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10 . ‘ , - TECHNICAL BACKGROUND

0-Olefins are important items of commerce, billions of
kilograms being manufactured yearly. 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-
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Abstract: An effic¢ient manufacturing process for cx-olefins using certain
i ron cont ai hPRBAetRyPERETOPEMEEISFat i on catal ysts, conprises one or nore
liquid full reactors which are ap-proximtely at the bubbl e point of
reacting ethylene, and optionally a final reactor which is at a | ower
pressure than the first reacgmﬁob r 'EII”\IIQIH der other specified |
conditions. This process m m—m—rergoﬁﬁﬁﬁi‘)—cam—@al and operating costs
for the plant. The a-ol efins produced are useful as nononers for polyners
and as chemi cal Anntspecdiaf ethe foresexaapheefpromakiavy dgden agerbses0 |
02/ 06192. 17 January 2005 .PCT/ US01/ 22628 TI L%, MANUEACTURI NG PROCESS FOR
a- OLEFI NS FIBED YCRRVBRTPEON AR 2855 @ TiBnBF e Ui (P"BréEeRS f or
ac-ol efi Ns WBeNGtep @ET t @ritddtafgC PHoreBE NG netrbyk efes OkbgprBsizat AN |
catalysts. ,GOMRIiSes OISO MiSotddAsadiltl !l L8agi0rs Wi gh e ap

- 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 hydr;)gen, hydrocarbyl,

substituted hydrocarbyl or an inert functiomal group;



proxi mately at the bubble point of reacting ethylene, and optionally a
final reactor to which no ethylene is fed, both operatinggggper r
specified copditions. 10. TECHNI CAL BACKGROUND. a-Q efins

items of colfEPO%12ni | ions of kilograms being manufact ur edPGEX ?Vz(%ey
are useful as nononers for (co)polynerizati ons and as chem cal internedi-

ates for the mangkaghyr g7 Oér%‘aéééshél‘r?lﬁ&?&eﬁ@ﬁ& e?| fOlpg¥aMhia pé 1 pav-

detergents and surfactants nost are na

cat al yzed olingomefZaisitoniafy ettont émenhfy twa:rhez)wsnm a’aytsrtcsgere,s gﬁmxalde_,d
certain nlcgﬁ' conpl exes. or al umi num al kyl' s, see for instance US4020121
and 1. Krosctiak ‘tz, et al., Ed., Kirk-Qhmer Encyclopedia of Chemical 20

Technol ogy, 4th Ed. gSVoh. sdZondobBnW heymSaS9RtegleWoYuka pRxs8391858.
Dependi ng on the cat al yst used and the product distribution desired

various proéésgedsabeugsedo Buthalingen @n@ltl@lmer@@m N QP ,pree SRAWS;
B D S IP LA e oy AN 0%, MR B0 LR Sl U AU P

conpl ex. (for exa cle of Tcat rea
i ncreases blﬁevﬁaptit ghagost of the manufacturing plant and/or increases

pl ant operating gosts, both of course undesirable. :There 30 fore better
processes -for nakPn§ a-GPeRi Adidr 8e6pPndoRiBACREPM At Bossd tReBchRLPISRs

o901 o0 | NcUSHORP SR Cl A0 334y DK Ol e diealy dpgar porat

by reference herein tor al purposés as if fully set forth, it has been
found that iiog atompl éxe®®oéndert aadnaaemmmtaaidgéxmtarm@wmm emtecata

WO 02/06192. 17 05 PCT/US01/.22628 | t f th f
a-ol efins fPEHP ? uﬁéngagﬁgenseﬁ Be & HEFEYn é’%"é’dﬁd‘&tﬁ’g%&%%&sg for-

a-ol efins Mh_ﬁbet%@saﬁ@l alihy usebwl a\&bhﬁe&@hﬁcﬁ@aﬁ'd/sﬂﬁrst-rﬂtﬁ B®em €SS
results in | ower capital costs for the manufacturing plant and/or | ower

operati ng cbsisgfbeundetpl antvdlagepsatom; oxr .
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.



found in other. processes. SUVWARY OF THE | NVENTI ON An aspect of the
present invention provides a process for the production of a |linear
a-ol efin product, conprising the step of contacting process ingredients
conprising an active ethylene oligonerization catalyst, _conpositian,
ethyl ene and a solvent, wherein the active ethylene oligoferiazat i<99°
catal yst conprises an iron conplex of a conpound of the fornula (I)
wherein: Rl, R and R3 are each independently hydrogen, hydrocar byl,

- substituted hydragarhyl qr an (nert. functional Qroup, .prqvided that any
two of Rl, R2 an %égvégﬁngﬁﬁ?g gﬁétgﬁgghgggéﬁa en%ggﬁffﬁ rtﬁﬁypﬁﬁﬂﬁéi
ring; R4 anfinRensieneadhli beepepdenthylihyduagets duudl esadhse oFulatdit-ut ed
hydrocar byl or an inert functional group; 2 W 02/06192 17 _January 2005
PCT/ US01/ 22B28YRBkKahY R 5P €5Ehfifge}eﬁeﬁ8€ﬁtlff’yg &5 ks ifeddewiagyifevav- ing
a first ringaaiam bauadibeibie 1 #tnesnkbr ggenpieuiAed thal Jdoh B0y 2
second ring atom adjacent to said first ring "atomis bound to a hal ogen, a
pri mary car beatyrespofatbecénvedaipncwhboh greup for aleedttvar fesartided
group;. and further vided that .in R6 en_saifd second ring.atomis
Bound o a Rarbgenn. BB8 KO ehhr 9Ec ARGl o PR ARt TG BRGOP] he

ot her ringpaboiBednikbcandiRdtadhacant bensdied dhioitinanty atemvangeillound
to a halogen or a primary carhbon group, with the re- mainder_of the ring

at ons adj acBRT1PBS sEPACTFRSt ofi RcatBHFLE PRy YBIEAY 46 a TRFdPE§H tat-om  or
in R6, when said second.ring atomis bound to a secon- dary carbon group,
none, one or two of the other ring atons

3a



in .R6 and R7 adjacent to said first ring atomare bound to a hal ogen,
primary carbon group or a secondary carbon group, wth th& rewm

the ring at s aggécent to said first ring atom being bo dJ %gﬁgogen
atom or in R6, when said second ring atomis bound to a ter ary ¢8bon
group, none or one of the other ring atons in R6 and R7 adjacent to said
first ring a@eemrdlRdaundie cordtenid Ay a GARRAN Gf@iHEl ki) trrféﬁr Qe Baer
of the ring atons adjacent to said first ring atom being bound to a

hydr ogen  at BFPVigiest é&@ﬁ%ﬁ % Hdt ahe scadxinatgddi ent s are cont act ed
in a continuous stirred tan I at a tenperature
~of from about 35C to about Sd%lph&%mﬁgﬁl%%A%&&Gs that the

conti nuous stirr &dduark Jre&cta)rgxmph tef temuiaral|ante i (®@ssent ikalbblesi ngl e
phase liquid full. 3 0 17 January 2005 These and other features and

advant ades BPinkeDFessame (im #Ha)ow fridthyiensmmad @ad‘iﬂk;tumd&’fsﬂood by

t hose ‘of or nary ski.l 1_-i-n th art. § r.om: readi n of . the ||OMAng de-
tailed descglhp |(;%n TP |Csaltlé't3) preém a e%let I%:toce%rst é)f t egt &l’gggtof t he
i nvention whhtbnaden.for clari ty, descri bed below in the context of
separate enbodi nents, 2y al so be provided_in conbination in a single
enbodi nent . Conv§|1§é1P-’)§3 FREUS PeFilce Schematd 9 NesEdn khiec R18RE, - f or
brevity, 3a-\WD 02/0 17 January 2005, PCI/ USQ1/ 22628 described in the
context of a°%iR N9 rjrfsﬁéllss?yb SEOAEEY $EFEECely or in any
subcomhpnat i on: %EEIQ@CBEB&@ET@BND%WTH@SPEE@@RQE% EﬁB@DQMQﬁ‘ﬁ‘SOf
tenperature (C) vsS. bu poi Nt pressure a yIéne and- a

m xture of a- olﬂﬁrﬁsnbyma§mﬂ¥% Slsraisnéd & Hsﬁﬁe pﬁ@@@s@foﬁhﬁmeapﬁesent

i hventi on.

