;e3e",""#, &0\ ' <+6+T", 2WO (121 (10339 PCT/EP111 /117 19 LI GANDS AND CATALYST
SYSTEMS THERECOF FOR ETHYLENE CLI GOVERI SATI ON TO LI NEAR ALPHA OLEFINS 5 10
V 15 20 asoDhwoyppesent invention relates to |igands, vari AES/ERIATAISt
precursors and catal yst systens derived fromthese |igands for ethylene
oligonerisation to linear al pha olefins in high yield and very high
selectivity, and a process for preparing said |inear al pha olefins. Various
processes are known for the production of higher |inear al pha olefins (for

exanpl e D. Vogt, L%A&@efefmﬁa&%ﬁ& @tfeytﬁgwﬁéaﬁg%ﬁa GEnohENE NS 10

Appl i ed Honbgeneous Catal ysis wt anomet al oun B. Cornils,
WA. Herrmann Vol . 1, O@ﬁGO%EEﬂ%ﬁ??ONpEQeLﬁﬁ%AR\Kﬁ?H?QQEFFIWﬁese conmer ci al

+ processes afford ei ther a Poi sson or Schul z-Flory ol igonmer product

di stribution. ggder to obtain. a P0|s§on distribution, no, chain

ternination nust kBTRPERe UG OBI FEhREFT st i ASweVRF %% contrast,
in a Schul z- Madral ystropessurgdid ranidecAtaaysons goesnsodeut vaddf ran i ndependent

of oain | endiiye The oot sl vasd S0yl o0g ol L ORLSaL 9 step of the

Shel | Hi gher roces exanp a Schul z-Fl ory
process. In aﬂ$¢Wubieﬁhosyl@ﬂbﬂésyleédmﬁu@‘V@ﬂgéﬂ@h @bﬂgghevsbare typically
made i g whichdhe tractions olefkp; ga IQQHQ%H ped cal cul ation
on the basi s of th% socaF -factror8 T % K act or, ghﬁ: ﬁ F%M?ndlcatlve of

the relative pr oﬁ@rrtlpéﬁspmcetf‘rﬁésplaééuléﬂo‘m efamsche sredachkbvmrof atio of

[Cn+2] /[ Cn] aalgdatedebirom e Sle@pgsof rdhe -t of kege[ Cn nol %9 versus
n, where n is the nunber of carbon atons in a particul ar product ol efin.
WO U2/ UU339 ROF/EREEikatTon 18 HidvKehactorhighdy atefliefiinsohnt he sane for

each n. By Ilﬁggg var n tion tanmeters, the
K-factor can éxﬁé%gégggeﬁ&gﬁ%ﬁkgﬁgggm%% véﬁﬁgﬁFm%ﬁagﬁug way, the
proces8 can tﬁpmﬂnyndbeﬂdtonrannmésa B. pr odrromaginatvelwi £h @m. opti m sed
econonm ¢ benef it 4 Si ngg despnd @ 1b9g) C6-A 8 fraction is much higher than

for the C-20 fraction, processes are geared to produce the | ower carbon
number ol ef i ns. POREPeFOTTeRS DT PEOFOASD? 2 He Fhehetar bRl FAATHET ol ef i ns

i's inevitabl &crNG-riBry b Nond UpkBaLCBr @cosSiidi chhe TarsBid.onof these

obtain a Poisson distribution, no chain termination must

15 take place during oligomerisation. However, 1in contrast,
in a Schulz~Flory process, chain termination does occur
and is independent of chain length. The Ni-catalysed
ethylene oligomerisation step of the Shell Higher Olefins
Process (SHOP) is a typical example of a Schulz-Flory

20 process.

In a Schulz-Flory process, a wide range of oligomers
are typically made in which the fraction of each olefin
can be determined by calculation on the basis of the so-
called K~-factor. The K-factor, which is indicative of

25 the relative proportions of the product olefins, is the

molar ratio of [Cp+2]/(Ch]l calculated from the slope of

the graph of l1og [Cy mol%] versus n, where n is the

number of carbon atoms in a particular product olefin.
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products is detrinental to the profitability of the process. To reduce the
negative inpact of the higher carbon nunber olefins and of the | ow value C4
fracti on, wadionswnal technol ogy has been devel oped to reprPCHEBIABIVhese
streans and convert theminto nore val uable chem cals such as internal
C6-C 8 olefin as LS racti.sed i.n_the Shell H gher O efins Process.
However, t hi sﬁpgc%ﬁ%?%% i$ é’%pgﬁgil%pb%?hﬁferc?rﬁ“%n%fjﬁv‘ég‘fl?réh‘t vd

oper ati onal paigtndfvarieviamd acdnsdgjuetnént addsre2@taddi pavnadteaast .

Theref ore consgidera fart ,is._di . t he. product.i on of the

hi gher car bon%hgn%ga?é%f%i%sn tbg taﬁéﬁgﬁés%%% g“@%&rrﬁ% 1.8“.’%1 ‘%\aojtuer?dre t han

i nherently assocthtedvai t Fheherschab zc#h dvy oberietoro PEOANGeAa98/ 27124

di scl oses i ropyoaRd: cobald RasednebylfNG PU MR Sabl oLk Gat algists. Said
catal ysts conprise iron and cobalt conpl exes of

2, 6pyri di necarboxad dédwy detd SeHOT HeS)acnidn? i6dmack| pyahet ndbhnsEom nes) of
the formula (1): 2 V1% 02/011339 Rg R2 R (z) R6 N, - LviXn N~ , \ R~
PCT/ EPO1 / ( 17thgCwhefeiantibns Woowsdes, agacheXred an movidoge hhes 1, 2, or
3, so that thg t ot al unberug‘%f nega [ve ch%rygees on ﬁaig anion or anions is
equal to the ofR'Bht FOMP St AT § R 5" or XEm prEsEt™ M om P R1 R2 and
R3 are each i ndepenglesnt |gadiypdr agehe r hytk ficar byl ineubhsiblalt ethd)ydr ocar byl ,

or an jpert functiiona roup; R9 and R5 are each, i.ndependently hydrogen,
nydr ookl byl HREbhEr Py pr SR SRR PH (BOF P PRaE Py il by! - B 1S of
10 formul a (| pyodud®s Hio RtflimpnRali so ofhd qrunflidapiliyy oRIthe3

process. To reduce the negative impact of the higher
carbon number olefins and of the low value C4 fraction,

additional technology has been developed to reprocess

15 these streams and convert them into more valuable
chemicals such as internal Cg-Cj1g olefins, as is

practised in the Shell Higher Olefins Process. However,
this technology is expensive both from an investment and
operational point of view and consequently adds

20 additional cost. Therefore considerable effort is
directed to keep the production cof the higher carbon
number olefins to the absolute minimum, i.e. not more
than inherently associated with the Schulz-Flory K-
factor.

25 WO-A-98/27124 discloses iron- and cobalt-based
ethylene polymerisation catalysts. Said catalysts
comprise iron and cobalt complexes of 2, 6-
pyridinecarboxaldehydebis (imines) and 2, 6-

diacylpyridinebis (imines) of the formula (I):

(2



WO 02/ (1(1339 R13 R1I~ ~ ~ R19 R16 R15 (Il11) R8 and R13 are each

i ndependent |y hydrocarbyl, PCI/ E POl /(17.119 substituted hydrocarbyl or
an inert wamenimal group; RO, R10 R11 R14 R15 and R16 ar @CF&HI1/07419

i ndependently 5 hydrogen, hydrocarbyl, substituted hydrocarbyl or an inert
functional group; R12 and R17 are each independeptly hydrogen, hydrocarbyl,
substituted hydrocarbyl or an inert functional §roup; and provided that any
two of R8 RO R10 11 12 13 z9 15 16 R4, R\, R/ R, R, R 10 and R1l7~ that
are vicinal to one another, taken togeth . forma ring. R8 and R13 are
each preferably al kyl groups containi rom1 to 6 carbon atons, and nore
preferably iso-propyl or tert-bugd/]l_droups.... 15 R and R17 are each
-preferably al kyl groups containing fRem# to 6 ¢arBon atons, and nore
preferably iso-propyl groups. The pol ¥meKi sati.gn process of WO A-98/27124
produces both oligoners and pol yners’of e Nene. Said products 20 may vary
-greatly in nol ecular weight. For e>5arrp| e/s whi | stgExanple 32 in

