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THE | NVENTI ON_An efficient manufacturing process for ac-ol efins using
kllograms being manufactured yvearly. They are useful as

monomers for (co)polymerizations and as chemical intermedi-

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

L 15 ple detergents and surfactants. Presently most o~olefins
are made by the catalyzed oligomerization of ethylene by
various catalysts, especially certain nickel complexes or
aluminum alkyls, see for instance U84020121 and TI. Krosch-

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

20 Technology, 4™ Ed., Vol. 17, John Wiley & Sons, New York,

pPp. 839-858. Depending on the catalyst used and the product
distribution desired wvarious processes are used, but they
tend to operate at high pressures, and/or high temperatures,
and/or have large recycle streams, and/ox bhe complex (for
l25 example recycle of catalyst streams), all of which increases
the capital cost of the.manufacturing rlant and/or increases

plant operating costs, both of course undesirable. There-
fore better processes for making o-olefins are of commercial
interest.
30 Recently, as reported in US5955555 and US6103946, both
K of which are hereby incorporated by reference herein for all
purposes as 1f fully set forth, it has been found that iron

- complexes of certain tridentate 1igands are excellent cata-

1



5 certain iron containing ethylene oligonerization catalysts, conprises
one or nore liquid full reactors which are ap- proxi mai‘szl% at the@ bbl e
~point of reagdingipthyl ene, and optionally a final react ?nl:&rm no
ethylene is fed both operating under other specified condi FROALITIRZ
TECHNI CAL BACKGROUND. a-O efins are inportant itens of comrerce, billions:
of kilogra i f . ey . u noners for
(co) pol y'mer@g??oggrgﬁzl%a?%u%&clﬁﬁi&g& %?€%$e?$%ré?%zlﬁﬂa‘%Uf§ ure of
many ot her pekebedl Berboh @AM IrRife HSLERIL Bt ddsk Skt aglsd sindresently
nmost (X-olefins are nade by the catal yzed ol i gonerzation of ethylene by
vari ous cat ¥hyshsisesppeicaalyycarsedivd mildkelsubnptakekysrs . al Tmispmatkyl s,

see for ins c 4020121 .an (A h wi t al.,. ., Ed. . _Kirk-QO hner
Encycl opedi %Q%f gaggrﬂngéa?& }%""%e%ﬁﬁélgaé; c\gtstﬁ%Eaf?r 661?6? TR Ay &
Sons, New YpLkntpand339- 8o%erDependiciggoroshs ciialnisd piatk afiehit higs pr oduct
distribution desited various processes are used, but -they tend to operate
at high preSSUPEsIinaRBPEE RERSESPSer atures, and/or have |arge recycle
streans, and/or be conplex (for 25 exanple recycle of catalyst streans),
all of which increases the capital cost of the manufacturing plant and/or

increases plant operating C@%&é;&?%‘é%% ﬁq%ﬁ§oﬂndesi rable. There 30/fore

better processes for making & —cofmercial interest. |
Recently, as reported in US5955555 and US6103946, both of which are hereby
i'ncor porated by Aefeseece dErigdian frseak| inpemiposespmsriidesf al lpposessfort h,

it has been_found that iron c | exes of certain tridentate |igands are
excel | ent cafh %ﬁ%io_ﬂﬂogg%u 3P0 65 OLBEFR BB B a2 £ TPEL e 1R Yy t%he
producti on eheasakpfidts ésmnetinygl eiecebe- ingirehednher ebiptBsihg an *

manuf acturin rocess, for a-olefins . . :
; agtfge e%hyf%ne o Egomerlzatlon catalyst composition,

- ethylene and a solvent, wherein the active ethylene
i oligomerization catalyst comprises an iron complex of a

?compound of the formula

(T)
wherein:

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 hydrbgen, hydrocarbyl,

substituted hydrocarbyl or an inert functiomal group;



which is especially useful with such cat al ysts. This proc- ess.-results in

| ower capital costs for the manufacturing plant and/or |lo oper.at.ing
costs for th%)glaqt than is found in other. processes. Stﬁﬁkﬁvg@ﬁﬂkhE

| NVENTI ON A CHEHEER of the present invention provides a procBSHUSR262%e
production of a linear a-olefin product, conprising the step of contacting

process ingredi eRES;LQNRY I S180, fﬁé%%&&éﬂﬂ%”& thgi?ﬁ‘éﬁhéﬁétéfﬁlcﬁéé'—y“
conposition, ethylene and a solvent, erein the active ethylene _
ol i goner i zatingn ac dtiadsys tr icgn@Eticsre amd ren Wonpinekeo fnbcrepapo pnwifdedie
formul a (I)_\M;%ei n: Rl, R and R3 are each independently hydrogen,

hydr ocar byF, bstituted hydrocarbyl or an inert functional group,

provi ded that anyntwé 0f BicoRd #RAgREt¥mMChRIhCERORR ARANEE rstakeny
together may forma ring; R4 and R5 are each independently hydrogen,

hydr ocarbyl atoguBst bouned tey dr deaiagan .08 Y inpary darieant oriuyr GuFeGoI WD
0
a

02/ 06192 17 nuar.y..200 /1 USQ1/ 2 7 each i ntly a
substi t ut eddélzll?yl e %99“1 60 %fri(:)rrs'?‘EL rt%ﬁfgc%tﬁ%o&g)n t%'rcﬁ e i%lldno%%%?}%g:gen, ‘
provi ded t hatroviideR6thatsecond ring atom adjacent to said first ring atom

is bound to a hal ogep, a pri ma[é carbon group, a secon- d%rR% carbon group
or a tertiary cafBoR gr¥bpR 8a4cf pERBY IpREvREeR £RaborRdREC anBAlegrd

second Tingsat QMhir-$mBEYNEat o RARIENnon?, B IdRIHyd B P Uhd Ry NONE,
one or two of the othef ring afons in R6 and R/ adjacent to said ftirst
ring atom aréngbatnust énaRiabodeR’ adimqrinty saidohigsoupingiaton eree- -
) 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; ox '
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‘Rﬁ and R’ adjacent to sald first ring atom are bound-to a
halogen, a primary carbon group or a secondary carbon group,
, with the remainder of the ring atoms adjacent to said first
ring atom being bound to a hydrogen atom; or
_ in R®, when gaid second ring atom is bound tb a tertiary
carbon group, none or one of the othér 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 séid first ring atom being bound to a hYdfbgen atom,

. characterized in that the process ingredients are contacted
in a continuous stirred tank reactor or its equivalent, at a
temperature of from about 35°C to about 80°C, and at a'pres—'

© sure such that the continuous stirred'tank reactor or its

gguivalent is essentially single phase liguid full.



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 carbon group, none, one or two of the other ring atoms in .R6 and R7
adjacent to said first ring atomare bound to a hal ogen, a prinmary carbon
group or a secondary carbon group, Wwth the .renaindeﬁ%ﬁJQQR?qﬁlgé%ﬁcwm

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

when said second ring atomis bound to a tertiary carbon group, none or

- one of "'the other_fin 4 n.R6_and ~R7 _adjacent .to said first ring. ,atom
are bound to a tlgfrl .Qgr%ﬁ.agg’rt%ﬁ%?%ﬁ%?eﬁ F%C(yt %@%&ﬁ%&er&o 5’tehg’rreis %at oms

adj acent |t onsehdibnreilii be abes bekadlbounddre todiy dhogemsat @R ordi-
characterized in that the process ingredients are contacted 'in a

conti nuous BRF¥r 881 tankDr EREt 8F tof rPPs 2efRtdren et dihes foddpwdrgt @ of
from about 33€1ta 8BEELiBPCoRANTTRL 18 PECHe SWHR-cHUGt dd¥halN@caliinuous
stirred tank reactor or 1ts equivalent is esSentially single phase liquid
full. 3 0 1¥edtnuasycR00BeTheventndnowhechf eateur dorand aadrant dgesrdbeiche

present- invention W]l he nore readily _understo by fhose of .ordi- nary
B TH i n 1 nESBPE TPoihs PERNERE, OF SPRETAOR MGG ABRteL | FaY dASEr BRt f on

It is to bepappieedairdcbhntingelibai in heatuods @mBdmE rament convwehisehar e,
for clarity, described below in the context of separate enbodi nents, may

al so be proV#8eauF nFeBRBFREt PEnthR AnvrRELenebIdhee. EorvOredify .
various features of the.invention which are, for brevity, 3a WO 02/06192 17
January 2005 PCT/ US01/22628 described in the context of a single

“enbodi nent, nay al so be provided separately or in any subconbi nation

3a



BRI EF DESCRI PTI ON OF DRAWNGS Figure 1 is a graph of tenperature (C) vs.
bubble 5 point pressure (in MPa) of ethylene and a ”iXtUEﬁqu a- b fins
typically obigiigdsi N the process of the present invention. ag{!:ﬁg(flézgmshom
a sanple schematic diagramof a plant for manufacturing a-ore insS by 't he
present process. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED- EMBODI MVENTS
“Herein, cerGaisertieyats iaf echus asbntBor®e of 4 hemglre erbbodivdacanmbyl a0seupe is
a uni val ent group containing_only carbon and hydrogen. As exanples of

hydr ocar byl BTREY Ak SERRGaHRY (Pis dBs AU amBANa ticre| oal kyl s and aryl s.

