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ates for the manufacture of many other materials, for exam-

ple detergents and surfactants. Presently most o-~olefins

are made by the catalyzed oligomerization of ethylene by

various catalysts, especially certain nickel complexes oxr
. aluminum alkyls, see for instance US4020121 and I. Krosch-

witz, et al., Ed., Kirk-Othmer Encyclopedia of Chemical

Technology, 4" Ed., Vol. 17, John Wiley & Sons, New York, p
839-858.
Recently, as reported in US5955555 and US6103946, both

of which are hereby incorporated by reference herein for all
_purposes as if fully set forth, it has been found that iron
complexes of certain tridentate ligands are excellent cata-
lysts for the production of o-olefins from ethylene. Among
the options for using such catalysts are those in which the
iron complexes are used in conjunction with a cocatalyst,
particularly an alkylaluminum cocatalyst such as an alkyla-
luminoxane. |
It has recently been found, particularly in continuous

processes using such iron complexes, that high molar ratios
of Al:Fe lead to the undesirable formation of polyethylene

waxes and polymers, which tend to foul the oligomerization
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SUMMARY COF THE | NVENTI ON Thi s invention concerns a nethod for reducing the
for- mation of polyethyl ene waxes and polyners in a continous process for
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et hyl ene @il e ansocCatlaeysise Whedel fi cdra) 1 hieledthad enes lot i agfferrdizas | on
catal yst conposition conprises an iron conplex of a conpound of the
fornui a REPREPTAFESR/ RN R5 R- (| ) wherein: RlL, R2 and R3 are each
i ndependent |y hydrogen, hydsegmhryP¥l, rEEPSiENTenhydrocarbyl or an inert
functional group, provided that—any two of R, RZ-and R3 vicinal to one
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ring atorphouads tent hend AL 10988 Providied oldmdssd HhREudk second ring
atom adj acent to said first ring atomis bound to a hal ogen, a primary

carbon grsampd eosEtwmeusgryocesboropULpiy Ehe ertémrof canmetgmsup; and
further

in a continuous reactor, process ingredients comprising an
ethylene oligomerization catalyst composition, ethylene and
a cocatalyst, wherein:

(a) the ethylene oligomerization catalyst composition

comprises an iron complex of a compound of the formula

(1)
wherein:

R', R? and R® are each independently hydrogen, hydrocar-
byl, substituted hydrocarbyl or an inert functional group,
provided that any two of RY, R? and R® vicinal to one another
taken together may form a ring;

R* and R® are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl or an inert functional group;

R® and R’ are each independently a substituted aryl hav-
ing a first ring atom bound to the imino nitrogen, provided
that: |

in R®, a second ring atom adjacent to said first ring
atom is bound to a halogen, a primary carbon group, a secon-
dary carbon group or a tertiary carbon group; and further

provided that



provided that 2 WO 02/12151 PCT/ USO1/ 24297 in R6, when said second ring
atomis bound to a halogen or a primary carbon group, none, one or two of

t he ot hewont/rysatons in R6 and R7 adjacent to said firstPeT/mgoiztem ar e
bound to a hal ogen or a prinmary carbon group, with the re- mainder of the
ring atons adjacent to said first ring atom being bound to a h{drogen
atom or in Reinvilen véwnd seichibqadnth MOematomhdgndomda toe@ohal@geR car bon

group, none, . h er_rjng i jacent to
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to a tertiary carbon group, Wlthét e remal nder of the ring atons adjacent
to said fhebig rhogndtiom behydrboemdateona diydr ogen atom and (b) the
cocatal yst co rﬂgﬁs n alééL al um_num.com . pound; sai%.nethod for reducing
conpri si ng thetstop SFFottad ST O hitd 5t 8E8%s PngPEECeiPs & Fe§¥Bunt s such
that the @@harcd@bod i @rdlp Alndile} hensosativby i tthdeo et helg) dene

ol igoneri- zation catalyst is about 2000 or |ess. Stated another way, the
present iHyehtiege Eonaddinsenketousaidi f1¥pk HIBY cREARi BRRIPEWAL| FRofS

process, 061 Gedpl & o Ald R, Obafbod Nyt GO A dSinddif Gddbdl1 &by ene

oli- gomeriz alyst” i s about ess, to reduce formation
of pol yetiytlenehavaxaes andepod§ners ring uctors cullademnuso praicesEirsthe
present invention al so cgggergs a cqgténuous roc-(%§s for the produqtlon

of a |ineat™A-TrEtiFHD ndyH a hydrogen &dtom;

in R®, when said second ring atom is bound to a tertiary
carbon group, none or one of the other ring atoms in R® and
R’ adjacent to said first ring atom are bound to a tertiary
carbon group, with the remainder of the ring atoms adjacent

~ to said first ring atom being bound to a hydrogen atom; and

(b) the cocatalyst comprises an alkyl aluminum com-
pound;
said method for reducing comprising the step of contacting
said process ingredients in amounts such that the molar ra-
tio of Al in the cocatalyst to Fe in the ethylene oligomeri-
zation catalyst is about 2000 or less.

Stated another way, the present invention concerns the

~use, in the aforementioned continuous process, of a molar

ratio of Al in the cocatalyst to Fe in the ethylene oli-
gomerization catalyst is about 2000 or less, to reduce the
formation of polyethylene waxes and polymers in such a con-
tinous process.

The present invention also concerns a continuous proc-
ess for the production of a linear O-olefin product, the
process comprising the step of contacting, in a continuous

‘reactor, process ingredients comprising an ethylene oli-



process conprising the step of contacting, in a continuous reactor,
process ingredients conprising an ethylene oli 3 WD 02/12151 PCT/ US01/ 24297
gonmer i zatwoen2/easal yst conposi tion, ethylene and a cocat a- PCYE801/2409%T €i n:

(a) the ethylene oligonerization catalyst conposition conprises an iron
conpl ex of a conpound of the fornula R4 R6 RL -N 2 R\ /NR3 -\ RS R-
(2) V\her@mﬁrmatmlaﬂ@tﬂkyat@Wi%@ﬁl@%m@@momncar- byl ,
substltutﬁﬂﬁgy P%I or an inert functional group, provided that any
two of RI vicinal to one another taken together may form a
ring, R4 and REa)arieh@aéhhyndﬂ@eﬁﬁﬂg‘érhefriwﬁﬂgemaiow%dﬁwos:Ltswlrsti tuted
hydr ocar byl or, an inert functional group; R6 and R7 are each i ndependently
a substthﬁﬁﬁF%ﬁﬁﬁ %%ver%gc%m?l?§t°#|§mFQﬂRﬂH4ﬁnﬁﬁi?Qﬁt#ﬂ¥@qﬁ%K)rntrogen
provided that: in R6, a second ring: atom adjacent to said first ring atom
is bound to a halogen, a prinmary,carpon /jr oup, a secon- dary carbon group
or a tertiary carbon group; and N provided that in R6, when said
second ring atomis bound to a haloggen or a primary carbon group, none,
one or two of the other ring.atgnms ANp R6 and R7 adjacent to said first
ring atomare bound to a hal ogeR or/a primary carbon group, with the re-

o f (1)
wherein:

R', R? and R?® are each independently hydrogen, hydrocar-
byl, substituted hydrocarbyl or an inert functional group,
provided that any two of R!, R? and R® vicinal to one another
taken together may form a ring;

R? and R® are each independently hydrogen, hydrocarbyl}‘
substituted hydrocarbyl or an inert functional group; 4