WO A- 98/ 27124 illustrates the producti orfRof oligonmeric olefins, in

particul ar decenes, the majority of the Exanples therein produce |ower

nmol ecul ar wei ght pol yethyl ene oils and Wekxes and hi gher 25 nol ecul ar wei ght
pol yet hyl enes. WO 112/f1f1339 PCT/EP(1 1/117.119 Preferred products of
WO A-98/ 27124 are those with a degree of polynerisation (DP) of about 10 or
nore, preferably about 40 or nore. By "DP" is neant the average nunber of
repeat (nonomdrdraum s isnCa pol Bewereashndl geude. anflus, nonst he hote, the
catal ysts and, pr 0 / e icul arl i rec t owar ds

t he producti g3n' _os%cg%ﬁ%;nfépg%éﬁgfh%%é gl%nn%%%w%lfﬁ;%g {)ﬁe%eglddare

di scl osed nov@1Ldny @F1enpaBedlt¥iEnécothgomerdasdianonteseab§sa sfe hat show
hi gh activity and high selectivity towatds,4inear3alpha olefins. The

cat al ygts ar eorbgg)edﬂ%rn{1 PFSﬁe%%rrjfﬂ e(xltééwgf’ aRseaInéjggqedaPe each

2, 6- pyri di nedicaioxahdehydeabbsdny neaebcarisel echedtdcbrdiacyl pyridi ne

bi si m ne.

hydrocarbyl, or an inert functional group; RLl and R5 are
each independently hydrogen, hydrocarbyi, an inert
functional group or substituted hydrocarbyl; R6 is of

10 formula (II);

11

12

R7 is of formula (III);



15 In the present invention the term"bis(arylimnoal kyl)pyridine", or in
short, "bisarylimnepyridine" is used to describe both classes of |igands.
In WO A- OW@@IW339 t he ol i gomer product distribution 20 nmadBCWEPHI/GTHES e
catal ysts is not specified any further, but is inplied to be Schulz-d ory
in view of the definition, the use, and the deferm nation of the

Schul zFl ory E<-factor. In other publications,Rsuch as A MA Bennett 25
Chentech 1999 July, page 24-28; and refexenges nentioned therein, the
product conposition was stated to opgy I z-Fl,ory distribution. The
acconpanyi ng experinental data in R90- 7 however, shows that these
catal ysts afford a product slate with a segrisingly 30 | arge anount of
heavy products. Further experinmenting and anal yses have confirmed that the
di scl osed ol i gonerisation catal ysts affbrd a Product conposition which, in
conparison wth a Schul z WO 112/ (111339 PCT/ EPO1/07-419 Flory

di stribution, indeed contains significantly nore heavy products than
expected. Table 1 on page 30 of WO A-99/(02472 gives an overview of ethyl ene
ol i goneri sati og experijqrents catalysed by four 5 different iron conplexes (X
- XI'11). ExpeRi nBR¢ Runtséese2sh atfePrngenthy shydpre iy whi ch iron conpl ex
Xl is being used at ethylene pressure of 1.4 MPa (gauge). or 1.5 Mga (15

bar (a)) and 25BPRBACELEGGRIATSFashYl \Pa §0 g NEEE( APCEeSMREtI5AR, Rhot h gi ve
rise to a Schuhz-Flary K410 fsactqr_of 0.79, as.derived fromthe Cl6/ Cl4
ratio. If it fs asSured thak aaﬁngecta@cl‘?ﬁFE- EPSFReRi St iYbution i s

obtain int er'jygg_qjt , at o Y =, K = 79, it can be
cal cul :fed thgga?ﬁgél&oﬂ- Clc(%(jrb I;l]élc?lilﬂ(§)sr1g]|9:s 1 gg}\z/%t%%%%ylt he &0 - 28
fraction 15 i $n2ttofwhctiomalogabupy oRilfctandl R 1 tades dast her assunmed that the
solids nentioned in Table 1 contain the C20 - C100 fraction then this

shoul d anount PgeBENSSMELY AYIGESP phythRI2 IOV s S¥ReEH e RE consi dered as a
maﬁi Irmm SO: i dﬁy&@ﬁ&@ﬁlﬁyﬁ!d}_Cf%natin!eEﬁ-Sfurtchﬁdi?le@rFafﬁ hd tﬁr}%va@ehowest

ethyl ene oligonmers in this fractign remai i g0l Vv i n,the

t ol uene- sol ut tBAtofnY WevTAL R% 8R?rr d’cl?ir oﬁ?lrl rﬁ%séxpgf??né{llt‘lrnﬁh%erpswl6 and 17
of Table 1, howevet; the anobunt of solids isolated are 14.1 g and 18.0 g,
whi ch Hay be 8afcBl atidftagrs ¥oFirist donwast 2BPTEET 45 akaf to4REPSB o wt. on
total product, Qeﬁgg%tzgovrq Simlarly for a K-factor of 0.81 it can be

cal cul ated that”the - 8 fraction and the C30 - Cl100 fraction are 22 %
wt. and 20 o wt. Rh dmt azll3paﬁ£llﬁthh esgeehbVel ylkar grmxpsal |y 42 o wt. for
the solids content, For 30 Experinent number 18 in Table 1, also using iron
compl ex XI, b@erhdrERY pressdr é00f TANER (EFaTge) andjmere PrELRPEALLY bar(a)),
the amounts ofssoptélsyl st aleed-Bhey 2. grdips.

15 R12 and R17 are each preferably alkyl groups

containing from 1 to 6 carbon atoms, and more preferably
iso-propyl groups.
The polymerisation process of WO-A-98/27124 produces
both oligomers and polymers of ethylene. Said products
20 may vary greatly in molecular weight. For example,
whilst Example 32 in WO-A-98/27124 illustrates the
production of oligomeric olefins, in particular decenes,
the majority of the Examples therein produce lower
molecular weight polyethylene oils and waxes and higher

25 molecular weight polyethylenes.



WO 112/11U339 PCT/ EPOL/ (17.L19 which may be cal cul ated as a solids content
of 54 o wt. on total product. The distributions obtained in Experinent
nunbers 1§o-02A&3bn Table 1 of WO A-99/ 02472 clearly indi caca/epoan749 | ar ger
guantities of higher carbon nunber products, i.e. solids (>C2p), are
produced than woul d be expected on the basis of the Schulz-Flory K-factor.
The excess of hedFApferngsdhasod ¢t AfmPRCAT 2812 EE14 @ret hboeeombii o5 of the

technol ogy. 1fediecOWr §61pRei Sk qpeancPateatt Appldrcabi-en No.

00301036.0, we have further explored such_systens to inprove the product

di stri buti on PEHEREGE 28PPFi @?rﬂﬁ VEGundBewPRat’al y&ersyshens whi ch not

only afford aaGatugez nhibey @f otkisdatdi(gbhbhet) omititinvai b1 ahse show an 15

. nprovgd sel ecc'gi' Vci t)é and activity over the previously disclosed catal ysts.
The abdve- medtqdied i'nventi on provides a bis arylimnepyridine MXn conpl ex

conprising a non Tysnpebni thé dhgand the tetalyatd |1a)d pIo2Bs§1dF wherein Mis

+a nmetal atom,sel.e ; I : 3. is_halide, optionally

substituted h%er?E?%;F?Qg‘]laggﬁ%ret,qocéﬁlg EeL§ %%9 <§/t rc} Eeo;waﬁril?R{Sge R7-Rg and

R12-R q are 2»ahettionndépentaritsy othedhwdgens. optionally substituted 7 ~9

RL2 IO 02/ 00333 PGHLEP3 1407771 Lraydr gcar byl 1 ¥ad RevE1f paghi onal group,
or any two of RI-R3, R/-R9 and R12-RI4 vicinal to one another taken
t oget H8r may B3T3 &LAVAGRe RBLIIONRAICegeAT 6pta bl yhelibshey ukish
hydrocarbyl, st inert ahtnNgl§onad1dQuByOtovat@ken leagebighawi th R7 or R4
to formaring, R10O is )

olefins. The catalysts are based on iron complexes of a

selected 2, 6-pyridinedicarboxaldehyde bisimine or a

selected 2, 6-diacylpyridine bisimine.

