i ncl ude hal ogens (fluoro, chloro, brono, and iodo), organoxy groups (e.qg.
hydr ocar boxy group or al koxy group anong ot hers), sulfidyl groups, and/or
hydr ocar byl groups. [0029] A cycl oal kane is a saturated cyclic hydrocarbon,
with or without side chains (e.g.



cycl obut ane or net hyl cycl obutane). Unsaturated cyclic hydrocarbons havi ng
one endocyclic double or one triple bond are called cycl oal kenes and

cycl oal kyweoiwBapecti vel y. Those having nore than one eathispuhivsiaBe bond
are cycl oal kadi enes, cycl oal katrienes, and so forth. [0030] A "cycl oal kyl
group” is a univalent group derived by renoving a hydrogen atomfroma ring
carbon atom from a cycl oal kane. For exanple, a 1-nethyl cycl opropyl group
and a 2-net hyI cycI opropyl group are |I1fustrat ed as foI | ows. | 30CH

H2C- CH2H30- - ar | cycl aI kyl ene group” refers to a group
deri ved 690%@5‘?%6 EWSHW%@@W%&W ¢ 155 o4 VR B IUHET™ sret@hst “one. of
which is fg@odplceﬁm&ﬁF BPRert fileBonalloro Iﬁ%&@ds kydedean@l &Yy whiteihustese@t h a group
derived froma cycloal kane in \Mg‘l hydrogen atons are fornally renoved
from t he faneHanal BW@‘PQ:"HW{%WOH‘& oftentipn %‘PQW@I hydigasnspresgel ip diewprdiond whi ch 12
two hydr Qa&ap -Al QBRI & thQk @ﬁicbbfna‘i ?Mﬁfseﬂldfoli Rk WeheFinhif &fr&Manti W)@ o&&r bons,

and a group derived froma cycloalkane in which a first hydrogen atomis

f or mal | y wheghmyegonfieaaiiva unden gledagdbtsreonditions dsbragdwray drtwgehe tmom is formal |y
removed f ane group"
Faror st o B s s B e B R RS gen st one
(as needélt fagtrcutan ergpayl tgiavpd thet ggn bepresand  Additigady, tnernoforgimiytrons a ri ng

car bon) fr 31].T e in this
speci f i Cag&s@tlﬁggy %!—:19 ﬁln%f%}l%le%r[ogpgs t%%)n Jg?er % ﬁl%regel F%&‘Ieonﬁ\gpﬁlg ﬁéertaf;ﬁ?ft%ﬁ%l

non- ar oMgroups Wahllth]ﬂE- (Ugartiybgrod[m uTileeeﬂnomdzana’chm df érerfofgahRenalbp comiitindes
aliphatic_or arony C .0, ac or linear and branched

al kenes UH'e fémcug ug I @gtc 1t1%n 18011641 }eﬁlrevl\}ygfocargﬂg?ué’r LR %eerrlse Bipy itself,
does not nienthiccat e the presence or absence of heteroatons and/or the
presence or absence of other carbon-carbon doubl e bonds unless explicitly

i ndi cat eq0028he F@fpm)osdsa;ymﬂm:@pbmmoa,l daenett fonctioad] Igﬂmp” hydrapaviidndoes ef er to

ot 1 1 zea oo B ke KL SRS o SRR B Shieh O AP Cps. wi thi n an

al kene. Ahtkse it oallgsmelb@u&uplb%g) Il\dﬁlflinhlflhg,ea(abllblets bElnB@ﬁint:tl@ﬂl gbupshe
car bon-carbhgon doubl enes, havin re t han. one h mul tiple bond
are al kadiHeBay g g gnter HE Wb PHPIORES RETEadRe 9?39“ Qehgioesiar
i denti figduddy, cthnﬁo med bNiodd), bigendx@lcRAPs @Al BpRodediRY erdapefiRdxy drOg32] An

"al kenyl group” is a _univalent group derjved froman al kene by renmoval of a
hydr ogen aapagrpﬁlﬁréhﬁaﬁwléa%@ﬁn%(%bﬁdmcaltbﬁbgram@ene Thus, "al kenyl group”
i ncl udes gooups in which the hydrogen atomis formally renmoved froman sp2

hybri di zd#020b| ef%.caffleﬁlk%r%wtlgete#ﬁyghe hyrogagon; withe Wilouhedesains e atomi s
formal 'y cvapmusd of ﬁl@iﬁ&ﬁ?é’lo@hi}ﬁj 191%@1% éﬁ%@hﬁ%ca%mlvﬁlf%ﬂgemlfﬁ§

ot herwi se specified pen- | g gﬁ propen-2-y CH21, and
pr open- 311911 eowaqﬂ@gmd %3¢ eallgd cxplaalignes a@ﬁémwg@éﬁr%pqcm@lhem@ﬁm al kenyl
group. n’%ﬁlr&eythar%he s@éhkrﬁfﬁyibl% BEn 4O BRI oalGHRA E)Qlcﬁlkg{rf%}f& L ﬂ't
formally renpvi ng two drogen atons from an al kene, either two hydrogen
at ons frqdmpe 5&%?&&1@1 gmug is ARGivAKAY g?&ﬁfﬂeﬁb Jf Je&Hbﬁﬁ‘Qh%rBé&ra?d?ﬁ carbon
atons. An kene group' ers to a generalized group formed by renoving

one or noioe hyel G Ao frem(eascladkeied Fpogxamhls. pamettyldyalopigppigsyupfandm an
al kene. roma carbon atom participatin
R RS CLaTh e R AR

in a carbon em stry of the carbon from which
t he hydrogen atomis renmovedsand regi ochem st of the car bon car bon

doubl e bond may bot h be specﬂLpeeh The terns "akkenyl group,” "al kenyl ene
group,” and "al kene group” lyy\t hensel ves do nox’\{ ndi cate the presence or
absence of heteroatonms andk&r—¢he presenceHerct M

Similarly, a “cycloalkylene group” refers to a group derived by removing two hydrogen
atoms from a cycloalkane, at least one of which is a ring carbon. Thus, a “cycloalkylene
group” includes both a group derived from a cycloalkane in which two hydrogen atoms are

formally removed from the same ring carbon, a group derived from a cycloalkane in which



13 absence of other carbon-carbon double bonds unless explicitly indicated.
The ternms "hydrocarbon al kenyl group,”™ "hydrocarbon al kenyl ene group,"” and
"hydr ocarworoal/isenre group” refer to al kene groups cont aPairng2@aniog34Bydr ogen
and carbon. Qther identifiers my be utilized to indicate the presence or
absence of particular groups within an al kene group. Al kenyl groups may

al so have nore than one such nultiple bond. The al kene group nay al so be
further identified by the position of 1£he car bon-carbon doubl e bond(s).
[0033] The term "al kyne" is used in this specification and clains to refer
to a coms\_ése.ﬁ&dertatq?&sar%EO_rm@fvsrﬁmeﬁél feoap m@ﬁfarf%ﬁlgﬁ?ﬁbﬁvse?%%rwprhe term
"al kyne” defeddueiasa &didalkahé f vfichAd QiFBHidfogef ¥ioh if fPalBENRoL &) fr@iRdriaE | 1 near
and branched al kynes unl ess expressly stated otherwi se. The term "al kyne, "
by it sel Farbgnayl fiseondiyrogenatends redierond fmserongromiagisaat bms and/ or
the Pr?SﬁﬁgﬁmgénaﬁggﬂﬁﬁnﬁﬁeQ%ﬂ@ﬂeﬁ%&@@%@%%ﬂﬁ&ﬁ1£ﬁﬁﬁﬁﬁaPBPQ§mUBk%§éor
explicitly indicated. The terns "hydrocarbon al kyne" or ™al kyne

hydr ocar e hydspgen atomsapsaieadeddontho Dartienla aneumi angl Agesshpne dydidgemriagid car bon.
Q her id b €4S tilized to indicate the presence or absence of
particulgg%gfgd%saa?%ﬁ?%ngn al kyne. Al kynes, having nore than one such

mul ti pl e [@%ﬁf afrfe Rk AN RherRl KAk di}{@t%speéi&‘igatﬁ)? aLﬁEltai*ﬁlsr AR ghkyne group
may al so be further identified by the position of the carbon-carbon triple
bond(s). cpopaj At ha 4t Jaastiong nguprompkc cerbomioation doutde band. dée fovmdalkensin an

al kyne b o) r al kyne.
Thus,  at iR el a e bRcOER: el 8 @ BERI AL O e b

for mal | y eckenniyetatéd aheramsesphdigbn (‘dkened by asdf, bemocindeate ierpratomaand gr oups

in which the hydrogen atomis fornmally renov from any. ot he arbon at om
For " examsPasstl GhTaReRofial s bB TR oYy BT SRR B! AR5
pr opyn- 3-unieks dxpliEOHd jcagd OTlpsStemtise hallidocabhaaiipas’s@d alke idhyidheaitben hefeatdk y ny |

group.” Simlarly,.an "al kynyl ene group' refers to roup, far by

Dormmi 1y e PR htattent Dot Hvtiioe R oS s oy a ogen

at ons fr aip peRn&ar ABRnat @patticulpossigalvathd ancalieenBy ol ke G B3t a3 b IfgrAet WO

di fferent carbon atons, An "al kyne group" refers to a generalized group

f or med bgdqnaﬁf)@?yn@e B0 %ﬁéri(bﬂg»-a?rga%ﬁg@%emg( Rlkepsebaimere fHia Barticul ar
group) f e Iﬁlﬁltiglblwﬁlﬁare TiReditRE, Mkatrithky Byd sodbAMPThe alidnk iy beRgther oup, " and
"al kyne grou y thensel ves do not indicate the presence or absence of

heteroat6#§“§%H%@#eP%@kﬁﬁég@ﬁéﬁmbﬁmﬁﬂ%@H@Bﬂﬁmd®lher car bon- car bon doubl e
bonds unless explicitly indicated. The ternms "hydrocarbon al kynyl group,"
“hydr ocan¥bi al RYngkenssrBUp ANt IR SEAT LS ar KiiFe byrempel Pt er to
olefin grh?&theIP@&h%'oﬁi 4 cOBLY aOMIT @Rk ANITIRAT RARNYIGABP idcdRRS &biRr s may be
utilized to I'ndicate the presence or absence of partlcular‘%roups W thin an
al kyne gribwpich Aelydege Hompds wayallyaomoverldrampirespt Renidined (defenc)eatben pl e bond.
Al kyne gr,oips, S QniBR e W G N o frh FroRCsly iR cbort e
carbon-cggﬁgnd¥$¥%?e @bﬁ%ﬁg)?&ngbé T%E%tégﬁfgg?&ﬁaﬁble fﬁ% %sﬂ%sed inthis
speci f i catinonF angenelainduntess etherwiss speeifidepriopent hak (-GASCHCHouplopetbdiid bet ween

the first _ t i . i f carbon
o, | PG RAS IR ERERRRRE RO ENB o ARIER ) SRR A SRR P G e
unl ess explkesd byoupl’ dimdady, hetalkaglent groupierctaste agfouprfamekdédg fabhpHa ol efins, a
branch may _he at the 2- nosition vi nyl i de and/ or the 3-position or

i anor wemBuloVrogon AOS rbiiiha bkod Ble: SEORI0- 0860 If: ioRATRA
whenever augeor dna hiydvogensyp@s ifbincadb iddfferann darboradtorss. r &f Ealleent groap” @fqgpdi@ 2ol ef i n
havi ng a braﬂch at tPe 2-§$sition W th reiggct tg tqg olgnig g%uble bond.
By it sel SN HECT BOHP “MAHRY By g ong BieBons By Togeh AuPH 2t Resdpt R ®ce or
absgnce @ﬁrgihelhggr@%f)qm aanadléd dﬁé.l When pfeell,s;emg@ll Abm asgﬁmﬁe@ldfm‘m ﬂf:ah&ﬁn atom

car bon-car bon doubl e bonds, unl e expljcit, indicated. T terns

" hydr ocaPBBiPATHHE aGF“g’P?'ﬁarb%‘} dm‘gﬁ*&ﬁaﬁ)’dﬁ‘%ﬁeglﬁgwla( s SATOOR Logywhigh 4| pha

ol efin cempURsn sOMtidtRioRed, amd dgldykinags o fanctafn bafbon [ bdiemiyer m

"l'inear al pha olefin" as used herein refers to a linear olefin having a
doubl e b&Ath Bsepeediind- The tornt Alkeanlerewt orfdkedlPRoHOWR ot “Hkena EPHA i near

al pha ol efdelvBYdd ot fldfcalaRsprBRhcd Rdb&atorthlRrdl@Renger Ak pRbsease of

het eroat ons and/ or the presence or absence of other carbon-carbon double
bonds, unless explicitly indicated. The ternms "linear hydrocarbon al pha
olefin" or "linear al pha olefin hydrocarbon” refers to linear alpha olefin
conpounds contai ning only hydrogen and carbon. [0037] The term "normal al pha
ol efin" whenever used in this specification and cl ai ns



refers to a linear hydrocarbon nono-ol efin having a double bond between the
first and second carbon atom It is noted that "normal al pha olefin” is not
synonynmouwsowntin37i2zrnear al pha ol efin" as the term "Il i neacTalSpdia/osd4ef i n" can
i nclude linear ol efinic conmpounds having a doubl e bond between the first
and second carbon atons and having het er oat ons and/ or additional double
bonds. [0038] An "aromatic group” refers to a generalized group fornmed by
renovi ng one or nore hydrogen atonB (éi needed for the particular group and

at | east one of which is an aronma ring carh to froman aromatic

conpound 2PSEREROT OXeT cab ket drblE onds g G eP AP BIA IR B oF i iPBmn gr oup

derived Byydr6dPtn Rk Qrdp, MR @olySimAUeRy RAOEBu, T 411 BPdro¢PBatalen onpound,

that is, a cgnpound containing a cy cllca¥ conj ugat ed hydr ocar bon t hat

fol | ows tEHEPHISRIKeplkeneeroyps fcentenea@nlwmlr&gw %vgcerépﬁnrz@thﬁi ldeﬂe“@fSrrma/sbe where n

is an ' ”tuﬁﬁf‘erd t {fBatk tﬁ@pres’eﬁceaé?%stenée of%&ﬁl@ﬁltaf groﬁﬁ%rmﬁl‘ﬂ{‘ﬂﬁau@éﬂg chgpce "aromatic

gr oups” e nonocyclic or pol yc ic unless otherw se spécifi ed.

Aromati c Adéﬁwbgmw mayclyedeve mprereas ong Ryarmadtplp bendaridaatkeee grovwpoends) and
et et 0aLR08S rurufl ekl IEthe IUEHAT SRS cal HELALAMATEL Y GoTPOUNS [ormal |y

derived fromarenes by r enment o one or nore nmnet (-C=) carbon
atoms by [hgsayal end eh “Hirab %%edﬁﬁ%ﬁ%%}%&@i@ﬁl on'afld SHER 18 ko 8RothPouiB! Nt Al N

t he cont|nuous pl -el ectron systemc acteristic of aromatic systens and a
nunber ofthay bas-apfepstane casboredagnnrtopls bewk rlds poymdiatkyne onelindss Bliphatikel rule (4n +
2). Wil e s of the
group of%gﬁ%ﬁgfsgﬂggwggﬁﬁ Qngﬂg%I%%ﬁﬁ%H%ﬁg%k%egﬁ %#%h§g$gggﬁgfgroup and a
heteroar@ﬂengmmUHwnhafhﬁqngbhmdx@&meﬁabﬂmdm&edmm&mdeeeddamhebéroarene
conmpound., Ar ounds arenes t er oar ene nono- or

ol oyct el sy BrAPAIRERe s B RIRE ot AR B ELAB“EPE BN (e, bt are
not |inlweﬂumgmnmenaﬁﬁﬁwtﬁﬁ@ﬁhﬁﬁb@mﬁmaﬁ@dehﬁVﬂEﬂ&}waﬁbﬂgmﬁhh&fﬁx Exanpl es

of hetero enes i nc re not |limted ridin d
ol oy G R S Braindcon P o e st Db effier D b Bl ot ot
may be usleﬁcamhdple@ernb@er aBRends oMk ticalag gtwps Wi eh ik @ity Alyiet) haviggaidrdoi et y

formal |y repla a _hydrogen in that group, and is intended to be
non- |.mtﬂ?aﬁgmef t}:l?yl B‘ﬁ%ﬂ P es. pleiyacs, gndsodaith Hiciallae §YR ™ or med by

removi ng aﬁ,olwﬁrrﬂefeiaelatfeﬁrb&mrﬁoﬁﬂo@mw&dﬂsonbaéekomﬁm@@@ndr(g)ng carbon atom from
an arene. One exanple of an "aryl group” is ortho-tolyl (o- tonI) t he

st ruct ur goe34] Whia Falicpnys BV ligemﬁwalefsﬂ dibipadeliVed ﬁmn a@E RN e of4 ef ers to
a group fornmed by renoving two hydrogen atons (at |east one of which is

from an AVORE HORFEFFER CHEA ?tpng)félera@aﬁy Fhusmadyngh ggonp” inghides gl gr oup”

refers tgn @nh@ERRIBUIEEHaEHQURhATyTBR RY ﬁWépﬂQbﬁ&l@ede&céﬂﬁérﬁc)Wf%Qgen at ons
(as needed for the particular group and at |east one of which is an

ar omat i c apprrnsceuRs i Whialy thedy troagn atoma in farmally aprovedidievasy othef casbely oup
cont ai ns %Eaffo%ﬁanﬁgg ﬂ&ﬁ%?&he&ﬁs‘%@ ociid, i‘ﬁk@&ﬁhﬁﬂ;@l Ebﬁ?}s Q7 rJ Rg_systens

(e.g. the enyl benzof uran noieties’ | enzo its
cl assifi W(H@fﬂ@[@pﬁgrdﬁpsumml etnb@nmsetdlvﬂthl ta¢ tetrh Agkyatyl giong” Sﬂ&ﬂﬁm fu om whi ch

t he hydrq t om was reaned grene if the renoved

hydlr ogan - G DRE T BraP biphs DRHBHO FEHG 08 YT g ey LEahs Eabon at om
(e.g. then2ikgad, bRier abORYdrébeh AR RIRMY dneFBYR a0 iBpRLBRYr benERkseaBjonand a
het er oarene gr if the renoved hydrogen 16 carbon canme froma

het er oar dirgt % OPf) gt Spopn pgmey St e wr%ew " &lermiq eegeratipd gowprformeddyhon at om
of the beRz&fidd &R @ hRHPhyRfoln RIBRRYLsReaZA M B Yarticular group) from an alkyne.

29 <

The terms “alkynyl group,” “alkynylene group,” and “alkyne group” by themselves do not
indicate the presence or absence of heteroatoms and/or the presence or absence of other
carbon-carbon double bonds unless explicitly indicated. The terms “hydrocarbon alkynyl
group,” “hydrocarbon alkynylene group,” and “hydrocarbon alkyne group” refer to olefin
groups containing only hydrogen and carbon. Other identifiers may be utilized to indicate the

presence or absence of particular groups within an alkyne group. Alkyne groups may have



[ 0040] An "aral kyl group” is an aryl-substituted al kyl group having a free
val ance at a non-aronatic carbon atom for exanple, a benzyl group is an
"aral kyl "woroupl37@m | arly, an "aral kyl ene group” i s anpramyus2&ialo3i4dt ut ed
al kyl ene group having two free val ances at a single non-aromatic carbon
atomor a free valence at two non-aromatic carbon atons while an "aral kane
group” is a generalized is an aryl-suggtituted al kane group havi ng one or
nor e free val ances at a non-aronatic rbon atom(s). A "heteroaral kyl
group”™ is a heteroar tituted al kyl group having a free val ence at a

non- het er¥4? BARPRCSUE W@H@f ¢ BopghgALYaE SRPRSAPH SOalftedWhesﬂ?flﬁl by the

" het er oanglikyd &MRe &R arbof tdp1&BsR(Dar Yl - substituted al kyl ene group havi ng
a two free valances at a single non-heteroaromatic ring or ring system

carbon atjgusspr @hé%ﬁﬁ“ﬂﬁhﬁmﬁ%sa@&wﬂm@mﬁgﬂahﬁhﬁ&QQMQmﬁhh%ﬂmﬂﬂhmﬂkﬂmr@
system carbon ato a "heteroaral kane group"” is a generalized

ar yl - subdhat sty ubleRarkbyr sghniant 3y servad sboroten of Bis IepgPa Aediguats a

non- het er.gah 9FBhdn atdd 1% tdriiNgIpRY Sk B HALAQ N ARG ﬁl)ancﬂeg%iu l)lEfn?s conpound
or group contains nore than one noiety it is formally a nenber of the group

havi ng t Welehi grheestly saled agepriicordn thy cass 0§ brapehed elpda plpfinsuphEnctFapy b@npl e
4- phenyl pyrj djog oﬂ ylﬂﬁ&% QR QR 3. Fos?tfb’fmﬁ) H%r flealeh f@spect to the oleﬁél double

4- (phen- 2-yl ene py |n 2-y1 group oaromat|i ¢ group because the
hi ghest rand. nBlegqbrau‘fysthﬂerteh@hprWS%lngh@amﬁca“wdthwdpgprm&juef@rsztoym group

ey }O;’ft ! ‘ég)'hé{ olekg‘ﬁz‘%lé@h gﬂagﬁ”ﬁ éﬂgsz g,f‘ogﬁ%HWtﬂqgsg %’t‘& @k DIAE B t%]dng atom A

y renoving a en atom
fromt he nsq:lf |t@dnrna‘fa1pha@ieﬁa” Qodsalnemdlpﬁ@tl@]pﬁweﬁoerogai:n;ela:lewrﬁhﬂmtomsrpm«)rd "is

used to describe an ound that contains a nln d. Thus,
or ganoal (t;ﬁih i mf:eoorrrf)L Senc S |Oﬁlc (ﬁbonhCalr r08(:d tg Pon esﬁtf’ ICI mglﬁgig(?gﬂ%:eh as
trlalkyI{mnﬂrhmkyhﬂmn@mhmnnﬁﬁtMyh@hmakﬁmhyﬁmmﬁmmhdﬁmw&y@hm@aﬁmyI al unoxane

conpounds anddaluqlnateICE oundsdmh ch contain an al um nunor ganyl bond
such as t8@P$ﬁﬁ§f%l?%P%93§ U a8 §g [0044] The term "reactor

ffl t d Jvat t ffl t
enor ol JogRl'S, Ihe G HRb AR P 1y S %Elené'% AR b BRbR b T e m

"react or defifle bl@rattbe wedh €hel first a6@Edcy@d davis, atdimyTiad t6ion HimepragfhacedinWby h ot her
descriptors_.that limt portion of t e reactor effluent bein

ref er encéd!f n%%ﬁ?fﬁﬂt%ﬁleﬂﬁ‘?“ée PRESTIEP A MG 9B A G RFENESeN KPP PSS er to

all mat erdfaﬁhele@amomgrbbﬂaowtﬂa@usdnag ubRssGxp iR ialcaRDATROLM@Mingdr di | uent, 17
anong others), the term"olefin reactgor effluent” refers to the ef fl uent of

the react¥frogperrlphgmictinn ot Fnesn abthaglefin, h@droeao{P%b Aefenrie bierr Bbitlefibond.

[ 0045] TheohBsuRds SdrtIRREEMF BYAO8n andBslbdt. S derivatives, refers to processes
whi ch produce

[0037]  The term “normal alpha olefin” whenever used in this specification and claims
refers to a linear hydrocarbon mono-olefin having a double bond between the first and second
carbon atom. It is noted that “normal alpha olefin” is not synonymous with “linear alpha
olefin” as the term “linear alpha olefin” can include linear olefinic compounds having a
double bond between the first and second carbon atoms and having heteroatoms and/or

additional double bonds.

[0038] An “aromatic group” refers to a generalized group formed by removing one or
more hydrogen atoms (as needed for the particular group and at least one of which is an
aromatic ring carbon atom) from an aromatic compound. Thus, an “aromatic group” as used
herein refers to a group derived by removing one or more hydrogen atoms from an aromatic
compound, that is, a compound containing a cyclically conjugated hydrocarbon that follows

the Hiickel (4n+2) rule and containing (4n+2) pi-electrons, where n is an integer from 1 to



a m xture of products containing at |east 70 wei ght percent products
containing from2 to 30 nononer units. Simlarly, an "oligoner"” is a
product twetouasr@’ns from2 to 30 nononer units whil e &0T/uskélgosEBi zati on
product™ includes all products nade by the "oligonerization" process

i ncluding the "oligoners” and products produced by the process which are
not "ol igonmers” (e.g. product which cigtaln nore than 30 nononer units. |t
should be noted that the nononmer units’in the "oligonmer" or

ollgonerlzatlon product” do not have to be the same. For exanple, an

"ol | gomerPOW - ASPIEHSHAPPOWIS ARl RIS FEQmatiGreronRs “ BRY BometacYdio®n” process

usi ng et bylye 1c%ﬁ@yﬂﬁmﬂwh@ﬁ%c§§d”ﬂﬂﬁﬁﬁb%oﬁﬁMmﬁ@ﬁ&ﬁH@%ﬁ&kb(ﬁ&@%&@ﬁﬁ,and/Or
propyl ene unlts [0046] The term "trimerization," and it derivatives, refers
to a procEdRtGKPBPOUAY NG disteogensa abo anedihstrgentheteaapmeic wei ght percent
products c6ﬁ’t[3&ﬁa'd5‘fd?ﬁalﬁﬂie@i’%e@ﬂ&n%’éné’s Eﬂ'éfﬁ ceTRACSTRne YPinbR-methind ¢ 'C‘I?r is a
product whi ch contains three and onl hree nononer units whil

“trineri £abpoatops by treateny @t@ll\@ér@shﬁtrpat@ﬁbdmwh gl @s pymaipfeintthq marl zatl on
process i di mers or
et amor &g ol Py B OO S WOl b b R ol et i
bonds, |p@nepedmm®ns@Hﬁﬂ@mdmembmefhnhﬂgﬂeby two when consi dering the nunber
of ol efi [ ' ds in the
Crimer . 10 Spbap Wt AORsTRORTRGG IR AR AN S ERE G B e LIRS,
tr|nerlaammmncmmpdmdtacdmpmmutmmhatmﬁlmhﬂmgamnmaﬁéahaxﬂmwh@gmmpﬂmriner of
a "trinmerjzati cess Uusi et hyl ene and ) nay contaln
ot hyl en cafy b eenPERE RERIRT 1P R TR o ®, SRRy EBRARHT g

i ncl ude @Bd h&&parChqd maarb@l nfchd- @rpotldgd]®.unless (amwtseSpae)faﬂpEeamIaes ctfrarelmr of a

"trimerization" process. usi et hyl e as the noner ai n et hyl ene

ononer G by Bredib iR i O fa R Pt o By PO MO Mt B cont ai n

tL WZ nonortsghetbmhfﬁﬁes ifDideEABR! Bt 1uelit@nes‘uramq)lsrrla@e Jan3mllau1tngh@me adilg
pent adi ene have two nononer units w thin one no| ec omeri zation

Cat al yst °8iF8t eth 5049 "eren-ohq GBRet PRt PO M Batalyse dg%ﬁ%m ﬁtowaﬁfm ly

conpri segr@iptwiRfsd tﬂy%nrﬁ?al@ﬁerpﬁ&@@mau? rdWCEOd By BOUIR ARG grpdardy iget al

al kyl . In another aspect, the oligonerization catalyst system nmay further

conprlselﬁmﬁﬁﬂéﬁﬁﬁ“@dﬁwap&lng conpound. The transition metal conpound,

pyrrol e compound, netal al kyl, and optional hal ogen containing conpound are

18 i ndepd®i2ht Anspphgrguyfre ﬁéoélgFI&é%’é?q Favn BEmedyalcering ¢ §YEREC These

el ement s ,of, b8 a%to%n@tly@raéatm i@ labys oS bR, IOeRERGSDEdy descri bed

herein and the cat al ystem may be further described utilizing any

conblnat|@WIQPHEHéOﬂ%HH%ﬂKWéﬁﬂh@ﬁéﬂuﬁé§éﬁ“@éﬁlhﬁW@ﬁﬁmethe pyrrol e conpound

descri bed herein, netal alkyl described herein, and optional hal ogen

cont ai ni ng conpound descri bed her g} ansition Metal Conpound

[ 0048] Generally, the transition ne coppound for the oligomnerization

catal yst system can conprise, consi ssentially of, or consist of, a

group 5, 6, 7 8 9, 10, or 11 transition nmetal. In sone enbodi nents, the

tran3|t| po ound gonpri ses, isfs essentia or consists

chr oSV % ETE S0 EoToR (o Ero AL AU e b peo Bt B

enbodl e a1, onk DEwhicA RSt drh OaidBhAd hﬁ@csmfwﬂetngexfpdsn)mm anG@del shsarasentially

of, or consigts of, chro [0049] I n sone aspects, the transition netal

conpound &SP {HYS 14 %ﬁ@ﬂeﬂﬂq%ﬁow&w@w@%@m FRYE IETogAn PIRB i ¢
transiti Qteedmtf@hh mmwmgroub Bn®P4th&@kt @S REeFhRN i Murdharylilceabsmiml compound
may contaln | i formally derived froman organic conpound or noiety
(e.g. a &b Wnatfbare%ﬂ I&B&’Yeél@a if grergypreqniging prppste afgignderer ayd 1n an
e”bOd'”E@&mnﬁﬂhéﬁﬁgﬁnkﬂg%ﬁﬁﬁhﬁb%rﬁ@ﬁhéwpﬁmﬁﬁ&%hu%PﬁBﬁﬁaﬂﬁ71nC'Ude but are
not limted to, a transition netal halide, a transition netal sulfate, a
transit | oheryearofaan)ifstcdassificatin Aeieniomordicatartishlsuritaeraingay iy fem i on net al
oxi de, hﬁc’t{{gé by eﬁﬁtoﬂ{ wil el &, h@t %] ARt bRA tﬁﬁ@ﬁem'ak%c( ﬂr%rh?o e@cal?n‘i nsition
net al hy r oxi ran5|t|on neta | or at e, P any co tions t ereof;
al t er nat ifiosi the atorrah@hstdrmarh@etrmg ohahg @@temaathoanm (eenthadtcatbos afofnat ¢he a
transiti [ frat odi nent
the tr andheRE R HREht Py B elPait haRoEh gl iriffngcd 194600
transition netal bronlde or atransition netal iodide. In an enbodi nent,
the transition netal conpound nay be a transition netal al koxide, a
transition nmetal aryloxide, a transition netal carboxylate, a transition
net al beta-dionate (such as an acetyl acetonate), or a transition netal

am de conpound; alternatively, a transition nmetal al koxide or transition
netal aryloxide; alternatively, a transition netal carboxylate, a
tran5|t|on netal beta dlonate _or alternatlvely, a tran5|t|on netal am de.

o, oy oy 1 o L ) . o L




[0050] Alternatively, and in any aspect and enbodi nent, suitable transition
nmet al conmpounds may conprise, consist essentially of, or consist of, a
transi ti oNoreetizl37dzal i de; 19 alternatively, a transitiolfCratSaé1198348at e;
alternatively, a transition nmetal sulfite; alternatively, a transition
netal bisulfate; alternatively, a transition netal oxide; alternatively, a
transition netal nitrate; alternativel a tranS|t|on metal nitrite;
alternatively, a transition netal hydﬂ%X| alternatlvely, a transition

metal al koxi de; alternatively, a tranS|t|on taI é|OXIde alternatlvely,
a transi CPUAN FERSITOTE 2 MBiS5eaTORtAHC riag Prerﬂf}%e?@’?t%lc O APMA[FeE e e

bet adi onatdn ofahd BdnAGHuFa¥ &k 6%%g@m&%bgmaﬂptal chlorate; or alternatively,
a transition netal am de. Pn an enbodi ment, the transition netal halide may

be a traq&MM|OnAHE&amygﬁb@fhﬁﬁmmﬁi&@hﬁ@éd&@}&go Halia@ g ifflel ONa®BLAd brom de;

or alternatively, a transition netal iodide. [O 51 Accordlng to a further

aspect offORRfogHE sHPYsHPE, fah%amleahpewb%awéﬁ@ ¥h erepar otlHB:&R gr oup

(al koxy ohrfkhO¥hp” ¢ aﬁ Qf%ydb%ﬁteg myl@ne %{ghm@%qreg K Qkibes Aa @pide group

of the transition nmetal conmpound may to C19, or a C5

to Cl2 hydrewarbessrbe e of af%wer@fe afatwlnewyomaélaﬁ@b%yatmlwgﬂwp

bet a- di ongf,&. YRy 195 é}i%}a%% 6 sﬁ’tﬁte&gﬁ% %ngthav £OGHe 8131{6&‘8%%613 ate

group of the transi tion metal conp t. 4 carboxylate

group; alvelengraei aginyaromatCoarbon @p@(ﬁam&wmm&y@ gooup’ isehegfoasinat i vel y, a C5

to Cl12 c i of the

transnt|g%&9§¥cﬁﬁ§bgﬁﬁﬁﬂawﬁg ﬁ%gﬁgﬁggﬁi %E%%érac%%QCg% 8¥Mm§$€e@natlvely a

C4 to ClQadkbkay. @nmﬂm adiheatotaaﬂkywne g@lup” isa lﬁﬁrctaqzl@ll%nalltdd@klgyl@e gupp I n

ot her erd?lOdll nEI{]t > eva ?an € a sm H teroaroma’%3 c ;[1r aglrsr%nt I O% rgon atonqpo(r)und may

be a C6 t6 E%ﬁf%ﬁ&% ?3up % Phatt veiy (e Ao ke R TR folp; or

al t er nat |a\1fe:|eyfaleace§36t ttNO n631 Betajokmwngnﬁ)gmr r1rign;ygtem cmbhleatomsrmm arent S, eac h

bet adi onat e the transi.tion me al

ot - obrEouABa L heroury T e s IR Heal BrREe S GRions,

al ternat lvulahqes afa Kn-He@er&atdmbRtrArg bk BRALB e @tdn atom(§ur t her enbodi nent s,

am de group of the transition netal conpound may be a G to C24 am de

group; Sl[o(ﬁlﬂpat iNabipohdG3 r%)dug Cdfaianinde ﬁ@rnmmp modty alid f@fr?kﬂlyiﬁl\/rﬂérﬂner afC4 to

Cl2 amide grou In some enbodi ments, the carpoxylate of the transition

met al FWW@%"‘@%V IS RBHLE R %?tsgpulf“%g‘ﬂ{%?c%‘%r E‘?rﬁéarfll%}e pﬁﬁﬂytlher

aspect ofp tilin ischi t@fémsdiﬁa@lc@aﬂpmdaﬂ&/a enpiedi e pyiiam-1-yBas i @rﬂeteﬁ)t al of

t he tran3|t|on net al quund can have an oxidation state of O (or 1),
¥4

+2 (or 2 )arom%lc(gwp@ycau ¢ bighepy naming groppsy the pyridige gigpp gyd the @sér&@t 13’\]/el y. In
anot her asp@Gtspddiflciyn ot her enbodi ments, the transition netal conpound can
have an OX|dat|on state of +2 or +3; or alternatively, the transition netal

conpound [gg2] hax&ilak 9% toatduRd csltahiBe Ailidshe afIM.t Reilyt orolpt § a@spect and in
any enbodi nment, the transition netal conpound can have an oxi dation state

of 20 0:gerdrelpdhatopn Eryed by remeyving ahydioge ajom fipm the siligqnztony ef 4silase.

alternatively,+4; alternatively, +5; or alterpatively, +6.
[00 Y An “organoaluminum compound,” is used to describe any compound that contains

an aluminum-carbon bond. Thus, organoaluminum compounds include hydrocarbyl
aluminum compounds such as trialkyl-, dialkyl-, or monoalkylaluminum compounds;
hydrocarbyl alumoxane compounds, and aluminate compounds which contain an aluminum-

organyl bond such as tetrakis(p-tolyl)aluminate salts.