15 If not otherw se Stated’ﬂg%EksrﬁﬁﬁﬁﬁEﬁggNt%%IEE%%&%%%rbyl groups (and
~al kyl groups) herein contai ; = . By "substituted
hydrocar byl " her eiigurse Meardt =a gneaito-oft ardmgdergrioime t(val) eent aubdlene or
nore substituent groups 20 which are inert under the process conditions to

whi ch t e cBRpBENPrEEHEai g MRege afr apy lienswjde et edxtaarg ofaf-i n- ert
f uncti‘onal hel . subst.i t yent . d t
subst ant; al Pr2ipe SRR QIR i o sl el B EPScess o

oper ation ofint/Betdlongoneri zati on 25 catal yst system If not otherw se
stated, it is preferred that substituted hydrocarbyl groups herein contain
1 to about 30 cHRBYASatlofdloWSn@ §dEWlien schemadds fdaskarms ¢sei Plapfed” are
ri ngs containing_one or nore heterqatons, ch_as nitrogen, oxygen and/.or
sulfur, andCbRetPRECAVECENEE O e 36 SHbatit Her RYuRECR my be to
the hetijgroatom |preasulep skistrtredrowdbecatby prrerkreb ERBoBYHERGENS nay be
substi- tuted, as in trifruoronethyl . I7 January 2005 WO 02706192 & -
PCT/ US01/ 22628 . HByeipneerfafgnterdwalrgr 8884 -heSeme iof fb&m azgegr oup,
ot her than hydrogarhbyl. or ti o drocar.byl,, ich i.s _lnerLt er the
process cOnditio%s g%dﬁﬁF%%%gﬁeg%ﬁkgbuﬁ§ a %ﬁ;@%len gr%u COB%aEnEHg

only carbon and hydrogen. 2As examples of hydrocarbyls may

be mentioned unsubstituted alkyls, cycloalkyls and aryls.

'15 If not otherwise stéted, it is preférred that hydfocarbyl
groups {(and alkyl groups} herein céntain 1 to about 30 car-
bon atoms. |

7 By "substituted hydrocarbyl" herein is meant a hydro-
carbyl group that contains one or more substituent  groups

20 which are inert under the process conditions to which the
compound containing these groups is subjected (e.g., an in-
ert functional group, see below). The substituent groups
also do not substantially detrimentally interfere with the
oligomerization process or operation of the oligomerization

25 Catalyst system. If not otherwise stated, it is preferred
ﬁhat substituted hydrocarbvl dgroups heréin contain 1 to
about 30 carbon atoms. Included in the meaning of "substi-
tuted” are rings containing one or more heteroatomé, such as
nitrogen, oxygen and/or sulfur, and the free valence of the

30 substituted hydrocarbyl may be to the hetercatom. In a sub-

' stituted hydrocarbyl, all of the hydrogens may be substi-

tuted, as in trifluoromethyl.



containing the group is subjected. The functional groups 5 also do not
- substantially deleteriously interfere with any process deﬁch[?i bedgﬂggei n
‘that the conpound in which they are present may take part'’i nugty es of
functional YOlP¥®I:- clude haio (fluoro, chloro, brono and PSHBU/23638
ether such as -OR5 wherein R5 is hydrocarbyl or substituted hydrocar 10

byl. in cases in I f ungld 9rpup be .near. a __transition netal
. atom the functi o}#;l {}rr%)él}gt)al oneétgh%glualld not ﬂ%ﬁjoerrgﬁlr%atles tmgatnﬁeangtr&updtom

mor e st ronglothtdrarcitare Igrdnps rbyiin drhesdstdmost Svidiaicaateishemn cs is
coordi natin he et al atom that is they should not displace the

to t
desired.co %nﬁ:tor”&idr‘?é? i FFAGES By A CaSal s trhiGh &hec geappynd
activator” icdRaM nPhOg/RYF 1GORRHUIS ddhat qrh%a%n\@g%%n%ﬂﬁ%ﬁgg on
metal conpound to form an activated catal yst speci es. e suc catal yst
activatdr i &lae "Gl kit substanhieddpoded ebshiicns120 indeeifere witbanhya
conpound in i ch _at. | east . al kyl roup is bound _.tq an_al um num at om
Ct her - gr oup?\é&s&ﬁ:&s Saéi,escfr&&) e@ % ¥l 5[11%&%5’@ GRTERRgE &ﬁldwﬁéfzggé ¥ & so
be bound t @ralsemitnmEyAE PaithenCoNpRaRdl By oF FuheeabnEt gkefibs in-
product” is neant a_conposition .25 predom nantly conprising a conpound
(or mxtureSd 9o lpodddarrer chdorernbrama ead ey ) gqCredHetiher sbishg i s
an inte- ger $ 0. about 18, Ln t cases, the linear a-olefin product

f. 1s
of the pr’es@ﬁ?”ﬁ’#océ@%e%ﬂ the H° nlilngaﬁ?%a@y%o% PORREECHERA Ny G 9FRF T ng

val ues 10f onefi.frem &akesl8n WnlibnhatB@ FupetidmRunk -8l CREPOHRAsHavVLNg ¢
val ues of . nore than 18. Preferably I ess than 50 wei gh{;J percent, and nore

preferably trassithan petadi ghtmperbenfunstivhelpovdupt abbhe bhoeld wak-

LeS. oV, 2oroR BNBRIE IR DUCLISLIERTLALD SIRLLGRIOUNLS Bpblpdanuary

nmor e prefer ahl yhokessoibannd® wehghhrpeshenh, agndoespeahaihy poefreabl y -

less . metal atom, that is they should not displace the desgired co-

.15 ordinating gioﬂp. _

| By a “cocatalyst”.or a “catalyst activator” is meant

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

‘io herein, is meant.a compound in which at least one alkyl |
group is bound to an aluminum atom. Other groups such as,

- for example, alkoxide, hydride and halogen may also be bound

to aluminum atoms in the ceompound.

By a “linear o-olefin product” is meant a composition
.25 | predominantly comprising a compound (or mixture of com-
pouhds) of the formula H(CHﬂHﬁ)QCH:CHQ”Wherein g is an inte--
- ger of 1 to about 18, In most cases, the linear o-olefin
product of the present process will be a mixture of com-
pounds having differing values of g of from 1 to 18, with a
.30 minoxr amount of compounds having g values df'moxe than 18.
Preferably less than 50 weight‘percent, and more preferably
less than 20 weight percent, of the product will have g val-

ues over 18. The pfoduct may further contain small amounts

5



than 2 weight. percent) of other types of conpounds such as al kanes,

branched al kenes, dienes and/or internal olefins. 5 By a V\ﬁ marx( %bon
~group” hereiRgigsnppant a group of. the formula -CH2---, e%grﬁiifg(f%ee
valence --- is to any other atom and. the bond represented E6ti d

line is to aring atomof a substituted-aryl to which the primary car- bon

group is att aoheflerdbls ldesf tieen vad efsByht -p&BYehe, 1Robe £&Pa181Pydr ogen
- atom a halogen atom a carbon atom an oxygen atom a sulfur atom etc.
I'n other worteSstHaanil@eweigherRercent negnpeesbepyat bycprefgerobar bgss

Sroups. |net ulet (2GR B e foldIF ISPl WPpol AFPpln Al BN gar bon
- CH20OCH3. Byakkdmses pnibbaycicad mikeuarip"disnaeamhd/ dheigtoupa Wher €f tng he

bond represented b the splid ling is to arin atomof a substituted_ aryl
Lo whi of t ho s,eco?%a?y R RRTY 47 %@#%U%tt%%ﬁ%w PSR F r FEOHINIE

represent ed #he th@rm@as hagh] 1 NES AR li® MAIIBORALGF: Athern d RN any
hydrogen. These atons or groups nmay be the sanme or different. in other
wor ds the frediamnlaroes aeprdeehed] hyentes adasdd dy | tinessolbiyd beine is to

hydr ocar byl ,_ substitut ed hydrocarbyl .or.inert 25 functional groups.
Exanpl es of asercjgﬁ‘%a?’%o%a?%oﬁﬁ sdﬁ%ﬁf:p’stuﬁ-%ﬁﬂé e "(154%3‘ the . %}p_@—
(C6H5) 2, cymirohgrotlp 1R RN CHIhuanthe Qe GFBlendy -~ LR} IHEY

carbon group" is nmeant a group of the " formula 30 WD 02/06192 17 January
2005 | USPRISS 2D \dhdneirrdaie ot reefraaleimie B by e eilbenR 1d%m@n ano a

ring ‘atom eﬁyb{%&ﬁuteds raly tQ Qi ¢ he rtl.ar cﬂé)n 0, IS
attached, anéq{?%e three 11 ee‘ﬁbor;:dsa roep'r eésq:e%ft e?rgygéﬁ%"%?s ed J?}%\e%p%%e to
an atom or atadrmcat her- tzan e hydiggengdm dhhBroowmrsisl, tdibdwittdted hy-
represented by the : .
ocarpbyl or a functional group. Examples of primary carbon
' groups include ~CHy, -CHpCH(CH3),, -CHpCl, -CH;CgHs, -OCH;3 and
" 15  -CH,OCH;. |

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

whefein the bond represented by the solid line is to é ring
atom of a éubstituted aryl tp which thé,secondary carbon |
20 group is attached, and both free bonds represented by the
| dashed lines are to an atom or atoms other than hydrogen.
These atoms or groups may be the same or different. In
other words the free valences represented by the dashed
lines may be hydrocarbyl, substituted hydrocarbyl or inert
A25' fupctional groupé. Examples of secondary carbon groups
include -CH(CH;),, -CHCl,, -CH(CgHs)., cyclohexyl,
~CH (CH;) OCH;, and -CH=CCH;.
By a "tertiary carbon group" is meant a group of the

formula

-
Cs -
f

30 o ' o



dashed lines are to hydrocarbyl, substituted hydrocarbyl or inert
functional groups. Exanples of tetiary carbon groups incl E?B
(C6H5) 3, % /0(§F -C (CH3) 20CH3, -C=CH, C(CHS)ZCH: “Ua‘fy 03nd
subst i tut ed @ "fch as phenyl and .10 1-adamantyl. By "arWT’Uﬁ'e”%?d‘nt a
nmonoval ent aromatic group in which the free valence is to the carbon aton1
of an aroma I I r r
be fused, Egﬁﬁgﬁ?géﬁf£k§?ﬁgrgg eg%égggpg?ﬁé%ﬁgF%ﬁ%gpq%%mbls"sgbs ﬁﬁed
aryl" is me@tom Crfo@o‘m:ﬂaertmtautedaatryl droowh isb sthet lﬂeﬁﬁ::ﬁ?yS@Taﬁhbﬁﬂh in the

above definition aof tltute ) mlar to an ary
substi- tut & AR Sndy g %ﬁﬁrg%gﬁﬁnﬁﬁQ?IQQHﬂ?\H%Qﬂ@sﬁ§$e§ebyfused

connect ed by-rg mﬂsee@oncieeer aeteheb 8hOURSM ROVWRMEIns 2Q-Hihen E}a he substituted
aryl has a heteroaromatic ring, the free valence in the substituted aryl

group can b&wdsogenet éi’loe:rttbﬁr( washsas thiet b@gleh) rtﬂprtdeeameﬁebwartﬁnmatl c ring

in- stead of r B sent i;all e S dfull" reln is
25 meant thgt%h%%leaQFSQ r?o?u YSEPE%E% FH%’%&i- b@ﬁﬁﬁﬁa bV
occupi ed by1@ettq&udctﬂahaﬁsgaoﬁp§9|eE&h&p@esSm$|tet§%&§“bérﬁ5n1 oti@act or

vol une may be taken up by gas, for exanple ethylene may be added to the
reactor as an@ésldemhﬁdﬁﬂdiassmﬁl(éls%)apl HGClyndeCRshe~ @I{@HQS},@CE@HCH'@EE@HS