R® and R’ are each independently a substituted aryl hav-
ing a first ring atom bound to the imino nitrogen, provided
‘that:

in R, a second ring atom adjacent to said first ring
atom is bound to a halogen, a primary carbon group, a secon-
dary carbon group or a tertiary carbon group; and further
provided that

in R®, when said second ring atom is bound to a halogen
or a primary carbon group, none, one or two of the other
ring atoms in R® and R’ adjacent to said first ring atom are
bound to a halogen or a primary carbon group, with the re-
mainder of the ring atoms adjacent to said first ring atom
being bound to a hydrogen atom; or

in R®, when said second ring atom is bound to a secon-
dary carbon group, none, one or two of the other ring atoms

in R® and R’ adjacent to said first ring atom are bound to a



mai nder of the ring atons adjacent to said first ring atom being bound to
a hydrogen atom or in R6, when said second ring atomis bound to a secon-
dary car yo@oytasp, none, one or two of the other ring atoreT/USOWRB7and R7
adjacent to said first ring atomare bound to a 4 WD 02/12151

PCT/ US01/ 24297 hal ogen, a prinmary carbon group or a secondary carbon
group, viakPgere rannf HERFY ofaPrl rgfRiiat e RBGRERTY cagdian fguodte, ring
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is bound 10 a tnar car bon group, Thone or oite er ring atons
in R6 andriky sithmacieaind dosand fd rsthydrgyeat cmaae dwund to a tertiary
carbon group, with the remai,nder of the ring atqons_adjacent to said first

ring aton1beiﬁﬁlﬁﬁunaﬂﬁﬁl§Qﬁﬂﬂﬁﬁﬁ9ﬂdaF&HQ I B PRENE0ES: & FEEEeBMYri ses
an al kyl &l 4@ umcom PONEd, - Chiad act efie sk hdy- thaly thed®liaf geakhg of Al

in the cocat a- I'yst to Fe in the ethylene oligonerization catalyst is from
about 5 tR algacedd0.toTisesial fidstt énaf esvar egcahduady &at agesroiarive

present invention will_ Db e di nder.st o t e _of. i.- nary
BT n T Sl TS ST s e REE st on
is to be mpmLn atetkt haing est@i beifrepthoes] afo tehenydneeydd ertomyi ehcare, for
clarity, described_ belowin the context of separate enbodi nents, may al so
be provided iP)kcorbF eRFdrRYEa CONRYE S deML oM 8RISP™ vari ous
features Efguﬁcile i nvention which are, for brevity, described in the context
of a single enbodi ment, may al so be provided separately or in any

subconbi natd mar tHBETA¢d EDn DHSCRI 1 O 16F T4 IRREFERRED rENBEDIAVENTES - Her ei n,

i val ent o Gt e SO YRR O A S et 48T
hydrocar ydsut™®y to about 300. ‘ ‘
These and other features and advantages of the present

invention will be more readily understood by those of ordi-
nary skill in the art from a reading of the following de-
tailed description. It is to be appreciated that certain
features of the invention which are, for clarity, described
below in the context of separate embodiments, may also be
provided in combination in a single embodiment. Conversely,
various features of the invention which are, for brevity,
described in the context of a single embodiment, may also be
provided separately or in any subcombination.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Herein, certain terms are used. Some of them are:

A "hydrocarbyl group" is a univalent group cohtaining
only carbon and hydrogen. Ags examples of hydrocarbyls may
be mentioned unsubstituted alkyls, cycloalkyls and aryls.
yIf not otherwise stated, it is preferred that hydrocarbyl‘
groups (and alkyl groups) herein contain 1 to about 30 car-
bon atoms. ’

By "substituted hydrocarbyl" herein is meant a hydro-

carbyl group that contains one or more substituent groups



be mentioned unsubstituted al kyls, cycloal kyls and aryls. 1f, not
otherwi se stated, it is preferred that hydrocarbyl groups (and al kyl
groups) eoer/mispntain 1 to about 30 car- bon atons. By "BOb®Séa4eed
hydrocarbyl " herein is nmeant a hydro- carbyl group that contains one or
more substituent groups 5 WO 02/12151 PCT/US01/24297 which are inert
under t héMprdtedsecomit onsdes ﬁﬁﬁc@ﬁ%s%oﬁﬁbéﬁaﬁl@@ﬁt &%lwi@l@he?r@egroups
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the ol i garer fnatltdzbnaaommr seer aialanw af t rIeleolmgmthz@it opgrocgkal yst
system |f. not otherw se stated, referred that substituted
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het er oat ons,” such nitrogen, oxygen and/or sulfur, and the free val ence
of the snﬂﬁalyiuedyhpdmocaﬁh@lnm@yObberW1EheSheteﬁoaudn1l$npae§@bred

stituted ocar. the h gens may e substl tuted

trifluor ot%at% hB{f t(q%edrt;hyfiﬁﬁgﬁ 8?:8118 oTH scor%s Mt algr gﬁ)p,
ot her th@tbdwddrwaéayboﬁr asubsti tlIhrﬁiiul@éﬂT cmarthyé mé\@mﬂtgléf " pabk tirder
the process conditions to which the conpound containing the grou

subj ect edFUtRIE’ faifR 1T HRET @ﬁ@%@%ﬁl%ﬁs%n%ooﬁowogﬁb§?§ﬁ¥P%FPWSdeFBFgr?5us|y
I nterfer e Wt gny ogygéﬁsan@l?éfrggwuber%@ thid 4he cprponid 8 which

they are  present may e part in anpl es of functional groups in- clude
hal o (fIuammtxﬁutﬁd)hydxmmarbuﬂlmnknbeam@ ehdéehesechbatem. - ORB0awkebei n R50

i s hydrocarbyl o stitu h¥gﬂg g# cases | E
functioné%”é%ﬁﬁﬁinﬁy h8CRE VT nQF ¢ it rﬁ%éko%?ﬂﬁ 5?8Mq“?h§u ¢t ona
group al ahifreh@l diotr CONESHAadtni0, the netal atom (Fe) nore strongly
than the groups in those conpounds that are shown as coordi -
By “(inert) functional group” herein is meant a group,

other than hydrocarbyl or substituted hydrocarbyl, which is

inert under the process conditions to which the compound

containing the group is subjected. The functional groups

also do not substantially deleteriously interfere with any

process described herein that the compound in which they are

present may take part in. Examples of functional groups in-

clude halo (fluoro, chloro, bromo and iodo), and ether such

as -OR’® wherein R is hydrocarbyl or substituted hydrocar-
byl. In cases in which the functional group may be near a.
transition metal (Fe) atom, the functional group alone
should not coordinate to the metal atom (Fe) more strongly
than the groups in those compounds that are shown as coordi-
nating to the metal atom, that is they should not displace
the desired coordinating group.