A "hydrocarbyl group” is a univalent group containing
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.



Figure 2 shows a sanple schematic diagramof a plant for manufacturing
- a-olefins by the present process. 10 DETAI LED DESCRI PTI ON THE
 PREFERRED- EMBOD| MENTS Herein, certain terms are used. Song GHUe&8re: A
"hydr ocar by VEPHMY2 i s a univalent group containing only caPGEHSHRA28
hydrogen. As exanpl es of hydrocarbyls may be nentioned unsubstituted

al kyl's, cycl oal ky I il ot rwi se .stated, it |s referred
. that hydrocar byl gyfoups é’(i)'leln)dsfa Jnra!(}u er\eﬂen ecl(?'ntlasl AP & F56 30
car- bon at cm:élexBytH_mhaxdﬂaﬂaefbﬁydno(mfdaﬂitdnﬂcemydmdmm avhydiho-is
carbyl group _that contains one or nore suhsti tuent groups 20 which are

i nert underjfﬁﬁjbﬁﬁg%ﬁ% QﬁﬁuﬂﬁQQﬁ%§tﬁ9qﬁ% LERTEh & Gﬁﬁéﬁh&h€oﬁpﬁpﬁpﬁ§-these
groups is SuRimGlied i the Abud)i LWl ONalnrY MPer 188200 LaW,psThe

substituent groups also do not substantlally detri ment a Iy incerfére with
the ol iSgomerispatdoomogy @Gma@}tlmiéwatdedmt@ﬂfmw |lgldumlferaat wahh25ny

cat al yst sy | f nat 0 se.st i referr.ed t substituted
hydr ocar byl f)ér%?l%sg REPSH ei\(tnmaeirﬁlf '%%‘a at%’t?t %E’(?EP%O WB‘ﬁl?% Fﬁ@Vu@E@ in
the neani ngpefesesubsibly- dakeegharar enli NPl FIMNFuARE 18HaMDERcuPs in-

het er.oat ons, _such_as ni trogen oxygen and/or sulfur, and the free val ence
of the 30 sGByﬂﬁt@@é& H;H#@%‘ FhlREp  hBreBo REchdrdedat sRE EAhaTrsebch

stitut-ed hydrocarbyl of bhe ens y be substi- tuted, as in
trifl doroneffiyl %%1 "Y}‘ﬁﬁ%]r B005S %ﬁg?%ﬁ ‘P’E‘I’?‘l’;@@ﬁ% hyq5P 3 ¥ ner t )

functi apal Bﬁ@up zhebab@slann%%ﬂbhatﬁéoganctgbngn LRapphyd{oear Ruh-0%
substituted hydrocarbyl, which is inert under the process conditions to

whi ch’t he c§ﬁ§6§n§10@omﬁéﬁﬁlﬁgomhetQEO@pnC§lgnbﬂegredp HhenéuahOubdahot
groups 5 al g % % nt | ak eteri ous\% g j
process. deséglo 8?:19% refu' ttﬁ%t E Excs‘ﬁ%dﬁa’f O@H gaﬁr pgjégéﬁ? nay
take part ifhn Exaspl esmpbuhdacthanakrgr supsni Bs ebugainatongf tyoeme chloro,
brono and io0do); and ether such _as -0OR5_wherein R5 is throcar byl or
Substltutedmﬁyaioegpm, that is they should not displace the desgired co-
15 ordinating group. _
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 actlvator is an ‘“alkyl aluminum compound” Wthh
20 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



10 byl. in cases in which the functional group may be near a transition
nmetal atom the functional group alone should not coordin to t net al
~atom nore stygRghyiebhan the groups, in those conpounds th t%"' WS%?? g as
coordinating to the - netal atom that is they should not displace ’
desired co ..15 ordinating group. By a "cocatalyst" or a "catalyst

activator" i ¢predatrabbpel 0fs Neli€n COMpeesist that céeact myté hpact&amsidi on

-~ metal compound to forman activated catal yst species. One such catalyst
activator is &FF "RG0 VRt oltim ROFPItind 2RI ehbeobahby chref erxabdant eas
conpound i n whi.c t Y, ' u ] om
QO her groups sucﬂ2g&?i@?%rp"gﬁgﬁt,égl%@%eﬁ%%%r?geégﬁ&ﬁ%#%g%@n&nma%éaI o)
be bound teEHlamesnunbetorised elbhenednpiimdes Bmad/ 8t i heasnG obeéftne .

product” is nmeant_a conposition .25 predonjnantly conprising a conpound
(or m xture of com®¥ %o%’s’f‘a@f FHPFD AP H%ﬁﬁé‘iﬂsmzavﬁﬁ%ﬁ’@n"% is
an inte- gertld fofRuBbauty 18 | RniReh nCasRs rrde Jdgle a-0l 8fd By RERAUCE
of the present process will be a m xture of com pounds having differing

val ues of q @fhdy ontdmit ek, the thored IGorHemntaduny Oie compiodintdsndais ngo g
val ues of ngre .than 18. referahly less th 50 wej ght_percent, and nore
preferably % esdq haa%onﬁcp*geﬁl i t&’eﬁﬁg, %rf_yThteo protfer ttl&f IRTHRRY 4T -
ues over 18hokheyingsilucd d@yadisd herrmontiid Srdd |val®usd s- 5 Infayd apwiary
2005 WD 02/061.92 PCT/ US01/ 22628 (preferably I ess than 30 wei ght percent,
nore pr¥ er A0Aed dsx & Hartlaausieiafii.per denkoIihd eshect atasbest eftermblan

| ess 't han L.ght rce t S cggﬁ) C S anes,
branched al %ﬁ%p(ﬁtecﬁ@s%a%dgloﬁrl n éez)(r?‘[{n’al ol ‘ef ﬁ% %yyq'gém%?ﬁ nma% fc%fl%on
group” her evaliengeeant- ansgr dup tof hydreydor Mitdod@fbyr, sheyei tuddie Hyee
val ence --- y other atom and. the bond represented by the solid

jS to_an
line is to #%%@Yélt-aﬁ@f EnGiiamaiu @@l y | BN eh The iRl CER hon
group is atiaehgeh iHuUsddhedd,ee_val@PrGay),, TBY,EE, -CH,CHs, -OCH; 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



10 bonded to a hydrogen atom a hal ogen atom a carbon atom an oxygen
atom a sulfur atom etc. In other words, the. free valenge --- q%ﬁ be to
hydr ogen, %ﬂiﬁﬁg‘gy substituted hy drocarbyl or a functi/offia
Exanpl es of !# carbon groups include -CH3, -CH2CH (CH3JCBU V1ER0%) |
- CH2C6H5, -OCH3. and 15 -CH20CH3. By a "secondary carbon group" IS rreant
t he group whgrs ri at om
of a substitufﬁﬁﬁgﬁgﬁe?o %hl?%b?%§%§§g§ﬁ§%§3§¥§3%§%‘£6B§¥b§p i's gtﬁﬁ%ﬁ%
and both fr & dyomds ar@mbewmmedbywtle toda&:lle:ﬂl Iums:wtﬂatr@r axrddomm or

atons ot her than hyd Thes groups be t he sane or
different. i "6t He&r a\%ﬁ&?eflheaf‘ e frré%? d"eWetsﬁélté’Qsl%’d
lines may berkydeeridbykinesubsti Eatgﬁ la)&%p%%r @ﬂon%f dt@@ﬁ 220 func“ onal
groups. - Exanpl es of secondary carbon groups include - - CHO 2,

