OLEFI N OLI GOVERI ZATI ON CATALYSTS AND METHODS OF USI NG

SAME CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Not

appl i cable. FIELD OF THE | NVENTI ON [ 0002] The present

invention relates to catal ysts and catal yst systens

for producing an olefin oligoner. The present

invention also relates to the preparation of catal yst

systens for use in a process for producing an olefin
OLEFBPBRIGOMERIPRTION L ATAY YSTSARD MR FHOBY O USING SAME

I'n |goner|zat|on catal yst systens for

use |n a process for producing an al pha-ol efin

ol i goner h from

ot hyl enc. CARBRCRETREVRE TR FL R ERaTI bt 1

oligonerlzatlon catal ysts and catal yst systens are
mgouknom@ﬁ licdge.art, but sonetinmes |ack selectivity to a

desired product and also have a | ow product vyield.

Enhancenents i n prgpapabfF CHEIMENIBIONT ol efin

ol i goneri zation catalysts and catal yst systens to

i nprove productivity and selectivity to the desired

[0002]pr odbie Present ipvsaiieier dp yatelysts end spalystriysiene f(ﬁrﬁﬁ%‘%‘gg‘g an olefin
11gon%90%g1p?e§ent M@( algg 11 hiEs M@Wﬁp@ﬁt&g%@ tl% ﬁg for use in a
ereln'1s a ne ex conprisin oun
proces@ Gorprekeitg o okfih @hgdsmelt dMore phitigalady, ththyesmt Jalventlonpd:letis to olefin
ohgom(eR\é%n 1(%2{]%? :sgsé?erﬁ%x éor)r\ztllslé)zlp %1%%655%0% pl\r/(t):du\cmg an alpha-olefin oligomer

comprising 1-hexene, 1-octene, or both from ethylene.

BACKGROUND OF THE INVENTION

[0003] Olefin oligomerization catalysts and catalyst systems are known in the art, but
sometimes lack selectivity to a desired product and also have a low product yield. Enhancements
in preparation methods for olefin oligomerization catalysts and catalyst systems to improve

productivity and selectivity to the desired product can reduce catalyst cost and improve process

economics.

SUMMARY OF THE INVENTION

[0004] Disclosed herein is a metal complex comprising a metal compound complexed to a

heteroatomic ligand, the metal complex having Structure X:
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wherein R}, R%, R?, and R* are each independently an alkyl group, a cycloalkyl group, a substituted
cycloalkyl group, an aromatic group, or a substituted aromatic group, RIS, R, R*, R*, and R* are



R4 Rie wherein RI, R2, 123, and R4 are each

i ndependently an al kyl group, a cycl oal kyl group, a
substituted 2c, n cycl oal kyl group, an aromatic group,
or a substituted aromatic group, Ric, xRk, wic, and
R5' are each independently hydrogen or. an al kyl
group, and MXp conprises a group 1VB, VB, or VIB
metal . [0005] Further disclosed herein is a metal

each m@ r%dgﬁwc@@c%nﬁ oqgemaaﬂgg%gl gg%girj?fg{‘ gcgﬁgﬁ%s?ggxt@u QVB, VB, or VIB

Inam.dlphosphlno am nyl noieties and a |Iinking group
Iinking each am nyl nitrogen atom of the di phosphino
0006 O el L
[0005] 5 ol i E%‘FP&”B@PF%?%%‘% esx]sr,’A%lcsjcr?Qp“(rFlrll %&n g C o#ggacr:ltﬁlhtﬁlgé&nrﬁ lind complexed
to a digho§iHib aramgrmgahd COmplishig atddst tafocxhpiaispthms sminghaofetiesrand @ linking
an olefin oljgomer prod ein th nEtaI conpl ex
group lankifer agle aminy e ragen i Sgﬁi‘ﬂ d&’gﬂ'ﬁ#‘ n?fl%? {¥hosphi no
am nyl ligand conprising at |east tmo di phosphi no

[0006]2M R¥do dIRIRED Beianél a@o dgdﬁlfdnﬁglcﬁtrp?bk&si totprisihot dogtaatirignae olefin, a
nitrogen atonms of the di phosphing ami nyl noietie

metal {@OU, Andor dpastlyss candnioreing ansolsfin QlipgBFEPioguRt Bherein the metal
comple[))( co?rﬁ)%%escg ARE %{)xﬂ?o&ﬁ%ﬁ% a%xﬁ(g d;f'" th@gﬂhfho iR [&and comprising at

a coca yst and form ng an
least t\@d» dfphﬁsphiﬂogmnnyl moietkscind avlhéar@ grouml;nkteg tle asgnylndtxogen atoms of

ses netal conmpound conpl exed to a di phosphi no
thedlpﬁW%P Hﬂ)le&’ﬁﬁprl sing a di phosphino am nyl noiety.

[ 0008] Al so di scl osed herein is a process for reducing
[0007]2N AldURcldabd REtTe an pliguhieizatidnnpraceso bafprisiny qmmcung)m olefin, a

rocess conprisin contactl an ol e
metal &ﬂﬁmeji‘l 2 qogaénpustnﬁdghyd&ﬁ%l 3é1§2 FUESERL Lﬁﬁi}é’lhg‘”g HOGRY itrein the
metal QXﬁgﬁge&)mﬁ{s@é’ |20 108h] 28brHoBhd Ncobiphekieat 4008 @pRePRiio aminyl ligand
par anet er sel ected fromthe group consisting of i) a
comprising @alighosphimmansiflyldheihys phi no ami nyl conpl exed net a
compound greater than or equal to 2 x 1 Y5

[OOOS]GqUIﬁYs%l cﬁ%k fi5¥ed h{:x%{n is'a e;)to&ssc g%d%l:ﬁﬁétanrﬂoﬁht 61?)(%}%@';%&%& in an

ar ra ater than or equa
olefin @rqalhamhpmcaesamnmphsmgucemyctmg amaolaﬁy,s@ dinkpsphingpamainyl ligand metal

ratio reater nor e to 2.1
compl?gcala,tqoa a’ﬁfteé% ?%E??g PR g%?r}go?ﬂ ilegré I‘p (tdél téo%kﬂ%ger ?gﬁ%eter selected
from tﬁésgroﬁfggo?lsﬂﬁﬁ@ of iPh c@R¥ntEiBR oD aiphesphiab aiminyil lcompllexcd magtel compound
i v thereof, and formng an olefin oli mel @#] tal molar rafi
greatel[tb@og] capaldo dixsk cﬁgéwaheﬁsﬂelr% lf)sa 030%@5%?%%‘ %g‘%‘ §jymetal molar ratio
greater qﬁ Se'ﬁﬂg 18 46@‘@'111)09 H athingPRbik W@Ehtél'yétgmétal molar ratio

1 NO am ny ol and a Cocata yst and
greateﬂﬁmt mgecmaﬂﬂorﬁﬂb spha lnydmgm rpgtttlahmeaupe renging fram bpsi (@ kPa) to 40 psi

e 5 e SR 1 R P ey Bt e

ratio greater than 200: 1. DETAI LED DESCRI PTI ON OF THE
[0009]PREAERRER:1GBUKRMENT & cafl3f 8yshirs coopeisinger wital gongpound, a ligand

catal yst and catal yst .systens conpri Si cat
comprisig %y phosph?no ann%y moiety, % a coca%yst anr;lighavmg a%lﬁﬁ%gphmo aminyl

moiety to metal of the metal compound molar ratio greater than 1.8:1 and a cocatalyst metal to

metal of the metal compound molar ratio greater than 200:1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
2 (]



cocatal yst. The catal yst nmay be a netal conpl ex

conprising a netal conpound conpl exed to a

heteroatonmic ligand. Additional details of the

het eroatomi c |igand, netal conpound, catalyst,

cocatal yst, and catal yst system are di scl osed herein.

Further disclosed herein are nethods of using the

catal ysts and/or catal yst systens for oligonerization
[0010]°7 & cR)ls&{ Brein! Afe Qlatgfr\é afld 1 IRIRY sgRLhORofBli@hy St catalyst and a

and/or catalyst syste may be “used to ol i gonerize an
cocatalgbtefThe catatyst amy ét laythetalecompldk- doapeising almelgk eamepoynd complexed to a

conbi nati.ons, thereqf, and. pay, di spl ay desirab
o R BHE AR TR P ABAP compoun, e
cocataly§tl S davl fs¥ systeDdrd UslosqiHepsds €Burther Hisél6sed hpieirCatt methodsiof using
'hydrocarbylvgroup" has the definition speCﬁfleg%b
the catplyptaend/er eatalysh S¥RMiop eigararrizaongf aneplelin: nfhe0lpiyp

5191;8 f ?ﬁ#@%ﬁlrs RQQed th 0B gorferile AHRIFHRARLA 4 iF/1@R 1Y 1-hexene,
CatalySgar 5ﬁ£§§§ y rog%ﬁ). A?ﬁyé}%%arbyl.group canﬁﬁﬁglude
1-octerieher t@mbinagbioy Itherent 4rall kngy display . desitabhy drepsgieBy$uchr #ugnhanced
an incluyde .rings, ring systenms, aronmatic rings, and
mn&“%?%%ﬂFﬁﬁﬂ??ﬂé“systens whi ch contain only carbon and
hydrogen. Sinilarly, a "hydrocarbylene group” refers
[0011]t O Bogpuepgsed of thixchpblicatienta fhydrocavbylhgrduides thet defipition specified by

a hydrocarbon _and "hydr.ocar bpn group'. refers tq a..
0P A o 3 B RS OB ot b . g
contairg%{éjéthﬂg ERb&t MBhylfdpen aK‘nMﬁIr&%?Jy*P p $20h2LEO the -HPREESE’ or “alkyl

is ggplicatlon, ‘or gany roup" has the L.
group. i eAihyitocarhylsgrewn tanciiciygje rnpsAGNS systgny AFrpatis B anderematic ring

systemg gx&xgc%’ coﬁ%?aa(gn gﬁgoﬁ) gndfkg)a.&tg#ﬁngilnﬁfaﬁ?,ea “ﬂ;ﬁﬁb&g?&ﬂ@ ol Crefers to a

nce a rbon atom us, an-org oup cah
group fopmedbp rangdng tvd hiydrogenradmyfromp( Is)drevadyoo rand e diydpearbon group”
ot her than carbon .and hydrogen (i.e. an organic grou
rofers {hy SEORHRGHAPE TPPHE: POHSHOGPEUHE Ghdrdr THfipet ot from a
hydroc@@dhtion to carbon and hydrogen). For exanple,
non-limting exanples of atons other than carbon and

hydr ogen i ncl ude hal ogens, oxygen, nit, en, apd. .
[0012]ph o Ephpirpeses &g aBRIEHA RO ATH EPHG B3aiip(detnigen specified by
IUPACE%%%&Q}EE;‘%J b?t:itggg%rég%? LdsdRn &Rt BE fidctiHafl BpY d8Singhsle FRRSvalence at a

ester nes, and phosphi nes, anong
carbongitdner Shus, s dugdesd grovptche contgjn n;gamgrigmq@md@fgirwp(ﬂ) end/arr aom(s) other

het er gat gm cont ai ni_ ng _.ri ngs, e i nj
o ARG P LRI 0 o
in additioAgo ?clﬁﬁ)bﬁ Rmd hgﬂﬂf@géﬂ)y_,Fdrte_x&h?laJd n‘brbﬁrr]xhi‘ng&damp[hl; of h®ms other than
organyl grou efinition includes t rgan roup
eSS SuR S A o, Loclices, Lhe Rl AL s on
limitinE e a1 %n&foﬁbl%}‘&ﬁ)s BndIRIEREeBs, aldbifde@Kedbne? Bsters, sulfides, amines,
organyl ene group” refers to a organic_group, o
and phosphines apwng ofhefsu foelhdadan theygsganyk growe defsytiqnegig hstergatppgontaining
. hydr ggen_at oms from .
s, SR AR, B0, Ol o s
Finallyg @86l ibe @dted rtiga theCorgaryll proup rdafeaititny inchwes/the @rgang gyoup consisting

. more hydrogen ato fromone or nore carbon,.at.o of..

of inet S HER PE B AN Y OTHL B ek PGB B 4 “organylene

group”XRfRkd 931 drBihic 5idfp, rEEAAISs of BirlcBéa® Bpe Oforh&iEbY RiBVing two hydrogen
"organyl group consisting of inert functional groups”

atoms frefrens ar dwa sabery aleyls of b YiLaRisetoRInQuIdt andhiry Zsganic group” refers to a
functional group(s) and/or aton(s) other than carbon o
and hydrogen present in t he3f unct i onal group are
restricted to those functional group(s) and/or aton(s)
ot her than carbon and hydrogen whi ch do not conpl ex
with a netal conmpound and/or are inert under the
process conditions defined herein. Thus, the term or
variation of the term "organyl groups consisting of
inert functional groups" further defines the
particul ar organyl groups that can be present within
the organyl group consisting of inert functiona

rization




wherein RI, R2, R3, and R4 can be any group descri bed
herein and the undesi gnated am nyl nitrogen val ence
represents the remai nder of the heteroatom c |igand.
In an enbodinent, R, R2, R3, and R4 can each be
different. In sone enbodi nents, R, R2, R3, and R4 can
be the sane. In other enbodinents, RI and R2 can be
the same and R3 and Wean be the same but different
on€ TPl énﬁ dirdgen™it ﬁ@@r B3
gencraltffl Ty i B0 F fornll Y OX A8 g€ B8 AL R Becr g Brofone or more
carbondiohisarf@nbrganiogpiRpowndd R3. [ 0018] I n an enbodi nent, RI,
R2, R3, and R4 nay each be independently sel ected from
the r nsi r R
100131l B RO o5 i el Bl b e LR DM genyl group
cons1stfthHfQﬁa’f Byrlctigiad gmupt’hreﬁ@ﬂﬁ) anb:gdnm0m Wﬂtrmeﬁe oFganic functional
R4 may each be indepen tlLy selected fromthe
aroup(§ B COMUSL Oft L SO Gt PPgegy st n Jby fipegfnal group are
restnctbcp@)rthosfe YRckibRd %fouﬂ(s%ﬂ&ﬁ@r a@&ﬂéﬁotﬁ%%%' and 'hz&i’@ged which do not
her enbodi nents and R4 may eac
Compquwdélp @ndetal ¢gmpoyng ragdmy faregingid pndey the Wﬁs\/eqnghtloaﬁ defined herein.
[ n
Thus, 8 S or Wil W0 Brbtbofi] b LAURRHDEBEindt BBl groups”
furtheredlﬂfmés mmtpa,ﬂcmlmo ofganydo goupd thalt, caRZhe Bﬂe,serﬂnwhﬂﬁa theiyorgeayl group

consis g%ldged ! %l{nggcrng} %rqr_glﬁg gFg{dlt]é)Ha. }%ih SySt qu[xg 197]1p ot ing of inert

functlohﬁdgﬁ&?ﬂ%d QA rdfeSR @6 tRhehdeosn &{éeor%&*é Pin&® MigcEbhdl @rédfps awithin the
roup, a cycloallcyl group, a substituted

organybg@ppm | terggt @upsanaézﬁn@f tefre gfggmd graup; cepsisting pbipert functional

group A Bl e SBURELRA P BloRTEL b InSHiRE SRS, an “organyiene group

cons1stﬁig‘mﬁ iHenefort csipnal lyeouigh’, reR2s toflRa or@mut gRaumfeymeblzyhremoving two hydrogen

ependent | y be, an Kyl a cl.oal kyl.
woms §iRERE PL B PR rsaT I grats o pol i P gt RiPtort eroups
and anS‘Hkg%iuhtg#&ngooﬂé@t[f@ ofGné&H AitRtioran ﬁt}bﬁp” fifie ko @@ﬁ&!ﬂdlfiedl bganic group
and R4 may each i ndependent y be an

consistigiof inegfrfangsiona) jsreiph frmgd |by TOTBOVERECQMS X 3P n atoms from one or
SRS f Rk KpctisHaP

]nmecgb&géﬂg%lv§+&?mg%§aronagpéﬁg?%%8 al tefﬁatlgg?yi a
substituted aromatic group; alternatively,

[0014] het Borquupnsest ¢fdhig applisatior, an [“insrtrfandtigeal\group” sm) group yhigh does not
hef et garomat.i.c.ar o

substay 1 Slrf?i “élglnthg cﬁ‘peﬁse h%%é@%#eﬁ%f%ﬁt lﬁy sgl:l g?ti:eét1 Ié} te E r olrln e inert

ﬁmctlogdilogrpulﬁ: @akeh Phait n@dok dves mypt complay Iwithnthermptal compound of the metal

comple:\g;e ﬁﬁ&%ﬁ ) ng{) ‘iﬂnﬁ}f@i \grgl& @}Vggtel?chg&oﬁgqﬁ’yl (i b(?ﬁ grozlps that could

compleg(ewﬁh | cdn?po%& BlYtl m%a@iﬁﬁlﬁb’lh})lecﬂes‘lﬁﬁér}ﬂed Qléreﬁledﬁhﬂdt)complex with
2-pentyl, pentyl, 2-methyl-1 -butyl, tert-pent

a metal @nmwh@: tiuegtobltst Bﬂspﬁong rﬁl@tlwhl.p]wulgm p)}qgand For exampl)é while an ether

h t e t )i ¢
group aq1 %/le)( #e Qlcg% peéril‘t ﬁ ’%t %&' t%%féé[ 2;‘1§, gl %gwto y1 ion of a
substltlitydi bbeh@l(phqsphmﬁ ulhﬁilylt grongrliscancinet efuydtiondd egrayyd because a single metal

compogpLpROt BT WA BB Dt <tiGn SORD r rhoSs R ity diegpd within

the san(eSIHQtﬁF éotn&ﬂl&dm@l'e@h@ NYhus, the-iNeHRsfla, paitithkk ifilndti®khl group is not only
2- napht hyl , anthracenyf substi tut ed ant hr aceny

related iy it amnwnal giouR siinherand inghilitytorspmplex; the mgta) G%PWAW can also be
and a substituted tetrahydr%furanyl group. In sone o
enbodi nents, R, R4 can each be
independently selected fromthe group consisting of
net hyl , ethyl, isopropyl (2-propyl), tert-butyl
(2-met hyl - 2-propyl ), neo-pentyl
(2, 2-di net hyl -1-propyl), benzyl, substituted benzyl,
phenyl, and a substituted phenyl group. Alternatively,
R, R2, R3, and R4 nay each independently be a phenyl
group or a substituted phenyl group. In sone
enmbodi nents, R, R2, R3, and R4 may each i ndependently




substituent(s) of the substituted cycl oal kyl,
aromatic, heteroaromatic, phenyl, 4-phenyl-phenyl (4-
bi phenyl ), naphthyl, anthracenyl, pyridinyl, or

t et rahydr of uranyl enbodi nents of R, R2, R3, and R4
can be a nmethyl group; alternatively, an ethyl group;
alternatively, an isopropyl group (2-propyl group);
alternatively, a tert-butyl group (2-nethyl-2-propyl

ObRn-
relatedgtéqgep g.mcﬁérha?lgfo%k%a% F%%%Xmgg% ﬁmgt‘[ag%&h 16X, lN%n limiting examples of
inert ﬁrmhmdail genps waithatuk ey bubstabsallyt m@rfel(eswltloprowsees described herein can

includ%Hgﬂ)[ Elojrbf %H%%/qy oal k%\'ﬁft H)a fﬁq@%’gﬁ%?&%;@ n%%erﬁlygrou}gr sulfides
(sulﬁdylegr&q;l)lyﬁa/@f hlycmsaékbye pRoapd mmg&tnérs 121, R2, R3, and R4

can be a nethoxy, ethoxy, n-propoxy (1 propoxy)

[0015] ;28 b egr;(gy)pr gvgn%{?ggg%x e) fepg%but %%ﬂ%ézq%gérﬁa& Jiravmg X carbon atoms”
((pol&gﬁfé}’ brodﬁ&r”t\bﬁgréiﬁﬁ( Ct H@Wi}css?m@r&ﬁ%b@ mte@elp @ETERMY materials

pent oxy), 2-pentoxy, 3-pentoxy, 2-met ¥
produced by momgmltgop@np@my V(}Qchqlg{vp))i cazbmt@;w) hus, the term oligomerized
t h t 0
producgél’a\élpg?il( r?ea{q%/{l a&&%g ggcgg%é)?y%‘xgtegalp Lhta%?x% X crarﬂ?)?l &glglt\rrgﬁé’hs were not
productd ebyethis eslyfin @Hmhd:rtzraﬁdsﬁ ((ag sdlvdnbe %mt terms @thy also include other

eSS SR o BATRELG LSl 7B I g e
essencd Q)tfrtﬁQYtgﬁerré'ﬂéﬂfﬁl\él to ARG RERvEngO X B!m‘boﬂfz?a,ton%3 prédiged®by monomer

can be a nethoxngéoup alternatively, an ethoxy
oligomgrization, aafl fielingdhe adslitionalges¢ripbiye &8%y gr oup ( 2- pr opoxy

group); or alternatively, a tert-butoxy group

(2 Y 0 h3R%4] 4 nmam eoR &hﬂe% [Bxed t
Hmlﬂhalggéﬁ éu%xgéggeﬁ%?géﬁggéfoegsubst|tuted cgc | oal ]n? et foa
heterosomicdigan]. frete mpbmathe&romnyig?nmccphmrs amﬁylcharactenzed by

i o AT AL BB, o g i

may héédRebBe tdfetedditoQ, P}min@fetyr@r ashr dlplhdsphm@ aminyil inoéety. | The heteroatomic

ot her. enmbodi nents, the hal agen su stltu t of ?&%
ligand §9@§ﬂ$lwrf@ddle§<z§plaar Y] B EhtRRY. be FEIpERD ligand or as a
dqmos gﬁﬁgggnyl phenyl (4- brphenyl) naphthyl

rac pyridinyl, or tetrahydrofuranyl

enbodlnents of RI, R2, R3, and R4 can be f| uorine;
[0017] 2] t by A embedient Hiedhdtereatomic bgandtcomprises » Hiphpsphinopminyl moiety
lmVHQQﬂe§ﬂ&§$é¥ely’ |od|ne [ 002511 n sone enbodi nents, one

of nore o and R4 can be a phenyl group or

a substituted phe I group. When one or nore of RI,

R2, R3, and R4 ioié phenyl group or a substituted

phenyl group RIR2 RS/ and R4 can have Structure 2:

wherein lel, le 12 3\ | e, andtheudn each separately

be hydrogen, an al kyl paroyp, an etheryl group, or a

hal ogen atom The potentRal al kyl groups, al koxy

groups, and haIogen‘%tonrsubstltuents are descri bed

herein and can be utilized in any conbination within
whereiml 'Y REURE #nd RN c§r9'$€ ﬁ?@gﬁﬂ‘fﬁ@cﬁbeﬂi&eﬂtﬁmﬂnt}l@' Ufidbsignated aminyl

group and Ra, Rx3, le, and | e are hydrogen; 1 o
mtrogearvp@mepmer:rgts the gernaindgn oﬁlth@)hetfg@mpwdwand eln wegand@nent R, R’

R, nf Rl cént &h B Qiffrdt 9P Qomd gm%d?&&mg TFOORE TN RY Garl B @P same. In
group and 'RxI , .
tc. and le are hydrogen. In yet ot her enbodi nents, le o

is an al koxy group and Rxi, SRfI, Ro, and le are

hydr ogen. hi further enbodlnents lel, RL2, Rx3, |le,
and | e are hydrogen [ 0026] When t he di phosphi no am nyl
noi ety conprises nore that one phenyl group, the
substituents of one phenyl group can be independent of
the substituents of one or nore of the other phenyl
groups. In this scenario, the substituent designations
of each phenyl group can be represented by repl acing
the x wwthin R group designations of Structure 2 wth




and R35, R41, R42, R43, R44, and Kn45 can

i ndependent |y have any conbi nati on of substituent(s)
descri bed herein and/ or have any substituent pattern
for the substituted phenyl groups as described herein.
1002811 n sone di phosphi no am nyl noi ety enbodi nents
having Structure 3, Rl11l, R21, R31, and R41 are al kyl
groups and R12, R13, R14, R15, R22, R23, R24, R25,

other eﬁ%ﬁdm@ﬁé R%At G RF R be B@%amgﬁ R% R@ﬁ%eﬁﬂg’ sadheCout dlfferenlt from R

rogen, ernativ , and K1, 41 greak
and Rzg Mo wsothm@nmmmemSR mMR @bbe ﬂEQ@meF@Q R’mpd R* Rasbe the same but
3, R34, R35, R42, R43, R44, and n a tc.
dlffereﬁtr%o‘ﬁgg n; alternatively, RH and R4l are al kyl

groups and R12, R13, Rl14, R15, R2I, R22, R23, R24,
[0018]R25In B3 3mb&BRentRRY, R, a3l miR¢ 2acHUS md%h,der&lydsel%é&d from the

group g{ngla%rédr ?g%%?gag}yi }q%tgg aatpali)\fg%ln Rlp:@gglgtﬁgz ‘PSf{ %QgXl groups, and a
hydroca?bél goup. 1588 Inf¥orhe FRbdintZAR, R, RR4gd Rhhdy edch be li?depeli’rﬁédtly selected

hydrogen or al ternatlvel y, RHis an alk
from the eugupapehsiRiRg OREB, oyl gRIW, ceuEtingrf, inggp Junctional groups, and a

hydroc%@l g%ilz arRB?E er?% odﬁ% 5. O,I[ ﬁ é%ﬁ ’angzk?’mﬁr %acha&dlndﬁkﬁdenﬂy an

: en. rdi pti osphi no am ny
organlengIﬁﬁp' ell’dmﬂivmnt& loepahylg gftupu cd)nsrsang ofR:ii&rt dwetip® groups; or
alterna Ys aFéfy | oc%g “g anlnﬁgiher ﬁgéodlﬁﬁli S, two or tnore (:)I’F RIRﬁQ R?, and R* may

be joined to form a ring or a ring system.

[0019] In some embodiments, R', R%, R?, and R* may each be independently selected from the
group consisting of an alkyl group, a cycloalkyl group, a substituted cycloalkyl group, an aromatic
group, a substituted aromatic group, a heteroaromatic group and a substituted heteroaromatic
group. In other embodiments, the R!, R? R’ and R* may each independently be an alkyl group, a
cycloalkyl group, a substituted cycloalkyl group, an aromatic group, or a substituted aromatic
group. In yet other embodiments, the R!, R% R® and R* may each independently be an alkyl
group; alternatively, a cycloalkyl group; alternatively, a substituted cycloalkyl group; alternatively,
an aromatic group; alternatively, a substituted aromatic group; alternatively, a heteroaromatic

group; or alternatively, a substituted heteroaromatic group.

[0020] In an embodiment, R!, R?, R?, and R* can each be independently selected from the
group consisting of methyl, ethyl, n-propyl (1-propyl), isopropyl (2-propyl), n-butyl (1-butyl), sec-
butyl (2-butyl), isobutyl (2-methyl-1-propyl), tert-butyl (2-methyl-2-propyl), n-pentyl (1-pentyl),
2-pentyl, 3-pentyl, 2-methyl-1-butyl, ferz-pentyl (2-methyl-2-butyl), 3-methyl-1-butyl, 3-methyl-2-
butyl, neo-pentyl (2,2-dimethyl-1-propyl), n-hexyl (1-hexyl) cyclopentyl, substituted cyclopentyl
cyclohexyl, a substituted cyclohexyl, benzyl, substituted benzyl, phenyl, a substituted phenyl, 4-
phenyl-phenyl (4-biphenyl) substituted 4-phenyl-phenyl (substituted biphenyl), 2-naphthyl,
substituted 2-naphthyl, anthracenyl, substituted anthracenyl pyridinyl, substituted pyridinyl,

6 ]



R42, R44, and R45 are hydrogen; alternatively, R13,
R23, and R43 are al kyl groups and R11l, R12, R14, RI15,
R21, R22, R24, R25, R31, R32, R33, R34, R35, R4l, R42,
R44, and 45 n a it are hydrogen; alternatively, R13
and R43 are al kyl groups and RH, R12, R14, R15, R2l,
R22, R23, R24, R25, R31, R32, R33, R34, R35, R4l1l, R42,
Kn44, and R45 are hydrogen; alternatively, R13, and

o, S SO IS oLy Sl .

and R} @nanch Bﬂ&dap@dmkyrsa@eﬁﬁd fiom thietasoupatansisting ofRmethyls ethi, isopropyl

(2-pro%)4¥er olu(%ﬁ&g@pfo Zﬂe&%rdfty dlﬁ&-&%gpyﬂ%%&zyl substituted

benzleﬁHéhyl mach Eﬁlﬁuﬁ%ﬁdﬂ)&dﬂowgp IAlteyﬁtwelthl‘ R, Fih;o&phlkf*anay each
am nyl noi ety enbodi nents ha Structure 3,
mdepep@eslﬂy hsspherty ZEONR OFRA Substiited tﬂ\g‘éwg BP0 §°%Efn‘ﬁﬁme%§ R’ R,

and R4I%]ra%" eaag-éldep%%&ent@?o% a pﬁgxﬂﬁl gr%%ﬂ’ or BﬁématR%?y, a Rdtituted phenyl group.

[0021] In an aspect, the substituents of the substituted cycloalkyl, aromatic, heteroaromatic,
phenyl, 4-phenyl-phenyl (4-biphenyl), 2-naphthyl, anthracenyl, pyridinyl, or tetrahydrofuranyl
embodiments of R!, R?, R, and R* may be a hydrocarbyl group, an organyl group, an organyl
group consisting of inert functional groups, or an inett functional group. In an embodiment, the
cycloalkyl, aromatic, heteroaromatic, phenyl, 4-phenyl-phenyl (4-biphenyl), 2-naphthyl,
anthracenyl, pyridinyl, or tetrahydrofuranyl substituents can be an alkyl group or an inert
functional group. In some embodiments, the inert functional group can be a halogen, an etheryl
group, or a sulfidyl group. In other embodiments, the cycloalkyl, aromatic, heteroaromatic,
phenyl, 4-phenyl-phenyl (4-biphenyl), 2-naphthyl, anthracenyl, pyridinyl, or tetrahydrofuranyl
substituents can be an alkyl group, an etheryl group, or a halogen. In yet other embodiments, the
cycloalkyl, aromatic, heteroaromatic, phenyl, 4-phenyl-phenyl (4-biphenyl), 2-naphthyl,
anthracenyl, pyridinyl, or tetrahydrofuranyl substituents can be an alkyl group; alternatively, an
etheryl group; or alternatively, a halogen.

[0022] In an embodiment, alkyl substituents of the substituted cycloalkyl, aromatic,
heteroaromatic, phenyl, biphenyl, naphthyl, anthracenyl, pyridinyl, or tetrahydrofuranyl
embodiments of R, R, R3, and R* can have from 1 to 10 carbon atoms; alternatively, from 1 to 6
carbon atoms; or alternatively, from 1 to 4 carbon atoms. In an embodiment, the alkyl
substituent(s) of the substituted cycloalkyl, aromatic, heteroaromatic, phenyl, 4-phenyl-phenyl (4-
biphenyl), naphthyl, anthracenyl, pyridinyl, or tetrahydrofuranyl embodiments of R!, R% R?, and
R* can be a methyl, ethyl, n-propyl (1-propyl), isopropyl (2-propyl), n-butyl (1-butyl), sec-butyl (2-
butyl), isobutyl (2-methyl-1-propyl), fert-butyl (2-methyl-2-propyl), n-pentyl (1-pentyl), 2-pentyl,
3-pentyl, 2-methyl-1-butyl, fers-pentyl (2-methyl-2-butyl), 3-methyl-1-butyl, 3-methyl-2-butyl,
neo-pentyl (2,2-dimethyl-1-propyl), or n-hexyl (1-hexyl) group. In some embodiments, the alkyl
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R35, R4l, R42, n44, x and R45 are hydrogen;
alternatively, R13, R23, and R43 are etheryl groups
and R11, R12, R14, R15, R21, R22, R24, R25, R3l, R32,
R33, R34, R35, R4l1l, R42, R44, and R45 are hydrogen
alternatively, R13 and Re are etheryl groups and R',
R12, R14, RI5, R21, R22, R23, R24, R25, R31l, R32, R33,
R34, R35, R41, R42, n44, K and R45 are hydrogen;

substlt%ni@f é.‘gt%é ¥@f%mte§ic§rcloaggl B@?ﬁé %ﬁe‘i&%ﬂ&w%}%ﬁ% 43;1‘&%% :?henyl @-

b1phen§ﬁ4naph’fhyl ReéthracB42, pyRdayl, I%t4¢treﬂmdf0%yhbmb¢@lmﬁmg @ﬁR ,OR R’, and
i.S an e and .R11

R canfog 5 gl sy temtive o ) SFaupse Vel iy iyp -pro
RaBorndtd dly, Rbets-bi -meh§1-RAEopsT Sroliy)d be gldinativelya -pentyl
group)furtnﬁer grrbodit meﬁl?gro%& 9 ﬂ, p§1 %?4”!?1 RaZI 4 aneopeny
group @23dinythyl-1 wpopyl group). R32. R33 R34 R35, R4l, R42, R43
44

[0023]R 1284 Rboditdest, %détﬁéi}ﬁnsubg_tﬁﬁerﬁdsﬁﬁf tHer su%Ethﬁt%&"cg&bélldﬁ aromatic,

ubstltuents for substituted phenyl group of
heteroatophids pphenyl, arinbphylionaphthyh awethiseenyl.d eyeidingkd or - tetrahydrofuranyl

)| d
e 512 B O B SRR o
(2—pror§tﬁ&y)§ &Sl@tftd))k}ed lblﬁdi)@l) rlsec{bﬁﬁ)&?](ﬂmua)xyp lisobirtoky i(2-gnethyl- l-propoxy) tert-

t, th h hi
vamocER e '3 Bl 6o, gl 60 ) SIS ey
tert—peﬁt%xg (GAfHHRD Bk R Sﬁﬁiei\gi -IBufNY, %QM‘EI)—Q “Huedgy b2 Bbé’—bbntoxy (2,2-

i's(di et hyl phosphi nojam nyl
dunethyl Lopropy)l @PYRNIN gemd ewbedimsaips tgwﬁw&prplpﬁnﬁ@pm ¢fythe substituted

cycloa P’ L l(J%))m?téc:, teﬁet[t)erpa\#)%%gcls h%]) (lﬁ?henyl naghth;d anthracenyl, pyridinyl, or

tetrahy(iﬂﬁmﬁﬁﬁteyﬂbaﬂmﬂaks dfaR b ,(H raed) nmylbp facs gthoxyo pramp; r@lﬂernatwely,

ethoxy(‘:’gzr%tm3 ?lte(réé%l){g % cﬁg&_gr -pr p%()e(}rl] éro%g)? P hllterllr?a)tlvgy, X tert-butoxy
L hospi no) am nyl grou or (4-

Srotp |%ﬁgﬁﬁ%ﬁ%%§¥@?§£bls?dl ) blpﬁenSIphglplno)énlnw

100241305 By . EPEReGH aL%a%é%nbe%?tﬁ’é’n?@ B Piscriichst @vs ROl aromatc

hetero%b&?tgbd pﬁl?eﬂ be4 gﬂé}@pg) am 2(|2k|‘b11§1ﬁnyl) naphthall anthracenyl pyridinyl, or

spin ny gr
tetrahydmﬁuﬂanyhembn@mmsm RAeRit B, anAR @mpg’mﬂmnmoclé@ﬁnﬁ;ybmmme or iodine.