By a “cocatalyst” or a “catalyst activator” is meant
one or more compounds that react with a transition metal |
compound to form an activated catalyst species. One such
catalyst activator is an “alkyl aluminum compound” which,

herein, is meant a compound in which at least one alkyl



nating to the netal atom that is they should not displace the desired
coordinating group. By a "cocatalyst” or a "catalyst activator" is neant
one or mweorarpopunds that react with a transition nmetal PCDUpOWRITT 0 form
an activated catal yst species. One such catalyst activator is an "al kyl

al um num conpound” which, herein, is neant a conpound in which at | east
one al kyl9®BPWp TR/usd PCEUSDUYIPARTTY aipup Yo HHPURF &1 @ /num at om
Q her gr Ich As, e i i I al so
be bound 0 % un %’m%j;]gér}él(li(% t he rcjgérr%gat}&n%%a&{}yggéd ﬁfaﬁzérﬁs}ﬁo e?élbﬁl%?oduct "
IS nmeant o cOhgooisiun centone edonihantdmpaondr i sing a conpound (or m xture of
com pounds) of the formula H (CH2CH2) gqCH=CH2 wherein q is an inte- ger of
1 to about 18.BY ri nbbinesisdd;okefeln ipreeuqtK olefmennth o RREP ST I pr esent
process W : 1 Xt U : o) [ if ' s of q of
from1 t\c,rg%ad&%r?%ﬂ%ﬁ rﬁgcﬁnr lasf%o té)o&‘g%s)on%n(g% ﬁd&ﬁtﬁgé&%\/ﬁéf&fﬁ of nore

t han 18. pduredey af ythesSodmare S0(MRICH qiBrCiBntvheardnnor éspeef énabkly | ess
than 20 wei ght percent, of the product wll have g val- ues over 18. The
product resr faf thero covwt nl SmalIn ammihteasdsr éffe dbinedre o allefiizB0 wei ght

percent, nor referably less than 10 wei.gh ercent, and especially
preferabl%}rq(ﬁé‘gt ?‘ﬁaﬁj% RETHHL RereeTiiS "Blfl%bt&h%ra IS chg $6Unds such as
al kanes, gyaneheth el keness et aeSraniddrot i eymalrod ef ites. 165y v t1prd mary
carbon group" herein Is meant arﬁgoup of the fornula -CH2---, wherein the

free val 6HGWOT -ameunE OF HRIOPE KoY dhdaliesod Mot i éf by the
i ( oL ' . )
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(preferably less than 30 weilght percent, more preferably

less than 10 weight percent, and especially preferably less
than 2 weight percent) of other types of compounds such as
alkanes, branched alkenes, dienes and/or internal olefins.

By a "primary carbon group" herein is meant a group of
the formula ~CH,---, wherein the free valence --- 1s to any
other atom, and the bond represented by the solid line is to
a ring atom of a substituted aryl to which the primary car-
bon group is attached. Thus the free valence --- may be
bonded to a hydrogen atom, a halogen atom, a carbon atom, an
oxygen atom, a sulfur atom, etc. In other words, the free
valence --- may be to hydrogen, hydrocarbyl, substituted hy-
drocarbyl or a functional group. Examples of primary carbon
groups include -CHj, -CH,CH(CHj3)p, -CH;Cl, -CH,CgHs, -OCH; and
—-CH,0OCH; .

By a ‘“secondary carbon group” is meant the group



drocarbyl or a functional group. Exanples of primary carbon groups include
-CH3, -CH2CH (CH3) 2, -CH2Cl1, -CH2CB6H51 -OCH3 and -CH2OCH3 . By a
"secondamwooAttion group” is nmeant the group e e CH 7 VWXDRAM239

PCT/ USOL/ 24297 wherein the bond represented by the solid line is to a ring

atom of a substituted aryl to which the secondary carbon group is
att ached, wlawdeb@thhérl@@n@oml@m%@mb%@nbbdtm geid deistedis i Bes2 arnd o an

atom or aLonR SENETsLhan INLRaENy THeae: &) ok, U ALOURS, RIS, (e sare

or differ Ter ~wor d ee val ences represen e dashed

| i nes maygbeupyts osetdyhed suhsd i botlkdf hydriosaldytemted sreréd Ewrme onal
groups. Exanpl es_ of secondary car bon roups include -CH (CH3) 2, -CHC12,
- CH (%Hs‘ia%he@y%%%%%xfﬁe Lot akym Coms QierescHpn W%Pg‘%réru ary

carbon grpgpse %@%rggﬂ&%'@ rﬁ’£ the tﬁé’r%@& gIEL&A: T herbond

repr esent ed by t e solidline is o aring atomof a substltuted aryl to
whi ch th@t@tlwwd$ath©nfrg$owlelsca$tmmeeﬁem&ﬂ thie the edaghe® bonds

ted b d I t t t ther. th
nyr ogen. LIRCHUFRY Hr ot oebiohuss Fet Bt b e b e d 10 are to
hydrocar bﬂﬁmct@ﬂ@ﬁéltgli@@bélydrmaﬁ@yés 06 £ smﬂa&w%am greups. Exanpl es

of tetiary carbon rou i ncl ude - é. -C (C6H5) 3, -CC13 , -CF3, -C
(CH3) 20GHBClugs @HSY@@F%E}Q‘C 1% émd SBHtetled aryl such as

phenyl :Hglqpty By~ is neant a nonoval ent aromatic group in
whi c] th&%k%q éhcénlds Fo {:ﬁe carbon atom of an aronmtic ring.

By a "tertiary carbon group" is meant a group of the

formula

wherein the bond represented by the solid line is to a ring
atom of a substituted aryl to which the tertiary carbon
group is attaéhed, and the three free bonds representéd by
the dashed lines are to an atom or atoms other than
hydrogen. In other words, the bonds represented by the
dashed lines are to hydrocarbyl, substituted hydrocarbyl or
inert functional groups. Examples of tetiary carbon groups
inélude -C(CHs);, -C(CgHs)s, -CCly, -CF;, -C(CH;),0CH;, -C=CH,
~C(CH;3) ,CH=CH,, aryl and substituted aryl such as phenyl and
l-adamantyl.

By ‘aryl” is meant a monovalent aromatic group in whicl
the free valence is to the carbon atom of an aromatic ring.
An aryl may have one or more aromatic rings which may be
fused, connected by single bonds or other groups.

By ‘“substituted aryl” is meant a monovalent aromatic
group substituted as set forth in the above definition of
“substituted hydrocarbyl”. Similar to an aryl, a substi-

tuted aryl may have one or more aromatic rings which may be



An aryl may have one or nore aromatic rings which may be fused, connected

by single bonds or other groups. By "substituted aryl"” is neant a
nonoval emfyoa@Aaedii ¢ group substituted as set forth in the@Engg2e87i nition
of "substituted hydrocarbyl". Simlar to an aryl, a substi- tuted aryl may

have one or nore aromatic rings which may be 8 MD 02/ 12151 PCT/ US01/ 24297
fused, colineefedchynsriglebyoRdadde BPREF groOEBETheRevEs; haenerhe
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(1) and (IIl) are the first ring atons_bound fo an i mno carbon atom

(ot her groups ®fri eh“fFaysbersubseicont éd Bh am@ Rir Pougdores arari@minet néhown) .

Ri t t t0,the f t I
(1) and o Coingrant nbSopeR ya tPeh e Bt a: hBcEEAR) aLBRLCA KREEd £ Shown
by dashedahi Agsno( hherdgbnpenbivhons i(m) (| ¥prasdaipee2, 5-positions in (V)).

1 I .CNc. (1V) orIV(\Q In one preferred c8npound () Reis RL2 RB Rii
R9 RI10 (VI) and R7 's/ e ” \

i NP

C\C/C

| _

=N (I1) or —N (III)

the atoms shown in the l-position in the rings in (II) and
(ITI) are the first ring atoms bound to an imino carbon atom
(other groups which may be substituted on the aryl groups
are not shown). Ring atoms adjacent to the first ring atoms
are shown, for example, in (IV) and (V), where the open va-
1encies to these adjacent atoms are shown by dashed lines

(the 2,6-positions in (IV) and the 2,5-positions in (V)).