Nevert he- 30 e, snal | f dis olv et hyl ene y
present. Cég %%ggﬁbthgryeaﬁ?g FEﬁE ﬁﬁ%' gy 88 gg@PgﬁgaP%onl
foullngoof ghgdgﬁgﬁggg 7 17 January 2005 MD 92/ 96192 PCT/ US01/ 22628 By a .
"bubbl e ‘point" herein is imeant the m ni num pres- sure that nust be exerted

on the process |Bgrédrﬁhfsl$omﬁeep aampnofaiheti agowditent grounchindiwhgch
ethylene i he_pro th Ui d_phase (i di ssol ved). The bubbl-e
point ‘5 preggérg gﬁlygfggce 1?h€?h%ﬂ?eﬁ% ESPU gogfoghgnp?58@§glﬁnﬁlng'

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

fused, connected by single bonds or other groups.

15 ' 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
fused, commected by single bonds or other groups; however,

20 when the substituted aryl has a heteroaromatic ring, the

| free valence in the substituted arylrgroup can be to a het-
eroatom (such as nitrogen) of the heterocaromatic ring in- |
stead of a carbon.

By “essentially single phase liguid full” herein is

25 meant that at least 95 volume pércent of the reactor volume
is occupied by a liquid that is a single phase. Small
amounts of thé reactor volume may be taken up by gas, for

) example ethyiene may be added to the reactor as a gas, which
' dissolves rapidly under the process conditions. Neverthe-
30 less, some small amount of diésolving ethylene gas may be
7 present. Not counted in the reactor volume is any solid re-

sulting from fouling of the reactor.



the conposition of the Iiquid phase. For exanple, as the tenperature is
rai sed, the mninmmpressure. needed to main tain a liquid ase (j.nel udi ng
ethyl ene) Wyldoutl ;@1 ethylene gas phase will increase, an "_F&ﬁﬁ%ggﬁ The
bubbl e point 10 pressure al so changes with the conposition o 8 1d

me- dium The bubble point may be neasured under various condi- tions using

a pressure cell Wit apiyRordo i dei@rdime d Rsan¥ HHAINMB{:QS SN S-aM ch, .
~under a given set of conditions, the ethylene gas phase "disappears"”.
Speci fic teEhisyids fats bt Deayrexerseddi| of dhieninaassy B Pt WeeP be

found in A Y. ars 1| nd. : i Q] ..+39, D, 86-
2591 (2000) gj\?@gg? %f?%e%ﬂ%dhgﬂﬁgglagafﬁ%ﬁ o .té%r%lgfceéo . 14,
p. 25-34 (1995)chealllicafi dMpidsar @l her ehiidavlsadiar atied hyubiefeneniae herein
for all purposes as if fully 20 set forth. By a "first ring atomin R6 and
R7 bound toP&FSERtco Wil tiedgenditb s st%%?t%@ Aindha FRTETHhese

groups boun 0 j T i« : [ D, exanie G G 1/11
Il I ¢ C Cl%fltl_ecc(()) ds:){'rﬂ%lrpgf(l I l?'LI '} dli%a%%t ofﬁgjrrshom il%'t hae% ?—hpeosi tion

in the ringsempefblthrands Ediedar ehchenifriimsin mineg satrenscsaiad tto maini-m no
carbon atom__(.ot her. .gr qups .whi ch .may, be substituted on.the aryl groups are
‘not shown). tﬁﬁﬁ‘g aatl&%é‘légjp%ﬁ w@ﬁﬁﬁﬂq s‘%&j#ﬁr?é’e tyﬁé:tr%‘tar%l %
exanpl-€, inghkVphared (W1 Wheredde opeh witel fedaruar w0GmppMe @2i9f192
PCT/ USO / 22628 lencies to these adjacent atons are shown by dashed |ines

(the 2,%8- pobressuge aleovrhamgash &itis thssiqonpes iitd oV thec Ligeid mey

" dium. ‘The bubble point may be measured under various condi- _
tions using a pressure cell with a viewport to determine the:
minimum pressure which, under a given set of conditions, the
ethylene gas phase "disappears”. Specific techniques that

15 are useful for measuring bubble points will be found in A.Y.
Dandekar, et al., ind. Eng. Chemn. Resf, vol. 39, D. 2586-
2591 (2000); wW098/45691; and S. Raham, et al., J. Pet. Sci.
Eng., vol. 14, p. 25-34 (1995}, all of which are hereby in- |

- corporated by reference herein for all purposeé as if fully
20 set forth.
- By a “first ring atom in R® and R’ bound to an imino ni-
trogen atom” is meant the ring atom in these groups bound to

an imino nitrogen shown in (I), for example

C CcC—C
PN
T 4N
c\c//.,_c \N/
| ]
25 (TI) (III).

© The atoms shownt in the l-posgition in the rings in (II) and
(ITI) are the first ring atoms bound teo an imino carbon atom
(other groups which may bhe substituted ont the aryvl groups
rare not shown). Ring atoms adjacent to the first ring atoms

30 are shown, for example, in (IV):and'(V), where the open va-

8



or (IV) (V) .5 1n one preferred enbodinent of (1), R6 is RI12 1 (VI) and R7
is (VIl) wherein: 10 R8 is a halogen, a primary carbon gr ndary
car bon group tertiary carbon group; and 9 10 11 14 1&‘%@“3'752&%

, R, R, “Véﬁﬂ"éxére each i ndependent|y hydrogen, hydrocarB§IUsei22628
substltuted hydrocarbyl or a func- tional group; .15 provided that: when R3
i's a hal oge Y. 0 ne of 2 3 and R17
are a hal ogercore B HEEER BaBhouR. Mg B Slor dnei e e, RIS
and R17 bei ngl:ltwonp@egsmSml&@smen(m isnd mm@a@bﬂaﬂm droumr,) ynone or
one of R12, Rl13 and R17 is a halq? a prim carbon group or a secon 17
January 2005 WO 02/ 06192 PCT/ Ugexr %%628 dary E% group with the

remai nder of R 2, R13 and R17 Ke- ing hydroge when R8 is a tertiary
carbon group, none or one of Rl ~ B2L3_and RE7Ths ,kgrtlary car bon group,
with the remai nder of 5 R12, "R13™&nd- “R17 bei ng ydrogen and further
provided that any two of R3, R9 —Bl, RI11, ng,éul& R14, R15, R16, and R17
vicinal to one another, taken together I’?ﬁy forma ri ng. I'n the above
formulas (VI) and (VII) R8 corregpppds to 10 thgssecond ring atom adjacent

to the first ring atombound to the imno nitrogen, and R12, R13 and R17
correspond’to the®n one preferred embodiment of (I), R® is

H12 RS
R11 HQ
HiCl (VI)
and R’ is '
Hf? H13
.", Re R
R (VIT)
.wherein:
i0 "~ R® is a halogen, a primary carbon group, a secondary

carbon group or a tertiary carbon group; and

r®, rR'Y, rYM, rRY™, R*, R and B are each independently

hydrogen, hydrocarbyl, substituted hydrocarbyl or a func-
tional group; |
15 provided that:
when R® is a halogen or primary carbon group none, one
or two of RY™, R*® and rY are a halogen or a primary carbon
- group, with the remainder of R'Y?, R™ and R'’ being hydrogen;
or ‘
20 when R® is a secondary carbon group, nene or one of RY?