In otl}%ne %d?rtlfi{g%ef}}?y Ogr%/ g_s) gﬁqﬁc%l_tj Oi?fp %g} uﬁ§d’cﬁt‘8€( ! C}Ifcio%ﬁ&ﬂ aromatic,

heteroatiblﬁéﬁiit gﬁlﬁlﬁ Wbﬁdﬂ@nyﬁényl paspikhyln) asphtywll, gntegognyl, pyridinyl, or
e y e

tetrahyg;cg’le nyl) 2 %/R) ’pﬁoi%hlaﬁg)l?an‘fqtfyli’e BP@HE} alternatively, chlorine;

I
ﬂmﬂmécaféﬁaﬂ&?§%6?§§§¥%k§E&%&bhggph|no)an1ny| gr oup) ,
(2-ten-

[0025] In some embodiments, one or more of R}, R%, R®, and R* can be a phenyl group or a
substituted phenyl group. When one or more of R!, R% R3, and R* is a phenyl group or a
substituted phenyl group R', R?, R, and R* can have Structure 2:



butyl phenyl) 2P) 2N- (a

bi s(di (2-tert-butyl phenyl) phosphi no) am nyl group), or
((2-neopentyl phenyl) 2P) 2N- (a

bi s(di (2- neopent yl phenyl ) phosphi no) am nyl group). In
ot her non-limting enbodi nents, the di phosphi no am nyl
noi ety or noieties of the di phosphino am nyl |igand
can be ((4-nmethyl phenyl)2P) 2N (a

bi s(di (4- nmet hyl phgay! ) phosphi no) am nyl group),
((4-ethyl phenyl)2

bi s(di (4-ethyl phen Rhosphi no) am nyl group),
((4-isopropyl plre @ N- (a Structure 2
bi s(di (4-i sopropyl Rhenyf| phosphi no) am nyl group),
((4-tert-butyl phen 1) a
bi s(di (4- tertbutprhenﬁ?%phosphino)aninyl group), or
((4-neopentyl phenyl) 2P) 2N- (a

whereiR IR, A€ 4R P e eaidyiR P e khohPdpadateiyns Bydrspeh, &f 8lkp) group, an etheryl

[0031]I'n other non-limting embodi nents, the
group, cirp digisigen Ategpd nyhe ,p@te@ﬂ@l Kyl 8108PS, &kq;qy gqqus and halogen atom

s e PRt SROC M Py snpieiy it P 2 I
some cptbodipiintsoRE s atyhlkgrgnmp:p) and(l{"%l, RIBRIG )ayquerpyq_)l@p@n, or aternatively,

R is G Syl RN B B b8 R SEdDTkEat nin ey oiments, R* s an

alkoxyl dne), &, asd Rﬁlsﬂa)re hidr é%lenetﬁil Q&W Bbd@EREARF R & an alkoxy
p

group qnl(ds q;l{(g"gr}g%hoxéﬁ 9%}& phos I rilgr embodylmer%s ?{l’{p)ﬁ"z R®, R™, and R®

mehy% di ( 3- |sopropoxyphenyl) phosphlno)an1nyl group),
-1 sopropoxyphenyl) 2P) 2N- (a
bi s(di (4-isopropoxyphenyl hosphi no) am nyl group),
[0026] ( ( 3Wh@r(1ttht) lghp%;o SRl é}r}_qxppty (cgrelpnses) more t¥1at gne pﬁgnyl group, the

SubStltltC(l%g qLor %’ p% S‘&%%?% g%ib%lg@g@&?%ﬁﬂ@é@&)ﬁéﬂt@ﬂ on8 P HiRe of the other

phenylb'grs(lpﬁ ( 4n tthis t schnariox yheh subgstifuenthdesgnatiomp aofi cay:h Ignnjdpg'roup can be

e o b e BSOS oSSR R AR, BT Mo e

diphospl ﬁ‘o g/( Raomey |R0 %Uﬁﬁ‘h&a)ezll\lwh{cﬁ it represents. For example, if the R!
nethoxyphenyl) phosphlno)an1nyl gr oup

) .
group pf)@xgzjlphq)sg}@mo amhw}t mesty havng i ﬁgct@wb]og; #rabanyl grogp (or a substituted

phenyl%r(ﬁﬂ)gsﬂ?%l gtmmg ék thgtﬂ gil%‘l}ﬂ) groﬂg ﬁl&\%ﬂ(@@t | OE Ssrqoyi be r)e;éresented by

the desﬁ@abmﬁ(mll (IQIZtIh o]p]ﬁ,ezmﬁl B'p h(hﬂq:dwmeoyheaim;lgl}dtlogsr oflpR; phenyl group (or
{ 3 4 5

substltl%} Qz? Va )Méﬁ%ﬂ rfgﬁ%ggﬂlb%&}e %eﬁ]igﬂ§} onizJ Bo UB) ; R* R* and R,

(3- ethyl 2-t hi ophenyl) 2P) 2N- (a bis
[0027]( di [BeamRinitoldindent, HhOdipiesaphine Baighinoie)y afheyd Stgrcanp}:,

((2-ethyl-3- thiophenyl)2P)2N (a

bi s(di (2-ethyl -3-thi ophenyl ) phosphi no) am nyl group),
((2-Pridine)2P)2N (a bis(di(2-pyridinyl) phosphino)
am nyl group), ((3-pyridine)2P)2N (a

bi s(di (3-pyridinyl) phosphino) am nyl group),
((4-pyridine)2P)2N- (a bis(di (4-pyridinyl) phosphino)
am nyl group), or ((2-ethyl-4-pyridinyl)2P)2N (a

bi s(di (2-ethyl-4-pyridinyl) phosphino am nyl group).
In further non-limting enbodi nents, the di phosphi no
am nyl noiety or noieties of the di phosphino am nyl

i gand can be ((2-thiophenyl)2P)2N (a o
bi s(di (2-thi ophenyl ) phosphi no) am nyl group); or
alternatively, (2-pYridinc)2P)2N (a

bi s(di (2-pyridinyl) phosphino) am nyl group). [0033]In
an enbodi nent, the di phosphino am nyl |igand can have
the formula RIR2P- N(R5) - PR3R4 wherein the (R R2P)
(PR3R4) N- represents the di phosphino am nyl noiety and
R5 represent the remai nder of the di phosphi no am nyl
I'igand. The di phosphino am nyl noieties are described
herei n and can be utlllzed in any conblnatlon with

p—




wherein Ri o, R2c, R3c, n4c, tc and R5c
can i ndependently be hydrogen, a hydrocarbyl group, an
organyl group, an organyl group consisting of inert
functional groups, or an inert functional group, n can
be an integer ranging froml to 5, and the
undesi gnated valency is attached to the am nyl
nitrogen atom of the di phosphino atninyl group. In an
enbodi ment, n ranges from2 togd4. In sone enbodi ments,
n can be 2; alternativel yr143; sor alternatively, 4. In
an enbodi ment, R o, R2c, R3 R4dc, and R5' can
i ndependent |y qupydroqen atn,al kyl group. Wthin
Structure 4,, the substR ¥ R2c, R3c, R4, and R5'
can be any o2 al kyl R5 group descri bed
her ei n and/ or gubsr'i't uent pattern as
descri bed her g ge enbodi nents, R2' is an al kyl
group and Ric, R3'n \ and R5' are hydrogen.
[0038]In an enmbodigent, Nhedi phosphiSHcWieidhyl | i gand
. B R2, /| RRC R3c R P\
\\R3c R wherein R, R2, R3,
sg¢any group as descri bed
o o and R5' can be any
cycl oal kyl substR® uentRUy erf2her ei n, and/or any
cycl oal kyl substituent paﬁ descri bed herein for
the RS group having Strucfure\4, and n can have any
val ue described herein for ther®5 group having
Structure 4. In sone enbodi nents, the di phosphino

amnyl Ligands can haye Strugtune.bh erAi n Rlas 1p32 p33 p34
Wherelpcgf}e éil?am'?\%’t% n’}inolgpeiérde"f‘ﬂ‘{]l’?J bg aRy éirao p’ Q@Figesl??’i%e’oR » R
and RYERE R RES ,R2and KB’ can MdepeditdilyhavC aly EciisinaidM of substituent(s)
_substituent pattern conprisSing an al kyl substituent i
descrited hgretrangfor havearysrbsiitusa Ratierclon thetsabstifsedcpiiepyrgreips @ described
attached to an am nyl nitrogen atom of the di phosphino
am nyl noiety, and n can have any val ue descri bed

herein for the R5 group having Structure 4. In otrﬁer21 .
[0028] e b busomerdishosphino athinilonpikiyrembedinmpts Havigg Stuctoees, RavB™, R™, and

41 Strycture | &l g1kl 1s , n83p24ap 6k BN,34 35 pd2 pd3 pid
R afﬁﬂ@i&é%“é’éﬁ?‘?ﬁ any’ rogﬁ’la{s’gesgri edﬁhélr{ef}r}, E&l'R » R”, and
RY ardRdrogRd! alteRtivel ARl RS, apdR*harealighgroapdaid REGRY, R™, R, R?, R”,

pattery cQ I sisng,onky_g@ne alkyl substituent . |ocated 4
R, RERE RaBork atbm Ao hoohr. B 1t haretarisem: liempitedath ogd R are
allcyl ghtp@An@R M RYI RMI R OREIRALEMES!, P Uit S RPNR BRIPNEE, R, and
4, oiety, and n can have any val'ue descri bed llgerlgm15 (o] S
R™ aret hyalrgpnyalismativelyi Bg ast Rucarmgalkyl gronps gngtR 6t RherR™, R, R™, R™, RY,

R?S, REMPOGIIENE G35 ae Rdin %gf%p‘hw 'E}e;}ﬁgrclﬁhggdg %ﬁerﬁgtﬂeﬂé‘léﬂ is an alkyl

2

herein, R &% R2Q;

herein.

Structure ’lI' vherei
group irmidRBeRAeRY) B'° R aRY, RT ORY, RS, REsRP) REJRUERE] RY, K2, RPsR*, and

R st YR e i b B o
R®, and 3 LRGP cHupdihd RV G, BT RIEL RA eRA, R* RIB R*, R¥, R* R¥, RY, RY,
R* and R® are hydrogen; alternatively, R, R%, and R* are alkyl groups and R R2Z RM RIS
R21, R22, R24, R R R? 1, R32, R33, R34, R s R‘”, R42, R44, and R are hydrogen; alternatively, R" and
R*® are alkyl groups and R'’, RZ R™ R R? RZ RZ, R* R, R, R R®, R¥ R¥, R, RY,
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wherein the RII, R12, R 3,and R15, R21, R22, R23, R24,
and R25, R31, R32, R33, R34, and R35, R4l, R42, n43,
K R44, and R45 can be any substituent described herein
and/ or have any substituent pattern described herein
for the di phosphino am nyl noiety having Structure 3,
Rle R2., RS,

and R5' can be any cycloalkyl substi t uent

Ip A n 11 pl2 pl4 pls p21
: Substleﬁﬁ&d{&%ﬁ%@nﬂ IR aaYl&Ra Yre gl%h kyind R' R2 R R, R?,

attern escrl bed herein for the R5 grooup 13
R22 REaRP R RPLRY LRE, EL &"han, RErR Tiaand Ringreviaydrogeni s alt¢rnasiyely, R

ein for Y iag o2 HLoC b §324+,33 sl g1 42 43
lsana@(%%r Maﬁ{lwgﬁt gﬁdsggthnokamhny? I’|Rg<’;1%g‘§ﬁc’aﬁ4 R%RY
R* anldR/'& arSthiy@iolget. eIn|yht (Wh&f cEpHa)s Hdlamik§PmoittyEmbaddyenartdving Structure

5, R g TRy L, are iy PP RS o) RASR skt R oy R+ 1, R, R,

R*, RS UIE@'tR"’4 UBAR*USS RYaBES Ql%rﬁ‘dtﬁe@' ﬂﬁ 0R23 AR ABY etheryl groups and R,
stituent pattern des YI% n,fo the s
R", R&ﬂ Piohi RS, Bm Ry, Rioi R yRAaW ngR tR UcRlr B3 angiRE’ are hydrogen;

12 14 15 21 22 23 24 25 31 32
altemagz%}yégga%%ﬁ“ ﬁé?/éeth%mlygr lﬁﬁasafldtR uérllzt Baf f‘ﬁ an‘glr{l éRn R R R
R*® RYJKY) R‘é WIS R Y wead R @e aycedgannalaenmwagm achRE me&ntyl gm)ups and
arbon anomAtbachad t0 an a e
R", Rt@zhé{ dllfahog‘p;hﬁrt’(%{zan}i{nyR o et@ }gn’an 3*; glﬁ‘gvgi R@and R* are

hydrog‘g Mealféﬁéﬁvéliﬁqe'“ @&?étﬁer&pgrohﬁ andR'gRAUR YR kd!, RZ, RP, R¥, R,
. 3tr3L3Jc yre 4. I n other efbodiments, the di hosphl no " 12
R’ Ra,rR YR RGRIUR B R R andRy Lase hydsogen. \ImﬁmlwrﬂpbomgﬁR R™,

R, 0 g o e RO, o 1

hydrogean The alaplyorsatesyl igkaiprsubsiitsntsi tbesilbhtﬁtnﬁed pheuyt gmup lfithe diphosphino

any, substituen t rn de erein for
armnyld{nﬁwgé Bﬁ\fenlbeegrff ﬁ(%% %vtng}lslsyhgmb 126[ EPRlted e ﬂi;’e Iatg'hosphmo aminyl
mmety%%bstm%t atfdal$ hafifg SRRcture3Mhis dasteiba@ibersilbst i t uent
ern conpr|3|ng only one al kyl substituent | ocated

carbon atom adj acent to the car bon gtom attached

(002911 o n ahAPhPRIGAE (rBgeHnaRt o GHEORRNER HPRIEY a0 mypjeties of the
d1phosP@h§ t zémn?i g&h a@Qn hav %m@ﬂﬂ?lzyﬁll\l“ Qa dﬁ%fmaﬁﬁﬂﬁ&ﬁﬁh@aﬁlﬁ{yl group),

ving Structure 4. In yet ot

(emylzﬁwedam@&thyﬂmsmmmm rEOOHDi ﬂwpwpy@ﬁhbls (@ahistskiigepropylphos-

phmo)%tmrnu %r elalzldr(t éﬁ ekg%ﬁHR@erbli@gteﬂ%Ip%gMagm% 5group) (neo-

pentylz@%N R4 2 bls@&operﬁ‘ﬁlphosphmo)armnyl group), E(ph‘bn%E)zNa n(abebis(diphenyl-
substituent described h 24 pgl have .a amly I 4
hospIaRARITL ERUD, G- TSRS LEORE (B ARy O ARy grouw), or -

b1phengizpﬁﬁs g{' bi3QYi-4r 'Hl}%'l‘)&g y ?H’dsgﬁ%ka%ﬁﬂ}'d %m@) I Uf taldd-[iitifig ‘enibSdiment, the

subst i and R5' are
diphoshlyide egety] ety or mawtlmféhedwhwhme agaryd digprcticandiedphenyl.P1oN- (a

the .R5 Qgro ving Structure 4. [0041]In an
bls(dlpi‘%y %&ng‘a’l @nosphi no aminyl ligand can be
(et hyl 2P) 2N- (2- net hyl cycl ohexyl ),

[0030]( et rybonke) ﬁ’dﬂ-l@rﬁitilﬁgtehybbdiyxﬁmhmyﬁphosphino aminyl moiety or moieties of the

diphos%fgigg? P E%E%'Q,@fﬂxg\f S ”ﬁg‘y{gﬁ‘%" gﬁ@' YEPRN- (@ bis(di(2-methylphenyl)-

phosplﬁ&ﬁ%ﬁl ty F'%EW N(QZtyBsHM G PHINC h@x Y bis(di@ritienpteRF)pdsiizno)aminyl

Ic c
group)( @2mpmmgphgp§)zme¥2m(ﬁ% isppropHiehgaylphesphino)aminyl group), ((2-tert-
(4- bi phenyl 2P) 2N- ( 2- net hyl cglcl ohexyl). In a o
non-limting enbodi nent, di phosphi no am nyl 1|i gand

can be (phenyl 2P) 2N- (2- net hyl cycl ohexyl).



[0042] I n sone non-limting enbodi nents, the

di phosphi no am nyl |igand can be ((2-

nmet hyl pheny1) 2P) 2N- ( 2- net hyl cycl ohexyl ),

((2-et hyl phenyl) 2P) 2N- ( 2- net hyl cycl ohexyl ), ((2-

I sopropyl phenyl) 2P) 2N- ( 2- net hyl cycl ohexyl ),
((2-tert-butyl phenyl) 2P) 2N- ( 2- et hyl cycl ohexyl ), or
((2-neopent yl phenyl) 2P) 2N- ( 2- net hyl cycl ohexyl). In

butylp eglgg%%{wn AL mséd'l(ager? Mh@ﬁﬂ}pﬁospﬁﬁ%)ﬁhﬁﬁo%%yo oRM(B¥kopentyl-
phenylﬁzP)&MEQahbisﬁh@nwbwﬁylﬁmnwphmpmm)ammyb rgssyr)) , In other non-limiting

entocp b RSP 2P 2 TSR RS g it i b

({-mef 1Py | Pl emblsg(%gmm I%:rhﬂigil)%hdl)@mlb)ﬁﬁm: ) groap),  ((4-ethyl-
neopen ne, CyCl onex
phenylbkihda BHENAFHEIRIEI) pé}m@%@aw.y g (stplfoaﬂﬁﬂenaaﬁhl\l- (@

blS(dl(P?St é&ﬁ)gl{ﬁﬁé@?ﬁ?ﬂ&%ﬂ%@&ﬁ@ﬁ N5rb&) TR EANHBUSLSHRBYP),N-Ofa bis(di(4-tert-
butylplfenst)phetsphihphminyl ) @PUPN- ¢r2{ (endoperdylohesyBaR)IN-. (2 0biaGE(Fmeopentyl-

limiti odi nent, the di phosphi no am nyl
pheny QSRS PRoSP Y
nethoxyphenyl)ZP)ZN—(Z met hyl cycl ohexyl ),

[0031]( § ﬁm&&ﬁmﬁhgg;&%ﬁﬁ?)z)ﬁfie?ﬁ; getdim]bﬁglmlogmnyll thoiefy( @-moieties of the
et.hoxypheny. cyclo , o

sk BT 5% TR . s

phosp}ﬁ’ﬁcﬁ ?ﬁ)ﬁ%&%ﬂ&%ﬂ}&gwﬁ' (® Ne3(dfi4-methoxyphenyl) phosphino)-
(( |sopropox en ﬁé nethylcyclohexyl

aminyl( graup)e (8- ﬁﬁ@tﬂ@%@pﬂéﬁz ZPP;_S (CxthrxyRanel) o Ma)mmﬂrgmup) (4-

ethoxyéflen )gfghN &%ﬁ%bé&%&li Zygfﬁgfﬂgﬂég ﬁg.fshlgﬁ g?&ib)) (|3rlsopropoxy

phenylbznglahd (taanblh(dl(ﬁ-@s%propoxyphenyl) phosphino)aminyl  group), (()zf—lsopropoxy

phenylﬁ )r(]g Ihsn%/é (g-(l%o%%igwgvaﬁl %Cl g]gs)glﬁl}l})g group), ((3-tert-butoxy-

phenyl?EﬁleNll C(ﬁd B5@ Y rore-bilidRsEy) apﬁéﬁ@)}ﬂnb)‘ﬁhﬁmy‘lg @otydi @nert-butoxy-

osphino am nyl |igand can

2-
phenylbﬂbzbbh@]ﬁs[@@-@ﬁl{@owhw CYE‘PQHH’@?W“Y(I group). In a non-limiting

embod&%xt hg%ﬁggb\ﬁ%)% % 1 ;%}f\(é_l&izég hg?ﬁﬁﬂgéséphénoeinnnyl ligand can be

((3-me¢1(02yﬁhehyll)zl’$z1\1—(hble(dﬁéﬂwl)ﬁwmwhmphm)wy@yl@ ),
((2 PYridille)2P)2N-(2- et hyl cycl ohexyD,

g 1 S A
th'edl'lgthr()er non I|E¥%ﬂ cmng th g ;Euffh'no an1n§ 3pﬂ1L
aminy} gr@gwd @gwog@nybgg%rﬁ gwéﬁg?i} ?)@ osphino) aminyl group (( -ethy:

- | | I 1 2-ethyl-3-
2oifBANPRNE| 9 Rt el il o) (<t

ﬂuophmbbﬂbNemblS(d%%e@memehﬂ)lﬁlﬁmmo) mngafh geouph h(2pgyrdine),P)N- (a

bl*ﬂ‘l@ﬁ%&ﬁ&& %%g ‘ﬁﬁ‘%d g&}é‘)" Wh(? ﬁ*@’% %}Zg? oh(gj ?‘ﬁ% pyridiny)

phospl@fi®)Lmif yigretH), L((élepﬁirldu)e)zP)zN [(® Btkﬁﬁmmdmﬁpﬂéomhlm eminyl group), or

(et T A TR b SR BR Ot e

non—lngﬁi’h@ re%t)&meﬁtsl h Ao SR drid§l Iﬁble{yﬁﬁrﬁﬁm&ldélolﬁ ﬁﬁ:&ﬁbhdﬁpluno aminyl

am nyl noieties; alternatively, from2 to 5

di phosphi no an1ny| noi eties; or alternatively, from?2
to 3 di phosphi no am nyl moieties. In an enbodi nent , o
the heteroatomc |igand conﬁ%ises only 2 di phosphi no
am nyl noieties. In sone enbodi nents, the heteroatomc
l'igand conprising nultiple di phosphino am nyl nopieties
further conprises a linking group, L, linking the

am nyl nitrogen atons of the di phosphino am nyl

noi eties. In sone enbodi nents, the heteroatom c |igand
conprises at |east 2 di phosphino am nyl npieties (or
any ot her nunber of di phosphino am nyl 18




noi eti es described herein) and a Iinking group Iinking
the am nyl nitrogen atons of the di phosphi no am nyl
noi eties. In other enbodi nents, the heteroatornic
| i gand conprises only 2 di phosphino arninyl noieties
and a linking group linking the amnyl nitrogen atons
of the 2 di phosphino am nyl npieties. Hereafter the
het eroatomi c |igand conprising nultiple di phosphino
am.n L I n
igand 2B e (RBRREMBIEE  "hCR B mec i DI group o

altemaﬁmlgt(@@snmae])szMa énds(di(s? -gyRNR)yd) phabpkine) amyPgroapk esent

a diphosphino aninyl noi ety, g represents the nunber

o', L5, OB P8 1551 SR AR R NG
PR’R* Rikkregle (RIFSPE(PRF RT)N@ rd;brqsémg ﬂi&ldi}ﬂloqﬂnﬂwdmmpll rﬁdansand [R] represent

an enbodi ng reater a
the rergnceF AR FGTAPSEIGG S et e CVBSPRale e i, ar described
herein Exﬁf‘&ﬁsoeftﬁlﬁﬁédzmtaﬁ §0m%at%ntﬁ1ﬂp glolr %R'S ¥s débciied@¥ast. IThe diphosphino
di phosphi no an1ny noi eti és have been descri bed

ammylri@amisrdlme@ hereipenaysladpraparetbuging pravedares povm Y ¢te skilled in the art
n in the descriptions of the
andp“% %@?%é:% %a? |gang contai ni ng mul ti ple di phosphi no
am nyl nnletles [0047] I n an enbodi nent, the |inking
[0034]gr ohpaﬂ mspkétn 8 chre bauai ayyloalitik groge or atsohsitwéd tyedoalkyl group. In an

hi no am ieties an o o]
cmbod il e SYAISHER Gt 1 BRMHREPE or U e ST IGHt group. I
some &I%@Qﬁ@nt@ R’ @ahpe raQQlaleﬁtS}l SroapiPa substitiRARy€Elohadli gﬁﬁ}i %, cyclopentyl

t he Ilnklng roup linking the am nyl nitrage
group, tm@lbeﬁlts%scpyﬁk%ﬁ@ltﬂr@rﬁw YFEihexdagope & fuks F%&ﬁl &?%193 group, a
cycloh?ﬂt%lgr&g% g\é%s\ﬁtut&ﬂ}@foﬁ@ﬁ#dcgrgﬁ %Qy@l@@@t&ls%bv.gﬂ 0P sﬁH@ﬁftﬁed cyclooctyl

rOUpSS or alter atl vel rocar bon
group. ginantiger effbedioregt@nk ceanibeka SleStguTle pyclmegfa{h geoup;i msubstguted cyclohexyl

consi,sti.n i nert fu £
group, ﬁy 5‘@3?%89 ﬁy?lﬂg?pg’ﬁ %?Lg)upht fhave I?l?ogirrlg %Rgf’ 0 5‘6“1 5 B Srpstituted
cyclohétyd Fecupa | Wathiiathie wabstitdted oydlodlioyl ?g,@omél’ﬂmmmémmf R‘jr the cycloalkyl
alternatlvel y, from2 to 20 carbon at ons, g
group SSRGS Deiah TganKiaronp. g7 STRANY!STOHE G9GSIEtE ©
a h 8th€ Sycl6aRyl
» bydrlab PSR ALORP itk AAGicRARORD L Qe LIRS 6 Sycl6aky! group
wbsitkaisngehalainy) v oymdimens fbe sibstREdEY S anoup comprise
an alkyﬁl SH%spltueiqDl dg ?ﬂ g g%g JP %Enﬁltrz{éi?a%?rﬁ éc& K Ce! 'lefacg&ﬂég a(chrbgn afdm attached

to the |ahﬁ1kyl rlgtrbgbﬁ aamngﬂ thBI d1pl&g§hnnataﬂmwl(1h01blye dh pbms nibodiments, the
l.etles,

ri S at st.on rou
substivgied @Vﬂgﬁﬁvegryup £PTPESES( O an%yaelfx csuaﬁwwﬂoca ed 6 2 Eirbon atom

adj acelﬁlt(t) QleRBbh ¥Shy: attaf:ﬁéa% Ihel PnirylGi®ddeR alinPbPhe d1phosphmo aminyl moiety.
alternativel froml to 3]%§cllc groups;

In other| erabadiménis | the smhstnweﬂ exslallel @rovp emsigisof qn&y fone taHgi substituent
nbodl fen [0
o RSP kb A e ALl 5008 A en o orve
diphosplinpamB@bmoistyy one cycllc group; or alternatively,
conprises only two cyclic groups. [OO49]GEneraIIy,

0017, S B AR  JEPH RIS o BnR P Eppston B o can

have ﬁjohﬂkﬂorl@ cgiftdH Rtonlst AllergivelpefraAiing b cﬁﬂbbii QEan; alaltematively, from 1 to
t he di phosphi no an1ny| noi eti es, can conprise an

unsubstituted cyclic group(%% or alternatively, can o
conprise a substituted cycl‘ group(s) (i.e. have

noi eties attached to a ring carbon which do not

conprise a di phosphino am nyl noiety). In sone

enbodi nents wherein the linking group linking the

am nyl nitrogen atons of the di phosphino am nyl

noi eti es conprises a cyclic group, the lIinking group

can conprise a saturated cyclic group; alternatively,

a substituted saturated cyclic group; alternatively, a
saturated heteroatom c cyclic group; alternatively, a

hetional groups,



100531l n an enbodi nent wherein the di phosphi no am nyl
i gand conprises only two di phosphino am nyl noieties,
the linking group linking the am nyl nitrogen atons of
the two di phosphi no am nyl noieties can be an
or ganyl ene group, an organyl ene group consisting of
inert finctional groups, or a hydrocarbyl ene group. In
sonme enbodi ments, the |inking group linking the an nyl
4 carb&i %g@eﬁn%ﬁf@eﬂﬁ{ odiréid YR AiRNeSRIthOs %@yshbmté‘& EfSoalkyl R®
an or ganyl ene gfoup; alternatively,
group @n@atayhf&lnbé th}dmpmpﬂs(ﬂﬂQHYQ xsoprpmér(i-pfqm m—bml (1-butyl), sec-butyl

o SR RO IE P SRR Ly [P, 2
pentyl, FB pélﬁﬁeﬂ-n@dt@m-‘tﬁﬁyll feer-fentyl Qt-ﬂ’fbﬂ@fb—hl—bﬁ@lﬁmﬂﬂyﬂlylnbbﬁy] @smethyl-2-

a to C50 or anyI al terpatjve
butyl, 9 ReBiob AR oD, L bRl AR By, T ebeyatiegfnents, the
alkyl sﬁﬁ&ﬁ[&ﬁt sCEChE ' Abituted cﬁ@&@(ﬁ 'I@OQ‘OHF RbS ’beté"'ﬁle{hhll" kéﬂﬁ@l n-propyl (1-

group linking the amnyl nitrogen atons of
propyl)dingtutyd f{hibniyla isobityl @ernethylelsprony).repentydyl m@ntmm—methyl 1-butyl, 3-

methyl-ér-lg.ﬁ{(}y ln%g I(Ie)f:lg}rlota%&l élgmpe%ﬂﬁ tl' ﬂ?évy?)o ég\-g-ﬁéxlyg gn %}é&?g oug In yet other

embodiziunss, thicialkgl ﬁfbsmtﬁﬁit(ts) 6ﬁ1h@ $ubstitated gydwﬂkyl R§ fgroup can be a methyl group;
alternatively o C20 or | ene rou consi sf{"h’ gr
altermayely, Sy FOHMAGRER P 3B 15CPIOPY SPHRS T SR Shirft &7 B Broup.
i nking group |inking the am nyl nitrogen atons of the
[0036]di PRO&PBMBSdiABhI R’ daRitRtd @ﬁcl&iﬁéﬂtyb%r@pca Z@xeﬂﬁﬂcyclopentyl group, a
hydrocarbylene roup; alternatively C30
cycloh¢syl getiar ByA- @y@y@g}pﬁxybgroam %Fﬁﬁ?h‘ipé)ﬂﬁm% @,2 3 gymethyleycloheptyl
§ 1 | I &idtycloheptyl
o, S5 B 808, SR APRIBE) FIOORIIBI ol Sty
group. di[rpbﬂsp hmbodlmwntn,yR wan bt |ae% ,mdtlnécydqpkmtmlg glg’up»u@ 2-methylcyclohexyl

the am n nitro ato f t.h
eroup, gt £ FoRgNG IR prof; BTE RS, SiBedmetid &1l bp 4 cxgighont erous
<nakmﬁﬂh@@ﬂa&aﬁ&mﬂﬁﬁkﬁkﬂﬂ@hﬁpdlphosphlno am nyl |igand
conprises only two di phosphino am nyl noieties, the
i nking grou nkln the .amnyl nitrogen atoms of
[0037]¢ heh‘t%SP.ﬁcbI£§ﬁh]:‘ ¥4 noi eti es, can conprise a
cyclic group (a rlngc or alternatlvely, a substituted
cyclic group (a subS{ijRited ring). In other
enbodi ment s wher g{'n e di phosphi no am nyl |igand
conprises only twoxdi phi no sifidtyt 4noi eties, the
I'i nki ng group, |ifKki t hé aninyl nitrogen atons of
the two di phosphi no Leayl noieties, can conprise a
saturated cyclic grBip; alternatively, a substituted
saturated cyclic group; alternatively, a saturated
whereifl RECREARBMRC, mll RI dan GidRp@idedtlyt 6 makdg¢és) dhydfocarbyl group, an organyl
substituted saturated heteroatomc cyclic group
group, ik OLEATA BFpRIcPNSiing of ree Einctignad gEPUPE|oF &R HSt| 19na1 group, n can be
an mteg %ﬁé’ ke piP gaﬁddcthg Lf s gthlectl ShIAL f‘éQJttXche@ téfhe aminyl nitrogen
eter onat1 c group; or alternativ y, a substituted
atom dﬁ ghe diphosphitoi mmyyb gmupl rinwrranbcvdmmdmtnamasgeﬂrfemm%tq the In some

linkin i nki t he , am ro at.ons, gfc Lhegse ‘o
embodiigiogh RO HEAMT o ol GoPaicty-&h oA PaRPEn R k7R v
and R54 daflrhdeferieAiPbe Hydeogll bi @6 alkhDgrolp. MWithih SIFuotis 4,alsubstituents R,

onpri ses, a saturated cyclic alternatlvel

R™, RS Koo end e dagny sbsigfuted ewlealgitléﬁ pEroun qessring W@Wm have any

aromati c group; or alternatlvely, a substituted o
aromatic group. In an enbodnent wherein the
di phosphi no am nyl |igand conprises only two

di phosphi no am nyl noieties, at |east one of the

am nyl nitrogen atons of the two di phosphino am nyl
groups can be attached to a ring carbon atom of a

i nking group conprising any cyclic group or type of
cyclic group (e.g. saturated, substituted,
unsubstituted, heteroatom c, aromatic, or

het er oaromati c) descri bed herein. 100551l n an



25 cycl ohexane-1, 3-diyl), a substituted

1, 4-cycl ohexyl ene (substituted cycl ohexane-1, 4-diyl),

a substituted 3,3 -bicycl ohexyl ene (substituted

bi cycl ohexyl-3,3" -diyl), a substituted 4,4 -

bi cycl ohexyl ene (substituted bicycl ohexyl-4,4'-diyl),

a substituted bis(3-cyclohexyl ene)nethane, a

substituted bis(4- cyclohexylene)nethane a substituted

) betci Ic p3c

subst 5?%* 38 e R B S i Bod et RYi{ ] 8 group and RE R
R*, and | -mehﬁﬁggmclohexylene)propane a substituted

1, 2- bi s(4-cycl ohexyl ene) propane, a substituted

oss 260k BSOS HERBIAS APl SRS

enbodlnents the |jinking group can be a 3,3
-dialIcy1-4,4k2biﬁ%eny¥%q@¢ alternatively, a

bi s(3-al kyl - 4-phenyl|ren thane; alternatively,

1, 2-bi s(3-al kyl- 4> ne) et BanGaredl t€rnatively,

1, 2-bi s(3-al ky1- 4-%he I "oropane; or alternatively,
2, 2- bi s( 3- alﬁé1P4 phe ene)propane I n ot her

enbodi nent s t |ﬁk|ng=g% up can be can be a

3,3 -dialkyl- 4,4 -bicycl ohexylene; alternatively, a

LKyl - 4- cyclohexylene)nethane alternatively, .. i *
wherein Ril%bks, @d R jepn ndepspepmlyeheany geoupr d descgibed herein, R™ R, R, R

RSal V lkyl subst t described herein, and/or any cycloalkyl substituent
and %ﬁ %%g Em1y4g%;épgﬁef§léne ) pr opane; or” & by
pattemaiekaﬂbnéherelal fgr the R® group havmg Structure 4, and n can have any value described

B SR SRS B RAL  §Hg i s

can had BithctGreswhéreia !, ®ésri Iéﬁdd{“h@m&h&epehdlmdy lberany group as described

0 t ¢ the aIk group, can be a ne . .
heren, [I%Ig é% R R, e Bl q%iﬁﬁve PHSUBTHCPT Patiert %Oﬂa% ingn iyl substituent
locatedsdfpac‘ Edrbit ﬁgml dd_ﬂiléélﬁ Jo HeQdfbonlatont @fﬂacﬁé‘d & QyshRgetiRY¥en atom of the

group, an organyl group, an organyl group consisting
diphospifinca aminyk moietys raod inoeaalhaye ewpvales desaribedeiarcin dorcthe &) group having
Structugeﬁ!g {p;rr ?tb?r edn n?gqlbe:%nhosplﬂkggré% ﬁééndg %%}f(ﬁ?vgésutu@{ﬁre I wherein
R, R* KT, and Eﬁtmdhd@eﬁdenﬂjﬂ Be bxy;dgr@ﬁpab&éscnbwg&m, R'GR ‘oer%;rW‘I and R*

conS|st|ng of inert functiqnal substituents of
can haye,gnysfyhEiqnt Paitery F?fRP‘F%“gg?’gM gne By Syt Igqalsth on 4 garbon atom

adjacent Qo G2 CHBOn FbRARactRi k& i AhinyElidogeh 2@ df he dPhE&sphideAminyl moiety,

atons; or alternatively, from1l to 4 carbon atoms.

and n F@OBRE|any aralusrdssetibed herein s the IR| greuhbaving, Svaursr4. ¢ e yet other
embodﬁﬁje?l?gglellﬁ ﬁsﬂ&%‘é&nﬁi@yﬂ&%ﬂ@s’ cah hﬁ&@%r&ﬁué‘l W)"ﬁ&]%}ﬂ I% RE I'Wsl and R* can
mdepelﬁdbnﬁ)yl by by gioag addésgtibddArebait, )R is ansajkbdtsybstltuent R R3 ° R* and R*

are hyqqogﬁg yI | hg@ﬁ?‘& lv%afue Egs%tgh%)#}gel% %ozrﬁlgeﬁéﬁl% éhﬁgtg:r 2 %&C&He 4.
-butyl, tert-pentyl (2-nethyl-2-butyl), 3-nethyl-
-butyl, 3-nmet hyl - 2- butyl, neopentyl
(2,2-dinmethyl-1-propyl), or n-hexyl (1-hexyl) group.
In some enbodi ments, the al kyl substituents of the
substituted |inking group, L, can be a nethyl, ethyl,
n-propyl (1-propyl), n-butyl (1-butyl), isobutyl
(2-methyl - 1-propyl), n-pentyl (1-pentyl), 2-nethyl-
1-butyl, 3-nethyl-1 -butyl, neo-pentyl
(2, 2- dlnethyl 1-propyl), or _n-hexyl (1-hexyl) group. o
In other enbodi nents, the d1ky| substituents of the
substituted linking group, L, can be a nethyl group.
[0063] I n an enbodi nent, the di phosphino am nyl |igand
can conprise any nunber of di phosphino am nyl noieties
as di sclosed herein and can conprise at |east one
pri mary di phosphino am nyl noiety; alternatively, at
| east one secondary di phosphi no am nyl noiety; or
alternatively, at |east one tertiary di phosphino
am nyl noiety. In sone enbodi nents, the di phosphi no




cr,..-y(NP2)P C1 Cs SCt GCs Structure AAStructure
ABStructure AC (P2Nr Cr.."-X-"ANP2P(P2Nr (NP2) 13 C, S
(NP2) 13 Structure AGStructure AFTStructure Al
[0066]Wthin Structures AA-AU, (P2N)'- and -(NP2)P
represent generalized di phosphi no

[0039] In an embodiment, the diphosphino aminyl ligand can have Structure II:

R1 ¢
25
335 / (CHo), Structure II
R34 P R5C
R4 R¥
R33 R31
R32 R4 R42
R44
R43

wherein the R'. R'2 R R™ and RY, R%. RZ, R®, R?*, and RZ, R*, R, R®, R¥, and R¥, R*!
R®, R® R*, and R* can be any substituent described herein and/or have any substituent pattern
described herein for the diphosphino aminyl moiety having Structure 3, R’ R% R* R*, and R*
can be any cycloalkyl substituent described herein and/or have any cycloalkyl substituent pattern
described herein for the R® group having Structure 4, and n can have any value described herein for

the R® group having Structure 4.