[0044]  The term “reactor effluent,” and it derivatives (e.g. oligomerization reactor
cffluent) generally refers to all the material which exits the reactor. The term “reactor
effluent,” and its derivatives, may also be prefaced with other descriptors that limit the
portion of the reactor effluent being referenced. For example, while the term “reactor

effluent” would refer to all material exiting the reactor (e.g. product and solvent or diluent,



[0053]In still a further aspect of this disclosure, the transition netal
conpound of the oligonerization catal yst system may conprise, consi st
essent i alwg 20f1/13m027consi st of , a chrom um conpound. | n PhTASasIPMEI431t he
chrom um conpound can have a chromi um oxi dation state of 0 to 6. In sone
enbodi nents, the chrom um vvithi n the chrom um conpound may have an
oxidation state of 2 or 3 (i.e., a chromun(ll) or chromunm(lI1Il) conpound).
I n ot her enbodi nents, the chrom um w llﬁl n the chrom um conpound can have an

oxi dation state of 2 (i.e. a chrom l, onpound); qr altern tlvely, have

an oxi dat"oAe eﬁartsbﬂefte@ (et reagtar gf fﬁlﬁvtuﬁif?rﬁ ﬁ"ﬁ B‘Hr?g he reggfor 3

chr om unchhthin MBEMNAS. WRloRLEaRY) RALKIEEI.as t he tranS| t| on net al corrpound

for the oligonerization catal yst system may conprise, consist essentially

of , or cqogispt ofe teﬁﬂr‘&@om@malnbnnhﬁdﬁg@m@twesmfumtd lbrbc@wsfvaﬁ&hpr@dhe@m un(Il1)

quorlde chrom uny % loride, chromun(ll) brom de, or chrom un(l

i odi de. Alf%létuﬁiﬂf\%‘?ﬂ coaBE &t leash &) WRIEBTASERT NTPJuC SABBIIHELTARN? Iﬂ’ﬁomay be

used as tnktﬁloﬁl@ﬁﬂﬁﬂstseman?tﬁl“oﬁgdmu@q pfr&fucttthﬁ Bhthi GO WBMI2ZBBH MbnG@atal yst

system may cogiﬁ)rl se, consist essentially of, or consist of, chrom un(l 1)

nitrate, WA Y W1011g9m6§@ﬁtﬂcaltréoduehrlmwclmelﬂ proylugty ad yethe cigompiigstion’] )

chl ori de, X d natlvely

t he chror?lré&%sgfgerlr%énﬂgg b3 ao'?mfsaﬁm Igrbglgce %eﬂth% r?gi&yts ?gl#h'r%ke%rgdi conmpound

for t he oObligporeey |(qatnr@d110t:whlalh maley@teeth@m?éyn@mm bies, lohaglid e netsdthat i al |y
or cqQns L) e el h 1)

suI fate; Qﬂi%géor?%} }n\l}gs{]{}ﬁ@ ﬁﬂ% n&e)r ; #ﬁ%grggl%lea r&ﬁH ea?)r?é tlla&e:ioyc/)lgg tg romun(l1)

chl ori de;samaé. tlémreaamp,lelay, o]ugmn’i er‘t‘@hg@mdnmtmnqudua ”toéam‘étﬂlgvmblyzauolﬁ’r omun(I1)

1)

iodide; alternativ nitrate pa chromurr(l
cultat e ParebonmeEPLye SR PENT et byt B b PLOBRAKR: dio 5
chr om umpkdply)ene bhior i de aI ternatively, chrom un(l] I ) brom de; or

alternatively, chromum(lI11) iodide. [0054]In yet an additional aspect of
this di sq0@syr eTanidrm htrim’eyizaeimsbddhalr'mdér,ivahhﬂ tefan®iatpraresseliiell prodwgeoaind f or

t he ollgorrE|zat|on stem ri se, cons aIIy of , or
Cons st Qo SisBeer oD R R AR ST e P EORY it

chrom un(rﬂdnbmbﬁlﬁrﬁiﬁl Ana’irﬁer” a aCﬂiﬁdlm Whr(:lh tdnkaidd thRx halBonlAtheder r@dSHol:Héf hﬂﬂs)
carboxyl ate, or.a chrom up(L]| IC{I‘HQ nat e; alternatively, a chromun(Ill)
al koxi de Y64 EHRSHRHARPIequyt Pro Ctt%%daet g § yimegizatioh BEICET( 1 1)

car boxy! aiuddg @infehamrfrodiicts WhichGaé J@@x]yﬂlet(eg (ﬁﬁlte@roﬂﬁzrtl’ah‘lgﬂs)/ Ge’heﬁﬂlfr]chlfﬂ un(11)
bet adi onate or. a.chrom un(l|l I% bet a-di onate; alternati ve%‘% romun(l1)
al koxi de oledinmerigatigoreguces nuRbes of plsfinie pordsr it epibgp-garbeyy ¢ I?élop by, a
chrom unfdd )Vh@t%(ﬁl’sﬁbﬂ{gath@nm%etr ef &@ifiﬂ MY in tRe Abnédr Qi lthd dunflek o i de;
alternatively, a chrom urré |) carboxylate; or alternatively, a

chr omi unelafinbopdstin theitBmat dt shonldke netes g the AronomercHits B BoXYIMSE ©rgr oup of t he
chr o um-G RO FRePRIoholRhyt Be (R 4afi8 RIPULAIE Sty ofd Lernatively, a C4
to Cl19 carboxylate group;, or alternatively, a to Cl2 carboxyl ate group.

I n sonme €Etrbaatizatan processebing kthplkye gpddufenops mh@mﬁmmm m%mﬁbﬁmnd@/ be a Cl

ol tor nat 5oy e R B PRI AT g i iR CR P AR PR 2yt ony

group of In hleotlcﬁln lemmnlﬁnaé‘anmnunﬁh ‘trapciiatian GBodess G eelfrwdnenythg n@mpmer
alternatiyvel 1d,Q C19 _ar yl ox r rnati veI to Cl12
aryl oxy gra&’upfltalne Q’e 1 otherte t(S)'dIX By ?&Jaqsoebél’clﬁ%gt "“"‘a"“% n%&feécbl%on&ﬁ/ of the
chr om umconaiposa chondryicmita I@ekm;ﬂzzthdneﬁ archlbohabetadicnusnd 1d-paradahe vel y, a
C5 to Cl9 bet a-di onateg T:]#) ernatlvely, a C5 to Cl2 beta-dionate
group. | nYUPPHRPOBHYHP efifson %fé‘ group of the chroni um conmpound may be
acClto @ﬂgomﬂﬂugf@ualystaﬂytsehnatl vely, a C3 to Cl19 ani de group; or

alternatiyel 12 am u Chr om um car boxyl ates are
parti cul a{ff‘?‘VYusi?"S‘ﬁlgPF]ﬁH%ﬁ“PP S%gﬁ%g}éﬁt “EBW% n?HS‘tseSt%téané‘i“P‘i};WréL zation
cat al yst cswp& @A a gytkide cdntpo@ite a@EPRetal alkfie iE@Hotey Sped\thé SIBoAREZAHACESS
according to this disclosure provides for the use of chrom um car boxyl ate

conposi t {BAYSt Swﬁepwﬁwfﬁa@%meeﬁaﬁlog«?ﬂrﬁopeamtgdtoneﬁv%T&ﬁﬁf@%ﬁ%sew te
conposi t iceRAsouna, Iwaomoe%eu&ahie%m t £hd optiBnatRalbQen e faiNRHIREAPBIAKEAL €]
alternatively, a C4 to C19 nonocarboxyl ate; or alternatively, a C5 to Cl2
nonocar boxyl ate. Some wi dely enpl oyed chrom um carboxyl ate conposition
catal ysts are those of chromum(I11), for exanple, chromun(IIlI)
conpositions conprising 2-ethyl hexanoate are effective catal yst system
conponents for selective 1l-hexene synthesis. [0056]1n one aspect, the

car boxyl ate group of the chrom um carboxylate may be a C2 to C24

nonocar boxyl ate. I n an enbodi nent, the carboxylate group of the chrom um
carboxylate may be an acetate a proplonate a butyrate a pentanoate a



ol i goneri zation catal yst system may conpri se, consist essentially of, or
consist of, a chromun(ll) carboxylate; or alternatively, a chromun(lIl)
car boxyl ave.2oExBn@errary chrom un(l1) carboxyl ates nmay i neCuds20i0834ar e not
limted to, chromum(ll) acetate, chromum(lIl) propionate, chrom un(ll)
butyrate, chromun(l1) isobutyrate, chromun(ll) neopentanoate,
chromunm(11) oxalate, chromun(ll) ocﬁgnoate, chromunm(11) (2-

et hyl hexanoate), chromun(ll) laurate ;/°or chromun(ll) stearate; or
alternatively, chromu acetate, chrom un{l propi onate, chrom un(ll)

but yr at e ln@t?ﬁ?rdﬁﬁlt&mems%ff%@é}gw%%ﬂ%%n&ﬁ TEm )‘)hﬁ 5 dice,
chr om unplibdm@ehadtatdst §RleAHré Hiédehddndy deichM RYANARLRY cati Qétda( 1 1)

| aurate, or chromum(ll) stearate. In an asgect and in any enbodinment, the
transiti otyrhstithes despaked atilieing poyecnibinatippoiths wpnpEion sietyl descrRey hetsifpr i se,
consi st Ql?eﬁ%'%l@dohﬁboﬁﬁd’ de@d’nb@@ﬂ@rblﬁt m&ht all§f H&@hwa(ﬂefe'u) aﬁ&@ﬂtﬁ‘)hﬁ,haﬁ)gérpm un(l1l)
propionate, "chromun(l 1) %ﬁate chromum(I11) 1Sobutyrate,
chronlun@Pmﬁmﬂwééméﬂﬂ@nb%I@ed ¢iom un( 1 11) oxalate chromum(111)

octanoate, chromun(ll1) 2-ethyl hexanoate, chromun(ll1)
2,2,63G,Jﬁﬂﬂﬂﬂﬂﬁﬂﬂglﬁﬁﬂﬂﬁﬂédionate chromiun(111) napht henate,
chrom U’J%[M#s; 'éeﬁe%l th@'Eraﬁﬂﬁo%[%éf{mcb}ngaurﬁtfﬁ%é%ﬁgo hzaﬂiohﬁ%tgl?f syﬁut vrate,

chrom u acet at chromu ropi onat e romu
chr omi umckn ¢0)mnr§dmngrs¢a$sentladn|06m camdist ¢f) a greopérft dAnb &t &), ot hy memsmn(l 111)

ot ramot R1 Bt Ahear e Sh KRR CombMb A MMEL ! el dasaRoy

| aur at e, cmnnc@mdmudnmhhmymsmdbﬂabbﬂthnnamﬂﬂmbmmn(msqgmtIandwrn any nunber

of enbodl sition netal nerization
cat al yst S géln‘fﬁ]ntﬁ,gtﬁe %ran eron énee al Sonﬁpsoluélfl c rlSﬁ% cgrrsllsts eg@entla(ai bor{ Scoré 1S SO f

chron1un®ﬂdnﬁmemate aItermﬂlver chromlndll) pr opi onat e;

alternatively, chromum(ll) butyrate; alternatively, chromun(ll)
isobutyrammy]alhemnm@hxfhymeﬁhmnnmmmimb@nnnmnémﬁmﬂmamemﬁﬂmmecmaynveIy,
chrom u oxal ate: alternativel chrom unt | oct anoate; .23

al ter nat”.(%%l@} g Ir‘?? BhnaFREpiF )tfa%sztl%klﬂé?lﬁgwaﬂ% E ?&léﬂ af%‘?ﬁa‘?“? E‘fé‘i‘%}t}onéﬁ"rt%}m ur(1 1)
| aur at e; cailnb@Inﬂaﬁdy\te{lty(m ligﬁlﬁdérfblhﬂr'rﬁ((lif Hérn&ﬂ%hﬁdnebrg@hd@)ﬁﬂl patlﬂd/(ﬁ*lnydletgitd’g)m un( 1)
acetate; alternative rom un(l 1| nat e; ternati

chr oni unCPPPYY Ak étdé Or (H]&{er 'K‘}B‘P‘{E @ﬁgofﬁ a)mﬁi“% Shid 15 rganic

al t er nat itv@diton rﬁé‘tﬁlQﬁhipBiﬁﬂdls hﬂcmaeqneweaaﬂah@d ta|attﬁﬁh§1ﬁ61i M&layhali@firaom un( 1 11)
oxal at e; aIternatlver, chronlu %%mpctanoate alternpatively

chr omi umtieRyijome | fieedFsitien maila% &ta tABFIon BRtRbRIFURC trynmlon
2,2,6,6, ni&hbaiaetavhiast Aral dirdeal @insidbl ftRBhitME lafranGhEPRbHNMyFdxdde,
naphthenate aIternatlver chronlun(lll) | aurat'e; or aIternatlver
chr omi un@Itansitien weipkahdorate.pr gheonditsEnsiberee; alfomrativelyriginsifiohmeiet kaliddonpound
for the gl ganel ﬁlétélts‘uﬁﬂtecﬁt}aﬁhkﬁ’éﬁ nébs%ﬁﬁﬁwuag%w@% nft QRS '1§£n essentially
of , or consist of, chroniun exanoate or chromun(l11)
2- et hyl hexkadment, the tlanineqnna@talx}r@ ige mmlama tgangitipn el eltlprydehekamsrnenctadwr ol e
Conpound b%o%’?@] Qtr@xﬁhﬂ?o%@ﬁ’&&l noc%dﬂ:e IR¥4 #&&%ﬂﬁ%’&ﬂmﬁﬁh S tat @&&@&n&

pyrrole' I gonerl zati on ca yst system can co onsi st
essent i albey tl@ﬁsltlmrmcidraﬁiostdem tranartipn pigtat exb@xcd@rmwmﬂlon tratal virbdxytagaet with a
chronlunuggurce Loy apsition rrollda cQ H ge g. chrom um

SitiQ met be%5 onate such nacet ace onat orattr nsition meta] amid

pyrrolide co ﬁ use a1 §E1°08 term pyrrole compound”
refers t mompmmdl ﬂte(tﬁﬁt‘ﬁw)a traderwn/mbuak/a&]somfe qmymnsaxlicm I(ltﬁalgrylomdh)l e),
substi t ut t al roli Xes rrole
conpound T ebna FRisuRE i sufi Tt dsrn g OB e
ni t r ogenteaditi@ méthighintied. &r@myrcinanoaacdspas sﬁﬁblmmﬁb@meﬁywnqioemdsdeﬁl vat ives
of pyrrole, and xtures thereof Broadly, the B¥rrole conmpound

pyrrol e GPUAREOR P@?%]ISQIS)WF%@ 8o Gl p i emins R PAigs Rty thc e tion et ont a| ni ng

a pyrrol icd@psadicembrik, dohGaneksertid@pH Gegdatiak by a threiddhétalcerbeommeund may be
a 4 to C0, or C4Ato GO pyrrole. Exenplary pyrrole conmpounds that may be

used in tbhesopl | geEmAEERL biin A aslpyatanwﬁmmamﬂcshm trifditioRhRtaNot linmted to
pyrrol e-2-carboxylic acid, 2-acetylpyrrole, rrol e-2- carboxaldehyde

t et r ahy dCBMALBINEMay ComplisteAoRsiHtSyseRiElly of 2>r&01t§is miransgioampii! fglidep| e,  3-
acetyl- 2, 4-di nmet hyl pyrrol e,
ethyl-2,4-dinethy1-5-(ethoxycarbonyl)-3-pyrro|e-proprionate,

et hyl - 3, 5-di net hyl1- 2- pyrrol ecarboxyl ate, pyrrole, 2,5-dinethylpyrrole,

3, 4-di net hyl pyrrole, 3,4-dichloropyrrole, 2,5-diethylpyrrole,

2-met hyl - 5- et hyl pyrrol e, 2-nethyl-5-propyl pyrrole,

2,3,4,5-tetrachl oropyrrol e, 2-acetylpyrrole, pyrazole, pyrrolidine, indole,
and dlpyrrolonethane and nlxtures thereof ~anong ot hers. Pyrrolides that

o " o



In an aspect, R2P, R3P, R4P, and R5P of Formula P1 and R2', R3', R4', RS,
R6', and R7' of Formula Ii nmay independently be a hydrogen, a G to Cl18
organyl gwoupi/iro2za C3 to C60 silyl group; alternativel yCThisdelogaiszdia C to
Cl15 organyl group, or a C3 to 45 silyl group; alternatively, hydrogen, a
C to Go organyl group, or a C3 to C30 silyl group; alternatively,
hydrogen, a Cl1 to C5 organyl group, or_a C3 to Cl15 silyl group;
alternatively, hydrogen or a Cl to Clégorganyl group; alternatlvely,
hydrogen or a . G to Cl5 organyl group;.alternatjvel en or aC to
Cio or gaﬁﬁ?m@twaup?tf&l%Sltaqntnée?aIavlf%Iavernﬁvalry@@gwsawnén%l Swlﬁte SrgustyI® group.
I'n an eWﬁﬂé1f@fﬁletal%lfaﬁ3£terrﬁﬂ%ly,Qﬂﬂmﬁﬁ&l ﬁfataf&ﬁd@lhlﬁan?alwéwcht%smom R4’

R5', R6', and R7' of Fornula Ij may independently be a en, a G to
C18 hydr &k BifTatey pliimatively. aatraegltl%rr@@bmémtmlte@ﬁ ‘(%v aé.‘la{l%tﬂqlild”fl"?t ely, hydrogen,
ad to %@ro?ﬁﬂg ra@t@ﬁﬁ%y,gﬁﬁh@taon%etﬁ Ax ke, tmaBidy la tAhQHE: m@htt er nati vely,
hydr ogen, 0 hydrocar byl Ggroup or a C3 to C35 silyl ?roup

al t er nat Iaméwde hWn%rgelmafaar@tlotl@e chery bt plgnatiyelyuptransitioa nel bga-C15 si |yl
group; al t r

al t er nat |d§0%%{gaélpéﬁr%%3é%%%%glg&gm%l &(]) 5te hog %@%Mf} ngﬁ%ﬁ%h n%li%g{rﬁ}ldgt ively,
hydrogenImanam@Mnn@HGh@ﬁhydmoommbyﬂugmauwea@mnammemﬁdumkmﬁy hydrogen or a

to & E&%t@%ﬁv’ ?’Lnsg[o%%%ﬁo%?&%% A?E)al?eQna?im?dd t%sﬁlom%{aﬂo he pyrrole

conpound en and and R5P may be

any non- ge e ively, R2P
and R5P ﬁéﬂﬁg ﬁf%%hggn anﬁﬂ%%g%ngﬁﬂggﬁ85ﬁp %mgﬁégh%ﬁxﬁh%ﬁgggﬁ’pyrrole
substi t uélndrocmls@qyl goag (hlkpai ov;andoxyal dadorg bt \gealup,, bem@omuﬁgw orrmndbe hydr ogen

and R3P and R e a non- h en py | e b |tue scri bed
herein. 580 P} &% I“ngﬁconﬁﬁﬁ%qﬁﬁg) aﬁd&ﬁéﬁ ﬁ%& é’ﬂra efi’ and R4P may
be any nmpmhwﬂb@g@nmmMMkabaxaqbaqbkﬂﬂﬂkﬂd@gﬁmpb@ﬂimemmigpm@btﬁhﬂat|ver

R2P, R3P, and R4P rogen and R5P y be_.an n- hydr oge rrole
Sabst | ¢ USHPALLET IR S SRR AR TRy HAC BRI BT and
R3P, R4P,C,and,,RafBokEyte @ﬁ)uﬁﬂﬂteﬂl@ﬂve@’dmg@(]lg%hlﬂbSiylﬁtblgﬂ)hp desrérhpdiyhgrein. In
ot her 25 enbodlnents R2P, R3P, R4P and R5P be any non-hydrogen
pyrrol e SubbiCHOREY # SEMPHELEOREED ﬁdmmw?w i i SRk Ch

non- hydr Qged caihpdiid Wiy B8 a T8 Yo 0F alloky bit@sh AsmBRaRIy, R8P0 B4Rk oroP of
Formul a P1 aﬁd %%ﬂ Rg aR4ﬁ? Rgl, %% gan Tbr &% o#)Fornﬁﬁggﬁﬁﬁ may

i ndepend@Hemgivs. aks 81 &y Plkgrogpup- an oifiss embeditaentsa Fachandpaupourefdhic| oal kyl
group, a uaHbsdd ﬂlélﬁledénff)bf&ldqaew%l Q'R alddx agm&mueﬁmgmw Ceo @lfbbﬁlgdx}ru'[ ed
aromati c group, an ar¥ %h substltug aryl group, an aral kyl group,
a subst i @Ol taImREYely e b0 malkaxssgnoyn @rY@u@herIembeﬁlﬁ@ntSé%mtmnt s, each
non- hydr i P } or R5P of
Formul a B e R i I m B SRS, T e B B0

i ndependehemgtively, aﬁ?saalqhybetqﬂwmpte geaupetrlrmét@nnmew, ags mfblsfoﬁtta@mdte@rww gr oup;
al ternati | Ky I t I t cycIoaIkyI
group; al¥§#%% ?ﬁ%ﬁﬁ%%% de%a%FBfmgn&Sﬂﬂﬂv%%gﬁé qg%g%§3%§? t'ut ed
aronaticagn@uygthhmmﬂmtmv&Cym(hﬂmaMygmgpamphmnmbebnaCIuﬂhymn@egumst|tuted
aryl gro alternati nat |veI a substituted
ar al kyl %R %%fmn gé??%ﬁ# f?% t%O ?U%mqroﬁmgﬂ h%@ﬁ?? yP%e al kyl group,
substltumﬁmoaMMywngoup cycloalkyl gr oup, substltuted cycloalkyl group,
aromatic group, substituted aromatic group, aryl group, substituted aryl
group, ar[eﬂsIzyI gcmcpng subitthdrutped: el ligdloirednd,in amyddndrodsindny, lthegr oup whi ch
may be ut|I| non- h dro R2P P, R4 [or R5 10U

For mut a. By ST 4R Gt p o Festold St enpasf BOTE BT et T b of

For nulia 2 (om0, Ifaamed 3}, he l()c&au)rersr(um;%r IQSf(of:@)[ &@mtlaﬁy tin@noths aﬁ@&pﬁﬂtl?ve .

or gany ou rocar rou or Si rou e utilized as a
non- hydr% prwym%ﬁﬂ F&%ﬁlg E%Icwub%a% ﬁr@éIﬂI‘m%ﬂ% g2?for% RYdr ogen
R2i , R3i altbMhtivelydthe tiRNitionaREAIQOmBGINdBaR U e@h okiEiBH statd bf B, FakBSQsl threr ei n.
[0063]In an enmbodi ment, each al kyl .group which may be utiljzed as a

non- hydr GSRSAt arIm anyagmboipsnt, &ﬁdyaa?m@tsmef@lr%womd 28 AR A gsidagion sfate of

non- hydrogen R2i, R3i, R4i, R5i, R6i, and/or R7i group of Formula Ii may be
a nethyl group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a
decyl group, a undecyl group, a dodecyl group, a tridecyl group, a
tetradecyl group, a pentadecyl group, a hexadecyl group, a heptadecyl

group, an octadecyl group, or a nonadecyl group; or alternatively, a nethyl
group, an ethyl group, a propyl group, a butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl group, or a decyl
group.. In sone enbodlnents each aIkyI group mhlch -y be utlllzed as a

N N N N o ~— o~ a o [r— o



26 group, an iso-butyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a sec-pentyl group, or a neopentyl
group; alwernati3velry, a nethyl group, an ethyl group, aRCras2@nop3481 group,
a tert-butyl group, or a neopentyl group; alternatively, a nmethyl group;
alternatively, an ethyl group; alternatively, a n-propyl group;
alternatively, an isopropyl group; aléﬁrnatively, a tert-butyl group; or
alternatively, a neopentyl group. In enbodi ment, any of these al kyl
groups may be substituted with a ar hy drocarbox group to formthe
subst i t utlefEIAYFY girlo BRI ER: h?aﬂlt%atwﬁyrﬂz@&r%vzlyaﬁérﬁ PAHYRe ROP, R3P,
RAP, and/a@émipRlygr@up of Formula P1 or a non-hydrogen R2i, R3i, R4i, Roi
R6i, and/or R2i group of Formula Ii. Substituent halides and hydrocarboxy
groups ag@os@l] SCIOSaa Hele bdpeartd tHiPYisdd&uk ihk itraRgkiod hARwbmbbiHdtoRkcon to
further describe the substituted al kyl group which may be utilized as a
non- hydr G4§epmesizptioneatalystepste My OMPRSP cofiséit prseiftiain Pl enpit ddra a

non- hydr QERmikE ompiRind. Titkhis a@e@ﬂ R cthlum@&Qﬁ&fnd% a6 QeRroRfiudror mul a i .
[0064] I n an enbodi nent, the cycloa or substituted cycl oal kyl
group whiogidatienstaseciit o6 %épfﬁﬁselﬁb%‘é?ﬁnﬁﬁyg\e@b@ﬁllm P/ithrgie clpaplumand/ or  R5P
group of E@P&n%dgngﬂhag)é a )J'(PdﬁOlegt{e% &0r Fa e a%ﬁfomuﬁf}du%sﬁé{rom )and/ or R2i

group of e a cyclobutyl group, trtute cyclobutyl

group, a ceypdundeninyithey mobtphm@nts Ltitmlqunmmdw&l}mﬂh@ plarnmyim gpnepopnd eandyprd ohexyl
group, stituted
cycl oheptagﬁ/ :dglgégéoﬁlt)éga?‘go%y ft)ooc %{nm% @%%fnpgiﬁn% Eeq-?ét%uvgﬂ Q,(E: 59/11(’1: %g%t&g group.
In somne emhnﬂBWEQmshmmhmnﬁybwmaMKmD @ooupmpb dm@smnﬂﬂlﬂmqmymhodh&yl group

whi ch may be uti as..a non: /o R5P group of
For rul & D197 She FlraSuh SR SRRy e s R R R SR i o
For mul a Icompmge, h&mﬁx@ymhﬂpeﬁiykmgm@uﬁcm@nﬁmbﬁmmﬁmﬁgdHGMQMQH¢mﬂ&w group, a

cycl ohexy substi t c ohex | n_ot her nbodinents,
The oyel ShrRED sifif Bl luts R aR Ry Al crtneim Ry Toe ut 1t 2o
a non- hyd@@wmlm wind, exindfle, tﬁ@d{r@muﬁﬁﬁ[)gbmp@nai wirieh maly &ec Bded@k the

non- hydrogen . R2i, R3i, R4i, R5i i, and/o roup of FornmuJa |i may be
a cycl obdEiYrBeky Sppgud fhsthe P’l‘:%oé%?r‘é?tﬂn(%@{}’?‘i SY&F%L‘PE?Y CHMPHENMSIERI y, a

cycl openteyden@QWR, @ Eoriiss biD Sitrbinkin® A1)G¥Edt O BROIMIm@N PduPate Ak @hinatiiyel y, a
cycl ohexyl group or a substjtute cycl ohexyl group; alternatlve y, a

cycl oheptilpprids: sugmamEHDschipsidp.tehrospjuadd) broaidey pr dFanipmfy iodideer nat i vel y, a
cycl ooct WietHa@Wy, tRY cifortiMRRlobdpYiRE (1Y EdnARGLM as WO RsitibDmbdl dAGound

enbodi ments, the cycl oal kyl group or substituted cycl oal kyl group whi ch may
be utili Zedheelicemegratieg gptalyesy raPmaRgEmpREFCoNSHE SR soRsisHPT. For mul a P1
or non-h (oTeTTal) / ormula Ii may
be a cyc%g%EntyﬁB%?gﬁfghm?ter%d??@gﬁéﬁﬁfugﬁggg%?ﬁﬁgi g@? g%@ﬁﬁy group; a
cycl ohexﬂuogdﬁoabemaiwelal ¢heemiami(Nedhyoridg; alethatydbs ichrogtiend(10 pednoaxyl  gr oup.
Substitu ] . kyl groups
are |nde§g%§gﬁ?b’ g?% ghLerégﬁm%ﬁél%ﬁ%nﬁﬂggﬁ #H&ggﬂ£¥%%§%% limtation
to furthehKMBwn@HbBﬂmheﬂsubsvﬂyumemnwyﬁHDQWKyk @wuupvdmwhmmﬁayﬂbb utilized

as a non-. dro R and/or of For 1 or

ey ar SRR Ry, Sifbna 3 bR o ERGp B! Cg}lrr%r{ljl R o
0065] | t. th

Elon- h]y dpéﬁ‘% ?S pglcye aed&l)‘)BXl as aﬁe&? &quﬁé]'g\cﬂfgsure anraa¥ alla_yoerr% d %ﬁqheatransnmn

gen rou
non- hydr ogen caﬂpqun%br thd?éhg,orriaﬁza,noRGétalyarspb‘tm C(RHprlsg,r®u$)st@§seEmilm0|f arli may be

bty BB RS b AbS TR A B R SRR Mmoo ey
be utili Ziﬁdlg,?ga éroahniiy D Rkgeide, RZJHronB&IH(HIRéd?bO)@MH Ofaatﬁan@lhmu?g g]?n‘ai: gﬂm n}JLaI IPl
oy bes n R Rty arhe it DielGridh o g Db BB Ao

napht hyl cgfoatm@r) carbsxgkpz&é bit 4dHesinaRIND ByrbogNAd Rite@bht RN Athrv@lm(I@baeny|
group or a naphthyl group; or alternatively, a substituted phenyl group or

a subst i tHAN8E AP wam RS- dl@ti*ﬁf‘stahftrﬁaé‘ﬁ{?]é’ WrhreRiumal)) alkoxids; plicspaiivelyr t he
subst i t ut,edrdRigRM cBbekRSeMicHiRtY, b eh@shi bW ldiRhRUARrAligely, Rependent |y
di scl osed herein and may be utilizZed without linmtation to further describe
t he substituted phenyl groups or substituted naphthyl groups which nay be
utilized as a non-hydrogen R2P, R3P, R4P, and/or R5P group of Fornula P1 or
non- hydrogen R2', R3', R4', R5', R6', and/or R7' group of Fornmula Ii.