15 In the present invention the term “bis-
(aryliminoalkyl)pyridine”, or in short, “bis-
aryliminepyridine” is used to describe both classes of
ligands.

In WO~A-99/02472, the oligomer product distribution

20 made with these catalysts is not specified any further,
but is implied to be Schulz-~Flory in view of the
definition, the use, and the determination of the Schulz-
Flory K-factor.

In other publications, such as A.M.A. Bennett

25 Chemtech 19929 July, page 24-28; and references mentioned
therein, the product composition was stated to obey a
Schulz-Flory distribution. The accompanying experimental
data in WO-A-99/02472, however, shows that these
catalysts afford a product slate with a surprisingly

30 large amount of heavy products.

Further experimenting and analyses have confirmed

that the disclosed oligomerisation catalysts afford a

product composition which, in comparison with a Schulz-



hydr ogen, optionally substituted hydrocarbyl, an inert functional group, or
taken together with RO or R4 to forma ring; and R11 and R15 are,
independewk)lqwmjwdrogen or an inert functional group. 10 THEI/ERXM7419
‘non-symetrical” is used in relation to the four ortho-positions of the
two aryl-imno grou s and defines these as such that neither the
substitution LSEPrféCBubsRie e M tPABHs B vk faryrly mageequal |y

ort ho- subst i tyé;@%, aﬁrggddc%nghgﬁog%ectje@ There has now been surprisingly
found a further ass of novel Dbjs-arylimnepyridine catalysts which not

only display a hi'fPicthi ort §aart f0 rls JEet- t98/§12ﬁ t hi <5 iBgoREFTEAEYON, but
\C/Imi ch al so pl’@ﬂU@iﬁlhﬂIéh)él @megahegoﬂm&ra@e@redmgnt@ @ataczdylﬂe& BB/OEMué
istrikution., 20 The pr.esent in entlo pr sarylim ridine
Ilgand%of for(f‘lrh’? e]ie\‘?) REr &PHP Bi—'%? % gﬁd Eﬂ( ﬂfﬁgécré‘ gégﬁs
i ndependent | yl6 hardt dger £ cpti'so’lﬁablq, subsmltc:bt édohychrgeland I, ian inert
functi onal t - Rg rand inal ;te 25 one
grQdig, Lt se‘?in\ét @?h?ierﬁg Ilﬁ% &BZ:e gﬁgﬂ 43%1?3 Iﬂlg%‘ ?ecf %?51.9

anot her taken to mar and are
i dentical and2a el J§e|b@e:t édl fa@ﬁﬂl%dﬁme(g@pg@hl ori e MPa (@9 O 112/ (11133 J

PCT/ EPI'1 1/ 117519 {)M) rE@%eBE%@I‘& | PaNtdiQR E:%Ieh‘é‘é ap"SQ:\HLﬂ‘;ZSF@oP%/SK— _
arylim nepyridi ne MXn conpl ex conprising a ligand of 5 forrmula (V), wherein

Mis aonetal sdomselfect.ed,fasmiéeiant Com mhesCPs A 3rathd. X i sithal i de,
optionally substituted hédr ocar byl, al koxide, am de, or hydride. In a

further aspects atm@cesBAt RnRehi?ehn Sﬁ#’b‘\}#dgéoéyp?ﬁc?e‘%@uftéﬁnt h& production

of al pha-ol ef pisainkdti G Hec60MPEHSLSNGAY, aghhRYiONE WayTOre
bi s-arylim nepyridi ne MXn conpl exes of the present invention wit: ethylene

and a second @romjﬁunﬁl i ch 1% dépabhebefcakanstiedr thgtakheptional |y
substituted hydrocarbyl or hydride group to said netal atom M and which is
al so capabl e ©fo 15CabetFzattiing &8 X gf otip fAentdsi H2oret d2safsnftatna

tempergt ure [ n. Lie f andecpl ;100G 10:300Cd eastiblefay thergagpect . the

pr esent i nvent? o provi‘des or the production of a-ol efins,
whi ch conpri s@sammitea@pllngsm@nblom e rbiTeb2e ér 9¢mfmwe|ct3hﬂ di ne MXn

conpl exes of the present invention wth e e _and, a_se npound
whi ch is capati® “of169 cécﬁropnﬁgﬁﬂv%lbﬁﬁhqulx#]%‘BEth? e%é)h‘yd‘r dcar byl or
hydri de groupyt Océcﬁdld pretakcatem M srﬁﬂfidabteh%ﬁisﬁ@é%l%@ whinghihsncapabl e
of abstracting X group fromsaid RO R12 WD 112/011339

PCT/ EPO1/ 07- tﬂ‘@ljrﬁagc ao%eaﬁ} sHpcy %%rﬂﬁe%%t GP8 PAIPheddngd 6fe-100C to

+300C.20The preseddt igthgnehenof ugdmers Arothdes faagbidr afeyliim nepyri di ne

Myp. Ln+] [ NCG-] g conpl ex conpri si ng
dissolved in the toluene solution of the C4q4 - Cjig

fraction. In Experiment numbers 16 and 17 of Table 1,

however, the amount of solids isolated are 14.1 g and

18.0 g, which may be calculated as a solids content of
25 45 % wt. and 58 % wt. on total product, respectively.

Similarly for a K-factor of 0.81 it can be calculated
that the Cpg — Czg fraction and the C3p - Cjigp fraction

are 22 % wt. and 20 % wt. on total product, respectively,
or maximally 42 % wt. for the solids content. For

30 Experiment number 18 in Table 1, also using iron complex
XI, but now at pressure of 0 MPa (gauge) , i.e. 0.1 MPa

(1 bar(a)), the amounts of solids isolated are 2.7 g ,

6



5 aligand of formula (V), wherein Y is a ligand which may .insert an
olefin;, Mis a netal atomselected fromFe and Co, NC is a non-coordinating
ani on andwptoos92 or 3, matching the formal oxidation of pxavcPometab at om
L is a neutral Lewis donor nolecule and n = 0, 1, or 2. 10 The present
invention further provides a process for the production of alpha-olefins,
conpri si ng cofiglt Ay baecarciimted Besaasglida momrendi né Myps Lrk] [NC ] q
conpl exes of dnhecpeeSgpbahdvention with ethylene at a tenperature in the
range of -100C to +300C. 15 In the present invention certain ternms are used
as follows: Hydr 68&r By tHrdip:ong @Pgébn%%n%rhi%%*glﬁ‘ﬁw REMRSTE and hydr ogen.
Unljegg otzgelrwiﬁscﬁ sgaigdraphe 1nwfp$1b—aia9am%mz Qil%@&l&siﬁflﬁéﬂeagiﬁétbet V\gen 1
. an the present, Jnventiqn, the rase "option substitute