[0040] In some embodiments, the diphosphino aminyl ligands can have Structure II wherein,
R, RZ R, R and R, R?, RZ R®, R*, and RZ R, R®? R® R* and R, R*, R2 R, R*
and R* can be any substituent described herein and/or have any substituent pattern described
herein for the diphosphino aminyl moiety having Structure 3, R' R% R*, R*, and R* can have
any substituent pattern comprising an alkyl substituent located on a carbon atom adjacent to a
carbon atom attached to an aminyl nitrogen atom of the diphosphino aminyl moiety, and n can
have any value described herein for the R’ group having Structure 4. In other embodiments, the
diphosphino aminyl ligands can have Structure II wherein R, R, R, R™ and RY, R2 R%, R%,
R* and R%, R R* R* R* and R, R4, R42, R, R*, and R* can be any substituent described

herein and/or have any substituent pattern described herein for the diphosphino aminyl moiety

16 °



amnyl noieties, O represents a generalized
hydr ocar bon group, a generalized organyl group, or a
general i zed organyl group consisting of inert
functional groups, C' and C can represent a hydrogen
atom a generalized hydrocarbyl group, a generalized
organyl group, or a generalized organyl group
consi sting of inert functional groups, and S
havmgrﬁﬁ%ﬁ%%n 8 RRPeR®! Ji7ae s beRbstithGR ?Zt}eﬁt Edirisin@%only one
nd AB do not 'satisfy the criteria of hr ase
alkyl subsmmnt dmgtedton| @ a@bom atont adjadent (o therdethenaatemm a&aqb&é dpytan aminyl

Whi ch f
v e SERPAR SR BT e R bl 0 BB for e
R’ groth B&AnSStiucairelnedn heoeher embbdimynte ahd diphaiphinmmﬁﬂyl higarits can have

structure, ;fhe tertiary carban_at $ N Acent 1
Structyr 8 whergb R aomBon RahPehRt b8 afi nil hl i“&itg% d% oﬁ? TR, and
R, R N2 Ay Phes phii RS @mivhy SisBiulnt@leRiBe®herbiRlaAd/BF Bave any substituent

at t ached. [0068 Structures AC AU satisfy the criterla
patternodes¢rited glereas §or o djphpsphinogamipglaspietin baving Biregtyre éaleow an alkyl

1aGy3a .n 5 a
iSRRG AD S} PR bt v o

R’ grow liavitpeSinicturdd. Structures AC, AD, Al, AR and AT each
have one tertiary car bon aton1|ocated on a carbon at om

0083537 R Rl A, R el 5 Y 0 BB 0

memyleydl&fébaﬁgi (@ﬁylfﬁ)}NJ(ZtMétﬁﬁlcﬁ%mﬁl) AD(lb@m)}@zmw (enmetay1yyclohexy1),
carbon” atom | ocated_on a carbagn ad acent q %%. qq)

(rert-bggy e lré2-wrethsheyeloberyh ripronentyBisBi affl%fh¥16¥ (glexy ). (phenyl,P),N-(2-
5. h [fsthylcyclo-

ety R3O0 004 D O by B 160 Pyt xt

hexyl). do at muh-lonitiag canbbdimeat, dim dighespbine amgnyldigand han bafmhenylP)N-(2-

il oq whi ch the am nyl nitrogen atom of di phosphino
me yﬁﬁVﬂ& hoi ety alpha is attached and the ami nyl

nitrogen atom of di phosphino am nyl noiety beta is
[0042]at t BrRetle rom)inTiting cdmbodineh, ahel diphosphiro aamimddligandnedn be ((2-

methylggns b (SRS HOR 4 Dom G D R F gk (@
1soproﬁﬂﬂf3hﬁszﬁNdQZQﬁ&§ﬁBydI&m§ﬂ) r(l{d temu@}lfihelngl)iﬂ)}Nithﬂéthylcyclohexyl) or

St ruct meet the requirenent_  of

((2-ne<m9n¢mlphgnyih)gl’)alﬂ (Zw@@ﬁtykdﬁf@hwﬂ)t i aly ethemdwndinging dfakadipents, the
dlphosél‘lﬂ p‘ﬁosp 90 rflg%(? r@aﬁ nbé"%ﬁ? :fhe p@l@ﬁﬁ)\ﬁﬁ)ﬂg (E lcyao‘ﬂgiy?f @4-ethyl-

no-amn ty I attac truct ures

PhenylﬁE)zNﬁ(%mﬁ«‘%EﬂdC}MOhe’@ﬁ) Ald-isdptopAghenpihP) 2 (- methiisydohangl), ((4-tert-

e 8RR S LR R AR Pt pgion. o
furtheradndBdRhentkd) @i H&b‘faﬁiﬁb NghidyTi Iiahd @Bx Bt Y(2-Getbyloeyde),N-(2-methyl-

( {Structure Al t wo tertlari_carbon atons | ocat ed
cyclohgsyDaoraicmehvay.d - @Gﬁh&]@b‘?ﬂ}’l)@@ﬂﬂﬁ MeHHYRIOBF YN ch t he

am nyl nitrogen atom of di phosphino am nyl noiety

[0043]‘3‘I PRA 4 SndnQfALRE - eHBRARHEMC IHE €GipASsphlS: afiv lAﬁkanﬁ\Qcan be ((3-

and AU have a tertiary carbon aton1|ocated on

memon@hwnzlatw arstjﬂa'&mnmml)t ﬁém%hquheavbzﬂ)@ﬁ(i\mp@ﬁlcm@hexyl), (G-

ethox}'gl?eﬁp%zp )@&'{ 6% g@@ ﬁ%ﬁxgﬁ gcon l&elrmglﬂ}mgglr éﬁ??,@;c%hexyl) (3-1so-

propoxlyplgealB.) D0 (Zamedi legeloladkol)) adiesapnopokgphichpl) PapNa@mmethylayclohexyl),
on which the amnyl nitrogen atom of di phosphino
am nyl noiety beta is |ocat % (c)Structures AH and AJ o
have a tertiary carbon atomh/l ocated on a carbon atom
adj acent to the carbon atom on which the am nyl
nitrogen atom of di phosphino am nyl noiety al pha is
| ocated and a second tertiary carbon atom | ocat ed
adj acent to the carbon atom on which the am nyl
ni trogen atom of di phosphi no am nyl




noi ety al pha and the arninyl nitrogen atom of

di phosphino amrtyl noiety beta is |located. (d)

Structures AF, AK, AM and AN have additional tertiary

carbon atons not |ocated on carbon atonms which are not

adj acent to a carbon atom on which an am nyl nitrogen

atom of a di phosphino am nyl noiety is attached.

However, Structures AF, AK, AM and AN neet the

I as}. o - -

@3 zer%ﬁtbﬁﬁadgénﬁzpcﬁ'tg r%e‘%ﬁ A glgﬁ‘E th )gmséén {Vlﬁlt%*?ﬁﬁtlr)]ﬁg)}ie%#’)m (2-methyl
cyclohaxyl). ognmoateommlﬁmmnglqmmmnnotharﬂlpl}dsmm @m}nyl shgand can be ((3-

metho iR e 2 TIBAPEIEI e arBon AP BN Ot SPERFbGrhBiipN-C-
methyle§dl8@RyBt om on whi ch the am nyl nltrogen aton1of a

dlphosph|no amnyl noiety is attached. (a) Structure
as two tert|ar c r bon %, Io ated on a.carbon

[0044]ato o] BRupitng £ i e liggndygpn be (@
ﬂnophéﬁﬁ)ﬁlﬁ)gﬁQZ-%{eﬂ{ﬂé%loﬁé@'DOS(Pﬁt}ﬁlﬁ)hé‘l'f?lBszNf(an@th/yl@chh&}ﬂ)S ((3—ethy1—2-

tertiary carbon atom | ocated on

thloph@rml)bmuMzméqyal@bwl)t d(%tetb}ﬁ]r%SW@PWBZB}ANVCET%}IXIW@IOMXYD ((2-
f d t

pyric PP R ATRIAT 0| CIGHIRERLED R BT RhigBEt 2 - (-

pyridire),BYsN- @aaethszlcmhomxsda@r bo r((zaé_:thymamrrahmrhlzP)&N (ﬂmﬂmbh)hexyl) In

other SRRSO e S P PR s o8 (P aRPRERD:PLN-C-

methy R H10RAy B R AttAGRIBM (@MM%@(Z%&HM@%IMW} to the

car bon” at om on which the am nyl nltrogen at om of

di phosphi no_am n moi ety beta is | ocat and ird
[0045]¢ o {1 3t mbodimeit é@ SFHhP%PéHlOé’deﬂ ligapds 498 ea‘fnsﬁ%e%taﬁi éx Srpeture (D)
n X
v RSRSSHRR SR BRGNS R g s )

nitrogen atom of d|p- phi no ami nyl noiety beta is
| ocated. (c) Struct/ has an additional tertiary

carbon at om o oc: on carbon atom adj acent to a
carbon atom ' an an1ny| nitrogen atomof a
di phosphi no ‘ag » RU) is attached. However,

e .

Structure AG neets of comn@ficairdgr " at
| east one tertiary aar adj acent to a carbon
at om on whi g ) A nyl nitrogen atom of a di phosphi no
am nyl noi et ) hed. " [0069] Structures AA AB,
AC, AD, and AE=do ati sfy the criteria of the
phrase "conprises ak ast one tertiary carbon atom
adj acent to each carbon atomto which the am nyl
nitrogen atom of the diphosphino amnyl noiety is
(004612 F i Chspoct. the! AAGOHEAR AedNChr/ rfihisB OB CdBRYphino aminyl

ertiary tarbon atons on carbon aton1ad acent
m016t1¢SO In aman-ﬂmntlm @nlmdunenmh@ hetanatammlygandu pomptgf@ﬁ atdt:@tr?— @iphosphino

ammyléfl?lﬁt S:?lggp %ﬁcgk ﬁélhﬂ %rmil én?letle ei'qalte atlve§7 from 2 to

3 diphaéphifiol ﬁﬁlﬂ&pﬂloﬁ;dbs&w &N tn feﬁlbb&iﬁleﬁ@ﬁlﬁwmtabmhgﬁdmniﬂmees only 2
anm nyl nltrggen at om of dlphosph|no am nyl _noi et

diphosgliphaming! meickiend soue ephodigrenis g hetgiopigRTiclig( Serpiising multiple
I e ki %ﬂﬁ ! Ii&Jﬁ’g'kHéyAmm 1

dqho#ﬁ?ﬁ efgﬁﬁggattégﬁég@h%%6%0]Sgguctufgs AF-"A 1 mitrogen

atoms o#tthe fdyplmrdrum Amsyl anwétiesh elnp ot embedimsniss 8w h@tel‘p@tamlc ligand

compng%eWe Lbaéf{}é ﬁPE}H;)(? glﬁlﬁ{ ? (%Oé% a gln gn glﬁl b%iar Eﬁﬁ)hggp%mo ammyl

amnyl noiety is attached. 1§ Structures AI AR, and
AT each have one tertiary carbon aton1|ocated on a
carbon atom adj acent to both the carbon atom on which
t he di phosphino am nyl noiety alpha is | ocated and the
am nyl nitrogen atom of di phosphino am nyl noiety beta
is attached. Structure AT has an additional tertiary
carbon atom not | ocated on carbon atom adjacent to a
carbon atom on which an am nyl nitrogen atom of a

di phosphino am nyl noiety is attached. However,




on a carbon atom adj acent to the carbon atom on which

a di phosphino amnyl noiety alpha is |ocated and a

second tertiary carbon atom | ocated on a carbon atom

adj acent to the carbon atom on which a di phosphi no

am nyl noiety beta is located. (b) Structures AH and

AJ have a tertiary carbon atom | ocated on a carbon

atom adj acent to the carbon atom on which a

o [ iyl ety W&ﬁﬂg' gﬁﬁg, £ the

mowm%eg%ﬁgggeggngygga?bon tgﬁbgocatedﬂggjace%?ﬁ?%gﬁo?ﬁms() b
diphosphiso emirybmoédtiesn &m othli embaedimentsyi thy hetpioatomige Hgand emprises only 2

. i.phosphi no .ani nyl iety alpha.is |,qcat.e h

oo SRTHRR P AT SNBSS Al gt e 2
diphosplfind SemkPehoieli6d FRéreafet tHedRteAfatonfiKligAdd coadptiisibi nvdtiele diphosphino
~additional tertiary carbon atons not | ocated on_car Hioﬂ hin
aminylgpeigtiesatiidat HAKIng @reppe by E}B]ﬁn&wyb\ﬂ%“@ﬁe“aﬁm%‘ﬁioﬁﬁe phosphino

amin i isHo¥pHi®o aminyl moiety,
o LA B NP R INERA e TV iy moiety, 4
representsethe mixtnberi of P owrigiics prasent intthd heterpatomés ligandjaagd || represents the

. .._carbon. at om adj acent. to a_carhb t Whi ot
inkingg RoRD ey BB Gt o 5erh G 5r O o SRRkt il dpsictis. In an
embodihdn8 CRGréated- thdl oiedudl ©S2; Altematively, avgestfiune tb &; tltanstively, q
carbon atons | ocated on cak$on ﬁtang ag{ﬁlacentlto.theh b
ranges digihdi0 At Fn3lisHalimelr isrisact %1y|T A APRORETC ABY Jporgfies have been
deserib | RAGS PRENGn 28 Wda. WU litRarith! GH0in () cSHBMEIH Githin the
AG has two tertiary carbon atons |ocated on a carbon
descriptivumofalel eteroatomis lighed ecmtdining mubipladiphdsplipo amEyHRPI§Hes-
nitrogen atom of di phosphino am nyl noiety al pha is
| ocat [ - QL1 | C : 0
[0047]car oﬁga%%l%dg%jéﬂ?icg%t ﬁltg%ﬁ%%lé%lrp bglﬁllgg oﬂ?‘né %ﬁlﬁll\?gﬁgﬁ%ﬁe&?ﬁls Of_ the
diphosphiha yinimil tmaoigies etnobe ah wtzauivo giupnen argamyd group edopsifingaof inert

.is located. tructure AL has .one tertiaty.carhon,. ..
functiogl gD i bV DRe Lo it B gy S inking the
aminyl35itRSBeR Btoyd3i of ithel dighospHiAY hminiyl Fro@RRad be ah Ofgafit phoppdlienntively, an

am nyl noiety alpha is |ocated, a second terti ar¥
organi gioBB FoRgIHINE] of dBarb finghenak grUPE B AltemARYlY A ATOGH DN gtgyp- The

; h?(ﬁ%'gﬂ&?i b Qﬁﬁlg%a R ebnsitkin D 88 itk BnQidhal DbEhydrocarbon
Orgam{)é a %’cdgféeng(? an g tﬂhi r%ﬁgttegti ary car bony%(t)dc?r)n ¥
linking) groey eah v doent to GOtdacbop aatdnmy alicroatively fipchtot Hbcarbon atoms; or
m nyl nitrogen atom of di phosphi no am nyl noiety
altemaﬁy%iroghﬁqﬁgcaﬂwp%ﬂm% trogen atom of di phosphi no
am nyl noiety beta is located. (c) Structure AG has an
[0048]addirf @ rehbodizfdnt,athy kkino praubpiinkiap thecatieyl nitrogar boms of the

. atom adj acent. to car hon _at om on, whi c n an.nyl .
diphosplie HEH REBHFoF eo@}Cpsﬂtfs BRA%BS %h%?%@é&%%@muﬂ linking the
ammyl%ir@@%mmﬁﬁigf‘di hosbRiHS ki1 ARiRS! Gant ddghphise hektla Soup (ie. a

conprisin east one tertlary car bon atom

ring). alij athentembodimentss Hasnlinkingn goorpwiinkmgathe AMiRY| niffogeo giogns of the
: . f i ph e ' i i s had " :
oo 0%l Pl RO SO AR by ok R st o et

groupss altérdtivelyh dront iltter § @ycfc ploepsp hitametivety nfpom sle® drdyylio geoups; or

tertiary carpon atom adjagcepnt to. each carbon .atomto,. ..
alternalfffly e d @ FHFHC H APy MhPEPOTTENS: R SEiSHE Soup linking the
aminyl&fir HRhEbY the HipHobgHhte Sininyllmoitied) Chrpases Mlydsr ABliel group; or

not have any tertiary carbon atons |ocated on a carbon
alternativedyncamiprisss pnlytyo gydgrgsopsat ons on whi ch an ani nyl

nitrogen atom of which a di phosphino am nyl noiety is o

attached. 2. Structures AC!9AD, and AE have at | east

one tertiary atoml ocated on a carbon atom adj acent to

the carbon atom on which the am nyl nitrogen atom of

di phosphi no am nyl noiety al pha is attached but no

tertiary carbon atom adjacent to the carbon atom on

whi ch the di phosphino am nyl noiety beta is attached.

3. Structures AG AH, Al, and AL have nore that one

tertiary carbon atom | ocated on a carbon atom adj acent

to the carbon atom on which the am nyl nitrogen atom




3. Structures AF, A, AK, and AM have at | east one
additional tertiary carbon atomthat is not |ocated on
carbon atom adj acent to a carbon atom on which an
am nyl nitrogen atom of a di phosphino am nyl noiety is
attached. However, AF, A, AK, AM and AO neets the
criteria of conprising "only one tertiary carbon atom
adj acent to each carbon atomto which the am ny
nit [
1004917, ; SRREANG AT Slorisn, ) B2 PRI, PpC BbRivkihe diphosptino
anunylrmmleng;, thel linkpigegraimp tiokiph itioarainyyitrogrni atetheef badifhasphino ammyl

MM T N T —
substithted 3fdlicGadupts (1. 6[Ha96 aioictids htyach&i?toCahﬁﬁg Caftbon Wthh do not comprise a
faormul al R2p) (R3Rap) N\wv N(zr Ry Rvj zjr Structure
diphospymo R mRIetyy. 1o RESns ErEbUEBENh bk & §rh the aminyl
mtrogeg RS HIHO@pREELAND afRyE oRS eSMPrRECPSRAE Blouy, tRElimNg group can

|phosph|no am nyl norety described hérein and wher e
comprise g aafutatedanglid grow; rljematiiely, Risnittitted: saturatodbeydlip gwphallmatlvely,

a saturg{?g% eﬁ%r%?n%tclcsﬁléca%ro?.@ts & | paﬁgelge!i %{l&tltdt&i ?a?t%%?tle% thgteroatormc cyclic

oSphi no am ny

group; (aRermai)elfRARAD)Mbt)c @olic ghﬁpsﬂtbﬁmdvcﬁly,pm mﬂapimm:d asoThatigl cyclic group;
rQup N(RI.1tTP) (vatynr)) are.di ffe
alterna thllér%gl?ti:r\%‘wla“‘f fREclic; §e4D; ¢ SHEE RO ﬁgﬂmﬂg 518tﬁlaammatw cyclie

group. (Bl &F’)&B{%Béﬁe Méreﬁlnﬂe tlfﬁﬁm erpALSiR) RPN @fFbg! atoms of the

group (-N(RLl'R2 leP)) are the sane. In another

dlphosgnn@amnwhmomalehm @hﬁh@@ﬁb@ linkingngroem th bydreqsriwsdinking group can
compng (s%}m%ﬁ %?h ﬂ%ﬁé@h@eiwg sﬁ%tut?d saturated cychc group; alternatively,

an arorhdtitegelicgotp; yor bigeranively] s §ubstithed yioplatis pyulmg)m@m nyl
noi ety described herein and L can be any |inking group

100501 <P RO R BAFAD) CRrTAE SO PBergs &l growp. the aminyl

nitroge &téth of tﬁd‘lel‘iﬁﬁEhlﬁH’@ﬁﬁhylfﬁ‘ﬁﬁl&y chil'Be btt&zhed to a ring carbon of the linking
bi s(di phen phosphlno) amnyl noieties _are different;

group. orlnggn emhadimpgal WheteHe tft%éle?S@b@Ppﬁ%w HEBGL FppRyyses two or more
d1phos?1ﬂh5‘¥}mf}@ I&idtRes, @EGinkide RGPPcanl QAL Bt ﬁaﬁst%%}bl‘i@%%up (or any

ng group can Eave any Structure in Tab
other numbsmfeyelmdmpmhsmbed hegein) arii thgargingligtregen dtem ef at least one of the

ruct ur alte e e
aiphosgipe AT e b BEBEEL o « St o af tisking gropp, In another
embodfthént ahei thei distogphiss Adiyliligand chrr@htﬁrtwatdr\tﬁdry diphosphino aminyl
Structure 6L; alternatlvel Structure 7L;

moietigs, the iokiE BBV, CarcPPEEs & 18t ong ke, oMy &¢tyany sffer ey of cyelic
groups%lescrﬂéd ALY S}ﬁfthé{ §1ln}ﬁyl b diéris dach dipAGpRInd ammyl moiety can be

I nki ng groups f héteroatom c | i gand haV|n%
attachedltp rogghéarbonaef ﬂayllmgmelgyoun nlespntgyenasbddimeitshyhepemuipe diphosphino

aminyl ligand comprises two or more diphosphino aminyl moieties, the linking group can comprise

at least one cyclic group (or any other number of cyclic groups described herein) and the aminyl
nitrogen atoms of two or more of the diphosphino aminyl moieties can be attached to a ring carbon
of the same cyclic group of the linking group. In other embodiments wherein the diphosphino
aminyl ligand comprises two or more diphosphino aminyl moieties, the linking group can comprise

at least one cyclic group (or any other number of cyclic groups described herein) and the aminyl
20 °



Structure 9L Structure | COL [0075]Wthin the

Structures of Table 1, R IL to/through R15L, R21L

to/through R25L, R31L to/through R4l L can each

i ndependent|ly be hydrogen, an organyl group consisting

of inert functional groups, a hydrocarbyl group, or an

i nert functional groups, L2 represents a |inking

group, and the tndesignated val enci es represent the

| & ring carbon of a

nitvogdforhd B cfof M i b DRIGiP O 12 el fo  ine
dlfferefmdgohb grenp of thRlinkihg gmuph froothér eRIb®dimentogtierein retdiphosiitino aminyl

ligand FOIBQ?PCF X %réh(gr/gtﬁ{] ﬁ1§ g oﬁ?g';g%%lglféode Ie5, %Sfﬁlgﬁgcéég%gafn c-lc;ﬂ'{bhge at least
the salE GlihbePdS lc%lion Grotps b elicke htendiphephino ga‘rmnjziSmomtlﬁlaﬁcb the aminyl

C10 hydrocarb roup,. or an inert fu i onal group; .
nitrogegratemg ef ¢agh |d\p£p§p dpotety can bg attqgg %pgaaw a different

cyclic %mgl?o%{a¢1€ gﬁnﬁfng'g?&{pt f Gt o AmbH3aRMRAE: wRerbth the dff»ﬁosphmo aminyl

group or an inert functional group. The
ligand suinstusets m!m tof syore diphhgphiniordoning lgp@uiss theadirking SovR eanye@nprise the

ure 21 r.uct
Same @F}bﬁa {’{]?}g? 1§ |grougy P%%eﬂeraer é@%o%{hm i gl xﬁél%tl%t : u eu?.réunyl nitrogen
atoms 8 eacht dipldsptiio iyt nidiety cirube attachkd twam ring depem d€ atdifferent cyclic

e
==

be any substituent describe herei ... have an .o .
group of thetlinkingrgroypat Penerallye any FYsUe SFRUP f}ﬂa%ﬁly"ﬂa\%‘“&mhe aminyl
mtrogegaétﬁlﬁg 3¢ 'ﬁ?@&gﬁé"s{)}ﬁnb oarrﬁﬁﬁtm@@ﬁfes%h}‘ EE 'aﬁ Wbubstited cyclic group or a

osphino amnyl |igand as described herein.

substxt{xm egflicrgram(nbethcrene, anyicyrlicgowpssd thelinking grenp linking the aminyl

mtrogelqyegR IB& gﬁ’the né\igﬁé/sﬁl’ﬁ%e talgxillﬂy’% ]nﬁcrn%%e%l &)Iz g%grrl% ggﬁﬁe%g&gt)} %}/pb%f cyclic

group @0 sferated dyetice saturbied heterontomixs aroimatioy dr heterdaromaticpddsenibed herein.
enbodinents, the linking group L2 can be a bond, a

[00s115° %@Egﬁ@éi&%ﬁw linking, EpuS bV e”@e%%@%ﬂ%@% n)stom of the

dlphosFﬁﬁ&laF%ﬁx%d gty FAttadhEd % bumglceﬂ;an @a® UPmpridehid Q&dﬁ@ﬂ%@ﬂ?_yl)substltuent
n sone non-limting enbodi nents, the Ilnﬁgng grou £ th
located; gn m@araomcnwéﬁéergrf@uﬁ catboppatym o Wdidhy thernigyl B‘S‘Ogﬁn of the

diphos] gﬁﬁgﬁiﬁ;ﬁ% mid fegalo o 91"3)[195{%615 ?ﬁ&ﬂﬁneﬁ a@ﬁﬁafixg %éd}%‘lﬁ{/iﬁg at least one

ammylgﬂ'mog!:n atom pthe dt;ﬂnesphmtvmminyiem@y afthphied itmkaw@r@ncnap cemprise only
one alla/‘j Sglﬁrﬁglgp%/ l eeﬁ%{ %F borggtélﬁig L&at Igr\lécg!) %%ch%grb%h I%.Y(Jl‘l? 8§ which the aminyl

nitrogedl didth Bﬂﬂub‘dﬁihﬁsphﬁlo-ﬁhﬁﬁhﬁch%at@ﬂwdp, or alternatively
C(CHB)Z group. wherein the dlphosph|no am nyl

i es, descri.bed
o2 S A R e B, B0 oSS E . o of
diphos Bﬁgﬁ ‘&Hﬁﬁ&l et laifdhe€ TOQ %@Q@fb‘én ch) @oﬂﬁﬁﬂi@r DAaRMb1e alkyl substituent

can have Structure W: Structure VII wherein
located b atﬂasl(qm pormradiasers Sp i %t;onaafmﬁyqn Wbﬁcatame%meﬂrfu%gegrﬁom of the

dlphosphel 8“ . rTfi 1%8 gs}oge%agl?&ihe er 4 ngl (ﬁlﬁl‘éntg a{h%rlﬁikﬁ'& group having the

epr ese
ammyhﬁtr&gemaitdiﬁrbﬁedch giphasphino sy nBticty attzwhed il d ing cavtfonrcen pomprise at

tecl | h
e oS LA Sy STk PSRl LSO o ik,
annnypﬁl%éerpﬁbﬁr&&fl@ Hipﬁoslphﬁl@rtﬂuﬁﬂriﬁélb@l i @ttaohkd.i M 6ther embodiments, the

i phosphi no am nyl noieties and I inking group
hnkmg grokp having deramindgutiogenaiam of e@qbedlﬁi%ﬂla% Ay aml%w pttached to a
noi eties by utilizing the dz hosphi no am nyl noieties °
descri bed herein, the linki g groups L and/or L2

descri bed herein, the substituents described herein,
the substituent patterns described herein, and other
aspects of the di phosphino am nyl noieties and/or

di phosphi no am nyl |igands as described herein. Though
not specifically drawn, these structures are
incorporated in this disclosure. [0078]1n an

enbodi nent, the netal conmpound, M X, of the olefin

ol i gonerization catal yst conprising a netal conpound



conbi nations thereof; alternatively, chloride,
brom de, iodide, or conbinations thereof In other
enbodi nents, the halide anion can be chlori de;
alternatively, bromde; or alternatively, iodide.
[ 00811l n carboxyl ate, acetonate, al koxide or phenoxi de
enbodi nents, the carboxyl ate, acetonate, al koxide, or
phenoxi de can be any Cl to C20 carboxyl ate, acetonate,
[ L,y
ring oot Bimpke BRFUAE G s R TLORGL UE et Bt slfteant o cach
carbonaireorewhich iameming] nitrogeneatoro of thy diphesphie amicyl naetgigattached.
acet onat e; alternatlvely, a Cl to C10 carboxyl ate;

al ternativel 0 e o5 Y,
005315, & B8 cafdineRomia® h°PRdPiACam, ReR RRhbEVonly ovo
dlphosﬁfun& athiye IﬁkﬁﬁteyJ the eltnkn@t group linking athé aminy] nat:cg’emtamms of the two
alternatjvel - et hy Ihexa oate; or alte nativ £ inert
diphosphifd PR PSR GATEY R BB T BTG P R cghising of ine

functlo?gal g'trﬂlg.% U3 HyiRkabiend @B@ MR en®bdinRER! thy EnkiR@EARS linking the
total nunmber o ani ons equal s the oxi dati on
axmnylsmavgenoatom dfrtheytwe rdiphgisphinn amjnyl gn%etleé rcan begdtg oxgamylene group;
alterna{%e lgfr?re]t i ggcg.g)ay) S%%lﬁg %ﬁgﬁgr;t( | a(%tllbgeﬁlxgr ?§] dgd al'ié?natlvely,
hydrochﬂby!éh@ gxfoup ﬂhﬁﬁh ﬂ’ﬁlmi(hmeﬁthtﬁe linkiag grum;rbmkmgftheammom]smtrmen atoms of

is 2, or alternati.vel 831l n sone enb
the twagfgRphing ABITHbRRIet ST ﬁ@?% FEBYRET B AR,  C2 o Cr
organyﬁilﬂé PdupTos %ﬁ&ﬁhﬂe&? aCo 18R @oGh AistiE lekgbodiments, the
co npound chro conpoun or conbi natjons .
linkingt greurelikingsibic aid n&mgemrafemﬂ of fhectyiostiphogrhingamipemoisties can be a

C, to ?%q %é%leﬁen‘#oﬁﬁ‘l Joﬁ%ftﬁ{é’ gr I mﬁggﬁl}u#rag %‘fduﬁ_? alf‘eﬂl{agw%ly' My, to Cy
organyldne (gmupm(dnhl};tu(gZOfeﬂnhxy |ftvecxiamd agre)p,s, omalmamly,l 3 Cade(Gat erganylene

o SRR b T g P AP AIAR) o i e

aminyICllrOF8nUatbhb Jof P lihsphiab I @iThylFabikliesbenzead @2 torCso hydrocarbylene
conbi nations thereof Suitable chromun(l]l) co

group; ialigrhalively, BGb taE e hydtocapHieregrors; or aligrasivghy # £r jo 8 carbylene
gl.ouptrlc:hlorlde tris-tetrahydrofuran conpl ex,
chromunm(I111) 2,2,6,6- tetranethyl heptanedi onat e,
chromun(l111) naphthenate chron1un(|||2 chl ori de,
[0054]chr bian nemlqu;mgﬁowh@rem gier diphesphinol ymily] digapk comprises only two

L1 t t
oo AT b R SO M o o
d1phos§1ﬁﬁ@g mrm’lfyl Q@diét\f/diysn Jr:]amgbe: lamahu ndn Gaime kmn‘twdnﬂmntsnwhcr(eml thy diphosphino
car boxyl at e thout  limtation, exa
aminylCBaBHHEamPTFeS) O, Pl SANATAEI0 HEIY e e, ﬁ-t*‘f*P% jproup, linking the
ammyl'tﬁ %ﬂaﬁ&ﬁi 6f tHehiv@Ndiptispllihe afndny® nibidties Xcan @a hse a cyclic group (a

oxy- 2-'et hyl hexanoate, chrom u % .
ring); di eh¢rmtzyetvma| svbstinied tclic Brovmi @riubstityted dBght én other embodiments

wherele %% @p%%l i Io) filg%l&y ggm %&%énr%g%rr?%fl iv&l @g@?@? aﬂl‘ﬁﬂﬁemoieties, the

linkingC Broap(l linkirg the majrlanecgenrmﬂm; ofithd twWo Hiphaspbine aminyl moieties, can

compngg %Jgig?ﬂrgfqdlcg:ylghct %&tqg § tgrtngfhve r 3 %@%{&#&Qﬁ gylrc%g agtroup, %Eematively,
a satm%{éﬁ YT GRR B %owel a8 sabstiéRed ptuatel |He)eroatomlc cyclic
-ethylhexanoate 00851hi anot her enbodi nent ,

group; @hcmnﬁwlﬁ, 60 ATOHIAHE B@Woﬁ%@ﬁﬁe I cnsubatitated RTOFFC §TOED: ?ﬂtemat“’ely’
di ket onate. Exanpl es of such chrom um 13-di ket onat es o
include wthout |imtation %%ron1un1(lll)
acetyl acetonate, chromum (111)
hexaf | uor oacet yl acet onat e and
tris(2,2,6,6-tetranmethyl-3,5- heptanedi onato)chrom um
(1), I'n an enbodi nent, the chrom um | 3-di ketonate is
chromum (I11) acetylacetonate (also referred to as
Cr(acac)3). 100861l n an aspect, the oligonerization
catal yst can be a netal conplex conprising a netal
conmpound conpl exed to a heteroatomc ligand. In an




sonme enbodi nents, the di phosphino am nyl noieties of

t he di phosphi no am nyl |igand can be any di phosphi no

am nyl noiety described herein. In some enbodi nents,

t he di phosphino am nyl noieties can have Structure 1,

Structure 3, or any conbination thereof. In other

enbodi nents, the di phosphino am nyl noieties can have

Structure 1, or alternatively, Structure 3. [0089]In

j : I b S a I ;

heterod B e o S R IRt B S0, e embodiments
whereimetha llinkingyouyd linking | tex etirtyd niteigen oaammrpg thei gendiphesphing aminyl

. .otoructure | Structure I, Structure |1]. or _any .

moieti g FidipFghon HIPHCHOUT fhediydioeitih o etoupn Hibpriges saturated

cyclic SRR MEMEPAERY, a SubigitAed Batuddte ORNO Pvdpcadterativety] ah @romatic group; or
et eroatonmi c |igand can be a netal, corrpgun,d tﬁogPhex%]cjll .