[ 0066] I n an enbodi nent, the substituted phenyl group which may be utilized
as a non-



hydrogen R2P, R3P, R4P, and/or R5P group of Forrmula Pl or a non-hydrogen
R', R, R4', R', R6', and/or R7" group of Forrmula Ii may be a

2- subst i twOediptseozyl group, a 3-substituted phenyl groupCTAaS4013/0b®Bi t ut ed
phenyl group, a 2, 4-disubstituted phenyl group, a 2,6-disubstituted phenyl
group, 3,5-disubstituted phenyl group, or a 2,4,6-trisubstituted phenyl
group. In other enbodinents, the subsgituted phenyl group which nay be
utilized a non-hydrogen R2P, R3P, R4P;" and/or R5P group of Fornula Pl or a
non- hydrogen R2', R3', R4', R5', RB', and/or R7' group of Formula |Ii may be
a 2-subs tcgltoml%ﬂfdh@hwdeg réstipRvely.2 il b é%rbwéag? o7 g BRAY Vel 2

2, 4- di subsiontisth@d) RALAYhat8! RWR emBbdithert, ScH SOt g@g@oﬂh@aﬁbmgﬁpu p;
alternatively, a 3-subsituted phenyl group or a 3,5-disubstituted phenyl
group; alP@peidingy|by 2 G to Canspdprylafe SEPUPHRBRIRIGO &5 +d¢ Car catbeyH¥e RtYPed

phenyl  grebpmAhEer Nal d\e! é’a’rbcﬁyl%ted%'rgl@ 4R $drhd MERAiRRENYch ATKBKP %1%%% 8f

2, 6-di substituted phenyl group; alternatively, a 2-substitute enyl

group; altheghramippeiopporndInayiitsst Gitto Cechlighe gydupgalsuptivaly tadunaCiosdifoxy a

4-substit d - v &l ively el iy yl
group; alglll&eu h%lfd:ﬁ\@/ﬂé%v,e%gg?éo- gllzgdg%gf%ﬂtoﬁ‘?e%l 06%@%??0&%21&{%%%&& pd;&lg%{ %Jraﬁ[gt ively,
3, 5- di sub$thctchtoaduphemydund maybe adis taC i enietyi gralpy altangivdy g €atolubst i t ut ed
phenyl gr St - [ y, il f - ific

Cubst i ¢ BB bR o CE e B bbb S s HEREERERI 2 e
uti | i zed bafatdignate droupi df dtei abrontiomfcumpdrewd nabyderai Geo Chasa-dolast growt, ed phenyl

groups whi.ch may b tilized. as _a non-hydroge 4P, and/ or R5P
o oub’of EPaRY: BE B¢ BREH R JuR R MO REARRE e b Bl
group of Ir@yrtidt @bodimdn@Q&fide groap othp ebiomivnh eoragahé yay @& 0 Gp (57,4 amideh may be
utilized as a nonaQMdro en R2P,. R3P, R4P, andﬁor SPFgrou of Formula P1 or
a non- hy GFOGeHCERAIVelygi Cs ki anpds sropgsior allgrptiyely 7 19 Coninids €8P mul a 11 may
be a ben ro or a substituted.benzyl group,. In an enbodj nen t he
oratkyr it o Rt BBy R g o BB PoBli RO SR rap

ang; or R@Bg@ﬁéﬂtﬁti@i caEthﬂwls@nP]IhQﬁ, i@gﬂ&dﬁpé&}{dﬁ&lg&lys%wmaﬁﬂ plrdaéds, RS, | R6i ,
and/or R7i group of Formula I] y be a nzyl group; or alternatively, a
subst i t uREP YBRAINS dplapTe Erﬁﬁ’él‘ﬁir%b@ﬁfl%e Qfﬁamlwfﬁya%@xya%t? FOBRAIIOBY t he

subst i t utiRgydfRduk die nBt PHRSI ta,r&rdnﬂdﬁreemﬁ,natkygrdpo%ﬁioawdvﬁia{@b n and nmay be
utilized without limtation to further describe the substituted aral kyl
groups WEFORHHG SHECaP (o4 PRCHEOW 3G Rl APE6lye i CREF 10 R9poCarbepylalgnel/ or RSP
group of JFOnhaMLR, P&, Q) c%%nl%%%&?gﬁﬁ. R8ine witlly crfftbycdRRiomiffRcarb8lMiOr R7i
group of Formula lIi. [0068]In an aspect, the silyl group(s) which may be
uti |l i zed cagpesitippratalyat gipthosrebchrrppm(BYPior exapds: ClRsmiyg(Bilyrososdeniul a P1 or
a non- hydp,a880, Rk fdtanodt¢h dive BRhlystRPHR Eorfine @t RUReIKiVEQ IR T may
have For mﬁg '8?4?? 17C-yenerag?é[:ge ,mﬁsﬁ?,tweRSZ, ysatngéqusoﬁ nteﬁe Si fy{twgroup nhavi ng
the For muithesSi | may i ndependently be an organyl group or a hydrocar byl
group; alternatively, an organyl group; or alternatively, a hydrocar byl
group. G406l | in onchgpeot thawyiboygdde proamdf e chrpmivny ehroalabpyhaygreaupstowhi ch may
be utili zed [ 2 - ' j la Si
oy have GhERSD S s AT, e dfSlois oL RUPUD BB BEOGOLIE 2
whi ch mayndyéeun rtdtated pagpidrat, mbutyhieds pgemopy.ra lekencsighshdptanestt.sindescr i bed
herein. | A ar‘?‘onateer'cirtr)l(ojr(ljI inro@ure] t ’deRSnloa F\;Snzlmdg‘ ra}do %Sédgéecgnho%tesail {g%il cagg AR having the
Formul a S may in epeﬁébnf?y el éiﬁfl’group, 2 stbstit ut ed al kyl group,
a cycl oalt&yedeqynaap o pantsdtbatohteLd ktadegaloar] Kdptaglecupate, @n aao@mtinoatgra@up, a
substituted aromatic group,, an aryl.group, a substituted ar 29 group, an
o ot kyl - rSuRneBr s hudloREr il shaEo B s RS cri o decnfiRet ey
group; alatdtcahdavebya dalcSdnbst.i Inbbed cabkdimests Abpcartdxi@tenadipudlhe, a

cycl oal ky r.oup; . al ternatjvel a substituted cycl oal kyl group;

al ter nat iCbr&%wm aﬂb%ymf%%% > PRPRBH Y PUEPRY, IS%Pu%ﬂsﬂale?ﬁtee@- ar omat i c
group; alpk@amAte) \Hebyentdbak! dpr@b@URhe@dhdfd)N@hépiflofte, ApSURSHLdcuinalear Yl
group; alternatively, an aral kyl %roup; or alternatively, a substituted
aral kyl grouphoxardels ngpRAREYS. ceRBSHIUEBeR Rl kyrdguassiaugiféroal kyl groups,
substi t utgggectyateda)r Kithra@'(RI8BEdccRI AR ErnIRRUP FaledidRB HbitiRE) akQMaL i C
groups, aryl groups, substituted aryl groups, aralkyl groups, and
substituted aral kyl groups have been independently described herein as
potenti al non-hydrogen pyrrole substituents and may be utilized, w thout
limtation, as Rsl, Rs2, and Rs3 of the silyl group having the Fornula Sil.



[0069] I n an enbodi nent, each non-hydrogen substituent(s) for the
substituted cycl oal kyl group, substituted aromatic group, substituted aryl
group, orweubstistared aral kyl group which may be utilizedTas2@i0833hydr ogen
R2P, R3P, R4P, and/or R5P group of Formula Pl or a non-hydrogen R2', R3',
R4', R5', R6', and/or R7" group of Formula |Ii may independently be a

hal i de, a Cl to C10 hydrocarbyl group,.or a Cl to C10 hydrocarboxy group;
alternatively, a halide or a G to C182 hydrocarbyl group; alternatively, a
halide or a G to Cl10 h@grocarbo rou alternatively, a

hydr ocar BT ERPEalE ( cyoron gl r GBI oRFnoHF b %reﬁladh%@%te

hal i de; alddamatel ¥kde (nddcbinoh@), GLRdEASRL BF R¥fated h Adscaatedt! A BARIN e| y, a
Cl to Ca) hydrocarboxy group. I'n sone enbodi nents, each non-hydrogen

subst i t uSRtEE)lEmAtTehe PERISRT: UCERIYS: MDY ematvels iobEW it ed ar omati c
group, SQRéthMBB@ﬂéﬁ%knQ&RMQaw9%h§HQ§%gtH%%%néh&hgﬁhmﬁ&RHB'&Qk&@w”ﬂy be
utilized as a non-hyd rogen , group ‘of Forrmula P1 or
a non- hy dr-bgenore): kaghvdm4lmmmmomeR@mnmgwb¢@mnnme0gp@mpmwf Fornula li may
i ndepend r G to G5
hydrocargg§§Ma? ehgp%%%ﬁg?ﬁgér&gwgéﬁq¥gﬁgﬁ%rQﬁhE?LQyQ8%QQ§%rocarbyI
group; aldcempae) M@Iﬂ}atlvayhaunddeanoate,aalt@Ilatlwl}CiTﬁuW@@aindﬁmwe)gwoup

alternatl byl group or a Cl1 to C5 hydrocarboxy
group; %%%EFSVé%M&QéC%n%%§£B%% ternatlvely, a Cl to C5 hydrocar byl

group; er iC

substi tu (f§ Lalﬂl &{]V@rdﬁré%y ﬁ%ogrﬁ%%%gﬁe P élgﬁﬁ(éﬁre%([:%r 8%1?@50?%}%% are
|ndepende%g@ymdaamhmgadthewenn%amdmw&yc@emummhumﬁﬂompthmamdﬂaﬁtaIion to
further dgscrng cm-onggﬁﬁ% §9t§ pf the Fugﬁbcmroxqm Ioalk groups,
subst it utteéd"ar'o AL A URE Y Ltem iy “or <Y |tuted

ar al kyl ghmmgmnﬁhwamOnmmahﬁmumch@bdmﬂﬁmnhnmndhydMﬁgﬁmKHQmeRSP R4P

and/ or r. of For a Pl a nonhydr age

and or RAPOgPGUEDGrorsab B P B B RRHE ST AR | e
substitu Ql@&peﬁfan@at@ UhSiiiny 116 dxAdtK Yhrogiiom QD) (cg@n&ita thromispegid-i c) , substituted
cycloalkyl oup eral o ecific bstituted aromatic group (general
or speci ¥ ﬁwxgﬁﬁégFF “*ﬂ%BDﬁ“%B@HzHéﬁmﬁﬁeé%@%??ﬁ@?y’or substi t ut ed
aral kyl ghRURui@aY abeata ch}dﬁﬁﬁm(ig ,pr@n&ia{eowr@lrﬁmnmmm@eohr@ﬁlual(m odi de;
alternatively, a fluoride or a chloride, In sone enbodinments any hal i de
substit ué&?buf&ateaclérewm(ﬂmflwelaﬁwte eronymgeersmante shramar 1D @) | subst ituted
cycl oal kyh ecQ4Rat § BRSFRIm(@ 1:2RRE b é}ﬁamluwﬁﬁgtéaw& el aﬁrags@atdna i94Qup (general
or specifi¢), substituted aryl group genera or specific), or substituted
ar al kyl gmbe@mﬂmtythbéraa%mqmmtﬁldémpamdem & lv&efatahwbﬂyﬁt@mu@é/compﬂ@a natively,

a bromd i any
hydrocar%? su %%%ﬁ?ggﬁfyg%ﬁgth stlngggbggﬁ%%gpﬁﬁﬁngfgﬁp general or
speci fi c)chrogulystlil} biterdtcarhorraimin€lllg isobysyatsedlapmiungflD gpwensnfanedte, substit ut ed
aryl gro up may be an
al kyl “ar ggﬁﬁﬁgﬂ&ﬁf&ﬁa’f’a‘ie %B%f;}ﬁJnH(ﬁ} oc%'hoftgl%ﬁ}ohhﬁﬁl@ﬂ) bk gfrﬁg%atnlga\(}gl V. an al kyl
group; amhemnmnﬂﬂbl%ﬁGamnmmwmy@qﬂupdmomeahkmnmaﬂHYquﬂwmneahahkwhﬂ@}oup
General | Xd rt he ahrlQ%mim E)ys rﬁgr eS 0{ %{éerrﬁltl}d/ Ca?%nglvrglgﬁgscte%{:{eoulp m1u CgII ave the

same numbar o ona di scl osed
her ei n. mnnmmmemhmdntmHDba@yuabhwhmﬁmmﬁlmMm@mMethﬂn&ﬁ@ﬁ)nammﬂdmewploaIkyI

group (ge er al ecific), d aronm eral of

dhoctr  ophiiyedn GREG G SoBBiR eotiEratogr e fbnty 255 el bst Tt ut ed
aral kyl  géteuthyiiptagedionaR] dhiydbmig U nalﬂiﬂhe(ﬁﬁth,ydhr(gmﬁmgﬂ) airafe; pr opyl group, an
tort but iR e plr e aise ] hag e el T et iofr oup. a
2- et hyl TILGT'QUI)M{JOL&HQ&‘Rhe @lgbﬁfehzd@i@ﬂwmygrs% iy SomiFrisbydondistRkeitial gTopUP, @
3- et hyl -2 butY or a neo-penty d%rou alternatlvely,.a met hyl

group, ar’ eemi Ofgaﬁemlunm 18 BsF @&watﬁ?l& rongupn@fkreRienpee: gRGRASVCr a

neopent ylchﬂ)hﬁﬁmcn)%h@y%@ alidriglwy, éhr@iﬁﬁlmdl) gé&%teadl&%ﬂ@éw \éﬁljoiffmmﬁ('gf) et hyl
group; alternativel an 1sopropyl group; alternatively, a tert-butyl

group; OMCHICNBAPAT: @ﬁ@wweky ﬁé@nwémlwxa@'ﬁsabemthelanché@mwmﬂ@e@%anoahy aryl
substituent of a substituted cycloal kyl group (general or specific),
substituted aromatic group (general of specific), substituted aryl group
(general or specific), or substituted aral kyl group may be phenyl group, a
tolyl group, a xylyl group, or a 2,4,6- trinethyl phenyl group;
alternatively, a phenyl group; alternatively, a tolyl group, alternatively,
a xylyl group; or alternatively, a 2,4,6-trinethyl phenyl group. In an
enbodi ment, any aral kyl substituent of a substituted cycl oal kyl group
substituted cycl oal kyl group (general or specific), substituted aromatic



32 a trialkylsilyl group; alternatively, a triphenylsilyl group; or
alternatively, a tri(substituted phenyl)silyl group. Hydrocarbyl groups,

al kyl gr owp=otiars@d23ubsti t uted phenyl groups have been i rdgpseaensidpl

descri bed herein as potential non-hydrogen pyrrole substituents and may be
utilized, without limtation, as Rs% Rs2, and Rs3 of the silyl group having
the silyl group. [0074]In an enbodine9§ the pyrrole conpound may conpri se,
consi st essentially of, or conS|st of /7 a pyrrole conpound haV|ng ad to

C18 group attached to th - 5- p05|t|on the p Unl ess
ot herwi s@&BAEEN; &‘ttomtlwéﬂb% ?twlléexé’b‘??’%tﬁ#ﬁmﬁ ‘(F%hﬁh@m@m@% 1% gr oup at t ached
to the 2yanshivetyPesbhiu@ile) sthBe; AR a@VeBY BBroAltnd! eﬁk ﬂﬂﬁmﬁvdﬁ and/or 4

positions, In an embodi ment, the pyrrole conpound of the oligomerization
cat al yst cBipsywRiLEapropienate; zltenatmebfuﬁlgt)mtum@a bﬁw%|at$er@eim§tytmlaomtumﬁﬂ>u s, the
pyrrol e QQJB'QL?HJ%:' aﬂ&§at§fb'll95(§ﬁr$rﬂﬁﬁkﬁl) 9%&nﬁﬁoa§$§lte@na‘t§@l§ Qir QR Y IN9 BRalate;

Regar dl ess her ofr Krro e conpound has substituents present
at the 1 altgnatysty drromlupmHthcm@ate rhengivelypehremiuggHb d-atlylhaxanapte; and

5-positiq or
xanpl ¢, 3Rk LS 2R TR U fon 8GR O ORI IE oy oy
pyrrol e atllaldlﬂaﬂmtqgaltertetlmh’,tcat@lrreurﬁclﬁ) kdul@tﬂ:beltaltbume‘cblspyhnomwdﬂﬁmea%@ linn t he
cat al yst I r and
enbodlnen§%§&gﬁ&ﬁggggﬁgngﬁégghm%g/émgﬁﬁﬁgﬁ§ﬂl§h§&H%S| |6ﬁsﬁgf§%ﬁe pyrrol e
conpound mmz}comer1$meorsmn®senﬁelhemfad>ﬂcy)nsntthé cgronmpra(IB)tZtealQ’rhl&danaatetdne 2- and 5-

position f the oun n ubstltuent group
disclose hﬁy%6@¥§ﬁ*mm &@% d%é%uﬁ¥%$? daln%galhent t he

pyrrol e Gewpaundumaydhave c2 to C18 organyl groups attached at the 2- and
5- positi of the rrole r ot her e di nents, .t he groups attached
ot The 1608 i 3R b et Hiopg b SR R say T EhBRdent Ly be G2 1o
C12 or ganyiborgérufisn ca&ﬂysﬁiyts%frﬂﬁh cVi@pryse, dodsibt@sdeBtiDIANY o@isouRsny pyirodd her
particular non-limting di mrents, the groups attached at the 2- and 5-

posi t i on€oBPOtHdhay it e it hﬁ%tvumﬁa%rﬁ%m@ﬂt watfétloezmtt% P8 1%y dr ocar byl
groups, %b&ﬁkﬁ@i%%ﬁanmﬁ%yﬁ&uﬁ%gmﬁwgiQﬁﬂﬁgyhtﬁﬁ@M&ﬁmu@ﬂm&hhﬁ&ﬂﬁ%kve|y a C2
to C8 hydrocar by roups get ot her particular non-limting enbodi nents,
the gr ouﬁ@ma‘t‘tné Ff‘ées @tpyeﬁte (©s ddeswatty@% PRl (6 pAYpHOsErEdr i ng may

i nd6pend%9PrBMs RE wER ad ﬁet%n%hgé/éonﬂﬂ&'épst% pﬁr@l@E&ﬁﬁdu\ﬂ@ sydeﬁgd 4@ C12 al kyl
groups; of alternatively groups. [0076] I n an aspect the
groups atceapdid comprifies @5 rre@mbeledgee@gen@ﬁetamfngthh@rq@yfﬂe @u@l asiferpxampleat t ached
to the p € ached to
the 20 AR B e b ek

al t er nat ipyebly or ayehegprdegis cahomelhpiet maaltchmpRx onsedt Bnjpweigta ymlidf ratihe pyrrol e
ring areoan%%ﬁhed to the pyrrole ring in such a way that 33 both the
carbon ato attached to the 2- and 5-positions of the pyrrole ring are
secondar bo f group attached
to the p ? r o e I’al lﬁetrﬁgsthegglg&gﬁ%ngo\mcar %%ﬁa?gﬁ&ot tco% g nggglfy carbon is

at t ached Bxemplagy, pyamtd: cnipyusls ¢hat majnber useénrbma obaganmrlbasmctetslysth;esterar bon at om of
t he pyrrol in enbodi attached to the 2- and

5 posr t1 diduds Bl RANR G RRASk Ry i e a R PIFS et ( ached 1o

t he 2- amdrbBXq:batﬁycﬁd &Iﬁﬁh}@ifromdltﬂae mﬁFd1ﬂ1bﬁy}pyngle,aa’éed81&¢1qm-daﬂthlmfolmom atons, and

t he groups hed ther. e nt s attached to the 2
g e A SRS SR S T R G T R R o

YT 10l 6 Commounc conpry S na o sorsr et bg “@ﬂ%‘?%%%i°1§“?‘afﬂt‘é‘?t2“?tzgza and
5- posit i’ Sehuckpropyizo Y @ngylwrﬁe}e Ws@ﬂwrﬁ@e&reﬁ%&l “HPPBYREElE0 the 2-
and/ or 5208 dt@BRoRdp AT, tz%a?@ytr@letﬂwazlawlsﬁt&tdrnbnﬁddla afdiCh a way that at
| east one_carbon atom attached to the 2- and tions of the pyrrole
ring i s dyEekmsdr)e ot Berust baepagmprohde Payr IQWéPatélev&etlﬁWﬁ@et 0

1- hexenenhh%&n&ﬁﬁxﬂﬁ@ﬁﬁﬁﬁeﬂ§m.Qh%n&nﬂ?@ﬁﬁﬂ%&?%&ﬁ&kﬁ @ﬁﬂﬁﬂﬁnﬂﬁﬁﬁ@hﬁ conpound
and/ or provides a higher puri - hexene product than the process using

2, 5- di rretdﬁwtbxlpyrtﬂhée)aenct%@nwymrtts% diowpolmeolidoy aawse ﬁﬁlﬁrSenbodu ment, an
etherne trimerization process utilizing a catal yst systentut|I|Z|ng a
pyrrol e conmpound conprising or consisting of groups attached to the 2- and
5-positions of the pyrrole ring and wherein the groups attached to the 2-
and/or 5- positions are attached to the pyrrole ring in such a way that at

| east one carbon atom attached to the 2- and 5-positions of the pyrrole
ring is a secondary carbon atom rmay provide a higher selectivity to
1-hexene than the process using 2,5-dinmethyl pyrrole as the pyrrole conpound
and/or prOV|des a hlgher purlty 1 hexene product than the process u5|ng

o o o " o PN\ —T g I T B e




2- and 5- position of the pyrrole ring is a secondary carbon atom the
groups attached to 2- position and/or the 5- position may i ndependently be
an et hyl wyoaop/13202n- propyl group, a n-butyl group, a n-pemuskoignaaspr a

n- hexyl group, a n-heptyl group, or a n-octyl group; alternatively, an

et hyl group, a n-propyl group, a n-butyl group, or a n-pentyl group;
alternatively, an ethyl group; alternzéively, a n-propyl group;
alternatively, a n- butyI group; alternatively, a n- pentyl group;
alternativeli a n- hex grou alternatlvel¥®_a n- heptyl group; or

al t er nat il000%, I apageqc Fhegoryafa copgpundymyiage FerpulaRl ¢ Sioemdd HpdiAl may be a
2, 5- di subsbiitieh©thePYFb10L6mp&EiMe ha ?%a% Rordugteh \M);J)r aﬂ)t)ﬁrn’é@xl’e%/ Fordfila[1PO78] I n an
aspect, the pyrrole can have the fornula Pl erein and R5P

i ndependently are any group di scl osed heregn and wherein at |east one of
the groups attached to the 2-tand 5- po§|tmonsR|s attached in a manner
wherein the carbon atom agt ached g0 t h8-pyr hetk rLhg is a secondary carbon
atom and R3P and R4P indeperdefit|y are hy# a@ and any non-hydrogen
pyrrol e substituent disclog erein; akterng ely, R2P and RSP

i ndependently are any groﬁb di s&f osed her ei @’ andfwherein at | east one of
the groups attached to the 2~ and 5- positions is attached in a manner
wherein the carbon aton1attac%ed to the pyrrole ring is a secondary carbon

atom and R3P and re Qr aSPECls; nd R5P
|ndepend§ﬁ?F?p§F€5§ F pﬁﬁgggg§P8§%ﬁiﬁ£ ﬁ g? Youlfs attached to
the 2- amdrhbula POShY in@é}ﬁncﬂe&tljibé aghetgbl) a&, lfeam%fganﬂegr@lpnoﬁ 9e; T paR1 at om
attached to tﬁe ¥rro|e ring is a secondary carbon atom and R3P and R4P

i ndepend&ftupyalicr lﬁ%}&rhcx@@ﬁ%ﬁ&?l A1 RERDPVEIP By et P ot BIYSEBYR t uent

di scl osedihgiRicRy; h@alrb@hnat| &l yorghiPeigl Jrak; tdgREN | MtcBiaBv@Ry 9group
di scl osed herein wherein the groups attached to the 2- and 5- positions is

at t ached hygrogenya fm&r Copisel efotner ¢ ¢ ks sid sroapt %ﬁ@ﬂvqlb Wﬁr@g%wrracﬁle ring
are Secorw@rgxbrgaayggau@%@&ﬁat@@g B3R RRG: Béﬂo%?oﬁgxlgn ggﬁﬁ alde&%%u n sgrre

non-limting enbodi ments wheréin the groups attaclied to the 2-
posi t i ondwdioecnaartado e o Oflig%lmbgfok’i) raglrarativHathydtogpreerst Cion€'s thamél ter natively

both) of {]1@ ?@éxp AR K’“ i %ﬁ'cPRi’ QFF&éﬁ[an 1‘%1nE1'R“19Rarlg“ RECRAGA]Y

car bons, pyrro e conpoun pyrrol’e,
2, 3, 5-t r iR a0fEptmyla Flohey, inder2ndensy be # hadrigenpy€r @|C83 hyadrocarbyl group, or a Cs to

D 5 ST Py HBry PRSP ALAREp AL ROl o
al t er nat igva@ipyalteanaflydly, Blyﬁnogeralaléyltqangomgﬂmarwl gedupﬁmm&iw@b%ﬂy@r@@, 4, 5-

tetraal ky rrao 0080] kn non- ng nt s wherein the
groups at® !tg%?{lvﬁ 1y‘i I@ch{r?%enf]- &]atﬂ ?% ydr;g%arwl gror]ilg Ure eé%l ©t dé?‘n groﬁp’s uch a manner
that at laeasstivelyehydogealot eCmaid:l\gﬁjz@fomtmgromf) ditbeathaih pdragans adl t@ched t o

N R e R A

2, 5-di - nahawivya},yrhﬁir@genar5cld1c5nry|amawylpywml e, 2,5-di-n-hexylpyrrole,

2,5-di -n-heptyl pyrrole, 2,5-di-n-octyl pyrrole, 2,3,5-triethy|pyrrro|e,
2,3, 5-trijeowlput aﬁh}@h&i’o@lﬁl&nt @h@elﬁtﬁerﬂyrrﬂ}emeﬂlbwrﬁmm F@h®la P1, R’ and R

g’ g’ g E Ir, :m%{%eg%%ér 4 r %p an%zR 3may é %I&tqgggyﬁv ryrtrl% eeiubstltuent described
2,3,4,5- thelteﬁaallfermlw&pw Al R ndaydehy&o @Mnaﬂﬁll me Wj? b®4if: non-hydrogen

2, 5- b|s(2 2", 2" - trlfluoroethyl) rro 2-bi g - met hoxynet hyl')
pyrrol e, paﬁrolaﬁyfbsew desaribehh etr%r% ern%tmehfr RataP@& ymay be hydrogen and

2- et hyl 54 ﬁﬁphﬂa{yméraw lnsn hgdrégeqlp%ax i tifue & RscriBePnddin NrLBRY | pyrrol e,

2,5-di-n- 35 butyl pyrrol €, -di - n- pentyl py, rroIe 2, 5-di - n- hexyl pyrrol e,
2. 5- di - n<mbpdigicpiyrk bIR"s apd B-"dnaymsdwwogw ndIRe” may beyeny nosryilieasn Birolcher eof ;

al ternat 'sﬂl?slt%’ent?d'e@%gcy herén%l@%laﬁyerl (ﬂze ’R3‘aLuIide[E4ﬁ ‘?ﬁa&“ﬁ@ lhydrogen%nﬁi R@irﬂw rer Ol €
alternatively, I - n- propy yrro e; alternativel j di n- but'yl pyrrol e;
al t er nat iapehgn- “hylreped pylrliolpelmsyﬂuptyrdp@rlbed laalrftnerqnalmrvmvyly, R p@lawbhélx«}rloge,nr rol e;
alternati % r2, sp =

2, 5-di -n- }c{)ﬁ{ yi py?a?lglqie &fgg‘gi‘% RQJogen ﬁBStﬁ%%ga%éﬁé&g%g%go rIr%co)t&relrd may have a
hydrogen atom |l ocated on at | east one pyrrole ring carbon atom adjacent to
the nitrogen atomof the pyrrole ring and a bul ky group | ocated on a
pyrrol e ring carbon atom adj acent to any pyrrole ring carbon atom beari ng
t he hydrogen atom adjacent to the nitrogen atom of the pyrrole ring;
alternatively, has a hydrogen atom | ocated on each pyrrole ring carbon atom
adj acent to the nitrogen atomof the pyrrole ring and bul ky group | ocated
on each pyrrole ring carbon atom adjacent to the pyrrole ring carbon atons
beari ng the hydrogen atom adj acent to the nitrogen atom of the pyrrole



P2, Formula P3, Formula P4, or a conbination thereof; alternatively,
Formula P2; alternatively, Fornula P3; alternatively Formula P4. In an
enbodi nerw 2RuA3anNd R13P of 36 R1 2D R1 3l ---- N H RPEP/US20114033431 R22p
H ---_,---\
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embodiments, R*, R*P, R*’, and R’® may be any non-hydrogen pyrrole substituent described

herein.

[0062]  In an embodiment, each non-hydrogen group which may be utilized as R*?, R*®,
R*, and/or R” of Formula P1 and R, R¥, R*, R R®, and/or R” of Formula I1 may
independently be an alkyl group, a substituted alkyl group, a cycloalkyl group, a substituted
cycloalkyl group, an aromatic group, a substituted aromatic group, an aryl group, a
substituted aryl group, an aralkyl group, a substituted aralkyl group, or a silyl group. In other
embodiments, each non-hydrogen group which may be utilized as R*, R*P, R*, and/or R*? of
Formula P1 and R2i, R3i, R4i, RSi, R6i, and/or R” of Formula 11 may independently be an alkyl
group; alternatively, a substituted alkyl group; alternatively, a cycloalkyl group; alternatively,
a substituted cycloalkyl group; alternatively, an aromatic group; alternatively, a substituted
aromatic group; alternatively, an aryl group; alternatively, a substituted aryl group;
alternatively, an aralkyl group; alternatively, a substituted aralkyl group; or alternatively a
silyl group . Generally, the alkyl group, substituted alkyl group, cycloalkyl group,
substituted cycloalkyl group, aromatic group, substituted aromatic group, aryl group,
substituted aryl group, aralkyl group, substituted aralkyl group, and/or silyl group which may
be utilized as a non-hydrogen R*?, R*P, R*?, and/or R*® group of Formula P1 or non-hydrogen
R* R* R* R* R® and/or R" group of Formula I1 may have the same number of carbons as
the its respective organyl group, hydrocarbyl group, or silyl group which may be utilized as a
non-hydrogen R*, R*®, R*, and/or R’® group of Formula P1 or non-hydrogen R*, R¥ R*,

R>, R%, and/or R" group of Formula I1disclosed herein.

[0063]  In an embodiment, each alkyl group which may be utilized as a non-hydrogen R,
R*®, R*?, and/or R*® group of Formula P1 or a non-hydrogen R*, R¥ R* R R®, and/or R"
group of Formula I1 may be a methyl group, an ethyl group, a propyl group, a butyl group, a
pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, a
undecyl group, a dodecyl group, a tridecyl group, a tetradecyl group, a pentadecyl group, a
hexadecyl group, a heptadecyl group, an octadecyl group, or a nonadecyl group; or
alternatively, a methyl group, an ethyl group, a propyl group, a butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl group, or a decyl group. In some
embodiments, each alkyl group which may be utilized as a non-hydrogen R*, R*’, R*, and/or
R°P group of Formula P1 or a non-hydrogen R*, R, R* R* R® and/or R” group of Formula
I1 may be a methyl group, an ethyl group, a n-propyl group, an iso-propyl group, a n-butyl



NH R24p--- H HR3t_ NHR34P( H P2P3P4 Fornmula P2 and R22P of Formul a
P3 nmay be any pyrrole substituent group disclosed herein while R14P of
Formul a RRO 2RRAB7@7 Fornmul a P3, and R33P and R34P of Foromls2\4/08891 be any
bul ky pyrrol e substituent disclosed herein. For exanple, R12P and RHP of
Formula P2 and R23P of Formula P3 may be any G to C18, G to Cl5, G to
Cl0, or G to C5 organyl group (alterggtively, any hydrocarbyl group)
descri bed herein while R14P of Fornul &8 P2, R22P of Formula P3, and R33P and
R34P of Fornula P4 may be any lky C3 to C18/ C3 to Clg C3 to Cl0, or C3
to C5 or G&HYI anglﬁ%hﬁyl(%mpe? ﬁ%rl?%ggpupawﬂrwm EOHP Y I REP B B Bte¥t 9 bed

her ei n. |p@nt?ﬁgr§1$[p§§é0rpeﬁ®¢ Brolp!l df ¥ nSspeA1 gﬂéﬁﬁﬂalt&ﬁé’twlégr @n{feﬂagpérg@@ﬁh sihy |

group; or ternatively, a trihydrocarbylsilyl group I'n an

enbodi mefouPt HelSGRTORY! G5y BIcE- @J@Bgfqupu@mnew%éroa@f%hﬁ@aﬂw disthyher ei n t he

carbon_ atyafipofchialitoty G QR LBAS: aimahkACHRDrdR1 LRERNER AN o car bon atom

is a tertlarg or quaternafy carbon atom or oné wherein the carbon at om of
t he bul kyrepybgrgum: lemnitiychidp tettenitylgeupher alienpidislyae spapartyberbierd Ingnpyrrol e

ring carRARALAM by cﬁtﬁe‘?é ﬁ(%i Lﬁ\{?(@ﬁ %Egﬁﬂg%}éd%{hba%hﬁégﬁyd%ctaﬁ;o%“ vel y one

v\/nerelntﬁ{eB cargeon atom o up that 1s attac to the pyrrole ring
car bon atgompits faamttey &ubamytedwlkﬂ@m@rwiadym@abmﬂlzat om noprhydioger RAtRVel y one

wher ein tﬂ”ﬁeg@w@ﬂ § g&?grmtup&em olf‘la%n-glgr(?rld ?ngfttgtR;ﬂ R4 6}@1 %&eﬂltd/otr%;l ég?&lé)car bon

atom attac ring carbon értiary or qua
car bon atofFornjuta Eoﬁabmmaﬁtéﬂtaad hydtrecdobﬂxlygrqmps wroldeclssdildterciugndtmayebye be

?ﬁ];' B;?r g‘llmze m%etrl?l 1?at1torr1] er%gsctr é? {He g}; Hltelayal f gliog%wtﬁ%il ! gzb\a%‘;_é?grﬁd ¢ Lg

BEH A T66
car bon atunl'rxerdfas blnen-bydrkgengtzbm@f’ Rifatnd/& Ritig@aeot Fdroulalte o anbohydbgm at t ached

t | 8; J t b t | t t |

sherei n thelcatbdn B Gner b'@?qz@ obFmiat i s at tached Lo the pyir el ring
b t t th

car bon Ztlﬁfiﬁ“i)f P S eaf Bisg O oy R o o R 3B S Gt sched

tgb pé_r rolpe uf1l1ibﬁ a@@hililﬁﬂycﬁlbgka}z‘S R& REY ﬁﬂd@d’r)l{sltgbﬁ)@gffaié@?m Pl (rjam phber her e
e odl nents, t e, DUl Ky rr.ol e su stltuent \'4 e erl ne as. one ereln
the car béwslrgg%ofR b kf?y & ow/qrﬁatgr?@ 05?9%%8 PRy RYeCYS PPl €O¥RAg car bon

atomis @u&ﬂﬁft@rc@é‘l"obfutﬁlagr&@‘a By sPeRtyl QO8), WRsEalRedtelopaidgupt oM of the
bul ky group that is adjacent to the car bon atom aitached to dyr role ring
carbon atcysiphexyl group, a substituted cyclohexyl group, a cycloheptyl group, a substitute

cycloheptyl group, a cyclooctyl group, or a substituted cyclooctyl group. In some

embodiments, the cycloalkyl group or substituted cycloalkyl group which may be utilized as

a non-hydrogen R?, R*, R*, and/or R* group of Formula P1 or non-hydrogen R*, R* R*

R>, R, and/or R" group of Formula I1 may be a cyclopentyl group, a substituted cyclopentyl

group, a cyclohexyl group, or a substituted cyclohexyl group. In other embodiments, the

cycloalkyl group or substituted cycloalkyl group which may be utilized a non-hydrogen R*,

R*P, R*, and/or R’? group of Formula P1 or non-hydrogen R*, R*, R* R* R® and/or R"

group of Formula 11 may be a cyclobutyl group or a substituted cyclobutyl group;

alternatively, a cyclopentyl group or a substituted cyclopentyl group; alternatively, a

cyclohexyl group or a substituted cyclohexyl group; alternatively, a cycloheptyl group or a

substituted cycloheptyl group; or alternatively, a cyclooctyl group, or a substituted cyclooctyl

group. In further embodiments, the cycloalkyl group or substituted cycloalkyl group which

may be utilized as a non-hydrogen R’?, R?, R*P, and/or R’® group of Formula P1 or non-

hydrogen R* R¥ R* R* R® and/orR" group of Formula I1 may be a cyclopentyl group;

alternatively, a substituted cyclopentyl group; a cyclohexyl group; or alternatively, a



37 a quaternary carbon atom alternatively one wherein the carbon atom of
bul ky group that is attached to the pyrrole ring carbon atomis a

guat er narwyocaripidm2at omy or alternatively one wherei n thectarshan/oaz4em of the
bul ky group that is adjacent to the carbon atom attached to pyrrole ring
carbon atomis a quaternary carbon atom In an enbodi nent, a bul ky silyl
group is one wherein the silicon atonéyf the bulky silyl group attached to
the pyrrole ring carbon is attached t6'four carbon atons. [0084]1n an

enbodi ment, the bul ky pyrrol e substituent y be fined as one wherein the
car bon atsﬁl?ﬁtIB‘FedtﬁXFlRyexéF%mH’- t HHRptitnentswhigh Pi’égg? btﬂtzﬁg ?0;5 Vers8betshg carbon at om