hydr ocar byl " q1a§g&§e8u?% et ioﬁ WH?BCS‘?‘%&W“ Jros 85?3‘6‘?1%?4 v ‘¢ont ai ni ng
one or nore 'dJigkt" (helSroahempeenhaldi itk WRehkopal e PAURR JBY thknert” is
- meant that the functional groups do not interfere to any 25 substanti al
degree with theisl p§obkee i SctulorfoageEsfadosdi miti ng exanpl es of such inert
groups are fluoride, i de, sila " S d.,amines with
adequate steric gﬂlge?%?%l% nglhe\sf\a/e‘)yl -Qﬁﬁsom%%o%nﬁ%g%émg&?ﬁ et *lenCtt he art. Said
optional |y siibst ecanedia® ¢fydritscaelshhohayyi ncl ude primary, secondary and
tertigpy carbon ahom,grosns. ff A I nert functional
gr oup:%a gr oup o?he?b?hgn ogﬁlgtr?g?flggéﬁ ft%%&gdgﬁgé?g%g%%ﬂ which is inert
under the prd©es§0381036)\840 vl Iyaver £33the PEHEREEA]L $7ch 19y T thicons. By
“inert” is meapk-obBatné herdHnal iRk BROU dog% MAlel BLhEFE £/ 1 any
substantial degree with the oligamerisation process. Exanples of inert
functional gréUpe PREI CRfer el dostemferiichmptammddsatfordatticul ar 5
tertiary am seuulBPFrl8ry ©addioit alielr ghetpon A bu€HZhRcEr oL Whesweiam R may be
hydroqgn, a qpti onahI% J;ubts_ti.t uted h djéoca,Tr byl, inert functianal group.
Exanpl'gs of prPTar§Scatbortat'om GPSU%E thttideeraq3e PESTH U2 dhect,
- CH20CH3, 10 HiGHd2Nsé@2thYatyst==CH2Ph. Secondary carbon atom group: a -CH R2

group wherein R )t | |1y .St ituted hydroca _inert functional
" group. Exanpl es gggs%%%‘g%éﬁre%%ggr%gngﬁ%ﬁlgérno%ﬁs&gﬁ%%uéggiSCH( CH3) 2, -CHC12,
-CHPh2, -CH=GEl2imlbhepytlditexyx, Eenblek yewa@aheAngt ameti-oup: a -G R3 group
. Wherein R may be optionally substituted hydrocarbyl, inert functional

group. Exarrplse@méf:r%@?%i%%%ﬁﬁoﬁoéﬁéﬁi‘g{%‘ﬂﬁs i ncl ude - C(CH3)3, -CC13,
- C=CPh, 1-Adamantyl, 20 -C(CH3) ~(OCF'a_B)'

1

R R3
Rs N R1s
R: N N R4
R R1o R4 Ris
20 Ro R12
(IV)

wherein M is a metal atom selected from Fe or Co; n is 2

or 3; X 1s halide, optionally substituted hydrocarbyl,
alkoxide, amide, or hydride; Ri-Rs, R7-Rg and Rj2—-Rjg are

25 each, independently, hydrogen, optionally substituted



By a "ligand which may insert an olefin" is nmeant a ligand which is
coordinated to a netal ion into which bond an ethyl ene nol ecul e nay be

i nserted wo 0033t e or propagate an oligonerisation react PEGVEPVINTZD

[ bi s-arylimnepyridine MYp.Ln+][ NC ]q conpl exes according to the present
invention, Y may be hg/dri de, ,alkyl or anpy other anionic |igand which may
insert an ol efYHFOBE de-%df)&r)r{?aff%‘@th‘%‘?%'glioélpweaﬁta%Yl G &f whi ch does

not substantiglly.c in 1 a Al oNeL: cogrdi natin
ani ons (NC) tﬁka?B’mqi;%é g&iat%g% yﬂgﬁﬁﬁgfiﬂﬁeéguﬁ% aﬁ%ﬁ{s suchgas
tetrakis 11 0339 & PlL 340719, ogen, option

bi s(tr: fl uoroﬁe h%%henylfgg(r Et EH%EAFR%%J( %gég) 8% , a%tdl anaflolﬁ's of

al kyl al umi ni usuBsBEPOLNELS Hyoddirbg 1 R34 X ne 2 ALGEX: bnRAIEIR%, and " RALIOX
", wherein R is hydrogen, optionally substituted hydrocarbyl or an inert

functiochal 5 §rbep, teFrtber svifidl Rdedr R4 60 deroraokimgn Riot ini || be
appreci ated by those skill.ed i.n.the art. th W thin t boundary conditions
her ei n before}q&%g%??%’ea‘),ptsluoons lﬁyugp}?sstﬁiqqﬁ%tsh%osar?@;diqry1&@' cted to
optinize the pehéefsmdICefud,NercahrbyStogtaleeMvand kf A& ee8NePlgal
application. Substituents Rl1-R5, R7-R9 R12-Riq may i ndepenéent |y be linked
toget her and hormgydnd B r uﬁ&UR%S-arEur&hﬁé%@ﬁ&eriﬁly\M habegegagh | y
appreci ated by any person who has nmastered the basic principles of 15
honogeneous catalyers fungtiogsdt oroemt vari ati ons of R1-R5, R7-R9, and
R12-R19 may be sel ected so as to enhance other desirable properties of
catal y§t precur sof® diftFeati@iy SYTEGEE el s dehuasdssi uiiiatdypni fonshepol ar
solvents or exbepdhrghd-hedianaesobs sthd ahle a3hAart g M RIHLl%dl N 20 their
synt heses. Preferred enbodinents of this invention are |igands according to
{V) and deri vEEFiReS (&SRS PHORhFRE (6K SRE NS i Ngppear: R1-R3
ar ef hyd[)f)gen; paﬂdépnlf ¥ acmél Bﬁb@t@gﬂ@iﬁﬁﬂtheméd&eggpafmd »tlrvrqboog phenyl ,
preferably 25 net , enyl  or, rogen.. I.n.a preferred enbodi nent, a
Pl Gand of 't or FETALIXjoT R Rt s A SRBU B Sy ogen: Ré and RS
are methyl; R7- Rorient: RbE2- Rog Been hydimgendngapdf&ond RILEuRhtrandakdS are
[l uorine. 12 V.02 01338 FCIL EEOLIN A1 91,5001 NSls B % LRYy

display a high activity with respect to ethylene

oligomerisation, but which also produce ethylene

oligomers according to a Schulz-Flory distribution.

20 The present invention provides a bis-
aryliminepyridine ligand of formula (V), wherein Rj-Rsg,
R7-Rg and Rj2-Ri4 are each, independently, hydrogen,
optionally substituted hydrocarbyl, an inert functional
group, or any two of Rj-R3, R7-Rg and Rjiz-Riq vicinal to

25 one another taken together may form a ring; and Rg, Rig,

Rj; and Ris are identical and are selected from fluorine

or chlorine.



(V) is provided, wherein R1-R3 are hydrogen; R4 and R5 are hydrogen; R7-R9
and R12-Rl g are hydrogen; and R6, R10, R1l1l and R15 are fluorine. 5 In

anot her pwefemnosd enbodi ment, a ligand of forrmula (V) is pavireed741tdher ei n
R1-R3 are hydrogen; R4 and R5 are nethyl; R7-R9 and R12-Rl14 are hydrogen;
and R6, R10. R11 and R15 are chlorine. In another preferred enbodi nent, a

|l igand of formula 10 (V) is providegy wherein RL-R3 are hydrogen; R4 and R5
are hydrogen; R7-R9 and RlZ-Rlé are|hydrogen; and R6, R20. Rl11l and R15 are
chlorine. In another preferred enppelpent, a ligand of formula (V) is

provi ded, wherein R1-R3 are R4 and R5 15 are phenyl; R-7-Rg and
R12- Rl g are hydrogen; eRsR15 are chlorine. In yet another
preferred enbodi nent, i s provided, wherein RIl-Rg
are hydrogen; R4 and & o R1L&R g are hydrogen; and R6,
20 R10, R11 and R15 are d bis-arylimnepyridine blXn
- conpl ex, X nmay conveni e y, chlorine. In a preferred
enbodi nent of the bismfyl iy neisi di neRMKn cypnpl &¢; nmetal atom Mis Fe and
n 25 is 2. In another prefgrred enbodi nent, fetal atomMis Fe and nis 3.
Conpounds whi ch are capabl € of transferring ali optionally substituted
hydrocar byl or hydride group to 13 (y)VV O 02/011339 PCT/EP(11/07-11~) netal
atom M and which are al so capable of abstracting an X group from netal
atom M i ncl ude a1 BFEAFAT uk EBHFFSIndSTEbeh 2oBidad &l Bhfnoxane and

aIkylaluniniun1q:halides" A grﬁ%erred compound. i.s netg | al nigoxane. , 5
Compounds. whi T 4R PERRABFE" G0ty HITPAER ROTRN- DRt GndlF9 SuBbt i t ut ed
hydrocar byl q]foé;m@ de) Or QHR- L O, el jakopy M ingl uds alkyl @Ly]gl L um
conpounds i ncludin nds, Gignards,