A
Y I
/,,C\ /C - \ /
=N (IV) or =N (V)

Tn one preferred compound (I) R® is

and R’ is



9 WD 02/12151 PCT/ US01/ 24297 R17 R13 1 R16 R14 R15 (VII) wherein: R8 is
a hal ogen, a primary carbon group, a secondary carbon group or a tertiary
carbon gmoap2/1Aasd RO, R10, R11l, R14, R15, R1S and R1l7 ar eP€RTR01/24297

i ndependently hydrogen, hydrocarbyl, substituted hydrocarbyl or a func-
tional group; provided that: when R8 is a halogen or primary carbon group
none, one or two of R12, R13 and|Rl7 are a halogen or a primary carbon
group, with the remainder of aR12, JR13 &fhd R17 bei ng hydrogen; or when R8
is a secondary carbon group, noYyE one of R12, R13 and R17 is a hal ogen,
a primary carbon group or a secg ary carbon group, with the remai nder of
R12, R13 and R17 be- ing hydrgge Or~yhen R8 is a tertiary carbon group,

none or one of R12, R13 and R17 i{s tertiary carbon group, with the

remai nder of R12 , R13 and R17 bé&P°ng hydrogetfI®hd further provided that
any two of R8..R9, R10, Rl11, Rl12, R13, R14, R15, R16 and Rl7 vicinal to
one anotH@??r?E%En together may forma ring. In the above formulas (VI)
and (VI1), R8 rbriespoidoddn, tahgrseeand dairt@nalg@dugd] acericondatdlye first
ring atombound to the imno nitrogen, and R12, R13_and R17 correspond to
the ot heP2¥Poiy MR @Hj ACERTLIJLY HRFRIZBIIFQURY &A% I n conpounds (1)

containing (V1)s ando (), gbs iggspaprs Lhguker Ly Prefer ied thati 49,

hydrogen, hydrocarbyl, substituted hydrocarbyl or a func-
tional group;
provided that:

when R® is a halogen or primary carbon group none, one
or two of R'?, R and R' are a halogen or a primary carbon
group, with the remainder of R'?, R'® and R' being hydrogen;
or |

when R® is a secondary carbon group, none or one of R'?,
R"” and R' is a halogen, a primary carbon group or a secon-
dary carbon group, with the remainder of R', R™ and RY be-
ing hydrogen; or

when R® is a tertiary carbon group, none or one of R!?,
R'? and RY is tertiary carbon group, with the remainder of
le RB and RY being hydrogen;

‘and further provided that any two of RrR®, R®, R'?, R, R'?, R'?,
R, RrR'®, R and R'” vicinal to one another, taken together
may form a ring.

In the above formulas (VI) and (VII), RS corresponds to
the second ring atom adjacent to the first ring atom bound
‘to the imino nitrogen, and R, R and R'” correspond to the
other ring atomg adjacent to the first ring atom.

In compounds (I) containing (VI) and (VII), it is par-

"ticularly preferred that:

10



WO 02/ 12151 PCT/ US01/ 24297 if R8 is a primary carbon group, R1I3 is a
primary carbon group, and R12 and R17 are hydrogen; or if R8 is a secondary
carbon gmoop2/1R3iB is a primary car- bon group or a secondR€YUS@riaesy group,
nore preferably a secondary car bon group, and R12 and R17 are hydrogen; or

if RBis atertiary, carbon [(:}rrrlg eferaghy atri- halo tertiary
carbon group sidctR adsadt P 5%9? vPy §u1p$ £ 6 Wn@aﬁfb(‘fﬁé

(nore pregfreﬁﬁpl Varfl tﬂlﬂhghgtﬁlﬂt laaéyhygggﬁgnsugr} as a trihal onet hyl), and R12
and R1l7 are hydro en,, or if R8 is a halogen, R13 js a hal ogen, and R12 and

RL7 are hydrdgeR” Lus al sespadifivc Cprobar BE4UBonBOUrds 3 DX iMarXhicel { VI )

and (VII pear refe red that gen; and/ or
R4 and %béf ﬁﬂﬂ%ﬁr T Seodad, Car%r e“fRéC’rre%%’ ﬁp%%e%bl% 1, RI12,

R14, Rl5,se%kﬁlcwld/ Riafriesre ga_’rdumydrro:gedz a3, R aEehkli{dragan&rs a pr| mary
carbon group, re pref- erably net hil) or R9 : R1I0 , R11 | 512 , R15
, R16 and R17 lafré’* alp ﬁy&reo”ééﬁry Re3PPE EFRYP; (BRESRBTEEeRaBY ndr §r(’:ar bon
group, ”‘H%.oortleé : rsplé’areod}}’sgrcﬁfp Ruich I3:'.5an t@%.%aloﬁﬂe%hylﬁldffﬁﬂ Rl 5 R16

and R17 are al rogen, I's isopropyl; and R8 is a prinmary carbon
group, rroree:tlrare/f eraation i sopmopyloreopREerRi)y Rl trikedotRrLiaRY5~ R16 and

R17 are all en; n- pr l,; an 21 S Nzl mary rhon_group,
mor e prefqro "Vgrh Rylltrrll?rl t?@él)o ,ar’%l%a, ?—’ﬁ% }Pl R14°, h}-légo 9°R16 and

R17 are &4 hydrogen R13 is chloro; and R8 is a hal ogen, nore pref erably

chloro; or 11 WO 02/ 12151 PCT/ USO}! 24297 12 17
if R® is a halogen, R"™ is a halogen, and R and R’ are

hydrogen.

In all specific preferred compounds (I) in which (VI)
and (VII) appear, it is preferred that R*, R? and R’ are hy-
drogen; and/or R* and R® are methyl. It is further preferred
that:

r?, R'9, R, r'?, R, R, R! and R'” are all hydrogen;
R is methyl; and R® is a primary carbon group, more pref-
.erably methyl; or

R, R'?, R, r'?, R™, R, R'® and RY are all hydrogen;
rR?® ig ethyl; and R® is a primary carbon group, more prefera-
bly ethyl; or |

R, R, rY, Rr'?, RM™, R, R'® and R'” are all hydrogen;
RY is isopropyl; and R® is a primary carbon group, more
preferably isopropyl; or

r®, R, R, Rr'?, RY, R'®, R' and RY are all hydrogen;

1 R?® is n-propyl; and R® is a primary carbon group, more pref-
erably n-propyl; or

R?, R, R¥, Rr¥, rY, r', R'® and RY are all hydrogen;

13

R*® is chloro; and R® is a halogen, more preferably chloro;‘

oxr

11



R9, R10, R11, R12, R14, R15, R16 and R17 are all hydrogen; R13 is

trihal omethyl, nore preferably trifluoronmethyl; and R8 is a trihal onethyl,
nore prefveoabiystrifluoromethyl. In another preferred enbpdimwser24e97 (1), R6
and R7 are, respectively R2 R19 R4 RR23 CGC\CGC ¢ Cd ~C R21 NNV \R18
R25 \N \R22 and | _ (ML) (]X) , wherein; R18 is a halogen, a primary
carbon group, B :séonddry RcarFon gt oupRor 88 & t iairs alak Befxpdsip; and