I s attachesodiRyl3rdibs dre GRIcpelyQliR1RED IRAEN WIELS) B dthieeLRfiRRIAIADNOf t he
bul Ky group that is adjacent to the carbon atom attached to pyrrole ring

car bon  at'®riher deperive Hisrubssitgedgycloalsh v whishinay by vizades VRIYIMRESIher ei n
the carbqar gEOR\OL, PUIRY o GLOHPdrRAdk P1Sr AbT-RANGHN RS, RIRPYFT R¥ &lil,pg car bon
atomis attached to 3 or 4 carbon atoms; or” alternatively, one wherein the
car bon atforgredp affferm kly group that is adjacent to the carbon atom attached
to pyrrole ring carbon atomis attached to 3 or 4 carbon atong. |n sone

enbodi mer®8$5] ¢ hin asskept, gigrand lzeoup(sh ehich wspite peljzad @s dapi-hedioges Roh& wher ei n

the carb t Iy S 3it Q4itre ppy. 7if . car bon
atom |5 ot A S b R e co B &y a8 “The

bul ky gr ofifotnhde I1ingaydujeghemt! gtaupt drabgstutbdpheaylgwa, ¢ agthdy! goupyreol e ri ng

car bon at | 0 : [ I » rein the
car bon afg%%%%ﬁaﬁbﬁgh q% pI?ﬁﬁ%ﬁggﬂg%%ggigﬁﬂ%éﬁ%ﬂgﬁ%%ﬁé%ﬂ%qﬁﬁﬁgﬁ§grbon at om
i s att acmenthydrogendkif.boh Rdt endior R gaiup ef Fariuladt lyor emen WpdoginR Y, lﬁg‘, RAr bon atom

of the buskyeqr ihat 1 s.ad] nt to the carbon atom.attached to pyrrole
i ng car tonkarbiif 8" B ol ERTECE My R ph e B D TR REDS kDY e
bul Ky pyritahaiwlybs haghishronpyr debsebtededhas] goep; whanstivelyt hphagt gromp at om of

bul ky group that is attached.to th rrole ring carbon. atom | ttached to
Y o P i e G AEIER Ot B B SR BT R BPhEsT e T
adj accﬁnéI gh@upt Isebseigreb@ Rvhadhamayadetuditieidot t@? pobstitatee phéﬂ?@gl@ﬂ;}ﬁfbﬁ@ulﬁgﬁmdi S f
attache to 4 carbon atons; ajter at've, one er,,int e carpon atomo

bul ky gr &albh%ﬂéfoup%arﬁfltdﬁE%ﬁ“{Ycﬁl%c éefjp@ﬁ“i%ﬁrédq WYYJ{& %@F%wtwbﬁw@waﬁ? ached to
4 car bon fakiRPBsscbe Bé ildkinadel YRdnyl %Gﬂ)smgﬁtﬂﬁﬂﬂteﬁhh@p}ﬁ@fl BRyupaiRich afay bBe bul ky
group that_is adjacent to the.carbon atqm attached to pyrrole ring carbon

atomis afilizdiednprrhudresandon Rat Bs and/gdB5EIBR of TarmglePdtor san-puirpssses,
Formul a R RS pised RO dnliloHRULAKS of REmfu@ 9ON atom attached to the pyrrole
ring and the carbon atom adj acent to the carbon atom attached to the

pyrrol e rnpgyd] CarAnnio@Ment, 48 subdtitdeSi FROnfTIQF S h@hidE may RQERELRR Bhom | abel ed
1 within the group attached tg the ?érrole ring represents the carbon atom

at t ached hyérogtieR hyR F.d1 & and/aiR € arayp T Berarwadti are nondydraeeioh -& ofn | Bibel ed 2

W t hin thgi 7 ] - t.S_ . bon at om
adjacenthfég%ﬁg@%g%@%ﬁggggﬁgg%ﬁggﬁﬁﬁg?gﬁ?ﬁgagﬁﬁr Ig§§ﬁé§3%§§g§%aaton1 In an
enbodi memhenyh gtyub.keyA-spibbtythted plaanp! greump ad. wdisnbetitnted hkeng] groeibm at om of t he

bul ky si lyd .- J g i | S . ed to four
car bon st S RHBsB P ASTER S MR PRSE RIN ¢ ARy

i ndependehtiyy gtvep.aln alhdcginbolimans, tee sibiguted pitcadl @buphigr mepbe atileytd oal kyl
group, a substituted eyclioal kyl,sgrou n.a tic gro substiit ut ed
aronaticno?@ﬁ&?g%Hﬁéggr%%rgﬁ%¥qg Ub Pfﬁ%?%%%§?§ﬂnag%&%8g%ﬁ‘a?ar yl group,
a subst i tRit BE, @k RY IgrapoiPornaia [ sdyl bela 25substputeColray bdrbyp, a tthebsaitdad  gr oup,
a substituted al kyl, group.. cycl oal kyl gro a.substituted cycl oal kyl
BPYRAR e Tp ER NNYS  p MO e A

S ‘ulbslt it utaﬁdn%\{)ély, @B @tllﬂﬂslijtutadl pl_aelrn_@zl grghp @fmh@dﬁa?sﬁtﬂb@‘t%&w @ebupy aaﬂeklyuivh@y, Qu ph and
silyl grqu ich may be utilized as the bul ky substitue have the
sane nun%é@bﬁﬁm8£WE%%“%96HEaé§”§ﬁ@“ﬁh@ﬁ§y%¥ﬂﬁh9#“?%R@WVH$%€Q%%VP§“byrroIe
substi t ueRényllb®ep 05£2 6 RIRLBtIRutedPHENY] HEUPURTmaSVA$ td 2-4ibektul KidnyDErowpS

cycl oal kyl grouE;, substituted cycl oal kyl groups, aronmatic groups,

subst i t uEMaiF et B subiBtgshenyl groug; dligpetivaly, srsubsittead Bhepy! §9Whps. ar al ky!
groups, subsktvelt 24 4afi@bkhte@piRH 1 &hdtivbly Of DERBuBN Rt hal |y

di scl osed hereiﬁland Ehose ?hgt ggg?@?he critggfa foP a bﬁﬁ%ﬁ %ubstituent
may be utilized, without limtation to further describe the pyrrole

conpound which may be utilized in sone aspect and enbodi nents di scl osed
her ei n.



[0087] I n an enbodi nent, each bul ky substituent may independently be a
propan-2-yl group, a butan-2-yl, a 2-nethyl propan-1-yl group, a

2- met hyl pyvopan/@702X group, a pentan-2- yl group, a pent20T3Syd1H8B8P, a
2-nmet hyl butan-1-y1 group, a 2-nethyl butan-2-yl1 group, a 3- methyl butan-2-yl
group, 2,2-dinethyl propan-1-yl group, a hexan-2-yl group, a hexan-3-yl
group, a 2-nethylpentan-1-yl group 2-et hyl butan-1-yl group, a

2- met hyl pentan-2-yl group, a 2, 3- dlnegﬁylbutan | -yl group, a

2, 3- dlnethylbutan 2-y1 n 2-yl group, a hep roup, a
hept an- 4-2JEPgdlisHRively 3. ﬁélﬁw ﬂw@ﬁa el} ?T“Eyr%ﬁﬁ aivslyet Mﬁp}@m%aﬁlfuﬁe y1l group,

a 2- 39y ymgkhﬁxﬁﬂmﬁmﬁﬁs@hﬁﬂﬁmy%e3nﬁmﬂ@ﬁﬁ&£¥hﬂ@ﬂ&@ﬂm&m&%fméﬁnp a
2, 3- dlnethylpentan 2 rou a 2,3 trimet hyl pent an group, a

2,3,3-tr |gﬁ%‘Pﬁ9lleM?%ﬁﬁ@yydlsc&s%lﬁﬁrelﬁﬂn%@%?ﬁ ytilizad @Flawbhm&ﬁtl%ldt) anthers_ y 1

group, ar@leé%?i%@-ﬂleﬁé sﬁﬁstﬁ[‘t&ﬂﬂlenﬂ g%oﬁm%hlhﬁa?t‘tﬁ'ﬁﬁﬁzeﬁjas 9hOHBydr8gen R R*P

2- ethylheﬁan -y1 ,aroup, a 2-met hyl hept an-2-y1 group, a nonan- 2-y1 group, a
nonan- 3- R"-gr&ei " aronp ﬁ’éFprrrm;ﬂlP 1g1T@91ﬁhY@0gﬂ§1rFanR§ B, Ryr, BUpendér 8 @aanp2- y 1
group, a @ecafSnyl group, a decan-4-yl group, or a decan-5-yl group. In

ot her enbodi nents, each bul ky substituent may independently be a

D et hyl e P e o B PR S b o,

2- met hyI l?u‘f & andjar RyF eropp OQF@nmbtﬂiwrbmplahy@ogenlgnBupR4‘é1BR?fEetnldgperGt an-2-y1
3. ot hy! Bl R PLARR s A PRYR, o B B PR bR ) cher
enmbodi nertbodiemstthb atakyy] gus(s) WhIemmayrhg/umlndémmFit}dd;ogbeRﬁ’ RI"OR&N- 2- y1
oroup: arhEPREY e Epyr ramat AL ok R ER Y R R Y Bt

pent an- 2-Ey>ﬂm1ga D]uqnay bd 4 lemnagdtgroupt o, altarnp‘e\n:ﬂ)alasfﬂ&syﬂ.lt@rtﬁnmf,l gidlup. esmﬁtmum&d; y a

2t or nat R HatDt BERURESRy Ry it BHRRP R p cloten i ™

2, 2-di mi‘tah(}’ ay B@aﬁhzéd Whh@[t&ﬁ@tatuﬁrﬂ@&&iﬁeﬂd@ﬁrﬂﬁﬁtﬂeﬁﬂostlt&ﬁd Bralkyl glysu@ubst i tuent
may |ndep n phenﬁ roup ybséltu%ed phenyl group

al ternatl G 45418 }5‘3’ genalT‘téﬁ‘né?tl vRy/or R seqyp ot Forp 1pCFienyI
group. | moAm @fagm{zmﬁvtR41tytfeR@uab@ydrkutge&pmf@aﬁﬁhulgr1oup whi ch may be utilized
as a bul ky substltuent may be a 2-net hyl phenyl group, a

3- et hyl nmmsyl OImO4ARspedt, !ﬂherﬁﬂplrgfb@gmmmhgﬁ@m uuﬁze%,aaaqhbmpwg@hénwp group, a
2, 4-di et hyl phenyl grou imeth nyl @roup,. a.2, 6- |nethylphenyl
group, aPs &n%ﬁ) n%%’ ﬁgﬂubﬁgﬁwu&@ uﬁangnéw@roa@ Ryt Bhdhy R g5 R dour’ 2, 4, 6-
tri pheneyl G QPH hhd) ROTERRROS] T NBBSallyt RE, I&?Jlaﬁakmtfﬁfésnﬂegm HALREP whi ch
may be utilized as a bul ky substituent nay be a 2- nethylphenyl group, a

2, 4- di metthyy| phenyl group, a 2, 6- dinmethyl phenyl group, a 3,5-dinet hyl phenyl
group, or a 2,4,6-tripheneyl group. In other enbodi nents, the substituted
phenyl group whi ch may be utilized &% a bul ky subst i t uent may be a
2-met hyl phenyl group; alternativel ypasa;;3-.net hyl phenyl group; al ternatively,
a 4- nethyl phenyl group; alternatively, a 2,3-dinmethyl phenyl group;
alternatively, a 2,4- dinethyl phenyR group; alternatively, a

2, 5-di met hyl phenyl group; alternativedjyy, a 2, 6- dinmethyl phenyl group;
alternatively, a 3,4-dinethyl phenyl group; alternatively, a 3, 5-
dinethylmhﬁmnhsgnmupnm@émahﬂﬁbmai&gﬁbygoap&wﬂnﬁnkm%ph§a@yih@ﬁnﬂ®m,$0089]|n
anot her aspect, each bul k stitu qt ndependent|ly be a

trimet hyl%galniﬂi grﬂ’rpoﬁba“eﬁla{&/fil F‘@F‘F@Y g@‘?‘@uﬁie“%{a it esoé%ﬂnglp%FP‘éH ndior heoup, a
tri-t- buwh@bdrwh BIUPY hicBmad beﬂﬁhieﬂlaﬁ)RéanP Sinll R @Ryl g&bﬁlﬁ{amtglm/eel y, a
trimethylsily , atriethylsilyl group, a triisopropylsilyl group, or

a tri-t- Bofyl %ﬁﬁwa@% Yy qarboaﬂu@hwa threrganybgiewrs gud Rydreqsit Ertoﬂlé%t may be a
trimet hy|vﬁi1éh>’rhayg§e%ﬂlzec?e{sttl?é'rfbﬁtﬂ URle¥n py?hotlé' duBLtf¥dn® deydrlbgdi E’é%&n & deer nat ively,

a triisopropylsil % alternatlve , atri-t-b %%ﬁ grou or
al t er nat jcg¥pgimest, 1% &Ry RS afyhe sgylomipu Tagmgada Formplasohmpy mdmeﬁ@enéx anpl e,
the pyrrekg, E&?Pg?b‘lﬂﬂ a gﬁ%tlﬁ%d%ﬂ&?ﬁl@ﬂﬂ; a%ycloalkyl group, a substituted cycloalkyl

group, an aromatic group, a substituted aromatic group, an aryl group, a substituted aryl



i sopropyl pyrrol e, 2-ethyl-4-isopropyl pyrrole, 2-methyl-4-sec-butylpyrrole,
2-ethyl-4-secbutyl pyrrole, 2-nethyl-4-isobutyl pyrrole,

2- et hyl - awo=0twi3yizpyrrol e, 2-net hyl-4-tbutyl pyrrole, PCT/US2011/033431
2-ethyl -4-t-butyl pyrrole, 2-nethyl-4-neo-pentyl pyrrole, or 2-ethyl-4-
neopentyl pyrrole. In sonme non-limting exanples, the pyrrole conmpound may
be 2-nmethyl-4- isopropyl pyrrole, 2-et5%l-4-isopropylpyrrole,

2-met hyl -4-t-butyl pyrrole, 2-ethyl-4 utyl pyrrol e,

2-met hyl - 4-neo- pentyl pyrrol e, or 2- | - 4- neopentylpyrr

non- | i mi (&> ExXAHPYE0UP o Sab%w%areﬁ;s Krajptiely, analk ST,
Z-WEthy|?ﬂah&QEQOQMhﬁth@hﬁylQbﬁ?%ﬁ&hhﬁ@h&acﬁﬂ&M@Wgnﬁpkﬁ@ﬂﬁﬁ@&'9yrr0|e
alternatlvel¥ | -4-sec-but'yl pyrrole; alternative

2- et hy| 4548 chplﬁwylcﬂr@pa alferatively | aﬁ@rg}nat@grﬁé@hwemnv%wwtlﬁwdr ol e;

al t er nat 'aYcﬁﬁa\(lc gfoul ?t emé%aﬂ\/elﬂ/ %ﬁ RHA ¥oRy: raﬁt@ﬂn@t&ve‘ﬂj ta%ﬁﬂ%ﬁﬁl'te\ﬂ%w group:

2-met hyl -4-t-butylpyrrole;” altérnativel 1- 4-tbutyl pyrrol e;

al t er nat |ali@m§/tlveh{ %%rhlym%oma@r Peregrgy, ﬂrsob%ltut@%arékylgm iAllefl groups, et hy 1- 4-
neopent y Lyt ol Sk i1 oFddBs. Rt ound rmay
be 3, 4- ??(Sslcl)lpérdop gmﬁ&o%m&éﬂl@grg ngcsaliﬂs %‘?Fg‘{m %’ § CJ?@ Ogllia‘ L%’f)O%?{/eryr role,
3, 4-di-t sblnstlwqdwrwmat@ gr@rps,str}dgmupme@bsp@mdyamrgapyps pyaﬂrxbgeaups, anget anot her
enbodi ne onpyl pvr ;

R R L R

di i sobut ylbfqhy)gﬂrmeroleﬂlubﬂmweatsmuéhyly b8nulizelil, -m;Homtl;/thmploncds@fl 8F, @ldtRst ofat i vel y,
3, 4-di opent ro oIe Al kyl [0091] Generally, and according to
one aspegyﬂﬁ‘ %Rﬁ?MPXIQ (ﬁm3MN$Le netal al kyl may be any heterol eptic or
honDIept tal al kyl co or tal of the I aIkyI
can conp# C%H?fé eLEERE %%WPHE logmls Odgyégﬁgﬁﬁeap@nﬁwicyﬁg?ﬁﬁ

13, or 1@6@1 abstitoted adotnarmgfbup/eht;sntuaed@rﬁlgpouj:;’;or@nbsﬁdnmmmkyl g@clfup which

alternative 5 adi ment and ects, the netal
o kyt g e s E BB e Ry o 1ot e et ge TR B um al Ky
sodi um alhkilogernmegmESRY FR53|R|@yi1nd/le’7‘Cgi\01§)| deYFormda Eli gy ﬁhép)éhdenﬂj’r b@ihaidgm num
alkyl. In this aspect, for exa sui tabl e net al ?Ik yls in Iude but are
not | i mi dd ¢ &0 wa%rw arwphm?rp 119 Koo I5igFSFRTOPRY HOMR R IR velyup Joldeiof Bi um

di et hyl rBEMESiNIRocabyldr&phMlcrvatingly, ol Haliddor Ad, t@nipoqgﬂdm%oimoﬁ@t al al kyl
may conprise, consist essentially of, or consist , an alum num al kyl .

[ 0092] Ac @Hanthg & Cator e firlpcagyp gtoup Sh#Ci 10 Gnyy doRERIRrBIoED Rt Rti Ly,

di scl osuraqlahaéﬂ@naﬁt@ayaé &Yio O“{m{ycﬁ?&ﬁ%l gl%u@ om&e%au%lwd Ch@'dléje Metal al kyl
hal i des are déscribed herein and | i zed as the netal alkyl
conponentY@@Cﬁh@Qﬁﬁwgbﬁ%&ﬁ%%@ﬂ%ﬁ“@%W@ﬁVbPo%bﬁﬁéﬁmSﬂ%@“ﬁaﬂ®é%*bbrt|on of the
met al al FMI.I)Sn d 1oAY P Mol arofHa LR |k Ve gfqi Gup, G 3l Lernatively

i odi de. [0093] 1 n"sone” aspects an s accordin “this dlsclosure
the net alsulstikydd asalkylgeoua whaeh-maydreoitiyizesichs alneyhy dogen RiGR B &rheudio R n an
enbodi ne Z ki Wil sl eC d al kyl
alunlnung%%wﬁgﬁﬁ é§y§{1k¥%§ﬁﬁ%?%%ﬁﬁﬁa#'dﬁ fgaﬁﬁHgﬁﬁgﬁxgﬁﬁﬁﬁﬂ%H

al koxi de ma{yom&pizr@emt}rlw d lg,a,hdeacﬁh t@Cder@aﬁubgr@ﬁp,a}ny Ciret @é hyzdtdcyﬂboxies cri bed
herein (e. oun al um num

other o) - &flog flsipty & R H AR RO K e A BR AT BE e 18 PR a ky
group; alté €5 hatrooaedoyy g@uf altbmatﬁw al(kyd Cghwtmarbgr gralhli ﬁl’al’[éf[tb@l y, a Cl to Co6

al kyl gr an _enb up( pendently be a
et byt Corsbe B b by £ TR p i th R Bl R o ah 1
group, aahawtiveg/r @@pto(asﬁyewcylbogrg:w@ spremﬁasﬂ;@ﬁmbntgalwa,hyaﬂot:ﬁbylat| vely, a
nmet hyl group or._an octyl

a gr ou a butyl oup, ou
gr oup. r%ﬁ@ﬂ%%éﬁiaﬁ@wggug HI@FWH Iﬁlﬁ’&?ﬁﬁé?d lﬁﬁ%}n %@t % baulircdyescri bed
herein W&Mthbmﬁmm@w fubthdQeRriBBIG ¥hbsBfueMP of BE s&fsmﬂedg{/&éﬁl’kyl afbups, Pr opy!l
group, an n-butyl group, an iso-butyl group, n- ex¥ gr oup or an noctyl
group; alStestiHERd ANaic S50URRSHNINIHIATY, eraips et ﬁghstltjlfeé@fﬁ kya gﬁ)ﬂaw ich gBup, or
an iso- b%ylhmg:aqwno@hﬁémwwﬁﬁyR4Paamrwﬂ %Igﬁ]gp&ﬂ}?orﬁhlta@rl Rabhye! Y, an ethyl
group; alternatiyely, an n-propyl group; ernatively, an n-butyl group;

al t er nat ihvétogen Bin R'sBY Bt . andui” %@Wfﬁatmuléﬂy, a nhexyl group; or
alternatively, an n-octyl group. [0095] According to anot her aspect of this
di scl osure, the netal al kyl can conpri se,

| n ot her



consi st essentially of, or consist of, a trialkylalum num conpound, a

di al kyl al um num hal i de conpound, an al kyl al um num di hal i de conpound, a

di al kyl alwoizaum3mezdr i de conpound, an al kyl al um num di hyecirds2eionepsaand, a
di al kyl al um num hydr ocar boxi de compound, an al kyl al um num di hydr ocar boxi de
conpound, an al kyl al um num sesqui hal i de conpound, an al kyl al um num
sesqui hydr ocar boxi de conpound, an al upj noxane, or any conbi nation thereof
In some enbodi ments, the metal alKkyl n conprise, consist essentially of,
or consist 42 of, a trjal kyl al um num conpound, dial k Ialunlnun1hallde
conmpound,[0G8T al Y PaerprdiRsAt cﬁnﬁﬁiﬂ;g&éu%ﬂf‘ﬁﬁkﬂf& Suwua%lfﬂ% FOUASETPHA Ther eof ;

al t er nat isy&ifit), sabdtiitl é&%ioﬁlﬁc&'l@r@&ﬁ'@g@&@@ﬂgﬁémﬁ@j L@@t WRImatic @roup
di al kyl al um num hal i de conpound; alternatively, an al kyl al um num di hal i de

conpound:(earibeitaegifie) spbstauted aykgrrwr (ansidlor Pﬁﬁﬂlrfﬁch er @@ﬁtﬁaﬁﬁ gralky] grepmat i vel y,

an al kyl %é&@e%%ﬁh@ﬁ@ﬁl‘oﬁ@e GORRANA D adloliRE: ”a@t%fn\éf?\LeYy, adudid@ de¥lcalowat num
hydr ocar boxi de conpound; alternati ‘'vely, an al kyl al'um num di hydr ocar boxi de

conpound;In sdregpizpdingaatsy ¢ anygralide Wﬁtammphmmbstégtqqh plival grow (gonepd th

21 or nat FUBT S S S O B o] P S aRIR i Ges ror ¢ he
netal al Kgﬂnerah@tsabm&t)kgﬂbsthabd d’ehgmm@bnﬁralms@blﬁa) oniiubhb}kdited)@laﬂ@bgmd[es are
descri be?lbaggyg &88&7 18 thlg[ %(&4151‘@%(1211 e?n&{%%l%m rmg %CJr aR rn R%B/ﬂ table netal

al kyl s. ary oun I nc are not
limted ti@lidd ri met hyl al um num (TNA) triet hyI al um num (TEA)
tripropylalumnum tri-nbutylalumnum or tri-isobutylalumnum or m xtures

t her eof EE&lHﬂi)I ahryanednlbpﬂiaieunhmbulmdlnwaibdbswgimﬂnunthssuba;tutbd]c,}lcmd&yl fratp ar e not

limted to et h hl or rom de,

ety ot uripanstil 510k By BROTHE B B E bRy o i SR TR e ce

t her eof I(geneat ompwﬁcrmd;unmmnm ardlkog gfr(FUpahdy),HeathaIKyhmm @ﬂp@rﬂjglduprmy abe

triethyl aI m num [ 0097] Accordin 0 urt her aspect, e t al kyl

conpound A b EERAeSh 6F Ay duishe ot BT SRS A it e e o
a trial kykaityll giodpNGemBELInd aﬂcm;l ag) addl kiglkagl bkthusit fialpdeay Keoicabhmy, the

tr| al kyl al u ound t xture may conpri se, C0n5| st essentially
of, or co %rtot%a%r%% mg FR raqa%al ﬁﬁ’ﬁ‘.“&ﬁ‘r‘rﬁfﬂh‘ﬁ&lsal@%‘?@rﬁeﬁéh R@kein. The

al kyl al UEhiBUdRAY, m@@u@ﬂ@ﬂ@%@m@ﬁakmuﬂme&tcya@almxgrd@g (S¥raBbkpbatidym num

conmpound descr i bed "herein. In sone embodinents, the mxture of the

trial kyl arRRHUrAreBHSGEoNE (BFarel RESPAFIRG) BB Kt ﬁﬁyh%}lollm@eﬁ@‘d? & SipsHICS e,
consi st gsgaRtiluRb |abﬁ118/fl éroﬁﬁ maPBsh ﬁfeth?f %roﬁp th éﬁlyrgoﬁy ah hip&IphYédhpiahnum and

di et hyl al um num chl orii a mxtu tr'i et hylal um num and et hyl al umi num
di chl ori d@prqwl aowﬁ, 31 mbe%grow,uaé@qutall LipHDA s alIEY | @ravpl AletirAuA gioup, an

sesqui chI t

ol i gorrerl atl o%rocat %%Ewg F‘e%;n]%%élg)h%o ralgisgf%{ g%?ﬁ@%@@%ﬁ%ﬁ%ﬁy of , or
consi st @fQupaa frimethyt-é-bofyl gltouletarﬁymaﬂhmlrﬁ -buty growed, di @ﬂd@yﬂealybgnonmm chl ori de.
[0098] I n f f nmetal
al kyls t hggfl%atpfgfyﬂgg%%&} %r%&?ﬁh chgp%rc‘lﬁj?ur e%%rouﬁbfﬁgghgd gZis(gentl ally
of , or coastykgrowgf, altdyudtivalyea meothyl groupt elterbadivelyr annﬁtyrhgtoabmimemameair M\)

trlethylalumn numdlc or i de 43 tripro umnum
i et by arh b im0} Bt Ph e & A S S8t R BT RER e.
t ri i sobuteybaditehtany arglisabduiyteal afrisnbattutdad aybiodlkyl(gaﬁmgenemdr xp@m[ﬁchatl ons

t her eof her aspects, and in.any Lments exa s of
ot ol al RSz HRRE Sl G Oo MR SRS &b e PR Gl Yo s e
i ncl ude, obsibsatnRdanlkyll prsup ey boplidniyetrty, akdni gnsip 4 TEN) growp, 6t Hykal um num
chloride ( onbj nati on thereof [0099]I1n nonllmtlng
enbodi neﬁltlmethgeﬁwf AP RANEE: HRYAIS alﬁ%baé%(elfvnagto hetoupf

alternatively, a xylyl group; or alternatively, a 2,4,6-trimethylphenyl group. In an

embodiment, any aralkyl substituent of a substituted cycloalkyl group substituted cycloalkyl

group (general or specific), substituted aromatic group (general of specific), substituted aryl

group (general or specific), or substituted aralkyl group may be benzyl group.



Formula I: 1A1-0 In R Fornmula | wherein R is a linear or branched al kyl.
Al kyl groups for netal alkyls have been i ndependently described herein and
may be utwDi2aaidi3mzrhout [imtation to further describe Prhg/uskariossasanes
having Formula |I. Generally, n of Formula | is greater than 1; or
alternatively greater than 2. In an enbodi ment, n may be range from2 to
15; or alternatively, range from3 to_,10. [0100]In a non-limting

enbodi ment, useful al um noxanes which y be utilized in the cat al yst
system ma conprlse consi st essenti al or _consi st

met hyl al A#73bxaterneRiReyimeat Agy lafd{w%&saﬁ@stltwa Pf %@S%@MM fit¥Moxane

(MVAO) , nodieRPY spbdHid) N ANRed byxRralXy PRl JIRArAIQX BRRifich shbttiMhal MehaieXxane,
sec- but yl al unm noxane, i so-butyl al um noxane, t-butyl al um noxane,

1- pent yi &Fi(aaeshel SPQQIB@nWFtavtaMrﬁb&ram(gege@@ﬁ@gﬂcgicg,,9; HbxtHisd aralkyl
i so- pent ;Qr@w;gy%&ﬁa&oxﬁg%ﬁ?%ﬁ}ﬂw@r&@xm,armoxmgmugr fnlhgngaf 1 n some

non-1limting efbodi me um rioxanes may conprise, consist essentially
of , or caeKs grosp, altﬁ@@%\gﬁﬂmmwmx arrap VRlGITNatiFs i 11 walkpret grghml Geverndxane

(MO, igs oMM RO X ARG xy &bgﬂﬁ%{w‘t gxloﬂllfigu mg%ﬁa@@ the%m@hﬁﬂﬁbﬁr%?cér@cﬁf eof In

other non-Timti ng erbodi ment’s, use noxanes may
met hyl al umm@x&mély@m@oxyadubmtmt groep lecl@tedmrallnum moselndimenk, tapy al&oiwel vy,

modi 1 ed s{}@stnﬁ%htadf‘d%&% 11{}%4“% g%eﬁérﬁle{ Qé‘éc’l b tlﬂité)c{] &g?&%@% pxane,

alternatively, iso- pro Fhati vel noxane;

al t er nat i(yapknp] orsspecifie)t gubaitumd ammamagrow teenanatoif V[Ealcyi,c) isstmiblwd)alryalgmubnox ane;
alternativel alternatlve unlnoxane

o1t or ot (e ool AR B PR et gl PSR AT PR o

al t er nat iau algtopolxy gropﬁmyéc@kapm;yngmaman antcab/tgﬁd’upaat seve)hy)xy group, an
neopentyl%¥un1noxane %fn Cont ai ni n VWi | e not

i nt endi ng*CEREERBRARIE: u@ e@?@3aPPlpgmg%@ﬁgﬁﬁgﬂﬁﬁFmﬁg &P SRSt ai ni ng

conmpound cg@ip, 4 PRIcEME | DAY Goup W teit YeRBel/ @burs @3asdthyl Ithutddy drfi, a 3-
I n sone aspects and, enbodi nents, the hal ogen

ol i goneri zatiqn process.
Cont ai ni HFISBTHBANTY SHAD: B¢ TSOBRNBR EUIS SHTATIHF Hg >CRBBY REPIDEUSBHH do
cont ai ni %%u‘fo%@éﬁi‘@pox? brodp, d edlibeRx¢ %ﬁﬁ“dﬂ'a'ﬂgo ﬁé}ﬁ'@@%&}p, ﬁl[br@a'ﬁv@?thom ment,
t he hal ogen cont ai ni ng conpound nmay be a chlori de contai ni ng conpound.
methoxy group; alternatively, an ethoxy group, alternatively, an isopropoxy group;
alternatively, a tert-butoxy group; or alternatively, a neo-pentoxy group. In an embodiment,
any aroxy substituent of a substituted alkyl group (general or specific), substituted cycloalkyl
group (general or specific), substituted aromatic group (general of specific), substituted aryl
group (general or specific), or substituted aralkyl group may be phenoxy group, a toloxy
group, a xyloxy group, or a 2,4,6-trimethylphenoxy group; alternatively, a phenoxy group;
alternatively, a toloxy group, alternatively, a xyloxy group; or alternatively, a 2,4,6-
trimethylphenoxy group. In an embodiment, any aralkoxy substituent of a substituted alkyl
group (general or specific), substituted cycloalkyl group (general or specific), substituted
aromatic group (general of specific), substituted aryl group (general or specific), or

substituted aralkyl group may be benzoxy group.