alternativelyiea @beRisH EOMAtagTauMalh A cppdigie wherein the diphosphino aminyl

i 938} i UBind1' moiBtes 24t 1 &k \GHel of eYaminyl nitr t

ligand Jt)élﬁrggtggtr)g\j?\w thlﬁhgﬂg?%er g%br%(gi r%nt s, the omE\t aelumg}c;nn'pln_l %%?n oms

of the tworpiphssphipoanieylagroups rrpo b dttachah te g giggtcarbgn atom of a linking group

heteroatom c | igand c 2 a nmetal ¢ .
comprfge By 4Y G EIE O PSSl WAUS B e PPy S ERMIRE Hidbsina.
heteroa¥omid! &rufibtid, Or Mterofbmadtd)desrived her&hr ucture VI, or any

conbi nation thereof. In yet other enbodi nents, the

metal conpl ex cqQ i sing a retal.conpound. coppl exed to
1005515 1t e oSReHiBSR Garrainc s GERSEHED aPo QY iga comprics' Snly two
diphosPIRA® LBXBY nidetRE! BE PRkRT oy GANChnRIe BOleRitIdActoyElR: Moup and the
al ternatively, Structure VIl; or alternativel

aminylQritregenatam of #t|least owroef] the v dighesplinagany tnl*féeﬁr%?ﬁ} be attached to a

. A pr; A | . _ . .
o D I 5 SRR R, AR sy v
comprisesoarly trere riphospHimy emanyy nsukdsiss,i the dinkingagrowr candesuprisb el least one
. herein, R5 can bhe an r as. described herein, .and..
eyeic FPRR Lo A gL o BTy satIn e e pr BT Ay Al can be
attachedOf¥E a &0 dhriBi tafom t dFetheElirikingC @FGube X Iirfthed eenfiteydingesn tndi@rein the
_ %Structure X SiR (RC R. cOn XpM NStructure X | )

diphospfina ainy] fandeomprses\gobhive dipkospiing PéyhgIoisticn 45 ginyl nitrogen

f bR troietiRs ARMe RibsaNoRe A¥ie cycli
atoms ?E%Wu@ﬁ%sgmﬁg\%ﬁgrﬁmg@gg%%ﬁ% E)at tger n des%ri ge_d © ?yc °
group bértie hinking gréup. dimlfidher smbsdilients windreiy | therliphogphirRy aminyl ligand

R2e, Ra . nd R5'. can be any substij 0 v
compriy, oafi 519 (e CBPRCRORRrhoe sARRKLPRYy Ghofif e two
diphosphifib @lnkymoriEdMeh bBiattichee BifRfadtfing Carbdnstoli eheaymb opdlicygroup of the

am nyl nitrogen _group can be any val ue de

) ribed .
linkingrggpi.in 7S HACRTRSAN Weorein fie PRSP RBR BB fggnd compiies only two
diphos avg 'agltm}h Mnoiétibs ﬁl@qg&%rgfénﬁ)t ol @orgﬁx‘isglotvn&%ﬂgslc% cO®rise only two)

ructure Xi: W e netal . . o
cyclic grdwpsliane rihes amznyl migrogen atomsr of thie, tRio2dipmsghing|aginyk) moieties can be

attachegitlg’a I%%ééar%libf (gﬁingeﬁggzlic I_?‘g)r?’cln.fps %%%he llijfﬁgng B%ﬁp %%ﬁeraﬁi%lany cyclic

group of theCRikife gy 15kt the usithylotitrbgeneatamy of ulxs twd diphbsphino aminyl
_ pattern described herein for the djph sg(gj no am 1E%LLh
moletighopray pe amyupsobeiuied RYElic &AL o5 AUREHIEL Aodlis BpRP Fusthermore, any
cyclic gx%gg bt {h? ‘ﬁﬂfun% grdﬁﬁ\fﬁkﬁg YheSAHRiad1i ditd6geh aRmist Tk th@EpHOBSHENO aminyl
erein for t cycloalkyl aimninyl” nitrogen group, n of

moieti¢simaychecing aiilig] group anyyperificydigemoup (gpsataated dictergatapRir, psomatic, or
het desctr i)ged .Eg(feérenm and M can be any netal conpound

Clero LYY GEG ABT €T A" I n other enbodi ments, the netal o

conpl ex may have Structure 30




[O091] Alternatively, the netal conplex can be the
product of contacting a netal conpound, MX, wth a
het eroatonmic |igand conprising nultiple di phosphino
am nyl noieties, (PNP)4_, (M Xp)qg, wherein PNP
represents the di phosphino am nyl noieties, L
represents the linking group linking the am nyl
nitrogen atonms of the di phosphi no am nyl noieties,

M e .
ool B GERASRRRLS, b} Bl GOTIONS, 02331 LAREERB01S o e o
diphospHiso dinjtyb spikties camicoyprisei aybisclclohaxytiéns gravher aohisphenglene group.

onmpoynds .i.n the tal .coppl ex. .General | t . .
e AR08 sl TRy RGPS PR i P diphosphino
aminyldpoles ol 2 Adubitit@sd Hidtgclokixglene OfpEpyNet, alinhatiyelyl @ substituted

) i ndependent el enents. Therefore,  the netal coqplex can,
bisphenydengessewn hEke sbstuat af theowpRitied LBkps ex ¢ Pg any substituent(s)
describdd HQ@?@#H Ren erb)ﬁkl shibseAfRA: ﬂéﬂ%ede&ﬁb_@@ héeteh a8RMb BOunderstood that

. am ny I'gand can” have any conbi nation of di phosphino
since ttendiphydsphing aningsmaityedidhé ddnghgoep,d,, cin bkindepegdently selected from

| inkin e di phesphi no .am nvil Leties . i . .
v ol el AR SPH STON sBEL 3R LB ospine
moieticdesteibed hddeifl ahdtheilinking gebup kescAbédhereinnpound can be any

nmet al conpound as descri bed herein.

IR RN R R N TR ——
of the NRCEPASPHING AhBINGniAD i BY {OR R )phamiehd B&haRf i R™ can
] noi eties and a |1nking group linking the am nyl

independently §e rhygrosers moethylhethylypramyb menyg@rmﬁﬂﬁm%iaé@i@sc?n be an

integerg%}}ﬂ l%HiVL gﬁﬁ%’%ﬁ e%dﬁr?&'tg {Heﬁ%lacfﬁ'g}ggéurpg Pgi@hg theB¥n Gritrogen atoms

I nucl ear ave the chen
of the fWR) BiphodshiRp spRBR1AbIEHesx pan Be a)rhethyencegroup i(+1G&ht), at lethylene group

B o SO b S SREPEET, RLCREREALE ! (B3 o, o

butylene! §o6h YWCEHIH,CH \@1B)e o aRICH,CH{CHRBCHaNgroRg. CRnother asylimiting
substi tuent or haye any substituent pattern describ%gl i
embodiesnts; the linking groywe, hpking the eyl gitwgen sewe of hedwa dinbpsphino aminyl
- .+ an 1 a 1 _ h |.. _
moiedd Mo PEARe A0 91 o OIBRAE iyt 1o v
group; ajterBativety, ur enediyléne group(-CHy-); alternatively, an ethylene group (-CH,CH,-);

alternatively, a propylene group (-CH,CH,CH,-); alternatively, a -CH(CH;)CH,- group;

alternatively, a -C(CHs),- group; or alternatively, or a -CH>CH(CH;)-CHa- group.

[0058] In an embodiment, the hydrocarbylene linking group linking the aminyl nitrogen atoms
of the two diphosphino aminyl moieties can be 1,2-phenylene (benzene-1,2-diyl), a substituted 1,2-
phenylene (substituted benzene-1,2-diyl), 1,3-phenylene (benzene-1,3-diyl), a substituted 1,3-
phenylene(substituted benzene-1,3-diyl), 1,4-phenylene (benzene-1,4-diyl), a substituted 1,4-
phenylene (substituted benzene-1,4-diyl), 3,3’-biphenylene (biphenyl-3,3’-diyl), a substituted 3,3’-
biphenylene (a substituted biphenyl-3,3’-diyl), 4,4’-biphenylene (biphenyl-4,4’-diyl), a substituted
4,4’-biphenylene (a substituted biphenyl-4,4’-diyl), bis(3-phenylene)methane, a substituted bis(3-
phenylene)methane, bis(4-phenylene)methane, a substituted bis(4-phenylene)methane, 1,2-bis(3-
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R 3 wherein R11, R12, R 3, R14, Rrs, R21, R22, R23,
R24, R25, R31, R32, R33, R34, R35, R41l, R42, RA43, R44,
and R45 can be any substituent or have any substituent
pattern described herein, L can be any |inking group
descri bed herein and M Xp can be any netal conpound
descri bed herein. In other enbodi nents, the netal

conpl ex can be represented by Structure XV: wherein
e an n hey oi
phenylk:neﬁ@ngaégang ¥uﬂs{1 'féd 9 %B%gﬁnpﬁsglﬁ ggglﬁer E?ﬁk(@%ﬂeﬂ%eﬁ@)ethane a

substitutadi ehﬁ@w&t phbnphacﬁylhama, nQZM(bphﬂne@na)pe)phmjr agebstituted  1,2-bis(3-

phens RgEIRTAe AV DD DRSS UReH BN T o el S propane, 22

bis(3-phényg&id)p2 ?aﬁﬁ)ﬁ sibfiiited Q%s(@-ph&i@l@e@mpaﬁ@ kst bit@ephenylene)propane,
escri bed herein, can_be any

it
or 2 SPGBt AE BEdTT PRI RN, s Rebemeat d S hiocarbylene linking
group YiRkiap Gthe SnfifR A6, AYHE QFahe thb %@ﬁﬁ%ﬁ {?,agzﬁl@‘l’ mb#efes can be a

met af conpl €x can have Structure
substit@ed Uckphreaylxhd (subsiiéuted herRere-1,Rrdiyl), Rr pubstituted 1FF-phengene(substituted

benzengzl leé,A’g SE%EHKC%Z g,é pES é’lene beSF%ﬁe)(/i e %r}eﬁ?lédiﬁﬁﬂ’l’suhsﬁtuted 3,3°-

biphenidile S(H bﬁiblstltulteﬂlt bipledn 3,8’ -dighCc i badtifariiedd;-bighefylanan(absubstituted
conpound. descr rein
biphenghids sqhgue& SRR e@efl)élﬁﬁl%@sﬁfmwav 5@#%%(4 ‘Bhenylencmethane,

a substituted 1,2-bis(3-phenylene)ethane, a substituted 1,2-bis(4-phenylene)ethane, a substituted

1,2-bis(3-phenylene)propane, a substituted 1,2-bis(4-phenylene)propane, a substituted 2,2-bis(3-
phenylene)propane, or a substituted 2,2-bis(4-phenylene)propane.

[0059] In an embodiment, the hydrocarbylene linking group linking the aminyl nitrogen atoms
of the two diphosphino aminyl moieties can be 1,2-cyclohexylene (cyclohexane-1,2-diyl), a
substituted 1,2-cyclohexylene (substituted cyclohexane-1,2-diyl), 1,3-cyclohexylene (cyclohexane-
1,3-diyl), a substituted 1,3-cyclohexylene (substituted cyclohexane-1,3-diyl), 1,4-cyclohexylene
(cyclohexane-1,4-diyl), a substituted 1,4-cyclohexylene (substituted cyclohexane-1,4-diyl), 3,3’-
bicyclohexylene (bicyclohexyl-3,3’-diyl), a substituted 3,3’-bicyclohexylene (substituted
bicyclohexyl-3,3’-diyl), 4,4’-bicyclohexylene (bicyclohexyl-4,4’-diyl), a substituted 4,4’-
bicyclohexylene (substituted bicyclohexyl-4,4’-diyl), bis(3-cyclohexylene)methane, a substituted
bis(3-cyclohexylene)methane, bis(4-cyclohexylene)methane, a substituted bis(4-
cyclohexylene)methane, 1,2-bis(3-cyclohexylene)ethane, a substituted 1,2-bis(3-cyclohexylene)-
ethane, 1,2-bis(4-cyclohexylene)ethane, a substituted 1,2-bis(4-cyclohexylene)ethane, 1,2-bis(3-
cyclohexylene)propane, a substituted 1,2-bis(3-cyclohexylene)propane, 1,2-bis(4-cyclohexylene)-
propane, a substituted 1,2-bis(4-cyclohexylene)propane, 2,2-bis(3-cyclohexylene)propane, a
substituted 2,2-bis(3-cyclohexylene)propane, 2,2-bis(4-cyclohexylene)propane, or a substituted
2,2-bis(4-cyclohexylene)propane. In some embodiments, the hydrocarbylene linking group linking
the aminyl nitrogen atoms of the two diphosphino aminyl moieties can be a substituted 1,2-

cyclohexylene (substituted cyclohexane-1,2-diyl), a substituted 1,3-cyclohexylene (substituted
25 °



enbodi nent, the netal conplex can have Structure
XV Structure XVIII wherein the undesi gnated

val enci es represent hydrogen. [0094] 1 n an enbodi nent,
the nmetal conpound of the netal conplex having

Structure X, Structure X, Structure Xll, Structure
XIll, Structure XIV, Structure XV, Structure XVI,
Structure XVI1, or Structure XVIII, can conprise

48014V anag M £ ' | RsuBiteE® OB ane 11 MEdiy]), a
Cydm%r%?éﬁ’%%’o%ngmgp@ elﬁg%gﬁg%wn%ee% havi ng tcr uctall}?_e w ,
substitdted SBrbiaycleheklylenSt r(sbstitnted Xibicyckohexyd8:3t-diykh | p, substituted 4,4°-

) { ryctu V.. .Struct ur tr Ur e ,
bioyelgryiSneo Sl sl Kyl LELER D gy SI D ethane, o
substitfied e bk 4-¥ycldHeeyleht)@bthas, Canpsbsiiutedn 1/2abig3aytlohexyleac)othane, a

O Xp, wherein X can be the sage_or d{gﬁerent nd ca&)
substitgied ahg-PavFIhesyIcRlghani & agioied | L AhBUECYghpdRpropane, a
it 2his(4L hd abl®sn@ani Lois@dysdhex ropane, or a
Subsut%tgég%%g(g ?Pg?%nléyﬁm?ghrre enbsodi ment s,1 Chi:lg\'&rnat glﬁil Oprop
substitatedPBthns(4-cfclolesylert)atopasnpl ex havi ng Structure X,
Structure XlI, Structure XII, Structure XIIl, Structure
Xrv C . re yoaol t 318 €4:%¥41-4.4Qbiphenyl :
[0060] g | H%:? érﬁlg %ﬁoa}rﬁ%gshﬁgéqa C r%‘i‘ﬁy hrﬁ atlr)#ge?l’g ad%%’orﬁ ur‘r11p enyene
alterna€i@dlpoxyla at éjs(halkhrophenylcackptetimate, altematiely e 1,2-bis(3-alkyl-4-

t hereof. | n of her ogi ts, the tal co u .
phenypGEREtE B PR IGL P A oo Ly 0, 22-bisC-
alkyl-4bHeHGlet)Brofdre. 1RLdtkES lebibBditlehts theTinkitpl g6 @) o8in\be can be a 3,3’-dialkyl-

ructure , Structure XVI, Structure XVII  or )
4,4 -bigyolehskylees; Xallematively Bebis(Getdriraislohgtyig)methane; alternatively, 1,2-
1 [ | r ] b H a1 _ 1 :
-G SRSl ATLARLGS, PR SR asheximopopmes o
alternatihelpn?, Qsbid(Bhiksled-cyddhreaplens)propaisox ji sanes nomhinhitirigr embasiments the

acetonates are, descri bed herejn _.an 1 e
alkyl choun s xR SEhenbehteR i S PR aREatio group
can be RaNdtRd gRfupuct ure X, Structure X, Structure X1,

Structure X1, Structure XIV, Structure XV, Structure

XVI, Structure Xvill, r.Structure XVILII. .Iln.sonme
[006 1Ty SRR AR e PRt o e DA TG ey Ty on be
hydroc%fﬁlyﬁ %x%hg,t dVdrbayp QI%@%),%; ornyf kﬁoﬁg @@ﬁsﬁs‘ﬁﬁ% ¥f arf e Fimbional group, or

ITIY a ate 5

etylacéton (_Cr(acac)q\% [ 00 One skilled .
an ineit flunctienahgroupi [ someecergfridiraentis die ypstidpe gsubstituted linking group,

tructures foryal | i4C4f f -
L con 3 AR Sy SR P RAHREL ) BT o s o
inert fuitiedal group substuemspf e eubstimted linkipgrcoupohyian davegrem 1 to 10 carbon

di phosphi no am nyl noiety). wever., it shoul d. be
stoms; RYEBANAN EO e RS & HE e RuR LT PP

that dinmeric and/or oligonmeric fornms of Structures
[0062]haViQgn BinbelEmest, M Ay willsstinknts bf eervubsaitutedliaking group, L, can be a

conpl exed to the heteroatom c |igan r the . ligand
methyl @%A wr@yb(bpr@nﬂ%,pﬁvmepsérﬁzrmpygamﬂg‘?@ﬁ Qr‘%‘tﬂL; cbutyl (2-buty),
isobut}fdog:rl%gm 11-{1? ogplz,o Bt dtylS &f—Hl%ﬂHf—Q-_%rdffyB}/ indseltyd §f Sefityl), 2-pentyl, 3-
en orrpags ]h | I forns of

i meric” and/ or "ol i goneri c

pentyl.St-metityl dwtyharwitpgnist Celgéthgl-Xpuiyh ot Ghtybohmetyl-2-butyl, neo-

al. ato compl exed t e heteroatoem ¢ Li .
pentyl G T GENG BORSTI & Al pRBS DA o ATy ey s, the alky
substith QRO thesubbtiterh tidking Bfoup! Ihecan be b intettol,i ctioyiverprapyli( bipropyl), n-butyl
catal yst system conpri ses a catal yst and a cocatal yst.
General ly, the cocatal yst C&ﬂ be any organonetal lic o
conpound capabl e of activatf'hg the catal yst conprising
a netal conpound conplexed to a heteroatom c |igands
descri bed herein to polynerize or oligonerize ol efins.
Sui t abl e cocatal ysts can include nononeric or
oligoneric netal alkyls, netal aryls, neta
al kyl -aryls conprising at |east one of the netals
selected fromthe group consisting of B, A, Be, M,
Ca, Sr, Ba, Li, Na, K, Rb, Cs, Zn, Cd, and Sn. In an
enbodi nent, the cocatal yst can be selected fromthe




[0099] Generally, the olefin oligonerization catal yst
system conprises an olefin oligonerization catal yst
and a cocatalyst. As the olefin oligomnerization

catal yst and the cocatal yst are independent el enents,
the olefin oligonerization catal yst system can
conprise any conbination of the olefin oligonerization
cat al yst described herein and the cocatal yst as

(l-butﬂﬁfi&}i)l.lgf b H{%ﬁﬁd 'i‘ 1)S AFRnfP1- bériﬂll? ' ﬂ&eﬂ&bpﬁwﬁrﬁ ﬁngthyl 1-butyl,
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S T R SR e
ol i gonerization catal yst conprises a nmetal conpound
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oo P HBFRE s et bR L 55 pBELTR dpst one primary
diphospHihd kin&§ n%lég?tﬂt%rnﬁﬁf@?%%aﬁtO%' R¥@atyadiphodplithe amitiyh enoiety; or

am nyl conprising at |east 2 di phaosphino am ny
alternatiysint ateb';astameetqﬁtaﬁw\fapl}psplvm tnyi PRSphilAcoms Appodiments, the
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amglléfjogl Y I e IOE E}h (ﬁpll? %1?1%1% gtpnglpl?pﬁlett aﬁlu!flg!l to 4 BarBbh atom which is

attache@ltd ﬂ@é’@dthd“&:hn‘b@ﬂ atoitsal s ternatvlidicn ﬂ’etcﬁﬂ»hoqblkgd amiayl Moieties consist

in the presence of a solvent. In a enbo t, an .
of secaprat iphospuR: ARyt MoiFtEs %ﬂyg?feré;}%ﬂ&rﬁm DG, AR fopyhich the

Dehofty 8f @i RS Bhing PlidR0 §§t€a@héﬂsindd t imply th
dmmm@%ﬂ%%ﬁgpngogﬁﬁeta gznﬂ%un cgﬁp %xeé to a dlphggzﬁ?ﬁgm), °

presenmrr@blsencs wdady omcml diphosphinorannioylaligand elemspireThe diphosphino aminyl
| Lcatalyst system
igand F PG By <BiE ot ARt SRR AR HEMET 2 o
cat al yst conpr|3|ng a chron1un1conpound conpl exed to a
[0064]di phoap fﬂmﬂmdmiem't nthe diplyasphina reniaylmigad, a¢daydless oqrf the number of
ternat .. contact.in olefin oligoneriz
diphosghR ST E! B SR ist e b TS sHoL B s e gached)

to a cafHoRREHP R RRicAMhdWhinkl SBOEENHEn df BRtigHospHitoydmingl ﬂhhﬁty is attached
presence of a solvent. |In other enbodi nents, an

In som@mrrgv@ﬁmn%thedhp@ap}aw@mw}/@g@m regardispgf thgynumber P of diphosphino
armnylclﬁ&gﬁé"st Eeﬂxgc rﬁk &} 13590 szi‘ﬁdlp o tc¥1§tt (i.e. attached) to each

romum COﬁ'pOU conpl exe
carbon dttth mswlmlchl dxmmnyll mtmgcn atpnavf the alqlho$p1w10chnphyish¢lnf(¥ is attached. In

RN TR T T e T T—

aminyl GROB@SN 6in Bdve ntyeomedeitiae) Yarbty at@ﬁﬂ&d@é&:hﬂ@e aitta@]hﬁi) it# each carbon
ol i gonerization catal yst conprising a chrom um

atom tccwhisb theqminylpitogeratos )of thq ERSPINEQ ARRYLORlYAS pttacher.
di phosphi no am nyl Ilgands:%pr any ot her nunber of o
di phosphi no am nyl |igands “di scl osed herein) and an
al kyl al um num conpound in the presence of a solvent.
In yet other enbodi nents, an olefin oligonerization
catal yst system can be formed by contacting an olefin
ol i goneri zation catal yst conprising Cr(acac)3
conplexed to a ligand having at |east two di phosphino
am nyl ligands (or any other nunber of di phosphino
am nyl |igands disclosed herein) and an al um noxane;
or alternatively, by contacting an olefin

\ o~



i gand conprising a di phosphino am nyl noiety, and a

cocat al yst has a di phosphino aininyl noiety to netal

of the netal conpound nolar ratio greater than 1.8:1

and a cocatal yst netal to netal of the netal conpound

nol ar ratio greater than 200:1. In sone non-limting

enbodi nents, the catal yst system has a di phosphi no

amnyl noiety to netal of the netal conpound nol ar

rati i ' | i iphosphino
1006517 2 5P ShSREE phiplits asfiortt AuAroRATLD CbuTR] Blly o dptosp
moieti@Oiked bk sanratedi hydrogarbylent piddwyinigrverious teiaryrasihonatams within the

tal of . the nmetal compound,no
ol g o, B SRR S e, b RSB s R a0
meet of AGT0Y RteiMbladl critdial for gicdadation tofidre tediaf; darbon atoms in relation to the
i alternatively, a diphosphino am nyl i.ety to nmetal of .
diphospligo epaY! BSIEHEEHd erroIareredy fiooa%j&% ieapifigdhartisars n Vigyizing the
relatiofshfP Gy HE té}ﬁgr?lcaﬁb‘an R arfdf the BRIV hittog&P BBAUShe diphosphino

~ molar ratio greater than 400:1; alternatively, a
aminyldigiktys HiunoresminyiU donet jmit thenherein distlogadenyration to these structures,

o anfSTIRLATOF il SRRGGALIATE BHAEE ol Rl s
hydrocglﬂiylhene rlﬁﬂtgign grd_‘upﬂlm TRO xlibhbq;h&;oO@ﬁlirﬂyi fl@atrl:b rcamthalvel any mumber of
diphosphifin GUNEY! BT G1s R ITTIOEReTeT: FIUeh SOURE 0f ImE0E gxppp Linking the
aminylCG88R! aSths BRIR! difiospRiRhmfyl hde:tie® haleseMEACHRGN (@f dromatic of
rati o ranging from400:1 to 1600:1; alternatively, a |
heteroatppptésslirtkingogravshy Uperbrestey 3 skillashastisan ikl he ablg 1t<a11pp¥y the criteria for
ratiq h ' 3: :

o o RN T AANARPl RSl BB B2 25 o
diphosplaihé aminghmioieged thatnah @fkettht oriteyi2 G8:thg locatioalof érertertinnyalagbon atoms
. a di phosphi ng amn nojety to nmetal of the netal
mrdmﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁgw) &%m?ﬁﬁgF%g from4:1 to 6:1 and a

cocatal yst netal to netal of the nmetal conpound nol ar

rati o rangi ng from 606PMN %o 1, 00821. In an enbsdi ment,
(P.N)E D al~-compg@ind of the catal yst systene IS (NP,)P
2 %ﬁ53%$ﬁﬁ%gﬁg t he cocatal yst Jconprises al um nu In \/NZT
stchScase, St he di phosphi no ahinyl moiety to al of t
thgﬂgﬁﬁ haconpound nol argiahif Agan be stated agmiture AC
di phosphi no am nyl noiety to chromumnolar ratio and

the cocatal yst netal to metal of the metal conpound

nolSar ratio rangingp e gated nalumindmto $
(P2N) ' &P atigaozfﬁﬁl:TP\!ibéllr a ngﬁﬂlai il AN Cr (NP)®
gibodi mgnt s the cat al ystem rises a ngtag
C SS C

conpound cohprising clirom um a di phosphi no ani nyl
| i graeehire A an al umi noxasteuctdra ABOMe non- 1 i m ti Sgucture AF
enbodi nents, the catal yst system conprising a netal
conpound conprising chromum a di phosphi no at ni nyd

li §and hdving at | east one di phosphi no ami nyP,Nxaj ety (NP,)P
(PN) ; LiNPwine; al(P2hhativelNp,)a net al conpo

conpki si ng {chrom um a di phosphi no am nyl |igand
C;Coprising &8 | east two @i pifosphi no am nyl noieties

and 1i nki group linking the j nyl nitrogen 0 of

tﬁgnﬁﬁFﬁ noi eti es, an tlEFgﬂninoxane; or Shrieflre A

alternatively, a nmetal conpound conprising chromum a

di phosphino am nyl |igand conprising only 2

di phosphi no am nyl noieties and a |inking group

i nki ng the am nyl nitrogegﬁ$tons of the 2 di phosphino °

am nyl noieties, and an al noxane. [0107] The

catal yst conponents disclosed herein nay be contacted

to forman olefin oligonerization catal yst system The

anount of each conponent used to prepare an olefin

ol i goneri zati on catal yst system can be any anount such

that, when conbined to formthe catal yst system

ol i goneri zati on occurs upon contact with one or nore

ol efins. Generally, a nolar excess 540 of the netal

al kyl cocatal yst is used. Contacting of the catalyst



line to ensure that adequate contacting of the

conbi ned conponents takes place, and the mxture is
thus forned as it passes through the conm ngled feed
line. Wiere a nethod of nmaking a catalyst recites
contact or conbination of catal yst conponents, such

may be carried out by contacting or conbining all or a
portion of such conponents in various enbodi nents.
10110] used herein, OMPOSIi 4js0p conprising a

(9?\%@ ySStS {?\19 onent inéﬁﬁhﬁe eNgg)t al yst co %hent (NP,)?
a one 'nzconbination\g or nore ad i%lo‘i’
conpounds, solvents, or bot ne, some, or ald~Qq
¢ contacting steps may be carried out in the

pr sgestae A0f a sol vent (sStrehireAK referred to aStruwture AL
optional solvent), which nay be introduced to a

contact zone via inclusion with one or nore S
conposiPeNdns conpLi sing &Rt al yst conponefiRNy be(NP2)?
i ntroduced @ “ a contact zone, for exa

in a solvent I'ine or as an initial charge to a contact
zone. [0111] |$trwehireAdybdi ment, water, acidic pr¥tushse ON
both may be abated fromany or all of the conponents

of the déscribed catal yst system using nethods and

(PoN) 4G MNP to o ar di skill i PiNYe _art (NPy)P
Sﬂch rre?ﬁéa/\: and condirzt% rﬁ/%n/em%ig)gcl osed in n
CcU. Pat ent "@ppl i cati on Se€d af: No.: 11/207,232sf1beds
August 19, 2005 and entif]ed "Nethods of Prepagation
ofsgt&}?t"@zﬂ n O igoneri za%ti"ffﬁ’“ | yst" which gucturc AS
previ qusly disclosed herein. 10112] I n an enbodi nent,

the ol®fin oligonerization catal ys system gan further
® r5e-@Pgol vent. The sol vent may—he a hyflrocar bon
sol v a hal ogenat ed hydr ode’Hon ve or(NPZ)

conbi nati ons thereof Generally, the catal yst system
soStvatare &T di | uent can conprise a ClrucreAy
hydrocarbon; alternatively, a C4 to Cl10 hydrocarbon;

al t gr. [ Clat o :C l.0qe ) e DI :
om0 Gl R NS BRETRFY QYA Ao
aminylhyoietsaC pepresals/eginertiveddey deocsbn igaiupda pordrabicedt drganyl group, or a
romat i ¢ _hydr ocar bon .an olefinic hydrocar . n
generafe oAl (AN CORIGRUr BERJURGIPR: EPbn GoRbRne P Tepresent &

hydrogeh lat®ita BErai9EPhydE6cakiil @R, h pehkHilBRe org2@iilt @08y, or a generalized
n- hexane, hexanes, cycl ohexane, n-heptane or n-oct

/ . ne,
organybgronp gensisting phiaere Siclionyl gronps. aifbd ERPFREPRIS2 snrligedotvRttiteent.
sol vent can be a C6 to C20 aromatic conpound. Suitable
[0067]2" © gg'ﬁdt&rebm SHIPAB ABSof Slisfy 1Rt BHRriR 8N ARMArast O¢d#@fHRes at least one
m xed xyl enes, ortho-xylené, neta-xylene, para-xylene, .
tertiaryedakydnizéomz edjegenbio axagionratesn ehwhisbfan a@iny aftogen atom of a diphosphino
. -hal ogenat.e at st _so ts Il . i NC s
aminy PG et son S8 eT00h BBtk mF e RisEP B Svithin the
structu€l, €l tertiegtdagyoa atdni isalot adjsehitanies cabunctah en zdidh, the aminyl nitrogen
di.ch| or obenzene,. or. m xtures thereof. .In an
atom of ths skiphegnivno aopayldgeighy P Qﬁgfﬁ% argafihgdnzene.
[0113] The catal yst and catal yst systens described in

[0068]t NeSRERSGNACRR k4Rl BB Eiddiialsr @ETPhese tedrfprisde at least one tertiary
ol i goneri zation of olefins. Such a process can

. . be . .
carboneatgmn pdiscentito asarhosrataie o7 Whichise agimy mifEagen atomaf g diphosphino aminyl
meggyﬁ%% g th one or nore olefin nonomers under reaction
con Ions suitable for polynerlzatlon or o
ol i goneri zati on of ol efins.2An sone enbodi ments, the

ol i goneri zati on process conprises:. a) contacting an

olefin, a netal conplex, and a cocatal yst; and b)

formng an ol efin oligomer product. In other

enbodi nents, the oligonerization process is an

et hyl ene ol i goneri zati on process (or al pha olefin

producti on process) conprising: a) contacting

et hyl ene, a netal conplex, and a cocatal yst; and b)

form ng a product stream conprising olefins. In other

S




wherei nRi 2, R13, R a, R15, R21, R22, R23, R24, R25

R31, R32, R33, R34, R35, R41, R42, R43, R, and R45

can be any substituent described herein or have any
substituent pattern described herein for the

di phosphi no am nyl noiety, Rk, R2c, R3c, R4C, and R5e

can be any substituent described herein, have any
substituent pattern described herein for the

. CHRIRREKKL, AP Y, AR IRIED QEPHRve SRfeRlary @é&ﬁo@ﬁﬁbm located on a
substituent pattérn necessary to neet a particular

aspnt atofn adjecedt v ais pArbero aam opl whichathel atge)dr hijegen atom of the

herei n.. n oal k am nyl nitrogen group can
b(gplgor?{/}m\r}%l‘m "ygjlgoﬁ}yag%}? Rt aé:}l ndn and M Xp can be any
n@y al smmmsmjc desd D hed oneteiidty chibom Btoﬁﬂ]b@edecmimﬁ carBan adjacent

can be al kyl group d ri bed herein . .
Ra' Aot 2R GEIEh G TKFESHD aioBb 6 ¢ Sirbhembio aminy!
In son;ﬁm@ Qg{ta@%s R2' can be a Cl to C4 al kyl group

and , R4'", and R5 is hydrogen, and M Xp

c(bbrpr i Sgesum%rfblnﬁamand ATse@dph@md tariary sarben atgmdomcmn a carbon
group, C n e
conpr iast,(gg af(c:i a?%nr% to rFri%% e ? groon dto ogﬁ( zgw the i %lgﬂ%ew{uépgen atom of

conpl adphespling @thinyih mdnetyoélplfal 3 atatlgdnad ﬂmtaminylpmuogensatom of
can haye the Struc rein MXp can be any

ure Xl|:.
metal € %mﬂlé‘gt‘?‘f"ﬁ@&’ef?e‘ﬁéwﬂhqen sone enbodi nent s,

NeXP ok &E8D GRd Rﬂh&v@an[agdi@lgﬂdl eri@dty Sﬁb&détﬂi‘ﬁﬁfot lot:i‘té‘d on carbon
nmetal conplex utilized in the olefin oligomerization

pr ocestore adiacsohiord eaeboa atase an Whishso amanyd @W@g@x@emtqi agliphosphino
g‘fnt ﬁ;f’a%{& i 01Lt§q cﬁ&{mﬁh\%%g gér%dﬁ%{r '&12I nd A h Jé't EH% recﬂulrement
ni t r ogfroMmposivg atfleashma:hemaqs@kbdmmtmamyéennm ae¢arlsm atom on which

Ge | | th t al bed t al
conpo MdERERERAPY & USRS E e BBRRFY si ng
. 8thichidseAH] AFOARNIAWO AT AV, ANDI R &S, atll AW hdviakiwdUertiary carbon

group Iinking the am nyl nltrogen atons of the
oﬁtcpmwp‘ﬁpﬁen avpidyn alpsiscadissentdan cpdor et whichdhp amisyl nitrogen
d conprising multiple
oggﬁﬁﬁgﬁ&%ﬁﬁ% etl gs %dﬁg?% l'i nki ng group
|@nki rigructues AR by twaitdrtiayearban catmnsolbcztttcbom R plald»sp latamo adjacent to

am nyl . noieties descri bed  herein.

e kT oy whiE 3Ry iR atopl e fffosSiRs Shif§ ety alpha
ol i gonglocaad.i on process can conprise a netal conpound

conpl exed to a heteroatom c |igand conprising onl

D oSS AlrATy AMof Bt A5 ASaRGAITHRS hiprgis afbon aiom located
| nkl 3 a‘téaﬂaoﬂtawnp%ﬂ]a&hﬁt{)%%%ﬁn 85 whi8 théRninyl nitrogen atom of
di phosphi no am nyl "noieties. 101171Iln a non-lTinmting
enmbodidighosphinchemmyl aoiety miphaxis do¢atddzad & seqond tertiefyi earbon atom

ation.process..can have the

ot r oo TGS R AR 3R D UL P dR WS it nitrogen

subst iatdi@6f diptiosPlEiNe afiy] Solesyt botaeMdcafed! t ern descr | bed
herein for the di phosphino amnyl npoiety, and M Xp can

He) anytweiss /éHn%luﬁa haue g eI IsasbaR 12tom Jocisdeon @ carbon atom
enbodiy Ega@&ﬁ to M Par b RIS &S whithOfk YWinyt rint%g'%ﬁ fatom of d1phospluno
enbodi ments, the nmetal conplex utilizéed inthe ol efi

ol i goretiiy awdicH ajpha debsated andavesonhterBry aabor etom\/llocated adjacent