-CH (C6H5) Eydepgieshexyh, otEeEr( @xgYisoCHbe, bamdls @I&pr@ﬂ&tedBy)yathBertl ary
carbon grou t a_gro f .t he mul_a . 3 2 17.J nuary
2005 PCT/ U@&fﬁ%ggg A érgl n%ghgyggﬁga%)bfr&ésEﬁ]tbggl&gtta%egé’{l#o&qrpﬁ S to a
ring atom dhextsdbatiivhed giyhpt0 Wekehpt ke kﬁﬁtﬂé@iﬁxgabagﬁongggégpbs

a

attached, and the three free bonds represented by the shed lines are to
an atom or aneAHOst her Clhen ‘:'rQ“(yCdHQ)gaen -0 30t REF;Word$¢H{)heCHndsC=CH,

ted h h tit
yhr ooar byl - cH PR e ot €k BECLESRA: PR Sa%yl‘é%srlyanaaﬁoups
i ncl udeo- C (CHBkAantG1(CBH5) 3, -CA 3, -CF3, -C (CH3) 200H3, -C=

-C(CH3) 2CH=CH2, aryl and substituted aryl such as phenyl and 10
1- adamantyl . By Ba#r yaryité heaheant n@nmvabgnﬂ.eanrtompmatgcogpoup whi whithe

free val enc S¢ arbonaom f an‘rorralc ri_n An arvyl. have
one of nor ega!reorr%% c g‘}% gS Wit ¢ nié Sar Bk b ARALYRC "F{ng®

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
o example ethyiéne 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.



fused, connected by single bonds or other groups. 15 By "substituted aryl"
ijsf meant a nonoval ent arom;t ihcd grouE Isubstitu]t ed as set fﬁjarr]] ian g above
efinition sypstitute ydrocarbyl". Simlar to an ar ‘g&?g
tuted aryl arrrég/m}';lg\lf/%sone or nore aromatic rings which may be P??{g ; ds
connected by single bonds or other groups; however, 20 when the substituted
aryl has a heteregr emdubldboltter Hées 1V al £AgRirith e nfufishin Wat-aryl
~group can be to a_het eroatom (such as nitrogen) of the heteroaromatic ring
in- stead ofVgedhdn mEt e R tgd o g hsieese Iingrafiants YedEar i s
25 nmeant t hat qat i : ergent . of tor -vol ] :
occupi ed by%al iotfui%%l%t ﬁz}%ﬁl/éala%%%glle .pué%gl.gt %ﬁ%‘lrﬁ%%aerfouln s‘d-ﬂc;'f;lf3 Rl:r?ecgersesactor
vol ume nay He ttakeen jumidy asse fQr. e exaiiplslatdty) .enahabdsbiadded dio t he
reactor as a gas, which _dissolves rapidly under the process conditions.

Nevert he- 3BTSESITes G 1s VY afddhtth WRFIAIHE StthyAleh PTRESSF P e

present. NOttﬁx“eO‘é'&n%%s‘fi%itd}P JELAHOT MALHR HaS ANY 3 ie@&ég%;lé“'até g d rom
fouling of the reactor. 7 17 January 2005~ WD 92/ 96192 PCI/US01/ 22628 By a
"bubbl e poi mEehpeseeimrs S sresrits ade tlianimurhrmire preseue et atedad ttdhaadxer t ed

on the process ingredients.to kege all. of the.ingredi.ents, includi
Ayl oner O Fodn 2003 5SY et i SdSaend) SRl b SPAYAEb! o
poi Nt °5 pregsir ehwkld wMarny iWddedNe tameriddrerek t hany esegs ardidhe

conposition of the liquid phase. For exanple, as the tenperature is

rai sed, 10t hePHERiSHER pless ghandasedddn dheiaerpgisd td on @ff dhghdsayiichalardi ng
et hyl ene) wijthout - e e L] | _incre s A v ._ The
bubbl e poi nfi&%"prgggu%te%a%s%op(ﬁ%%%gg@%\fﬁ%eﬁeslucr}o%gpos:aﬁrgr%g;iot%ﬁse Cl%lﬁjq%ﬁ'l d-.
me- di um Theohgbhkéngoenbriesuie reddukddhurdencwpbirgus o edierrinenshesi ng
a pressure cell with a viewport, to determ ne the m nimum pressure which,.
under a gi VEBARIBEMOPTESRYTE odChyhd AW SreeFaseihe COdgpas sthe

Speci fic teghpi,9uas Lhat 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
S
C\T//'/'C \T/
| '-'—'_”—N or —=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-
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15 are useful for neasuring bubble points will be found in AY. Dandekar
et al., Ind. Eng. Chem Res., vol. 39, p. 2586- 2591 (2000 W)98/2%%g
and S. Raham _et al J. Pet. Sci. Eng., vol. 14, p. 25- 3

whi ch are. hg&gﬂfﬂ’(]’ﬁz corporated by reference herein for all MBB&E@Z% |f
fully 20 set forth. By a "first ring atomin R6 and R7 bound to an im no

ni - trogen e o thes rou RS b ._an imno
ni t rogen shgim%{%%é€ t;@a&é%x%n%gge é@é}rﬂ% C%%‘J% %&n@ N or N
25 (11) (111}chathe, Gtposi shons 1m (1) larpbsiHe mﬂﬁdﬁ&ﬂdﬂwiﬂ nvhhl) and
(1) are the first ring atons bound to an imno carbon atom (other groups
whi ch may be substituted on the zafykcgroups ar shown). Ring atons
adj acent to the first ring atong| 30 gre shown, xanmple, in (1V) and
(V), where the open va 17 January 5 WO 02%66192 PCT/ USO / 22628 | enci es
to these adjacent atons are shown Hy dashed 1ined) (the 2,6-positions in
(v andthe25p05|t|on3|n(\_L)=)_. CC. CNC_S or (I1V) (V) .5 1In one
preferred embodiment of (1), R6 is R12 19%V1) and R7 is (VII) wherein: 10
R8 is a hal ogen, a primary carbon(gypup, a secondgyy

5 In one preferred embodiment of (I), R® is
H12 RB
R11 HQ
Hm (VI)
and R’ is '
Hf? 813-
.", 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 primaﬁ:y 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, none or one of RY?

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



carbon group or a tertiary carbon group; and 9 10 11 14 15 16 17 R R, R

, R, R, R and R are each independently hydrogen, hydrocgﬁ) ary 200
substitut edyhygyegsy byl or a func- tional group; .15 provi deg{j 1 n R8
is a halogen or primary carbon group none, one or two of Rl1Z2, " R17

are a halogen. or a primary carbon group, with the remainder of R12, R13

and R17 bei mgriyy diz0gem ffod Wheth R8id SemaSecriday ar bptt grLuRl” nane or
~one of R12, . R13 and R17 is a halogen, a primary carbon group or a secon 17
January 20053R9WEYSYICEEID2 FCT/ USO / 22628 dary carbon group, with the

remai-nder of R 2 san = .1.ng gen;. ar R8 is a tertiary
car bon group, nor‘%]eglrl%{onggogléfg?la}i?f%%ggﬁlggpggt’e\rﬁftg)?%rf/)rcgpﬁoﬁtfg oup,
with the remal ndel ©f i5 BR:2:iRt$ aadboRlFrbebngwhydr epen reandnfivit ber
provi ded t hat, an 3t wWo of ﬁB;_RQ, Rl, R11, - Rig, R13, R14, R15, R16 and R17

vicinal Yo &ne adnot fABf, Ri alging SyEEREEiay forma ring. In the above
formulas (VI) angn@VIflu)rt@dworﬁ NAP 04 e $/CeRd EBNgg@t omuadj acent
t