[0073] In an embodiment, each silyl group(s) which may be utilized as a non-hydrogen
R’?, R*P, R*?, and/or R’® group of Formula P1 or a non-hydrogen R¥ R¥ RY R R® and/or
R group of Formula I1 may be a trihydrocarbylsilyl group. In some embodiments, each silyl
group(s) which may be utilized as a non-hydrogen R?", R*®, R*, and/or R’® group of Formula
P1 or a non-hydrogen R*, R* R* R™ R® and/or R” group of Formula I1 may be a
trialkylsilyl group, a triphenylsilyl group, or a tri(substituted phenyl)silyl group; alternatively,



[0102] I n an aspect, the hal ogen contai ning conpound, regardless of whether
it is achloride, bromde, or iodide containing conpound, nay be a netal
hal i de, awkybiwvmr@l hal i de, or an organic halide. |n vaPCoMS2@miosdEBeNt s
and aspect, the hal ogen containing conpound may be a netal chloride;
alternatively, a netal bromde; or alternatively, a netal iodide. In an
enbodi nent, the hal ogen contai ni ng coggound may be a netal al kyl chloride;
alternatively, a netal alkyl bronide r alternatively, a nmetal iodide. In
an enbodlnen e hal gen cont ai nin npound ay be an grgani c chl ori de;
al t er nat a1 Slivﬁg@ﬂl@a ety déhe qSlb{ﬁ)gr@PPra&rﬁmwelana Bnglgme%d. de.
[0103] Nbrpﬁé}%%ﬂyl%ftﬁpl Hy@r@@&rbfrgr&%)%ﬂ&yl glolifys, B éﬁgﬁﬁuté&ﬁﬂeﬁyl@r&@s a@vgoound
conprises a group 3 netal halid a group 4 netal halide, group 5 netal

hal i de, &egriddgpendsnihadescribedibiersan aspotspiial yon-hydrageapyFale; Sa@tltuﬁnt@ﬁ%@am net al

hal i de, @f uﬁf%dcﬁﬁ%up%ltﬁﬂ)nt ﬁq{se(kfsz Bya weye @b siff %mab ﬁawﬁé“ﬁﬁe g‘@l P
cont ai ni ng conpound can be or tHRe hal ogen cont’aini ng conpound can conpri se

scandi umggapr i fean Hithlintém, %'p%rbfé%omb@tﬁlfdhﬁd}%hﬁme%édéﬁt esbdnbiRin} Sy
tetrachlorlde zirconiumtetrachl oride, hafniumtetrachloride,” boron

tri chl or icgesist af. apyrelrcenpemi davingaC) fofens etonppitaghed tgiths - gnd S-epvidemiodr i de,
trimet hyl 0 t h de,
phosphor&% P?%hqgﬁéggmmgﬁ&} &%@g%ﬁﬁ?&?ggk (%gﬁP%% 18] %ﬁ%gégF%rlde

bi snmut h tattachid trthel?, and Grppsitibns, nap hingegrovk atrmChmttthel lbﬁmﬂd@M psiitigrson
tetrachl ,

pent achl g{l %uggmb dﬁ&ﬁéng“ﬁ geh )ﬁlitao%gpoh %‘?ﬁ%ﬂﬁ% 5{@ H]Iléﬂ%]g)?gc 1 S : SQ%] gr%ﬂ%?‘ ;ﬂ’% or any
conblnatmgmbﬂmmwdmﬁﬂwdbum@pmnl&mtmﬂﬂanmeﬂmmﬂhmmmbmhemmasmebmymh&eﬁalogen
(C:;(')gt gl ?_I ngd goggpgnlgdfgg fllﬁssr&?r Ih t%f:r s nPtSthfzi[)yrreq sceorrllg Ig?l{l(&/%a[s substl%&ltg(ér%s t O?f 13a
al kyl nmetaathehad, Iadda/or @posaimgnmmromlayachMtoahé@Iaati ﬂmo@lumsftﬁhhdiﬁlrmfe an

l kyltin halid di to.a f h t,. hal taini
compound HE B8P B el Sriat di Ferie e O mERGRER G TR
al kyl al unﬂdﬂtymphﬂble dlﬁi 2- btnylssnp@pﬂrﬁyﬁdiemmontgm s&lté@é abuidubitintbBpyirebesmay be

an al kyl Iunln chl ori de; ter n alk | um num brom de; or

al ternat|%Hsflmtg]?\‘éat%miwséﬂ%?ﬁddﬁﬁg‘?%éﬁlg‘éy I§SlPsBiEn b FOSRFCHEAL s, 45 the

al kyl tin chdbdigRniBte Qﬁull@srhttaéﬂéﬁltd 1hB 2C4HdOLpARIon QbR Patdld/@mpoudimay Ky tin
brom de; or alternativ an alkyltin iodide. In an enbodi nent, the alkyl

metal  halthcemin Peprsaliyn theiskgppa pashFlimtea- ipabo- Hoﬁltlaﬁéf‘ﬁépyré%%ilﬁ?éﬂ‘i t he

al ky et g, hRlahdyrmy siBSitdtht 8dsy ilstBsdddkiefle. [0105]In vari ous enbodi ment s
and accordlng t'o anot her aspect, the hal ogen contai ni ng conpound can

conpri se,p@@nsi &fa %%[hfrh@l lidhit enBbdiGRMS ihg hyRble cdmBhudl ksk abe Y@, hal i de,
an alkylalunlnun1 hal i de, or an alkylalunlnunlsequ|h alide, or any

conbi nat |Oéﬁimt’llﬁ@1@éﬁftach?ci drthpad-iap@ Pyposhions ff thepyarolaiingy i REeT erebodiments,

al ter nat gy ALKl 1 jdal bie pRFol it EhMRRYRhYent

al kyl al ur%eﬁéur%{ﬁl Ses%ﬁ!ﬂﬁ ttﬁé Mn}%ﬁltgﬁéagpe%lt)ﬁ K %ll g:&%?/]l Hég{)r%o%ef)lt gpeﬁf_@

al kyl al urkiinengatyd kioges; ot ﬁ@mtlkqu,thriO Rabigaey] gtowes. dnathicy patientdar mandlingtingde, t he
al kyl al u i i I be a G to C8
2ot “gr orBUBhht BRupfiaif S BULThIIS ERRL LA B BBY. 10 Compound
can conp milcbgepndcmbfshes(ﬁz te §$sérytlioailrbyl gmbqpsmitetmm‘ml)s Cr 6f Crodiyéobarbyd lgumpsium

o ot e SRR PHDSTRARLEN e LA IMM L GRe | de.
trlbutyltln ¢hlor? de;? di P & ch or| org ONDI Nat¥ on t her eof ;
aIternatmnmbynmdmeh@g&m@ammﬂmﬁhcmb@{mﬂé pemhmbafmapﬁmmbsﬂgquychlorlde

et hyl al u um di 0 r o or alternatively,

di et hyl al' 'EF%P?{HW?@H? (IE t?lg:” ailfytl G%P{}We tﬁﬂ/ﬁogfhﬁﬁﬂlﬁﬁ?‘@é’sﬁw chl oride; or
aIternatmkehmuegihwbahmmmyup&mghlorlde [ 0106] According to a further
aspect and in any enbodi nent, the hal ogen contai ni ng conmpound can conpri se
a G to Qumepr ganincasm{ thel @ioupd dt@thdttd ﬂlelzy andgs- &suicms of the pyrgﬁélhﬂg hral i de; or

alternatively C8 organic h according to
this as pé"E’t‘Che@ P‘Péh?w@fr el W?Vg%%t&ﬁ%% r‘?é %%%P‘F@ od st §Pg

essent i alslosibns STihEBMBIngE a s@BRBONCARITasHI MEingRiclyG alh@Rpt skdcakr oni de,
chl or of or bronof orm di chl or onet hane, di br onoet hane, dii odonet hane,

chl or omettg]ﬁ‘ﬁé aIgk- BRSO hAHES PYTERIGHRS #8 AkACher] b omERIaTHIsdn such a way that
tetrachl oroet hane, trichl oroacetone, hexachl oroacet one,
hexachl or ocycl ohexane, 1, 3,5-trichl orobenzene, hexachl orobenzene, trityl
chl oride, benzyl chloride, benzyl brom de, benzyl iodide, chlorobenzene,

br onobenzene, iodobenzene, hexafl uorobenzene, or any conbi nation thereof
[0107] I n an aspect, the catalyst systemmy have a nolar ratio of netal in
the transition netal conmpound to netal in the nmetal alkyl ranging from1:1
to 1: 150 alternatlvely, 1:1 to 1: 100 or alternatlvely, 1 9 to 1: 21 In an

R Y B I .



46 m xture thereof), the catalyst systemnmay have a nolar ratio of chrom um
to alumnumranging from11:1 to 1:150; alternatively, 1:1 to 1:100; or

al ternat iwel2g1/37@7t o 1: 21. [0108] I n an aspect, the cat @CyaiS26yss3a1 may
have a nolar ratio of nitrogen of the pyaol e conpound to netal of the
transition nmetal conpound ranging from1.0:1 to 4.0:1; alternatively from

1.5:1to 3.7:1; alternatively from 1. ? 1 to 2.5:1,; alternatlvely from2.0:1
to 3.7:1; alternatively from2.5:1 to 35 or alternatlvely from2.9:1 to
3.1:1. In an enbodi nent when the tranS|t|on me mpound i s chrom um

conpound PP the AU O aiaeher t9 the Zr fshayposttiong %@frfq %W)g HTRECHA ratio of
chr oni umch@oRhme! @hdﬁsth@tﬂﬁ@cirB&f@tém@fﬁletgﬁbuﬂ afached & thepyrafid M@l i af rom 1. 5: 1
to 3.7:1; alternatively from1.5:1 to 2.5:1; alternatively from2.0:1 to
3.7:1; alstcontuy vt dhatpeepndary garBorsis pitached W) qngrand ORly N otiepRrbom: 1 t o

3.1: 1. Ot @opRIdegat 'c%oﬂt@ﬁ%%ﬁle %Ql%]rﬂigehpéohg%%l’omﬁéhﬂs%e ERLA H@lhegystem
descri bed herein may be util |ze£ hin an ol igonerization process or a

process tioths2epukepaiions Mgorehed altspdna prothacthe cateaneateny gftached o the 2-
ol i gorer 'aﬁ@F ggtl&{s%?ﬁl%gygglfeﬁ){n %1%%% OTrgch‘ﬂB&E Etoﬁﬁ‘ ﬁh 't}g%'if&f L 2%k Rpdr oduct

conprises oligonerizin St ock In wt e olig Srerizat i on

cat al yst lasthdesahrodivesitstibe giowps dtt@cdhtd}d the ¥ and dpesitemivd dicmenmbks ragdnayrpe
accordan 0 i consi st
esent | anfistiop T GBRRAEn chiftyd FRHTLARS R MuY p SR en 000 o
process nmymbgaamwﬂécgmmmndmamhmhgpnome$9ngmﬁg@mmpammmgmamﬁEMphé olefin

ol i goneri zat.i on .product : . nativ conpri se,
consr st SoauRRaREPOHFt s LRt B boud it B MG RR B SR e

ol i goner iazadhedo the pﬁﬁﬂ@rm@m stich aa\na}alhatgmrmgtloﬂa&arm qosro et Bed 10 thei- apmn ng an
| i near al_pha olef n ol igoner.izatio roduct; or altern tivel

f eedst ock RPEPITY ﬁ]%leypy(?i? Fleda® SEBRENE ARG May PiPVEe @ %ﬁft“éﬁy ©a nor mal

al pha ol ?f-}leﬁe@nﬁlantth@p@l:dsgﬁﬁﬁg’li za}m@mlﬁfrﬂf@@ahwmmomd Garser ld zation
process or rmn nrma oe|n0|gon‘er|zat| n pro uct .
[0111] I n P8 eaggé%é?r Pyrife! 3?%65%%%?18?8}? PBrseeseilor law@pfﬁwrﬂlg a3fico] ef i n

ol i gonmer ipgable QBmF@t@lqu@l{ anlSBér B8bRIM & &hicthyleht FRAdrZafidnRodREQRBS g fOr
preparing an olefin trimer product. In an enbodinment, the trinmerization

f eedst ocKBlyafsyHomaliEbapPYTEAe CQUBIPENd FonyY SR sPNSRg of Ioms péachet 0 an al pha

ol efin ang 1 hgq 9'pbgf?&ﬁro'f%}étp'yﬁﬂle%g%ﬁ%vh‘éf%&’h ti‘«l@gl%ﬁpst dtlalR g Ak DOFhdRSr8Cess for
preparing an alpha olefin tfinerization product; alternatively, the

trinmeri zapsibensfaeaigehsdito B eyirple pay incwabi e thatehesicane sybematpalatgched | or
consi st Qf yned. hidge sﬂfb%?@ﬁh@lgﬁ%l@n@é"g als n@ir%r g At&ﬁ% ?%r&ﬁ%gaelﬁghe?ay be an

trimerization proc paring” an T1nea a ole
trimeri zatledivitptotthetene then édemeocnmusmew dltnhélylpmrﬂlém thapiwele ferapismdck ol ef i n

i St ial ' | efi
M T T e S T e e G
pr epari ngs ér pgookeebmpdypda ol efin trinerization product.

[0077] In an embodiment wherein the carbon atom of the either of the groups attached to
2- and 5- position of the pyrrole ring is a secondary carbon atom, the groups attached to 2-
position and/or the 5- position may independently be an ethyl group, a n-propyl group, a n-
butyl group, a n-pentyl group, a n-hexyl group, a n-heptyl group, or a n-octyl group;
alternatively, an ethyl group, a n-propyl group, a n-butyl group, or a n-pentyl group;
alternatively, an ethyl group; alternatively, a n-propyl group; alternatively, a n-butyl group;
alternatively, a n-pentyl group; alternatively, a n-hexyl group; alternatively, a n-heptyl group;
or alternatively, a n-octyl group. For example, the pyrrole compound may be a 2,5-

disubstituted pyrrole, such as 2,5-diethyl pyrrole.



[0112] General ly, the feedstock olefin(s), alpha olefin(s), |inear alpha
olefin(s), or normal alpha olefin(s) nmay be C2 to C30, C2 to Cl6, or C2 to
C10 ol ef iwp=p11/@r@ha ol efin(s), |inear al pha ol efin(s), Por/usesnr@b34al pha
olefin(s). In an enbodi nent, the olefin may conprise, consist essentially
of , or consist of, ethylene. Wen the feedstock ol efin conprises, consists
essentially of, or consist of, ethyl egf the ol igonerization process may be
an ethylene trimerization process, trimer product may be 1-hexene, and

the trinmerjization product conprises 1-hexene, o osite catal yst
syst em W] mafp Beasprsedheinypliear hoedhs fBHmi‘I%PlW erea gﬁﬁ%@tﬁ%ﬁ of chroni um
(111) et hydeperianBadi€any: ?I‘&I}fhlﬂ(ﬂ&l RYEih @hEwhdrbin @t Ryt 8 tRUSHuRREached

di et hyl al um num chl or.i This conposite catal yst system can be used, for
exanpl e, 1@ ther pifet-ipoEtigsHytBRkediin 2 meppar Mhesinghe carbyrtasem atigched etthappl i cabl e
catal yst ,SiSi @B i PB¥cRRalyQaboh Yot S RNGJ {* &H&ﬁeﬂ@enﬂ& %&%ﬁro‘%hr?&id%&” e.
[0114] 1 n One aspect, contacting and/or reacting the chraqm um conpound

pyrrol e @@nﬁm@rﬁ@n Rtvelersubsirucal sqlosr%cbhftfanmlté@a@wﬂy, iR’ qnld@ bindenspdeatlpf an
unsat ur ata?eﬂa 2 cf%g’&i helfét?a&am &b Qttl%@t mé%rfﬁfegg%@@ a&a@ﬂ 6 1Y 7§ 9matic or
al i phatic In a gas, |qU| or soll at T sone

enbodi rrerptostlortsheattanlwitlm p ateguer odwrsouthe carbgn d@@nattacaﬂd)mha Ry riwedingoar bon;
alternati & )] 0 ffp sor ough
contacti nXC%IngarY ﬁﬁb&ﬁé@%ﬂ%ﬁkcgn&‘& dgﬁ}ﬁoé%gnﬂl H’;]'E!Qler asﬁ%guﬁnd%da%d metal al kyl,
t he uns atlmdeaereldnthfymte ardfagrtmm1med)bere1n cachl qf qm giioupt attaehed to tlwu 3-landh -

under st ood r onnection with
appr ot | 28RS GEred) SRR BB B S S B e BB s RS Sbe ng t he
cat al yst ssyati@ycarbon ane aaﬁpé’dhd prheddpaaahw ate agzhrhgaﬂraﬁd ambm Ig@droghe

1- hexene. Alternative ntactin cti the chrom um
o Dyl ST st et EE e R ke B SR R e

absence Qﬁsctbséaaiemwhér@ﬂ;llﬁgb@suﬁwwfoah@d AAY 8L PHATOAOR aGadhedave any nunber
of carbon atons per gcul e. Usually, the unsaturated hydrocarbon w ||

conpri se "A8E Y 0 Cu b el b)ethe PBTUC THEATC HCOPEECH RO 24 r bon
atons perR’npjeeeh@ hyfedpl ary unsaturated, aliphatic unsaturated
hydr ocar bon corrpounds I'nclude, but are not limted to, ethylene, 1-hexene,

1, 3- but aqo@0e, BNYnRInGh-UikRen o dd@yo8REentsRvIRAS AS %ﬁﬁbs Aachidago t3veRtd 2N, the
unsaturated al i phatic hydrocarbon 48 conpoun -hexene. If 1-hexene is

t he t ar g@esSiBpIsgEnittached ihgich gmppper tha Ptsle'frﬁawedeb%l@asaévqlh Bothbefdhg @bogubsequent
purifi cat R ShaRS to HE PYRRIE ﬁngtaa@@&%adabp%banb%e YolPSnipdaEl Agy b

unsat ur at ed h]g,irocar bon in the preparation of lﬁ% cat al yst sg(stem may

i ncl ude, Zpudiakyylpynde. 4 3.5 t@alkylpyrds a %4 @@@aléwhsm@lw ?e%)ﬁéd@trﬂﬂ ylpyrrole,
al ternatiy r% nﬁgaahen ﬁél%ofl Rém&dv%lgcé)@@famgﬁrpyrﬁahet Qlté?ﬁz&fv&g' ¥3366 to Cl8

aromatic co or alternativel Ci o aromati ¢’ conpounds.

Exenpl ar yrialkglpeitrole; %Wmamféy la@sS trn@ikﬂdﬁ“rolfbt@t algareatingly, 4 .Aitt5ed t o, benzene,
t ol uene, gtagwgﬁlggg xyl ene, nesityl ene, hexanethyl benzene, and m xtures
thereof I'n an |rrent the aromati ¢ conpound may be tol uene;

al ternat gy ¢ HWARSDE 8 S Bl RERAICK] e b ERELn AL UL afiedng 1im ted

by theor Wat T hat Use an-unSat ur at ed drocar bon
during t tpesitiorap&r atacted iofuch henapadrahay st lesy siegnr aleprapvely betht <altly€sctar®ylst em
stabilit houl d be recognized. . th the reactio t

conpri si )r%ongs a%t rq%crlngoutﬁt }6”0 ound ™ tHe nda PP, 2&66 orﬁorlt%comrﬁaofl nCPma3f ﬁ and
unsat ur atnethyietigd@miotn 2 Gajneth;dmtraola Bﬁi{h nmmpalpyndam)ﬁénm but\ylpmrhledz)s not

S G ST TN TR T T
aromatic 2g395rmwfyd)yhhat ABtrbe-bus Sk dle, 23S -fH-epaitalp i@l 3 jShé-n-
hexylpyrrrole, 2,3,5-tri-n-heptylpyrrrole, 2,3,5-tri-n-octylpyrrrole, 2,3,4,5-tetracthylpyrrole,
2,3,4,5-tetra-n-butylpyrrole, 2,3,4,5-tetra-n-hexylpyrrole, 2,5-bis(2’,2°,2’-
trifluoroethyl)pyrrole, 2,5-bis(2’-methoxymethyl) pyrrole, or any combination thereof;
alternatively, 2-methyl-5-ethylpyrrole, 2,5-diethylpyrrrole, 2,5-di-n-propylpyrrole, 2,5-di-n-



ol i goneri zation catal yst systemnmay be in a range up to 15 wei ght percent,
based on the anmount of solvent in the reactor, range fromO0.001 to 10

wei ght pewoent1/130027r ange from 0.01 to 5 wei ght percent. PEXAS261 148380t | C
conpound may inhibit catalyst systemactivity and insufficient aromatic
conpound may not stabilize the catalyst system GCenerally, the noles of
aromati ¢ conpound per nole of netal in_the transition netal conpound (e.g.
chroniuntconpound) in the catalyst sy ?entnay be in a range up to 6,000,
range from10 to range from 20 to 1,000 noles of aromatic
conpou nd%ﬁ@#pyrfeleé 8td1'ﬁﬁ’F%tlY1PQ’€0]§ 23HF Bhwﬁaye@t?p%é HP-hepty i eat: gn%ygt system
[ 0118] ContgfiyioR, &fany BEmBhATTRLhGeFOMRAUIGEIA NI &R} B IpFEYsId; em may occur
under any conditions sufficient to stabilize the catalést systemin the

pr esence 2BeMHEELY, 2.Estirdhdpyryoles liermativahe e direRropdpyrEdiife %rtli‘tWQIYn‘%a9 di-ange from
-50 Cto 7@1t)@pyrfoﬁ@gﬁerf1£t91my 19 d@nlpgnt?@yﬁ;oleoilteﬁﬁﬁ&@y f2r50ﬁfhéc ﬁ‘oy}r@le?’o C.
CGeneral |y, contacting times na ess hours, rangé from 0.01
seconds @bmnmh@h$%5(bﬁiWHWbeﬂﬂ ovh alfernativedsp Adsdineoosy Iiiotes . Longer cont act
times nmay not inprove catalyst systemstability, and shorter contact tines
may be i 8} i clneataspast, el RYWO@GQ@P@t@ reayrheset hyrljogsh atOﬁeloaa:t@dm gtéeaglonpound
and cat a'&{éfé PSR a B L 6 i Htfodif o ofﬁf%} & aBLARI 1 1z the
catal yst Yem y pressur |ch a orou nt cting 49 of the
aromatic gmmﬂwted oanpdyueleding strbaysivmmpdiesnt weany pEiiole Gag eathdt atompparingr essur e
whi ch ca liquid form
may be ughﬂghgﬁ%ﬁ%gﬁaﬁvglgggé ﬁm%%ggggﬁg ﬂyﬁgggé §$g%%%%§ﬁh%g}ned under
an |nerthamwgsph@nemasuohea$tmnbkmgenmbm1amgedpcﬁmuﬁh@nmngmaamheoﬁmmunt of
vat er vaporl @ err]d P ch%ﬁ?y grr esfeoc ted é\rli tar i lel: fin Oga{[rbeorr]l afony gc%gt tt ?lTeCOSt eand
avai | abi PV "R A"} 6 the dzg S1 oh heEl &t o?ﬂer 18 G LB e
exanplesrmgcmbam&bmsbanmgﬂeﬂwdmgmoumdadanﬂtmhhgmnegmmmmnohmepﬁﬂﬂgst
systens, and the| aration, are oVi i.n . Patent No.
oY 195, 408 NG etsely. Bt oo Bk B anap ST sresohE el i BF ar ed by
refer enCelumBeﬁdfehrboﬁrﬁeSd’rﬁEd Beif 6ifat Bkbts marrafn&e@enti @ﬂtﬁ&Mﬁﬁe @np@an®ri zati on
reaction roducs %» olefin trimers, (fn b@ﬂgﬁapareg)frontt e catal yst
syst em off °f FREPI MM IRFCL BTG FRUP ©Faied o @ Rty OBRKELAGESRt i on
techni questhy ?[yﬂ@le a0 MRdLEOAGh aﬁ&wynfmntydﬁgal @@ﬂ)‘l@?wmcd@é&ﬁw&le

Cont acti ng t he nononer or mononers with a cat st system can be

ef f ect ed f’di‘ﬁ Carﬁ9n HamnabackMINA PYTROle HBS garpon atpa b%wg@ﬂ P@htlydmeﬁ@drrplg to

suspend R&GALF WS rm¥ ShBOR ABmAQjaBLYRIhE pyTRAE HIB ﬁﬂggetnqt&ﬂhta%@aﬁm m xture
to maintain the Catal yst systemin solution throu %gout the trinmerization

process. @Fhef Rriows doRtoadtGiig Craighnd srova feligmeay alé’dwdweféyl grou20] For
exanpl e, L, or

nternal PSSP AUENERC BEHAYIGRI YR A FRGE PRe L Fab S BRAR Sloh as.

f or exanpywolempg kearhdcatbmdearmeithghygirogen etoquhfrtgs mpowitith thamitrogen etoged,

typicall e n ctor with
nechan|c¥égﬁ{rrl 9, suéﬁybgiygegﬂg Zﬂqﬁ g3gﬁg m@ﬁdch%%%pg%sn be used
Al t er nat i(siematively byt lardrecedgt groms dﬁs;tnbeﬁatretrqm nigy a@u‘spebth eaoblbuw welrstianti on may

al so be use connect Wi nven The i zation or
trimeri zé’%ay%ﬁ aq“%ré ?Sclééia%ro‘% OE%Fettagl?ﬁel%uatt“f%cp%caft{)’% %\B"‘pc (93“ Hm? as the
process nn@guﬁmnWFmﬁmmHQWQan&myyhuﬂnmmqnﬁ%MyM¢meamh@mnﬂmkvﬂnﬂxmay be used

as the process nmediumfor the o merization or tri on. reaction.
erbod: moorem sy U Y G a0t SETE 1Y B eyt B84 b S5 vy be.
hly Slr oc a: oY3] @m@ﬁdlﬂlﬁh‘@@ﬁﬁ] atﬂiegzl (sjltbﬁdﬂgaﬁaﬂab%ea t@dllf:}&m}'agﬂo’glﬁ|a}tr1pt&3§ﬂly1¢!{l (gﬁoalp,tx?nd or
alternatively a at e rocar.baon ocar bons an ogenat e

hydr ocar Bdﬂgsﬁlﬁﬂt‘tt%&%g@’g)mﬁd&r 0‘%’)( %H?Hraéwel& 4 tg%gt’]ﬁiﬁ B{AP o%’ﬁ’f"ﬁﬂﬁ@ gr omatic
hydr ocar h@glenylgl ERuSUPaGimitivelyal egsubbalegphaladiyabiophat i ¢ hydrocarbons,
hal ogenat ed aromatic hydrocarbons, or combinations thereof; alternatlvely
al i phat i qodgeflr onamhens:, t}ﬁ:r@matelc@mbmqug@rﬂéca@rromb@,gmtmdmgFbﬁ’ﬂﬂd ic

hydrocarbons hal ogenat ed aromati ¢ hydrocarbons,  and_conbi nati ons t hereof;

al t er nat if¢el %fmu51|ﬁ3pﬁ%rmuta R oy %%Ogtba%@n ﬂ@repératt%ttl?tv@w OrFRRE i C

hydr ocar heasativalyt e6idld VehNXernIRLQIRRALIE B4 2t ANaTHLEimerD RIYY gh pREF HoONs; or

al ternatively, hal ogenated aromafic hydrocarbons. Aliphatic hydrocarbons
whi ch nmay be useful as a solvent include C3 to C20 aliphatic hydrocarbons;
alternatively C4 to C15 aliphatic hydrocarbons; or alternatively, C5 to Cl10
al i phatic hydrocarbons. The aliphatic hydrocarbons may be cyclic or acyclic
and/ or may be |inear or branched, unless otherw se specified. Non-limting
exanpl es of suitable acyclic aliphatic hydrocarbon solvents that may be
utilized singly or in any conbination include propane, iso-butane,
n-butane, butane (n butane or a ntxture of linear and branched C4 acyclic

o M oy - o e



51 xylene (including ortho-xyl ene, neta-xylene, para-xylene, or mxtures
thereof), and ethyl benzene, or conbinations thereof; alternatively,

benzene; wbtermarizvel y, tol uene; alternatively, xylene @CcmaiSaaiig3431

ort ho- xyl ene, neta-xyl ene, para-xylene or mxtures thereof); or
alternatively, ethylbenzene. Hal ogenated aliphatic hydrocarbons which may
be useful as a solvent include G to &5 hal ogenated al i phatic

hydr ocarbons; alternatively, G to C 0 hal ogenated aliphatic hydrocarbons;
or alternatively, G to C5 hal ogenated allghatic hydr ocar bons. The

hal ogenat ed allphatlc ydﬁd@hrbons yclic ogsacytlic and/ or may be

| i near or branched, ot herwi s i fied. i ti ng exanpl es of

sui tabl e halogenated aI| hdt-Hc hydrocarb whi ch may bE-Htilized include
met hyl ene chloride, ofbiorgform carR®h tietrachl origtes i chl or oet hane,

trichl oroet hane, and conbithati ons thereofl; alternatively, nethylene

chl oride, chloroform dichloroethane, trlchloroethane, and conbi nati ons
thereof; alternatively, B2thylene chlorl3de; alternati¥ély, chloroform
alternatlvely, carbop tetrachl oride; alternatively, dichloroethane; or

al t er nat iFpanyla P2 milcblh? opiderhelad3 HHaIbég@h@)tf@éP abyiteant grony disdewsd e whi ch may
be use ulyiiis R SPFYFHa PNRLUEEE Sl CAfl a%a%nﬁto?ﬁoﬁ{ WBITRH nfy Biocar bons,
or alternatively, to GO0 h ogenat e aronatlc roca ons. limting
exanplesb@&yymnohbﬂ@nh@mG@@hQWEMHﬁmoﬁuwxumﬁyd%6@adBoﬁ9meumhd€and

chl or obenze , t 0 atively
chIorobeEﬁeEgF%n %%%ﬁ%gﬁgﬁg é%g fb%gg %ﬁ%5§W0|ég§5? %ﬁmﬁh%ﬁm nerlzatlon
sol vent rfeierbévetnday dndrotrebyt gsiup) dekcribot ieninevidle R'f of Fonedsk g p Bbr exanpl e,

i sobut ane, ma s8Nt 0P i ble with ent d-for the

for mat i o% 0 aP? F i ﬁ%(h?n fP%r rTg‘eque a?'bﬁral%gﬂjg ﬁbto ?@;L)bs?? HENEA

enbodi nentt;§ or @3 roe:agqirgamm g:imqﬁ(lanémmvelyeagrthydfmcireﬁcgsdmp@ kles@hlm‘dl hereli‘[’ayln he
utilized as the 3 @? q? roces ium [ £ gce 1- hexene nmay be
the react A HBRHLY SEItLRNLR jﬁ@ﬁBmEWPW%V %BW?S aﬁ?%%% it may be chosen
as the oliigeraibzRIlyI@Roupol vent to decrease the need for separation

[0123] I n accordance wth another enbodinent of this invention, a slurry
process qeos3be Tadnrdngddioitht, ke ball@iﬂyﬁelatsulisﬁﬁdhﬂiﬂéy bewletindd ds Snawpsroduled of t he

olefin oligoneri za%g rocess Ther ef re the choice of . reactor dil uent,
or nedi uffPPRRGOBLIREEE § Oaﬁﬂfaﬁwé%q ¢4t ﬁPHFOI?H%g?aﬁl?‘{nlaéﬂmI:?Iaé?mﬁwroéact ant

and/ or t R@ateinkigQABOh 4@H @RNPHASERithe FaBSonXATHE tBe bilky Ed8p Bhi g QiREchZ@E | ON
catalyst is used to trinerize ethylene to 1-hexene, the solvent for the

ol i gomer ithearion arEhRiarkad e BYrdc pae faReXeR®.is ¢ fertEy 1l WRIETERECARRRSH: ar e
trimeri zgfermbiiR1yUnk SRERLH ﬂa@&dr@@l a&&%%lﬁpy S8ly atis exhl t@%elpyh%&ern@ and/ or
a trinerization pI’OdUCt but adi ene was trimerized

1, 5- cycl Gabpaacaea tertipay @rrquﬂ@mamaiﬂm afQu OF BerBadivol pne wb@nem tllﬁacarbon

1, 3- but adjHner L blillk)Sgroﬁly HhOOGd; Q&hﬁ'a?he Ja%ﬁ%lo‘ﬁ‘?@c&%ﬁe‘&% ?ﬁ?&?@ﬁﬁé gaf 1o and
pressures can be any tenper at ure and pressure whi ch suitable to
trimeri zetanhis adgérafuy or qessanam cabesitoy. Thwmsanmbodistentsythe butky mande al |y,
reaction S r her
ropect of MARRERAhH @R Lch{h BeBni ARt O b e piindess ABBIBREL
to 200 C.thdpympétrirgroatbos atoa:&pewlary eabd)n gomtoe pMEewiatrein €8 carben thnmf mhea range
of 80 C 0 150 C. ral | p sures are. Wwthin r.ange of

ot mosphe EAY &R Gt R IRl G nG FBP LA B ERR S Rl b o ol #8001 P on
pressureSmﬂmychbommbh;ﬂwammaﬂgen@WhﬁMnm&phﬂmnemhnﬁ&ﬁ&@gpsmgmumy
alternatlt p W% n.a rangO herl to 160 0 ﬁ f%et anot her
aspect of#4Ed o %PPfrf%%rmgt Or“élécﬁ‘ 1Sc'5‘ﬁe ?%’scg léatroglnﬁreaé 00psi g and
900 psi g.whéfeantht Bab& @b the GAMP @Lon@ thas isekijaydne Aethe tdibon Raa hlt&lhed’rﬁy be

perfornmed at, an ethyl ene partial pressure rangin rom 20 500 psi;
al t er nat iNVEPY rmgf-‘%{%ﬁ@@%@? teftRry giopn akgm. e@r@%e? BQfLm?IF%ﬁ]i‘ p@u“o o 1500

psi; or alibsefueathaedeyefihdduN FHIOvHRRin the AR afdsi of bk 2R]ubfthd: ewthergt i on
terrperature is too | ow can produce too nuch undesirabl e insol uble product,

such as, 9 B PESQRHING CArBR AARBNS @ FRETIANY EFTRO AR OF 15 SRR thaciPen #€Mt oo hi gh

it can cayar bq}%?%trd kﬁ‘lﬁdt Qhdfiedt REhE BArBbYbm aMahEMoAN ol ATRAIERELANs Of the
reacti on products reaction pressure that is too low can result in | ow

catal yst systemactivity.



[0126] Optional ly, hydrogen may be added to the reactor to accelerate the
reaction and/or increase catalyst systemactivity. If desired, hydrogen

al so nay We 2addesd2ro t he reactor to suppress pol yner pr@duatsean/o33ABen
hydrogen is utilized, the hydrogen partial pressure may range from2 psi to
100 psi; alternatively, 5 psi to 75 psi; or alternatively, 10 psi to 50
psi. [0127] The contents of the reactoa may be agitated or stirred by an
inert gas (e.g. nitrogen) purge, by i zroducing the reactant, hydrogen,
fluid medium or catalé§t or exhausting the effluent |n_a nann%r causi ng

agi t at i o, dUBYIARRHENN @M glerpHyR¥one W&?ﬁewrth%@rb%rat%OWY&rﬂmt s t abl e

manner. [28d84 Tthee pRAfE Hilcarsodatdny isla%ubtemasatoR d@usS by alRynasit@adhd Y char gi ng
| ower 1-olefin reactant(s), catalyst system and process nedi um and

r enovi ng YsE the Grrlonapin ohths by g ﬁ@abﬂtadraceqt@rth%ﬁaa\aﬁﬂ gdom gttacett fonuous
stirred tapkch@geiBin §t81§1t1§§21&%n4?§3cﬁﬁ®! AyRd Iﬁ Q@Embcf@ﬁhé{f#easbufn{%ﬁb@l pystens for
catal yst Systeny reactant and nmedi um and a disch argg systen1for t he

ef f | uent groNptivensayhioyan the shicgrpaten op thebulky stdgraipsgadied enthe pyrede ring 3
[0129]Th%a%BhHﬁ%%%@&k%%m%%ﬁ%hh&%m‘S an exothernmic process, so the reaction

tenperature usually can be regulated by circul ati ng cooling water through a

j acket OI’[0 f‘t Tl A b%ﬂmféﬂ{ |the nﬁz)y}r&%@ﬁl;sﬁ{uehtr}ga[ %‘ géﬂtas%fle @vﬁ@rﬁﬁl%t or.
t es e

Efficient heat transfer out react or ena ecti ve mal nt enance of
t he desi rcetpor @tamtqunkygrqyerﬂm uraetachﬁ@hmthepyradwang @gl@nowonmm@a@mqunve heat

transt et Jcapbiaton NEol! LTRU) RSN LEACKLRNGRNL DS, LA, Al gher

t hr oughput i'ven tenperature, Ich ca ove dact i on
ef fici enccyrbm@ @tﬂzﬁlol;tthcrheém msm@:mng ctai‘t@n ra@acis (attaohéd {olBent4 dasbot peatsed t o
deact i vat %Ne[’ﬂctl ve cat Sl 62 ed to

e na
separ at e “pr'o o1 eVl t%e %/ah% ey 85%?1 Y %rg %ftlﬁ i3 atttarcre%fl © pﬁ'ﬁrg}e ter
conponentcsrbsu bbb ettafcberd tb ecoy dlcarbgn atamst o bB@oa®clyf or&rwhe&ﬁ)rmhe e@bbsatbinat ar e

not recyc n the tio r trinerizati rocess is
oered T o B vati st b et 37 TheT dimaluPe b Bglsre i BiRiSn:

gl efin praﬁﬁhéhédl (053%] or mtt;la)hwﬁoﬁq}ssymcgm enﬂi@dlnﬁdﬁfﬁ'ﬁthpbhlkﬁ'@yrr@léldﬂ@:ituaitIngt@mier rrﬁy
e cont act W t a al cCono to e ate the acti v cat a st system ny
al cohol ﬂﬁf 1Raq a5 eneEheyep dhe %@ﬂét%%&lhw gqupyt ﬂﬁa“é‘fl}egé‘?ﬁ%éa?ﬁ%‘bléﬂﬁ ed. As
used her @ufbon bidh it kadhcdab GRBMLN afoME bEIGIRSY BRI Bl CHBEH aomdifqie%uu@rg%d@ol yol s.
The al cohol may be selected by boiling point, nolecular weig or such

that the that @&H@Pemtq the psbonateippieshed WiNYFOleRmE SPEPT %Owhaf?éhedﬁp éduct. In

some embQgihRBbas; AR FPORIwkash fie RALLA RIMRE by Qfofuf) efaeRbtddhomot he ol efin
product in the reactor effluent stream In an exenplary process, wherein

the cat altyestyreolesingeaiben ateds eiached trdrdathen atomy| erdcmativelyheneavhercimihe al cohol
W th six Q{boﬂ%ﬁnb&%{e%& 8@1&% adfRLRGY e c%}{n Qsm%g&ed kcﬁp 1eelm?é0d' nent
o) to 0, C4Ato C20

t he al coh , to Cl2 al I n some
enbodi nemebon @th@l iahitaghesl to Bsabeh etome.dint %hdy@mba@mleyts,rt@rﬂmwabmrder o m t he

ol i gomeri oflug r ' .