g al kyl al um noxanes, alkyl [ithium conpou

al kyl tin andnd 6pr #i A8 éofpotndard ml@ohﬁgmms QHiiORaatE capabl e of
abstracting anp&tgdreuRrdl hoar S8y 1t amkbkiAg) udel &, r ergnpeuigal Lewi s acids
such as SbF5, BF3 and ArSE, wher ei n A% is a strqanelectron-wﬁ%%%ramﬁng
aryl group such d< GsEBTHPCE, PILCrgf26RE 1T A et -a PP LBW & Hoh 6t

nol ecul e i s gwageaUidrwhhe hpeyuciichablfya agha-asl ef il shbase, such as

ether%o an‘n%§in§¥ys%glgggtgggiggggﬁg %rnﬁg£été?%—aryliminepyridine

MXn complexes of the present invention with ethylene and
a second compound which is capable of transferring an

optionally substituted hydrocarbyl or hydride group to

said metal atom M, and which is also capable of
15 abstracting an X group from said metal atom, at a

temperature in the range of -100°C to 300°C.

In a still further aspect, the present invention
provides a process for the production of alpha-olefins,
which comprises contacting one or more bis-

20 aryliminepyridine MX, complexes of the present invention

with ethylene and a second compound which is capable of
transferring an optionally substituted hydrocarbyl orx

hydride group to said metal atom M, and a third compound

which is capable of abstracting an X group from said

9



In the [bis-arylimnepyridine MYp.Ln+][NC ]g conpl ex according to the
present invention, L may be a neutral 20 Lewi s donor nol ecul e capabl e of
bei ng di spleae@3dsy et hyl ene, or a vacant coordi nation sitePCT/EPQIAE419

[ bi s-arylimnepyridine MYp.Ln+][ NC ]q conpl ex according to the present
invention, netal atomMis preferably Fe and the formal oxidation state of
sai d 25 net al netamateyn.b@t2aoteBpetratwyd lirbdhgpprese aedHMEE wof urt her
advant age of cag@oysts and |igands according to the present invention is
that they may be nore readily synthesised than the previously described
non- symmet ri cal CHtIBFASERANAR SN Janfds t[deFePEREHI$DI2 t he production of

ethylene olig S Qi e ul.z+FlLory, distri.hution. 1-4 WO
(127 U11339 e AL TR pa'IL)?sF [gés]t%r%ogr?%gge&?%rnjes M i xi ng

t oget her the gorpaxd amd fophoaalvadditdenal Ycospaundsandrefiehakhy in a

sol vent such as_tol uene ks A s_olgct ane. Th | e ra1[i 0 o%dscorrpl ex, second
conpound, andl%s%lbftia(fhé’l &y Phi ; dl%p%‘beiﬁ?g S “Rof® FRETE d 5oR tRe®pfesent
invention. Asch| st riat %dnbstsb@miﬁaﬂﬁgg%%m End pephangethe flexibility

of an ethylene oligonerisation reaction by enploying a catal yst m xture

conprising a mataliyst the docoedi agidaridre ofr esedt mevakrtticon andsoae or nore
catalysts preylosly Jundblok Mo Ay Al B BagLI Ul Gl jone or more

previously described catal ysts as Ci herein. a met'hod may be used,
for extdnple, to iTher earseenhel ie@ipre dntrdheropranidd piaa raloebisn AdRt ure 15

normal |y produced, 43RG ithAeoRr L PEhArd) LakA Y SbapANe Qf Rguieyaky described
catal ysts, whilst maintaining alpha olefin pun?y. Thus, 1n a preferred

enbodi nent oforudneamme&@nt[biiavenylmnirtdwrediiaepM‘m‘»EyiIctérd [8Cprgcess for the
production 20 of al pha olefins, wherein one or npore conpl exes of the

present i nvent?EH dntaEt BEEIFHh WENSH Oho¥ B RIFRY GRS 2ofpl exes t hat
may be sui ]'Eabr%]gm;ea'ﬂdt;m%dihnth@ermgﬁilm:—lcmo% taclprltmoed(:jefi ns.h Such a
guantity of the t st _systemis uysua 5.e oyed in t

ol i goréri sati on &%ﬁ%oﬁr REbr S e S%Egﬁf%rﬁe?ra/sorﬁrfou-sﬁgt %510 9 gram
atom of netafoltoam:M in particular of Fe [II] or [II1l] netal per nole of
ethylene to be r i I ri L0 | Jmst
conveniently 30 gg’%%%taéﬁpgvg%&%{rgang%%gk ?8%%%%%%%@@%? g%lggﬁo@?o 300C,
preferably imydrogeang&ndestr o ise 200Cedantheorensrefodr abkhonn t he
range of fromalfs tig 13QCerbf1y MQdel21h44339 PCT/EPI) 1 / (17~ 19 The

ol igonerisation reaction may be convenient|ly carried out at_a pressure of
0.01 t8 15 MPa (d™M ¢ P565PRF (Ve tiore pPefRMEDTS PRGO28LMPa (10 to 100

bar(a)), and smsdtiprefeer abbyodatwys NBaukda te &9sdardeahydrdcIheyppti mum
conditions of tenperature ?39 ‘%ess,ur.e used for _a parti cgl,,ar cat al yst
0

system to mdMEE ORELPPE 13 gomer °PEn8t t'BCHT nitMiEE 't he conpeti ng
reacti ons suchetasrddittar-iceoat boniandpaltymerilsarbaps carBbe iheadi’| ys

establ i shed tﬁ%éﬁgafﬁgtlkgg EQH&%%%ﬁgf'groups do not interfere to any
25 substantial degree with the oligomerisation process. Non-
limiting examples of such inert groups are fluoride,
chloride, silanes, stannanes, ethers and amines with
adequate steric shielding, all well-known to those
skilled in the art. Said optionally substituted
30 hydrocarbyl may include primary, secondary and tertiary
carbon atom groups of the nature described below.
Inert functional group: a group other than optionally

substituted hydrocarbyl which is inert under the process

10



10 The conditions of tenperature and pressure are preferably selected to
yield a product slate with a Kfactor wiwthin the range of fromO0.40 to 0.90,
pr ef er ablwoiooedze range of fromO0.45 to 0.90. In the pres@al/ERovenid on,

pol ynmerisation is deenmed to have occurred when 15 a product slate has a
K-factor greater than 0.9. The oligonerisation reaction can be carried out
in the gas phad¥lidriansquBd phaget” ors meged §hat | thyuifdinshaseal depeyrli ng upon
the volatilltyedf ddie iheedrand s odiictsu@sebhpsal 28 gkee Qhigopgsi sation
reaction is carried out in the presence of an inert solvent which may al so