R and rRY is a halogen, a primary carbon group or a Secon-



other ring atons adjacent to the. first ring atom In compounds (1)

containing (M) and (M), it is par- ticularly preferred §}1 i 2'45 R8 is
a primary cw@m%§pup, R13 is a primary carbon group, and %r?bé@gdz(%g are
hydr ogen; f Is a secondary carbon group, R13 is a prindar #%86n
group or a secondary carbon group, nore preferably a secondary carbon

group, and RE2varé:Bbh afeodlydregenther rebhailndRE ict &rEerkiaphacatbae.group
" (nmore preferably a tri- halo tertiary carbon group such as a
tri hal onet hyfPF, TREFq9eTs Qkertiary carbon group (nore preferably a

e oLer T ary paunesyehns 0.l oy Loy SO BI2 S0 BT car g

hydr ogen; or 25 a hanSen, s a gen, ‘an

hydr ogen. | ®'aldndpedi tic tprefieryedacbonpogndep( | fikh  WhieC ket hdegnd (VI 1)

appear, it ig,preferred_that Rl, R2 and R3 are hy- drogen; and/or R4 and RS
are methyl. Bt i 1 arehBr fedrer fedrog6™hat : RO, RO, . R11, R12 , R14

, R15 is, R16 and BlE@i@d o dlRaennaRl nB/S £ :RaanﬁgR%jiﬂs AUprimary
carbon group, nore pref- erably nethyl; or 10 WD 02/06192 17 Jahuary 2005
PCT/ U SO 1 RY26F8° RRVRIR™ RIF™S 808, RR14icRbB1 RY6 caved sRbklase alaken :
hydr ogen; 3 is ethyl; and R8 i.s a primary carbon group, nore prefera bly
ethyl ; or Rg%gﬁkéér %?’ N RTII8t-5 R16 and R17 are all hydrogen; 5 R13

i's isopropyl; an@nRBhieS apavid FrYugaEbQUIYr aup, (Wams , preterabkyohaspeepy!;
or R9, R'0, R11l, R'2, Rl4, R15, R16 and R17 are all hydrogen; R13 is
n- propy!?; arBeREerend pingarorarbdRcgREUBS Fbee fpreft ring atom bound

" to the imino nitrogen, and R*?, R and R correspond to the
other ring atoms adjacent to the.first ring atom.
In compounds (I) containing (VI) and (VII}, it is par-
ticularxly preferred that:
15 "if R® is a primary carbon group, R is a primafy carbon
group, and R'? and RY are hydrogen; or
if R® is a.secondary carbon group, R*® is a primary car-
bon group or a secondary carbon‘group, more preferably a
secondary carbon group, and R'? and R'Y are hydrogen; or
20 if R® is a tertiary carbon group (more preferably a frin.
. halo tertiary carbqn group such as a trihalomethyl), R'? is a
tertiary carbon.group (more preferably a trihalotertiary‘
group such as a trihalomethyl), and R'? and RY are hydrogen;
or
25 if R? is a halogen, R*® is a halogen, and R'? and RY are
hydrogen. _
In all gpecific 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
30 that: |
R’, R, rY, ®r'?, rY, R, R'™ and RY are all hydrogen:
R*? is methyl; and rR® is a primary carbon group, more pref-

erably methyl; or

10 -



erably n-propyl; or 10 R9, R10, R1l1 R12 Rio , R15 R 6 and R17 are al |
hydrogen; R13 is chloro; and R8 is a hal ogen, nore prefereqyyééug ghs Or

R9, R10 , R! , Rl4 , R15 , R16 and R17 are all hydrogen; S
trihal omet h fvuﬁﬁﬁg preferably trifluoromethyl:' and R8 15 |RCHUS01/22628
trihal onmethyl, nore preferably trifluoronethyl. In another preferred

-embodi nent- of (I k? RerangiR7 @re,p14r egpeciglvel y RO B19 Bea

] f. r 8
(IX) 1-20 mhg;ein: R18 is a hal ogen, a primary carbon group,ﬁgﬁgegondary
car bon ‘gr oup-orisa e¢@ntlarant &’ bos gr pupmazmd cRI®ENRRGOURZ 3mand B2dfare-each

i ndependent
functi onal
group none,

h ogen, hy- drocarbyl, substituted hydrocarbyl or a
é#gué?£¥g; : '

do(VITT)

PPGvi ded that: when RI8 is a hal ogen or primary carbon

one rér kWo @f! R3E?Z RIZ apth R2BSageqarHakegen1or ngapbhERLY

carbon group, with the remainder ,of R21, R22 and R25 bei ng hydrogen; or

17 Janudry-

carbon.grougrggggggg%bggggg%95§i} R22 and R25 is. a halogen, a primary -

carbon .grou Bon group, with the remai nder of R21, R22

B005-S ig ayaenls? andh@f/ Usoa/ prEperyhearRo8 xoaDse®ondar y

and R25 be- ing Rydreidenr*s wién R18 rY ar'tranary'’carbonldr aygrogeng or

one of R21,

10

15

S 20

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

C - r?, R, RYM, RY?, RY™, R, R and R are all hydrogen;
R™ is chloro; and R® is a halogen, more preferably chloro;
or |
' r®, R, R, rR'2, R, R, R'® and R' are all hydrogen;
R is trihalomethyl, more preferably trifluoromethyl; and R
is a trihalomethyl, more pr_éferably trifluoromethyl.

In another preferred embodiment of (I), R® and R’ are,

respectively
R* R'? 24 23
R R
N/
| C““fi \b*—c
J\ JoN
Rz( Ny ’\Rw Hzg’ Ny \H22
' and I .
{(VIII) ' {IX)
wherein:

R is a haloden, a primary carbon group, a secondary

é:arbon_ group or a tertiary carbon group; and

25

RY, R?®, R? and R?* are each independently hydrogen, hy-
drocarbyl, substituted hydrocarbyl or a functional group;
Provided that: |

when R'® ig 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

11

11



R22 and R25 is a tertiary carbon group, with the remainder of R21 , R22
and R25 bei ng hydrogen; and further provided that any two JRluS % , R20,
R21, R22, [@3,ff4 and R25 vicinal to one another, taken to %’{ j’% may
forma-ring. In the above fornmulas (VI11) and (1X), R18 corr P the
second ring atom adj acent to the first ring atom bound to the imno

ni trogen, and R2yhedRPR'&nts RLS:£@hRQSPPNCarbent o Nekokk ngr ab o8B, adjaceNt
to the first, rin atom 15 I n. conpounds (1) containing (VIII) and (IX), it
is par- tichfa gr'ef epr adhehagen; f aRPELNgTy pRIFhanygtanrboRrgrOERCOR22 'S

a primary c n rou d R1,a I dr i 221 f 24§ a
secondary cgrgggncélrrgﬁ%, %Ef IE)l’s Wé'%g)lr irgrrlaerRéseé%rl%d% ﬁﬁ?{;r’o oﬁnglgeccsﬂ?d—ary
carbon groupngnhverpgeherably a secondary carbon group, and 'R21 and R25
~are hydrogen; or if R18 is a tertiary carbon group (nore pref er-abI%/ a,,
trihal o°tertiaryWE8PhBNn groud SRIHAEY LIFPPRI Sty | Dongor ore P Kiiary

car bon groupzy Ry, seferab Lri-halebent | ary: gLoHRS
trihal onethyl ) ¥ Rﬁ%ﬁd%’é?%ﬁé ﬁéa?%%ﬁ?%ﬁ%?%‘f@ei ggga%gf%éeﬁ,f R22
i s a hal ogeR*,aRd’ Rzad aR ReSnar bydwpdiesgen. I n all specific preferred

conmpounds (I) in ich (VIII 30 and (I X) a ar, it i raf ersed_that Ri1,
R2‘m;nd R3 grza hyél\rﬂllar 385 Peﬁnﬁff)’?’lﬁ?%aﬁﬁ?a% aélgg%ﬁ’é’t R .Rl?;'t p]?‘lg'fﬁgot?hgrzhﬂ
preferred x¥at 712 @7 Jdagualy AN 2/ Q6d . S Rl USQA L2628 fer R20,

R21, R23 and R24 are all hydrogen; R22 is nethyl; and R18 is a primary
car bon 1§r oupay nbptmperdéngbl y nethyl; or R19, R20, R21, R23 and R24 are all

nyarogen. T2 | gl Bt BN 5 Rt o 80 o gl b1
: 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 atoms adjacent to the first ring atom.
15 " In . compounds (TI) containing (VIII) and (IX), it is par-
ticularly preferred that: |
if R' is a primary carbon group, R* is a primary carbon,
group, and R*' and R*® are hydrogen; or
if R'® is a secondary carbon group, R?*? is a primary car-
20 bon group or a secondary carbon group, more preferably a
secondary carbon group, aIlle‘?.l and R?*® are hydrogen; oxr
| if R*® is a tertiary carbon group (more preferably a
trihalo tertiary carbon group such as a trihalomethyl), R*?
is a tertiary carbon group (more preferably a trihaloterti-
25 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 rR® are
. hydrogen. 7
‘ In all specific preferred compounds (I) in which (VIII)
30 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 :

12



pyl; and R is a primary carbon group, nore preferably iso- propyl; or Rl4,
R20, R21, R23 and R24- are all hydrogen; R22 is n-- propyl, IS a
oPiEaly 25

primary car Qup, nore preferably n-- 10 propyl ; or R 1, R23
and R24 ar eb‘g?"g‘m%?ogen; R22 is chloro or bromp; and R18 i ECHURNYZBG™N,

-nore preferably chloro or bronpo. The active oligonerization catalyst may

be prepared by }B°a x#hiely of2*nehLRod®: sge har hij,l&gg.g% e ReEVi .
[incorpo- rated US5955555 and US6103946, as well as U 2259 ainsg%%tx'lyl’ :
W000/ 08034, ¥t R of Lahichranarsl ssrbavogpovnt etdoby peéferabky hetleyh; for

‘all purposes as ifisfulicy set fosth, ere_a cqcat al.yst such,as, an
al kyl al umi num corigpoUn i’s% 20 ﬁqﬁxﬁg\ég f 8F St ﬁigia Fiéé’g@é’t;aﬁflstlss%@ﬁ’és‘, an
iron conplearaf R'{1)s suphiesre 69APbEXgBbuD] ) ndké NpFeEL2-n1RYD8, 1 £86t ed

.
with an al kyl al ugi num,conmppund,, preferably an_al um noxane such as
met hyl aPumi noxan&  t o’ T or i an Bot#9@ Bt hprenald| hydiresera- Rf1 s spepires-

The ratio of,Aal.um pumLe i, N u o iron - a
conpl ex) i nbE%é ol i gomﬁ%%%ﬁﬂhﬁ%ﬁbggk%%ﬁa@t gg%%%ﬁrﬁjgﬁébafﬁﬁelso—
cat al yst usedopylt;he@mprocess of the present inven- tion nmay be unsupported, -

or may be supported sany,one,ef a_ nunber of well -known substrates such
as disclosed in :Rhe' %g)h pr Virodk] VRARY pBF &t @Eh@?@?@ﬁ@@é. RPr éfefabl y,

however, theopstal weld RS® Useds ipi- LIRSHPPELSEh fOF L | Md e PEOE&S 1y n-
descri bed herein, as in nost chem cal =~ manufacturing processes, there is
of ten d%bal BEEBYhaPYis 13 17 January 2005 WO 02/ 06192 PCT/ US01/ 22628 .