Exenpl ar Sﬁlgsﬁlt:ugﬂtolﬁg Pnécflgafs %B?J%VH%F lt(Ial théﬁgqoﬁ%wtng l&déf&#é%aggﬁiﬁ&g%dﬁ%x anol ,

3- hex anolthe W@idmigb@ﬂ:mn elom iiampechmdl carb@a Ia@ptsa)n oﬂlq whbrehe ﬁtea:mbbn atpmhdpt anol ,
2- met hyI t anol -0 oct anol oct ano ctanpol ,

7-met hyl bdl?lgc)" 101P, thit "oEd GFaCﬁ Iq0 thy Céré’ LYY at‘%"hﬁg a%’fo : fltng HERRAE , °5- decanol ,
2- et hyl - hitaldhedtood cartamchtamhsy hltaresiveli enewﬁerbm tiacaehvh athinh@ituldypeoupl thalol  may be
2-ethyl - attac%ec? po tLe pyrrole ring carbon atom is attached to 4 carbon atoms; or alternatively one
wherein the carbon atom of the bulky group that is adjacent to the carbon atom attached to

pyrrole ring carbon atom is attached to 4 carbon atoms.

[0085]  For illustration purposes, Formula E1 is used to illustrate the carbon atom attached
to the pyrrole ring and the carbon atom adjacent to the carbon atom attached to the pyrrole

ring carbon atom.



[0132] Alternatively, a | ow nol ecul ar wei ght diol or polyol, for exanple
et hyl ene glycol, can be used as a catal yst deactivation agent. Diols and
pol yol s cwormonl/p7izave nmuch hi gher boiling points than mpooalScahoBx3pf
conpar abl e nol ecul ar wei ght, and thus nay be easily separated from sone
ol i goneri zation products (e.g. the trinerization product 1-hexene). 54

[ 0133] The al cohol is added to the reag%or effluent streamin an anount
sufficient to quench and/or kill the talyst systemto inhibit, or halt:
(1) production of undesirable solids, i.e., polyner; and/or (2)

ol i gonerization (or alternatively, \trlnerlzatlon) product purity
degradation due to isonerization, i e product separation process.
[0134] After the catal yst system bden deactivated, the oligonerization
product(s), such as, for exanple, *can be rennved. Any renova
process can be used, including for exanple, distillation. [0135]1n an
aspect, the ollgonerlzatlon process or_the process to prepare an

ol i goneri zation product conpr|5|ng coﬁfactlng the feedstock olefin with the

ot somen e ininga B 48 LSRR bl Giofe ERTREHB IR o Rt nr bon o™
atons of réfieck eigparbah hathdcied tathe Pilold ring O8bdn ¢ m 6hilé the cppoii o ring i s a

secondar or al |veI bot h of the carbon atons of the
groups a%i‘tb&@ﬂg {hcb‘“% 5! a%a“ilff{)@a%q BT r“tgrféprB%FP%IFeecaF Oﬁétoi“éad;acg%té%ndar y
car bon attieidaridaseit fednhdaas ﬁie@)yﬁbl@(ﬂiﬁg@&bbﬁaﬁmp@ﬂ Mﬂ@ﬁbddhﬁém JLahRigrsagess using
an oligonerization catal yst systemu rrole as the

pyrrol e EHIBALLRS. WheFPI%Weaglﬁ@b%wWé%bﬁlkffﬁ%ylcﬂrw&ﬁé@rheé%ﬁ%ﬂywe HPe et hyl ene

trinmerizahibeRisRkQges & folin@rioakankst system using a pyrrol e conpound havi ng
substituent attached at the 2- and 5- positions and wherein at |east one

the car qus%] onﬁ éﬂfen{ﬂa@m&hf) HRDufd tsasRR At RayZind FREUcRTy BOS 41k rgrc% 4 he
pyrrole rin secondary carbon atom (or alternatively, both of the

car bon ats ﬂktﬁd aﬂh?ég@ﬂ@wpféfclaﬁ%l&ﬁ@w p gubptituted gydoallgd group.ot ¥matise pyrrol e
ring is a:8econdainics oAl %Ioglmangf}@gfbﬁﬁsa QPst Rk DAVBLbEALY KRIKPT @Yst havi ng

a great er sei ectl1 vi t to 1-hexene t'han an ol goner | zati on catal yst Sy stem
using 2, &subﬁtlmdmlkmgrmml @ aghalyt greump\ranetally .clmgdlanl ieoup] hsubpgtaé plkals pect

wherein t o] r t he

cat al yst sygteﬁgﬁgﬁﬁlé%&sggw% e coﬁpgmkggﬁ1@fﬁg§§hé§%%?ﬁ%gﬁagﬁﬁgghed at the
2- and 5anpmwpgnmpsmamdwaeremmmauwdea@gomm@nanéwtambmnumbwmmubﬁdkﬁe gr oups
att ac hed ulpé rnrcllgsq?ql \/%?%Fp Oli&l{ lhgy ?e 1%‘[ thc? aspcﬁé Bnlﬁ sunbgtqg?nt ﬁh% hae Rl gﬂﬁr y carbon

aton1(or 0 groups attached to
2- and Sﬂupb&uﬁnmbm0MOmhaﬂbybmbyemmmngxmsm@aﬁbﬁbmﬂaﬂwmbanmﬂmdmﬂanﬁ pr oduces

Syst om w2 B0 ity ByR SR HaaBy Ry BT R ity o v

enbodi menrgqupt, heonﬁmlh@kqu@i s Slyssitudlh auerhaig gaoqpy,ram leeoupQ mmuﬁmhdhaydlgﬁglpsubst i tuent
attached a ereln at t he cgrbon

iLtions a a
Som of il GrutnstanARaS kot ARl uT BRUE & Shenl® HheCRi BRI ng i s 2
secondar )fhdé@-ﬂﬁﬁﬁleétftwﬁrﬁ@fa fad 4 wiaadubMrit mRPbdutdized, hathoarhgittiat @s of the
groups athgfhed to 2- and 5- position of th rrole rin |s a secondary

55 car borV eaﬂsscrﬁl?edaﬁeﬁgolwrmow%waﬁchm tl%?@ﬁéb%qnw.aﬁlgﬁc ¥dos products at

| east 0. 3nHodikeRts Wscidscd 1%l 2.0 % (absol ute) greater than the
ol i goneri zation selectivity to C6 products produced by an oligonerization

cat al yst [6085} €Ml cibodinnfl bABAKY sPVkifuhEBSinddpend¥ily B¢ £prepapaynd.
group, a butan-2-yl, a 2-methylpropan-1-yl group, a 2-methylpropan-2-yl group, a pentan-2-

yl group, a pentan-3-yl group, a 2-methylbutan-1-yl group, a 2-methylbutan-2-yl group, a 3-
methylbutan-2-yl group, 2,2-dimethylpropan-1-yl group, a hexan-2-yl group, a hexan-3-yl
group, a 2-methylpentan-1-yl group, 2-ethylbutan-1-yl group, a 2-methylpentan-2-yl group, a
2,3-dimethylbutan-1-yl group, a 2,3-dimethylbutan-2-yl group, a heptan-2-yl group, a heptan-
3-yl group, a heptan-4-yl group, a 2-methylhexan-1-yl group, a 2-ethylpentan-1-yl group, a 2-



[0136] I n anot her aspect, an ethylene trinerization process or the process
to prepare an ethylene trinerization product conprising contacting the

f eedst ockwolz2eflvi37aa7t h t he ol i goneri zati on catal yst syst ecras2eng/oas4pyrr ol e
conpound havi ng a hydrogen atom | ocated on at |east one pyrrole ring carbon
atom adj acent to the nitrogen atomof the pyrrole ring and a bul ky group

| ocated on a pyrrole ring carbon atomS?dj acent to any pyrrole carbon atom
beari ng the hydrogen atom adj acent to”’the nitrogen atom of the pyrrole ring
(or alternatively, has a hydrogen atom | ocated on each pyrrale ring carbon
at om adj é’&fgﬁ@heﬁ%‘l‘?ﬁégrﬁ%rao%’éﬁlmﬁfhéﬂﬂeﬁtﬁn”tlw EYPricd-& Ry I 2B ®Y- gr oup

| ocat ed @m 3 NaimdkyIfn@nl I-Nhr&a PON, 3atiaRtyRRh@ee Rl glolp lAcRYNIRkLRUP] NY
carbon atom bearing the hydrogen atom adjacent to the nitrogen atom of the
pyrrol e PRREHRD ey Fhepeahodinghilerpid darstialisptang -Cergyn: ¢ Avdyiiesi-iek al -
e.g. C) 4han _ﬁ-%tlﬂr‘[ﬂ%ﬁﬁﬁ%-ﬂ%foﬂ ,@noﬁﬁ&Q-@?%ﬁ%ﬁ AR 8 yBSof 18 nBYdnl Ll e
conpound, provides a highéer selectivity To producCts than the process

usi ng 2, &rdipnerdngnow geiup, dedectheypgipwb ldaleesd rp ey, afdror-yhewub.ded a hi gher
purity 1- en d r [ = di; | e as the
S R s R R R S U L L S

transiti oropaefall group, aghuta®@r)-yk hamndtdprppaclesiserowi ng-nxtidptopmthyl goyurr ol e as

br oduot s SRaiPERILASe BRI kb AREBNIRT I B AL FRUSEOAGY 1°
conpound;gr@p, ab-nethyéiutamel-yl, erpmpo¥ R digsethy pioglre -y pgrout; yltdrmitexneropameivct  t han
e i e T T R ot i ML S
cat al yst estpsdienrntdSdacigbwdkyysubetitednn mee selepdadehtipybe aok@asampatvagd;, havi ng a
hydrogen atom | pcatfed gn a Ieas} one rrole ring carbon atom adjacent to
Che nitr GUBRALER BFaR- R AUPPERan: f Agnahir el i s T et on a
Ey (r]I role rnhdﬂg/llﬁa%a!aoznylagr@m @@Hﬁ@&i@ﬂ&, d@n&ﬁé&—)ﬂ)gfd’u?! ﬁtﬁﬁaﬁb@ﬁ aléﬁeﬁtﬁi_l-b%&zi ng the
ydrogen at om adj acent to nitrogen atom of the pyrrole ring (or
al t er nat i%py?“eﬁé‘gV%lyﬂy?d%‘ﬁjéﬁmﬁ%rﬁ? EuRt BmaHveba cr By RYIBY @ ¢ YhEOBRr bon at om
adj acent alt@nhtiR1yNh B RS MouddnOIMy Dol G1tdNAtHvBlly €2 b ldnktRNstoganb Ly Ko gy, oup | ocat ed
on the pyrrole ring carbon atons adjacent to the pyrrole ring carbon atom
beari ng tpgsshy diogeRpeat, @mhadikdcebtkinledt hAnMichRaaN bk Qﬁﬂnﬁlfgrbﬁ]ﬁorﬁyr role
ring) may be 50% 75% or 100% (relative) greater than the productivity of
t he pr oce¥tigqdrigponyl sragprdtcrpliy. rahenyagronher slepyivelycoimpaiingd Phaykome
embodi MeRtSup. s dhdddRAdnE Ahd QBstRGbESHchYI dr¥upAfhiéh faby BESH1Z8d A bubhyoCcess
utilizing tﬁe catal yst system using any herein described pi/rrol € conpound
havi ng a SHgRGHnYIB 2at-Bathy pheyberonn agtmptirlghenglesoupys f-arcéyinbagyl €grbon at om
adj acent ,ty0y_t: i t | r } : p | ocated
a2 Ehﬂ{%ﬁg!ﬁhéﬂggabu LO5Ty (ag]jléélﬁ}g%l{%}{glog?(l)alﬁy£ Q,@Qimg%lfe?ylglaérﬂgfo %813?59‘6

on a pyrrole ring carb toma pyrr om bearing

t he hydr clgreethdplenylagipurc e dtt-dimcthhlphaniyt groger 3at-dimethfy Iphbey] pyoup.oire 24.vg  (or
alternati a r - - L0g: bon atom
adj acent U%{ e%{?‘?’égﬁl?lpr glg%ﬁlegtgl ?%l%%gt?’]ﬁiég%%trﬁgﬁegB?eﬁggggl%&%%gﬁa&bggtrﬂ%% | ocat ed
on t he pys rbllsy subsgtucEmipyrpe attemethddhcagkgrourt, @ 2t4hdmpthyipbéng] griong adar-bon at om

bearing the rogen atom.adjacent to the nitrggen atom of the rrol e
o) ey BROG08 8 T GhRRS ) B S s p P PLAT R AP
ol i goner iemdbdiants gheaibktititey phany Cerowy whidle hay pe otilired as Dyullansubbtitgameay zat | on

catal yst syste si ng, 2, 5-di net hyl rrol e as the pyrraol e coppound. In
other entiedrRAPAPOPRLET P rEY el diRe P a At Re: ¢ ri mer i zat i on
proc eSSdultl]eitﬂy:llﬂieﬂg gfrr]dfhg; glatakiyay, aSA|{$tiiﬁh[Bthdy$ﬂhla@yl%Et%ﬁpfkﬁfeﬁiaﬁv&ﬁ&cz;éi-lb(Ed pyrrol eb
conmpoun av a rogen atom |l ocate at. | east. _one pyrrole ring carbon
at om adj éigﬁﬁif‘yq nY]h%O‘m? lﬁ%ﬁaéwelﬁt%%ﬁ'gfm?twg&w}’lr%‘?‘@? ?lfqli‘ba“é{ﬁ?j’ a2.Bul ky group

| ocat ed Qim@hRykdnPl Eolp; BerRARBIO N Bl AhAR IR grb1); ARynddyEly 0 B5car bon at om
bearing the hydrogen atom adjacent to the nitrogen atomof the pyrrole ring
(or al t ediagthxiehepy! sigw: ar Hipaledydn 22 bIIReREH OB each pyrrol e ring carbon
atom adj acent to the nitrogen atomof the pyrrole ring and a bul ky group

| ocat ed d¥0%he BW“P@F@SP?%@a%‘%‘S’rFHB%tB%t‘é‘éﬁ%‘é@???d%nﬁygﬁé“ﬁ??t%%dri ng
carbon atQmpbeafinyBilll g ipag 8L bltPsiterdibldragen atom of the
pyrrol e ring) ngys}%eygg?%@g 1.%&%1)?5%%@%{&2. 0 t(n%iggo){jgtog ’%reater than the
ol i gonerization purity of the 1-hexene product produced by an

ol i goneri zation catal yst systemusing 2,5-dinmethyl pyrrole as the pyrrole
conpound. [0137]1n yet another aspect, an ethylene trinerization process or
the process to prepare an ethylene trinerization product conprising
contacting the feedstock olefin with the oligonerization catal yst system
usi ng any herein described pyrrole conmpound having Fornmula P2, Fornula P3,
or Formula P4 wherein R12P and R13P of Formula P2 and R22P of Fornula P3

o o o o, o o o ~A AP r — '



[0139] In a further aspect, and al so by way of exanple, the article can be
produced using the oligonerization product in which the oligonerization
product iwoaohigh2density pol yet hyl ene, a | ow density peCyatshylios3l a
medi um density pol yethyl ene, a linear |ow density polyethylene. In these
aspects, the oligonerization product can be subjecting to bl ending,
heating, nelting, conpoundi ng, extrud|8 i njection nolding, precision
nol di ng, bIOM/nDIding, formng a f|In1 fornlng a coating, or any

conbi natign ther in formng the icle. aratlve Resul ts

[ 0140] Ref@repygiy ?groripfﬁerniﬂ\a% azrnaﬁaﬁri&ﬁ BEYD 2 t& yléﬂyltgrpélpo% i goneri zati on
st udi es WEKk&r&RNdilyEeo@dlor & Bi- 9&&}?11@1'[3@ g;olag adnadmtolifncRe R HalkyQibsdhfeher ent
pyrrol es under standard sel ective hexene ol i gomeri zati on reaction
condi t i orayths ajtpthylsiyl Wlpoqleﬂ%ﬁ%db@ﬁﬁsthrlﬁb/ﬂ SIPBAl @2 ¢e et hyl ene
trimeri zatikomalig] ¥oip; I¥Sh&NRy, H61 6T 1681 ?ﬁﬁbf orraﬁ&%tlv%l%z b @MRLS191

ol igonerization activity, determ ne the catal yst system’s productivity,
det er m n&€rAUre cat al yst system s selectivity to C6 products, and/or
determne the purity of the C6 fraction (i.e. the weight % of 1-hexene

f ound i n [0098] cahmnd@adtrrgtnrﬁ@d@e@dthp Aytrole compyadEry painthy {01411 FIG 1

111 ust rat1§) o?&gl}kf? leq et ey | @9} fid, wntr (e %tg%g%l): Adn@-Jyaction of
t enper at ur or c rom umbase cata st syst prepared usi ng the
fol | ow n@ubﬂ/nyrr@lee%“meﬂlyﬁdsdmiwhytrpyr2 -othgl-4-BobutpihRyole, 2, Iﬁethl’lb“ehzyl pyrrol e

2, 5- DBP di I
gz- M 4- 1| %Bty?pgﬁrgle bg% gl et EX‘E’{E’%&&( %m@%’f)ﬂﬁi@gﬁ @Eyotl%er% {aﬁgp%lgr/nr)e?as ures.
As can beacseetyliymokl G sdhe admipyg exahpldabe pyrood a:pmmoumdrmeyhdzmrreﬂgt éfile in
t he ollgonenkgp%ﬁ%ﬁs %gﬁhgﬁ@”§§ﬁ nﬁaasysaq4qq£ﬂr%ynoe Qpblggqror desirabl e

operati ngso% Yem US| a par Ycular pyrrol e
conpound.bufytpymiofel PHuteehyl-4-nkd- paaylpjneols,eel cthiybd-nebenpiyaott |In/mﬂ1yr wh- t he

i ng - a B eGP o LB bR BnEP PR her e mor e

acutely atefﬂ@crue@bﬂmpymmoe; almumy zemylaat sicebuty@irold; bl@d’rnaﬁﬁb@l zLSﬂhylsyst ens.
The data ill &)zs,tedlnFIGi2 OVI dlnd tail %QSLE

[ 0142] Talfr¥e iy golsr diFrmalvaln et pyrEQpe: @ RTINS ek Sy pr oduct
produced 1f!0|Butty rrflel SRRV AR AhyI- @h&%ﬂpﬁsolé RltknbdiveRs, 220814 he C6

sel ectivi té own as in FIG 2, for the indicate %rrol e conpounds. These
data areb# Erwrrpkedalﬁrnarlﬁ@yat?e%@rlaé 0eEPgyPYErole; ﬁéalﬁma vy, 2oBdrved

product i ikdpenfythyBlcd IICﬁaothewlﬂbrthsgramﬂmQ%Isy@roTea&heoand Hs) g 4. he catal yst

prepared according to anpl es. ng o hi ngs, these data

i 11 ust r atdésqprepylpyrsleds, é@bsqcmumlmﬁrmﬂwﬁﬂcﬂnésbwlmr% 3 dadiaibytipyspls ems wi t h
hi gher Praodilcb YehWipt AiinyDRS & (o BhBbdmBRIME poitole B lhuiufa bt ut ed
pynol es. Ad%l tltjb tﬂp Jw%pﬁ’erse 21% towt atm2 4- sggr??tue@iupyrro | es havi ng
a bul ky s"iubcsltsppr@e:ripyrrqie tahernmvigb'sﬁﬂtd@ﬁeCdiutxlhﬁTqiglrah@rhetlvrelyn@,4pr ovi de cat al yst
systens t n -PI-QH?] selectivities,
and/ or prdgl%)elg%é'?r&e b %1‘3%{3,%4\1/8{ Hﬁ{dn Oﬁh%ﬂea%g%lga%ﬁg} lt%?) t han cat al yst
system us)relrrtglpaapzlpé‘rrrelabstl t ued pyrroI e that does not have a bul ky

substitu the 4-position of the pyrrole ring (e.g. 2,4-dinethyl

pyrrol e. %@nl-lefﬂlé'f-ll y, the catalytic productivity was observed to increase on
nmovi ng f @it heGBlwm-HS,LEhlﬂhd:Cbﬂh%dO pxyerarspﬁceofﬂns)dmdmu@ the chemUddB}lintiayed apyr r ol e,

[ 0143 Theeerspts oLyt ot St L piapinbr S Prafbs Beabedtine bl hoxene

purities cﬁﬂﬂébl@lss ebfidtieMeiitials og R eFmaist of afcepqm ail nm;l 13vidr h4 hreel or
2, 5-di sub§t| t ut rroI e %%ng} nd or - subs fl%ed corrpounds havi ng a

bul ky suBgtTRte t ﬁowﬁé %4 |06?11“’6‘Fa“tvﬁle ap Fogp é F}e Ha9®Cat their

hi ghest ré%s&rheﬁits @@d @sby&st t}&r@ammyvmaycdmerc@hyrtessem&ﬂyIoml)r ealsRbofi n FI G
2, the 2,5 DEP 5-Dl P, 2-M4-1PP, as well as ot hers

such as 2- RJEPI’H& ky\lmerilenakprégrag@%w@r rlérl %Orab%ylc%m Hisyli ringhumigiect i vi ty
and pur ity In this aspect, for example, suitable metal alkyls include, but are not limited to, n-butyl

lithium, sec-butyl lithium, tert-butyl lithium, diethyl magnesium, or diethyl zinc. In an



[0144] I n ot her conparisons, 2-mnethyl-3-ethyl-5-nmethyl pyrrole (productivity
- 21,700 g CG/g C) and 2-nethylindole (productivity - 3,500 g C6/g Cr) -
two conpowodsiictsanact eri zed by a sim |l ar substitution pacramspoianasssi m | ar
steric congestion - provide very different productivities. Wiile not
intending to be bound by theory, it is possible that the

el ectron-w t hdrawi ng phenyl group fusg to the pyrrole ring in 2-nethyl

i ndol e produces a catal yst mﬁth Iom1a ivity. As a further illustration,

i ndol e (pr ictivity - 800 g whi ch al so has an

el ect ron- %Pﬁareawl%aeat%hﬁ n?%ié’@%ilptlt? f%lélsqunarléw wgfonwaa&eégman%t al yst
wi th al mgs.an order of magnitude | ower productivity than the pyrrole
catal yst (productivity - 6,400 g C6/g Cr). Again, while not intending to be

t heory- qum | WedoPdiRO RS tmrtEertaﬁ%Et eahactﬂycsﬁr%datetle&fttﬁls Hﬁmor&atﬂlceqnéthe
producti vi of 2,5-di benzyl pyrrole (productivity -

g C6
conpar ed atla}/mhmorarﬂsz amegl akkiihalge (Nrtal Aliad badifes Prrirdﬁvrlbedrler@e@eldgmesl?eg Cr )
al t hough ykinsdaea RGN pcalt oﬁatt%fm@mgdraaﬁzalcﬁmwst §Rkh. ek aligsener al
Di scl osure Information |'i cations and ‘patents nentioned in this
di scl osumertigpef thﬁ@m%etkatleérdnemebnclﬁgndeerlerr@ﬁc@y promidee ior aliepativdy i es, for
t he purpg SfaPLf describing and disclosing the constructs and nethodologles
described i n those publications, which mght be used in connection with the
met hods Qfedsfi Sliofifela§Rkts Gnd Ao £BLART, ANiRAKERL S HeRFMRTIRY, abOVE
and throg %oﬂt {hg té%% grg pr&blde %%% ¢ ?or'fﬁelr dIgCeOSU§% p?lor to
the fili r@ga@anéy@blytzwﬂpﬂeblemunampoca«t|I@nln em@QdIN@nththngomréy@plnzqu to be
const rue [ ; t edat e
such di scSERRiBHToRRLAM htbe B AUERNRRTOAL Ik Rl kRl AT,
ot her wi ser awhadkyl alumamgealgbxidny type is discl osed or clalned for exanple a
range of the nunber of carbon atons, nolar ratios, tenperatures, and the
li ke, it [0094] nt Gpwtedlyt cacllnbkgy] gree drang hgiahplkyldiesardedhdryin éaghllybssi bl e nunber
t hat such 0 bl C n anges
enconpasse l?hegmnﬁngggrﬂgﬁa’ ?1nY%ﬁﬁe%%Bﬁ%?@%sﬁﬁhﬂxeg%m%eg?ﬁgﬁ% "Hnber of
car bon aUmnﬁmMmaQHEQGQSDbh@ﬂbn@nmpﬂﬂahmnnﬂegnaho@wmﬂ@tg@nﬂ(nanges bet ween

integral unber t hat t i nclu e assed therein.
mhuse by BPBETSS: ho: B el S Iaeegrsigt s al LERYR gPB0p havi ng 1 rom 1
to 10 Caﬁllmeperﬁlbﬁtmsloe@l’ méthiyd gk@ip, a]xﬂetlﬁﬁ}algflmp aﬂ;ﬁr@lﬁm ,groﬁppd btﬁyﬁlrgt(mp, a]ﬁﬁn%ﬂt isto
recite that the a ﬁ%@%groug can have

10
car bon atZHe; @ B hSa0 Broreheb efipflteeiiye s gpediyp Gigpp Ty

i nt er chagaabi auyl\@tan) gdesgt bbum Q)r an bANGLot TR EIRMStsSeeh a1 Mol ar
rati os, every possible nunber that such a rar%e coul d reasonably enconpass
can, for ZURMHPY, metakadiryl descybgd seeiingnnderendenily by a mthyheione 2a8ietl i cant

digit morgobhaih-hpP feagsintan lnrbutﬁgroep%nw Bt g’fup@ ahaRIA- erbup, bhinsh-exanpl e, a
mol ar ratio between .12:1 includes |nd|V|du% nmol ar ratios of
1.03:1, Pcoheroup; flt%attvelmecthyl grsizumn ¢thyhgrog, 4 n-bptypgropp, of awObeutYi 11:1, and
1.12: 1. Appl aadtdivel), r&tlﬁélﬁyl:%oubhﬁ{erﬁatl@éﬁ ah\éﬁly[@foﬂ?%erﬁinv@ﬁzs&t{ 2-Bipg the
range are i nt er changeabl reover, when a range of valués is dlsclosed or
cl ai med, 2rppl dleanatisely.narenbuty grews, plécspativaldi apy iglerbuty heress Alteyeatis elty) en-nunber

t hat sucri;le Fﬁﬁ (n%ﬂHBQukﬁﬁ§QH% y].a§onpass Applicants also intend for
ure

the disclo a range ‘to re and be |nterchangeable Wt h,
di scl osi y
encompasd e heAlinfhy intAg %ﬁ%ﬂﬂ@&%%“fgﬁtéﬁ SRS 1 o aio

al kyl gr copist sssmrttalalndédr ttmstsi afes allalkylaémumma@epcamd:la ctl'dk@@umirmm halide C4 to C8
al kyl , a c&g@ t|on f al kyl ,
and so fo%%%gu ana g%%@t th ad€§H83 n8 ﬁﬁﬂ%%ﬂyﬁgﬁﬁh H%%thgou(igie range
have di ffaﬁqyélﬂmmnun’rkiéiyéndn‘compgmd adaﬂdyladhrgnmm hydrocarlgosadeplompowndmol ar ratio
from1:1 |l e nu that .such a ran coul reasonably
enconpas & Sietinpip (YRS TP Pl RPN BN R b AR Rt e
signifi camyladhrgnﬁmmqelhydracrarbcsncterceﬁlpMndr an dlipeinexde piany c@fibidativange havi ng

t he greatest nunber o nifj cant i inthis.c 2:1. In this
el o ettt oremboR p b Mt Sk b it de T AR BUE T HOFRT T at i os
of 1.01, 1.02, 1.03, 1.04, 1.05, 1.06, 1.07, 1.08, 1.09, 1.10, 1.11, 1.12,
1.13, 1.14, 1.15, 1.16, 1.17, 1.18, 1.19, and 1.20, all relative to 1, and
any and all sub-ranges and conbi nati ons of sub-ranges enconpassed therein.
Accordingly, Applicants reserve the right to proviso out or exclude any

i ndi vidual nmenbers 61 of any such group, including any sub-ranges or

conbi nati ons of sub-ranges within the group, if for any reason Applicants
choose to claimless than the full measure of the disclosure, for exanple,
to account for a reference that Applicants are unaware of at the tine of

- r " 1 B Y b1



[0147] 1 n any application before the United States Patent and Trademark
Ofice, the Abstract of this application is provided for the purpose of

sati sfyi nyotzhe/Beai renents of 37 CF. R 1.72 and the parss@198ased in 37
CFR 1.72(b) "to enable the United States Patent and Trademark O fice
and the public generally to determne quickly froma cursory inspection the
nature and gi st of the technical disclosure."” Therefore, the Abstract of
this application is not intended to bé’used to construe the scope of the
claims or to limt the scope subject matter that js dlsclosed

her ei n. rvéraéewlaluawnh%or\@@ taﬁ{afal%lpuls krgeapandngt divalgpaug so not

i nt ended diR1ilecdAFREd, Or ﬁﬁﬂ%h‘!bﬁﬁﬂ@%er%&p@l@‘en@itwélﬂea @lbﬁtymnﬁﬁurﬁ Bothpdihd; t he
scope of the subject matter that is disclosed herein, use of the past

tense t o 2He8ehiche? ditlkslelmynen Selilscampeundpdlicanstivdy 48 a&w&mlt}@? idihalidsy

propheti Gofngouat alie%ﬁ@? d difliyhihG ﬁylaﬁae @Jhﬁ)oﬁﬁ’(ﬂ sltéHshveNeaPr Prophetic
exanpl e has actually been carried out. For any articul ar conmpound

dlsclose@mh@ﬁémnWﬁﬁﬁﬁdg@ﬁ@ﬂmpwstﬁmﬁmﬁW@YO¥m welupyage (b@mﬂ@xﬁPso i nt ended
to enco m&@ﬁi?o&ldl al&t'r{a'd%ly aft lallJyFaﬂfﬁ‘ﬁfuﬁn dﬁl?&lfoga{r dleoé?)ﬁlpo g% m atlvél

st er eoi sone hat may drise froma particular set o ftugnts, unless
i ndi cat edlkythemining ecsqihagle camgendr diernagidy.enekytabimsneonpound i ncl udes al

structur %gstqgﬁlgﬁ%&&bo%de %ﬁlg&ﬁ&l blce{lttel'&étléfen)g laft %@ﬁw‘iﬁr&%&e rA\prg%lgable dall%’l g%uﬁ? ner al

ref erence utane include n:
2, 2-di rretahg/hqude.pbnme nﬁd@laﬂwbmtaﬂ ylkyltﬂahdafse:ir@‘oemal akkyldlygmaetbazhdatamct ure or

nate encQIRARS AR ah LIS BT AT HELSRIRE Sy B hegh BRpont Lcal i sorers

1
whet her i oner LR & es of

st er eoi Sgﬁ%ﬁgmﬁ){%mﬁ (frlanky?)éltélnfl) eu{ﬁrln%gnﬁoogﬁds 1NC %lci ?ar Fotrhn%tt%i tgar ticular

formul a s pres gener Pa'or me presented
al so enconmamgmmnmhml@mm&pmmmymmmmumﬂmEnp3nmbpgﬂ0mﬁmﬂmﬁsn-and
stere0|s roma particylar.set of substituents.
07 40] The B RwARh A g us By e S0 SEts Y ERE RO B no
exanpl es haldu ohpatifls Aol 1ﬁdh1d|aeotﬁ@ﬂ‘¢51bf li@ided (0, A&y l@amins) ¢hig@i(DBALC),M t ati ons
upon the scogﬁ t her eof | contr .under st ood t hat

is.to be clear
resort nméYPUBEWRRUROTYRIdp %1&%}1@&%&5@% eﬂm%snw@ﬁﬁsguw{%a&? A%t i ons, and
equi val emistutd @Rl Imlaﬁbus cfboBimen@adle BekyNguHias®cbRpb@ Rl N, My be
suggested to one of ordinary skill in the art w thout departing fromthe

spirit oftrigthdalpmEyEnt i nvention or the scope of the appended ciaims. 62
[0150] I n the followi.ng exanpl es, unless otherw se specified, the syntheses
and pr epdPW| ondosedingtogdytheraspestihsmetal aligyl F?féléP“é}@ufnaM RERBPTISSnCOnpigy ¢

at mos phergeaitdl @ Sor BbksisPGER nARHQF aa{agg%lum{lfﬁ%ﬁ@omraﬁd Ryrchased from
commerci al sources and were typicall ied prior to use. Unless otherw se

speci fi edlkylaipiayn bakger &caereldy, ﬁ@drlﬂlkﬂﬁhu%mi?wafﬁp&lmdsQfdh%@Q“urEWPL ES Gener al
Exper i ms'%ﬁbnf r %%%s?eﬁtlﬁﬂﬂof%r‘%roﬁélﬁ 9f, M?}; ﬁfalk@rlaﬁlmmum compound described

herein. The alkylaluminum halide compound of the mixture may be any alkylaluminum
compound described herein. In some embodiments, the mixture of the trialkylaluminum
compound and the alkylaluminum halide may comprise, consist essentially of, or consist of, a
mixture of triethylaluminum and diethylaluminum chloride, a mixture of triethylaluminum
and ethylaluminum dichloride, or a mixture of triethylaluminum and ethylaluminum
sesquichloride. In an embodiment, the metal alkyl component of the oligomerization catalyst
system may comprise, consist essentially of, or consist of, a mixture of triethylaluminum and

diethylaluminum chloride.