to the first: Jin 3atom boun o the imno nitrogen, and R12, Ri3arid R17
correspond RY .t e, okter R ngj™4t end BY] adennatlo tchend iarstthrdmg tatkem | n -

conmpounds ( cont ai ni_n VI) and (MIl), it is par- ticularly preferred
that: 15 ifkégeggeg BW?&&&F‘Z:& E&Rg’group, R13 is a primary carbon group,
and R12 and R17 ahethpdeo@r® ffrmuiflaB8 (i73)azsecqrdany, ¢ar beprgsp8RdsRES IS

a primary car bon group or a secondary carbon group, nore preferably a
secondal®y chiPBoficgPBdprimsd aRrm afddarertate Kér dgawt orim0 atforRPaugda

tertiary cappom,gr gpabmi Beher ahly et | i LahOrtell Al ca1Pen group
such as a trihalonethyl), 15956 a erti‘ary carbon groupe%r?ore preférably
a trihal ot eotharyring 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
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group such as a trihalonethyl), and R12 and R17 are hydrogen; or 25 if R8
is a halogen, R13 is a halogen, and R12 and R17 are hydropfaJan aﬂfﬁédﬁ
specific prﬁj e(rzrfggpconpounds (I') inwhich (VI) and (V1) |:\’Ecear
preferred t Rat "R and R3 are hy- drogen: and/or R4 and RECHPHMI Hé?%yl

It is further preferred 30 that : R9, RO, . R11l, R12 , , ‘R15 is,
'R16 and R17 are abkl hydregen 1521 14S hydip i bon
group, nore ref;ﬁergbl y%gmethyl 3R 1%%/\031%02/%2 92 1?§faﬁggr§§9%8§gﬁpﬁlu
SO 1 /22628R lﬂ?]&);hym,l aril R® Ez$4a Rit5maR¥6 camtboR]l graue , ahbreygrefena- R13
is ethyl; %1)3 hsla pr| mary carbon group, nore prefera bly ethyl; or R9,
R10, R11, ﬁf R1°5 R16 and R17 are all hydrogen; 5 R13 is |sopropyl
and R8 is a pri ng?y g bemt grdap, r'Mor g5 préf egall ¥ sepr apyl hy@&o&n

R11, R'2, Rl4, RIS, RI6 and R17 gre all hydrogen; R13 is n-propy and R8
is a pr |5mar§ cdiﬁodﬁctj?mﬂyl movel B ed S epaBF VAT EY §9¥b0nogrQOpR9m0R@0 R11
R12 Ri o’ .l _hydrogen; R13 is chloro; and R8 is a

hal ogen, Rﬂ’%‘e??—g gbgjsz’?%f’% 3 8? RO, RI0O , R' , Rl2 , Rl4 , RI5 , RI6
and R17 are all hi’/drm’g?enau RPS’?J SR1t4r|hJa“1 omef hyhd ROT erpr efier abliyogen;
trlfluoronet{yl and R8 15 is a,trihalonmethyl, nore preferably
trifluoromeRhyS PPHARHer %%r?%daeﬁﬁbﬂ?ﬁﬁn’?aﬁooﬂ )JIORBr aﬁﬁrﬁﬁ’-‘ﬁ?g“

respectivel ¥rably n-propyl; or
10 - r?, R, R, R»¥?, RY, R'®, R and R17 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
15 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 N

7\ C// \\
o N / \ o 77N / N\gz

' and I ,
{(VIII) ' {IX)

. 20  wherein:
' | ®R*® is a haloden, a primary carbon group, a secondary
é:arbon_ group or a tertiary carbon group; and '
RY, R?®, R? and R?* are each independently hydrogen, hy-
drocarbyl, substituted hydrocarbyl or a functional group;
25  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



R20 R19 Rea R23 and (VIII) (IX) I 20 wherein: R18 is a halogen, a primary
carbon group, a secondary carbon group or a tertiary car b,P;n [ QU 0%nd
R19, R20, RZ3 l,/324 are each independently hydrogen, hy- dtg

substi t-ut ed hy@{q’g]cgrzbyl or a functional group; 25 Provided t f/%s FFSR18
is a halogen or primary carbon group none, one .or two of R21, R22 and R25

are a hal ogen or waepf RFRIYs C@"é)@ébn@é@jﬂpcaﬂ)éﬂ_%@#?%ﬂ@eéroén%f 22
and. R25 bei ng, hydr(r)‘r_%gn;. or 11 17 January 2005 2/ 06192 . PCI/ US01/ 22628
when R 8 isRa sekbritar ysScar bshogebupd REABRSY casboh BROUP RRZ2aaREcRa5 is.

a hal ogen, i arhon_gr or. n-_dary bon_group, v th the
r emai nder o?aggl,%g%f%aﬁ%%@% %’é}%hi r%:gh éﬁe(r%n(;.aglenﬁfe% O\)Gﬁg{? RL '?r@ Rer ea—ry

carbon groupngnagdregepne of R21, R22 and R25 is a tertiary carbon group,
~with the remainder of R21 , R22 and R25 being hydrogen; and further ..
provi ded that anVPERoRof RIS &Y 1380, CHRON D RIPNENAT HRE @5 R ¢i nal

Lo one anoti®y adplen {008t Bekes 40y MBY B RoLbN0wi LY EHE AbAXEnhALTYEAS

(VI11) .and (Il)(), 2F{18 correspon o the second ring atom adj acent to.
first ring Btf'omR*boamd RY bednionhydroigerogen, and R21, R22 and R25

. compounds. (1) “BNEHFRRRS PERTRRCohd XA £ Okt iRor afly fret err ed
that: if R spa® prafepndCaFbai Girtiip, cdlehd Sarfo fHdMRI a1 Do tigEoUP,
and R21 and R25 are hydrogen; or

10 may - form a ring.

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



if RL8 is a secondary carbon group, R22 is a primary car- 20 bon group or a
secondary carbon group, nore preferably a secondary car bopL% Rf’ d 'R21
and R25 are ﬁg gh; or if R18 is a tertiary carbon group (nore E erably
a trihalo tertiary carbon group such as a trihal onethyl), RBETUS&/Z628

~tertiary carbon group (nore preferably a trihaloterti 25 ary group such as

a trlhalonethyl)zﬂadeﬂngahd;§§5aﬁaeRhy@&%-agqnhﬁg&dg%nﬁl§gz ﬂgﬂ en

'R22 is-a hal ogen, ;and R21 and R25 are hydrogen n speci fic prefe er'r ed
conpounds ( 1IB9 R whi-¢ ha(mmgarysgaahdn( pXpuBmppBare prefer@b]a:{zemeﬂmyl hasr RL,
'R2 and R3 are hy-.dr gand/ gh RS ar e it is,further
preferred that: Rl 1 Janua’rylggo \a/% 02661 ég% PQ%/?*ZG?BS I@f@YlRZO

R21, R23 anadrR&R'&resahl phydapgesarBaR bsous) hﬂ(bre %zéf&§b1§ éﬂ%4 Y

car bon roup, nmor_g pregferag y thyl; or RIS,
hydrogem: R22 isZethyR: 1 F&r% @%daR r BEEr ?1éahwdﬁ0g|e@upR rrmselﬁp@fr@rhabl y

TR B Tt By o i

pyl; and R "I's a prinmary car bon gro m)re
R20, R21, Re3omnd ;R24- are all hydrogen R22 |s n- - propyl and R18 is a

primary carbon greap,_dJ¥0re,preferably opyl. ; or Rl R20, R21, R23
and R24 are all dr ogen; *R22 i's “i‘:"l"ﬁllol?‘o apf Bﬁéngydaﬁaeme& sig ﬁ'—al ogen,

more pref er pbbyyehl ahe @8 b 0oyl fcéi%@lémr'ﬁ S&GVI Oruéhi‘s z I{my.