be the carri er1¥HYHS2EICR PEP-aY SrofRéasoPEfitertsfingbienabl vent s
i ncl ude al kangsqupd kenresdecyal oad kastes rsandnar amdd<; hydpagei bons: For
-exanpl g, solvents. that may be 25 suitably used according to the present
i nvent i"on i nctUde-Hex & Fsooct ane, benzene, tol uene, and xyl ene. Reaction
tinmes of from 0. bigakd BAURSH BN @Q%ﬁlpf:OHPdCIﬁ?—Pb%r%UFt@Ibéﬁeirgqpende!"t on
the activity of the catalyst. The reaction is preferably carried out in the
30 absence ofmay rbeorhysiiogenr ea dpielwlailgenmerbsatiwred dacirboarmy, be carri ed
out in a conv ' Len ma rj j I r t ank
reactor, mher%}.%lftgl e |Cfr%§§%90%¥%‘l§%'st%éér%ﬁggtéél %%%9%5 rs?%%gg}érge&g%ded
conti nuously §mdpstindledet a0k; ana b6, -3A421112£836889, PCT/EPO 1 /117 19
reactant, product, catalyst, and unused reactant are renoved fromthe
stirread tank vwitiw tchesps odurit,Phepar at ed and the catal yst and unused
reactant recycled back to the stirred tank. 5 Alternatively, the reaction
may be carried owWedomdarpatehbomatiar grahpr ea n-th&cgtrahy svheresiguitsor s, and
reactant olefin are charged.to an autocl ave, and after being reacted for an
appropri ate trp%,bepro@&&8?‘a§%ys% St oFr ¥ TR TRt 18R Hi xture by
conventi onal fithdeans) gttehpas thsidlldsabifonecdidefy aasthohabtenr eacti on
time, the oligonerisation reaction can be term nated by rapid venting of
t he et hyl ene F¥PWrddmnclydgeact {Vhtle t nEHEht al3tPhey sT@HTClphe resul ting
al pha 1‘3' efins i {@vei a chain length 15 of from4 to 100 carbon atons,
preferably 4 % cdrbon atons, and nost preferably from4 to 20 carbon
“atoms. Product ol®efrivisrganabeot ecoeiedupui b abtyrRPyrdupt vhéadiromr and
further separated as desired by distillation techni ques dependent on the
. intended end e 0 opripRaley efilpstititedayBeocidtvdd th&ttin the case of
using a 2, 6bi gflediniridighalpar ykinpng) alckyblpysidingeat akystqgasgny ding to
the present invention, no deviation from Schul z-Fl ory distribution occurs.
This is benefimilalde oCASHBhe, ecdiHam c€=0Fht He-Pov@patylprocess, as in this
case no additional anobunts of solids, that is to say, heavy wax, are being
f or mecBOwhi ch mRalCHze 2d@RBer some due to clogging, etc. of the plant and/ or
its work-up trai Sucgh.solids normal |y require pracessing by .isonerisation
and 30 di spropor'?;lyor?at ?Léﬁa\r/l\ndt‘ﬁlfl qlorma xéﬁ‘ﬁ ]é\,L“J %Ifbol[}ltecei(r‘:fé1 tésgrp?%/?/te %t internal
ol efins in thelegehotical by attrdigtabes rtangem¢C8l -1o@2Antb7whi&D 02/ 00339
PCTTEPL 1 11 Bsdhd MDIRayelneLhg) £a50 O PLEPRAALION AR hbe; fal any St
activity of these new c taf]ysts is at | 8ast on a par wit the cited
catal ysts, pubidusued-sprayrdigpyer Tt ipnesepctioventliton wi Il now be
illustrated by the 5.follow n dExa:m) es, +ii e shgulg not be regarded as
limitifNg the Stope Of THESPRUERtTON Prlanl Way @ BY P eterefcEro e
acconpanyi i ngtsInad RESseh YWALEREidH, 0 @ad bS8 BydBAESSIIQD1 agal #s) s of
Exanmple A (co%ar ative);, ) ) ) ,
other anionic ligand which may insert an olefin.
By “non-coordinating anion” is meant an anion which
does not substantially coordinate to the metal atom M.
30 Non-coordinating anions (NC7) that may be suitably

employed include bulky anions such as tetrakis

11



10 Figure 2 is a regression analysis of Exanple B (conparative); Figure 3
is a regression analysis of Exanple C (conparative); Figure 4 is a
regressi ow@oméogsd s of Experiment 2; 15 and Figure 5 is a PEGFLsLEITIN

anal ysis of Experiment 5. Ceneral Procedures and Characterisation Al the
operations with the catal yst systens were carried out under nitrogen

at nosphere. AlPs3oPiefts flaedorpt et hfrivdd Pasrhg §82ndar d CoFeteRlures. In
particul ar, anhydrous toluene i99. 80 purity) (ex. Aldrich) was dried over

4A ol ecul ar SPEvERLRT (Bl YR UBHRBIR SFPRBBEE B phigindERepiine (99. 50
urit was rjfli o\er ol um ntai ni.ng 4A nol ecul ar sieves and
IEB)TS CQ al ystp%%éti.é]%gSF}ﬁ%lﬁ?%)?d’eraqdo%%égﬁée'a’wé“fhee&e&ﬁd%%?g‘éﬁd’é‘?ﬂﬁrbnt to <1

ppm 2, 6- Di acgpy! py&i L] %%ébos%,iéaeé&%wﬂo%@b%nsr An 45,8004 rRbhyLanihi ne,

4-tert-butylaniline, 30 di fluoroaniline; 2,6-dichloroaniline and
anhydr dus irofEPHR) @Ml & idebaridew AlkaRideeRr 2N, The ol i gomers

obt ai ned were char@aciani %@daﬁyfr@ﬁam YRtagsapsyi (& id Rnardeg to ,
eval uate oligomer 1H . WO %1 ‘SI %133' PCT/, E P11 t /117-41'| distribution
using a HP 588B2%eftidEn [th péa arusy drdorsl Mov Hy Rafedfat ogr aphi ¢
condi tions: Cobuapipdd- Lueheesahi Dk RTBLAY = L4aN8), sbibpridigkness =
0.25um internal dianeter = 0.25 mm 1ength % 50 m (by " Hewl ett Packard);

i njection tenpetatize:ti3?pErfdenants arf ttéepenbblyet S2ABEm jamidt tak
tenperature: 4 r 10 . m ; fenperature programre rate: 10.0C/ m nute;
final tenpera g&é&gﬁﬁta&l@rﬂﬁ%oén nutes; internal standard:

n- hexyl benzene. Raghansgechast @¥5R5f OR,1R, t he e¥en dd PediacpkRRanel ¢f i ns

7

rel ati ve to n-hexyl benzene (interral standard) were determ ned using a

st andar d cal i bs atirmrednitdgerte r Taed Viednd g yel ithet £detG3 sal ef i ns were

obt ai ned fromtheF anal ysis, from whi chﬁgge K fact.or agg the theoretical
i

yield of C4-C100 oFefisFdorf. &t §tFarre DR S5 hrEdaRY (Tot al
Product), wereedstrerwiinnédsbypaseeresddihgn bagakysisnpcimsliary athe C6- C2g dat a.
The rej.ative | re Ll h ; |, . e i soners and
t he rellsati ve %%&Oog{slp gég gﬁ% %%n%?ggﬁ%iaeﬁgﬁlggée?g found from
t he GC anal ysks-F) iRs-Bspedarab RayARas g bk bhetesedd®cdd \dst yookbnhBeceat al yst
towards |inear al pha-olefin formation. The NVR data were obtained at room
t enper at ure WPERea ARHLTAR 180D RO SMAE SPpat Bt P TCATELYSt 28Bnponent s 25
1. Preparati ofa©f1%t6-Rissehd- §dcirethylophenyl t i no)nat-ikpysbdiagcs ron[ 1]

chioride coml ex (X, X1P8n2" £Ra16%A%51dL0g Lo, Lhe Jrethod discl osed i
20 their syntheses.

Preferred embodiments of this invention are ligands

according to (V) and derivatives thereof, in which the

following R groups appear: Rj-R3 are hydrogen; and/or Ry

and R; are methyl, hydrogen, benzyl or phenyl, preferably

25 methyl, phenyl or hydrogen.

In a preferred embodiment, a ligand of formula (V) is

provided, wherein R3i-R3 are hydrogen; Rq and Rg are
methyl; R7-Rg and Ri2-Rj4 are hydrogen; and Rg, Rig, Rii

and Rjs are fluorine.

12



2. Preparation of 2,6-bis-[1-(2-ethylphenylimno) 30 ethyl]pyridine

iron[l11] chloride conplex (XI) Xl was prepared according to the nethod

di scl osedvom2MDdB999/ 02472. 19 WO 112/1111339 PCT/ EP111/ ®PTH/EF91/87419

Preparation of 2-[1-(2,4,6-trinethyl phenylimno) ethyl]-6-acetyl pyridine

(1) 5 (1) 10 2,6-D acetyl pyridine (7.3 g, 44.8 mmol) and 2,4,6

trinmethyl aniline £8. 32 ieuPrs5ermsl ) HaHTgndsoPy 2497 450 SArmghat ol uene.