R19, R20,pi2 sa'ﬂgiﬁ%g?ﬁregp%whmw ?gﬁg?@g%?[ h¥9£9988roﬂ§¥¥%_\2{?c%8yk8

substi tut'ed hydrocar a'functi roup; rovide en R18 is
a hal ogeni®ra ptiftedi yoatheh, gty proaBeraisiey torfiwerafet®RA, . R22 and R25
are a halogen or a primary carbon roup, with the reminder of R21, R22
and R25 bei ng Hydrogener B?eﬁ\ﬁ'e‘heﬁl%l‘i’%‘%é“%ib%a?@) cdr b8R9GRouPESnone or
one of Rzl_;lesp&@i R25 is a hal ogen, a primary carbon group or a secon-
dary carbon group, wth the remai nder of R21, R22 and R25 be- ing hydrogen;
when R18 is a tertiary cagBon gretip, none organe off21, R22 and R25 is a

tertiary carbon group, wtY the/remainder of \ of 1, R22 and R25 being
hydrogen; and further provﬁredCt hat any two o -ng R19, R2, R21, R22,
R23, R24 and R25 vicinal t oné\ anot her, takeﬁ to‘get her my forma ring.
In the above fornul as (Vl)q\)\ @2@ (1X), R18 C)Q{G;FQ\ndS to the second ring
atom adj acent to the figst rig apﬁf’n 12 g% N R22

and '
(VIII) (IX)

wherein:

R'® is a halogen, a primary carbon group, a secondary
carbon group or a tertiary carbon group; and

RY, R?°, R?® and R** are each independently hydrogen, hy-
drocarbyl, substituted hydrocarbyl or a functional group;
Provided that:
' when R?® is a halogen or primary carbon group none, one -
“or two of R*!, R*? and R* are a halogen or a primary carbon
‘group, with the remainder of R*, R** and R** being hydrogen;
or

when R'® is a secondary carbon group, none or one of R*,
R?? and R®® is a halogen, a primary carbon group or a secon-
:dary carbon group, with the remainder of R*, R?*? and R?® be-
ing hydrogen;

when R is a tertiary carbon group, none or one of R?%,
R?? and R?® is a tertiary carbon group, with the remainder of
of R*, R?*? and R? being hydrogen;

and further provided that any two of R'E, Rw, Rm, R?Y,
R??, R?*, R** and R?»® vicinal to one another, taken together
may form a ring.

In the above formulas (VIII) and (IX), R*® corresponds

to the second ring atom adjacent to the first ring atom

12



WO 02/ 12151 PCT/ US01/ 24297 bound to the imno nitrogen, and R21, R22 and
R25 correspond to the other ring atons adjacent to the first ring atom 1In
conmpoundw@bd)1aentaining (VII1) and (1 X), it is par- ticubarigoyxedzerred
that: if RI8 is a prinary carbon group, R22 is a primary carbon group, and
R21 and 5 are, hyd segonday y Ron group, 3;2 is a
pri mary c3P%8ohCg F% l%Fna §é£539§?y éﬁgb%n gﬁouﬁnd;ﬁ f#%ﬁ BTy a
secondar ytsatia@nogheypmﬁ@da&&saaé Réen8r o hyds 0geRst OFihd Fl&nis a
tertiary carbon group (nore pref era% a trihalo tertiary carbon group
such as a tri haRofremhgpyds RP2) C@néatélﬂgaﬁvlbé}b@mdgfbéb (hores ppaterabl y

atrihalo r S a trihalomethyl), and R21 and R25 are
hydr o- ge%féﬁiar?§hgge9%9reﬁ F%%gn R22 is a halogen, and R21 and R25 are

hydrogen. in aik rpedid isCc ppriekerr edrbompoundy, ( RY? iy whipiinady [Qarband
(I'X) appear, it is prgferred hat R1, R2 and R3 are hy- drogen; and/or R4

and R5 arSCA8Phypnd| R7| @ndyR{ har Hiuf®iqean; (Hat : R19, R20 R21 R23 and
R24 are all ogen; 2 S @l aﬁgp up,
nor e preferablgfng h;SB% SF%O ggylcgrggg Bé%%% a%d 4 hy Fggen

R22 is ethgh;gaodpRb8 &ssacpndany ycaabbonggoaop, mmmmepxﬁiérmb&yyaethyl or
R19, R2 3 and, R24 are all bhyds0 822 i S_i r o- pyI' and R18 i's
N or i rar yS CaPBORTY s BPLOOTEOTP of BRALRy FOG. Koy G TOORER T 150, Ro1 Ro3
and R24 are al } fhytr qaen; tg%%lbiyncaﬁlb@)ﬁybroaﬁd Bégek%réféfhﬁﬁﬂ/'Yacar bon
group, nore preferably n- propyl; or R19, R20 3 and R24 arg al

hydr ogen; tRPRale EArbaryrcabpeRoIr ang $&®h|%8aah%ﬁ%@ﬁ%pm¢ﬁﬂ¥lbréﬁerably
chloro ory grgnpert}gry carbon group (more preferably a trihaloterti-

ary group such as a trihalomethyl), and R?' and R?® are hydro-
gen; or

| if R'® is a halogen, R?? is a halogen, and R* and R* are
hydrogen.

In all specific preferred compounds (I) in which (VIII)
and (IX) appear, it is preferred that R', R? and R® are hy-
drogen; and/or R* and R® are methyl. It is further preferred
that:

RY, R?%, R?, R?® and R** are all hydrogen; R?®* ig methyl;
and R*® is a primary carbon group, more preferably methyl; or

RY, R*, R*™, R® and R® are all hydrogen; R** is ethyl;
and R is a primary carbon group, more preferably ethyl; or

RY?, R?°, R*, R*® and R** are all hydrogen; R** is isopro-.
pyl; and R'® is a primary carbon group, more preferably iso—V 
propvl; or

RY, r?°, R?*, R?® and R?* are all hydrogen; R?*? is n-
propyl; and R'® is a primary carbon group, more preferably n-
propyl; or
rRY, R*, rR%, R? and R* are all hydrogen; R*? is chloro or

bromo; and R'® is a halogen, more preferably chloro or bromo.

13



WO 02/12151 PCT/ US01/ 24297 Conpound (1) and its iron conpl exes (the
oligoneriza tion catalyst) may be prepared by a variety of nethods, see

for instamae2mevi ously incorporated US5955555 and US610BOWESO1zs29%l | as
US6232259 and W00/ 08034, both of which are also incorporated by reference

herein for. all pur- ses as |f, ful]y set forth. | referred herein to
react an iron € Lﬁ‘-’,"g‘g[)ofI)(Ia}nd Js‘Eﬁhl LIRSS oét Q)Op WHIMESIERZ, with

the cocat@g] ystcaks If%a}éw% ¥ ARGy, Riefiriadys ansad um nox-
ane such as nethyl a um noxane orm an active et hyI ene oligonerization

speci es. e mﬁiaﬁmcmtploe‘OIO@lu‘nlmml(mramiﬁsaﬂ&ﬁﬁiﬁﬁnaa’birpound) to iron

(as a co the ali b 0] or less. A
nor e pre®#§¢3%£%ppae§ VI’(? %f%%ﬁlbs %fdﬁs/ywozjt@l I% m)lfeO%ref - erably
about 10G6h¢h | £68, aBewl mmcp@_’réwe@bﬁwtraw@fcé @asiein afsk aslla gower

limt is about 5 or nore, nore preferably about 10 or nore, still nore

pr ef er ablBPERBLAS 10D Bl hwreet ¥ nor e preferabl y about 300 or m)re, and
especi al |y abogt ;500 Of :?'@cfif-é/ 0ot her

af orenen-. ti oned Jhpper ae%ower@ﬁrrits maac e use to g‘)'li ne Oa pre- ferred

range hersich sas:ha asomf loex ex@anil )e,wiiﬂorﬁabbut wh tho thebootatsd@stf r om about