57U bl o S S i

R45 can be any substituent gr have any substituent
pattern described herein folV the di phosphi no




atninyl noiety, MXp can be any netal conpound

descri bed herein. In sone enbodi nents, M Xp 600

conprises chromium In yet other enbodinments, the

metal conplex utilized in the olefin oligonerization
process can have the Structure XVIII1. Structure XVIII
wherein M Xp can be any netal conpound descri bed

herein. In sone enbodi nents, M Xp conprises chrom um
1011811L.p [ : ' i ' i ;
o saPcBAERAE I Bhint Hircgi SORR ARG AP fifety bea s
sol venlbcaded. di | uent can conprise a C4 to C20

hydr ocar bon:; t at i a t
h%j/ig ro C@ﬂ&ﬁﬁés %M gg<:l é‘g‘{qﬂdgg |a§§ﬁ?nag 56%'%% c%lrbon atoms not located
sat ur agre carbyrl BeERMWiEich afn@r jment Cto hy ciirbaastbmnon evhich an aminyl

m xture thereof. In_sone enbodiqents,_the ted

. at u
hydr ociregsh aemad it diphespligo Ay RPIEEHN1S 3?‘%9?‘%‘{' eflowever, Structures
hydr ocgf:beg, ﬁM} 2Rl RV nRENRAERRAA 8F cdniRisi3tdf RELdne tertiary carbon
sol vent can be butane, isobutane, pentane, n-hexane, .
hex aneaomhdjota t, a carbaratom oy cthidhasnananyl gitragex atgmeef a diphosphino
t hereof . soqg.eqﬁgﬁ&pﬁnts, the aromatic sol vent can
be a B TI6YaY BELT e conpound. I n some enbodi ments,
. t SreuchiredAG d Al wevd thesg nertigrylvarboa neoms lotatehen carbon atoms adjacent
xyl ene(s), ethyl benzene, or m xtures thereof .. . .
1910 AP ARmW Ll Ehe asinY ireEen 29 of & AipRosphine Agtiny motety s
cgg@h&@d, and "in the presence of' refer to any
addi tion sequence, order, or concentration for )
c@ht acStrustpro AG basiwiel tariarynenrean aipmne lasales oA érgarbopfaterp @djacent to
ol i gongri zation 0 J 11 I ' . :
o1 1 gorig 530 AP SRS ey kol Bf @hdsBbing biny! moiety
met hodglplgeis tocated dnd e tidrdtertiayy erlsonratom lavatedon anmarten atom adjacent
contact zones under suitable contact condjt.ions, .such. .
25 t oriércAgR tom PR uBishdle HERVLEToReR fom pf GafRRrEe aminyl moiety
etC. .petaislobddcontact zone can be disposed in a
vessel (e.g. a storage tank, tote, container, nixin%
v sel Stryctime hbrhas ene teytiary carboratamdecaisiding 3 aripn atpm adjacent to the
inlet, i.jectio o] EE@ r | d4nBShhi invl moiet
conpon%aﬁ nfag[eljg ({hl ﬁ’iehgchi ﬂr%?o a cg’%o eglaimglg?? ngr n;llnoot élly oy
sui t abdlphadip frentad,ussetard tentiarygiartgpntatom Btated omp oarbert stom adjacent to

into contact. The processes .ngy.be carried..out ji.n a . )
pat o BF BB FRTIL BB AeniAe i eoest Ao Lo oty Ayt moier
enbodi g@is. lodtddN ahy iirdabrtiRdl cuBdintsin Wcatel ®n @yatRmtatom adjacent

zone being specified accordingly. [0120]In an ) )
enbodi teethe ,caq%n@ atsmsgemathichathp il ritseech aigyptaf dighesphino aminyl
proces higd iR 8 b SCABARDRino bhirS® Woiety beta i
enbodi%%% QQH?Hg%g%%??ﬁﬁgEgﬁgﬁgg%nerfzgf%gn %rocess ey beta 18
react olocatedh conprise a | oop reactor, a tubular

i natrBRE A b o9t BB R AR ot gt on Qarbon atom

cont i NARA¢entOlol £)0ATBHA 2Rk 6A WHICE & amiBAeitfges abnbef @ diphosphino
| oop reactor; alternatively, a tubular reactor;. or ..
al t er naninylangietyds aftasheds Jarrever, Strpeiarer A meets 4 @iteria of comprising
(CSTR)wy Il&sto(grl%ec&'tﬁ%b&%dﬁeﬁgﬁ' ad§£§nt%’ At dafdd@Yfom on which an aminyl
pol ynmeri zation or ol igomerization process reactor can

be enphityge dtom dhadibbosphind airfyl eyoeaty istajtpeded.5f

conti nuous reactors in conbination, and in various
arrangenents. [0121] Suitabl e oligonerization process

condi tions such as tenperatgLes, pressures and tines o
can be inpacted by a nunber-of factors such as the

nmetal conplex stability, netal conplex activity,

cocatal yst identity, cocatalyst activity, desired

product distribution, and/or desired product purity

anong others. Provided the teachings of the present

di scl osure, one skilled in the art will recogni ze how

to adjust the oligonerization process conditions to

achi eve the desired objectives. [0122] The

concentration of the di phosphino am nyl conpl exed




[0123] The reaction tenperature of the oligonerization
tenperature can be any reaction tenperature required
to produce the desired oligonerization product. In
some enbodi nents, the reaction tenperature for the

ol i goneri zation can range from-20 Cto 200 C. In sone
enbodi nents, the oligonerization tenperature ranges
fron10 Cto 150 C alternatively, ranges 62 from 10C

[0069]t O 42Qtfres qﬁ}AeA@atA@eAb 4RANAES 4 RN 2Fy tBe kARG ofothe phrase
alternativ

el'y, "ranges from30 Cto 80 C.~ 101241The

“compnﬂracat laast grreetsstiaryecagont stemoidjagonepicach Fasborcatamiie veigh the aminyl
[ rere |re yce the desired
mtmge&l ? f’r@tﬂ? glgﬁ?sgﬁm&aggﬂrg{nmq %lssag?re&l%gnbodl msnt s, the

1. t%ru%glgcglr,éiat I eSS ;]HVS Ic,:aﬁgtt?r? %glr cear rne%c rll?c%{edeoqluggrbon atom

efdiabnt 1t adEhrif Sohd bk widet) an &hﬁl@ﬂﬁﬂicbgéﬁlaybm @f ediicr a diphosphino
than or equal to 100 psig (689 kPa); or alternatively,

qméaﬂéwnﬁﬁéﬁﬁ@ﬂwéqual to 150 psig (1.0 MPa). In other

BAOETRY [ BeA N adiRBAG0 the carb
frongﬁ pS|g GQgi%%é%%y?g&%a%%%%ggﬁgg%ﬂz ¢ a; o the carbon

adtdre on awhictethy antilyl pétrageq 3thin gfdiphesphino eodnyp g;mcgety 2iphg is attached

t t I 100 689 3
058 bl <285 SRR B e REPtR Db AR iy
%n&@@b@ﬁmgat(alﬁecﬁ MPa) . I n enbodi nents wherein the
nmononer is a gas (e.g. ethylene), the oligonerization

can _be carri out r a mononer as  pressure,.
oo G ok et oot e LSS € 0D i
carbon! 416n 864 9 eRhESMInCatérd rbnb@hﬁ:lli‘ @n Wﬁu@%ﬂ witoanef a diphosphino

pressure. In sonme enmbodi nents, the ethyl ene pressure

aminylgneietyds graeladst t han or equal to 1 psig (6.9 1cPa);

L.

alternatively, greater than or equal to 50 psig (344
KPai-turesl Ale vRatang e%Tyeacg thewe ete tertiary earbayiiam 19@@0@1 p&argon atom

S5y G ot O B3 S e

pma smmmzlamm@ngmﬁ bf)dilipﬂosphmg atnfiny® mioRay beta 153,t‘@(iifbdp §|t1gcture Al

al ternatj vel 344 kP t 0.4
p@ﬁ @n(age}ltlgnq@ﬁg)tlaryaqa{%%tgm )}gca (npgquéon( Mnt t8 a carbon
3at<99 QnPhh (20ainhP ﬁ))tl'ﬂgéﬁ afhi 6f ﬁadlph/c%bhino fbﬁ@nyﬂ&h@et@lls Qattached.
MPa) to 2,000 psig (13.8 MPa). In sone cases when

dilowdven StiugturehAl mseld e criterireef compsisng ¢ ahlepss gRe tgrtiary carbon atom
E1l { Q ]

R B! b Ohah o S35 ORS00 8 AR ainy

pheissus sttachd” previ ously stated ethyl ene pressures can

%@&%?Xgaéﬁozl ‘égim%’l 6:t 5 (Péifﬁgﬁ%W qf Lbe carbon atoms

NBERSESn PERLYIIRSmAhdjacht 8 aR@foh @fbn®bn Whith the ammyl mtrogen atom of
Ol i gonmeri zati on reacti on pressure, the reaction system

%@@%mﬁ@ﬁnwﬁdﬂ5ﬁ§bmé§wﬂﬁé gaseous nononer i s

(I':I@E 2 ?rergﬁl%a%&d%g or :1%%841{/1“] as C a é adgg{;@vg g?f%lg n glal‘r}])Ol'é atom located

desi r eth @lchpometdnz adjlacnmt e st ca;nborp atemsqm evhldhna aliphosphino aminyl

te Hg © g : I{rlrglg%@m%?éﬁ \IOB% ncf %qua? §Se§ S u 1§ryscea1r orn 4 %n lE’oca%g %ﬁ q ctar%on atom

cont i nidpidentld MY chBas htofn)on \ﬂlﬁlclﬂh fiiphosphinoraati®g nictetybeth @ located
mai ntain a set systempressure in a batch reactor). In

ot her enbodi nents, the oligonerization reaction
pressure can be allowed to gecrease w thout addi ng any °
addi ti onal gaseous nononer d/or inert gas. [0125]In
enbodi nents wherein hydrogen is contacted with the

et hyl ene, netal conplex, and cocatal yst, hydrogen may
be added in any anount that produces the desired
effect described herein. In sonme enbodi nents, the
hydr ogen partial pressure can be greater than or equa
to 1 psig (kPa); alternatively, greater than or equa
to 5 psig (34 kPa); alternatively, greater than or
equal to 10 psig (69 kPa) or alternatlvely, greater

A P~ P~



or liquid oligonerized product m xture) of the al pha
ol efin production process that conprises greater than
or equal to 60 wt. % of an oligoneiized product having
6 and 8 carbon atons, or any other percent of

ol i goneri zed product having 6 to 8 carbon atons

descri bed herein, conprises at |least 30 wt. % of an

ol i goneri zed product having 8 carbon atons;

b} €T "@lubdRkYAHind R8HavdQ Whtiaryc@bof Mt 1GQPRI biZ §Ccarbon atom

product having 8 carbon atons; “alternatively, at |east

45 wt adjcart tathe chibgo atemi anaghigh & dipbesphingi amgnyd maagty aipha is located
atons;_alternatjvely, at |eas 9

o1 1 o 4 ERORt s owBbe ol locky dec b 18 the carbon atom on
al t er Retti¢hvlk yimiell nit@ast atbn ofidiphbsphinoaminylimsiam raiphe ds located and
product havi ng 8 carbon, atons. |n other, enbodi pents,

the | itRATINY| HiERARR AloFLef fpsaplino g @letyfrgoetarfé@fﬁﬁia

Qbef | BrRERANAE, K KICERPANNRVe SRIRIAPRE BF A6 atdrigfot located
or  equal to 60 wt. % of an oligonerized product having

6 and oB cedobatenzstadinsentde a sarpon alear orpwhishan agfnyl nitrogen atom of a
ol i gongni N 0

deser CSABLRRBYE bt eyt BaGRIRa8nEhATPAR AK. AM. and
ol i gomeX imeekihe joriteein of cdmaptising ‘Gt tasthhmn tatiagrarbon atom adjacent to a
alternatively, co ises.from40 to 70.wt. % of. an . .
o1 | Gorfa P Sl b UCD 2R gy TRrEER BO! o fiehospping gpinyl moiety i
ot her gndpegrnents, the liquid oligonmerized product

m xture of the al pha ol efin production process that )
. cumpturesesG gné Al chave filrae tortiasy) garbon atomy logatedognaarbgn atoms adjacent

S SR B0 AR PR RS o s

aittagtrebon at ons descri bed herein, has a mass (or

ight) rati f oligonmerized product havin carbon,.
{Fbns SeBiq B0 e Py ITBT8S40Pn RTHG-SAC0 BOAVAL iR Ascent o
rangi ngk YN dlorl oh Gvidetfthe AtoMehtym Jiid¥Robhind 4minyl moiety
2.2; or al ternatlvelg\hﬂfrom .9 to 2.0. The

ol i gorsnhi xelecedansts thid jerHyygaban B tecaad onafarkps atoppadjacent
ref er &?9 C&Bo{?ﬁoﬁi or Rkh 8RR in &h atoﬁ;&\ii dg;gﬁgp}ﬁﬁ aminyl moiety

wei ght) ratio o I goneri zed product car bon
at ons beta iolocgedrer i zed product having 6 carbon at ons

TS G850

an ol icg®BR atohe dnpPiEd dle 4&8intoniBEe oM VL U@hosphihatdntinyl moiety
or a C8:C6 oligoner product mass (or. weight) rati

0.
[ 0130lha dlogaigsh aiseRond tertiary cgpprg@;ﬁ@rlp aﬁlgqgggéq a carbon atom on
havi i . )
! gv I8 g %@c.hc@/g %ﬁhﬂl‘%ﬁe&&gﬁrdfmﬁ%{)}%ﬁ n%igltxlgmﬂlegf beBfiddbcated, and

ene.” I n sone “en the ]
ol i gormethird gertipryochuiean e logated adjabent tartthersarbempions es which the

greater_.or ual to 87.5 w... % 1- hexene; . .

o) ©or A afPeR pofh o Shoiing SRRIERORE geha gndghe aminyt nitrogen
1- hex efn ofdiptesspitihd wainyl meleBatiets isldtardor equal to 91

wt. % 1-hexene; or alternatively, greater tﬁgqr%for

dgual Stctyre 6, hagap. dditons tertiarpearkon diRBoRAtiecied on frsbon atom
ol i go j r Qelimt v r a I i i

T om B O e AORY b5 Bphosphino
t o 98 aminylobidte kattached] Homwawdri Steucjure AComeg9the srigna wf comprising
1-hexene; alternatively, from91 to 96 w % | - hexene.

The ol igoneri zed product having 6 carbon atons nay

also be referred to as a Cg,oligomer product. [01311lln o
an enbodi nent, the oli gorrer313zed product having 8

carbon atons conprises greater than or equal to 97 w.

%1 -octene. In sonme enbodi nents, the oligonerized

product having 8 carbon atons conprises greater than

or equal to 97.5 w. % 1-octene; alternatively,

greater than or equal to 98 wt % 1-oct ene;

alternatively, greater than or equal to 98.5 wt. %
l-octene; or alternatively, greater than or equal to

99 wt. % 1l-octene. In other enbodinents, the



[0136] I n an enbodi nent, the oligonerization process
that conprises contacting an olefin, a netal conplex,
a cocatal yst and hydrogen, produces a |iquid

ol i goneri zed reactor effluent having a decreased C8: C6
ol i goneri zed product ratio as conpared to the liquid
ol i goneri zed reactor effluent produced in the absence
of hydrogen. In sone enbodi nents, the addition of

hydr 0ggneh@ ohb @erﬁ!n‘yg:‘am%ﬁ 'a?cﬁ‘ﬁ h@AcenEaFA CaBosl 8oheas 8hichn® aminyl
C8: C6 weight ratio” of the ol igomerized product by

gr eat avitragen atoppofi diphosghinaarning] poictyrigattashed’han 30 %

or alternatively, greater than 40 % 101371In an

[0071]?:23?@«@? AAA Mi o&(i}goc}hemf zatdi 8 qlxlr ooesaisBhle adeny pi ¢ phrase
[ X
compﬂgeér%a&é ﬁng &,rg n’g eﬁ?ra Lﬁdgcgrﬁ AL 081%88 O %l.» %&ﬁch ﬁlg aminyl

| goneri zed reacto

nitrogedfatdni 6the Mphbbpﬁﬁloahmg@ ARidty Bdttpdhednct having 6 C ar bon

1.

[0072]

atoms with an increased 1-hexene content as conpared

t SQirvichies! AN UG A0 idg Give hhvieshy! teRiatyOsaredrf bl locafed dnCLcarbon atom
in the absence of hydrogen. [0138]In an aspe? t he

Adingent tofa ¢shapnipmp o8 e %Wy‘éfmtrpgsm%@ iwhigh  §iphosphino

oTeTe Hduced by providing and/or controlling
one g?&n&?e %@e I'n production (or oligonerization)

iratvedseA€, ADy zad Alithov aelvest dnkgertimpuapmolocied prer carbon atom

r%&%y@gdﬁ@/ ﬁé}rge %[!()ﬁlg(lngﬁ/g} égtgge 8{r,lnltmfy tn?t?o el ra%%?%? dﬁaﬁgsp%o aminyl

GAGIeSHghatid Stchdd Bub o Gra0 SRbbA Qtoﬁmdjacbntqe il caxt@al atom on which
nmet al conpound. I n sone enbo ments t he anmount of

d@??ﬁ@@¥b@%éﬁ@§@“ﬁvﬁXW%a@P@Fﬁ .ol i gomeri zation process
Cfﬁﬂlcpl?ti s RgUaed /Qly aRd Q1 HiaOmBRIA orfeORLifaf) tdrB¢h &om located on a

cocat al yst’ metal to 68 the catalyst metal nolar
rcattioo. atbm e«ljh@nt éﬂbtbdl qaehons atomh en awbight thef ampigyly migfogen atom  of

p ed | rizati on process can be
%@ﬁ@@ﬂ ?ﬁ gwggaggntrolllng a dlphosphlno

o e gm%@n@ S, 5Lk, RSN VIR o

phrase bb’orﬁﬁi&e@brﬂfr BheleitRONRAbRAH BdREEAE RSACIE edtbdiratomt doieaithye aminyl

provi di ng and/ or controlllng a hydrogen partia

mtrogegrag%Tsaﬂtée diphosrbing ginyl groissy iaft rization. [01391In

1.

an aspect, the anount of polyner produced in the

NRbRRs A, AR, GRARIT &Rh Bhed bitStefRR, BfbICANEA8cAM on a carbon atom
rOV|d|ngwgn i ncreased concentration of diphosphino

adiangnit te both theatbomatam o shisbheidiphesphino émwdi ety alphgis located

SR oy DB B SBEGAAD A RS0 DL RSB b

alngp aeitialy gadbah atonisHacatalr orezq vabort atod adjatOnt3o a carbon atom on which

SV aL GRS A K PR bl

alternatively, greater than or equal to 2.75 x 10-5

. ESthiciiAds O, K, Al AN, A AR aiTA U ave bhStertiahecaabolaém décated on a

pol ymer produced by the olefin oligoperizatiaqn process
ccafboaeat@@d%fb@envogp %ﬁo%rmrh glom O8n¥ wEKeh g {gpingy nikrogen atom of a

}2‘[&9}%‘%5 Al gﬂhgﬁé{? %ﬂ{mog ﬁ?ggcgcll 553% égetcSﬁHS/ 'ﬁl ?g?}dca{rl%hgdt&ﬁ located on a

adatben ratoini wdjhaent toethgicarhorf atom ¢ Shigh i@ ninyl MirggenGtom diphosphino
ui val ents/|it.er r alternatively, ranging from2.75

i%Tﬁﬁ qgg%afﬂ gﬁ%ﬁuivalentslliter. 1014011 n an

aspect, the anmount of polngf produced in the nethod o

to oligonerize olefins can e reduced by providing an

i ncreased cocatal yst netal to the catal yst netal nolar

ratio. In an enbodi ments, the anount of pol yner

produced can be reduced by providing a cocatal yst

metal to the catalyst netal nolar ratio greater than

or equal to 400:1; alternatively, greater than or

equal to 500:1; or alternatively, greater than or

equal to 600:1. In sone enbodi nents, the anount of

pol ymer produced can be reduced by providing a




pol ymer produced can be reduced by providing
di phosphino am nyl noiety to catal yst netal nolar
ratio ranging from2:1 to 10:1; alternatively ranging
from3:1 to 8:1; or alternatively, ranging from4:1 to
6:1. [0142] I n an aspect, the anmount of polyner
produced in the nethod to oligonerize ol efins can be
reduced by providing and/or controlling a partia

3. FRSRHsARATNXRT ageAMiRvE Bedt &id AdiibR WaitihrdRalbR §@aSthat is not
Wiile it should be noted that the presence of hydrogen
ilecatpdtonreachon o agjagen ioi # eafbervatpmouplEctaan aminyl nitrogen atom of a

0}. | 2 | [ u Vi t u j
SpirBSHBhL ARty o Bt ARG DS, AR, Bty B Abimccts the
Qritegianad ¢ongirising ‘PhycassStertiyy barbd atone ndjacett e dadhycarbom atom to
presence of hydrogen. Additionally, .it has been ”
SHuet e amiL R g bl it RIEY Sachirdy
i ncrease the quantity of polymer produced. Thus, it
[0073] hasIhgeRpst i h&érbgbniclia Herindmulipte dipteysphihe afithyl moieties can
optimum range for the hydrogen partial pressure. IQ an
have twerislérbosaiino amingl mewilics commepisd ired lipking grwg. i Iy apembodiment, the
heterodiGthid© ggﬁrﬂi Q:la.txI 9 g@e fég?égelﬁé(? fiySthe abheificdl CBHEH QR'R?P)(R’R*P)N-L-
_providrng a hydrogen partial pressure ranging froml
NR'RAB)R(BY D), BRaytutedV40 psi (275 kPa); alternatively, from
2.5 psi (17.2 kPa) to 35 psi (241 kPa); or
alternatively, rRange fROM 5 psi (103 kPa) to 30 psi
(206kPa). [B143]1n an enbagi nent, the anount of
pol ymer produced by thgpolefn1oli%onerization process
can be reduced by—prew di ng and/ oPtregnedy] | i ng an
ol efin producti/on prockss paraneter selected fromthe
group consigting of a) a~goncentration of di phosphino
ar ni nyl conplexéﬁ mE al conpound, b) a cocat al yst
netal to the catalyst netal nolar ratio, c) a
whereifl IR @5F r@lﬁﬂl@s;%ﬁ%d" YhindPP ingdidtiek Qaf elhd’ép}é&feng?%@' anfy0dipRosphino aminyl
a u

rati o, d) ydrogen partial pressure ring the

moietyglesdribad dieteijo ard: Whereinoh canbeany linkingi graen fnkiag the twp diphosphino
; t .S0 i . .

i35 O 00 SO LSRR 8, % Bl siny moics

R'R*PRRIRIND and ficoeass dighopphinseaniayl grourt @ISR 'R PAR’ R @) ane different;

or altegba@a d'lé{?lgﬁo )S}E?h I,tl'?rg’rn gﬂn}ﬂ{;’é?l %.I I %?Iﬂ%)jlng%oglbi @?‘%ﬁ)gﬁiﬁ“gp\f-) and the second
diphosfHRtY Tafi 3’1 Ngod (NRF RAPRIROALEY) | 28 (he Re:0ES RALAGREreémbodiment, a
sel ected fromthe group consisting of i) a
heteroagasrie ligandzgan ba representphas PiIciBe Xii nyl conpl exed et al
compound, ii) a cocatalyst netal to the catal yst netal
nolar ratio, iii) a cocatalyst netal to the catalyst
metal nolar ratio, iv) a hydrogen partial pressure, or
any conbination of i, ii, iii, and iv thereof, and c)
form ng an ol efmoligoner product. [0144] The
concentration of the di phosphino atninyl conplexed
nmet al conpound, the cocatalyst netal to catalyst neta
nmol ar ratio, the di phosphino am nyl noiety to catal yst
netal nolar ratio, and hydrogen partial pressure are
i ndependent el enments of the olefin oligonerization
process and thus these el ements can have any val ue (or
val ue range) described herein or have any conbi nation
of the individually provided val ues descri bed herein.
In an enbodi nent, a nethod for reduci ng an anount of o
pol ynmer produced in an ol ePrn production process
conprises a) contacting an olefin, a di phosphino
am nyl ligand netal conplex, a cocatal yst, and
hydr ogen, b) providing an ol efin production process
paranmeter selected fromthe group consisting of i) a
concentration of di phosphino am nyl conpl exed netal
conmpound greater than 2 x 10-5 equivalents/liter, ii)
a cocatalyst nmetal to the catalyst netal nolar ratio
greater than 400:1, iii) a di phosphino am nyl noiety



process can be reduced by providing and/or controlling
the concentration of di phosphino am nyl conpl exed
nmet al compound, the cocatalyst netal to catalyst neta
nol ar ratio, and the di phosphino amnyl noiety to
catal yst netal nolar ratio. Absent changes in other
paraneters, providing and/or controlling the
concentration of diphosphino am nyl conpl exed net al
conmpound, the cocgt:al ygtr netal to the catal yst netal
nol ar rati o, ggnd st he di\phosphi no aminyl npiety to
¢ can produce an oligonerized
wwuntwpf 7§g. pol ymer. The
phBsphi n@ am ny} conpl exed

catal yst In nol ar
ave any val ue (or/rangegzsor combi nati.on .of
fanges) i-ndivi dud\ly des¥ri bed hereié?rutureV
p de rR?ént ration of

ety @
) gk.npt.z.npﬁér ratio
{ph sphi nBam nyl noiety to
reater than or equal to
2:1; alternagmvely, ggt'rati on of di phosphino
at ni nyl conpl exedRffet &**conpound greater than or equa
to 2.5 x | Oequivalents/liter, a cocatalyst netal to
1 at al ys I r-rati o (di
whereip e 6 @5 g MIRspBY ik et tah SachIRMR n Pl i cipheny
phospfﬂiliﬁ)dmiﬂjil! rﬁtbileﬂyaieis@ibgd dareitr aridhia nam?e eln{yuhlllkmgh) g®up Jinking Ithe nitrogen
al terpative a . concentrat.ion i phosphi.no amni .
atoms Sy PR TP PRBRPOTY G e AP DR T LSy G dimens, the
two big‘(d{bﬂe@l}?&@pmﬁ’d) emlisyl lthdiSies afe GiBRANE! oY SlteriBivaly, tie twoebis(diphenyl-
catal yst nmetal nolar ratio greater than or equal to
phosplgE) :aminyd mpigiics pishlesssgieno ami nyl noiety to catal yst
netal nolar ratio greater than or equal to 4:1. Oher
[0074]”.0”%1{ 'aﬁ”e}ﬂbegin&ﬂﬂj%é] ﬁhlhﬁg grdugcéaﬂdi?av@ 269 NERBuFA PibION. In some
di phosphi no am nyl conpfl éxed netal comnpound rangin .
embodiments, 2hexliding gtoop tax haveg-Strustyns Vi dtermstively.eStrucgure 2L; alteratively,

cocat st.metal to the catal yst | ar j .
sincef S35 AboFE) ke 4 GADENSE) SR ML BEag s L
alternafiPé19 Strucir€ AL Al filativady, Btrucmtea8L; faterinatively) §irngurderdbyoRalernatively,

to 10:1; alternatively, a concentration of diphosphino
Structyg@il@h+l conpl exed metal conpound ranging from2.5 x 1 e

to 8 x 10-4 equivalents/liter, a cocatalyst netal to

the catalyst nmetal nolar ratio ranging from500:1 to

1200: 1, and a di phosphino am nyl noiety to catal yst

netal nolar ratio ranging from3:1 to 8:1; or

alternatively, a concentration of di phosphino am nyl

conpl exed netal conpound ranging from2.75 x le to 6 X

10-5 equivalents/liter, a cocatalyst netal to the

catalyst nmetal nolar ratio ranging from600:1 to

1000: 1, and a di phosphino am nyl noiety to catal yst

metal nolar ratio ranging from4:1 to 6:1. [0149]1n an

enbodi nent, the anount of polynmer produced by the

ol efin oligonerization process can be reduced by

provi ding and/ or controlling the cocatal yst netal to °

the catalyst nmetal nolar ratio, the di phosphino am nyl

noi ety to catalyst netal nolar ratio, and the hydrogen

partial pressure. Absent changes in other paraneters,

provi ding and/ or controlling the cocatalyst netal to

the catalyst nmetal nolar ratio, the di phosphino am nyl

noi ety to catalyst netal nolar ratio, and the hydrogen

partial pressure, can produce an oligonerized product

havi ng a reduced anount of polyner. The provided

cocatal yst netal to the catalyst nmetal nolar ratio,

oX_gqu —equi val
cooat al st e
gr &t er than\d




[ 0152] The invention having been generally descri bed,
the foll owi ng exanples are given as particular

enbodi nents of the invention and to denonstrate the
practice and advantages thereof. It is understood that
the exanples are given by way of illustration and are
not intended to limt the specification of the clains
i n any manner. EXANPLE 1 [0153]In the exanpl e runs

Table b2 %ﬂﬁ%ﬂ%ﬁ%ﬁ?@rﬂ{ el bing CBRSoSR il Lnked by

éﬂ by dlssoIV|nq/susnend|no t he Ilaand in a

solﬁent typically ethylb nzenﬁrL A standard spidut i et
of tXe rom um conpound,
concg tion of 5 ng/m
RS s uspendi ng RRK

was_fi[ epsl; 1m_g't
Ilggnd and chron1un1so|ut|ons nto a thin-walled glass
and NWVR tube) i n-wal | ed gla I
Sﬁ?%ﬁ ?Fy capped and t$ﬁﬁ 5?# pped to the |npé¥P%3L
shaféLof—% Zi p ﬁyclaﬁgTM reactor. The reagtor was RZ3L
seaRed affd t héR ai rRwas renmoved fr&nthe reac

i nt ep by mul l==p{ e successi ve vac evacuat and
cha After thes e R25L
eva ons of reactor interior,

‘ 4 ¢ m
rea@%&onR§blvéﬁﬂ- ceﬁfalnlng t he approprR3te aﬁ%ntl
of cocatal yst was charged to the reactor throu
react or Stioetngidlg port. Ethyl ene was thenswmmﬁggb to
the reactor to a pressure approxi mtely equal to 50
per g¢ntr®f the desired reactiRéh pressure. StirmhgRitas

I nPQLIer shaf { ,a e the reacti PORa1L
R%l; on of the re pressure due to,.?

Rfi'sy ap of ethyl efe jyntolthe,!iquid phd% sl
d&sir (ﬁjantlty of hy&ogn [ any, was ad e of OLLhe
red%?orRto obtain the de§|red‘%ydrogen partlal R

pressure. The reactor was heated to the desir
r eQE¥GtyR kenper at ure.  ThEMEEES lene pressure m§§UtW@§L
increased to the desired pressure. Ethxlene was then
Rt g, t he R&ACtRSt on defBfid 0 maintain
3 elﬁFL 2%t efthi nder of the

the desired €
reaction. The
t he appropriate s s ~
cool i ng cqgdhis. F{ﬁﬁmrac ion conpl e3@R38Lt 4L eact or
was depressurized and Riie prodd®t i sol ated. The
reacti on products were then anal yzed by gas

chr omat ogr aphy ( GC) u3|ﬁ§“ﬁhu¢%&ernal standard such as
the reaction solvent or an inert hydrocarbon (e.g.
nonane). 10155] The product sanples were anal yzed by
the GC for the anmount of hexene, octene, and C6

i soners, Cg isomers, and higher oligonmers. Fromthis
information the selectivity, purity, and conversion
was cal cul ated. Selectivity, (C6+C8) w. % refers to
the wei ght percent of oligonerized product having 6
and 8 carbon atons found in the liquid oligonerization
product. Purity, (1-C6+1-C§% w. %of all liquids),
refers to the wei ght percent’ of 1-hexene and 1-octene
found in the liquid oligonerization product. Activity
can be stated as the grams product (liquid

ol i goneri zati on product, oligonerized product having 6
carbon atons, oligonerized product having 8 carbon
atons, oligonerized product having 6 and 8 carbon
atons, grans 1-hexene, grams 1l-octene, grans 1-hexene
+ 1l-octene or any conbination or ratio thereof etc.

.) produced per gram of catalyst or catal yst conponent




456 7 8 Ligand Structure 111 VIl VIII R 11l VIII
VIII R Metal Conmpound Cr(acac)3 Cr(acac)3 Cr(acac)3
Cr(acac)3 Cr(acac) 3

Structure 10L

[0075] Within the Structures of Table 1, R''" to/through RPN R to/through R®L RE
to/through R*'" can each independently be hydrogen, an organyl group consisting of inert
functional groups, a hydrocarbyl group, or an inert functional groups, L? represents a linking
group, and the undesignated valencies represent the positions at which the nitrogen atoms of the
diphosphino aminyl moieties are attached. In some embodiments, R to/through R'Y, R
to/through R*", R*" to/through R*L of each Structure of Table 1 can independently be hydrogen,
a C, to Cyq organyl group consisting of inert functional groups, a C; to C;o hydrocarbyl group, or
an inert functional group; or alternatively, hydrogen, a C; to Cs organyl group consisting of inert
functional groups, a C; to Cs hydrocarbyl group or an inert functional group. The substituent(s) of
the linking groups having Structure 1L, Structure 2L, Structure 3L, Structure 4L, Structure 5L,
Structure 6L, Structure 7L, Structure 8L, Structure 9L or Structure 10L can independently be any
substituent described herein, have any substituent pattern described herein, and/or have any pattern

necessary to meet any criteria of the diphosphino aminyl ligand as described herein.

[0076] In an embodiment, linking group L* can be -(CR™R"),- where each R" and R" can
independently be hydrogen, methyl, ethyl, propyl, isopropyl, or butyl groups and m can be an
integer from 1 to 5. In other embodiments, the linking group L% can be a bond, a methylene group
(-CH;-), an ethylene group (-CH,CH»-), a propylene group (-CH,CH>CH,-), a -CH(CH;)CHz-
group, -C(CHj)- group, or a butylene group (-CH,CH,CH,CHz-). In some non-limiting
embodiments, the linking group L* can be a methylene group (-CHy-), an ethylene group (-
CH,CH,-), or a -CH(CHj3;)CH,- group; or alternatively, an ethylene group (-CH>CH»-), or a -
CH(CH;)CH,- group. In yet other embodiments, the linking group can be a methylene group;
alternatively, an ethylene group; alternatively, a propylene group; alternatively, a -CH(CH;)CH,-
group; or alternatively -C(CHs),- group.




Cr(acac)3 Cr(acac)3 Cr(acac)3 Cocatal yst MVAO MVAO
MVAO MVAO MVAO MVAO MVAO MMAO Di phosph no am nyl
noiety (nmg) 18 24 24 20 20 18 12

[0077] In some embodiments, the heteroatomic ligand can have Structure VI:

2 R! R 2
RGN CHs CH3 ™\ R
\ /
N N Structure VI
RI—R” \P 3
\ / R
R* R?

wherein the diphosphino aminyl moieties, (R'R*P)(R’R*P)N-, can be any described herein and the

undesignated valencies represent hydrogen. In other embodiments, the heteroatomic ligand can

have Structure VII:
R1 3 R1 3
RY R4
R22 , R12 R12 R22
R R RIS, R23
R"  CH, cH; R

R4 R44
Structure VII

wherein the bis(diphenylphosphino) aminyl moieties can be any described herein and the
undesignated valencies represent hydrogen. In other embodiments, the heteroatomic ligand can

have Structure VIII:
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wherein the undesignated valencies represent hydrogen. Skilled artisans will readily know how to
produce other heteroatomic ligand comprising multiple diphosphino aminyl moieties and a linking
group linking the nitrogen atoms of the diphosphino aminyl moieties by utilizing the diphosphino
aminyl moieties described herein, the linking groups L and/or L2 described herein, the substituents
described herein, the substituent patterns described herein, and other aspects of the diphosphino

aminyl moieties and/or diphosphino aminyl ligands as described herein. Though not specifically

drawn, these structures are incorporated in this disclosure.