be pr epar ed by 15 a variety of netho see for 1nstance
i ncorpd? raPEEPYE5995555 and US6103946, as wel | as US6232259 and

W000/ 08034, both osf bch LAl e I’téﬁl(i% rat gg ﬁg@g%g}égg @agge%gin for

all purposes as |f fully sef
al kyl al umi nam beopoyndndsr*® is. a halogen, more preferably chloro or -

" bromo.
The active ollgomerlzatlon catalyst may be prepared by
15 a variety of methods, see for instance prev1ously incorpo-
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 inven-
tion may be unsupported, or may be supported on any one of a
number of well-known substrates 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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20 required for the active catal yst species, an iron conplex of (Il), such
as a conplex of (1) with Fed 2, may be reacted with an al Jeyha| 4

conmpound, pR&d 8@y an al umi noxane such as nethyl al um noxagﬁTgfgf@(?rzgn an
active ethylene oligoneriza- tion species. The ratio of alum nu Yao

al kyl al um num com 25 pound) to iron (as a conplex) in the oligonerization
may be abouwit:ifrk bethaidn L0001 dlhegaiwd Y doss ek | #hd heamiasessrdigt he
present inven- tion may be unsupported, or_ nay be supported on any one of a

number of weHaKnGHH! SHRIRATE-INE PRt R aradsiats | e e ol awrolisty -

i ncor porat egefar '-déasrcqji%equ&éréﬂ%:‘esv ikeé@k%?faq{égtb%éw%&?dtﬁ e
unsupported form 1n the process described herein, "as 1'n nost cheém S\
manuf act ur i nvoprigeesees witiltdr erdssilafdt €m eximd@nomaliat 1icy IdrhifAenusd yg
2005 WO 02/.06192 PCT/ US01/22628 struck. between initial capital cost of

t he manuf actafstsy o3 #ntol@fd nshe dpdim ide caratetrrd nipadmibedsired:
product. T r.-ocess, . descri.b herein strikes a bal.ance betmeen these two
factors whi ceex%élglUI tssznaﬂﬁ e(%(%%c‘jaisor?a 33? 5;1\/%1&;%?% afgutrut&}%g Cg)eccjtf[ytzse e
a-ol efi ns.. Walskian dohe&apdraretfercs oies Craigd adefed osild ahafgase carnp-be
made to further optim ze costs Dbased on various factors, such as the cost
of et hyl eneCalo o8&y ofosedT¥en&tGy, etc. By a "continuous stirred tank
reactor or its egu \Yaw F0us " Leind 5 J7Ba ti js+.red tank
reactor (" CSTR")%gs\éi sctj?n éb?{&ogd@l%?tr%é ;Cer son@es%ﬁcq%gc?%]lr#o#ﬁeé%%‘;aepl us

t hose ri@act denconthiegeriat ilen meeansi de rech Hfiwmmetuso el ede qunkalrextctidier et o.

The standarc{“g?]réR”ﬁonpri,ses stirred tank with inlets_ _15 for the catalyst
conponent (s)', “&ny relyche A éf?‘itﬁ’?%( Ly thgepsrsgn Shiverithafr &
ethyl ene, apduantoubbet-cheftobNeonkh geuel ish RMs1ERTRY FHB/MEIdndangwn in
the art, see for instance J. |. Kroschwitz, et al., Ed., Kirk-Q hner

Encycl o- pee@daigflensnitdare¥echnol ogy, 4th Ed., Vol. 20, John Wley &
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 wWiley &

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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20 Sons, New Yor k, 1996, pp. 1007- 1059, which is incorporated herein by
reference for all purposes as if fully set forth. As indi d _ab. ,

functional equival ents for a CSTR nay al so be used, for exgﬁ% neuaglé%%
circulati ngYo8p"¥&4ctor in which the ingredients are essenPSHUPY/AM% or m
t hroughout the 25 |oop. Such functional equivalents are well-known to, or

can be readily defgLn { qgﬁto or di i d i 8 _rele
art. Mre than oneﬁ o%)é{neqlu%.'va en%% %%g%%édé 4‘%‘ stel?aé ihtg%? ];f]%)ora/‘%nsIi
exanpl e to. avoidedhentsstedtairon dolesyt | asterl <R30 arehgirsduotds )churamy be
nore expensive than two smaJler reac tors in_series (a_preferred

conf i gur ati o5 R o el S-S RS @ nbght € 6 itr@tgatﬁﬁilf%ﬁcﬁﬂr thfe &8~
reacti on sysdem{ses, @ﬁ!@l’@ phae 1l7icfl§ﬂ§’afﬁ’112.0059re\¥ : l%ﬁ,] 9%is ranges

PCT/ US01/ 22628 The reaction i's run at a pressure suc at” the process
i ngr edi ent s fxer & ystessote aliovetthyr dntolaiel pyioduchdssanee, aessdmtlial |3/ a-

singl e phase Jiquid sq that the reactor is es- sentially sin hase
liquid full g eﬁ?a%ﬁ%}-}bqi f LYy T 5o }Uptr s, e faﬁﬁe‘%%ép%ubm e
poi nt  pressuns ticabaimvduntd S dieyhabbl e Peiddidgy essurtthe Mladir (O
exceed the critical pressure of ethylene. By doing so, the reactor(s)
used her ei n W Jprie P SBREaed a5 9RieSIHas s inade-ehass 1Liamids makes

the nost effd gisent Mse ofstdhe v ik of dihe eact Qly (1S nce

all of the reactor % umsaﬁls used to preo%t}cel a-i{)l ef’l (relasif %e%&%eg%?my be
i ntrodued the orddmemeactonlds drgasmte tdld mibhihe peianttcr vaolhinghdrs
pressure through sparge or dip _tubes, sparge rings, or the I|ike, which are

known in thé&s®d toymycsiuge|o-odfimss (e einilane presda isttnddeaeshct or)
of ethyl ene . l.es resent i.le-th is dissolving,. this is
Lorar R Gt MLty RECACHad e Bidd 50880 d Bothio UM B, |

still consi herein.” The process
phase.in a ‘pselswente thrbwisebeetie mry die adbedyi Gpasdeh rdaigy) ioreithe

organt.c llqiike,'which are known in the art. While sméll 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
a-olefing, 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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20 uid, which does not react to any significant degree with any of the

process conponents. Preferably the solvent is the reacti o rngg&c%oogf t he
ol i goneri za&;(?‘r’]mj $9§el f, one or nore a-olefins, preferably t‘%&@n ure or
ur e (6 r

partial mx i nstance | ess |ower boiling (X-ol efins ﬁ@@“m
1--butene) of 25 a-olefins produced by the process. To start the process a

separate sol vent gy 1@ desad ddiddaldyran tiadhey igidwbae didimn es\é@m ald y

being nostly the a-ol'efins, or one or nore a-olefins may be use :
initially. Sdmutofddtie prootaratarsdmyabeltefdarns anguthel THe i@ dlsatk to the
reactor to provide ex- 30 tra "solvent” faor the process (particularly the

et hyl ene ol i ‘gofter PL&EEF W dirsitt OF FWERERITS KE &1t 1P piel

recycled. 1 n 20 #?e{ P?gy T r

t enper at ur e%e&%uagﬁ y )eét'weglﬁ‘lea\b@%)?L 0 %gl’tl: aebgo%%ﬂ% : m}?kgés%r e% e?ia y

bet ween sabouthat3h8€ aad babaytpl i&ETC, tafifec treadimidedt afd mmanufles thirgheof t he
a-olefins in, several ways. The _higher, the tenperature the |less coali 5
That “has 1 o TE SERPREATCES R iR (OISR ARG oAy e HBERh ur o
of the cool arinjésadutr@ MRl d8 Hesin®dr HRPRIAtINEL.arle SSergRAdth e
and/ or higher coolant tenperature generally |lowers cost. The decay of the
active ol i gameradivt lowesst flogh- | Mhegeeavnictth thee risive alamgsaestivee, |1t
is 10 found. t.hat i vl tric prod i -0l efins. - eq with
good absol utttéL%%r Sgg)é? EJ\%I@[ ﬁno _ S'reescé{‘?L a%ylsigl %E%t%asﬁ'% _t%éna‘ér%scllﬁ!o%'heg_rta%gse of
about 4HC t ¢ RARAUELERCHaSA rhill olhiRHRENR! ProdiRReen SPEiEdeths kigal |y

the tenperature also affects the bubble point pressure and anount of ethyl
15 ene in tpded gikct phase albErd diegperodulesivéipyeodt i tdealhisggharsuaidy