operating cost of el ng Khe, TaediRbd pr BARCELL e BRERGsE deBcFRRgEe
herei n stri&esbaohal;anné Bet vieem theseger Wondae tirsr WIS, r@sAS drh -
excepti onal'{)%oing\‘/v manuf act uri ng
The active oligomerization catalyst may be prepared by
15 a variety of methods, see for instance previoﬁsly incorpoQ
rated US5955555 and US6103946, as well as US6232259 and
WO00/08034, both of which are also incorporated by reference.
' herein for all purposes és if fully set forth.
Where a cocatalyst such as an alkylaluminum compound is
20 required for the actiye catalyst species, an iron complex of
(1), such as a complex of (I) with FeCl,, may be reacted with
an alkylaluminum compéund, preferably an aluminoxane such as
methylaluminoxane, to form an active ethylene oligomeriza-
tion species. The ratio of aluminum (as alkylaluminum com-—
© 25 pound) to iron. (as a complex) in the oligomerization may be
about 10 to about 1000. '
The catalyst used in the process of the present iﬁven—
tion may be unsupported, or may be supported on any one of a
number of well-known subgtrates such as disclosed in the
30 previously incorporated references. Preferably, however,
the catalyst is used in unsupported form.
In the process described herein, as in most chemical

mamifacturing brocesses, there is often a balance that is
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5 costs for a-olefins. Wthin the paraneters described herein, small

changes can be nmade to further optinize costs based on v VS f,;afd S,
such as thew®§nqd, et hyl ene, 1o- cal cost of energy, etc?HB%ngilg' g}o{?ﬁ uous
stirred tank reactor or its equiva- 10, lent"” herein is neant "a & "dous

stirred tank reactor ("CSTR') as is understood by the person skilled in the
art  plus thosesdledndtGre@onifd giiratl e oamsidased f undd pnalfyctemyal ent
thereto. The standard CSTR conprises a stirred tank with inlets 15 for the
catal yst cofiéHEntdy) thewne@Eidng £aitefdhdalshls thatdesired merodatvent

and et hyl eney, A QLU dle Wed ity PAUCL S ML GHIES A8, U8 | lnoun

in the art, seefor 1nstance oschwtz, e

Encycl o- pediva dfacthem edlickeatemilagy i tdxdebt; idied 11120, ow ol ©yu&i 2
Sons, New York, 1996, pp. 1007-1059, which is incorporated herein by

ref erence féesdlg four posdsefdnsg f Milbthindthg gataneters nikazrideedbove, -
functi onal i.+al ent s for [R ma | sq be .us for exanple a _
circulati ng%%t)yoe\é%r’e%&%&rl icr%l%n‘ |Scﬁatr%é3%l r{ﬂé—ﬁr&é%iteon?fsjure{:theereso g:rﬁrﬁuaﬁ yccﬂﬁ{‘fsf orm
t hroughout. thee®@or eerichsc Faatagis, oralcle@s wenis arss waldyiaonwn 1®, or
can be readily determ ned by, those of ordinary skilled in the relevant
art. Mre t SRS tCSFREERquisF&-ent) may be used in se- ries, for
exanpl € 0 avoldghg haglilikaldan fl MY d0%Geacidyl ACLAS S Gl By be
nmor e expensive than two smaller reac tors 1n series (a preJTerre

confi guitat i dent”ohetreinelip prentviadecendugivweodtiing ecapaaii wdzartdhe

reaction syste see below) .. .14 17 January 2005 WD .02/06].92
PCT/ us01/22ét§§@?(ﬁe ré§cﬁso%’f3§rﬁﬁﬁ°§t i’é[ HFES Qu Sk e o deds

i ngr edi ent spf eat @hyst r2alkteRt cotithyhere i3pd SRl ey FBicl@sipilial 1y a
single phase liquid so that the reactor is es- ”
; equivalent thereto.

The staﬁdard CSTR comprises a stirred tank with inlets

15 . for the catalyst component(s), any recycle a—olefins'(solf _
vent} or other solvent and ethylene, and an outlet for the
_proddct stream. CSTRs are well known in the art, see for '

instance J. I. Kroschwitz, et al., Ed., Kirk-Othmer Encyclo-
pedia of Chemical Technology, 4 Ed., Vol. 20, John wiley &

2  Sons, New York, 1996, pp. 1007-1059, which is incorporated
. herein by reference for all purposes as if fully set forth.
As indicated above, functional equivalents for a CSTR
may also be used,-for example a circulating loop reactor-in
which the ingredients are essentially uniform throughout the
25 loop. Such functional equivalents are well—known to, or can
. be readily determined by, those of ordinary skilled in the
relevant art.
More than one CSTR (or equivalent) may be used in se-
ries, for example to avoid the instéllation of very large
30 reéctors which may be more expensive than two sﬁaller reac-
tors in series (a preferred configuratiomn), or to help pro-
vide enough cooling capacity'fbr the reaction system (see

below) .
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sentially single phase liquid full. Preferably, this ranges 5 from a ‘
pressure above the bubble point pressure, to below 2 tines .};J nua %(9% poi nt
pressure, g{ not to exceed the critical pressure of et hy

'so, the realt®P¥¥?2 used herein are operated essentially si nﬁcyﬂﬁ é@é—?s
liquid full. This nmakes the nost efficient use of the volunme of 10 the

AL T PP LR B U S L, it g

a-ol efins. The et oduced as a gas a S the

bubbl e poi ntimgredhegher (cprasmir 4 s, s@ﬂ'[}g%ee:m ahd Iiztthmct@pam
rings, or the like, which are known in the:ﬁﬁ VWi le small anmounts (<5 15
vol ume- preseeﬁﬁs%?t%‘—h]el¥ AT IO PRATH | LHE G ddhamhre r%%%tl%\/rﬁﬂ”e '

the gas is dissolying. sfﬂ"l_!;ﬁe ishatd |ilcﬁ9ﬂ§'ﬂlllere(¥lléﬂi'aq) g}" lerer %}rﬁxb

process is-run in the |iquid phase in a "solvent” The sol'vent” may
liquid, Buchzenan pressuie gpécmme ltlp Rgolial pofhit prieesImmt Tedetldvw Zany
si gni f| cant de [£6 W t h rocess C one Pref erahl.y the

sol vent:is n%reac%lbub%bnj}r/eo&%?@tn Fh e 619 7g gtsc@n q}i%eeel"fbc e.or nore’
a-ol ef i ns, pﬁﬁifiﬁircai)l Yot dsuRX tdf ety ipaid | aIByfnddllﬂge sdf,0rthd N&daaGa- (HSs

| ower _boi | ng (X—oI efins such as' 1--butene) of 25 a-oal efins produced by the
process. To Ut} th @W%rﬁi&%@e&a%@pa@%ﬁ@%%ﬁlﬁ@}%@w Jiignadich) | y

V\nththellq_:lﬁl(1ne um q%g the I :
nore a-olefins rraylﬂtle tﬂﬁsade Initi é[fci%sd r}% t he p?adfgtq{é gforleug{{n% a- ol efl ns.
may be Mecydhed mmmdcdam, tie tjmaactzmsiianqﬂ mlhld@fetheS&etaroa: 1S Glodeite’ ifsor t he

process (partl cularly the ethyl ene oligonerizati on conponents) or none of
the a-ol ef i H§afhy-heTraBBR Ce@l e}.Estnﬁ Jéffhfar@;tl’a’d(%le WeY0 Bprgroduced

T O 22536 e, PR SISl Bl 5, SRR B0V, OGNS |
cost of mangiacte Qﬂzﬁdwkﬁs@la&fgeﬂsm Wip tu_bes, sparge rings, or the
| like, which are known in the art. While small amounts {<5
15 volume presént of the reactor) of ethyleﬁe bubbles may be
present while the gas is dissolving, this is still consid-
ered liquid full herein.
The process is run in the liguid phase in a “solvent”.
The solvent may be a liguid, such as an inert organic lig-
20 uid, which does not react to any significant degree with any
| of the process components. Preferably the solvent is . the
reaction product of the oligomerization itself, one or more
o-clefins, preferably the mixture or partial mixture (for
' instance less lower boiling a-olefins such as l-butene) of
I25- o-olefins produced by the process. To start the process a
o sebaiaté solvent may be used initially with the liquid me- -
'rdium eventually being mostly the o-olefins, or one or more

o-olefins may be used initially.. Some of the product stream

o-olefins may be recycled back to the reactor to provide ex-

30 tra “solvent” for the prodess (particularly the ethylene
;oligomerization components) or none of the a-olefins may be

© recycled.
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several ways. The higher the tenperature the less cooling 5 that has to be
applied to the reactor(s) and/or the higher the tenperat ul(r;eJ 0gool.ant
/ r

used to mai (?f) ,(?%e desired tenperature. Less cooling an fg’%gﬁyé?%(
cool ant tenperatu generally lowers cost. The decay of the pRpg2628
ol i goneriza- tion catalyst increases with increasing tenperature. It is 10

found that maxi Mifey ryrRIdd G ARAMHGHR AfsiRrohe ey -ahed 3 geod
absol ute productivity of the catalyst usually occurs in the range of about.

45C to aboutalBBCE, &5Q himore ampeienahly leigedans aicaferi®. Fidalout he
tenperature _also affects the bubble point pressure and amount_ of ethyl 15
ene in the I1%i-dagitasds the mdsterch AR LSS the FigtRiithdn
pressure needgqd, Lat ai i Ahas e, j i SES | {-al. cost
of the 'manufact tﬁaﬁng%%ént ri“bl‘gec%:@!é{ee:of, fgcr@lm xé"(rér{)tluerl,éﬂlt }?%ker S\C/gésasée]1615151gc
needed, sAnd dlertgduasc aapibes ergdried catthe el dyi (gheramwd ot ertee priegsur e.