[0098] In another aspect and in any embodiments, specific examples of metal alkyls that
are useful in this disclosure may comprise, consist essentially of, or consist of, but are not

limited to, trimethylaluminum (TMA), triethylaluminum (TEA), ethylaluminum dichloride,



[ 0151] Unl ess specified otherwi se, all reactions were performed under an

i nert atnosphere. Al glassware was dried in an oven at 100 C for 4 hours
and broughD 20miti37@M i nert at mosphere gl ove box (dry boxpCrhisb@iwassar Al
sol vents were purchased from Al drich as anhydrous grade and were stored
over freshly activated 5A nol ecul ar sieves. A Pwoles. [0152]The

foll ow ng abbreviations are used for t?e pyn-ole and indol e |igands used
herein: 2, 4-dinmethyl pyrrole (2, 4- DI\/P) 2- rrethyl 4-1i sopropyl pyrrol e

(2- M4IPP) 2, 5- . di met hyl pyrrole ( DWP); 2, 5-diethyl pyrrole
(2, 5- DEP t@roﬁ@ymlng%dle@yhgww%ﬁhpﬁd% tret?t)galwgpiuglp d%p}ylalummum

2, 5-di | S%H%ﬂrﬁ%ﬁﬁ@laﬁnﬁ@urﬁ R 18umAuR) hidriad bEAC), RFd eon@ﬂndﬁ%h@ﬂﬂeﬂemm €

(2 Mel nd); and pyrrole (Pyr). [0153] The pyn-ol e compounds
2, 4- di metth§heAsPstseaidbin 20 DpPyodimeo precifigaamplesfinalia el that wsruseflinc has ed
from Al drj;¢ Hlsclngl}éqcathﬁbﬁse(OBEarﬁgghﬁe B0 adrehiind o eh Sl LR 38 Ayer e dried

under vacuum at several hours wi thout further purifircation (RP is
t he repordﬂﬁéld’laéuminwl OIh]@ﬂWP (DEANPOT aytchmbippentherdofpurity in w % . The
2,4-dimeth Fyrrole (2,4-DVWP, RP 97% was purified by distillation under

ni trogen [¢ %’9 IngBnopgimitye prbrdtiesmgisefubgipimornss may havg a(rameatics wugof
[0154] O hef,pyp-ol e 1igands, such as 2,5-diethylpyrrole (2,5-DEP),

2, 5-di benzynflpyrrole (2,5-DBP), 2,5- diisopropyl pyrrole (2,5-DIP), and

2-met hyl - 4-i sopropypyrrole (2-M4-1PP) were obtained from Chenstep
(Carbon-Bl anc, France). The Zdz Fgg{% was received as a colorless
liquid (MP 96.8% and was used urthér purification. 2,5-DEP (RP
>97% was distilled (MP 98.5% prlor to use. The 2,5-DBP (RP 82% was

recei ved o] 82 e t hout further
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(di et hyl @Iraaf& a2 C id o1 énate)dirhent, pythdydHega@fpoun o ILSOOIQ’ltemﬁeelﬁtrﬂfgd&fodi zed to
TEA: DEAC: pg {;ol e:Cr = 11:8:3:1. Anhydrous, degassed et hyl benzene was added
to a dry & ina drybox To this vial was added neat triethylalum num

(TEA) and%{@f grll eth kahum H#’ (r:nhl ori gg aél [é%)a 'I‘;?]g hcont ent r e m xed and

al Lowed 18100 and? f 89 1S FIPRUm Sy brelil TR iy RIS s The
catalyst system may comprise, consist essentially of, or consist of, methylaluminoxane
(MAO), ethylaluminoxane, modified methylaluminoxane (MMAO), n-propylaluminoxane,
iso-propylaluminoxane, n-butylaluminoxane, sec-butylaluminoxane, iso-butylaluminoxane,
t-butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane,
iso-pentylaluminoxane, neopentylaluminoxane, or mixtures thereof. In some non-limiting
embodiments, aluminoxanes may comprise, consist essentially of, or consist of,
methylaluminoxane (MAO), modified methylaluminoxane (MMAO), isobutyl aluminoxane,
t-butylaluminoxane, or mixtures thereof. In other non-limiting embodiments, useful
aluminoxanes may be methylaluminoxane (MAO); alternatively, ethylaluminoxane;
alternatively, modified methylaluminoxane (MMA O); alternatively, n-propylaluminoxane;
alternatively, iso-propylaluminoxane; alternatively, n-butylaluminoxane; alternatively,
sec-butylaluminoxane; alternatively, iso-butylaluminoxane; alternatively,
t-butylaluminoxane; alternatively, 1-pentylaluminoxane; alternatively, 2-pentylaluminoxane;
alternatively, 3-pentylaluminoxane; alternatively, iso-pentylaluminoxane; or alternatively,
neopentylaluminoxane.

Halogen Containing Compound
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comprise, consist essentially of, or consist of, a Group 1, 2, 12, or 13 alkyl metal halide;
alternatively, a Group 12 or 13 alkyl metal halide; or alternatively, an alkylaluminum halide
or an alkyltin halide. According to a further aspect, the halogen containing compound may
comprise, consist essentially of, or consist of, an alkylaluminum halide. In some
embodiment, the alkylaluminum halide may be an alkylaluminum chloride; alternatively, an

alkylaluminum bromide; or alternatively, and alkylaluminum iodide. In other embodiments,



2,5-disubstituted pyrroles provide catalysts with generally higher
productivity that those that contain non-2,5-disubstituted pyrroles.
Gener al | ywotzha/ai2al yti ¢ productivity was observed to | RCTABS®E108343DViI NQ
fromthe non-substituted pyrrole to 2,4-dinethyl pyrrole, to 2, 4-
di substituted pyrroles having a bul ky substituent in the 4-position,

2,5-disubstituted pyrroles (2,5-dinet
2,5-disubstituted pyrrole). Table 1. oductivity (g C6/g Cr) versus

tenperature for a varie y 0 rrol e conpounds. The?e data are illustrated

in FIG

fhe abeyltinhalidesspy By aﬂﬁélﬁﬁéblalﬂ 45 aliqresiively guadeiin Rgmids: @6/ g or )

75, 7157 %ﬁerﬁé]tw@lg@aﬂ\blk&ltm iodide. In an embodiment, the alkyl metal halide may be an

alkylaluminum halide. In another embodiment, the alky metal halide may be an alkyltin
halide.

[0105]  In various embodiments and according to another aspect, the halogen containing
compound can comprise, consist essentially of, or consist of, a dialkylaluminum halide, an
alkylaluminum dihalide, or an alkylaluminum sesquihalide, or any combination thereof;
alternatively, a dialkylaluminum halide; alternatively, an alkylaluminum dihalide; or
alternatively, an alkylaluminum sesquihalide. In this aspect, the alkyl group of the
alkylaluminum halide, the alkyltin halide, the dialkylaluminum halide, the alkylaluminum
dihalide, or the alkylaluminum sesquihalide may be a C; to Csg alkyl group. Moreover and in
this aspect, the halogen containing compound can comprise, consist essentially of, or consist
of, diethylaluminum chloride, ethylaluminum sesquichloride, ethylaluminum dichloride,
tributyltin chloride, dibutyltin dichloride, or any combination thereof; alternatively,
diethylaluminum chloride, ethylaluminum sesquichloride, ethylaluminum dichloride, or any
combination thereof; or alternatively, diethylaluminum chloride; alternatively,

ethylaluminum sesquichloride; or alternatively, ethylaluminum dichloride.

[0106]  According to a further aspect and in any embodiment, the halogen containing
compound can comprise a C; to Cys organic halide; alternatively, a C; to C;o organic halide;
or alternatively, a C; to Cg organic halide. By way of example, according to this aspect, the
halogen containing compound can comprise, consist essentially of, or consist of, carbon
tetrachloride, carbon tetrabromide, chloroform, bromoform, dichloromethane,
dibromoethane, diitodomethane, chloromethane, bromomethane, iodomethane,
dichloroethane, tetrachloroethane, trichloroacetone, hexachloroacetone,
hexachlorocyclohexane, 1,3,5-trichlorobenzene, hexachlorobenzene, trityl chloride, benzyl
chloride, benzyl bromide, benzyl iodide, chlorobenzene, bromobenzene, iodobenzene,

hexafluorobenzene, or any combination thereof.

[0107] In an aspect, the catalyst system may have a molar ratio of metal in the transition
metal compound to metal in the metal alkyl ranging from 1:1 to 1:150; alternatively, 1:1 to
1:100; or alternatively, 1:9 to 1:21. In an embodiment, when the transition metal compound
is a chromium compound (e.g. a chromium(IIT) carboxylate composition) and the metal alkyl

is an alkylaluminum compound (e.g. triethylaluminum, diethylaluminum chloride, or a

to the

| pyrrol e being the prototypical

92
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mixture thereof), the catalyst system may have a molar ratio of chromium to aluminum

ranging from 1:1 to 1:150; alternatively, 1:1 to 1:100; or alternatively, 1:9 to 1:21.

[0108] In an aspect, the catalyst system may have a molar ratio of nitrogen of the pyrrole
compound to metal of the transition metal compound ranging from 1.0:1 to 4.0:1;
alternatively from 1.5:1 to 3.7:1; alternatively from 1.5:1 to 2.5:1; alternatively from 2.0:1 to
3.7:1; alternatively from 2.5:1 to 3.5:1; or alternatively from 2.9:1 to 3.1:1. In an
embodiment when the transition metal compound is a chromium compound (e.g. a
chromium(III) carboxylate composition) the molar ratio of chromium to pyrrole may range
from 1.0:1 to 4.0:1; alternatively from 1.5:1 to 3.7:1; alternatively from 1.5:1 to 2.5:1;
alternatively from 2.0:1 to 3.7:1; alternatively from 2.5:1 to 3.5:1; or alternatively from 2.9:1
to 3.1:1.

Oligomerization Process

[0109] The oligomerization catalyst system described herein may be utilized within an
oligomerization process or a process to prepare an oligomerization product. Generally, the
oligomerization process or process to prepare an oligomerization product comprises

oligomerizing a feedstock olefin with the oligomerization catalyst as described herein.

[0110]  In various embodiments and in accordance with one aspect, the feedstock olefin
may comprise, consist essentially of, or consist of, an alpha olefin and the oligomerization
process may be an oligomerization process for preparing an alpha olefin oligomerization
product; alternatively, the feedstock olefin may comprise, consist essentially of, or consist of,
a linear alpha olefin and the oligomerization process may be an oligomerization process for
preparing an linear alpha olefin oligomerization product; or alternatively, the feedstock olefin
may comprise, consist essentially of, consist of, a normal alpha olefin and the oligomerization
process may be an oligomerization process for preparing a normal alpha olefin

oligomerization product.

[0111]  In one aspect, the oligomerization process for preparing an olefin oligomerization
product may be an olefin trimerization process for preparing an olefin trimer product. In an
embodiment, the trimerization feedstock olefin may comprise, consist essentially of, consist
of, an alpha olefin and the oligomerization process can be an trimerization process for
preparing an alpha olefin trimerization product; alternatively, the trimerization feedstock
olefin may comprise, consist essentially of, or consist of, a linear alpha olefin and the

oligomerization process may be an trimerization process for preparing an linear alpha olefin
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trimerization product; or alternatively, the trimerization feedstock olefin may comprise,
consist essentially of, or consist of, a normal alpha olefin and the oligomerization process

may be an trimerization process for preparing an normal alpha olefin trimerization product.

[0112]  Generally, the feedstock olefin(s), alpha olefin(s), linear alpha olefin(s), or normal
alpha olefin(s) may be C, to Cso, C; to Cys, or C; to C olefin(s), alpha olefin(s), linear alpha
olefin(s), or normal alpha olefin(s). In an embodiment, the olefin may comprise, consist
essentially of, or consist of, ethylene. When the feedstock olefin comprises, consists
essentially of, or consist of , ethylene, the oligomerization process may be an ethylene
trimerization process, the trimer product may be 1-hexene, and the trimerization product

comprises 1-hexene.

[0113]  One composite catalyst system which may be used in the invention is the
combination of chromium (III) ethylhexanoate, 2,5-diethylpyrrole, triethylaluminum, and
diethylaluminum chloride. This composite catalyst system can be used, for example, to
trimerize ethylene to form 1-hexene. Other catalyst applicable catalyst systems may be

readily discerned from the present disclosure.

[0114]  In one aspect, contacting and/or reacting the chromium compound, pyrrole
compound, and metal alkyl is carried out in the presence of an unsaturated hydrocarbon. The
unsaturated hydrocarbon can be any aromatic or aliphatic hydrocarbon, in a gas, liquid or
solid state. In some embodiments, the unsaturated compound may be an aromatic
hydrocarbon; alternatively, an unsaturated aliphatic compound. To effect thorough
contacting of the chromium compound, the pyrrole compound, and metal alkyl, the
unsaturated hydrocarbon may be in a liquid state. It will be understood, however, that some
embodiments may be used in connection with appropriate catalyst systems, irrespective of the
method of producing the catalyst system. In one aspect, the unsaturated hydrocarbon can be
I-hexene. Alternatively, the contacting and/or reacting the chromium compound, pyrrole

compound, and metal alkyl can be carried out in the absence of 1-hexene.

[0115]  The unsaturated hydrocarbon can have any number of carbon atoms per molecule.
Usually, the unsaturated hydrocarbon will comprise less than 70 carbon atoms per molecule,
or less than 20 carbon atoms per molecule. Exemplary unsaturated, aliphatic unsaturated
hydrocarbon compounds include, but are not limited to, ethylene, 1-hexene, 1,3-butadiene,

and mixtures thereof. In one aspect of the invention, the unsaturated aliphatic hydrocarbon
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compound is 1-hexene. If 1-hexene is the target oligomer to be formed, this may decrease the
need for subsequent purification steps. Aromatic hydrocarbons that may be used as the
unsaturated hydrocarbon in the preparation of the catalyst system may include, but are not
limited to, Cs to Cso aromatic compounds; alternatively, Ce to Cso aromatic compounds;
alternatively, C¢ to Cis aromatic compounds; or alternatively, Cs to C;o aromatic compounds.
Exemplary aromatic hydrocarbons include, but are not limited to, benzene, toluene,
cthylbenzene, xylene, mesitylene, hexamethylbenzene, and mixtures thereof. In an
embodiment, the aromatic compound may be toluene; alternatively ethylbenzene, or
alternatively, xylene. Without being limited by theory, it is believed that that use of an
unsaturated hydrocarbon during the preparation of the catalyst system improved catalyst

system stability.

[0116] It should be recognized, that the reaction mixture comprising a chromium
compound, the pyrrole 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.

[0117]  The amount of aromatic compound that may be used in the preparation of the
oligomerization catalyst system may be in a range up to 15 weight percent, based on the
amount of solvent in the reactor, range from 0.001 to 10 weight percent, or range from 0.01
to 5 weight percent. Excess aromatic compound may inhibit catalyst system activity and
insufficient aromatic compound may not stabilize the catalyst system. Generally, the moles
of aromatic compound per mole of metal in the transition metal compound (e.g. chromium
compound) in the catalyst system may be in a range up to 6,000, range from 10 to 3,000, or
range from 20 to 1,000 moles of aromatic compound per mole of metal (e.g. chromium

compound) in the catalyst system.

[0118]  Contacting of the 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 range from -50 °C to 70 °C, range from -10 °C to 70 °C, or
range from 5 °C to 30 °C. Generally, contacting times may be less than 5 hours, range from
0.01 seconds to 4 hours, or range from 0.1 seconds to 3 hours. Longer contact times may not
improve catalyst system stability, and shorter contact times may be insufficient to allow
complete contacting of the aromatic compound and catalyst system and, therefore, may not

be sufficient to stabilize the catalyst system. Any pressure which allows thorough contacting
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of the aromatic compound and catalyst system may be used. Generally, any pressure which
can maintain the aromatic compound and catalyst system in liquid form may be used. The
catalyst system preparation is generally performed under an inert atmosphere, such as
nitrogen or argon, to decrease the amount of water vapor and oxygen present. Nitrogen is
often used due to cost and availability. In addition to the discussion herein, other applicable
examples of transition metal compounds and oligomerization catalyst systems, and their
exemplary preparation, are provided in U.S. Patent No. 6,133,495 and U.S. Patent No.

7,384,886, which are hereby incorporated by reference in their entireties for all purposes.

[0119]  The oligomerization reaction products, e.g., 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 contacting processes. Contacting of the monomer or
monomers with a catalyst system can be effected by any manner known in the art. One
convenient method is to suspend the catalyst system in an organic medium and to agitate the
mixture to maintain the catalyst system in solution throughout the trimerization process.

Other known contacting methods can also be employed.

[0120]  For example, a continuous-feed autoclave reactor with a fluid jacket or internal
heat transfer coil and any suitable stirring mechanism, such as, for example, mechanical
stirring or the sparging with an inert gas, typically nitrogen, may be used. In another
embodiment, a loop reactor with mechanical stirring, such as, for example, a circulating
pump, can be used. Alternatively, tubular reactions for carrying out the oligomerization may

also be used in connection with the invention.

[0121]  The oligomerization or trimerization process can be carried out in solvent which is
used as the process medium. If employed, any number of hydrocarbon solvent may be used
as the process medium for the oligomerization or trimerization reaction. In embodiment, the
solvent that may be utilized as the process medium may be hydrocarbon or halogenated
hydrocarbon; alternatively, a hydrocarbon; or alternatively a halogenated hydrocarbon.
Hydrocarbons and halogenated hydrocarbon can include, for example, aliphatic
hydrocarbons, aromatic hydrocarbons, petroleum distillates, halogenated aliphatic
hydrocarbons, halogenated aromatic hydrocarbons, or combinations thereof; alternatively
aliphatic hydrocarbons, aromatic hydrocarbons, halogenated aliphatic hydrocarbons,
halogenated aromatic hydrocarbons, and combinations thereof; alternatively, aliphatic

hydrocarbons; alternatively, aromatic hydrocarbons; alternatively, halogenated aliphatic
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hydrocarbons; or alternatively, halogenated aromatic hydrocarbons. Aliphatic hydrocarbons
which may be useful as a solvent include Cs to Cyg aliphatic hydrocarbons; alternatively C,4 to
C;s aliphatic hydrocarbons; or alternatively, Cs to Cyg aliphatic hydrocarbons. The aliphatic
hydrocarbons may be cyclic or acyclic and/or may be linear or branched, unless otherwise
specified. Non-limiting examples of suitable acyclic aliphatic hydrocarbon solvents that may
be utilized singly or in any combination include propane, iso-butane, n-butane, butane (n-
butane or a mixture of linear and branched C, acyclic aliphatic hydrocarbons), pentane (n-
pentane or a mixture of linear and branched Cs acyclic aliphatic hydrocarbons), hexane (n-
hexane or mixture of linear and branched Cg acyclic aliphatic hydrocarbons), heptane (n-
heptane or mixture of linear and branched C; acyclic aliphatic hydrocarbons), octane (n-
octane or a mixture of linear and branched Cg acyclic aliphatic hydrocarbons), and
combinations thercof; alternatively, iso-butane, n-butane, butane (n-butane or a mixture of
linear and branched C,4 acyclic aliphatic hydrocarbons), pentane (n-pentane or a mixture of
linear and branched Cs acyclic aliphatic hydrocarbons), hexane (n-hexane or mixture of linear
and branched C¢ acyclic aliphatic hydrocarbons), heptane (n-heptane or mixture of linear and
branched C; acyclic aliphatic hydrocarbons), octane (n-octane or a mixture of linear and
branched Cs acyclic aliphatic hydrocarbons), and combinations thereof; alternatively, iso-
butane, n-butane, butane (n-butane or a mixture of linear and branched C,4 acyclic aliphatic
hydrocarbons), pentane (n-pentane or a mixture of linear and branched Cs acyclic aliphatic
hydrocarbons), heptane (n-heptane or mixture of linear and branched C; acyclic aliphatic
hydrocarbons), octane (n-octane or a mixture of linear and branched Cs acyclic aliphatic
hydrocarbons), and combinations thereof; alternatively, propane; alternatively, iso-butane;
alternatively, n-butane; alternatively, butane (n-butane or a mixture of linear and branched C4
acyclic aliphatic hydrocarbons); alternatively, pentane (n-pentane or a mixture of linear and
branched Cs acyclic aliphatic hydrocarbons); alternatively, hexane (n-hexane or mixture of
linear and branched Cs acyclic aliphatic hydrocarbons); alternatively, heptane (n-heptane or
mixture of linear and branched C; acyclic aliphatic hydrocarbons); or alternatively, octane (n-
octane or a mixture of linear and branched Cg acyclic aliphatic hydrocarbons). Non-limiting
examples of suitable cyclic aliphatic hydrocarbon solvents include cyclohexane, methyl
cyclohexane; alternatively cyclohexane; or alternatively, methylcyclohexane. Aromatic
hydrocarbons which may be useful as a solvent include Cg to C,o aromatic hydrocarbons; or
alternatively, C¢ to Cio aromatic hydrocarbons. Non-limiting examples of suitable aromatic

hydrocarbons that may be utilized singly or in any combination include benzene, toluene,
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xylene (including ortho-xylene, meta-xylene, para-xylene, or mixtures thereof), and
cthylbenzene, or combinations thereof; alternatively, benzene; alternatively, toluene;
alternatively, xylene (including ortho-xylene, meta-xylene, para-xylene or mixtures thereof);
or alternatively, ethylbenzene. Halogenated aliphatic hydrocarbons which may be useful as a
solvent include C; to Cis halogenated aliphatic hydrocarbons; alternatively, C; to Cio
halogenated aliphatic hydrocarbons; or alternatively, C; to Cs halogenated aliphatic
hydrocarbons. The halogenated aliphatic hydrocarbons may be cyclic or acyclic and/or may
be linear or branched, unless otherwise specified. Non-limiting examples of suitable
halogenated aliphatic hydrocarbons which may be utilized include methylene chloride,
chloroform, carbon tetrachloride, dichloroethane, trichloroethane, and combinations thereof;
alternatively, methylene chloride, chloroform, dichloroethane, trichloroethane, and
combinations thercof; alternatively, methylene chloride; alternatively, chloroform;
alternatively, carbon tetrachloride; alternatively, dichloroethane; or alternatively,
trichloroethane. Halogenated aromatic hydrocarbons which may be useful as a solvent
include Cg to Cyo halogenated aromatic hydrocarbons; or alternatively, Ce to Cio halogenated
aromatic hydrocarbons. Non-limiting examples of suitable halogenated aromatic
hydrocarbons include chlorobenzene, dichlorobenzene, and combinations thereof;

alternatively chlorobenzene and dichlorobenzene.

[0122]  The choice of the oligomerization solvent may be made on the basis of
convenience in processing. For example, isobutane may be chosen to be compatible with
diluents used for the formation of polyolefins in a subsequent processing step. In some
embodiments, a reaction product or reaction feedstock olefin may be utilized as the
solvent/process medium. For example, since 1-hexene may be the reaction product of an
ethylene trimerization process, it may be chosen as the oligomerization solvent to decrease

the need for separation.

[0123]  In 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 oligomerization process.
Therefore, the choice of reactor diluent, or medium, may be based on the selection of the
initial olefin reactant and/or the oligomerization product. For example, if the oligomerization
catalyst is used to trimerize ethylene to 1-hexene, the solvent for the oligomerization reaction
could be 1-hexene. If ethylene and hexene are trimerized, the oligomerization reaction

solvent could be 1-hexene, and/or a trimerization product. If 1,3-butadiene was trimerized to
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[0125]  If the reaction temperature is too low can produce too much undesirable insoluble

product, such as, for example, polymer, and if the reaction temperature is too high it can
cause deactivation of the catalyst system and isomerization of the reaction products. A

reaction pressure that is too low can result in low catalyst system activity.

[0126]  Optionally, hydrogen may be added to the reactor to accelerate the reaction and/or
increase catalyst system activity. If desired, hydrogen also may be added to the reactor to
suppress polymer production. When hydrogen is utilized, the hydrogen partial pressure may

range from 2 psi to 100 psi; alternatively, 5 psi to 75 psi; or alternatively, 10 psi to 50 psi.

[0127]  The contents of the reactor may be agitated or stirred by an inert gas (e.g. nitrogen)
purge, by introducing the reactant, hydrogen, fluid medium, or catalyst or exhausting the
effluent in a manner causing agitation, by mechanical or magnetic stirring, or in any other

suitable manner.

[0128]  The reaction usually is run continuously by steadily charging lower 1-olefin
reactant(s), catalyst system, and process medium and removing the liquid contents of the
reactor. For example, a continuous stirred tank reactor system can be employed that includes
feed systems for catalyst system, reactant and medium and a discharge system for the

effluent. Alternatively, a batch process can also be employed.
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[0129]  The trimerization reaction is an exothermic process, so the reaction temperature
usually can be regulated by circulating cooling water through a jacket or heat transfer coil,
thus transferring heat out of the reactor. Efficient heat transfer out of the reactor enables
effective maintenance of the desired reaction temperature. Another advantage of more
effective heat transfer is that the trimerization reaction can be run at a higher throughput for a

given temperature, which can improve production efficiency.

[0130] In an aspect, the reactor effluent is treated to deactivate the active catalyst system,
and may further be treated to separate products, recycle the residual reactants, medium, and

other components suitable for recycling, and dispose of any components that are not recycled.

[0131]  When the oligomerization or trimerization process is deemed to be complete, the
reactor effluent stream comprising solvent, olefin product(s), catalyst system, and some
polymer and/or oligomer, may be contacted with an alcohol to deactivate the active catalyst
system. Any alcohol which is soluble in the reactor effluent stream can be used. As used
herein, the term “alcohol” includes monoalcohols, diols, and polyols. The alcohol may be
selected by boiling point, molecular weight, or such that the alcohol will not azeotrope with
the olefin monomer product. In some embodiments, the alcohol has a boiling point different
from the olefin product in the reactor effluent stream. In an exemplary process, wherein the
catalyst system is used to trimerize ethylene to 1-hexene, an alcohol with six or more carbon
atoms per molecule may be used. In an embodiment the alcohol may be a C4 to Cso, C4 to
Cyo, or C4 to Cyp alcohol. In some embodiments, the alcohol is selected to be casily
removable from the oligomerization product (e.g. the trimerization product 1-hexene).
Exemplary alcohols include, but are not limited to, 1-hexanol, 2-hexanol, 3-hexanol, 2-ethyl-
hexanol, 1-heptanol, 2-heptanol, 3-heptanol, 4-heptanol, 2-methyl-3-heptanol, 1-octanol, 2-
octanol, 3-octanol, 4-octanol, 7-methyl-2-decanol, 1-decanol, 2-decanol, 3-decanol, 4-
decanol, 5-decanol, 2-ethyl-1-decanol, and mixtures thercof. In an embodiment the alcohol

may be 2-ethyl-1-hexanol.

[0132]  Alternatively, a low molecular weight diol or polyol, for example ethylene glycol,
can be used as a catalyst deactivation agent. Diols and polyols commonly have much higher
boiling points than monoalcohols of comparable molecular weight, and thus may be easily

separated from some oligomerization products (e.g. the trimerization product 1-hexene).



3,508 115 98.48 94.93 1110 H 2-net hyl i ndol e

WO 2011/137027 PCT/US2011/033431

54

[0133]  The alcohol is added to the reactor effluent stream in an amount sufficient to
quench and/or kill the catalyst system to inhibit, or halt: (1) production of undesirable solids,
i.e., polymer; and/or (2) oligomerization (or alternatively, trimerization) product purity

degradation due to isomerization, in the product separation process.

[0134]  After the catalyst system has been deactivated, the oligomerization product(s),
such as, for example, 1-hexene, can be removed. Any removal process can be used,

including for example, distillation.

[0135]  In an aspect, the oligomerization process or the process to prepare an
oligomerization product comprising contacting the feedstock olefin with the oligomerization
catalyst system using a pyrrole compound having substituent attached at the 2- and 5-
positions and wherein at least one the carbon atoms of the groups attached to 2- and 5-
position of the pyrrole ring is a secondary carbon atom (or alternatively, both of the carbon
atoms of the groups attached to 2- and 5- position of the pyrrole ring is a secondary carbon
atom) described herein produces less polymer than the process using an oligomerization
catalyst system using 2,5-dimethyl pyrrole as the pyrrole compound. In an aspect wherein
the oligomerization is an ethylene trimerization process, the catalyst system using a pyrrole
compound having substituent attached at the 2- and 5- positions and wherein at least one the
carbon atoms of the groups attached to 2- and 5- position of the pyrrole ring is a secondary
carbon atom (or alternatively, both of the carbon atoms of the groups attached to 2- and 5-
position of the pyrrole ring is a secondary carbon atom) produces an oligomerization product
having a greater selectivity to 1-hexene than an oligomerization catalyst system using 2,5-
dimethyl pyrrole as the pyrrole compound. In another aspect wherein the oligomerization is
an ethylene trimerization process, the catalyst system using a pyrrole compound having
substituent attached at the 2- and 5- positions and wherein at least one the carbon atoms of
the groups attached to 2- and 5- position of the pyrrole ring is a secondary carbon atom (or
alternatively, both of the carbon atoms of the groups attached to 2- and 5- position of the
pyrrole ring is a secondary carbon atom) produces a 1-hexene product having a greater purity
than an oligomerization catalyst system using 2,5-dimethyl pyrrole as the pyrrole compound.
In an embodiment, the catalyst system using a pyrrole compound having substituent attached
at the 2- and 5- positions and wherein at least one the carbon atoms of the groups attached to
2- and 5- position of the pyrrole ring is a secondary carbon atom (or alternatively, both of the

carbon atoms of the groups attached to 2- and 5- position of the pyrrole ring is a secondary
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carbon atom) produces an oligomerization selectivity to Cs products at least 0.5 %, 1.0 %, 1.5
%, or 2.0 % (absolute) greater than the oligomerization selectivity to Ce products produced by

an oligomerization catalyst system using 2,5-dimethyl pyrrole as the pyrrole compound.

[0136] In another aspect, an ethylene trimerization process or the process to prepare an
ethylene trimerization product comprising contacting the feedstock olefin with the
oligomerization catalyst system using a pyrrole compound having a hydrogen atom located
on at least one pyrrole ring carbon atom adjacent to the nitrogen atom of the pyrrole ring and
a bulky group located on a pyrrole ring carbon atom adjacent to any pyrrole carbon atom
bearing the hydrogen atom adjacent to the nitrogen atom of the pyrrole ring (or alternatively,
has a hydrogen atom located on each pyrrole ring carbon atom adjacent to the nitrogen atom
of the pyrrole ring and a bulky group located on the pyrrole ring carbon atoms adjacent to the
pyrrole ring carbon atom bearing the hydrogen atom adjacent to the nitrogen atom of the
pyrrole ring) may have a higher productivity (g Ce/g transition metal - e.g. Cr) than the
process using 2,4-dimethylpyrrole as the pyrrole compound, provides a higher selectivity to
Cs products than the process using 2,4-dimethylpyrrole as the pyrrole compound, and/or
provides a higher purity 1-hexene product than the process using 2,4-dimethylpyrrole as the
pyrrole compound; alternatively, has a higher productivity (g Ce/g transition metal - e.g. Cr)
than the process using 2,4-dimethylpyrrole as the pyrrole compound; alternatively, provides a
higher selectivity to Cg products than the process using 2,4-dimethylpyrrole as the pyrrole
compound; or alternatively, provides a higher purity 1-hexene product than the process using
2,4-dimethylpyrrole as the pyrrole compound. In an embodiment, the productivity (g Ce/g
transition metal - e.g. Cr) of the catalyst system using any herein described pyrrole
compound having a hydrogen atom located on at least one pyrrole ring carbon atom adjacent
to the nitrogen atom of the pyrrole ring and a bulky group located on a pyrrole ring carbon
atom adjacent to any pyrrole carbon atom bearing the hydrogen atom adjacent to the nitrogen
atom of the pyrrole ring (or alternatively, has a hydrogen atom located on each pyrrole ring
carbon atom adjacent to the nitrogen atom of the pyrrole ring and a bulky group located on
the pyrrole ring carbon atoms adjacent to the pyrrole ring carbon atom bearing the hydrogen
atom adjacent to the nitrogen atom of the pyrrole ring) may be 50%, 75%, or 100% (relative)
greater than the productivity of the process using 2,4-dimethylpyrrole as the pyrrole
compound. In some embodiments, the trimerization selectivity of a trimerization process

utilizing the catalyst system using any herein described pyrrole compound having a hydrogen



N H pyrrole WD 2011/ 137027PCT/ US2011/ 033431 67 14,284 115 96. 46

WO 2011/137027 PCT/US2011/033431

56

atom located on at least one pyrrole ring carbon atom adjacent to the nitrogen atom of the
pyrrole ring and a bulky group located on a pyrrole ring carbon atom adjacent to any pyrrole
carbon atom bearing the hydrogen atom adjacent to the nitrogen atom of the pyrrole ring (or
alternatively, has a hydrogen atom located on each pyrrole ring carbon atom adjacent to the
nitrogen atom of the pyrrole ring and a bulky group located on the pyrrole ring carbon atoms
adjacent to the pyrrole ring carbon atom bearing the hydrogen atom adjacent to the nitrogen
atom of the pyrrole ring) may be 1.0%, 1.5%, 2.0%, or 2.5% (absolute) greater than the
oligomerization selectivity to Ce products produced by an oligomerization catalyst system
using 2,5-dimethyl pyrrole as the pyrrole compound. In other embodiments, the purity of the
1-hexene produced by the trimerization process utilizing the catalyst system using any herein
described pyrrole compound having a hydrogen atom located on at least one pyrrole ring
carbon atom adjacent to the nitrogen atom of the pyrrole ring and a bulky group located on a
pyrrole ring carbon atom adjacent to any pyrrole carbon atom bearing the hydrogen atom
adjacent to the nitrogen atom of the pyrrole ring (or alternatively, has a hydrogen atom
located on each pyrrole ring carbon atom adjacent to the nitrogen atom of the pyrrole ring and
a bulky group located on the pyrrole ring carbon atoms adjacent to the pyrrole ring carbon
atom bearing the hydrogen atom adjacent to the nitrogen atom of the pyrrole ring) may be
0.5%, 1.0%, 1.5%, or 2.0 (absolute) greater than the oligomerization purity of the 1-hexene
product produced by an oligomerization catalyst system using 2,5-dimethyl pyrrole as the

pyrrole compound.