O "t he manuPREEP A (1nTB0E he “P5RE far CoranpPe T iker Toddrs o
needed, .and tkabgestGeBPFEHieS AlsS grefalrt-aidn t renhighercirl hdmgna-fnessur e.
Hi gher pres 20 sure also increases energy costs. Again the tenperature
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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range cited | eads to noderate bubble poi nt pressures. Figure 1 shows bubble

poi nt pressure vs. tenperature in the range of 25C to 80C Esingqaiﬁa
sol vent a t&pical m x ture of 06-olefins produced in this pr g h a

Schul z 25 FPY#Hst ant of about 0.74 (see bel ow), and at aRCEUSRII23mMS
‘content, of 10 weight percent. In Figure 1, at pressure above the line in

the graph. a _si.n wi | e ; il e at__pressure hel ow the line
in the gr apktla%lés ?’Jioglﬁilg agﬁlg ‘a Irlog]%s pg{?gf}gf%%lpfl \Mt;g %rc'esaerﬁufaE 'SIJ‘nlzs td‘rmifﬁh i :
speci fi c t o hubbd e3@opartt pawsarurd xture of ingredients, but simlar plots
can be' generated for other conggnations_of i ngredients. Preferably the
total pressure idCh&PERG G HthvdenegofdIgnsEt 2oty on Gk livee Hesl én

poi nt pressuhe wader;bRoSA 10aKHGW A1 BE th@eeniaz:i%%%aa&%%d the,

02/ 06192 PCT/ US01/ 22625 ess conditions, nore prefera about

times tHe Isabbliagpoantcprtysodr éheTeaatrourits)of Satyllene aldyvgbeeatizgatl on
cat al yst us%g %ﬂ he %eacti n mﬁllgprefgrabl be the maximum permtted by
the .5 coolTng ga%égﬁ y TEFCERE PBA¥t 8F (57, OBEt Sy JCTray WS SAUERE £62fhe
first-reactebrenty eerkesQnepark FEREagSHRSAAUEND £ @G A 1LANS ra) ST L8Sea
Differing amounts of catal yst may be added to each reactor. The

ol i goneri zatPoR2FE §EREECEX ot ABENPE LoombBEhEa OOk Ismalud tef estolipkenéc,

ol i goneri ze d ol i i LI Ly . applied to the
reactor(s) ggoﬁgiﬁggtggzﬁP%g ggs%F§%1§?%c8§§§§§ﬁ%é?§9ur%ﬂ Fﬁesﬁﬁgntaining
hi gh W6l umebol tnprwedlitt heukylef behappeaetiotbskhel keaaehrak)t ke neagtors
the tenperature aﬁd/ r pressure may be different, Ethylene may be added to
just the fiF3tR15PFeERE oF SdoPTaRFSEohBTRET AR Bf Widd6t Brdntedsingghiel be
aCCO”D"She@oPMméBfi@?bPQQu&EQW@t&”o%h@heaféaCEBE(E%@”ple cooling tubes may
be run through the inte- rior of One or nore of the reactors to cool the .
contents. . Anot hérn eathodfoftheovkiagors tbehbempemetorenend/heapresside

changers. exterpal 3l PrLPg,LeaCkRL3: 80 SOINES EdatY £ 5082 ne £irst
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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tors by a liquid loop to cool the reactor contents. These external heat
exchangers may be typical shell. and tube ex- changers. Thqﬁjg

. %\ﬁ)igiéb%s
advant age t may be nore readily cleaned than a heat s
g5 ﬁﬁi Q@é@%ﬁnger

internal to e redc- 25 tors, and if nore than one external
is pres- ent, one of themmay be shut down for cleaning while the

manuf act ur i ARG GRES H& 0PbdDNESand W8 Gha s @+ Ot MUy d 22! erAa)
e

‘heat exchange | oops may al so help stir the reactor contents.
reactor (s) fdy adils®betheskarethods a0 ke covdd nip jarck etomigered-iom gid  of

the feeds-t 1l _of th b led tq al|lqw th
Sensi bl e hedioT e TRt SR Tt Hei ) HS01d e PRHetorrh ) for e

than one redaadr drodsss, céhgstdiuiagl. | i ne(s) connecting the. reac 17 17
January 2005 WD 02/06192 PCIT/ US01/ 22628 tors_£§{ be cool ed and/ or pass
t hr ough *heat excHahdeRorygRt Bremy | in Jihg ARl fret HREE mly We suseauifcmy

combi nat i on 1001 e HECES dNULLl i pscdeaded d QHBIAAR e de-
sired process tenpérature. ninmportant 1temin the capital cost of this
manuf ac- t uethylgtenttlend nust tlse costyafedper athemprccdde ammopclding of

et hyl ene t ha st be recycled jn t rracess. . Recycling of _ ethylene often
Cnvol ves {1 BHVAET S QG SRR AR % oY RS Sbae
separation koM etkRepMahatd | Scddim, Hbrredi SEdd0otRRMRIA akih are) |
and reconpression to feed to one or nore of the reactors. Conpressors and
-associ alded vsgdigmimt Gdar genle tlohensdpi tad geaaes sdsd £d dieast
energy. In ord t e e tih t..of rec et hyl ene e 5 _pr.ocess
may al so co(rpff))r ?)%lee g)LJ’ fmldotl%i éf::tal}: or r}Jllcntosres:'i e?%mlﬁf{e%%rsgﬁ?é%floéﬁg%eeed
(ot her thanethepeldd entl dssivedd thd aditpl ddad :@d e a lot of
final -reactor). The concentration of ethylene in the liquid exiting the
final react&FSRFYl- thus be lower than inthe liquid entering, since sone

fraction of .20 the pepherd G-y 9% haR e AR R AR, 0lgld n
| ﬁ 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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formng reaction. This final reactor may be a one phase (liquid full) fi-
nal CSTR (or equivalent), or may sinply be a liquid full f{'.{-JanaI ﬂoﬁg flow
reactor. Plug flow reactors are well known in 25 the art, Se€top 418t ance
J. |. KroschWP%U618% a1 ., Ed., Kirk-Ohmer Encycl opedi a of KCHBEREGAR628
Technol ogy, 4th Ed., Vol. 20, John Wley & Sons, New York, 1996, p.