5 to about 1000, 6 from.abo 100 to 1000, fr about_ 500. to ‘about
200- and be rrs st OGS PO St TR sty o e

accor dancgnam ddch fhes RAESENa 1 driMesHtd:08, [ tso fFm ahowWcts e @ilﬁk!llerf@o W t hi n
this range, a nore preferred lower limt is about 10 or nore, nore pref-

erably oLt IR B Z aipF R S§t¢¢leﬁmré[‘fi&ﬁ éﬁ@r@bl@%tﬁf 0 WHLNUHDEE  and
eopect ol RO BP0 BER PR Sl Rihppiagerd g ot 200 o
| ess. Agajdméoizattl @t igne farybloons rmimcm 200 her dferememt mun@l pper and
Fower 11 n?‘fetrsrenc? yu}g?ggae::_LJ Sleldm£€ ijsefall?guta fg(%c e(gll: eldesrsa,ngsetlhlelr ?rlmnre pref-
erably about 1000 or less, and especially about 700 or less;
and as a lower limit is about 5 or more, more preferably
about 10 or more, still more preferably about 100 or more,
even more preferably about 300 or more, and especially about
500 or more. For‘clarity, any combination of the aforemen-
tioned upper and lower limits may be used to define a pre-
ferred range herein such as, for example, from about 5 to
about 1500, £from about 5 to about 1000, from about 100 to
‘about iOOO, from about 500 to about 700, and other other
such combination.
Another preferred range in accordance with the present
invention is from about 5 to about 300. Within this range,
a more preferred lower limit is about 10 or more, more pref-
erably about 20 or more, still more preferably about130 or
more, and especially about 50 or more; and a more preferred
upper limit about 200 or less, still more preferably about
150 or 1ees, and especially about 100 or less. Again for
clarity, any combination of the aforementioned upper and’

lower limits may be used to define a preferred range hereinr

14



14 WO 02/ 12151 PCT/ US01/ 24297 It should be noted that the above ranges
refer to steady state operating conditions. Under certain circum stances,
it my bavoenefiscial to start the reaction under higher BET/BSOwWARI70S t hen,
in the course of the process sta- bilizing, lower the Al:Fe ratio to the

desired steady state |evel. For exanple, the reaction could be started at
above any of Iheshgipkd batnotednikat ngme ahete avEes trefef dduced  to the

desired | t b f .10 rat i [ j 1S, i oned
above. Prsgﬁ'/%rt?gds %Y‘(@I %%rmggn%n c%ér%&(;h%l S g|'ncIa(hﬂcfie)e]}onée&{)trairrr})rceﬂao R513A1,
R51A1C12 st&nded At ,mandoé RSAADI c{al kyd ad tad h ootan esdact WhreraideR51 i s
al kyl containing 1 to 25 carbon atops, pref- erably 1 to 4 carbon atons.
Speci fi ¢ Aat¥SFEIAhi FRiF_BHeS pblifis }%CW%éwqﬁll%ﬁllﬁﬁ%W%W%" is an

i i ; - 2A1 g HBALCL2,
?nglg?egﬁ\iigznhﬁ%]'(emg 2&&%’2?@%@5% ?ror gjhalé(éﬁlﬁ% num c%rrpound is an

al um noxahevekspetoal éyampetdy| tiad uneéamoidarre. cablel dondi taored fakr abduve

ol i gonerizatio escribed in . previously incorporated US6103946. and. United
St ates ndiy CBFEE pr toet 875 TNT alphigHEE it T K

. FACTURI N&, PROEESRSs 685 ALEFEE QUERNSIbEEordres o iy 1 ewdiCTraAppl nm-

PCT/ US01/ 22628, filed July 18, 2001), may otherw se, be followed. For
exanpl e, ihe BERGEHRLT ZBRPGR- reaction may be run at a w de range of

temper at ur s gerer SLLya rENA) 10 L AL DMpo 0G0 00U 0G0t of er abl y

about 0C to about nore pre out 20C to about 100C.
Pr essur esof neRf, &l sRVALE1w del'yal¢hngmy TR OALAN éahkyeatupieesanes) (gauge)

of fromabout 0 kRa to about 35 MpPa, ,nor Ere%erab)lag from about ?00 kPa to
about 15 WL SIheR pr bEedsXiay CEBLRURIPA §akCof°| FREPARpRESES  LRITSTS
typicall yes i M | i Guk d-PRESE. a PERE T 8 ye 181 MG 1BR, BPNBRIBum com-

pounds include methylaluminoxane (which is an oligomer with
the general formula (MeAlO),), (CyHs),AlCl, C,yHsALCl,, (CaHs)3Al
and ((CH;),CHCH,)3;Al. A preferred alkylaluminum compound is:
an aluminoxane, especiélly methyl aluminoxane.

The conditions for the oligomerization described in ’
previously incorporated US6103946 and United States Appl.
vSer.‘No. 09/906,974 (filed July 17, 2001), entitled “MANU-
FACTURING PROCESS FOR ALPHA-OLEFINS” (corresponding to PCT
Appln. PCT/US01/22628, filed July 18, 2001), may otherwise.
be followed.

For example, the oligomerization reaction may be run at
a wide range of temperatures generally ranging from about
-100°C to about +300°C, preferably about 0°C to about 200°C,
énd more preferably about 20°C to about 100°C. Pressures
may also vary widely, ranging from an ethylene pressure
(gauge) of from about 0 kPa to about 35 MPa, more preferably
from about 500 kPa to about 15 MPa.

The process may be run in gas or liguid phase, but is
typically run in liquid phase, preferably using an aprotic

organic liguid. The process ingredients and products may or

15



organic liquid. The process ingredients and products may or 15 WD 02/12151
PCT/ USOL/ 24297 may not be soluble in these |iquids, but obviously these

| i qui ds svout/kiapt prevent the ol igonerization from ocur-PeT/Wg1/Be97t abl e

| i qui ds include al kanes, al kenes, cycl oal - kanes, sel ected hal ogenat ed

hydr ocar bons and aro ic. hydro-. carbons., Specific useful_|I|iquids include
hexane, tBYieHRE b%e%n‘giﬁlﬁnﬂnt%e%@o]ﬂeq‘f 1 PRELUSHE THIRA ene

ol i gomeri zakh oS de6€id ABY BLePehdi thaldyigditeidt Bsh Otifom bdue- solid
state by, for instance, support- ing and active catalyst and/or alum num
conpound ®B¥R@. suduitabhe el saehdasinglude akkanedn mlkeeer mtchadly- a

sol ut i on i of L he. CALAL Y1, Y SGULS0LA TRy S9RASe Lo A SHARYI to iy ng an

al kyl al umnum conpound on TtTs”surface. eroge-_ neous ysts
may be usegribhon€at afyzei plegasefurzali@mdd iddlendmshetase, orolivend, quid
phase. By "gas phase" is neant that the ethylene is transported to contact
with the kenzend yand phlnei ¢telepine themsedeene is in the gas phase. In

general , the aql.gonerization, may be. run. as cont i nugus_.gas .._phase,

sol ution or s|%Hgygg?%i%%ée%?l$¥m?El?éﬁ%?Qﬁn %H%??w%ﬁ%w%é%?t%#ﬁﬁﬁgymk

ol i goner igatéHRrids oessent trbl yosiagdeaihase, liswi thdtdide, Whiggdoreans
that at |east 95 volune percent of the reactor volunme is occupied by a
liquid thetgiand aghye phbakysSntd/ Al (FRIPPERE LT YAURE may be
t aken up gas, t vl engn sy @added. t r r,as a
gas, whic %/rl ssosftélée)% %ggpuig?% ﬁ% er tjhrcga@'pr g%less con%’\??]i%%s.%%%rﬂel ess,
sonme snaléf @ uwdtalysi ssobvungoetiyy éne gasogmy the presmmrt Netvimount ed

in the reactoy. volune,is any solid resulting from faquling.of the reactor
See, for eMPRE.a BHERISPITRAET ot Geu SHRRR AT o,
09/ Ser. Nooud9/ 906, Bfdes (hay el Jbea 1o Ly z&Md11dditer IMNUACTLRI NG

PROCESS FOR ALPHA- OLEFI NS" correigonding to PCT Appln. PCT/USO1/ 22628,
the gas phase or the liquid phase. By “gas phase” 1s‘meant

that the ethylene is transported to contact with the cata-
lyst particle while the ethylene is in the gas phase. In
general, the oligomerization may be run as a continuous gaé
phase, solution or slurry processes.