[0137]  Inyet another aspect, an ethylene trimerization process or the process to prepare an
ethylene trimerization product comprising contacting the feedstock olefin with the
oligomerization catalyst system using any herein described pyrrole compound having
Formula P2, Formula P3, or Formula P4 wherein R'? and R"P of Formula P2 and R**? of
Formula P3 may be any pyrrole substituent group disclosed herein while R'P of Formula P2,
R**P of Formula P3, and R* and R**P of Formula P4 may be any bulky pyrrole substituent
disclosed herein may have a higher productivity (g Ce/g transition metal - e.g. Cr) than the
process using 2,4-dimethylpyrrole as the pyrrole compound, provides a higher selectivity to
Cs products than the process using 2,4-dimethylpyrrole as the pyrrole compound, and/or
provides a higher purity 1-hexene product than the process using 2,4-dimethylpyrrole as the
pyrrole compound; alternatively, has a higher productivity (g Ce/g transition metal - e.g. Cr)

than the process using 2,4-dimethylpyrrole as the pyrrole compound; alternatively, provides a
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higher selectivity to Ce products than the process using 2,4-dimethylpyrrole as the pyrrole
compound; or alternatively, provides a higher purity 1-hexene product than the process using
2,4-dimethylpyrrole as the pyrrole compound. In an embodiment, the productivity (g Ce/g
transition metal - e.g. Cr) of the catalyst system utilizing the catalyst system using any herein
described pyrrole compound having Formula P2, Formula P3, or Formula P4 wherein R'?P
and R"P of Formula P2 and R*? of Formula P3 may be any pyrrole substituent group
disclosed herein while R'* of Formula P2, R**? of Formula P3, and R**P and R** of Formula
P4 may be any herein described bulky pyrrole substituent may be 50%, 75%, or 100%
(relative) greater than the productivity of the process using 2,4-dimethylpyrrole as the pyrrole
compound. In some embodiments, the trimerization selectivity of a trimerization process
utilizing the catalyst system using any herein described pyrrole compound having Formula
P2, Formula P3, or Formula P4 wherein R'* and R'*P of Formula P2 and R**? of Formula P3
may be any pyrrole substituent group disclosed herein while R'*? of Formula P2, R*P of
Formula P3, and R**" and R**? of Formula P4 may be any herein described bulky pyrrole
substituent may be 1.0%, 1.5%, 2.0%, or 2.5% (absolute) greater than the oligomerization
selectivity to Ce products produced by an oligomerization catalyst system using 2,5-dimethyl
pyrrole as the pyrrole compound. In other embodiments, the purity of the 1-hexene produced
by the trimerization process utilizing the catalyst system using any herein described pyrrole

13p

compound having Formula P2, Formula P3, or Formula P4 wherein R'*? and R" of Formula

P2 and R* of Formula P3 may be any pyrrole substituent group disclosed herein while R™P
of Formula P2, R**" of Formula P3, and R**" and R**? of Formula P4 may be any herein
described bulky pyrrole substituent may be 0.5%, 1.0%, 1.5%, or 2.0 (absolute) greater than
the oligomerization purity of the 1-hexene product produced by an oligomerization catalyst
system using 2,5-dimethyl pyrrole as the pyrrole compound.

Articles Prepared in Accordance with this Disclosure

[0138]  According to yet a further aspect 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 oligomerization 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 example, the
article can be produced using the oligomerization product in which the oligomerization

product is a polyethylene copolymer and the oligomerization product is 1-hexene.
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[0139] In a further aspect, and also by way of example, the article can be produced using
the oligomerization product in which the oligomerization product is a high density
polyethylene, a low density polyethylene, a medium density polyethylene, a linear low
density polyethylene. In these aspects, the oligomerization product can be subjecting to
blending, heating, melting, compounding, extruding, injection molding, precision molding,
blow molding, forming a film, forming a coating, or any combination thereof, in forming the
article.

Comparative Results

[0140] Referring to FIGS. 1 and 2 and Tables 1 and 2, the oligomerization studies were
carried out to compare the catalytic behavior of different pyrroles under standard selective 1-
hexene oligomerization reaction conditions to identify pyrrole compounds that provide active
ethylene trimerization catalyst systems, determine their relative levels of oligomerization
activity, determine the catalyst system’s productivity, determine the catalyst system’s
selectivity to Ce products, and/or determine the purity of the Cs fraction (i.e. the weight % of

1-hexene found in the Cg products produced in the oligomerization.

[0141]  FIG. 1 illustrates a plot of the Cg productivities (g C6/g Cr) as a function of
temperature (°C), for chromium-based catalyst systems prepared using the following
pyrroles: 2,5-dimethylpyrrole (2,5-DMP); 2,5-dibenzylpyrrole (2,5-DBP); 2,4-
dimethylpyrrole (2,4-DMP); 2-methyl-4-isopropypyrrole (2-M-4-1PP; and 2,5-diethylpyrrole
(2,5-DEP) over the tested temperatures. As can be seen in FIG. 1, each pyrrole has a unique
temperature profile in the oligomerization catalyst system and can optimized optimum or
desirable operating conditions for the catalyst system using a particular pyrrole compound.
From Figure 1, it can be seen that the productivity of the catalyst systems using 2,5-
disubstituted pyrrole and 2,4-disubstituted having a bulky substituent in the 4-position on the
pyrrole ring were more acutely affected by variations in temperature than other catalyst

systems. The data illustrated in FIG. 1 are provided in detail in Table 1.

[0142] Table 2 data provide the 1-hexene purity (% 1-hexene of Ce product produced in
the oligomerization), shown as in FIG. 2, and the Cs selectivity, shown as in FIG. 2, for the
indicate pyrrole compounds. These data are reported at the temperature (°C) of the highest
observed productivity (g C6/g Cr), which is provided in Table 2, using the catalyst prepared
according to the Examples. Among other things, these data illustrate that 2,5-disubstituted

pyrroles provide catalyst systems with higher productivity that those that contain non-2,5-
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disubstituted pyrroles. Additionally, these data show that 2,4-substitued pyrroles having a
bulky substituent in the 4-position of the pyrrole ring provide catalyst systems that have
increased Ce productivities, increased Cg selectivities, and/or produce a Cg product having a
higher 1-hexene purity than catalyst system using a 2,4-substitued pyrrole that does not have
a bulky substituent in the 4-position of the pyrrole ring (e.g. 2,4-dimethyl pyrrole. Generally,
the catalytic productivity was observed to increase on moving from the non-substituted
pyrrole, to the 2,4-disubstitued pyrrole, to 2- or 5-substituted pyrrole, to the prototypical 2,5-
dimethylpyrrole.

[0143]  The FIG. 2 and Table 2 data further illustrates the highest 1-hexene purities and C6
selectivities generally are obtained with the 2,5-disubstituted pyrrole compound or 2,4-
disubstituted compounds having a bulky substituent in the 4-position of the pyrrole ring have
at their highest measured catalyst productivity temperatures. As indicated in FIG. 2, the 2,5-
DMP, 2,5-DEP, 2,5-DIP, 2,5-DBP, 2-M-4-IPP, as well as others such as 2-Melnd, would

appear to offer a good combination of selectivity and purity.

[0144]  In other comparisons, 2-methyl-3-ethyl-5-methylpyrrole (productivity - 21,700 g
C6/g Cr) and 2-methylindole (productivity - 3,500 g C6/g Cr) - two compounds
characterized by a similar substitution pattern and similar steric congestion - provide very
different productivities. While not intending to be bound by theory, it is possible that the
electron-withdrawing phenyl group fused to the pyrrole ring in 2-methyl indole produces a
catalyst with low activity. As a further illustration, indole (productivity - 800 g C6/g Cr),
which also has an electron-withdrawing group fused to the pyrrole ring, produces a catalyst
with almost an order of magnitude lower productivity than the pyrrole catalyst (productivity -
6,400 g C6/g Cr). Again, while not intending to be theory-bound, it is possible that electronic
effects may reduce the productivity of 2,5-dibenzylpyrrole (productivity - 23,400 g C6/g Cr)
as compared to that of 2,5-diethylpyrrole (productivity - 75,800 g C6/g Cr), although
increased steric effects may play a significant role.

General Disclosure Information

[0145]  All publications and patents mentioned in this disclosure are incorporated herein
by reference in their entireties, for the purpose of describing and disclosing the constructs 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 are provided solely for their disclosure prior to the filing date of the present application.
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Nothing herein is to be construed as an admission that the inventors are not entitled to

antedate such disclosure by virtue of prior invention.

[0146]  Unless indicated otherwise, when a range of any type is disclosed or claimed, for
example a range of the number of carbon atoms, molar ratios, temperatures, 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 encompassed therein. For example, when
describing a range of the number of carbon atoms, each possible individual integral number
and ranges between integral numbers of atoms that the range includes are encompassed
therein. Thus, by disclosing a C; to Cy alkyl group or an alkyl group having from 1 to 10
carbon atoms or “up to” 10 carbon atoms, Applicants’ intent is to recite that the alkyl group
canhave 1,2, 3,4,5,6,7,8,9, or 10 carbon atoms, and these methods of describing such a
group are interchangeable. When describing a range of measurements such as molar ratios,
every possible number that such a range could reasonably encompass can, for example, refer
to values within the range with one significant digit more than is present in the end points of a
range. In this example, a molar ratio between 1.03:1 and 1.12:1 includes individually molar
ratios of 1.03:1, 1.04:1, 1.05:1, 1.06:1, 1.07:1, 1.08:1, 1.09:1, 1.10:1, 1.11:1, and 1.12:1.
Applicants’ intent is that these two methods of describing the range are interchangeable.
Moreover, when a range of values is disclosed or claimed, Applicants intend to reflect
individually each possible number that such a range could reasonably encompass, Applicants
also intend for the disclosure of a range to reflect, and be interchangeable with, disclosing
any and all sub-ranges and combinations of sub-ranges encompassed therein. In this aspect,
Applicants’ disclosure of a C; to Cyo alkyl group is intended to literally encompass a C; to Ce
alkyl, a C, to Cs alkyl, a C, to C; alkyl, a combination of a C; to Cs and a Cs to C; alkyl, and
so forth. When describing a range 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, refer to values
within the range with one significant digit more than is present in the end point of a range
having the greatest number of significant digits, in this case 1.2:1. In this example, a molar
ratio from 1:1 to 1.2:1 includes individually molar ratios of 1.01, 1.02, 1.03, 1.04, 1.05, 1.06,
1.07, 1.08, 1.09, 1.10, 1.11, 1.12, 1.13, 1.14, 1.15, 1.16, 1.17, 1.18, 1.19, and 1.20, all relative
to 1, and any and all sub-ranges and combinations of sub-ranges encompassed therein.

Accordingly, Applicants reserve the right to proviso out or exclude any individual members
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of any such group, including any sub-ranges or combinations of sub-ranges within the group,
if for any reason Applicants choose to claim less than the full measure of the disclosure, for
example, to account for a reference that Applicants are unaware of at the time of the filing of

the application.

[0147]  In any application before the United States Patent and Trademark Office, the
Abstract of this application is provided for the purpose of satisfying the requirements of 37
C.F.R. § 1.72 and the purpose stated in 37 C.F.R. § 1.72(b) “to enable the United States
Patent and Trademark 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 construe the scope of the claims or to limit the scope
of the subject matter that is disclosed herein. Moreover, any headings that may be employed
herein are also not intended to be used to construe the scope of the claims or to limit the
scope of the subject matter that is disclosed herein. Any use of the past tense to describe an
example otherwise indicated as constructive or prophetic is not intended to reflect that the

constructive or prophetic example has actually been carried out.

[0148]  For any particular compound disclosed herein, the general structure or name
presented is also intended to encompass all structural isomers, conformational isomers, and
stereoisomers that may arise from a particular set of substituents, unless indicated otherwise.
Thus, a general reference to a compound includes all structural isomers unless explicitly
indicated otherwise; e.g. a general reference to butane include n-pentane, 2-methyl-butane,
and 2,2-dimethylpropane. Additionally, the reference to a general structure or name
encompasses all enantiomers, diastereomers, and other optical isomers whether in
enantiomeric or racemic forms, as well as mixtures of stercoisomers, as the context permits or
requires. For any particular formula or name that is presented, any general formula or name
presented also encompasses all conformational isomers, regioisomers, and stereoisomers that

may arise from a particular set of substituents.

[0149]  The present disclosure is further illustrated by the following examples, which are
not to be construed in any way as imposing limitations upon the scope thereof. On the
contrary, it is to be clearly understood that resort may be had to various other aspects,
embodiments, modifications, and equivalents thereof which, after reading the description
herein, may be suggested to one of ordinary skill in the art without departing from the spirit

of the present invention or the scope of the appended claims.
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[0150] In the following examples, unless otherwise specified, the syntheses and

preparations described therein were carried out under an inert atmosphere such as nitrogen

and/or argon. Solvents were purchased from commercial sources and were typically dried

prior to use. Unless otherwise specified, reagents were obtained from commercial sources.
EXAMPLES

General Experimental Procedures and Starting Materials

[0151]  Unless specified otherwise, all reactions were performed under an inert

atmosphere. All glassware was dried in an oven at 100 °C for 4 hours and brought into an

inert atmosphere glove box (dry box) while warm. All solvents were purchased from Aldrich

as anhydrous grade and were stored over freshly activated SA molecular sieves.

A. Pyrroles.

[0152] The following abbreviations are used for the pyrrole and indole ligands used

herein: 2,4-dimethylpyrrole (2,4-DMP); 2-methyl-4-isopropylpyrrole (2-M-4-1PP); 2,5-

dimethylpyrrole (2,5-DMP or DMP); 2,5-diethylpyrrole (2,5-DEP or DEP); 2,5-

dibenzylpyrrole (2,5-DBP or DBP); 2,5-diisopropylpyrrole (2,5-DIP or DIP); indole (Ind); 2-

methylindole (2-Melnd); and pyrrole (Pyr).

[0153]  The pyrrole compounds 2,4-dimethylpyrrole (2,4-DMP), indole, and 2-
methylindole were purchased from Aldrich. Both indole (RP >99%) and 2-methylindole (RP
98%) were dried under vacuum at 110 °C for several hours without further purification (RP is
the reported purity in wt %; MP is the measured purity in wt %). The 2,4-dimethylpyrrole
(2,4-DMP, RP 97%) was purified by distillation under nitrogen (bp = 165-167 °C) producing
a colorless liquid (MP 99.5%).

[0154]  Other pyrrole ligands, such as 2,5-diethylpyrrole (2,5-DEP), 2,5-dibenzylpyrrole
(2,5-DBP), 2,5-diisopropylpyrrole (2,5-DIP), and 2-methyl-4-isopropypyrrole (2-M-4-1PP)
were obtained from Chemstep (Carbon-Blanc, France). The 2,5-DIP(RP >95%) was received
as a colorless liquid (MP 96.8%) and was used without further purification. 2,5-DEP (RP
>97%) was distilled (MP 98.5%) prior to use. The 2,5-DBP (RP 82%) was received as an
orange waxy material (MP 82.2%) and was used without further purification. 2-M-4-1PP was
distilled (MP 98.1%) prior to use. The identity of these four pyrroles was confirmed by GC-
MS.
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B. Catalyst Preparation.

[0155] A catalyst solution was prepared using the standard procedure described here, in
which the molar ratios of TEA (triethylaluminum) to DEAC (diethylaluminum chloride) to
pyrrole compound to Cr were standardized to TEA:DEAC:pyrrole:Cr = 11:8:3:1.
Anhydrous, degassed ethylbenzene was added to a dry vial in a drybox. To this vial was
added neat triethylaluminum (TEA) and neat diethylaluminum chloride (DEAC). The
contents were mixed and allowed to stand for 15 minutes. The selected pyrrole was then
slowly added, as gas evolution was observed in most cases. Chromium(III) 2-ethylhexanoate
(7.25 wt % Cr in ethylbenzene) was used as the transition metal compound and was added
slowly to the alkylaluminum/pyrrole solution with stirring. The catalyst solution was diluted
to a concentration of 5.6 mg Cr/mL by adding an appropriate amount of ethylbenzene to
constitute the active catalyst what was used as prepared. Orange colored solutions were
observed for 2,4-DMP, 2-methylindole, and 2,5-DEP based catalyst, which are typical. 2,5-
DBP initially produced an orange solution, but gradually precipitated a noticeable amount of
grey solid over the course of 24 h. Both indole and pyrrole produced an orange solution with
a white, fluffy solid which was removed by filtration. 2,5-DIP produced copious amounts of
black precipitate suggesting that the catalyst solution was fairly unstable

EXAMPLE 1

Oligomerization Reactions

[0156]  Oligomerization reaction studies comparing the catalytic behavior of different
pyrroles under standard selective 1-hexene oligomerization reaction conditions, were
performed as follows. The standard reactor was a 1L batch reactor, and oligomerization
reactions were carried out at the indicated temperature under 50 psig H», and under 850 psig
ethylene with ethylene uptake on demand, over a 30 minute run time, using 2.5 mg Cr, in 450
mL of cyclohexane. This methodology was useful for identifying various substituted
pyrroles that provided reactive catalysts.

Catalyst System Productivity as a Function of Temperature

[0157]  The activity of selected pyrroles and their catalyst systems was investigated.
Particularly, catalyst systems that employed 2,5-dimethylpyrrole (2,5-DMP), 2,5-
dibenzylpyrrole (2,5-DBP), 2,4-dimethylpyrrole (2,4-DMP), pyrrole, 2,5-diethylpyrrole (2,5-
DEP), and 2-methyl-4-isopropylpyrrole (2-M-4-IPP) were investigated for their catalytic
temperature profile, in which their activity and productivity were examined as a function of

temperature. FIG. 1 illustrates a plot of productivity (g Ce/g Cr) as a function of temperature
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desirable operating conditions.

[0158]  Asillustrated in FIG. 1 and the data in Table 1, one consequence of comparing the
productivities of various catalyst systems at a single standard temperature is that an
incomplete comparative picture may result. For example, at higher temperatures (130-135
°C) the 2,5-DMP and 2,5-DEP catalyst systems provide somewhat comparable results
(25,900 g C6/g Cr and 22,828 g C6/g Cr, respectively), but when compared at their respective
highest productivities at about 92-95 °C, this difference in productivity was exaggerated. At
these lower temperatures, the 2,5-DMP (99,460 g C6/g Cr, 95°C) is about 31% more
productive than the corresponding 2,5-DEP catalyst system (75,757 g C6/g Cr, 92°C).

Catalyst System Productivity as a Function of Pyrrole Substitution

[01539] The data the oligomerizations, data provided in Table 1 and FIG. 1, illustrate that
2,5-disubstituted pyrroles provide catalysts with generally higher productivity that those that
contain non-2,5-disubstituted pyrroles. Generally, the catalytic productivity was observed to
increase on moving from the non-substituted pyrrole to 2,4-dimethyl pyrrole, to 2,4-
disubstituted pyrroles having a bulky substituent in the 4-position, to the 2,5-disubstituted
pyrroles (2,5-dimethylpyrrole being the prototypical 2,5-disubstituted pyrrole).

Table 1. Productivity (g Ce/g Cr) versus temperature for a variety of pyrrole compounds.
These data are illustrated in FIG. 1.

Pyrrole Compound Temperature (°C) lzéogg/c ;élrt)y
92 75,757
\/@\/ 98 74,478
H 105 66,443
DEP 115 39,233
130 22,828
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95 99,460
105 87,300
gu
N 115 60,660
2,5-DMP 125 43,000
135 25,900
45 2,792
O [\ O 70 15,021
N
H 85 23,411
DBP
115 9,325
100 11,882
ﬂ 115 14,278
N
H 130 13,523
2,4-DMP
145 13,404
100 30,300
[\
N
H
. 115 43,900
2-methy4-isopropyl pyrrole
90 6,427
{\
N 115 6,138
pyrrole 125 2,977

I-Hexene Purity and Selectivity as a Function of Pyrrole Substitution

[0160] Table 2 and FIG. 2 provide a comparison of the Cg selectivities (% Cg of total

oligomerized product) and % 1-hexene (by weight) in the Cs product (1-hexene purity) for
catalyst systems using the indicated pyrroles at the catalyst system’s highest observed
productivity. FIG. 2 and Table 2 data illustrate the highest 1-hexene purities and Cs
selectivities generally are obtained with the 2,5-disubstituted pyrrole compounds and 2,4-
disubstituted pyrroles having a bulky substituent in the 4- position at their highest measured

catalyst productivity temperatures. As indicated in FIG. 2, the 2,5-DMP, 2,5-DEP, 2,5-DIP,

to C15
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Table 2. 1-Hexene purity (% of total Cs product) and C¢ selectivity (% of total oligomerized
product) for a variety of pyrrole compounds, reported at the temperature (°C) of the highest
observed productivity (g Ce/g Cr), using the catalyst prepared according to the Examples.

p le C d Productivity | Temperature 1-Hexene Cq
yrrofe L-ompoun (g C¢/g Cr) (°C) Purity Selectivity
5
N 789 115 95.21 93.1
indole
e,
N 3,508 115 98.48 94.93
2-methylindole
>/U\(
N 3,631 115 98.89 94.57
2,5-DIP
)
H 6,427 90 96.54 95.39
pyrrole




70 6. The catal yst system according to claim 3, wherein the pyrrole
-4-isopropyl pyrrol e,

conpound is 2-nethyl-4-

2- met hy

car boxy
claim3
chromu
chromu
chromu
chromu

i sopropyl pyrrole,

2- et hyl

bi s(2-e
chromu
chromu
The cat
a group
system
conmpoun
hal i de.
transit
car boxy
nmet al a
chlorid
f eedsto
the ole

product |

| -Wototwm3yi2pyrrol e, or 2-ethyl-4-tbutyl pyrrole. PCTHise0icasEBY st
system according to claim3, wherein the chrom um conpound conprises a
chromum(1l) or chromun(ll1) halide, 1,3-diketonate, or carboxylate. 8.
The catal yst systemaccording to claig}3, wherein the chrom um conpound
conprises a chromun(l1l) or chronlun( ) carboxyl ate wherein each
—9 talyst systemaccording to
, Wherein thg chrom pm conmpound |is chrom yn(I11) 2-ethyl hexanoat e,
m(111) ate, chromunm(111) |2, 2,6, 6, - |tetranet hyl hept anedi|onat e,
n(111) rmaphthenat e, ,huﬁﬁiﬁﬂlll) acldbat e,| ch?o#t unm(! | 192.3% opijonat e,
h(I11) butyrate, chromun(l1l) neopentanogte, chromjun(lIl) I|aurate,
m(111) 2¢eaMBte. chrbmiun{i11) oxal ate, cHroniun(l |
t hyl he chromun(ll) acetate, chrdmun(Ill) propionate,
n(11) chromum(11) neopentanoatg, chromung(ll) | aurate,
(1) chromu I%{ oxal ate, or any conbination thereof 10.
al yst m accordi hg t¥:®Wai m1, WRBrein t h&S.Hetal al ¥y conpri ses
1, 2, 11 12, 13, or 14 netal al kyl conpqund. 11. The catal yst
@mmtﬁyﬂgom@pﬁk@naml further conprising g hal ogen ¢ont ai ni ng
that—s a netal—halide, —andatkyl—netat—jhatide,—of—an—organic
1 he cat al y, ystem accordiing to claijm 3, mherein t he
o] t alf cynp conprises a ¢chromun(Il1|) or chrom [11)
| at e wherai’h éach catbox3dHitle is a P to G19 %%}%oxylat ‘Bhd t/he
| kyl conprfses a mixture of triethylalunminqumand diéthylal uni num
e. 13. AHD%?igonerization process conprisijng: a) contacting a
ck ol efin th the catal yst systemof claijm1l; and W) oli goner|i zi ng
fin undgﬁ(ékLgonerlzation conditions to fgrman ol i gonerizatian
71 H 99,456 95 99.02 91.72
2,5-DMP
s
N 75,757 92 99.20 94.21

H
DEP




14. The oligonerization process of claim 13, wherein a) the feedstock

ol efin conprises ethylene and the oligonerization product conprises
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CLAIMS
What is claimed is:
1. A catalyst system comprising:
a) atransition metal compound;
b) apyrrole compound having
1)  ahydrogen atom located on at least one pyrrole ring carbon atom adjacent to
the nitrogen atom of the pyrrole ring, and
i1) abulky C; to C;s organyl group or a bulky Cs; to Ce silyl group located on a
pyrrole ring carbon atom adjacent to any pyrrole ring carbon atom bearing the
hydrogen atom adjacent to the nitrogen atom of the pyrrole ring; and

c) ametal alkyl.

2. The catalyst system according to claim 1, wherein
1)  the carbon atom of the bulky C; to Cs organyl group attached to the pyrrole ring
carbon atom is attached to three or four carbon atoms,
ii) the carbon atom of the bulky C; to C;5 organyl group adjacent to the carbon atom
attached to pyrrole ring carbon atom is attached to three or four carbon atoms, or
iii) the silicon atom of the bulky Cs to Cgo silyl group attached to the pyrrole ring

carbon atom is attached to four carbon atoms.

3. The catalyst system of claim 1, wherein
a) the transition metal compound comprises a chromium compound;
b) the pyrrole compound has Formula P2, P3, or P4:

12p R22p

R13p R H R33p
== = =
N-H NH N-H
R14P R24P RMP
H H H
P2 P3 P4

where
i)  R'"and R"" of Formula P2 and R**” of Formula P3 independently are a C; to

Cy5 hydrocarbyl group; and
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ii) R'"P in Formula P2, R*? in Formula P3, and R**" and R**" in Formula P4
independently are a bulky C; to Cy5 hydrocarbyl group or a bulky C; to Cys silyl
group; and

c) the metal alkyl comprises an alkylaluminum compound.

The catalyst system of claim 3, wherein the R'* group in Formula P2, R**P group in
Formula P3, and R*" and R* group in Formula P4 are attached such that
1)  the carbon atom attached to the pyrrole ring is attached to three or four carbon
atoms,
ii) the carbon atom adjacent to the carbon atom attached to pyrrole ring is attached to
three or four carbon atoms, or
iil) the C; to Cys silyl group has Formula Sil
RS
R®-Si—*
Rss/
Sil

wherein R®', R®?, and R* independently are a C; to C;s hydrocarbyl group.

The catalyst system according to claim 3, wherein R'P in Formula P2, R**P in Formula
P3, and R*P and R*? in Formula P4 independently are a propan-2-yl group, a butan-2-
yl, a 2-methylpropan-1-yl group, a 2-methylpropan-2-yl group, a pentan-2-yl group, a
pentan-3-yl group, a 2-methylbutan-1-yl group, a 2-methylbutan-2-yl group, a 3-
methylbutan-2-yl group, 2,2-dimethylpropan-1-yl group, a hexan-2-yl group, a hexan-3-
yl group, a 2-methylpentan-1-yl group, 2-ethylbutan-1-yl group, a 2-methylpentan-2-yl
group, a 2,3-dimethylbutan-1-yl group, a 2,3-dimethylbutan-2-yl group, a heptan-2-yl
group, a heptan-3-yl group, a heptan-4-yl group, a 2-methylhexan-1-yl group, a 2-
ethylpentan-1-yl group, a 2-methylhexan-2-yl group, a 2,3-dimethylpentan-1-yl group, a
2,3-dimethylpentan-2-yl group, a 2,3,3-trimethylpentan-1-yl group, a 2,3,3-
trimethylpentan-2-yl group, an octan-2-yl group, an octan-3-yl group, an octan-4-yl
group, a 2-methylheptan-1-yl group, a 2-ethylhexan-1-yl group, a 2-methylheptan-2-yl
group, a nonan-2-yl group, a nonan-3-yl group, a nonan-4-yl group, a nonan-5-yl group,

a decan-2-yl group, a decan-3-yl group, a decan-4-yl group, or a decan-5-yl group.



i) R12P and R13P of Formula P2 and R22P of Formula P3 independently are a
C to Cl15 hydrocarbyl group; and ii) R14P in Formula P2, R24P in Fornmul a
P3, and R8BRoarmd7®34P in Formul a P4 independently are aPbmusgoi@®33461 C15
hydr ocar byl group or a bulky C3 to C45 silyl group; and d) the nmetal al kyl
conprises a mxture of triethylalum numand diethylal um num chloride. 15.
The ol i gonerization process of claim 14, wherein the process provides a

hi gher selectivity to C6 products tha Oa process using 2, 4-di nethyl pyrrole

as the pyrrole conmpound. 16. The onerization process of claim 14,
wher ei n the PREAEYSE 3 Ewigensdiag iy ’é‘r %ﬁ?fﬁwhw EDSH LS T INAH - a

process usi rigopz@lﬂzwrmt MyhpY A EBb R pABy kA€ 2PMEthPLL-GRPPAWNE .or 2thy4Rr OCess
for preparing a catalyst system conprising contacti ng: a) a transition

nmet al conpodW@WWﬂd%.pyrrole conpound having i)a hydrogen atom | ocated on
at | east one pyrrole ring carbon atom adjacent to the nitrogen atom of the

pyrrole rji ngrhe@aﬁlysﬂs?;sﬂem)ac@rmug K)yclaﬁ;% 3 Qhérd (R mlhnwoaigs@umco&pﬁs@s&y S to
C60 silyl group |ocated on. a &ﬁrro e rlngﬁcarbon atom adj acent to any

pyrrol e ri nFEARBBA A shiopesriiydide THydkeeras gt srkoadjdcent to the nitrogen
atom of the pyrrole ring; and c) a netal alkyl.
8. The catalyst system according to claim 3, wherein the chromium compound comprises a

chromium(IIl) or chromium(III) carboxylate wherein each carboxylate is a C4 to Cio

carboxylate.

9.  The catalyst system according to claim 3, wherein the chromium compound is
chromium(IIT) 2-ethylhexanoate, chromium(I1I) octanoate, chromium(IIl) 2,2,6,6,-
tetramethylheptanedionate, chromium(III) naphthenate, chromium(III) acetate,
chromium(III) propionate, chromium(III) butyrate, chromium(IIT) neopentanoate,
chromium(IIl) laurate, chromium(III) stearate, chromium(IIIl) oxalate, chromium(II)
bis(2-ethylhexanoate), chromium(II) acetate, chromium(II) propionate, chromium(II)
butyrate, chromium(II) neopentanoate, chromium(II) laurate, chromium(II) stearate,

chromium(II) oxalate, or any combination thereof.

10. The catalyst system according to claim 1, wherein the metal alkyl comprises a group 1,

2,11, 12, 13, or 14 metal alkyl compound.

11. The catalyst system according to claim 1, further comprising a halogen containing

compound that is a metal halide, and alkyl metal halide, or an organic halide.

12. The catalyst system according to claim 3, wherein the transition metal compound
comprises a chromium(IT) or chromium(IIT) carboxylate wherein each carboxylate is a
C4 to Cyg carboxylate and the metal alkyl comprises a mixture of triethylaluminum and

diethylaluminum chloride.

13. An oligomerization process comprising:
a) contacting a feedstock olefin with the catalyst system of claim 1; and
b) oligomerizing the olefin under oligomerization conditions to form an

oligomerization product.



18. The process of claim17, wherein a) the transition netal conpound
conprises a chromunm(l1) or chromun(lIl1) carboxyl ate wherein each

car boxyl awve 2081/187@24 to Cl19 carboxyl ate; b) the pyrrol e ®eomuaseed/obist For nul a
P2, P3, or P4: Rl 2D R1311 ,( -- NHRl4p --- H R22p H, j ---_--\
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14. The oligomerization process of claim 13, wherein
a) the feedstock olefin comprises ethylene and the oligomerization product comprises
1-hexene,
b) the transition metal compound comprises a chromium(II) or chromium(IIT)
carboxylate wherein each carboxylate is a C4 to Cy9 carboxylate;
c) the pyrrole compound has Formula P2, P3, or P4:

12p R22p

R13p R H R33p
= = =
N-H NH N—H
R14p R24p R34p\
H
P2 P3 P4

where
i)  R'™and R"P of Formula P2 and R**? of Formula P3 independently are a C; to
Cy5 hydrocarbyl group; and
ii) R in Formula P2, R** in Formula P3, and R**? and R**? in Formula P4
independently are a bulky C; to C;5 hydrocarbyl group or a bulky C; to Cys
silyl group; and
d) the metal alkyl comprises a mixture of triethylaluminum and diethylaluminum

chloride.

15. The oligomerization process of claim 14, wherein the process provides a higher
selectivity to Ce products than a process using 2,4-dimethylpyrrole as the pyrrole

compound.

16. The oligomerization process of claim 14, wherein the process provides a higher purity

1-hexene product than a process using 2,4-dimethylpyrrole as the pyrrole compound.

17. A process for preparing a catalyst system, comprising contacting:
a) atransition metal compound;
b) apyrrole compound having
1)  ahydrogen atom located on at least one pyrrole ring carbon atom adjacent to

the nitrogen atom of the pyrrole ring, and



NH R24p--'---- H HR3t_ NHR34P( H P2P3P4 where i) R12P and R13P of
Formul a P2 and R22P of Formula P3 independently are a G to Cl15 hydrocar byl
group; amioi20)/B162P in Fornmula P2, R24P in Formul a P3, &nu/Uk3@R/0333d1 R34P in
Forrmul a P4 independently are a bulky C3 to Cl5 hydrocarbyl group or a bul ky
C3 to 45 silyl group; and
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ii) abulky C; to Cy5 organyl group or a bulky Cj; to Ce silyl group located on a
pyrrole ring carbon atom adjacent to any pyrrole ring carbon atom bearing the
hydrogen atom adjacent to the nitrogen atom of the pyrrole ring; and

c) ametal alkyl.

18. The process of claim 17, wherein
a) the transition metal compound comprises a chromium(II) or chromium(III)
carboxylate wherein each carboxylate is a C4 to Cy9 carboxylate;

b) the pyrrole compound has Formula P2, P3, or P4:

R12p R22p
R13p H R33p
== = N—H =
 N-H S _ N-H
P2 P3 P4

where
i)  R'" and R"" of Formula P2 and R**" of Formula P3 independently are a C; to
Cy5 hydrocarbyl group; and
ii) R'"P in Formula P2, R** in Formula P3, and R**" and R**" in Formula P4
independently are a bulky C; to C;5 hydrocarbyl group or a bulky C; to Cys
silyl group; and
c) the metal alkyl comprises a mixture of triethylaluminum and diethylaluminum

chloride.

19. The process of claim 18, wherein the transition metal compound, the pyrrole, and the

metal alkyl are contacted in the presence of an unsaturated compound.

20. The process of claim 19, wherein the unsaturated compound comprises a Ce to Cyg

aromatic compound.

21. The process of claim 18, wherein R*? in Formula P2, R**? in Formula P3, and R**? and
R** in Formula P4 independently are a propan-2-yl group, a butan-2-yl, a 2-
methylpropan-1-yl group, a 2-methylpropan-2-yl group, a pentan-2-yl group, a pentan-
3-yl group, a 2-methylbutan-1-yl group, a 2-methylbutan-2-yl group, a 3-methylbutan-2-
yl group, 2,2-dimethylpropan-1-yl group, a hexan-2-yl group, a hexan-3-yl group, a 2-



c) the metal alkyl conprises a mxture of triethylal um num and

di et hyl al um num chl ori de. 19. The process of claim 18, wherein the

transi ti omormetiai37’@enpound, the pyrrole, and the netal alPkylusasie/oszst act ed
in the presence of an unsaturated conpound. 20. The process of claim19,
wherein the unsaturated conpound conprises a C6 to C18 aromatic conpound.
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