1007- 1059, I i.s..ncarporated by reference herein for_all purposes as
if fully set-lv&f%‘%)e} hl?l%ﬁ%ee REd (?rr%%%rﬁ’na NS PI&SSHIsHEY 5§ Tlloglr% te(ﬁ)jetloast
liquid full Meadblid gdigmt @aCkle tiajul.d @Gt thaan thbat-airhre .Si Rgle cphase
in the final reactor by main- taining the pressure fromthe previous

‘react or. andFFPivigre g triviesipdid et rSagtera apewsher dfpardture-
results in 7 y. :20Q5 . 122628 r _bubbl e
R A N
liquid & thatret enfpertad wrncdsar ldxmidplae tehe whiinh baeweeaskheel ast theact or
and the "final',, re- actor. may contain a hegt exchanger which | owers the
tenpera 5 L@ﬁ Fﬁ@’%ﬁbéé@@ﬁﬁﬁqui@PW§WFE}1%hF§hPFﬁ_eEFégsGPeméﬁnFﬁén
liquid my bed QIR HOWERe irlinlad Q%%%%b&egttﬁhgabaﬁ@!Bre&gﬁrgr?aﬁﬂﬁf In

the final reactor at the same pressure found in the previous reactor. IS
preferred tRat tise piievdlouseasottose a plug flow 10 reactor. Lower ethyl ene
contents in the liquid e exit- _ing.the.final reactoyr are re_teadily
obtained in a pl t}!gt Lft1"31 g%é%sé%gte?r H:Pﬁgn%gec%fﬁ?&| hoe %‘Bﬁc%,e. % Hglol]gi fq[aLPw :
react orioi n- repeases t hewerekahlyleanyepsirentel iat Bukeneqhed pRakBeepsec- _
ess, thereby |lowering the anount of ethylene which is recy- 15 cled. Figure
2 shows:a s&ﬁ@m&hﬁ:ﬂ&P&ér&ﬁﬁ€F°§nérﬁo§§Fﬁléeééhlyfpéﬁﬁaﬁﬁénléfaaﬁlégolefin

plant manuf aebi LG RaY! Re-aNg cPAR | AuLASEHEL M eAC! PEndnd 8LtRR salngl €
phase plug flow reactor. A T% reactor 1 ﬁas an agitator 2, an ethylene
20 feed tuberdaakisclihbeederafllhykeoneegasonnbd exhgiaak €edl togthe 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 separatof‘lQ. The ligquid stream from 20, which contains the
‘a—olefins,'may then be purified, for example by fractiomal
distillation‘to separate'the various o-olefins. The over-

heads from 19, mostly ethylene, are passed through line 21
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| oop 5, an oligonerization catalyst feed line 4, an externaf cooling | oop
5 which is cooled by heat exchanger 6 which is fed heat ol i ng)
fluid throug@obL”ﬁ9J and which exits through |ine 8. Theeﬁﬁgﬁpgﬁﬁﬁgﬁll is
circulated 25" . “Thfough .5 by punp 9. The liquid 24 exits frdm{U¥HEEEHN

line 10, through shell. and tube heat exchanger 11, through which cool ant

i's circul at egnlYycdipess I ansl aéhdtéhéiéEﬂyléHéKhJ}(yiégaﬁéaéu}§figge

liquid 16 in 15 exits through |line 17 through préessure re fion valve 18
to gas-|iquidoBoskeyar dvark 190 The Fimwift stysmrhds am 20chwhénk pongai ns

he a-ol efi hen_hb ified f l.e by fractional
0 Sti 11 at s on 15° CElvar et o THAT Y I E 01 oL, Tt 067 L° HoaaYL FPBim 10

nostly ethyl epesamr e ABssatht hsugh 14 neoskli i WR O 06192 17,-danuasy; 2005
PCT/U. 8O | /22628 and conpressor 22 (and the et %ene may al so be puritied,

not showh) bEB&l: Part 9heha RUa® HassEiras Hyl baslgefo | L needBher odi-
renove i.npurij.tj far the 3 thwd m . . ot . sh IS
possi bl e rec%/%:‘%gﬁf)fng&r e:{]’atéll\e;g%@!cg &gnjg?ﬁlﬁgj% tvséoéf&%helrglr@gh%}? %?rgga%n}}r{lego
back to 1, ewitteroldigomeaciiation calbalrst nitoch hid diew slessedhi . whagh-it
is mxed wth olggonerization catalyst which is fed through 4. Agi-_tator
2 may not betAETeLAAY iHCh M AFEART DA iR GHTHP T IFpEBOB arC Pt 5¢ de

enough' agi t ald QN § CHEGR VRIS WHARS 1 k3 1bid 8a5¢ Yt £ Ok ADdi £ on

of ethylene from3 intdo 5 and then’into 1 may provide additional agitation.
Not al | 10 dethizdenssisfHiys yslidimroar e Zshbiwi,on ust afieylmjeorfnesse| snamds sone

ot her equi pnent .. Arraws-on the variaus Li dndi.cate the direction of
1 ow of the GRL T il\c%r’fﬁ‘?qué‘}aﬁ’g 11@&’&?%? S‘ﬁé’&%ﬁ%%%‘ﬁe‘% | Gt i on
catal ysts degerdined JFer@iil Hlant M &fwrd- Gheft Nthd SnelRiAinNes: A Rasur e
of the nolecu- lar weights' of the olef ins obtained is factor K fromthe
Schul z- FI oryamfe TReIs @GSN st ads WS Ry éis varigius JEqes indicate

' 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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Ver | agsgesel | schaft nbH, Wi nheim 1989, p. 243-247 and 21775‘f 276, sz?J'és IS
0 |

20 Ul mann's Encycl opedia of Industrial Chem stry, Vol. 'A13, VCH

defined as: = n(Cn+2 olefin,) /n(Cn olefin) wherein n(Cn aé'i“?W) t he

nunber of mOYRE8F%I efin con 25 taining n carbon atoms, andPET/CAMZ262%T i n)
is the nunber of - noles of olefin containing n+t2 carbon atons, or in other
wor ds t he next higher oligoner of C olgééﬁgﬁﬁomthi s can be determ ned

the wei ght (mass) fractions of the vari efins in the resulting

ol i goneric reactigmaprioductaimed 30 ture. The K factor is preferred to be

in the range of from about 0.65 to about 0.8 to make the a--olefins of the
nmost commer ci al 1 ntRreeceskhi & ddtopmaindis. orardied tlolrsoe exldent, see

for instanc viously incerporated US6103946. 20 .17 January 2005 WO

02/ 06192 PCHUSHY 22 AR A ‘ ik Ettsepcl_oa‘i'3 R GAETIRT RIReREs s Biedine
producti®n aintss | domgsri Sy el metived uainy 1B IJ1Sigihdie S8R Uareaniact i ng
process ingredi- 5 ents conprising an active ethylene oligonerization

cat al yst corfff8§25 .okt IteHEM drel solspdivientnhateineirhdlec tdard vet lethy ene
ol i gormeri zatjjQn, . | ; 4 Se LJ.Qn l.ex of _a_compound of the -
Cormila (1) 10 b ey REIE Lah 1y EY R Rost ity B Sy df
hydrocar- by coylstid utfedheydicaoaillzayl or an inert functional " group, '
provided that any two of R, R2 and R3 vicinal to one another taken
together may forma ring; 15 R4 and R5hare each i ndependent | y hydrogen, .
hydrocar byl , substituted hydrocarddyl .ox_an/inert functional group; R6 and

R7 are each independently a substi arﬂ}’l hav- ing a first ring atom
bound to the imno nitrogen, provid t hat :

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 rR? 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 groﬁp; 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 R7 adjacent to said first ring atom are

~ bound to a halogen or a primary carbon group, with the re-
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20 in R6, a second ring atom adjacent to said first ring atomis bound to
a hal ogen, a primary carbon group, a secon dary carbon 9rQUR, éryazobgrti ary
car bon grouwoﬂg‘?‘,g rther provided that in R6, when said secon rl% atom
is bound to'a Ral'dgen 25 or a primary carbon group, none, oh&TGPOVigs2%y
the other ring atons in R6 and R7 adjacent to said first ring atomare

bound to a halogen Qir a ik I ABLY £EHRON.E% LM WEhsihe £ ino BNUGL Y
2005 WO 02/ Si0s pCL ey /5560d rarndan oyt e rihsng at o%s% J%%gént 0 said

first ring dremg eyl bowrd todwodydr agen; aton or in R6, when said second
ring atomis bound tg a secon- .dary carbon _group, none, one or two of the
other ring atoms 5 |31R§7 Sﬁ?%:ﬁyeé:c%’}é) 35[151%35%%)11} illss%OH“E]g & Gm&€"Bound
to a hal ogetary@ dHHUBH YgrERPOMEHOUPoRE G SEFO NS Yh & ak ol OF DMP .o thd h

t he remai nder of the ring atons adjacent to said first ring atom being

bound to® a HydMbgendaRonpddacEntREY whéA SardtssénpadaiPmgancobriadboand to
atertiary o] I ane - 0 0 i ne. in and
R7 adj acent %a%o%rg Tr‘l:ll g)s%ﬁ%rﬁg %feﬁ)%%rgf%%n%p% Eté dé%#éllggygé@%?rb&r group,