H gher pres 20 sure al so increases ener costs: Agai,n the erat.ure
‘range cited ﬁ%&&?mpﬁrﬁ&a’éreapef |C@D§a%¥ﬁ usEss &gy g@ i eﬁ'irgp hibbl e

POi Nt pr essHeapesa the@NEr /YL ddblitie dndee ofi 2rb (St UstirRt ire
solvent a typical mx ture of 06-olefins produced in this process with a
Schul z 25 Flagnperedayt dewegls gssit. 0.7 Cssavbeifowhe @nfiate antlddmardiye-
cont ent of i rcent. |n. Fiqur I he .l.i in

t he graph aj‘:%o\ﬁﬁf‘“%@%%&sg , vj’\nr’]]ﬁrel?% eﬁ‘gr g‘%sié:%l[ ?’an\%rt%a]%é.?%f L%?“@se?é?c\é&oée'l ov#et ﬁe l'ine

in the g apkAny gube aBdidumdaSIRARIS W bR REesen s oﬂﬁl%ﬂgrr?so}tdxﬁ
specific to this 30 particular m xture of ingredients, but simlar plots
can be' gepéedt wdthogootihebscdntiien gtriodrns taf7iitygodditdre satRrlefssr atsiupl lvhe

(o2l PSS ARChECLorlohd Sl L-POR iy (s e Dl e
02/ 06192 PC%HE@%@%&_@%&%@&qrsd@zieq@s:xe@preF&h@ﬁg&abjm kdderaahoet 1.2
times the bubble point pressure. _ ‘
also affects the bubble point pressure and amcount of ethyl-
.15 - ene in the liquid phase. The higher the temperature the
higher the pressure needed to maintain a single phase, which
increases capital cost of the manufacturing plant because
of, fbr example, thicker vessels needed, and larger compres-
sors to attain the higher ethylene pressure. Higher pres-
20 sure also increases energy costs. Again the temperature
range cited leads to moderate bubble point pressures.
Figure 1 shows bubble point pressure vs. temperature in
the rangé of 25°C to 80°C,rusing as a:sdlvent a typical mix-
ture of o-olefins produced in this process with a Schulz;
25 Floxry constant of about (.74 (see below), and at an ethylene
content of 10 weight percent. In Figure 1, at pressure |
'ébove the line in the graph a single phase will be present,
while at pressure below the line in the graph a liguid and a
'gas phase wili be present. This graph is specific to this
130 particular mixture of ingredients, but similar plots can be
» generated for other combinations of ingredients. Preferably
the total pregssure in the reactor(s) is 1.0 to about 1.5

times the bubble point pressure under those particular proc-
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The amount of et hyl ene ol i gonerization catalyst used in the reaction will

preferably be the maxi num permtted by the .5 cooling cap 6¥m g
reactor(s)._Catal may be added to the first reactor onlcf %99 or

nor e subsequé%?NW€%k tors in series. Differing anpunts of c&@ﬁU?ﬁﬁZﬁﬁy be
"added to each reactor. The oligonerization is quite exot herm c, about 100

9/ mol e of ety lieneoligaeraed .and.assush oL coplno i) | usually be

applied to the reactor ‘to mai tain t de3|re e
whi | e mai nt aubbdg @nght'pﬁammmmac productivity of the reactor(s) I n each
of the reactors t e te rature an /or pressure. may be different. Ethylene
may be added to [f&§t R 8 LIGReE I matiady S6f usescEar 5.

Cool i ng may the 2e&EARbLLS Qﬁ‘ilbbr%'}%r%tlk}oﬁek%ﬂwnﬂa%ﬁr@?n fe&&mtt%a BX a%%' ©

cool ing tubes may be run through the inte- rior one nore of
reactors toce)@érmgheapan:wm of theotrkectoetBod ofCadedhistg mass e h&\ﬂ%done or
nor e heat ex Zgh erna to thggreactors and connected to the

reac- tors by & %ﬁ?g I58§ T OBYt RE FRaBESr CFoMCait SUPRRSKETteXER A

heat exchangers ﬂQYSéle!plC@hf&@%hhgaaﬂohﬂﬁg % aRaNgetSmaley haveqt he
advantage that they may be nore readily cleaned than a heat éxchangers
internal totPhB2FBageag50oror s Thengligorerézehanrons exidenakotbarmerchanger

I's pres- entp,0pe;gh kﬁ?ﬁbﬁgyo%ee?ﬁg&eﬂgm@}iggmgk 3l ngﬁwgiﬁgségg§terna

manuf act uri ng process conti nues crrcu on hroug
heat eﬂ@hangeolmngswnhy abaalhglbeshpplthé toeankot-eaoftbeiks. tdhRain-

reactor(s) al so 8 g$ted with 30 a cooling_ jacket. Sonme or all of
t he feeds tgagﬁnﬁh%r SFEre pFﬁgeFéaE?%P%rﬁEVrﬁeW@ééﬁeHaﬂét&PPéﬂﬂthégh

sensi bl e hegsy @hetihe pﬂgaﬁet%&feytef(éﬁép}e§eebr (8 reactor(s). If nore
than one reactor is used, the Iiquid I'ine(s) connecting the. reac 17 17 .

January 2005 VKI@Z¢@6Q9QfPCHﬁUSGQ¢22628th©rEemgyrbeumeobad/andpnespase
through heaﬁa&&ﬁgagggﬁerengy Ethylene may be added to just the first
15 reactor, or any combination of reactors.
| ‘ Cooling may be acéomplished by any methodrknown in the
art. For example cooling tubes may be run through the inte-
rior of one or more of the reactors to cool the contents.
Another metheod of cooling is to have one or more heat ex-
20 - changers external to the reactors and connected to the reac-
| tors by a liquid loop to cool the reactor contents. These
external heat-exchangers may be typical shell and tube ex-
changers. They have the advantage that they may be more
. readily cleaned than a heat exchangers internal to the reac-
25 tors, and if more than one external heat exchanger is pres-
| ent, one of them may be shut down for cleaning while the
manufacturing process continues. The circulation through
these external heat exchange léops may also help stir the
reactor contents. The reactor{s) may alsoc be jacketed.with
30 a cooling jacket. Some or all of the feeds to some or all
. of the reactors may be cooled to allow the sgensible heat of
»the ingredients to (help) cool the reactor(s). If more than

one reactor is used, the ligquid line(s) connecting the reac-
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or all of these net hods may be used in any conmbination to cool the process
ingredients as needed to naintain the de- sired process teﬁpﬁ{ﬁ 5 An

i nportant i e capital cost of this manufac- turing p 1) H; é% its
e GLush e

cost of ope I'on'i's the amount of ethylene that nust be re
process. Recycling of ethylene often involves flashing of the unreacted

ethyl ene fromd ke priodussoséd eam/ SLRHA oM di @t e oMl Aldd)8s | N-anyl10
‘gredients (for exanple 1-butene), and reconpression to feed to0 one or nore
of the react®r 11Coriprideede snapPds Jory drediseuiprasmt cuidigredsitdny tm t he
capi tal cost nd.use a | ot of . energy. | rde reduce t.he anmount of
recycl.e ethy gﬁle?:}%%(?]?ﬂ%e%? o%:%%lgec%ﬁ%% sa%" géerlr%cri{?‘éscelwa ma‘i:irﬁcaa}:.n reXetSt i n

series W.th sdwtecair-eidyd enenpeett(ad her than the ethyl ene dissolved in

the liquid fed to the final-reactor). The concentration of ethylene in the
liquid ekiting tHe finReriapkibreiin thfiLameEdb@ast ndn s M@t d
entering, SiesSOHR MACkAN Ll LEddie oenbaling i i 4k Mavdaeh s
consuned by the a-olefin orm ng reaction. I's Tinal reactor may be a one
phase {(|i quiethivllene fihamnatugSHe (wercyerfied dlrent)e mroawmss .si MEqydidray [afui d

full fi- nal. pl flow reactor. Plug.flqow reactors are well kno in 25 the
art, see [ oFTRIBRTEH ST IR AHEG 0 e Trgited 1 chd
Encycl opedi &rofn ehRmGaladechnotasy, Mdurfetion Vlom 2neloRb1Wdiae &nSons,
New York, 1996, p. 1007-1059, which is incorporated by reference herein

for al | pur pyeed endgss i fLdw|¢xammte flotuterfe fand Hesiomdvesisiieal toedeaast
cones 3011 om e Last LIgUS Gl e LeActer | e JRACLOL i 2l Gie o pan

i
mai ntain a si'ng ase’in i react’or by “main-"taining tt ressure
fromthe presudpmeneacidd @reHidly ltavaihe idapiithel (ML atnd fise 3 Ne& af ower
tenperature results in a 18 17 January 2005 WD 02/06192 PCT/ USQ /22628
.. .energy. : -
In order to reduce the amount of recycle ethylene, the
15 process may also comprise a “final” reactor in series with-
out any ethylene feed (other than the ethylene dissolved in
the liquid fed to the final reactor). The concentration of
ethylene in the liquid exiting the final reactor will thus

be lower than in the ligquid entering, since some fraction of

20 - the entering ethylene has been consumed by the a-olefin
forming reaction.