To this solutign, ;4A MRl 64y arLSi-8YESr ars gtgrr%ynt of

p-tol uenesul pt%oﬂi c Q%i d (0. 22 "ol ;( 15f‘-\/\rtfejjr eragﬁgéfr ¢ mxfifethas refl uxed

for 16h. Aftep fi h{aabdaD: tHIGRFOLNEMH, s, I LD HJdehaClRy eV e, al
cbl hiaabdql ey &23'359(2 dde "ﬁ’iné[%

crystallisations fromethanol yielde . 70) of nonol (1).

. 1H NMR (CDClS)R1§ PR (0ardHe1yridg,, 8.11 (d, 1H, Py-Hm, 7.92 (t, 1H,
Py-Hp), 6.89 (S, 2H, ArH), 20 2.77 (s, 3H, M) , 2.27 (s, 3H M) , 2.22
(s, 3H5SM) , 1.90n(apoBigr prfernedFEmQQdkmamﬁm ef ligand of formula
2-[1-(2,4,6-triethyl phenyljm o#, ]

Sthyl ] 6.1 1. (AY1 et BERYAGenyPEsE ) RYTRA Fssr PURRRIT) R5238 £2) Monoi i ne

1, 2.8 g, 10 _nmol), and 4-tert-butylaniline (,1.49 .20 1) were
i ssai ved i n 208 BPERFL: diidnean gt s S5s vdsopds; 1 aedatebain & P11 |

/[117-t 19 thi% Soér?&ié’n’ 4@ N gc.ur{ear sieves and a small anount of
p-t ol uenesul phdhi ¢ act’a® ?6. 1 mmlfl) Wer e added. After standing for 5 days
with addition of mRrenddhdwlectbaresi @vesiiniche , Maxlugenaast rfriuxed for 2h.
After filtration 5 the solvent was renmpved in vacuo. The residue was washed
wi t h m&t hanol (dhdiser¥yeiddd,i ybdreionietizansk. hyiledakry. R4gap88B3 of ni xed
diimne (2). 1HNWR (CDC13) S 8.42 (d, 1H, Py-HM , 8 . 34 (d, 1H, Py-HTM ,
7 . 86 (t, 1ngpyby%§ogen; R7-Rg and Ry3-Rj4 are hydrogen; and Rg, Rig,
Ri1 and Rj1s are chlorine.
In another preferred embodiment, a ligand of formula

(V) is provided, wherein Rj-R3 are hydrogen; R4 and Rjs
15 are phenyl; R7-Rg and Rji2-Ri4 are hydrogen; and Rg, Rig:
R117 and Rys are chlorine.

In yet another preferred embodiment, a ligand of
formula (V) is provided, wherein R;~R3 are hydrogen; Ry
and Rg are phenyl; R7-Rg and Rjs~Rig are hydrogen; and Rg,

20 Rip, R11 and Ris are fluorine.

In the derived bis-aryliminepyridine MX, complex, X
may conveniently be halide, preferably, chlorine.
In a preferred embodiment of the bis-
aryliminepyridine MX, complex, metal atom M is Fe and n
25 is 2. In another preferred embodiment, metal atom M is Fe

and n is 3.
Compounds which are capable of transferring an

optionally substituted hydrocarbyl or hydride group to

13



7.38 (d, 2H, ArH), 6.89 (s, 2H, ArH), 6.78 (d, 2H, ArH), 10 2.42 (s, 3H,
Me) , 2 .29 (s, 3H M) , 2.22 (s, 3H M) , 2.00 (s, 6H M) , 1.34 (s,
9H, But) wdo2/@s®parati on of PCT/EP01/07419
2-[1-(2,4,Grinmethyl phenylimno)ethyl]-6-[1-(4-tertbutyl phenylimno) ethyl]
pyridine iron[l1] chloride 15 conplex ( 3 ) I \NOMNMF NO-~ C (3) 20 In
an inert atnogspher etewd utindnwbich &re adiSiOrriCﬁéaP,’Qe @f&bﬁmla):tiingloo m

di chl or onet hane yas adde(% to 420 Fe 0342 g} 1 ?Ije%‘kl rl

di chl or onet hah@. t“r’erorﬁ tare mﬁ%ast TrPed 18- 18R a Wpdél{?el oped bl ue
precipitate vwesmhsHHd %dlct?myafs' hikatd Oiniak Gl 8ddi 1@ MaeHe uyi el d 1.5 g
(849 of |ron conpl ex . 1H NVR (C12CDCDC12, broad signals) 8 79.3 (1H,

Py-Hm ), 77. 7°¢43¢ ﬁby%ﬁrefﬁred(iﬂnpw%&)s msphyla BEpingRpnet7 3 (6H, 21
WO 5)2/ Q;0339( PCT/ ER@pHEsL whchBre ldﬁap%b(la'lofAtkﬁnsﬂeﬂrrar(gZHn ArH), 1.2 (9H
But 2.6 (3 MeC= H, o- .. MeC=N). 6.

Pr epar ati on o?p?%ﬁao]l'\i)sy Sfjbéﬁléglﬁ??H%&o%?‘?&@ﬂ i Prfnégg']é]tc’%elg]r Pi 8Pne (4) 5 O
F~N~F NN ketal Zb)tdhOl\QlﬁcDudeeay]tWJuﬁllmﬂu(nl cdip@unds. 181cmmh)1gand 2,6
di fluoroanili n)zemg noxanés M Per.e |uss vechJImi1 Q; I ngf t ol uene. To
this solution® ar STées Wer e % a ded. “ATY et <iran |ﬁg FSF "3 days,
with additi onaldfylmmel Mdrraﬂémhl aingi@munkde.m xture was filtered. The

sol vent 15 was renoved in vacuo. The residue ng cr stal | sed from et hanol .

Yield & 4: 1 g (PFPCUES KM X $2RePdea8t BY9HH £ 7. 90 (t, 1H,

Py-Hp) . 7 . Do s m%rtE').L G nﬁrﬂnéhlﬁdeArsle')con Adyli% GHai V) . 19F- NVR
(CDC13) 8 123.6 20 7. 2,6-bis-[1-(2,b-difluorop enyllmno)ethyl] pyridi ne

iron[l11] chlozcidds comil exs 65F5F BO3Fahd MNcPh whe'rein~Fe'is-d sfreng F CI Cl
(5) I'n an inert atnosphere 493 ng diimne (4, 1.27 mol) was dissolved in
50 M THF. Fe@cri@P-wifhdraw2gg ravet]) dnoup0s80hnds THFswas adbed. After
stirring for 16 h at roomtenperature, the solvent was renoved in vacuo.
Tol uene 22 Wy02L5H11339 PCT/EP111 /117 1 |

15 A neutral Lewis donor molecule is a compound which
may suitably act as a Lewis base, such as ethers, amines,

sulphides and organic nitriles.
In the [bis-aryliminepyridine MYp.Ln+][NC—]q complex
according to the present invention, L may be a neutral

20 Lewis donor molecule capable of being displaced by
ethylene, or a vacant coordination site.

In the [bis-aryliminepyridine MYp.Ln+][NC—]q complex
according to the present invention, metal atom M is
preferably Fe and the formal oxidation state of said

25 metal atom may be 2 or 3.