It is particularly preferred to run the oligomerization
as ‘“essentially single phase ligquid full”, which means that
at least 95 volume percent of the reactor volume is occupied
by a liquid that is a single phase. Small amounts of the
reactor volume may be taken up by gas, for example ethylene
may be added to the reactor as a gas, which dissolves rap-
idly under the process conditions. Nevertheless, some small
‘amount of dissolving ethylene gas may be present. Not
counted in the reactor volume is any solid resulting from
fouling of the reactor. See, for example, previously incor-
porated United States Appl. Ser. No. 09/ Ser. No. 09/906,974
(filed July 17, 2001), entitled “MANUFACTURING PROCESS FOR
ALPHA-OLEFINS” (corresponding to PCT Appln. PCT/US01/22628,
filed July 18, 2001).
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filed July 18, 2001). 16 WO 02/12151 PCT/ USO1/ 24297 These nol ar ratios of
Al : Fe described herein are based on the process ingredients, that is, the

i ngredi ew@ov@rel prising the reactor feed; therefore, it PeT/ps@i=eyed at
such low nolar Al:Fe ratios to purify the process ingredients so that the
al kyl al um num conpoun are not "used up" reacting W th noistyre ot her
impurities. UsiHgP® HER Jfg’%lrc?szaﬁﬁso&rjihg%{ efsct“%ﬂ%f’gisgﬁrt?éﬁl ﬁgreeilf’i’:f‘sf% m xt ure
of a-ol efdns.iies éﬁ_tﬁ@éé'@dind\:é@?ewfeﬁ, afhdihe J1olfdl-i e diRiY Torf- t he
olefins obtained is factor K fromthe Schulz-Flory theory (see for

i nst ance IisHn@ergie greadtor Hied Ul thauaf oF Encyi | ish aisf a3t 9 @is 57 cal

Chemi stry, Vol .4 Al13, . \ | 9,..P.
ot e o MLl SRl Apald IS B AP
wher ei n n{iGt atied i aky Ballel murbesmpdumdy esxronad efigedap” traagtigion - car bon

atons, and n(Cn+2 olefin) is the nunber, of noles of olefin containing n+2
carbon at'BriEl R1SHIGR HeY OWRRTSIHE IHeh&S hi gher ol i goner of Cn ol ef in.

From this can ybg,detes Mnedhhdie: Mol ddB8S)sdd add AnHel Hdpeivard ous

olefins in the resulting oligoneric reaction product mx- ture. The K

factor i sniprafes refl doobefims the stgimeni. abouieadhfd db wlowol®dit o make
the a-olefins of the nost commer- cial interest. This factor can be varied

to some ekdleeiohier 9brthasicdraRtaEaigd ishdagerated 1986 f$046 and

United St | ‘ : %ﬁ, Q7 ideds Iy, A0QL), enfitled

" WNUFAGW?%%%L% EFI Ngs"t(afﬂ(dcegr r'esponedgsn'g to PCT Appl n.

PCT/ USO1/W02628n 13 |Frcyal gpddia SDONdustk WD T @B WRCVAISO 134297

CLAI VG VCH Verlagsgesellschaft mbH, Weinheim, 1989, p. 243-247 and
275-276). This is defined as:

K = n(Cyp olefin) /n(C, olefin)
wherein n(C, olefin) is the number of moles of olefin con-
taining n carbon atoms, and n(Cp,; olefin) is the number of
moles of olefin containing n+2 carbon atoms, or in other
words the next higher oligomer of C, olefin. From this can
be determined the weight (mass) fractions of the various
olefing in the resulting oligomeric reaction product mix-

ture. The K factor is preferred to be in the range of about

0.65 to about 0.8 to make the a-olefins of the most commer-
cial interest. This factor can be varied to some extent,
see for instance previously incorporated US6103946 and
United States Appln. Ser. No. 09/906,974 (filed July 17,
2001)‘, entitled “MANUFACTURING PROCESS FOR ALPHA-OLEFINS”
(corresponding to PCT Appln. PCT/US01/22628, filed July 185
2001) . |
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What is clainmed is: 1. A method for reducing the formation of polyethyl ene
waxes and polyners in a continous process for the production of a linear
a-ol efi nwo oty said continuous process com prising theCBUSQ/23R97
contacting, in a continuous reactor, process ingredients conprising an

et hyl ene oligonerization catalyst cgﬁgﬁ_ti on, ethylene and a cocatal yst,
wherein: (a) the ethylene oligoneriz catal yst conposition conprises
an iron conpl e of A cornpomnd ©of. the formula R R R N R/NR3I N RS R~
(1) wherein: Rl, R2 and R3 are each independently hydrogen, hydrocar-
byl , substit utled Ayuedeed bior oredurrinteriheg w?mmamaqn %mlye}#&«ﬂi% t hat

any two of Rl, R2.and R3 yjci e ot 0 gy forma
ring, R4 V‘éarlxae%-‘&a%érlepéeil%ﬁejiyn e%?lnd%o%%ﬁ%%%%e%e,s%yfggr&gcncaﬂreb%?o SUbsti t ut ed
hydrocar hy# &rl%éﬁh%loi@fﬁiﬁ@éu&f,o%icﬁfb&[@irﬁ?o@é SRR ndgpendent |y

a substituted aryl hav- ing afirst ring atombound to the imno nitrogen,
provi ded prtiming i thdRes tep st ormh tdgiging ormad aaiinweshaineddiost, ring atom

is bound to a halogen, .a primry carhon aro a _secon-' _ dar on group
or a tertz?]%ﬁci/e%sar10‘%%%‘?10?]%5S a%od&ﬁfﬁ%neq aqqpr% AT hogthorlln e%g%\ﬁﬁgoﬁlrpsai d
second rid;AlwEr | Sosweitk ieh 2 dalypgere 0d & HddEIal RS bvhegfedip, none,

one or two of the other ring atons in R6 and R7 adjacent to said first
ring atom are (DouHe t VLY IR JRln IMeF 173 ety W%WOS\MQWQ he re

comprises an iron complex of a compound of the formula

Wherein: ‘

R', R? and R® are each independently hydrogen, hydrocar-
byl, substituted hydrocarbyl or an inert functional group,
provided that any two of R', R?* and R® vicinal to one another
:taken together may form a ring;

- R* and R’ are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl or an inert functional group;

R® and R’ are each independerntly a substituted aryl hav-
ing a first ring atom bound to the imino nitrogen, provided
that:

in R®, a second ring atom adjacent to said first ring
atom is bound to a halogen, a primary carbon group, a secon-
dary carbon group or a tertiary carbon group; and further
provided that

in R®, when said second ring atom is bound to a halogen
or a primary carbpn group, none, one or two of the other
ring atoms in R® and R’ adjacent to said first ring atom are-