This final reactor may be a one phase (1iqﬁid full) Fi-

" nal CSTR {or equivalent), or may simply be a liquid full f£i-

hal rlug flow reactor. Plug flow réactors are well known in

:225 - the art, see for instance J. I. Kroschwitz, et al., Ed.,

| Kirk-Othmer Encyclopedia of Chemical Technology, 4T Ed;,-
Vol. 20, John Wiley & Sons, New York, 1996, p. 1007-1059,

which is incorporated by reference herein for all purposes
as if fully set forth. The feed for the final reactor. comes
'3q " from the last liquid full reactor in the reactor train. One
can maintain a single phase in the final reactor by main-
taining the pressure from the previous reactor and/or lower-

" ing the temperature. Since a lower temperature results in a
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| ower bubbl e point pressure, the pressure may be |owered to t he bubbl e .
point of the liquid at that tenperature. For ex- anple the.ﬂine ﬁg%ﬁgen t he

| ast reactor and the "final', re- actor may contain a heat ‘e whi ch
| oners the MEAPEPASE Lure of the process liquid, after whi chPEHESPIBESUr e
on the liquid may be |owered. However it is preferred to maintain the

pressure in-t i-nal, .r eact.aor, at_the sa ressure found in the previous
reactor. |t %o@? epl]; SER S HGTE ﬁ%:eesfsiuﬁ:é‘zl’n%ggectp&esﬁél_rﬁj 5‘15‘{5'9'13{% (L)L\ﬁwef@%r &8ct or .
Lower et hyl eng amsid odiht e Idhauind phiaseexibat iceapkhathireal reacker are
‘nore readily obtained in a plug flowreactor than a CSTR |n essence,. the
final react MRiR eddare dpiwnear dhe demfersiasitoat aachyhend fioalto rehe

proc- ess, ' i I he anmu f y ich is cy-_15 cl ed.
Figure 2 s'h%&?%&%%%@é} rél%lgr amo gﬁlgngéegsik‘lgﬁgh\g@ﬁw frngErE%t %Egﬁnpglraan
c-ol efi rF pl dmiremeonlfiact wiowgedraviingidne a fESIRwhighi dhtublrekeactobnanea
final -single.phas &P|U%EI|OM/ reactor. A CSTR reactor 1 has an agitator 2,
an ethyleneiéﬂuﬁég RS I AMFEER -f e EFYV Ry HLénd SgRE SEREESEX L8r RELIEE6RI ng
loop 5, an ehi-gemRidZald O Galealsyshhif eed dHore at, 'tﬁ% ﬁéﬁ@r Baksshoel ?Ban oop
5 which is cool ed by heat exchanger 6 which is fed heat excﬁange cool i ng)
fluid through [thee prearidushireRctexi.ts through line 8. The liquid from1 is.

circul-ated 25 . gh..5 b u .. Jhe d.iquid 24 exits from.l rough
line 10, through™s §%|%€§%§I¥S§e%ﬁ€§tte cha grrfTFtPﬁr%ﬁgﬁ p&h?cﬁg8golant
i's circaol at edaby dri.nes.olrardhd3 enko chintahtsphugchbowi Faagt phage. ekhe-

liquid 16 in 15 exits through Iline 17 through_E;essure reduction_val ve 18'
to gas-|i quiB93Ghgefaradorefgtornarri §ore SEREAAYT PBRRR2DSAWANCR BdHBaAI ns

S o) CoAhy TRACLOET RGP LR, By Bt Dl ESRRAODkopor 1o
nostly ethyteaasa&rehpassedaﬂhraugheksmenZmflétﬁﬁléﬁéOﬁéQZto the proc- ,
ess, thereby lowering the amount of éthylene which is recy-
15 cled. _
Figure 2 shows a schematic diagram of one possible con-
figuratipn of an o-olefin plant manufacturing having one
CSTR ligquid full reactor and a final single phase plug flow
reactor. A CSTR reactor 1 has an agitatér 2, an ethylene '
20 feed tube 3 which feeds ethylene gas into extermal cooling
' lobp 5, an oligomerization catalyst feed line 4, an external
cooling loop 5 which is cooled by heat exchanger 6 which is
fed heat exéhange (cooling) fluid through line 7 and which
exits through line 8. The liquid from 1 is circulated
25 . through 5 by pump 8. The liquid 24 exits from 1 through
line 10, through shell and tube heat exchaﬁger 11, through
‘which coolant is circulated by lines 12 and 13, to fimnal
plug flow reactor 15. The liquid 16 in 15 exits through
~line 17 through pressure reduction valve 18 to gas-liquid

30 separator 19, The liquid stream from 20, which contains the
o-olefins, may then be purified, for example by fractional

distillation to separate'the various o-olefins. The over-

heads from 19, mostly ethylene, are passed through line 21

19



17 January 2005 PCT/U SO | /22628 and conpressor 22 (and the ethyl ene may
al so be purified, not shown) back to 1. Line 21 also has ﬁndaﬂhg%kl%ﬁg pur ge
line 23, to\K/S@(‘ﬁﬂ npurities fromthe recycle ethylene stream SO _nhot
shown i s possrbfe fecycle of a relatively 5 small part of th&CHrHHlE1628

streamin 20 back to 1, either di- rectly into 1, or into a hol ding vessel

in which it hggnisRshedish Di w@r&ﬂ@téﬂ@f@&?wﬁ a@gg%s f fgfgg{ipugh 4.
Agi - tator 2 may not be necessary if the circulation from cdaling Toop 5
can provi de epbugrcwiyl tladlonte ol kedpind 2k ontentlanfan Getlhykasenpbtye

uniform Addit] f ethylene from3.into 5 and.then into 1 rovi de
2ddi £ onal - aPacTon, CRACETTe HRIE T L Ao arer e L EOSt ¢ he
mej or vessel stagsh. SONE@ Adiersesiw PIefos ABINS- & -de yars ods1 hines1+
indicate the direction of flow of the gas or liquid being trans 15 ported.

Usi ng the ol $Hdhemakl ioh e agaducteseisdiedthediinck taor kt upétioer di-

a-olefins is I Meas f ot {E&| fe : roweight s e ole

i ns obtai nedr‘lg‘gE agﬁgzroﬁl’f romﬁrﬁe& aéc!lgulﬁjl Z- g%ys%‘%ieol\rq@ %@hfgé %%s %’fﬁ%{é B.
El vers, et akith kd.i@feddilzemnivrs Eticrapediiactofid ntkstrhedudhesl stayi- Vol .
Al3, VCH Verlﬁgé esel | schaft nbH Weinheim 1989, p.. 243-247 and 275-276.
This i's defiiPad MRE OPD MKITRYY Al GRSl e oo croel B89 n)

i's the numberogy 9MRIEs Howll B idhdilfh Zil@itlidi0 1h GAIRON 1L 00BN+ &fds NE£N+2

olefin) is the nunber of noles of "ol efin containing n+2 carbon atons, or
i n ot het0 wok decasvmaieyt tiiighmem.ol iAghimericef o' editefliene From tdhi snicarb be

det erimi ned th i ght.. f ti fqd AL | ef i inth
osul 11 o ol TRbHEE: S Bk E A AAdidg e 2SR St dfof Gl
preferred taadeiiilg e taRgSICH Hem ik 068 d a1abewd & & 0 smkedide

a--olefins of the nost comrercial interest. This factor -can be varied to
some ex- terfiOMS&ENegT SORSIIMRTE -pr SIS PO ider porda USeiosouslicate

the direction of flow of the gas or ligquid being trans-
.15 ported. |

Using the oligomerization cétalysts described herein a

‘mixture of G-olefins is obtained. A measure of the molecu-
lar weights of the olefins obtained is factor K from the
Schulz-Flory theory {(see for instance B. Elvers, et al., Ed.

20 Ullmann’s Encyclopedia of Industrial Chemistry, Vol. al3,
VCH Verlagsgesellschaft mbH, Weinheim, 1989, p. 243-247 and
275-276. This is defined as:

K = n(Cu olefin) /n(C, olefin)
wherein ﬁ(cn olefin) is the number of moles of olefin con-
25 taining n carbon atoms, and n(Cn@-olefin) is the number of
‘"moles of olefin containing n+2 carbon atoms, or in othér
words the next higher oligomer of C, olefin. From this can
be determined the weight (mass) fraétioné of the various
olefing in the resulting oligomeric reaction product mix-
30 ' ture}. The K factor is preferred to be ih the range of from
.'jébout 0.65 to about 0.8 to make the ¢-olefins of the most
commercial interest. This factor can be varied to some éx~

tent, see for instance previously incorporated US6103946. '
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20 17 January 2005 WD 02/06192 PCT/ USO /22628 CLAI V5 What is clai med is:

‘1. A process for the production of a linear a-olefin pro co i-Si ng
e f{Ads

the step of ntacting process ingredi- 5 ents conprising a

et hyl ene ol i"é‘g%{?q]%ti on catal yst composition, ethylene and BCHUBNI628
wherein the active eth- ylene oligonerization catalyst conprises an iron
conplex of a conpound of the formula ( S\/\/nerei n. R, R2 and R3 are
each independently -hydrogen, hydrocar- —substituted hydrocarbyl or an
inert functional ghstpis prlviged idat any two of R, R2 and R3 vicinal to
one another taken together may forma ring; 15 R4 and R5 are each

i ndependent | y hydk ogerbrodsas ooerr bylle prsadhsttitant ed hy driocarbyd-alrefam i nert
functi onal %Pé‘c?ﬁc% and R7:.are 'ﬁgch indec%en'de_tl .a substituted aryl, hav-
ing a first Ting atonT BRIF Y (HE iR Hi (FBYSE 1D RTREESS Haoresi{ n
R6, a sesoncertifcaimmadj@eantadtivdidthilictle INGomhOMdSi oWt 198
hal ogen, a primary, carbon group, a secon dary carbon group or a tertiary
carbon gr ouFO"RRF ¥iirherctiprlnalend Rasalivers,, wheradal dheecorid vie ftat om

is bound to ‘ Qf - ¢ i r r-Qup, .none, one or, two of -
t he ot her r}flrég}?éa?%%? n &gaanéﬂil’?f a&?ié%gn?:%?“g%s}g‘le% A% SEF RS é)rfg ,
bound to a Ralaggowrd o Hribearforaallzon group, with the re 21 17 January’

2005 WD 02/06192 PCT/USO /22628 mai ndgr of the ring atons adjacent to said
first ring atom being bound to a hydrgen afom or '

o (1)
16 wherein: .