[0078] In an embodiment, the metal compound, M-X,, of the olefin oligomerization catalyst
comprising a metal compound complexed to a heteroatomic ligand can comprise any transition
metal. In some embodiments, the metal compound comprises a group IVB, VB, or VIB metal (the
group designation is CAS group designations). In other embodiments, the metal compound
comprises titanium, vanadium, or chromium. In yet other embodiments, the metal compound

comprises chromium.

[0079] The anion X, of the metal compound can be any anion. In some embodiments, the
anion X can be a halide, carboxylate, acetonate, alkoxide, phenoxide, nitrate, sulfate, phosphate, or
chlorate. In some embodiments, the anion, X, is a halide, carboxylate, or acetonate. In other

embodiments, the anion can be a halide; alternatively, a carboxylate; or alternatively, acetonate.

[0080] In an embodiment, the halide anion can be fluoride, chloride, bromide, iodide, or
combinations thereof; alternatively, chloride, bromide, iodide, or combinations thereof. In other

embodiments, the halide anion can be chloride; alternatively, bromide; or alternatively, iodide.
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[0081] In carboxylate, acetonate, alkoxide or phenoxide embodiments, the carboxylate,
acetonate, alkoxide, or phenoxide can be any C; to Cy carboxylate, acetonate, alkoxide, or
phenoxide; or alternatively, any C; to Cyo carboxylate, acetonate, alkoxide, or phenoxide. In some
embodiments, the anion, X, can be a C; to Cjo acetonate; alternatively, a C; to C,o carboxylate;
alternatively, a C; to Cj alkoxide; or alternatively, a C to Cio phenoxide. In other embodiments,
the anion X, can be acetylacetonate; alternatively, acetate; alternatively, 2-ethylhexanoate; or

alternatively, triflate.

[0082] Generally, the number, p, of anions, X, is such that the total number of negative charges
on the total number of X anions equals the oxidation state of M. In an embodiment, p is 2, or 3,
and the total number of negative charges on the Xs bonded to the metal atom is equal to the

oxidation state of M. In other embodiments, the total number of anions, p, is 2; or alternatively, 3.

[0083] In some embodiments wherein the metal compound comprises chromium, the
chromium-containing compound may be a chromium(II) compound, chromium(IIl) compound, or
combinations thereof. Suitable chromium(Il) compounds include, but are not limited to,
chromium(Il) fluoride, chromium(Il) chloride, chromium(Il) bromide, chromium(Il) iodide,
chromium(II) (2-ethylhexanoate), chromium(Il) acetate, chromium(Il) butyrate, chromium(II)
neopentanoate, chromium(Il) laurate, chromium(Il) stearate, chromium(II) oxalate, chromium(II)
benzoate, or combinations thereof. Suitable chromium(III) compounds include, but are not limited
to, chromium(Ill) ftrichloride tris-tetrahydrofuran complex, chromium(Ill) 2,2,6,6-
tetramethylheptanedionate, chromium(IIl) naphthenate, chromium(III) chloride, chromium(III)
bromide, chromium(IIl) chloride, chromium(IIl) fluoride, chromium(Ill) acetylacetonate, or

combinations thereof.

[0084] In an embodiment, the chromium-containing compound can be a chromium(III)
carboxylate. Without limitation, examples of chromium(III) carboxylates include chromium(III)
isooctanoate,  chromium(Ill)  (2-ethylhexanoate), chromium(Ill)  oxy-2-ethylhexanoate,
chromium(IIl)  dichloroethylhexanoate, chromium(II) acetate, chromium(Ill) butyrate,
chromium(III) neopentanoate, chromium(IIl) laurate, chromium(IIl) stearate, chromium(III)

oxalate, chromium(Il[) benzoate, chromium(Ill) octanoate, chromium(Ill) propionate, or
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combinations therecof. In an embodiment, the chromium-containing compound can be

chromium(III) (2-ethylhexanoate).

[0085] In another embodiment, the chromium-containing compound can be a chromium -
diketonate. Examples of such chromium B-diketonates include without limitation chromium (III)
acetylacetonate, chromium (III) hexafluoroacetylacetonate and  tris(2,2,6,6-tetramethyl-3,5-
heptanedionato)chromium (III). In an embodiment, the chromium B-diketonate is chromium (IIT)

acetylacetonate (also referred to as Cr(acac)s).

[0086] In an aspect, the oligomerization catalyst can be a metal complex comprising a metal
compound complexed to a heteroatomic ligand. In an embodiment, the heteroatomic ligand can be
any heteroatomic ligand described herein. In some embodiments, the heteroatomic ligand can be
any ligand comprising any dialkylphosphino moiety described herein; alternatively, any
heteroatomic ligand comprising multiple dialkylphosphino moieties described herein; alternatively,
any heteroatomic ligand comprising at least two dialkylphosphino moieties; or alternatively, any
heteroatomic ligand comprising only two dialkylphosphino moieties. In general, the heteroatomic
ligand and the metal compound are independent elements of the catalyst. Thus, the catalyst can be
described using any combination of the heteroatomic ligand described herein and the metal

compound described herein.

[0087] In an embodiment, the metal complex can be described as a product of contacting a
metal compound with a heteroatomic ligand. As the metal compound and the heteroatomic ligand
are independent elements, the metal complex can be as described as contacting any metal
compound described herein with any heteroatomic ligand described herein.  In an embodiment,
the metal complex can be described as the product of contacting a metal compound with a
heteroatomic ligand comprising a diphosphino aminyl moiety; alternatively, with a heteroatomic
ligand comprising at least 2 diphosphino aminyl moieties; alternatively, with a heteroatomic ligand
comprising 2 to 5 diphosphino aminyl moieties; alternatively, with a heteroatomic ligand
comprising 2 to 3 diphosphino aminyl moieties; or alternatively, with a heteroatomic ligand

comprising 2 diphosphino aminyl moieties.
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[0088] In an embodiment, the heteroatomic ligand can be a diphosphino aminyl ligand. In
some embodiments, the diphosphino aminyl moieties of the diphosphino aminyl ligand can be any
diphosphino aminyl moiety described herein. In some embodiments, the diphosphino aminyl
moieties can have Structure 1, Structure 3, or any combination thereof. In other embodiments, the

diphosphino aminyl moieties can have Structure 1, or alternatively, Structure 3.

[0089] In an embodiment, the metal complex comprising a metal compound complexed to a
heteroatomic ligand can be a metal compound complexed to heteroatomic ligand having Structure
I, Structure II, Structure III, or any combination thereof. In some embodiments, the metal complex
comprising a metal compound complexed to a heteroatomic ligand can be a metal compound
complexed to heteroatomic ligand having Structure I; alternatively, Structure II; or alternatively,
Structure III. In other embodiments, the metal complex comprising a metal compound complexed
to a heteroatomic ligand can be a metal compound complexed to heteroatomic ligand having
Structure IV, Structure V, Structure VI, Structure VII, Structure VIII, or any combination thereof.
In yet other embodiments, the metal complex comprising a metal compound complexed to a
heteroatomic ligand can be a metal compound complexed to heteroatomic ligand having Structure

VI, alternatively, Structure VII; or alternatively, Structure VIIL

[0090] In an embodiment, the metal complex may be represented by the formula [R'R?P-
NR®-PR’ R4]M-Xp, wherein R!, R% R, and R* can be any substituent or have any substituent
pattern described herein, R’ can be any group as described herein, and M-X,, can be any metal

compound as described herein. In some embodiments, the metal complex may be represented by

Structure X:
R’ R2¢ n3c
N\
XpM“‘ /N (CHo)n Structure X
P
3/
R \R4 R4 R%®

Within the metal complex having Structure X embodiments, R}, R%, R® and R* can be any
substituent or have any substituent pattern described herein for the dialkyl phosphino aminyl
moiety, R'®, R, R* R*, and R* can be any substituent or have any substituent pattern described
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herein for the cycloalkyl aminyl nitrogen group, n of the cycloalkyl aminyl nitrogen group can be

any value described herein, and M-X,, can be any metal compound described herein. In some

embodiments, the metal complex may have Structure XI:

R1 4 R1 3
R22
R23 R1 5
R21 R12
R24 R 11 RZC
R25 P\ R'c R3¢
XM N (CHp), Structure XI
R3 \P/ 5c
R4 4R
R34 R*
31
R R45 R42
R33 R32
R4 R43

Within the metal complex embodiments having Structure XI, R' RZ RB, R" RP R R%Z, R%,
R24, R% , R’ 1, R32, R33, R34, R35, R‘“, R42, R*® , R44, and R® can be any substituent or have any
substituent pattern described herein for the diphosphino aminyl moiety, R'®, R%, R*, R*, and R*
can be any substituent or have any substituent pattern described herein for the cycloalkyl aminyl
nitrogen group, n of the cycloalkyl aminyl nitrogen group can be any value described herein, and

MX,, can be any metal compound described herein. In other embodiments, the metal complex may

QQ
QG

have Structure XII:

Structure XI1
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[0091] Alternatively, the metal complex can be the product of contacting a metal compound,
M-X,, with a heteroatomic ligand comprising multiple diphosphino aminyl moieties,
(PNP),L(M-X,)q, wherein PNP represents the diphosphino aminyl moieties, L represents the
linking group linking the aminyl nitrogen atoms of the diphosphino aminyl moieties, M-X,
represents the metal compound, and q represents the number of diphosphino aminyl moieties
present in the diphosphino aminyl ligand and the number of metal compounds in the metal
complex. Generally, the diphosphino moieties, the linking group linking the diphosphino moieties,
the metal compound, and q are independent elements. Therefore, the metal complex can be
described as a metal compound complexed to a diphosphino aminyl ligand wherein the
diphosphino aminyl ligand can have any combination of diphosphino aminyl moieties as described
herein, linking group linking the diphosphino aminyl moieties as described herein, and number of
diphosphino aminyl moieties, q, as described herein, and the metal compound can be any metal

compound as described herein.

[0092] Alternatively, a metal complex may be the product of contacting a metal compound,
M-X,, with a heteroatomic ligand comprising two diphosphino aminyl moieties and a linking
group linking the aminyl nitrogen atoms of the two diphosphino aminyl moieties;
(PNP),L(M-X,);. The resulting metal complex may be dinuclear and have the chemical formula
[RIRZP-N(RS)-PR3R4]2L(M- »2. In an embodiment, the metal complex is represented by

Structure XIII:
R! R?
R2_ / \ 2
\/P\ P\\/R
XM, N——L——-N/ “Mxp Structure XIII
./ \
R P
3/
R \ 4 R4/ \R3

wherein R}, R%, R®, and R* can be any substituent or have any substituent pattern described herein,
L can be any linking group described herein and M-X,, can be any metal compound described

herein. In some embodiments, the metal complex is represented by Structure XIV:
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wherein R R™2 R R™ R R?L RZ R® R R¥ R%, R, R®, R* R® R*, RZ R®, R*, and
R* can be any substituent or have any substituent pattern described herein, L can be any linking
group described herein and M-X, can be any metal compound described herein. In other

embodiments, the metal complex can be represented by Structure XV:

XM N—1L—N  MX, Structure XV

wherein L can be any linking group described herein and M-X;, can be any metal compound

described herein, and the undesignated phenyl ring valencies are hydrogen.

[0093] In an embodiment, the metal complex can have Structure XVIL:
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Structure XVI

wherein R', R%, R®, and R? can be any substituent or have any substituent pattern described herein,

M-X, can be any metal compound described herein, and the undesignated valencies represent

hydrogen. In an embodiment, the metal complex can have Structure XVII:

R13
R14
R22 R12
R23 R21 R15
R11 CH3
R36 XPM\\ /N . Mxp R35
R R P R
R41 R41
R3 R31R45 R4B31 R
R32 R32
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R44 R44
R43 R43

Structure XVII

wherein R'L R™2Z R R™ R', R%, R%, R®, R* R*, R¥, R, R® R* R R RZ R®, R™, and
R* can be any substituent or have any substituent pattern described herein, M-X, can be any metal
compound described herein and the undesignated valencies represent hydrogen. In an

embodiment, the metal complex can have Structure XVIIL:
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Ligand Structure VIILT VIIT VILL VILL VIILT VIIT VI
VI1l Metal Conmpound Cr(acac)3 Cr(acac)3 Cr(acac)3
Cr(acac)3 C(acac)3 Cr(aeac)3 Cr(acae)3 Cr(acac)3
Cocat al yst MVAO

[0095] One skilled in the art will recognize that metal complex structures formally show a
monomeric form of a metal compound complexed to a heteroatomic ligand (or a metal compound
complexed to a ligand comprising a diphosphino aminyl moiety). However, it should be noted that
these structures do not necessarily imply that dimeric and/or oligomeric forms of Structures having
bridging X, groups which connect metal atoms complexed to the heteroatomic ligand (or the
ligand comprising a diphosphino aminyl moiety) are not formed. The monomeric structures
provided herein encompass the dimeric and/or oligomeric forms of Structures having bridging X,
groups which connect metal atoms complexed to the heteroatomic ligand (or the ligand comprising

a diphosphino aminyl moiety).

[0096] In an embodiment, the olefin oligomerization catalyst system comprises a catalyst and a
cocatalyst. Generally, the cocatalyst can be any organometallic compound capable of activating
the catalyst comprising a metal compound complexed to a heteroatomic ligands described herein to
polymerize or oligomerize olefins. Suitable cocatalysts can include monomeric or oligomeric
metal alkyls, metal aryls, metal alkyl-aryls comprising at least one of the metals selected from the
group consisting of B, Al, Be, Mg, Ca, Sr, Ba, Li, Na, K, Rb, Cs, Zn, Cd, and Sn. In an
embodiment, the cocatalyst can be selected from the group consisting of organoaluminum
compounds, organoboron compounds, organomagnesium compounds, organozinc compounds,
organolithium compounds, or mixtures thereof. In some embodiments, the cocatalyst can be an
organoaluminum compound. Applicable organoaluminum compounds can include trialkyl-
aluminums, alkylaluminum halides, alumoxanes, or mixtures thereof. In some embodiments, the
cocatalyst comprises an alumoxane. In other embodiments, the cocatalyst consists essentially of
one or more alumoxanes. In yet other embodiments, the cocatalyst consists of one or more
alumoxanes. The metal alkyl can have any number of carbon atoms. However, due to commercial
availability and ease of use, the metal alkyl will usually comprise less than about 70 carbon atoms

per metal alkyl molecule and alternatively less than about 20 carbon atoms per molecule.

[0097] Suitable cocatalysts include, but are not limited to, n-butyllithium, s-butyllithium, t-
butyllithium, diethylmagnesium, dibutylmagnesium, diethylzinc, triethylaluminum, trimethyl-
aluminum, tripropylaluminum, tributylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-

octylaluminum, diethylaluminum ethoxide, diethylaluminum phenoxide, ethylaluminum
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dichloride, diethylaluminum chloride, diethylaluminum bromide, diethylaluminum sesquichloride,
diisobutylaluminum chloride, ethylaluminum sesquichloride, diethylaluminum bromide,
diethylaluminum iodide, ethylaluminumethoxychloride, and mixtures thereof. In an embodiment,

the alkylaluminum compound may be triethylaluminum.

[0098] In an embodiment, the cocatalyst may comprise at least one alkylaluminum compound.
In some embodiments, the cocatalyst can be a trialkylaluminum compound.  Suitable
organoaluminum cocatalysts can include, but are not limited to, trimethylaluminum,
triethylaluminum,  tripropylaluminum, tri-n-butylaluminum, tri-iso-butylaluminum, tri-n-
hexylaluminum, tri-n-octylaluminum, diethylaluminumchloride, diethylaluminumbromide,
diethylaluminumethoxide,  diethylaluminum  phenoxide, ethylaluminumethoxychloride,
diethylaluminum cyanide, ethylaluminum dichloride, diethylaluminum chloride, diethylaluminum
bromide, ethylaluminum sesquichloride, diisobutylaluminum chloride, methylaluminoxane
(MAO), modified methylaluminoxane (MMAO), ethylaluminoxanes, isobutyl alumoxanes, t-butyl
alumoxanes, and mixtures thereof. In other embodiments, the alumoxane can include
methylalumoxane (MAO), modified methylalumoxane (MMAO), isobutyl alumoxanes, t-butyl
alumoxanes, or mixtures thereof. In other embodiments, the cocatalyst can comprise
methylalumoxane, modified methylalumoxane, or mixtures thereof. In yet other embodiments, the
cocatalyst can comprise methylalumoxane; alternatively, modified methylalumoxane;

isobutylalumoxane (IBAO); or alternatively, a partially hydrolyzed trialkylaluminum.

[0099] Generally, the olefin oligomerization catalyst system comprises an olefin
oligomerization catalyst and a cocatalyst. As the olefin oligomerization catalyst and the cocatalyst
are independent elements, the olefin oligomerization catalyst system can comprise any
combination of the olefin oligomerization catalyst described herein and the cocatalyst as described
herein. In some non-limiting embodiments, the olefin oligomerization catalyst is a metal complex
comprising a metal compound complexed to a ligand having a diphosphino aminyl moiety (a
diphosphino aminyl ligand). In some embodiments, the olefin oligomerization catalyst comprises
a metal compound complexed to a diphosphino aminyl ligand comprising multiple diphosphino
aminyl moieties. In some embodiments, the olefin oligomerization catalyst comprises a metal

compound complexed to a diphosphino aminyl ligand comprising at least 2 diphosphino aminyl
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moieties; alternatively, with a diphosphino aminyl ligand comprising 2 to 5 diphosphino aminyl
moieties; alternatively, with a diphosphino aminyl ligand comprising 2 to 3 diphosphino aminyl
moieties; or alternatively, with a diphosphino aminyl ligand comprising only 2 diphosphino aminyl
moieties. Further aspects of the diphosphino aminyl ligand are described herein and can be utilized
to further describe the diphosphino aminyl ligand utilized as the catalyst used in the olefin

oligomerization catalyst system.

[0100] Generally, the olefin oligomerization catalyst system can be formed by contacting an
olefin oligomerization catalyst and a metal alkyl. In an embodiment, the contacting of the olefin
oligomerization catalyst and the metal alkyl can occur in the presence of a solvent. In an
embodiment, an olefin oligomerization catalyst system can be formed by contacting an olefin
oligomerization catalyst comprising a metal compound complexed to a diphosphino aminyl ligand,
and an aluminoxane. In some embodiments, an olefin oligomerization catalyst system is formed
by contacting a olefin oligomerization catalyst comprising a chromium compound complexed to a
diphosphino aminyl ligand and a metal alkyl; or alternatively, contacting a olefin oligomerization
catalyst comprising a chromium compound complexed to a diphosphino aminyl ligand and a metal
alkyl in the presence of a solvent. In other embodiments, an olefin oligomerization catalyst system
is formed by contacting an olefin oligomerization catalyst comprising a chromium compound
complexed to a diphosphino aminyl having at least two diphoshino aminyl ligands (or any other
number of diphosphino aminyl ligands disclosed herein) and an alkyl aluminum compound; or
alternatively, by contacting an olefin oligomerization catalyst comprising a chromium compound
complexed to a ligand having at least two diphosphino aminyl ligands (or any other number of
diphosphino aminyl ligands disclosed herein) and an alkyl aluminum compound in the presence of
a solvent. In yet other embodiments, an olefin oligomerization catalyst system can be formed by
contacting an olefin oligomerization catalyst comprising Cr(acac)s; complexed to a ligand having at
least two diphosphino aminyl ligands (or any other number of diphosphino aminyl ligands
disclosed herein) and an aluminoxane; or alternatively, by contacting an olefin oligomerization
catalyst comprising Cr(acac); complexed to a ligand having at least two diphosphino aminyl
ligands (or any other number of diphosphino aminyl ligands disclosed herein) and an aluminoxane
in the presence of a solvent. Without wishing to be limited by theory, the oligomerization catalyst

systems disclosed comprise chromium complexes formed when the heteroatomic ligands
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coordinate the chromium compounds of this disclosure. Said chromium complexes may comprise
the chromium complexed with the heteroatomic ligand and solvent molecules. Such chromium
complexes may be further contacted with a cocatalyst such as a metal alkyl to produce olefin
oligomerization catalyst systems. The olefin oligomerization catalyst systems may function as the
catalyst for the oligomerization of olefins such as the trimerization or tetramerization of ethylene to

1-hexene and 1-octene, respectively.

[0101] Generally, the molar ratio of the metal of the cocatalyst and the metal of the catalyst
(alternatively, the cocatalyst metal to catalyst metal molar ratio) can be any molar ratio that
produces an olefin oligomer product (oligomerized olefin product). In an embodiment, the molar
ratio of the metal of the cocatalyst to the metal of the catalyst is greater than 100:1; alternatively,
greater than 200:1; alternatively, greater than 300:1; alternatively, greater than 400:1; alternatively
greater than 500:1; alternatively, greater than 600:1 or alternatively greater than 700:1. In some
embodiments, the molar ratio of the metal of the cocatalyst to the metal of the catalyst can range
from 1:1 to 10,000:1; alternatively, from 10:1 to 5,000:1; or alternatively, from 100:1 to 3,000:1;
alternatively, from 200:1 to 2,000:1; alternatively, from 400:1 to 1600:1; or alternatively, or
alternatively, from 600:1 to 1000:1. In embodiments wherein the metal of the catalyst comprises
chromium and the cocatalyst is an alumoxane the molar ratio of aluminum to chromium can range
from 1:1 to 10,000:1; alternatively, from 10:1 to 5,000:1; alternatively, from 100:1 to 3,000:1; or
alternatively, from 200:1 to 2,000:1.

[0102] In an aspect, the catalyst system can further comprise a molar diphosphino aminyl
moiety to metal of the metal compound ratio greater than the 1:1 ratio required to form the
oligomerization catalyst. This additional diphosphino aminyl moiety can be added during the
preparation of the catalyst and/or added during the preparation of the catalyst system (e.g. with the
cocatalyst). In an embodiment, the molar diphosphino aminyl moiety to metal of the metal
compound ratio in the oligomerization catalyst system is greater than 1.8:1; alternatively, greater
than 1.9:1; alternatively, greater than 2.0:1; alternatively, greater than 2.5:1; or alternatively,
greater than 3.0:1. In other embodiments, the molar diphosphino aminyl moiety to metal of the
metal compound ratio in the catalyst system ranges from 1.8:1 to 10:1; alternatively, ranges from

1.9:1 to 7:1; or alternatively, ranges from 1.95:1 to 5:1.
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[0103] In some embodiments, the catalyst system can be described as comprising a metal
compound, a ligand comprising a diphosphino aminyl moiety, and a cocatalyst. The catalyst
system can be further described by the diphosphino aminyl moiety to catalyst metal molar ratio
and/or the cocatalyst metal to catalyst metal molar ratio utilized in the catalyst system. Generally,
the metal compound, the ligand comprising a diphosphino aminyl moiety, the cocatalyst, the
diphosphino aminyl moiety to catalyst metal molar ratio, and the cocatalyst metal to catalyst metal
ratio utilized to describe the catalyst system are independent elements of the of catalyst system.
Thus, the catalyst system can comprise any combination of metal compound described herein,
compound comprising a diphosphino aminyl ligand described herein, cocatalyst described herein,
diphosphino aminyl moiety to catalyst metal molar ratio described herein, and/or cocatalyst metal

to catalyst molar ratio as described herein.

[0104] In a non-limiting embodiment, the catalyst system comprising a metal compound, a
ligand comprising a diphosphino aminyl moiety, and a cocatalyst has a diphosphino aminyl moiety
to metal of the metal compound molar ratio greater than 1.8:1. In some non-limiting embodiments,
the catalyst system has a diphosphino aminyl moiety to metal of the metal compound molar ratio
greater than 2.0:1; alternatively, greater than 2.5:1; or alternatively, greater than 3:1. In other non-
limiting embodiments, the catalyst system has a diphosphino aminyl moiety to metal of the metal
compound molar ratio ranging from 1.8 to 10:1; alternatively, ranging from 2.0:1 to 10:1;
alternatively, ranging from 3:1 to 8:1; or alternatively, 4:1 to 6:1. In an embodiment, the metal
compound of the catalyst system comprises chromium and the diphosphino aminyl moiety to metal

molar ratio can be stated as a diphosphino aminyl moiety to chromium molar ratio.

[0105] In a non-limiting embodiment, the catalyst system comprising a metal compound, a
ligand comprising a diphosphino aminyl moiety, and a cocatalyst has a diphosphino aminyl moiety
to metal of the metal compound molar ratio greater than 1.8:1 and a cocatalyst metal to metal of
the metal compound molar ratio greater than 200:1. In some non-limiting embodiments, the
catalyst system has a diphosphino aminyl moiety to metal of the metal compound molar ratio
greater than 1.8:1 and a cocatalyst metal to metal of the metal compound molar ratio greater than
200:1; alternatively, a diphosphino aminyl moiety to metal of the metal compound molar ratio

greater than 2.0:1 and a cocatalyst metal to metal of the metal compound molar ratio greater than
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300:1; alternatively, a diphosphino aminyl moiety to metal of the metal compound molar ratio
greater than 2.5:1 and a cocatalyst metal to metal of the metal compound molar ratio greater than
400:1; alternatively, a diphosphino aminyl moiety to metal of the metal compound molar ratio
ranging from 1.8 to 10:1 and an cocatalyst metal to metal of the metal compound molar ratio
ranging from 100:1 to 3,000:1; alternatively, a diphosphino aminyl moiety to metal of the metal
compound molar ratio ranging from 2.0:1 to 10:1 and a cocatalyst metal to metal of the metal
compound molar ratio ranging from 400:1 to 1600:1; alternatively, a diphosphino aminyl moiety to
metal of the metal compound molar ratio ranging from 3:1 to 8:1 and a cocatalyst metal to metal
of the metal compound molar ratio ranging from 500:1 to 1,200:1; or alternatively, a diphosphino
aminyl moiety to metal of the metal compound molar ratio ranging from 4:1 to 6:1 and a cocatalyst
metal to metal of the metal compound molar ratio ranging from 600:1 to 1,000:1. In an
embodiment, the metal compound of the catalyst system comprises chromium and the cocatalyst
comprises aluminum. In such case, the diphosphino aminyl moiety to metal of the metal
compound molar ratio can be stated as a diphosphino aminyl moiety to chromium molar ratio and
the cocatalyst metal to metal of the metal compound molar ratio ranging can be stated as an

aluminum to chromium molar ratio.

[0106] In a non-limiting embodiment, the catalyst system comprises a metal compound
comprising chromium, a diphosphino aminyl ligand, and an aluminoxane. In some non-limiting
embodiments, the catalyst system comprising a metal compound comprising chromium, a
diphosphino aminyl ligand having at least one diphosphino aminyl moiety, and an aluminoxane;
alternatively, a metal compound comprising chromium, a diphosphino aminyl ligand comprising at
least two diphosphino aminyl moieties and linking group linking the aminyl nitrogen atoms of the
aminyl moieties, and an aluminoxane; or alternatively, a metal compound comprising chromium, a
diphosphino aminyl ligand comprising only 2 diphosphino aminyl moieties and a linking group

linking the aminyl nitrogen atoms of the 2 diphosphino aminyl moieties, and an aluminoxane.

[0107] The catalyst components disclosed herein may be contacted to form an olefin
oligomerization catalyst system. The amount of each component used to prepare an olefin
oligomerization catalyst system can be any amount such that, when combined to form the catalyst

system, oligomerization occurs upon contact with one or more olefins. Generally, a molar excess
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of the metal alkyl cocatalyst is used. Contacting of the catalyst components can be done under any
conditions sufficient to thoroughly contact the components. Typically, contacting is performed in
an inert atmosphere, such as, for example, nitrogen and/or argon. The reaction temperature for the
disclosed methods of making a catalyst for use in oligomerizing an olefin can be any temperature.
For ease of operation, ambient temperature can be employed. In order to effectuate a more
efficient reaction, temperatures which maintain the reagents in a liquid state or dispersed state are
desirable. In an embodiment, the reaction temperature for contacting the metal compound and the
diphosphino aminyl ligand, or for contacting the catalyst and the cocatalyst, is maintained at less
than about 120 °C; alternatively, less than about 100 °C; alternatively, less than about 75 °C;
alternatively, less than about 50 °C; or alternatively less than about 25 °C. The preparation of the
olefin oligomerization catalyst system at a low temperature may increase catalyst activity and

reduce levels of undesirable co-product polymer.

[0108] In the various embodiments disclosed herein, contacting of catalyst components may
occur in one or more contact zones. A contact zone is a zone in which the components are
commingled and/or combined, and thereby contacted. The contact zone may be disposed in a
vessel, e.g. a storage tank, tote, container, mixing vessel, reactor, etc.; a length of pipe, e.g. a tee,
inlet, injection port, or header for combining component feed lines into a common line; or any
other suitable apparatus for bringing the components into contact. As used herein, the terms
contacted and combined refer to any addition sequence, order, or concentration for contacting or
combining two or more catalyst components. In some embodiments, contacting of components
may occur in one or more upstream contact zone(s) prior to further contacting with other catalyst
component(s) in one or more downstream contact zone(s). Where a plurality of contact zones are
employed, contacting may occur simultaneously across the contact zones, sequentially across the
contact zones, or both, as is suitable for a given embodiment. Contacting may be carried out in a

batch or continuous process, as is suitable for a given embodiment.

[0109] In embodiments utilizing a vessel for contacting the components, the components may
be optionally mixed by a mixer disposed in the vessel and the formed mixture may then be
removed for subsequent processing. In embodiments utilizing a tee or other means for combing
lines such as a header, an optional in-line mixer may be placed in the commingled catalyst feed
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line to ensure that adequate contacting of the combined components takes place, and the mixture is
thus formed as it passes through the commingled feed line. Where a method of making a catalyst
recites contact or combination of catalyst components, such may be carried out by contacting or

combining all or a portion of such components in various embodiments.

[0110] As used herein, a composition comprising a catalyst component includes the catalyst
component alone or in combination with one or more additional compounds, solvents, or both.
None, some, or all of the contacting steps may be carried out in the presence of a solvent
(sometimes referred to as an optional solvent), which may be introduced to a contact zone via
inclusion with one or more compositions comprising a catalyst component or may be introduced

separately to a contact zone, for example in a solvent line or as an initial charge to a contact zone.

[0111] In an embodiment, water, acidic protons or both may be abated from any or all of the
components of the described catalyst system using methods and conditions known to one of
ordinary skill in the art. Such methods and conditions are disclosed in detail in U.S. Patent
Application Serial No.: 11/207,232 filed August 19, 2005 and entitled “Methods of Preparation of

an Olefin Oligomerization Catalyst” which was previously disclosed herein.

[0112] In an embodiment, the olefin oligomerization catalyst system can further comprise a
solvent. The solvent may be a hydrocarbon solvent, a halogenated hydrocarbon solvent, or
combinations thereof. Generally, the catalyst system solvent or diluent can comprise a C4 to Cyo
hydrocarbon; alternatively, a C; to Cjo hydrocarbon; altemnatively, C; to Cis halogenated
hydrocarbon,; or alternatively, C; to C;o halogenated hydrocarbon. The hydrocarbon solvent can be
a saturated hydrocarbon, an aromatic hydrocarbon, or an olefinic hydrocarbon. In an embodiment,
the saturated hydrocarbon solvent or diluent may comprise butane, isobutane, pentane, n-hexane,
hexanes, cyclohexane, n-heptane or n-octane, or mixtures thereof. In some embodiments, the
aromatic solvent can be a C¢ to Cyo aromatic compound. Suitable aromatic hydrocarbons can
include benzene, toluene, mixed xylenes, ortho-xylene, meta-xylene, para-xylene, ethylbenzene, or
mixtures thereof. Suitable halogenated catalyst solvents or diluents can include, carbon
tetrachloride, chloroform, methylene chloride, dichloroethane, trichloroethane, chlorobenzene, or

dichlorobenzene, or mixtures thereof. In an embodiment, the solvent can be ethylbenzene.
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[0113] The catalyst and catalyst systems described in the present application can be employed
in the oligomerization of olefins. Such a process can be carried out by contacting the catalyst or
catalyst system with one or more olefin monomers under reaction conditions suitable for
polymerization or oligomerization of olefins. In some embodiments, the oligomerization process
comprises: a) contacting an olefin, a metal complex, and a cocatalyst; and b) forming an olefin
oligomer product. In other embodiments, the oligomerization process is an ethylene
oligomerization process (or alpha olefin production process) comprising: a) contacting ethylene, a
metal complex, and a cocatalyst; and b) forming a product stream comprising olefins. In other
embodiments, the oligomerization process is an alpha olefin production process comprising: a)
contacting ethylene, a metal complex, and a cocatalyst; and b) forming a product stream
comprising an alpha olefin. Generally, the metal complex can be any structure provided herein or
have any description as described herein. In futher embodiments, the oligomerization process
comprises: a) contacting an olefin and a catalyst system and b) forming an olefin oligomer product.
In other embodiments, the oligomerization process is an ethylene oligomerization process (or alpha
olefin production process) comprising: a) contacting ethylene and a catalyst system; and b)
forming a product stream comprising olefins. In yet other embodiments, the oligomerization
process is an alpha olefin production process comprising: a) contacting ethylene and a catalyst
system; and b) forming a product stream comprising an alpha olefin. Generally, the catalyst

system may be any catalyst system described herein.

[0114] The process can comprise additional steps such as deactivating the catalyst and
isolating the olefin oligomer. Suitable monomers for the olefin oligomerization can be olefins
having 2 to 20 carbon atoms; alternatively, olefins having 2 to 3 carbon atoms; alternatively,
ethylene; or alternatively, propylene. In yet other embodiments, olefin oligomerization process (or
the ethylene oligomerization process) further comprises contacting hydrogen with the olefin (or
ethylene), the metal complex, and the cocatalyst. In further embodiments, the alpha olefin
production process further comprises contacting hydrogen with the ethylene, the metal complex,

and the cocatalyst.

[0115] In an embodiment, the metal complex utilized in the olefin oligomerization process can

have the Structure X:
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wherein R', R% R, and R* can be any substituent described herein or have any substituent pattem
described herein for the dialkyl phosphino aminyl moiety, R R%, R*, R*, and R* can be any
substituent described herein, have any substituent pattern described herein for the cycloalkyl
aminyl nitrogen group, and/or have any substituent pattern necessary to meet a particular aspect of
the diphosphino aminyl ligand described herein, n of the cycloalkyl aminyl nitrogen group can be
any value described herein, and M-X;, can be any metal compound described herein. In an
embodiment, R* can be any alkyl group described herein, R', R*, R¥, and R’ are hydrogen, and
M-X;, comprises chromium. In some embodiments, R* can be a C; to C4 alkyl group and R'e, R¥,
R*, and R’ is hydrogen, and M-X, comprises chromium. In some embodiments, R is a methyl
group, R'°, R*, R*, and R’ are hydrogen, and M-X,, comprises chromium. In other embodiments,

the metal complex utilized in the olefin oligomerization process can have the Structure XI:

R R13
R22
R23 R15
R21 R12
R?* 11 R%®
1¢ R 3c
R25 P R R
XM N (CHa)n Structure XI
35 . /
R R5c
R34 R41 R4c
R42
R33 R32

wherein R',, R'2, R, R RY R, RZ RZ, R¥ R, R®!, R R¥, R* R* R*, R?, R® R* and
R* can be any substituent described herein or have any substituent pattern described herein for the

diphosphino aminyl moiety, R', R, R*, R*, and R* can be any substituent described herein,
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have any substituent pattern described herein for the cycloalkyl aminyl nitrogen group, and/or have
any substituent pattern necessary to meet a particular aspect of the diphosphino aminyl ligand
described herein, n of the cycloalkyl aminyl nitrogen group can be any value described herein, and
M-X, can be any metal compound described herein. In an embodiment, R* can be any alkyl group
described herein, R', R¥*, R*, and R® are hydrogen, and M-X,, comprises chromium. In some
embodiments, R* can be a C; to Cy alkyl group and R!®, R*, R*, and R’ is hydrogen, and M-X,
comprises chromium. In some embodiments, R* is a methyl group, R', R*, R*, and R® are
hydrogen, and M-X, comprises chromium. In other embodiments, the metal complex utilized in

the olefin oligomerization process can have the Structure XII:

Q@
QG

wherein M-X, can be any metal compound described herein. In some embodiments, M-X,

Structure XII

comprises chromium.