.bound to a halogen or a primary carbon group, with the re-

18



18 WO 02/ 12151 PCT/ US01/ 24297 mai nder of the ring atons adjacent to said

first ring atom being bound to a hydrogen atom or in R6, when said second

ring atowo®se2imend to a secon- dary carbon group, none, oPeT/ORO242970f t he

other ring atons in R6 and R7 adjacent to said first ring atom are bound

to a halogen, a primary carbon group, or a secondary_carbon group, wth
& ¢ o g

the renmiTfsrd het e gt 3Y G EFeRh Qi tPFT TS Y iR rR™ei ng

bound to BeiWdrOgenaatom Bra+dydd atheh s@i d second ring atomis bound to
a tertiary carbon group, none or one of the other ring atons in R6 and R7

adj acent to salm Ri,r sthan mgist smcamns bumed attema ise bouagy tocar isesogroup,
with the remainder of the ring ato adiacent .tq sai.d first ri om
(%ad:'¥oc%‘r %r%ﬁ%%p,atnc%e, (%?? b(%!t ch of 1%1’1% yOl‘gleIl J:sln% ar%n‘cg

bei ng bou oni ‘an e cocatal yst conprises an al kyl

al um num o’ peIEN®’ sdidcerthed &efdr edustngiagnptobsi Agetbeussepo ok
contacting _ said process ingredients in ampunts such that the nolar ra- tio
of Al in HROIRataBLINGHY FRTIPR HEFSIh B TP -CHRHPTARM yst i s

about 20%%0&%%%1@&5%%60@ fg:&&jer%iﬁéa%]%la&ﬂsof ! Gt S G afi FALT O 1S

fr om about t o about he net alm 1l, wherein said nolar
rati o i s rinonaiaboube3NY boumboid d000dredgedhetamet hod of claim 1, wherein
said nolar ratjo is from ahaut 500 .to .about 70Q. nmet hod of, claim1,

wherein sai d motat 4T FELSF SERCRSL TS A Ogbéﬁtgéﬁgg?§9 Fh&SMELARSY of
claim 1, wheseh gthes CHMAIUSALASE £108 dEhasSenld aldonsingle phase
liquid full. 7. A continuous process for the production of a linear
a- ol ef i n Br gdacenthd predss & 1gsp Kiigioh @ toHe agte POosRdc 6R- at &EETAGIYi n a
Continuo%ﬁuﬁ&@&t§¥0u£fQﬁféﬁ éﬂgﬂfﬁﬁé¥ﬁébfx%? the ring atoms adjaceﬁt .
to said first ring atom being bound to a hydrogen atom; and
(b) the cocatalyst comprises an alkyl aluminum com-
pound; |
'said method for reducing comprising the step of contacting\
sald process ingredients in amounts such that the molar ra-
tio of Al in the cocatalyst to Fe in the ethylene oligomeri-
zation catalyst is about 2000 or less.
2. The method of claim 1, wherein said molar ratio is
from about 100 to about 1500.
| 3. The method of claim 1, wherein said molar ratio is
from about 300 to about 1000.
‘ 4., The method of claim 1, wherein said molar ratio is
from about 500 to about 700.
5. The method of claim 1, wherein said molar ratio is .
from about 5 to about 300.
6. The method of claim 1, wherein the continuous reac-
tor is essentially single phase liquid full.
7. A continuous process for the production of a linear
o-olefin product, the process comprising the step of con-

tacting, in a continuous reactor, process ingredients com-
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19 WO 02/ 12151 PCT/ US01/ 24297 prising an ethylene oligonerization catal yst
conposition, ethylene and a cocatalyst, wherein: (a) the ethylene

ol i goner i watj2ani1aat al yst conposition conprises an iron comhen10i9a
compound of the formula RQR6 RL-N z R\ /NRa _MNM RS R7 (I ) wherein:

Rl, R2 and R3 are each independently hydrogen, hydrocar byl k6 substituted
hydr ocar bpkisingnannechyigret PdhaPmgroaptiopr evtabysE haemapyiti®lof R1, R2

dr ocar by! . : Pt
are cach CRACRERcARRy AnonRabahv ek QhBRELIF ™Y et it ut ed hydr ocar byl

yI,. substituted hydrocarbyl or
an inert functi(anathgr ethylBbcaondliBdmarézeatbni cdependentbdypassubsthi t ut ed
aryl hav- ing,a first ring atombound to the imno_njtrogen, provided
that: in RBMPHLISEEORE LA SPﬁgiﬁﬁja eftt COBPQURY ffrSher FAET WS om i s bound

to a halogen, a primary carbon groug a secon- dary carbon group or a.
tertiary carbon group; and further rovVHed that in R6, when said second
ring atomis bound to a hal ogen =p™ mary carbon group, none, one or
two of the other ring atons in d R7 adjacent to said first ring atom
are bound to a halogen or a prigary \¢arbon group, with the re- mainder of
the ring atons adjacent to said f\
atom or

wherein:

R', R? and R?® are each independently hydrogen, hydrocar-
byl, substituted hydrocarbyl or an inert functional group,
provided that any two of R}, R? and R® vicinal to one another
téken together may form a ring;

R* and R® are each independently hydrogen, hydrocarbyl, .
substituted hydrocarbyl or an inert functional group; '

R® and R’ are each independently a substituted aryl hav-
ing a first ring atom bound to the imino nitrogen, provided
that:

in R®, a second ring atom adjacent to said first ring.
atom is bound to a halogen, a primary carbon group, a secon-
dary carbon group or a tertiary carbon group; and further
provided that

| in R®, when said second ring atom is bound to a halogen

or a primary carbon group, none, one or two of the other
ring atoms in R® and R’ adjacent to said first ring atom are
bound to a halogen or a primary carbon group, with the re-
mainder of the ring atoms adjacent to said first ring atom
being bound to a hydrogen atom; or

4 in R®, when said second ring atom is bound to a secon-
dary carbon group, none, one Or two of the other ring atoms

in R® and R’ adjacent to said first ring atom are bound to a
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in R6, when said second ring atomis bound to a secon- dary carbon group,
none, one or two of the other ring atons in R6 and R7 adjacent to said
first rimnmgoat/arsare bound to a 20 WO 02/12151 PCT/ USO01/ 2éepusotmbagen, a
primary carbon group or a secondary carbon group, wth the remainder of
the ring atons adjacent to said first ring atom being bound to a hydrogen
atom or lnaﬂmnmrpnsm@rsseé@mpmwgom oM i aemlany £y &8PURbar bon

D oup MR RS Had e OE il LR Aorld fAUhe RGP A4 o0

first FaF ¢ carbon -group, € remai nder

of the ringh@tmemn ak@bam‘gerkbouﬁ@ s@i &l Hydisdgeri rgaat;orombei ng bound to a
hydrogen atom _ and (b) the cocatal yst conprises an alk | al um num com
pound; charact%%ﬂ%edWh@ﬂﬂ%ﬁlqlﬁ§QﬁﬂQaFlP§t?6°@f1§I PHn@héocé LEEtARYYtL to

5 ! Sl gl SR gen selaby Sl drenata & 0 el 20
si ngl e phalsedjiagqend fod lsai®l first ring atom are bound to a tertiary
carbon group, with the remainder of the ring atoms adjacent
to said first ring atom being bound to a hydrogen atom; and
(b) the cocatalyst comprises an alkyl aluminum com- |
pound;
characterized in that the molar ratio of Al in the co-
catalyst to Fe in the ethylene oligomerization catalyst is
from about 5 to about 300.

8. The process of claim 7, wherein the continuous reac-

tor is essentially single phase liquid full.
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