R', R? and R® are each independently hydrogen, hydrocar-
byl, substituted hyaroCarbyl or an inert functional group,‘
provided that any two of RY, R? and R® vicinal to one another

- taken together may form a ring; |
15 R' and R?\are each independently hydrogen,‘hydroéarbyl,
' 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:

.20 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 artertiary carbon group; and further
~provided that‘
. in R®, when said second ring atom is bound to a halogen
25" 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-
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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 5 in R6 and R7 adiﬁ&%ﬂ&gtébogai d
a

first ring bound to a hal ogen, a primary carbon grou r
secondary cg‘g(gomﬁ&ré?zoup, with the renminder of the ring atorrgciﬂis%gﬁ%s to

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

second 11 g ALHRLS oW L0 LEESAAT A1 d0ecar BOTLH U - DONELL QNS Of

the other ring atoms in R6 and R7 adjacent to sali rst ring atomare
bound to a tetiaryourshribom grolpeogent atethe oenmai nder of the ring atons

adj acent ‘to said first ring at. bei ng, haund to a.hydro atom

har agteri zed | n Thar -t KBS edch SersrEbonts Ahre’ danaeren U 4 Fegon-
conti nuous sdd#y athiiiK J10aet Ormétie | t Sn&Usk Vabends BHle S rAEAPLIRY Witntd
from about 35C to about 80C, and at a pres- sure such that the continuous

stirred Tankn dicesd Bf adsaceqti val satdi §issseningl #ioni ageebphadetei aqui d

full. 20 2. ocess. . of i . h erj dsjé at : is (V). and
R7 is AL3 R&‘%%De)rn'zg‘ Diamaty’ %Wo@i@% % aér})urgér%/}}éo%gkén delldp,
PCT/ USO1/ 22628 HR&Hes ranhalraren, o tdé natyg cardomn giplgsnti Seconcirfirscar bon
group or a tertiary carbon group; and RO RlL , RlI1 , R14 , R15, R16 and
R17 are eacH i SRnE W%&e%,ah@%‘?%rbﬁwr@u&?i tut ed hydrocar byl
or a func 5 tiongl, gFoupheandaibr WAt thaly atom is bound to a tertiary
10 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,
. ¢haracterized in that the process iﬁgredients are contacted
15 in a continuous stirred tank reactor or its equivalent, at a
temperature of from about 35°C to about 80°C, and at a preg-

© sure such that the continuocus stirred tank reactor or its

gguivalent is essentially single phase liguid full.

20 2. The process of claim 1, characterized in that:
R® is -
R12 HS
R11 RS
H10 (VI )

and R’ is

R' (VII)

25 wherein:



. hone or one

when R8 is a halogen or primary carbon group none, one. or tw of R12, R13
and R17 are a halogen or a primary carbon group, with the {Fyaindgﬁo'f R12
R13 and .R17 e&aﬁ pydrogen; 10 or R13 when R8 is a secondary PP (%roup,
"% and RL7 is a halogen, a primary carbonfQVHdP/ 228,
secon dary carbon group, with the remainder of R12, R13 and R17 be- ing
hydr ogen;” or 15 e } rti,ary.: 0 p e or 2,
RI3 and RL7 5 tortiary DarBan G ou areh Cherrandr RaBr BreSRBPRS and
R17 bei ng hydrbgengreng four chéremprievivdedrtioat gaoypct;warnaf RS, R9, R10, R11,
R12, R13, R14, R13, R16 and R37 vieinal,.to ong.,another, taken 20 together
may forma ring.®3. Rhe Broceds:oR ol & mad dhar ateeeigbdindeptadent ¥y RS is

a primary c ou i prigary .carhon' - grou a R12._and R17
are hydr oge%?ag?ggé’i ?lng%f&'gr}@e'coér?%rtg/itg%re@o%ygrr%ﬁ(é&%ﬁggs aa%lr}%llcrrar y

car-- bon gtbopadr gacsecoagary carbon group, nore preferably a secondary
carbon group, and R12 _and R17 are hydrogen; or if R38 is a tertiary carbon

group (nore prefBFEBEGe] @ halo tertiary carbon group such as a

tri hal t hyl ), issa. 3 tiary carb f bl
e oty BhenoRe e 8 B bR o R E R R BR LS RS HEHES, e

hydrogen; o0b6r28wd7odantrar yr*208hd WO 02/061921B6EHUSR1L22628ai, R8rbsna

hal ogen, R13 is a halogen, and R1'2 and Rl/ are @%dr{)’gen.. 4. The process
of claim 2, 9ER¥PacteFizERS remrandes RE RR> dnd ake Bedreggbrdafde®d and
R5 are;get hyl; ~and: R13 10 -

' when R® is a secondary carbon group, none or one of R'Z,
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

15 ' when R® is a tertiary carbon group, none or one of R'Y?,
rR? and RY is tertiary carbon group, with the remainder of
r*, R and RY being hydrogen;

and further provided that any two of R, r?, Rr}®, R,

r¥2, R, R, R'®, R'® and RY vicinal to one another, taken

20 . together may form a ring.

3. The process of claim 2, characterized in that:

i3

if R® is a primary carbon group, R is a primary carbon

group, and ®*? anad RY? are hydrogen; or

25 if R® is a secondary carbon group, R

is a primary car-
bon group or a secondary carbon group, more preferably a
secondary carbon group, and RYZ and R’ are hydrogen; or

| if R® is a tertiary carbon group (more preferably a tri-
halo tertiary carbon group such as a trihalomethyl), R is a

- 30 tertiary carbon group (more preferably a trihalotertiary

group such as a trihalomethyl), and R'? and RY are hydrogen;

or

.23



R9, R10, R11, R12, R14, R15, R16 and R17 are all hydrogen; is nethyl; and
R8 is a primary carbon group; or RO RIO R11 | R13 is ethylhﬁncllJ R9d%%0 R11
| I R13 R13F$§3"5f§89 opyl; R9, R10, R11 R12, R14, R15, Riba ol Wa e all
hydr ogen: i'§ 4 primary carbon group; or R12 R4, R 5, RIEAAPIREZZE e
all hydrogen; and R8 is a primary carbon group; or R12 Rio, R15 Rib and

. R17 are all hydr 58 1 - . a3 i i ary r-ben _gr-oup; R9,
RI0, RI11- R 21 R s 1?65% %‘i?% eéa]??ﬂlﬁ%f/%?bgaé{%@ 1??5‘3% af s ate
chl oro; and B8liagen hal ogen; or R9, Rl1, Rl11l, R12., R14, R 5, Rl16 and R17
are all 'hydrogen; R 3 is trihalonethyl, nore preferably trifluoronethyl;
and R8 is a trifluoronmethyl. 20 5. The process of claim1, characterized

in that an al- kyd alnid e SoEPosNd-1 Siml 50 MLt -8qr Bt i @, al um num
to iron of about 10 tg about_ 1000. 6. The process of claim1l, characterized

in that the .25%ea&iendi B’ rame dydrquesssnd Rit agd aoweecambbile poidit
P ssure of et hyfener 7. Mhe Brociss o b i e tharet ot dRCoR sai d
30 pressure®'$ helwscRylineadt At hubblm-ipeint qrEssurgrody; The process of
claim1, charact %rgl,zeRgD,l antlt]alt%lZS:ale'l, R, R and RY are all hydrogen;
RY is ethyl; and R® is a primary carbon group; or
10 - r?, R, RY, R, rRY, R, R'® and R' are all hydrogen;
RY® ig igsopropyl; and R® is a primary carbon group; or '
r?, rRY™, rY, R, R™, R, R'® and RY are all hydrogen;
RY is n-propyl; and R? is a primary éarbon group; or
R’, ®r'%, R, R, R™, R', R'® and RY are all hydrogen;
15 R ig chloro; and.R? is a halogen; or '
| r?, r'®, R™, RY, RY, R', R' 'and RY are all hydrogen;
Rn‘is trihalomethyl, more preferably trifluoromethyl; and R®

is a trifluoromethyl.

20 5. The process of claim 1, characterized in that an al-
kvlaluminum compound is also present at a ratio of aluminum

to iron of about 10 to about 1000.

6. The process of claim 1, charac_terized in that the
.25 ' reaction is run at a pressure at or above a bubble point
pressure of the process ingredients, but not to exceed the

critical pressure of ethylene.

7. The process of claim 6, characterized in that said |

. 30 ' pressure is below 2 times the bubble point pressure.

8. The process of claim 1, characterized in that said

. temperature is about 35°C to about 75°C.

24



tenperature is about. 35C to about 750C. 24 17 January 2005 WO 02/06192

. PCT/ USO01/ 22628 9. The process of claim8, characterized if‘?ﬁé]ﬂfagysf(%&
tenperature\baa ﬁg} 45C to about 65C. 10. The process of an¥ one of clains
1-9, characterized 5 in that there are. two or nore of sai dPEHMHSPHZAGES

stirred tank reactors or their equivalents in series. 11. The process of
any one of clainsgl-f, Fedeaddis ipnald y ﬁggpg[ ; i.nal, .reactor in
series which is a fi- E_;L\(I)g%na% contj? nuous _sét'i rre datflﬁ%slrzgeéi(:tl& tglrae% %‘?Ju flow
liquid ful ltemeetarute whiaduio Lddi toonabuet BPene, ot her than that
dissolved in the liquid entering said final reactor, is added. 15 12. The

process of claim8, which additionally com prises a final reactor in

series which is adingle GASIJUIOWE =8k} IdRd Jank Ji§ACtQry Of A4 0
liquid full reactor to which no addi t}{ onal et hyl el%%’? 1ot9Herc}%hIgAn % 244
di ssol ved i A2 tH&EY itk emcertivey oFaimpea vl sedal toomt iinsicasd et 1 26025

tank reactors or their equivalents in series.

11. The process of any one of claims 1-9, which addi-
tionally comprises a final reactor in series which is a fi-
-}p nal continuous stirred tank reéctor or a plﬁg flbw liguid
full reactor to which no additional ethylene, other than
'thatrdissolved in the liquid entering said final reactor, is

added.

”}5 12. The process of claim 8, which additionally .com-
prises a final reactor in series which is a final continuous
stirred tank reactor or a piug'flow liguid £full reactor to
which no additional ethylene, other than that dissolved in

the liquid entering said final reactor, is added.
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