[0116] In an embodiment, the metal complex utilized in the olefin oligomerization process can
comprise a metal compound complexed to a heteroatomic ligand comprising multiple diphosphino
aminyl moieties and a linking group linking the aminyl nitrogen atoms of the diphosphino aminyl
moiceties.  Generally, the metal complex described as a metal compound complexed to a
heteroatomic ligand comprising multiple diphosphino aminyl moieties and a linking group linking
the aminyl nitrogen atoms of the diphosphino aminyl moieties can be any metal compound
complexed to a heteroatomic ligand comprising multiple diphosphino aminyl moieties and a
linking group linking the aminyl nitrogen atoms of the diphosphino aminyl moieties described
herein. In some embodiments, the metal complex utilized in the olefin oligomerization process can

comprise a metal compound complexed to a heteroatomic ligand comprising only 2 diphosphino
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aminyl moieties and a linking group linking the aminyl nitrogen atoms of the two diphosphino

aminyl moieties.

[0117] In a non-limiting embodiment, the metal complex utilized in the olefin oligomerization

process can have the Structure XVL:

2 R CH CH; R! R?
R\p Y, 3 3 N
XM\ [ TMXg
\ _N N_

[ ) 3
R3——-P\ P—R
R4 R{l
Structure XVI

wherein R!, R%, R?, and R* can be any substituent or have any substituent pattern described herein
for the diphosphino aminyl moiety, and M-X, can be any metal compound described herein. In
some embodiments, M-X, comprises chromium. In other embodiments, the metal complex

utilized in the olefin oligomerization process can have the Structure XVII:

e =

R3% XPM N
R34 P P- R34

R41 R41

32
R R42 R42

R R
R43 R43

Structure XVII

wherein R'L. R'Z RI3. R RY R?!. R% RZ, R R%, R®L, R% R®, R¥ R¥®, R*, R2, R, R¥, and
R* can be any substituent or have any substituent pattern described herein for the diphosphino

aminyl moiety, M-X, can be any metal compound described herein. In some embodiments, M-X,
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comprises chromium. In yet other embodiments, the metal complex utilized in the olefin

oligomerization process can have the Structure XVIIL

CH

@\ CH, 3 ; /@
R P
N\ VAR
XM, N N MX,
"/ \
©/P P\Q

Structure XVIII

wherein M-X, can be any metal compound described herein. In some embodiments, M-X,

comprises chromium.

[0118] In an embodiment, the oligomerization can occur in a solvent or diluent. In some
embodiments, the solvent or diluent can comprise a C4 to Cy hydrocarbon; or alternatively, a C4 to
Cio hydrocarbon. The hydrocarbon solvent can be a saturated hydrocarbon, an aromatic
hydrocarbon, or mixture thereof. In some embodiments, the saturated hydrocarbon solvent can be
a C4 to Cyo saturated hydrocarbon. In other embodiments, the saturated solvent can be butane,
isobutane, pentane, n-hexane, hexanes, heptane, octane, cyclohexane, or mixtures thereof. In some
embodiments, the aromatic solvent can be a Cq to Cyo aromatic compound. In some embodiments,

the aromatic solvent can be benzene, toluene, xylene(s), ethylbenzene, or mixtures thereof.

[0119] Unless specified otherwise, the terms contacted, combined, and “in the presence of”
refer to any addition sequence, order, or concentration for contacting or combining two or more
components of the oligomerization process. Combining or contacting of oligomerization
components, according to the various methods described herein may occur in one or more contact
zones under suitable contact conditions such as temperature, pressure, contact time, flow rates, etc.

. The contact zone can be disposed in a vessel (e.g. a storage tank, tote, container, mixing
vessel, reactor, etc.), a length of pipe (e.g. a tee, inlet, injection port, or header for combining

component feed lines into a common line), or any other suitable apparatus for bringing the
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components into contact. The processes may be carried out in a batch or continuous process as is
suitable for a given embodiment, with physical parameters of the contact zone being specified

accordingly.

[0120] In an embodiment, the oligomerization can be a continuous process carried out in one
or more reactors. In some embodiments, the continuous oligomerization process reactor can
comprise a loop reactor, a tubular reactor, a continuous stirred tank reactor (CSTR), or
combinations thereof. In other embodiments, the continuous oligomerization process reactor can
be a loop reactor; alternatively, a tubular reactor; or alternatively, a continuous stirred tank reactor
(CSTR). In other embodiments, the continuous polymerization or oligomerization process reactor
can be employed in the form of different types of continuous reactors in combination, and in

various arrangements.

[0121] Suitable oligomerization process conditions such as temperatures, pressures and times
can be impacted by a number of factors such as the metal complex stability, metal complex
activity, cocatalyst identity, cocatalyst activity, desired product distribution, and/or desired product
purity among others. Provided the teachings of the present disclosure, one skilled in the art will

recognize how to adjust the oligomerization process conditions to achieve the desired objectives.

[0122] The concentration of the diphosphino aminyl complexed metal compound can be any
concentration needed to produce the desired oligomerization product. In an embodiment, the
concentration of the diphosphino aminyl complexed metal compound is greater than or equal to
5x 10° equivalents/liter; alternatively greater than or equal to 1 x 10® equivalents/liter; or
alternatively, greater than or equal to 2.5 x 10® equivalents/liter. In other embodiments, the
concentration of the diphosphino aminyl complexed metal compound can range from 5 x 10% to
5 x 107 equivalents/liter; alternatively, range from 1 x 10° to 1 x 10™ equivalents/liter; or

alternatively, range from 2.5 x 10™ to 6 x 10” equivalents/liter.

[0123] The reaction temperature of the oligomerization temperature can be any reaction
temperature required to produce the desired oligomerization product. In some embodiments, the
reaction temperature for the oligomerization can range from —20 °C to 200 °C. In some
embodiments, the oligomerization temperature ranges from 0 °C to 150 °C; alternatively, ranges
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from 10 °C to 150 °C; alternatively, ranges from 20 °C to 100 °C; or alternatively, ranges from 30
°Cto 80 °C.

[0124] The reaction pressure of the oligomerization can be any reaction pressure required to
produce the desired oligomerization product. In some embodiments, the oligomerization pressure
can be greater than or equal to 1 psig (6.9 kPa); alternatively, greater than or equal to 50 psig (344
kPa); alternatively, greater than or equal to 100 psig (689 kPa); or alternatively, greater than or
equal to 150 psig (1.0 MPa). In other embodiments, the oligomerization pressure can range from 1
psig (6.9 kPa) to 5,000 psig (34.5 MPa); alternatively, 50 psig (344 kPa) to 4,000 psig (27.6 MPa),
alternatively, 100 psig (689 kPa) to 3,000 psig (20.9 MPa); or alternatively, 150 psig (1.0 MPa) to
2,000 psig (13.8 MPa). In embodiments wherein the monomer is a gas (e.g. ethylene), the
oligomerization can be carried out under a monomer gas pressure. When the oligomerization
reaction produces alpha olefins, the reaction pressure can be the monomer ethylene pressure. In
some embodiments, the ethylene pressure can be greater than or equal to 1 psig (6.9 kPa);
alternatively, greater than or equal to 50 psig (344 kPa); alternatively, greater than or equal to 100
psig (689 kPa); or alternatively, greater than or equal to 150 psig (1.0 MPa). In other
embodiments, the ethylene pressure can range from 1 psig (6.9 kPa) to 5,000 psig (34.5 MPa);
alternatively, 50 psig (344 kPa) to 4,000 psig (27.6 MPa); alternatively, 100 psig (689 kPa) to
3,000 psig (20.9 MPa); or alternatively, 150 psig (1.0 MPa) to 2,000 psig (13.8 MPa). In some
cases when ethylene is the monomer, inert gases can form a portion of the total reaction pressure.
In the cases where inert gases form a portion of the reaction pressure, the previously stated
ethylene pressures can be the applicable ethylene partial pressures of the oligomerization reaction.
In the situation where the monomer provides all or a portion of the oligomerization reaction
pressure, the reaction system pressure can decrease as the gaseous monomer is consumed. In this
situation, additional gaseous monomer and/or inert gas can be added to maintain a desired
oligomerization reaction pressure. In an embodiment, additional gaseous monomer can be added
to the oligomerization reaction at a set rate (e.g. for a continuous flow reactor), at different rates
(e.g. to maintain a set system pressure in a batch reactor). In other embodiments, the
oligomerization reaction pressure can be allowed to decrease without adding any additional

gaseous monomer and/or inert gas.
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[0125] In embodiments wherein hydrogen is contacted with the ethylene, metal complex, and
cocatalyst, hydrogen may be added in any amount that produces the desired effect described
herein. In some embodiments, the hydrogen partial pressure can be greater than or equal to 1 psig
(kPa); alternatively, greater than or equal to 5 psig (34 kPa); alternatively, greater than or equal to
10 psig (69 kPa); or alternatively, greater than or equal to 15 psig (100 kPa). In other
embodiments, the hydrogen partial pressure can range from 1 psig (6.9 kPa) to 500 psig (3.5 MPa);
alternatively, 5 psig (34 kPa) to 400 psig (2.8 MPa); alternatively, 10 psig (69 kPa) to 300 psig (2.1
MPa); or alternatively, 15 psig (100 kPa) to 200 psig (1.4 MPa).

[0126] The reaction time of the oligomerization reaction can be any reaction time required to
produce the desired quantity of oligomerization product, obtain a desired catalyst productivity,
and/or obtain a desired conversion of monomer. In some embodiments, the polymerization or
oligomerization reaction time can range from 1 minute to 8 hours; alternatively, from 5 minutes to

5 hours; alternatively, from 10 minutes to 2.5 hours; or alternatively, from 15 minutes to 2 hours.

[0127] In an embodiment, the oligomerization process produces an oligomerization product
comprising an olefin trimer, an olefin tetramer, or mixtures thereof. In some embodiments, the
olefin production process produces a reactor effluent comprising an ethylene trimer (hexene) and
an ethylene tetramer (octene). In other embodiments, an alpha olefin production process produces
a reactor effluent comprising 1-hexene and 1-octene. In yet other embodiments, the alpha olefin

production process produces a reactor effluent enriched in 1-hexene and 1-octene.

[0128] In an embodiment, the liquid oligomerized reactor effluent (or liquid oligomer product,
or liquid oligomer product mixture) of the alpha olefin production process comprises greater than
or equal to 60 wt. % of an oligomerized product having 6 and 8 carbon atoms (or alternatively, Cs
and Cg oligomer product). In some embodiments, the liquid oligomerproduct mixture of the alpha
olefin production process comprises greater than or equal to 70 wt. % of an oligomerized product
having 6 to 8 carbon atoms; alternatively, greater than or equal to 75 wt. % of an oligomerized
product having 6 to 8 carbon atoms; alternatively, greater than or equal to 80 wt. % of an
oligomerized product having 6 to 8 carbon atoms; alternatively, greater than or equal to 85 wt. %

of an oligomerized product having 6 to 8 carbon atoms; or alternatively, greater than or equal to 90
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wt. % of an oligomerized product having 6 to 8 carbon atoms. In other embodiments, the liquid
oligomerproduct mixture of the alpha olefin production process comprises from 60 to 99.5 wt. %
of an oligomerized product having 6 to 8 carbon atoms; altematively, from 70 to 99 wt. % of an
oligomerized product having 6 to 8 carbon atoms; alternatively, from 75 to 97.5 wt. % of an
oligomerized product having 6 to 8 carbon atoms; or alternatively, from 80 to 95 wt. % of an
oligomerized product having 6 to 8 carbon atoms. Throughout this application, liquid
oligomerized reactor effluent (or liquid oligomer product) refers to the oligomerized product
having from 4 to 18 carbon atoms. The liquid oligomerized reactor effluent may also be referred to

as a liquid oligomer poroduct or liquid oligomer product mixture.

[0129] In an embodiment, the liquid oligomerized reactor effluent (or liquid oligomer product,
or liquid oligomerized product mixture) of the alpha olefin production process that comprises
greater than or equal to 60 wt. % of an oligomerized product having 6 and 8 carbon atoms, or any
other percent of oligomerized product having 6 to 8 carbon atoms described herein, comprises at
least 30 wt. % of an oligomerized product having 8 carbon atoms; alternatively, at least 40 wt. %
of an oligomerized product having 8 carbon atoms; alternatively, at least 45 wt. % of an
oligomerized product having 8 carbon atoms; alternatively, at least 50 wt. % of an oligomerized
product having 8 carbon atoms; or alternatively, at least 55 wt. % of an oligomerized product
having 8 carbon atoms. In other embodiments, the liquid oligomerized product mixture of the
alpha olefin production process that comprises greater than or equal to 60 wt. % of an oligomerized
product having 6 and 8 carbon atoms, or any other percent of oligomerized product having 6 to 8
carbon atoms described herein, comprises from 30 to 80 wt % of an oligomerized product having 8
carbon atoms; or alternatively, comprises from 40 to 70 wt % of an oligomerized product having 8
carbon atoms. In yet other embodiments, the liquid oligomerized product mixture of the alpha
olefin production process that comprises greater than or equal to 60 wt. % of an oligomerized
product having 6 and 8 carbon atoms, or any other percent of oligomerized product having 6 to 8
carbon atoms described herein, has a mass (or weight) ratio of oligomerized prodﬁct having 8
catbon atoms to oligomerized product having 6 carbon atoms ranging from 0.5 to 2.4;
alternatively, from 0.7 to 2.2; or alternatively, from 0.9 to 2.0. The oligomerized product having 8
carbon atoms may also be referred to as a Cg oligomer product. The mass (or weight) ratio of

oligomerized product having 8 carbon atoms to oligomerized product having 6 carbon atoms may
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also be referred to as a mass (or weight) ratio of Cg oligomer product to C¢ oligomer product, an
oligomerized product Cs:Cg mass (or weight) ratio, or a Cs:Cs oligomer product mass (or weight)

ratio.

[0130] In an embodiment, the oligomerized product having 6 carbon atoms comprises greater
than or equal to 85 wt. % 1-hexene. In some embodiments, the oligomerized product having 6
carbon atoms comprises greater or equal to 87.5 wt. % 1-hexene; alternatively, greater than or
equal to 90 wt % 1-hexene; alternatively, greater than or equal to 91 wt. % 1-hexene; or
alternatively, greater than or equal to 92 wt. % 1-hexene. In other embodiments, the oligomerized
product having 6 carbon atoms comprises from 85 to 99 wt % 1-hexene; alternatively, from 87.5 to
98 wt % 1-hexene; alternatively, from 90 to 97 wt % 1-hexene; alternatively, from 91 to 96 wt %
1-hexene. The oligomerized product having 6 carbon atoms may also be referred to as a Cs

oligomer product.

[0131] In an embodiment, the oligomerized product having 8 carbon atoms comprises greater
than or equal to 97 wt. % 1-octene. In some embodiments, the oligomerized product having 8
carbon atoms comprises greater than or equal to 97.5 wt. % 1-octene; alternatively, greater than or
equal to 98 wt % l-octene; alternatively, greater than or equal to 98.5 wt. % Il-octene; or
alternatively, greater than or equal to 99 wt. % 1-octene. In other embodiments, the oligomerized
product having 8 carbon atoms comprises from 97 to 99.8 wt % l-octene; alternatively, from 97.5
to 99.6 wt % 1-octene; alternatively, from 98 to 99.7 wt % 1l-octene; alternatively, from 98.5 to
99.5 wt % 1-octene.

[0132] In an embodiment, the oligomerized product having 6 carbon atoms comprises greater
than or equal to 90 wt. % 1-hexene and the oligomerized product having 8 carbon atoms comprises
greater than or equal to 97 wt. % l-octene. In some embodiments, the oligomerized product
having 6 carbon a}oms comprises greater than or equal to 91 wt. % 1-hexene and the oligomerized
product having 8 carbon atoms comprises greater than or equal to 97.5 wt. % 1-octene. In some
embodiments, the oligomerized product having 6 carbon atoms comprises greater than or equal to
92 wt. % 1-hexene and the oligomerized product having 8 carbon atoms comprises greater than or

equal to 98 wt. % l-octene. In other embodiments, the oligomerized product having 6 carbon
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atoms comprises from 90 to 97 wt. % 1-hexene and the oligomerized product having 8 carbon
atoms comprises from 98 to 99.7 wt. % wt. % l-octene. In yet other embodiments, the
oligomerized product having 6 carbon atoms comprises from 91 to 96 wt. % 1-hexene and the

oligomerized product having 8 carbon atoms comprises from 98.5 to 99.5 wt. % 1-octene.

[0133] In an embodiment, the catalyst comprising a metal compound complexed to a
heteroatomic ligand having at least two diphosphino aminyl moieties has an increased
oligomerization activity. In some embodiments, the catalyst comprising a metal compound
complexed to a heteroatomic ligand comprising at least two diphosphino aminyl moieties has an
oligomerization activity greater than the catalyst comprising a metal compound complexed to a
heteroatomic ligand having only one diphosphino aminyl moiety, the same diphosphino aminyl
moiety, and a similar structure about the diphosphino aminyl moiety’s aminyl nitrogen atom. In
an embodiment, the catalyst comprising a metal compound complexed to a diphosphino aminyl
ligand having two diphosphino aminyl moieties increases the activity by at least 30 %;
alternatively, 40 %; alternatively, 50%; or alternatively, 60%, in comparison to a similar catalyst
comprising a metal compound complexed to a diphosphino aminyl ligand having only one
diphosphino aminyl moiety, the same diphosphino aminyl moiety, and a similar structure about the

diphosphino aminyl moiety’s aminyl nitrogen atom.

[0134] In an embodiment, the catalyst comprising a metal compound complexed to a
heteroatomic ligand having at least two diphosphino aminyl moieties produces a liquid
oligomerized reactor effluent having a decreased Cg:Cs oligomerized product ratio (by weight) as
compared to the liquid oligomerized reactor effluent produced from a catalyst comprising a metal
compound complexed to a heteroatomic ligand having only one diphosphino aminyl moiety, the
same diphosphino aminyl moiety, and a similar structure about the diphosphino aminyl moiety’s
aminyl nitrogen atom. In an embodiment, the catalyst comprising a metal compound complexed to
a heteroatomic ligand having at least two diphosphino aminyl moieties produces a liquid
oligomerized reactor effluent having an Cg oligomerized product having an increased 1-hexene
content as compared to the liquid oligomerized reactor effluent produced from a catalyst
comprising a metal compound complexed to a heteroatomic ligand having only one diphosphino

aminyl moiety, the same diphosphino aminyl moiety, and a similar structure about the diphosphino
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aminyl moiety’s aminyl nitrogen atom. The term having a similar structure about the diphosphino
aminyl moiety’s aminyl nitrogen atom refers to the heteroatomic ligand structure within 3 carbon
atoms of the aminyl nitrogen. For example, one would compare two metal catalysts having only
one tertiary carbon atom adjacent to each carbon atom to which the aminyl nitrogen atom of the
diphosphino aminyl moiety is attached, two metal catalysts having the aminyl nitrogen atom of the
diphosphino aminyl moiety attached to saturated cyclic ring carbon, or two metal catalysts having

the aminyl nitrogen atom of the diphosphino aminyl moiety attached to an aromatic ring carbon.

[0135] In an embodiment, the oligomerization process that comprises contacting an olefin, a
metal complex, a cocatalyst and hydrogen, has an increased activity as compared to the process
carried out in the absence of hydrogen. In some embodiments, the addition of hydrogen to the
oligomerization reaction increased the catalyst activity by greater than 25 %; alternatively, greater

than 40 %; alternatively, greater than 65 %, or alternatively, greater than 80 %.

[0136] In an embodiment, the oligomerization process that comprises contacting an olefin, a
metal complex, a cocatalyst and hydrogen, produces a liquid oligomerized reactor effluent having a
decreased Cg:Cs oligomerized product ratio as compared to the liquid oligomerized reactor effluent
produced in the absence of hydrogen. In some embodiments, the addition of hydrogen to the
oligomerization reaction decreases the Cg:Cg weight ratio of the oligomerized product by greater

than 20 %; alternatively, greater than 30 %; or alternatively, greater than 40 %.

[0137] In an embodiment, the oligomerization process that comprises contacting an olefin, a
metal complex, a cocatalyst and hydrogen, produces a liquid oligomerized reactor effluent with an
oligomerized product having 6 carbon atoms with an increased 1-hexene content as compared to

the liquid oligomerized reactor effluent produced in the absence of hydrogen.

[0138] In an aspect, the amount of polymer produced by olefin oligomerization process may
be reduced by providing and/or controlling one or more olefin production (or oligomerization)
parameters. In an embodiment, the amount of polymer produced by the olefin oligomerization
process can be reduced by providing and/or controlling a concentration of the diphosphino aminyl
complexed metal compound. In some embodiments, the amount of polymer produced by the
olefin oligomerization process can be reduced by providing and/or controlling a cocatalyst metal to
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the catalyst metal molar ratio. In other embodiments, the amount of polymer produced by the
olefin oligomerization process can be reduced by providing and/or controlling a diphosphino
aminyl moiety to catalyst metal equivalent ratio. In yet other embodiments, the amount of polymer
produced by the olefin oligomerization process can be reduced by providing and/or controlling a

hydrogen partial pressure during the olefin oligomerization.

[0139] In an aspect, the amount of polymer produced in the method to oligomerize olefins can
be reduced by providing an increased concentration of diphosphino aminyl complexed metal
compound. In an embodiment, the amount of polymer produced can be reduced by providing a
concentration of diphosphino aminyl complexed metal compound greater than or equal to 2 x 107
equivalents/liter; alternatively, greater than or equal to 2.5 x 10° equivalents/liter; or alternatively,
greater than or equal to 2.75 x 10° equivalents/liter. In some embodiments, the amount of polymer
produced by the olefin oligomerization process can be reduced by providing a concentration of
diphosphino aminyl complexed metal compound ranging from 2 x 107 to 1 x 10™ equivalents/liter;
alternatively, ranging from 2.5 x 10” to 8 x 10™* equivalents/liter; or alternatively, ranging from

2.75 x 10° to 6 x 10” equivalents/liter.

[0140] In an aspect, the amount of polymer produced in the method to oligomerize olefins can
be reduced by providing an increased cocatalyst metal to the catalyst metal molar ratio. In an
embodiments, the amount of polymer produced can be reduced by providing a cocatalyst metal to
the catalyst metal molar ratio greater than or equal to 400:1; alternatively, greater than or equal to
500:1; or alternatively, greater than or equal to 600:1. In some embodiments, the amount of
polymer produced can be reduced by providing a cocatalyst metal to the catalyst metal molar ratio
ranging from 400:1 to 1600:1; alternatively, ranging from 500:1 to 1200:1; or alternatively,
ranging from 600:1 to 1000:1.

[0141] In an aspect, the amount of polymer produced in the method to oligomerize olefins can
be reduced by providing an increased the diphosphino aminyl moiety to catalyst metal molar ratio.
In an embodiment, the amount of polymer produced can be reduced by providing a diphosphino
aminyl moiety to catalyst metal molar ratio greater than or equal to 2:1; alternatively, greater than

or equal to 3:1; or alternatively, greater than or equal to 4:1. In some embodiments, the amount of
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polymer produced can be reduced by providing diphosphino aminyl moiety to catalyst metal molar
ratio ranging from 2:1 to 10:1; alternatively ranging from 3:1 to 8:1; or alternatively, ranging from

4:1t06:1.

[0142] In an aspect, the amount of polymer produced in the method to oligomerize olefins can
be reduced by providing and/or controlling a partial pressure of hydrogen to the olefin production
process. While it should be noted that the presence of hydrogen is not necessarily required to
produce an oligomerization product having an acceptable quantity of polymer, the amount of
polymer produced by the oligomerization process may be further reduced by the presence of
hydrogen. Additionally, it has been observed that the presence of too much hydrogen may increase
the quantity of polymer produced. Thus, it has been surprisingly discovered that there is an
optimum range for the hydrogen partial pressure. In an embodiment, the amount of polymer
produced in the method to oligomerize olefins can be reduced by providing a hydrogen partial
pressure ranging from 1 psi (6.9 kPa) to 40 psi (275 kPa); alternatively, from 2.5 psi (17.2 kPa) to
35 psi (241 kPa); or alternatively, range from 5 psi (103 kPa) to 30 psi (206kPa).

[0143] In an embodiment, the amount of polymer produced by the olefin oligomerization
process can be reduced by providing and/or controlling an olefin production process parameter
selected from the group consisting of a) a concentration of diphosphino aminyl complexed metal
compound, b) a cocatalyst metal to the catalyst metal molar ratio, ¢) a diphosphino aminyl moiety
to catalyst metal molar ratio, d) a hydrogen partial pressure during the olefin oligomerization, or
any combination of a, b, ¢, and d thereof. In some embodiments, a method for reducing an amount
of polymer produced in an olefin production process comprises a) contacting an olefin, a
diphosphino aminyl ligand metal complex, a cocatalyst, and hydrogen, b) providing and/or
controlling an olefin production process parameter selected from the group consisting of i) a
concentration of diphosphino aminyl complexed metal compound, ii) a cocatalyst metal to the
catalyst metal molar ratio, iii) a cocatalyst metal to the catalyst metal molar ratio , iv) a hydrogen
partial pressure, or any combination of i, ii, iii, and iv thereof, and c) forming an olefin oligomer

product.
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[0144] The concentration of the diphosphino aminyl complexed metal compound, the
cocatalyst metal to catalyst metal molar ratio, the diphosphino aminyl moiety to catalyst metal
molar ratio, and hydrogen partial pressure are independent elements of the olefin oligomerization
process and thus these elements can have any value (or value range) described herein or have any
combination of the individually provided values described herein. In an embodiment, a method for
reducing an amount of polymer produced in an olefin production process comprises a) contacting
an olefin, a diphosphino aminyl ligand metal complex, a cocatalyst, and hydrogen, b) providing an
olefin production process parameter selected from the group consisting of i) a concentration of
diphosphino aminyl complexed metal compound greater than 2 x 10° equivalents/liter, ii) a
cocatalyst metal to the catalyst metal molar ratio greater than 400:1, iii) a diphosphino aminyl
moiety to catalyst metal molar ratio greater than 2:1, iv) a hydrogen partial pressure ranging from 1
psi (6.9 kPa) to 40 psi (275 kPa), or any combination of i, i, iii, and iv thereof, and c) forming an
olefin oligomer product. In some embodiments, the olefin production process is an alpha olefin
production process wherein the olefin is ethylene and the olefin oligomer product comprises alpha

olefins.

[0145] In an aspect, the amount of polymer produced by the olefin oligomerization process can
be reduced by providing and/or controlling the concentration of diphosphino aminyl complexed
metal compound and the cocatalyst metal to the catalyst metal molar ratio. Absent changes in
other parameters, providing and/or controlling the concentration of diphosphino aminyl complexed
metal compound and the cocatalyst metal to catalyst metal molar ratio can produce an
oligomerized product having a reduced amount of polymer. The provided concentration of
diphosphino aminyl complexed metal compound and the provided cocatalyst metal to catalyst
metal molar ratio can have any value (or range) or combination of values (or ranges) individually
described herein. Non-limiting combinations include a concentration of diphosphino aminyl
complexed metal compound greater than or equal to 2 x 107 equivalents/liter and a cocatalyst
metal to catalyst metal molar ratio greater than or equal to 400:1; alternatively, a concentration of
diphosphino aminyl complexed metal compound greater than or equal to 2.5 x 10°
equivalents/liter and a cocatalyst metal to catalyst metal molar ratio greater than or equal to 500:1;
or alternatively, a concentration of diphosphino aminyl complexed metal compound greater than or

equal to 2.75 x 10% equivalents/liter and a cocatalyst metal to catalyst metal molar ratio greater
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than or equal to 600:1. Other non-limiting combinations include a concentration of diphosphino
aminyl complexed metal compound ranging from 2 x 10° to 1 x 10* equivalents/liter and a
cocatalyst metal to catalyst metal molar ratio ranging from 400:1 to 1600:1; alternatively, a
concentration of diphosphino aminyl complexed metal compound ranging from 2.5 x 10° to 8 x
10" equivalents/liter and a cocatalyst metal to catalyst metal molar ratio ranging from 500:1 to
1200:1; or alternatively, a concentration of diphosphino aminyl complexed metal compound
ranging from 2.75 x 10° to 6 x 10™ equivalents/liter and a cocatalyst metal to catalyst metal molar

ratio ranging from 600:1 to 1000:1.

[0146] In an embodiment, the amount of polymer produced by the olefin oligomerization
process can be reduced by providing and/or controlling the concentration of diphosphino aminyl
complexed metal compound and the diphosphino aminyl moiety to catalyst metal molar ratio.
Absent changes in other parameters, providing and/or controlling the concentration of diphosphino
aminyl complexed metal compound and the diphosphino aminyl moiety to catalyst metal molar
ratio can produce an oligomerized product having a reduced amount of polymer. The provided
concentration of diphosphino aminyl complexed metal compound and the provided diphosphino
aminyl moiety to catalyst metal molar ratio can have any value (or range) or combination of values
(or ranges) individually described herein. Non-limiting combinations include a concentration of
diphosphino aminyl complexed metal compound greater than or equal to 2 x 107 equivalents/liter
and a diphosphino aminyl moiety to catalyst metal molar ratio greater than or equal to 2:1;
alternatively, a concentration of diphosphino aminyl complexed metal compound greater than or
equal to 2.5 x 10° equivalents/liter and a diphosphino aminyl moiety to catalyst metal molar ratio
greater than or equal to 3:1; or alternatively, a concentration of diphosphino aminyl complexed
metal compound greater than or equal to 2.75 x 10 equivalents/liter and a diphosphino aminyl
moiety to catalyst metal molar ratio greater than or equal to 4:1. Other non-limiting combinations
include a concentration of diphosphino aminyl complexed metal compound ranging from 2 x 10”°
to 1 x 10™ equivalents/liter and a diphosphino aminyl moiety to catalyst metal molar ratio ranging
from 2:1 to 10:1; alternatively, a concentration of diphosphino aminyl complexed metal compound
ranging from 2.5 x 10® to 8 x 10 equivalents/liter and a diphosphino aminyl moiety to catalyst

metal molar ratio ranging from 3:1 to 8:1; or alternatively, a concentration of diphosphino aminyl
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complexed metal compound ranging from 2.75 x 10° to 6 x 10° equivalents/liter and a

diphosphino aminyl moiety to catalyst metal molar ratio ranging from 4:1 to 6:1.

[0147] In an embodiment, the amount of polymer produced by the olefin oligomerization
process can be reduced by providing and/or controlling the cocatalyst metal to the catalyst metal
molar ratio and the diphosphino aminyl moiety to catalyst metal molar ratio. Absent changes in
other parameters, providing and/or controlling the cocatalyst metal to the catalyst metal molar ratio
and the diphosphino aminyl moiety to catalyst metal molar ratio can produce an oligomerized
product having a reduced amount of polymer. The provided cocatalyst metal to the catalyst metal
molar ratio and the provided diphosphino aminyl moiety to catalyst metal molar ratio can have any
value (or range) or combination of values (or ranges) individually described herein. Non-limiting
combinations include a cocatalyst metal to the catalyst metal molar ratio greater than or equal to
400:1 and a diphosphino aminyl moiety to catalyst metal molar ratio greater than or equal to 2:1;
alternatively, a cocatalyst metal to the catalyst metal molar ratio greater than or equal to 500:1 and
a diphosphino aminyl moiety to catalyst metal molar ratio greater than or equal to 3:1; or
alternatively, a cocatalyst metal to the catalyst metal molar ratio greater than or equal to 600:1 and
a diphosphino aminyl moiety to catalyst metal molar ratio greater than or equal to 4:1. Other non-
limiting combinations include a cocatalyst metal to the catalyst metal molar ratio ranging from
400:1 to 1600:1 and a diphosphino aminyl moiety to catalyst metal molar ratio ranging from 2:1 to
10:1; alternatively, a cocatalyst metal to the catalyst metal molar ratio ranging from than 500:1 to
1200:1 and a diphosphino aminyl moiety to catalyst metal molar ratio ranging from 3:1 to 8:1; or
alternatively, a cocatalyst metal to the catalyst metal molar ratio ranging from 600:1 to 1000:1 and

a diphosphino aminyl moiety to catalyst metal molar ratio ranging from 4:1 to 6:1.

[0148] In an embodiment, the amount of polymer produced by the olefin oligomerization
process can be reduced by providing and/or controlling the concentration of diphosphino aminyl
complexed metal compound, the cocatalyst metal to catalyst metal molar ratio, and the
diphosphino aminyl moiety to catalyst metal molar ratio. Absent changes in other parameters,
providing and/or controlling the concentration of diphosphino aminyl complexed metal compound,
the cocatalyst metal to the catalyst metal molar ratio, and the diphosphino aminyl moiety to

catalyst metal molar ratio can produce an oligomerized product having a reduced amount of
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polymer. The provided concentration of diphosphino aminyl complexed metal compound, the
provided cocatalyst metal to the catalyst metal molar ratio, and the provided diphosphino aminyl
moiety to catalyst metal molar ratio can have any value (or range) or combination of values (or
ranges) individually described herein. Non-limiting combinations include a concentration of
diphosphino aminyl complexed metal compound greater than or equal to 2 x 10” equivalents/liter,
a cocatalyst metal to the catalyst metal molar ratio greater than 400:1, and a diphosphino aminyl
moiety to catalyst metal molar ratio greater than or equal to 2:1; alternatively, a concentration of
diphosphino aminyl complexed metal compound greater than or equal to 2.5 x 10°
equivalents/liter, a cocatalyst metal to the catalyst metal molar ratio greater than or equal to 500:1,
and a diphosphino aminyl moiety to catalyst metal molar ratio greater than or equal to 3:1; or
alternatively, a concentration of diphosphino aminyl complexed metal compound greater than or
equal to 2.75 x 107 equivalents/liter, a cocatalyst metal to the catalyst metal molar ratio greater
than or equal to 600:1, and a diphosphino aminyl moiety to catalyst metal molar ratio greater than
or equal to 4:1. Other non-limiting combinations include a concentration of diphosphino aminyl
complexed metal compound ranging from 2 x 10° to 1 x 10* equivalents/liter, a cocatalyst metal
to the catalyst metal molar ratio ranging from 400:1 to 1600:1, and a diphosphino aminyl moiety to
catalyst metal molar ratio ranging from 2:1 to 10:1; alternatively, a concentration of diphosphino
aminyl complexed metal compound ranging from 2.5 x 10° to 8 x 10™* equivalents/liter, a
cocatalyst metal to the catalyst metal molar ratio ranging from 500:1 to 1200:1, and a diphosphino
aminyl moiety to catalyst metal molar ratio ranging from 3:1 to 8:1; or alternatively, a
concentration of diphosphino aminyl complexed metal compound ranging from 2.75 x 10°t0 6 x
107 equivalents/liter, a cocatalyst metal to the catalyst metal molar ratio ranging from 600:1 to

1000:1, and a diphosphino aminyl moiety to catalyst metal molar ratio ranging from 4:1 to 6:1.