W th the remdittdehofrddia ndayg @i ofise arf g entond adhidbdt riséd saing miem
bei ng bound to a-hydrogen atom _characterized in that the process
i ngredi ent s & @5%11%@’(@9‘61%539%‘% Ot | WIGREET 13YFY tAnk reactor or its

equi val ent, at a; QPE{ALU 8290 ELRBRDAILG3REM0:18PBLNE0E0 aNdedt 8

pres- sure such that the continuous stirred tank reactor or its equivalent
i s esseHti aldaylsimgirouphaserld qui drfel¢f @6 Dtikhe praressomd o #°mead
character| Z?{d 583'538%1{: t§685§d( ¥I:|):s%ndr1§7g ia%oﬁlélrgélbg\élnld) to a tertiary
carbon group, with the remainder of the ring atoms adjacént
to said first ring atom being bound to a. hydrogen atom,
. characterized in that the process iﬁgredieﬁts are contacted
15 in a continuous stirred tank reactor or its equivalent, at a
i temperature of from about 35°C to about 80°C, and at a preg-
- sure such that the continuous 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:



25 wherein: 22 WD 02106192 17 January 2005 PCT/ US01/ 22628 R8 i s a hal ogen

a primary carbon group, a secondary carbon group or a terfjary. c n
, R11 , Rl4 , RI5, R16 and Rl7 are ea@hﬁrﬁa@ gently

. group; and §§P (E%
hydrogen, hYSBEEMByi, substituted hydrocarbyl or a func 5 thToHEFBRGH:
and provided that: when R8 is a hal ogen or primary carbon group none, one.

or two of' R12, R%8 apd, Rli;arena hal,eggn,or -4, ar bo Wi th
t he remai nder of R12,i%13 ang Ei? b%ing ﬁgd?oggé%ng%ggﬁ’R§3gagé%& is a
secondary capibpngooopp wene dremnenf Rrib@n gaadpRlZnd a hal ogen, a
primary carbon group Qr a,secqn dary cagbon_group, with the remainder of
R12, R13 and Rl?Rbe-R%ngﬁydr%genﬁ 0r315iﬁﬁ%%fFBa¥§ gachr 1ideyerdemon

group, none of an d.S.tartlar bon grou with the
remai nder 0P9E§§§§nR1§§§%ECE¥%%g€i%g' }3F%§%§:E&ﬁ%¥¥%%?ﬁérogr8v?888 t hat
any twosof RB8pnR3, gRd0p;Rhhd R12, R13, Rl14, R15, R16 and R37 vicinal to one

anot her, taken 20 together may forma ring. 3. The process of claim 2,
characterized i nPFRA¥ESSPs tR&Y s a primary carbon. group, R13 is a primary
carbon' group, 2 and Z-.are hydrogen: or 25 if R38 is a secondary
carbon group, Rl%ﬂggR% p%%n%f%a%SF?P Enpg%%%ﬁyo?aﬁbggc%ﬁﬂ%Pyn%%?béﬁuﬁroup,
nore preferabl ywa oserthdat’y gaabal greup, handgBh2 oa2nd Biimatke hydpegen; or
if RBis atertiary_ carbon group (norefp%gjerqply atri- halo tertiary

R

carbon grouPrSHEh With £PpharsRadifgr) o i ®a and Rer beapy BHfBOASH! oup
(nmore ppefegably a trihalotertiary | '

' 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
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group such as a trihalonethyl), and R12 and RL7 are hydr ogen; or 23 17
January 2005 WD 02/06192 PCT/ US01/ 22628 if R8 is a hal ogep, R13 | e

hal ogen, an ' d R17 are hydrogen. 4. The process of c]’%ﬂuﬁ{y,
characteri zgﬁgﬁ%{g(f]ﬁgt: 5 Rl, R2 and R3 are hydrogen and R4 ar§TREVYR28

met hyl ;; and: R13 10 R9, R10, R11, R12, R14, R15, R16 and R17 are all

- hydrogen; is nethylge ' rigyar rl}?gﬂf up.,.. Qr-1:9 0,R1L R13
is ethyl; -and R9 JJ{I;J‘?/LOR R?lwlﬁd&%ﬁﬁﬁsﬂ J}iyssﬁropy éjegI(BR98uulfi)il% ﬁﬁ ﬁlz?axll-ﬁ&
R15, Ri b anduRirbgare. all hydrogen; R8 is a prinmary carbon group; or R12
R14, R 5, R16 and R17 are all hydrogen; and R8 is a primary carbon group;
or R12 Rio, R15 R b and R17 are all hydrogen; is n-propyl; and R8 is a

primary carbon groupim@rpFSeedd lor Rlldim B 2leifdacr &lozeq RO @pgh R17 are
all hydrogen; 15 R13_is chloro; and R8 is a halogen; or R9, Rl, Rl1l1l, R12.,

R4, R5 RL16 and®'RLR’apedaRl aweirlaglmos 3nd RY ard Gleehgl mepbrd; and:
pref er apl y trif I_ Lgpr’ogecﬁ’hyém,aﬁcbﬁ%u'i %{13.’ tlg{ief IalIJ1 r%ﬁetﬂ(é ‘all hydrogen:
RY ig methyl; and R® is a primary carbon group; OoOr
R?, R'®, RM, RrR*?, R, 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 carbon group; or
R, ', RY, R, rR*, R', R' and R 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.
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20 5. The process of claim1l1, characterized in that an al- kylal um num
conpound is also present at a ratio of alumnum to-iron o{ngﬁHﬂyéég?o
about 1000.V@365nqurocess of claim1, characterized in that the ~ . :
reaction is run-at a pressure at or above a bubbl e point pre8StfBIHE26Ehe
process ingredients, but not to exceed the «critical pressure of ethylene.
7. The pr.ocess ofgclgi shar i.zed dn i pressure is.bel ow
2 times the bubbl9e p’%iﬁér?t&p? essu%g'{. ecgé%ﬂeg'pré)ﬂ(%asagdfﬁcﬁ%)ﬁ %ﬁ%ﬁ%r%ﬁ%ri zed
in that sai denespenateres idbabiowt:°C356 bboabo66°F50C. 24 17 January 2005
WO 02/06192 . PCT/ US01/ 22628 9. The process of claim8, characterized in
that said tenperature is about 45C to about 65C. 10. The process of any
one of cl ai s 1- 90 Ch@GhRsdctad ofS dfy I QIR 1 90 Ao ILE O 281 d
~continuous stirred tank reactors or their equivalents in series. T e
process of aay Wt dihedfaigne twp, oghimshreaddi -sadid mainni noomer isseisced i nal
reactor in L i [ S £ - nal - cont.i nuous, st.irred tank reactor or
a plug fl ow%l%iﬂqkel;i%:dég{QJTthJC{]:Ié roergci::th(()arlr%% J‘lvc(ierr%sad‘& 50114 *et hyl ene, other -
than that dissolved in the liquid entering said final reactor, is added.

15 12. The process of claim 8, which additionally com prises a final
reactor in seri eshiTF RECLEENRE EFt Mo E deimped Pankbisdcasidior a

plug flow |icauirdhifiyl ledn@AGis &0 £1WAhCH-Je.+additi anal; et byliepe.; othes; than
that dissolved in “the Iiquid entering said fi ngﬁ reactor. s §adh P50 25
-}p nal-continuous stirred tank reactor or a plug flow licuid '
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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