[0149] In an embodiment, the amount of polymer produced by the olefin oligomerization
process can be reduced by providing and/or controlling the cocatalyst metal to the catalyst metal
molar ratio, the diphosphino aminyl moiety to catalyst metal molar ratio, and the hydrogen partial
pressure. Absent changes in other parameters, providing and/or controlling the cocatalyst metal to
the catalyst metal molar ratio, the diphosphino aminyl moiety to catalyst metal molar ratio, and the
hydrogen partial pressure, can produce an oligomerized product having a reduced amount of

polymer. The provided cocatalyst metal to the catalyst metal molar ratio, the provided diphosphino
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aminyl moiety to catalyst metal molar ratio, and the provided hydrogen partial pressure can have
any value (or range) of combination of values (or ranges) individually described herein. Non-
limiting combinations include a cocatalyst metal to the catalyst metal molar ratio greater than or
equal to 400:1, a diphosphino aminyl moiety to catalyst metal molar ratio greater than or equal to
2:1, and a hydrogen partial pressure ranging from 1 psi (6.9 kPa) to 40 psi (275 kPa); alternatively,
a cocatalyst metal to the catalyst metal molar ratio greater than or equal to 500:1, a diphosphino
aminyl moiety to catalyst metal molar ratio greater than or equal to 3:1, and a hydrogen partial
pressure ranging from 2.5 psi (17.2 kPa) to 35 psi (241 kPa); or alternatively, a cocatalyst metal to
the catalyst metal molar ratio greater than or equal to 600:1, a diphosphino aminyl moiety to
catalyst metal molar ratio greater than or equal to 4:1, and a hydrogen partial pressure ranging from
5 psi (103 kPa) to 30 psi (206kPa). Other non-limiting combinations include a cocatalyst metal to
the catalyst metal molar ratio ranging from 400:1 to 1600:1, a diphosphino aminyl moiety to
catalyst metal molar ratio ranging from 2:1 to 10:1, and a hydrogen partial pressure ranging from 1
psi (6.9 kPa) to 40 psi (275 kPa); alternatively, a cocatalyst metal to the catalyst metal molar ratio
ranging from 500:1 to 1200:1, a diphosphino aminyl moiety to catalyst metal molar ratio ranging
from 3:1 to 8:1, and a hydrogen partial pressure ranging from 2.5 psi (17.2 kPa) to 35 psi (241
kPa); or alternatively, a cocatalyst metal to the catalyst metal molar ratio ranging from 600:1 to
1000:1, a diphosphino aminyl moiety to catalyst metal molar ratio ranging from 4:1 to 6:1, and a

hydrogen partial pressure ranging from 5 psi (103 kPa) to 30 psi (206kPa).

[0150] In an embodiment, the amount of polymer produced by the olefin oligomerization
process can be reduced by providing and/or controlling the concentration of diphosphino aminyl
complexed metal compound, the cocatalyst metal to the catalyst metal molar ratio, the diphosphino
aminyl moiety to catalyst metal molar ratio, and the hydrogen partial pressure during the olefin
oligomerization. ~ Absent changes in other parameters, providing and/or controlling the
concentration of diphosphino aminyl complexed metal compound, the cocatalyst metal to the
catalyst metal molar ratio, the diphosphino aminyl moiety to catalyst metal molar ratio, and the
hydrogen partial pressure can produce an oligomerized product having a reduced the amount of
polymer. The provided concentration of diphosphino aminyl complexed metal compound, the
provided cocatalyst metal to the catalyst metal molar ratio, the provided diphosphino aminyl

moiety to catalyst metal molar ratio, and the provided hydrogen partial pressure can have any value
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(or range) or combination of values (or ranges) individually described herein. Non-limiting
combinations include having a concentration of diphosphino aminyl complexed metal compound
greater than or equal to 2 x 107 equivalents/liter, having a cocatalyst metal to the catalyst metal
molar ratio greater than or equal to 400:1, having a diphosphino aminyl moiety to catalyst metal
molar ratio greater than or equal to 2:1, and having a hydrogen partial pressure ranging from 1 psi
(6.9 kPa) to 40 psi (275 kPa); alternatively, having a concentration of diphosphino aminyl
complexed metal compound greater than or equal to 2.5 x 10” equivalents/liter, having a cocatalyst
metal to the catalyst metal molar ratio greater than or equal to 500:1, having a diphosphino aminyl
moiety to catalyst metal molar ratio greater than or equal to 3:1, and having a hydrogen partial
pressure ranging from 2.5 psi (17.2 kPa) to 35 psi (241 kPa); or alternatively, having a
concentration of diphosphino aminyl complexed metal compound greater than or equal to 2.75 x
10” equivalents/liter, having a cocatalyst metal to the catalyst metal molar ratio greater than or
equal to 600:1, having a diphosphino aminyl moiety to catalyst metal molar ratio greater than or
equal to 4:1, and having a hydrogen partial pressure ranging from 5 psi (103 kPa) to 30 psi
(206kPa). Other non-limiting combinations include having a concentration of diphosphino aminyl
complexed metal compound ranging from 2 x 107 to 1 x 10 equivalents/liter, having a cocatalyst
metal to the catalyst metal molar ratio ranging from 400:1 to 1600:1, having a diphosphino aminyl
moiety to catalyst metal molar ratio ranging from 2:1 to 10:1, and having a hydrogen partial
pressure ranging from 1 psi (6.9 kPa) to 40 psi (275 kPa); alternatively, having a concentration of
diphosphino aminyl complexed metal compound ranging from 2.5 x 10° to 8 x 107
equivalents/liter, having a cocatalyst metal to the catalyst metal molar ratio ranging from 500:1 to
1200:1, having a diphosphino aminyl moiety to catalyst metal molar ratio ranging from 3:1 to 8:1,
and having a hydrogen partial pressure ranging from 2.5 psi (17.2 kPa) to 35 psi (241 kPa); or
alternatively, having a concentration of diphosphino aminyl complexed metal compound ranging
from 2.75 x 107 to 6 x 10~ equivalents/liter, having a cocatalyst metal to the catalyst metal molar
ratio ranging from 600:1 to 1000:1, a having diphosphino aminyl moiety to catalyst metal molar
ratio ranging from 4:1 to 6:1, and a having hydrogen partial pressure ranging from 5 psi (103 kPa)
to 30 psi (206kPa).

[0151] In an embodiment, the amount of polymer produced by providing and/or controlling the

concentration of diphosphino aminyl complexed metal compound in the olefin oligomerization
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process as described herein, the cocatalyst metal to the catalyst metal molar ratio as described
herein, the diphosphino aminyl moiety to catalyst metal molar ratio as described herein, and/or the
hydrogen partial pressure as described herein, is less than 10 weight percent. Alternatively, the
amount of polymer produced by providing and/or controlling the concentration of diphosphino
aminyl complexed metal compound in the olefin oligomerization process as described herein, the
cocatalyst metal to the catalyst metal molar ratio as described herein, the diphosphino aminyl
moiety to catalyst metal molar ratio as described herein, and/or the hydrogen partial pressure as
described herein, is less than 7.5 weight percent; alternatively, less than 5 weight percent;
alternatively, less than 2.5 weight percent; alternatively less than 1 weight percent; alternatively,

less than 0.75 weight percent; or alternatively less than 0.5 weight percent.

EXAMPLES

[0152] The invention having been generally described, the following examples are given as
particular embodiments of the invention and to demonstrate the practice and advantages thereof. It
is understood that the examples are given by way of illustration and are not intended to limit the

specification of the claims in any manner.

EXAMPLE 1

[0153] In the example runs below, a standard solution of the ligand, typically having a
concentration of approximately 10 mg/ml, was prepared by dissolving/suspending the ligand in a
solvent (typically ethylbenzene). A standard solution of the chromium compound, typically having
a concentration of 5 mg/ml, was prepared by dissolving/suspending the chromium compound in a

solvent (typically ethylbenzene).

[0154] The catalyst was prepared by transferring the appropriate amount of ligand and
chromium solutions into a thin-walled glass vial (e.g. and NMR tube). The thin-walled glass vial
was tightly capped and then strapped to the impeller shaft of a Zipperclave™ reactor. The reactor
was sealed and then air was removed from the reactor interior by multiple successive vacuum
evacuations and charging with nitrogen. After the successive vacuum evacuations of the reactor

interior, a final vacuum was left on the reactor. Under static vacuum, the reaction solvent
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1775303 1332677 1146259 1721210 g product/g Cr/ hr
1027736 940232 1231200 887652 888451 573129 860605 g
liquid product/g |ligand 46529 32208 81109 50289 40456
26506 39909

containing the appropriate quantity of cocatalyst was charged to the reactor through a reactor
charging port. Ethylene was then charged to the reactor to a pressure approximately equal to 50
percent of the desired reaction pressure. Stirring was initiated to break the glass vial strapped to
the reactor impeller shaft and initiate the reaction. Upon stabilization of the reactor pressure due to
dissolution of ethylene into the liquid phase, the desired quantity of hydrogen, if any, was added to
the reactor to obtain the desired hydrogen partial pressure. The reactor was heated to the desired
reaction temperature. The ethylene pressure was then increased to the desired pressure. Ethylene
was then subsequently fed to the reactor on demand to maintain the desired ethylene pressure for
the remainder of the reaction. The reaction temperature was maintained by the appropriate use of
heating coils and internal cooling coils. Upon reaction completion, the reactor was depressurized
and the product isolated. The reaction products were then analyzed by gas chromatography (GC)

using an internal standard such as the reaction solvent or an inert hydrocarbon (e.g. nonane).

[0155] The product samples were analyzed by the GC for the amount of hexene, octene, and
Cs isomers, Cg isomers, and higher oligomers. From this information the selectivity, purity, and
conversion was calculated. Selectivity, (Cst+Cg) wt. %, refers to the weight percent of
oligomerized product having 6 and 8 carbon atoms found in the liquid oligomerization product.
Purity, (1-C¢+1-Cg) wt. % of all liquids), refers to the weight percent of 1-hexene and 1-octene
found in the liquid oligomerization product. Activity can be stated as the grams product (liquid
oligomerization product, oligomerized product having 6 carbon atoms, oligomerized product
having 8 carbon atoms, oligomerized product having 6 and 8 carbon atoms, grams 1-hexene, grams
1-octene, grams 1-hexene + l-octene or any combination or ratio thereof etc. . .) produced per
gram of catalyst or catalyst component (grams metal, gram ligand, gram cocatalyst, grams
cocatalyst metal). Details of the specific reactions conditions and product formation are given in
Table 2 where the reaction carried out in the presence of a metal compound complexed to a
diphosphino aminyl ligand having one diphosphino aminyl moiety are given in columns 1, 4, 5 and
8 while those carried out in the presence of a metal compound complexed to a diphosphino aminyl
ligand having 2 diphosphino aminyl moieties are given in columns 2, 3, 6 and 7. MMAO refers to
the cocatalyst (modified methylaluminoxane) and the metal compound is chromium (II)

acetylacetonate also referred to as Cr(acac)s.
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[0156] Experimental runs 1-8 provide information relating to olefin production using metal

catalyst comprising a metal compound complexed to a ligand comprising a diphosphino aminyl

ligand.
Table 2 — Olefin Oligomerization Runs 1-8

Run # 1 2 3 4 5 6 7 8
Ligand Structure m VIl VI 11 I VI VIII m
Metal Compound Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac); | Cr{acac)s | Cr(acac)s | Cr(acac)s
Cocatalyst MMAO | MMAO | MMAO | MMAO | MMAO | MMAO | MMAO | MMAO
Diphosphino aminyl moiety (mg) 18 24 24 20 20 18 12 16
Diphosphino aminyl moiety (meq) | 0.0374 | 0.0493 | 0.0493 | 0.0416 | 0.0416 | 0.037 | 0.0246 | 0.0333
Metal Compound (mg) 10 10 10 10 10 7.5 5 7.5
Metal Compound (mmol) 0.029 0.029 0.029 0.029 0.029 0.021 0.014 0.021
Al:Cr molar ratio 500 500 300 300 300 300 300 300
Temperature (°C) 60 60 60 60 60 60 60 60
Ethylene Pressure (MPa) 6.89 6.89 6.89 6.89 6.89 6.89 6.89 6.89
H, Pressure (kPa) 345 345 345 345
Reaction time (minutes) 90 60 90 90 90 90 90 90
Liquid product - calc'd (grams) 482.88 | 719.72 | 659.39 | 392.14 | 687.95 | 898.16 | 711.45 | 550.23
g liquid product/g Cr 324390 | 483497 | 442969 | 263433 | 462150 | 804494 | 955877 | 492849
g liquid product/g ligand 26827 | 29988 | 27475 | 19607 | 34397 | 49898 | 59287 | 34390
g liquid product/g Al 1250 1863 2845 1692 2968 5163 6139 3163
(Cs+Cy) of all liquids (wt. %) 91.3 89.3 88.9 92.8 88 85.7 84.8 90.7
(1-C¢ + 1-Cy) of all liquids (wt. %) | 88.2 86.6 86 89.3 85.2 82.8 82.1 87.1
Cy/Cs mass ratio 2.61 1.81 1.85 2.73 2.02 1.07 0.97 1.87
1-hexene in C6 fraction (%) 87.95 91.63 90.71 85.75 90.19 92.94 93.66 88.74
1-octene in C8 fraction (%) 99.3 99.19 98.68 98.29 98.82 97.8 98.45 98.68

[0157] The examples show an increased catalyst activity for a catalyst comprising a metal

compound complexed to a diphosphino aminyl ligand having two diphosphino aminyl moieties.

For example, Run 2 carried out with a catalyst comprising a metal compound complexed to a

diphosphino aminyl ligand having two diphosphino aminyl moieties has an activity (grams liquid

oligomerization product/gram chromium) approximately 50 % greater than a Run 1 carried out

with a catalyst comprising a metal compound complexed to a diphosphino aminyl ligand having
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79.9 89.0 86.3 87.1 C8/C6 nmass ratio 1.63 1.63 1.46
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only one diphosphino aminyl moiety, the same diphosphino aminyl moiety, and a similar structure
about the diphosphino aminyl moiety’s aminyl nitrogen atom. Similarly, Run 6 carried out with a
catalyst comprising a metal compound complexed to a diphosphino aminyl ligand having two
diphosphino aminyl moieties has an activity (grams liquid oligomerization product/gram
chromium) approximately 60 to 75 % greater than a Run 5 or Run 8 carried out with a catalyst
comprising a metal compound complexed to a diphosphino aminyl ligand having only one
diphosphino aminyl moiety, the same diphosphino aminyl moiety, and a similar structure about the

diphosphino aminyl moiety’s aminyl nitrogen atom

[0158] A comparison of Run 4 to Runs 5 or 8, and/or a comparison of Runs 2 or 3 to Runs 6 or
7 demonstrate that the addition of hydrogen to the oligomerization reaction increases the activity of
the catalyst comprising a metal compound complexed to a ligand comprising a diphosphino aminyl
moiety. Furthermore, a comparison of Run 4 to Runs 5 or 8, and/or a comparison of Runs 2 or 3
to Runs 6 or 7 demonstrate that the addition of hydrogen to the oligomerization reaction produces
an oligomerization product having a lower Cs:Cq weight ratio.  Furthermore, a comparison of Run
4 to Runs 5 or 8, and/or a comparison of Runs 2 or 3 to Runs 6 or 7 demonstrate that the addition
of hydrogen to the oligomerization reaction produces an olefin oligomer having 6 carbon atoms

with an increased 1-hexene content.

[0159] The examples indicate that the oligomerization catalyst comprising a metal compound
complexed to a diphosphino aminyl ligand having two diphosphino aminyl moieties has an
increased activity as compared to the catalyst comprising a metal compound complexed to a
diphosphino aminyl ligand having only one diphosphino aminyl moiety, the same diphosphino
aminyl moiety, and a similar structure about the diphosphino aminyl moiety’s aminyl nitrogen
atom. The examples further indicated that the oligomerization catalyst comprising a metal
compound complexed to a diphosphino aminyl ligand having two diphosphino aminyl moiety
produces a reactor effluent comprising a lower Cs:Cy oligomerized product ratio (by weight) than a
catalyst comprising a metal compound complexed to a diphosphino aminyl ligand having only one
diphosphino aminyl moiety, the same diphosphino aminyl moiety and a similar structure about the
diphosphino aminyl moiety’s aminyl nitrogen atom. The examples further indicated that the

oligomerization catalyst comprising a metal compound complexed to a diphosphino aminyl ligand
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having two diphosphino aminyl moiety produces a reactor effluent having an Cs oligomerized
product having an increased 1-hexene content as compared to a catalyst comprising a metal
compound complexed to a diphosphino aminyl ligand having the same diphosphino aminyl moiety

and a similar structure about the diphosphino aminyl moiety’s aminyl nitrogen atom.

Runs 9-24

[0160] Experimental runs 9-24 provide information relating to the effect(s) that the
concentration of diphosphino aminyl complexed metal compound, the cocatalyst metal to the
catalyst metal molar ratio, the diphosphino aminyl moiety to catalyst metal molar ratio, and/or the
hydrogen partial pressure during the olefin oligomerization has on the olefin oligomer product (e.g.
the amount of polymer produced) produced by the olefin production process comprising a)

contacting an olefin, a diphosphino aminyl ligand metal complex, a cocatalyst, and hydrogen, and

b) forming olefin oligomers.

Table 3 - Olefin Oligomerization Runs 9-16

Run # 9 10 11 12 13 14 15 16
Ligand Structure VIII Vi VIII VIII Vil Vi VI VIII
Metal Compound Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac);
Cocatalyst MMAO | MMAO | MMAO | MMAO | MMAO | MMAO | MMAO | MMAO
Diphosphino aminyl moiety (mg) 18 24 30 15 15 15 15 15
Diphosphino aminyl moiety (meq) | 0.037 0.049 0.062 0.031 0.031 0.031 0.031 0.031
Metal Compound (mg) 3.75 5.00 6.25 3.13 3.13 3.13 3.13 3.13
Metal Compound (mmol) 0.011 0.014 0.018 0.009 0.009 0.009 | 0.009 0.009
Bulk solvent (cyclohexane), (mi) 400 400 400 400 400 400 400 400
Chromium Concentration (M) 2.68E-05 | 3.58E-05 | 4.47E-05 | 2.24E-05 | 2.24E-05 | 2.24E-05 | 2.24E-05 | 2.24E-05
IA1:Cr molar ratio 400 400 400 800 670 400 800 800
Diphosphino aminyl moiety/Cr
equivalent molar ratio 3.443 3.443 3.443 3.443 3.443 3.443 3.443 3.443
Temperature (°C) 60 60 60 60 60 60 60 60
Ethylene Pressure (MPa) 6.89 6.89 6.89 6.89 6.89 6.89 6.89 6.89
H, pressure (kPa) 345 345 345 345 345 345 0 68.9
[Reaction time (minutes) 90 90 90 90 90 90 90 90
ILiquid Product (grams) 675 708 712 781 755 nd. 533 522
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Table 3 - Olefin Oligomerization Runs 9-16
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Run # 9 10 11 12 13 14 15 16
Polymer (grams) 190 330 54 31 45 223 21 17
Polymer (wt. %) 220 31.8 7.1 39 5.6 90.0 3.8 3.1
i liquid product/g Cr 1208477 | 950794 | 765015 | 1679554 | 1622710 nd. 1145391 | 1123079
g product/g Cr 1548847 | 1394171 | 822573 | 1747054 | 1719447 nd. 1190535 | 1158549
g product/g Cr/hr 1032565 | 929447 | 548382 | 1164703 | 1146298 nd. 793690 | 772366
g liquid product/g ligand 37477 29486 23725 52086 50323 nd. 35521 34829
g product/g ligand 48033 43236 25510 54180 53323 n.d. 36921 35929
(Cs+Cs) of all products (wt. %) 68.5 59.7 82.5 83.7 83.5 n.d. 87.6 88.1
Cg/Cg mass ratio 1.23 0.99 1.33 1.44 1.20 nd. 2.13 2.03
1-hexene in Cg fraction (wt. %) 93.2 93.8 93.0 93.0 934 nd. 90.3 91.2
1-octene in Cg fraction (wt. %) 98.8 98.5 99.0 99.0 98.8 nd. 99.5 99.4
Liquid Product Carbon Number
Distribution (wt %)
C 0.6 0.6 0.6 0.5 0.6 n.d. 04 0.5
Cs 38.6 432 374 35.0 394 n.d. 28.3 289
Cy 474 42.6 49.6 50.4 474 n.d. 60.2 58.5
Cio 39 44 33 3.6 3.8 nd. 2.0 2.1
Ci 4.8 4.7 4.5 5.4 5.0 nd. 35 35
Cias 2.7 2.6 2.6 31 2.0 n.d. 2.8 2.7
Table 4 - Olefin Oligomerization Runs 17-23
Run # 17 18 19 20 21 22 23
Ligand Structure vl VIII VIII VI Vil VIII I
Metal Compound Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac); | Cr(acac); | Cr{acac);
Cocatalyst MMAO | MMAO | MMAO | MMAO | MMAO | MMAO | MMAO
Diphosphino aminyl moiety (mg) 15 20 10 15 30 40 40
Diphosphino aminyl moiety (meq) 0.031 0.041 0.021 0.031 0.062 0.082 0.082
Metal Compound (mg) 3.13 3.13 3.13 3.13 6.25 6.25 6.25
Metal Compound (mmol) 0.009 0.009 0.009 0.009 0.018 0.018 0.018
Bulk solvent (cyclohexane), (ml) 400 400 400 400 600 600 600
Chromium Concentration (M) 2.24E-05 | 2.24E-05 | 2.24E-05 | 2.24E-05 | 2.98E-05 | 2.98E-05 | 2.98E-05
IAL:Cr molar ratio 800 800 800 800 800 800 800




C8 53.6 53.9 51.0 51.6 59.0 52.5 61.0 Ca 3.0 2.8 3.5
3.4 2.2 3.3 2.3Cl2 4.8 4.6 5.3

Table 4 - Olefin Oligomerization Runs 17-23

Run # 17 18 19 20 21 22 23

Diphosphino aminy moiety/Cr
equivalent molar ratio 3.443 4.591 2.295 3.443 3.443 4.591 4.591
Temperature (°C) 60 60 60 60 60 60 60
[Ethylene Pressure (MPa) 6.89 6.89 6.89 6.89 6.89 6.89 6.89
H, pressure (kPa) 172 172 172 172 172 172 172
Reaction time (minutes) 90 90 90 120 S0 120 120
Liquid Product (grams) 698 644 811 754 1214 1060 1596
Polymer (grams) 19 12 48 72 26 6 5
Polymer (wt. %) 2.6 1.7 5.6 8.7 2.1 0.6 03
g liquid product/g Cr 1500361 | 1384767 | 1743615 | 1621599 | 1304515 | 1139594 | 1715836
g product/g Cr 1541604 | 1410348 | 1846801 | 1775303 | 1332677 | 1146259 | 1721210
g product/g Cr/hr 1027736 | 940232 | 1231200 | 887652 | 888451 | 573129 | 860605
¢ liquid product/g ligand 46529 32208 81109 | 50289 40456 26506 39909
lg product/g ligand 47808 32803 85909 55056 41329 26661 40034
(Cg+Cyg) of all products (wt. %) 86.2 87.6 82.6 799 89.0 86.3 87.1
Cg/Cs mass ratio 1.63 1.63 1.46 1.51 1.92 1.59 2.39
1-hexene in C4 fraction (wt. %) 92.5 92.6 92.6 92.7 91.6 93.0 87.8
1-octene in Cq fraction (wt. %) 99.3 99.3 99.3 99.2 99.1 99.4 99.4
Liquid Product Carbon Number
Distribution (wt %)

C4 0.5 0.4 04 0.5 0.4 0.3 0.6

Cs 33.2 33.1 35.0 34.2 30.8 331 25.5

Cs 53.6 53.9 51.0 51.6 59.0 52.5 61.0

Cio 3.0 2.8 3.5 34 22 33 23

Cn 4.8 4.6 53 5.2 4.0 6.0 52

Ciais 29 2.8 3.1 3.1 24 34 44

[0161] Without further elaboration, it is believed that one skilled in the art can, using the
description herein, utilize the present invention to its fullest extent. While preferred embodiments
of the invention have been shown and described, modifications thereof can be made by one skilled
in the art without departing from the spirit and teachings of the invention. The embodiments and

examples described herein are exemplary only, and are not intended to be limiting. Many
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one skilled in the art can, using the description
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can be nade by one skilled in the art w thout
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npl es descri b
of the hwewion. dVkere nemptical yanged or, linsitetions @e wopressiit watee ducthoemeess ranges
or hmitatlons 'shotild Neh uXdergiood to include iterative ranges or limitations of like magnitude
falling within the expressly stated ranges or limitations (e.g., from about 1 to about 10 includes, 2,
3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). Use of the term "optionally" with
respect to any element of a claim is intended to mean that the subject element is required, or
alternatively, is not required. Both alternatives are intended to be within the scope of the claim.
Use of broader terms such as comprises, includes, having, etc. should be understood to provide

support for narrower terms such as consisting of, consisting essentially of, comprised substantially

of, etc.

[0162] Accordingly, the scope of protection is not limited by the description set out above but
is only limited by the claims which follow, that scope including all equivalents of the subject
matter of the claims. Each and every claim is incorporated into the specification as an embodiment
of the present invention. Thus, the claims are a further description and are an addition to the
preferred embodiments of the present invention. The disclosures of all patents, patent applications,
and publications cited herein are hereby incorporated by reference, to the extent that they provide

exemplary, procedural or other details supplementary to those set forth herein.
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adj acent to a carbon atom on which the am nyl nitrogen
5. akhsmesl complegphelaaphivisTeimiha et spuaplex h@%ﬂ%ﬁ{aﬁé{éfl: 5.
The nmetal conplex of claim1l, wherein the netal
conpl ex has Structure XVII: Structure XVil
wherei nR12, R13, R14, R15, R21, R22, R23, R24, R25,
R31, R32, R33, R34, R35, R41, R42, R43, R44, and R45
are each independently hydrogen, an al kyl group, an o
al koxy group, or a hal ogen om wherein each Mis a
nmet al conpound conprising chrom um titanium or
vanadi um wherein each X is an anion selected fromthe
group consisting of halides, carboxyl ates, acetonates,
al koxi des, phenoxi des, nitrates, sulfates, phosphates,
and chl orates, and wherein each p is such that the
total nunber of negative charges on the total nunber
of X anions equals the oxidation state of M 6. The
metal conplex of claim11, wherein the nmetal conplex is



XVII: Structure XVIII wherein each Mis a netal
conpound conprising chromum titanium or vanadi um
wherein each X is an anion selected fromthe group
consi sting of halides, carboxyl ates, acetonates,
al koxi des, phenoxi des, nitrates, sulfates, phosphates,
and chl orates, and wherein each p is such that the
total nunber of negative charges on the total nunber
of X anions gguals the oxidation stategsf M 7. The
metal copp of claim5, wherein MXp tonpyi ses
chrom um An ol i gonerization procesg onpri si ng:
g—8# olefin, a netal conpt'® 2
and b) formng an olefin ol
conplex conprises a

~35

The proceé§"of cl ai M,
erel\n the olefin conprlses ethylene a
n oligQodrfer product conprises greaB-
i d ol i gonmer product mxture ¢
f and a C8 oligoner pged 4
\ i'gonmer product conprises gy eater than 97
W . % 1-Rfttane. 11. The process of clai mBY wherein
the netal compl ex has an increased actR®%ity as
conpared to a netal conplex conprising a neta
Structur€XVpound conpl exed to a di phosphi no am nyl 1igand
havi ng only one di phosphino am nyl npiety, the sane
whereifl PORSDRIMB1aRIsnh, O] £OYR>40 16 SUMRAR SR YRPURE. R, R*, and
abolt fhe’di phosphi no’ am nyl noiety'’s an1ny| ni frogen

areaeita nde denTg%g{flr %&e%ﬁ glhéjof% r%x%lko%‘ %ﬁ%gor a{lﬁlégbgyt'ogl wherein

pro Xture ower
oduct me ratlo as ar ld ol
e 5 R ORI o L il xis
anion cith ISphi 16 éq%ﬂﬁ%o%'p%‘%ﬁ@?eé%dﬁ?&ﬁ g\‘f‘é RS, éfkomdes

di phosphi no _am n noi ety, the sane dlphosphlno amn
phenoxigss attiffatesy sulfagess p spbate% aid iehlorpies. 6 oheraie cashghis s Hlst the total
amnyl noiety's amnyl nitrogen atom 13. The process
numbendf nepativncBargesivarths total hemi@s obKiagime equalsdbietiddtian stalg of M.
i ncreased 1-hexene content as conpared to a C6
ol i gomer product fornmed froma process utilizing a
metal conpl ex conprising a netal conpound conplexed to
6. AMinRARRIpR FElami!1, WheRBOHhE Mt GoMPley iFPresented by the Structure
di phosphi no am nyl nolety, t he sane di phosphi no am nyl
xvi:hoi ety, and a simlar structure about the di phosphino
amnyl noiety's amnyl nitrogen atom 14. The process
of claim@8, wherein hydrogen is included in the step
of contacting the olefin, the netal conplex, and
cocat al yst. 15. The process of claim 14, further
conprising the step of providing a process paraneter
selected fromthe group consisting of a) a
concentration of diphosphino am nyl conpl exed net al
conmpound greater than or equal to 2 x 1015
equivalents/liter, b) a cocatalyst netal to catal yst
netal nolar ratio greater than or equal to 400:1, c) a
di phosphi no at ni nyl nDietyégo catal yst netal nolar °
ratio greater than or equal®to 2:1, d) a hydrogen
partial pressure ranging from1l psi (6.9 kPa) to 40
psi (275 kPa), or any conbination of a, b, ¢, and d
t her eof




16. The process of claim8, wherein the netal conplex
has Structure XVI1: R13R13 R14W4 R12R12 R22R22 R23R21
RI 515 R21 R33 R43R43 Structure XVII wherein R, R12,
RI3, R4, R15 R2l, R22, R23, R24, ,-.25 31 32 33 34
3514244 ,R,R,R
, R, R, R4 /R, R 41 R ,and R45 are each independently
hydrogen, an al kyl group, an al koxy group, or a

hal ogen atom_ wherein each Mis a netal ;
om um titanium or vanadi

number¥t iga ma | ]

anig Fal s the oxidation state of M 17. Tirep RS S
of @ wherein the nmetal conplex has S .

XVI CH3\Structure XVII| wherein eac '

metal co @ conprising chromum tita r

vanadi um Swkerein each X is an anion selec fromthe
group consisting of halides, carboxyl ates, acetonates,
al gmctdeXVIfihenoxi des, nitrates, sulfates, phosphates,
and chl orates, and wherein each p is such that the

whereif @4cAl MY FBR%al @f)mf&ﬁlﬂtcjoi%@ri_ﬁﬁg Elgemien) titkiturh dralanadiu,ewherein each
of X anions equals the oxidation state of M 18. The

X is ad'&hiBh sO0AR B¥mOhe ‘"g%cﬁlbr@ofﬁsist}ﬂg%feﬂaﬂd%aGzﬂb@(yila'ies,z a@fondtes, alkoxides,

19. The nmetal conplex of claim®6, wherein each p is 2
3. . (0} | . r i
peneio o s, RS0 TR o S on ERFTF1 B e o

numbef &enréga)ﬂvg %harges on the total number of X anions equals the oxidation state of M.
7. The metal complex of claim 5, wherein M-X;, comprises chromium.

8. An oligomerization process comprising: a) contacting an olefin, a metal complex, and a
cocatalyst; and b) forming an olefin oligomer product; wherein the metal complex comprises a
metal compound complexed to a diphosphino aminyl ligand comprising at least two diphosphino
aminyl moieties and a linking group linking the aminyl nitrogen atoms of the diphosphino aminyl

moieties.

9. The process of claim 8, wherein the olefin comprises ethylene and the olefin oligomer
product comprises greater than 60 wt. % of a liquid oligomer product mixture comprising a Ce

oligomer product and a Cg oligomer product.
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21. The netal conplex of claim®6, wherein each X is a
Cl to C20 carboxyl ate, acetonate, al koxide, or
phenoxi de. 22. The netal conplex of claimb5, wherein
each M Cp is chromium (I11) acetylacetonate. 23. The
metal conplex of claim®6, wherein each MXp i s chrom um
(I'11) acetyl acetonate. 24. The process of claim 16,
wherein each pis 2 or 3. 25. The process of claim

10. lﬁ'le_ ﬁf‘&%ﬁseé%aﬁﬁ@bwﬂerkﬁ e ©J olbomerfroddd? @orﬁﬁr%%?ér%atl@fthan 90 wt. % 1-

cl aim 16, erein each X1sa Cl to C20 carboxyl ate,

hexend NS e flenabaEeorb BIGRRR G7 o3p TR T are,

acetonat e, al koxide, or phenoxide. 28. The process of
claim 16, wherein each MXp is chromum (111)

TS - EE LS B I L A CR

a metal complex comprising a metal compound complexed to a diphosphino aminyl ligand having
only one diphosphino aminyl moiety, the same diphosphino aminyl moiety, and a similar structure

about the diphosphino aminyl moiety’s aminyl nitrogen atom.

12. The process of claim 9, wherein the liquid oligomer product mixture has a lower C8:C6
oligomer product weight ratio as compared to a liquid oligomer product mixture formed from a
process utilizing a metal complex comprising a metal compound complexed to a diphosphino
aminyl ligand having only one diphosphino aminyl moiety, the same diphosphino aminyl moiety,

and a similar structure about the diphosphino aminyl moiety’s aminyl nitrogen atom.

13.  The process of claim 9, wherein the Cq oligomer product has an increased 1-hexene content
as compared to a Cg oligomer product formed from a process utilizing a metal complex comprising
a metal compound complexed to a diphosphino aminyl ligand having only one diphosphino aminyl
moiety, the same diphosphino aminyl moiety, and a similar structure about the diphosphino aminyl

moiety’s aminyl nitrogen atom.

14.  The process of claim 8, wherein hydrogen is included in the step of contacting the olefin, the

metal complex, and cocatalyst.



15.  The process of claim 14, further comprising the step of providing a process parameter
selected from the group consisting of a) a concentration of diphosphino aminyl complexed metal
compound greater than or equal to 2 x 10" equivalents/liter, b) a cocatalyst metal to catalyst metal
molar ratio greater than or equal to 400:1, ¢) a diphosphino aminyl moiety to catalyst metal molar
ratio greater than or equal to 2:1, d) a hydrogen partial pressure ranging from 1 psi (6.9 kPa) to 40

psi (275 kPa), or any combination of a, b, ¢, and d thereof.

16.  The process of claim 8, wherein the metal complex has Structure XVIL:

R13 R'3
R4 R
R22 R‘l 2 R1 2 R 29
R23 R21 RS RS R21 R23
R1 1 CH3 CH3 R’l 1
R24 R24
R3S XPM\\ /N N\ ','MXP R35
R34 P P~ R34
R41 R41
R33 R31R 45 Ri5 R31 R33
R32 R42 R 42 R32
R44 R44
R43 R43
Structure XVII

wherein RIL R2 R13 RM R RZ RZ RZ R RZ R RZ R¥ R* R¥® R* R2 R® RY, and
R* are each independently hydrogen, an alkyl group, an alkoxy group, or a halogen atom, wherein
each M is a metal compound comprising chromium, titanium, or vanadium, wherein each X is an

anion selected from the group consisting of halides, carboxylates, acetonates, alkoxides,
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phenoxides, nitrates, sulfates, phosphates, and chlorates, and wherein each p is such that the total

number of negative charges on the total number of X anions equals the oxidation state of M.

17.  The process of claim 8, wherein the metal complex has Structure XVIII:

R P
A\ /
XM, N N MX,
./ N
O/P P\Q

Structure XVIII
wherein each M is a metal compound comprising chromium, titanium or vanadium, wherein each X
is an anion selected from the group consisting of halides, carboxylates, acetonates, alkoxides,
phenoxides, nitrates, sulfates, phosphates, and chlorates, and wherein each p is such that the total

number of negative charges on the total number of X anions equals the oxidation state of M.
18.  The metal complex of claim 5, wherein each p is 2 or 3.
19.  The metal complex of claim 6, wherein each p is 2 or 3.

20. The metal complex of claim 5, wherein each X is a C; to Cy carboxylate, acetonate,

alkoxide, or phenoxide.
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21. The metal complex of claim 6, wherein each X is a C; to Cy carboxylate, acetonate,

alkoxide, or phenoxide.

22.  The metal complex of claim 5, wherein each MX;, is chromium (III) acetylacetonate.

23.  The metal complex of claim 6, wherein each MX;, is chromium (III) acetylacetonate.

24,  The process of claim 16, wherein each p is 2 or 3.

25.  The process of claim 17, wherein each p is 2 or 3.

26.  The process of claim 16, wherein each X is a C; to Cy carboxylate, acetonate, alkoxide, or

phenoxide.

217. The process of claim 17, wherein each X is a C; to Cyo carboxylate, acetonate, alkoxide, or

phenoxide.

28.  The process of claim 16, wherein each MX,, is chromium (III) acetylacetonate.

29.  The process of claim 17, wherein each MX,, is chromium (III) acetylacetonate.
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