It will be appreciated that a further advantage of
catalysts and ligands according to the present invention
is that they may be more readily synthesised than the
previously described non-symmetrical catalysts and

30 ligands developed for the production of ethylene

oligomers according to a Schulz~Flory distribution.
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(100 M) was added. The blue precipitate was isolated by filtration, washed
with pentane and dried in vacuo. Isolated 0.5 g (760) of iron conplex 5.
1H NMR ( G¥POROD322, broad signals} 8 75.5 (2H, Py-Hm), 3®P@/EPoiAH19Py- Hp),
15.7 (4H, ArH), -11.6 (2H, ArH, -22.4 (6H MC=N. 19F-NWR (Cl12CDCDC12) 8
-70.3 7. Altern r ration of L

2, 6-bis-[1-(2, adffﬁlﬁug?ggﬂ%%ﬁyrﬁtﬁé}‘) BEKyPT TANH RE PEBITY I oINS de

corrpl ex (5') Hh® Eohplhik,and detionalFadditiorGll @Iompﬁ‘u)ldiS bre Barabiss t
at nosphere aﬁlol UTSIO(_QLQERI: g@c%g%bg6%egg élg {E@Jc)( an% .5 mM ethanol was

slowly added to a solution m ne 0. b7 mml) in a sol vent
m xture of 10 ml Thel Behe waidi® afl comn aﬁe s d @@mppun@ bine precipitate

-was isql ated f hedt e and
G ed P vacue VRt o e R B e YRR T nocz.

broad si gnal syPv@NEEOR-(2H, Py-Hm ), 37.6 (1H, Py-Hp), 1e6.8 (4H, ArH),

-10.2 (2H, ArH), As°@1§u£@f&té\§e@ré¥)elnl9ftNM?;(&@%@%) t8 edand® the
Preparation of 2,6-bis-[(2,6-dich Iorophenyllmno) nmet hyl | yr|d| ne (6) 30 C

H~Ha ~N Mlexigilityeyfoan etaylene ol tATTl s8EHPEPER R ELoM b
2, 6- Pyri di nedingaicoxal 36‘831’6@13(311: g.lx%uéenwh@rmdugzawaempwam I ine (2.6 g,
160 ) were dissaol toluene. To this solution 4A

mol ecdPar si &FESTGEPE gadtél&e %etseef)tstlﬁﬁawh]goq §H °g5y 8T Wt%h addition of
nore 5 4A rmlcamllanstm prvesidire ymkabyneinashd iddter edd Thepsot Meritarwas

(450 of 6. ' THNGR fopeiay b ulEY F¥Shibig A ARkl iot e 5 T D i 6
. 02 (t, 1H, H%}'-elilp)- SEcl6a (rdetm:lel mAyHpe Fs@B (for EHamF\l‘F-D td0 9.
Aok on Sk etad B(EYR AP Tungl ELA e ronl 1)
15 normally produced using the prior art catalysts and/or
previously described catalysts, whilst maintaining alpha
olefin puxity.
Thus, in a preferred embodiment of the present
invention there is provided a process for the producticn
20 of alpha olefins, wherein one or more complexes of the
present invention are contacted with one or more
additional complexes that may be suitably employed in the
production of alpha olefins.
Such a guantity of the catalyst system is usually

25 employed in the oligomerisation reaction mixture so as to
: - -9 .
contain from 10 4 to 10 gram atom, of metal atom M, 1in

particular of Fe [II] or [III] metal per mole of ethylene
to be reacted.
The oligomerisation reaction may be most conveniently
30 conducted over a range of temperatures from -100°C to
300°C, preferably in the range of from 0°C to 200°C, and
more preferably in the range of from 50°C to 150°C.



(7) I'n an inert atnosphere a solution of 6 (0.7 g, 1.65 mMmvl) in 10 nl

di chl or onet hane was added to 0.2 g FeCl 2 20 (1.57 mmol) in 10 m

di chl or omneai@339The m xture was stirred for 1G h. The resBCTIERYI/QHEY - gr een

precipitate was isol ated by centri fugation, vvashed wi th pentane and dried

in vacuo. Yield O {9 é{SO%Ql < |tron conp %5%/ 1H NVR (C12 12, br oad

signal's, selective 'Galaid g B4 5B 5" SEECHHGRY £6. SOTARMTRY -4.6 (2H,

ArH). 10. Preparrauednoot Qt;(iadlrt@@rwmylp!jr@d@hd:oﬁ\lltint‘dﬁaum{)tll‘cdnlmd de (5.1

g, 3.18 mml) , n, of isGchlo r bonyl) pyri di ne
%aw ok B HUIRBAS! PNLOls @il QCLOT G ALLONY] )

(3.7 g, 18 mmol milL enze e reacti on m xture heat ed
to 60 C and kepd alpstha‘;ef%wé@mtlufcé PolP4 flGrid SGbbaglehtly for 16 h at

room t egperat ure. pfhe, i )t & 4R tPaHE et | evyaatt%& Lhe grganic layer was
separated 2~ WO 112/ 11U339 oPCT/ EP111 /U r@) Snd ev%roor atl(eéd to

dryness. The m@@ddé@rMsp%ﬁfsw%dCﬁﬁaMEmw ftPI rerédfisRemval of
CH2C12 in vacg,g Wi Skd(@ﬂl@mﬂs:ﬁ (—;15&0/@:00&1Mr@p§$ttheléom tepag ation of
2,6-bis[{2, 6- fluoro henyl i m nqQ gg ) nmeth ridinpe (8 00~NNF
FF F (8) 10 > TEAEFDERS oY SIS hé" af%%f%ﬁ%laﬁawn can be

2, 6di fl uor oanirkeael{ &seﬁomheﬁl G,Zz pn®l 3kiereel dinssakvedtin 30 ml of

toI uen To this lutio | ecul ar _sieves 4A re added. After standing
2 TRt e e B TR Br RorelheT i ar si eves

for 3 days at room?e‘ﬁ%ré ure (wi
after 2 days) pire€eibbhy xselketwas thi yieteds prelwsdl véptewasthr endred i n

vacuo. The'rosi dye, Wi 61y ShAl Lisgd LEomy s angl . Yoek 25040 300) of

2,6-bis[(2,6- Iuorop enylim pheny met hy yridrh as a xture of
3 isoners. 199nNM?8(0m3)0f fgom1 9244 o G- 9«012218l éhé pR3sent8 -123.2 12.

Preparation of n%eﬁt?bﬁf %&ﬁaefﬂlggweﬂeﬂylaé%@) (tBhﬁQ¥L:)ogg&M4c] Ryl di ne
|ron[|:1]L chl ori de cogy 2 WO 11 10339 In an inert

at nosphere a SoPueH® 04’15329 r?@SFéCKZfii@tc% ‘Efﬁﬁﬂte)r |HaO 5% et hanol was

slowy added to arge! &t ignedfi satbbnMBe it MM at fagneétgléa xduy erof 8,0.32
mmol)in 4 m toluene. The bule pr eci tate was i.sol ated

centrifugati ot PfadRe PR eS8 IGi PRt (Rendiznd HFFeﬁy‘?W%éﬁl‘fﬁ; ©rviel d
160 ng (~100%Hebehd Oiig cowa ehed vBCIL EP{dyl/dfl phE9 fephiesed apsadudd on of 32 ng
Fed 2 0. 25 eﬁh%nol was slowy added to a solution of ( isomeric mxture
of 8, 0 32 4 blue precipitate was isolated by washed three tines
w th tebuene and dne eol dBtnary s@106n 0ye@ft igron scoapk &xd outl H-NMRe( CD2C12,

br oad SignalSprgggggéqng§¥%%e§t7goﬁvég%iwhich may also be the
carrier for the catalyst and/or feed olefin. Suitable
solvents include alkanes, alkenes, cyclocalkanes, and
aromatic hydrocarbons. For example, solvents that may be
25 suitably used according to the present invention include
hexane, isooctane, benzene, toluene, and xylene.

Reaction times of from 0.1 to 10 hours have been
found to be suitable, dependent on the activity of the
catalyst. The reaction is preferably carried out in the

30 absence of air or moisture.

The oligomerisation reaction may be carried out in a
conventional fashion. It may be carried out in a stirred
tank reactor, wherein olefin and catalyst or catalyst

precursors are added continuously to a stirred tank and
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Py-Hm), 60.7 (1H, Py-Hp), 16.8 (4H ArH), 8.6 (4H ArH), -12.9 (2H ArH).
19F-NMR (CD2C12) 8 -67.5 10 13. Methyl al um noxane (MAO The MAO sol ution
(10.1 o wooemozel uene, [Al] 4.97 0 wt.) used was ex. Wt eCTEROH)7419

Ber gkamen, Germany. Catal yst system preparation Catal yst preparati on was
carried out under nitrogen 15 in a Braun MB 200-G dry box. The iron conpl ex
(typical |y apsactaotngyregixctpl sesdlyat a rdciiussdvasserant herdvAO- sol ut i on

(4.0 g), of tr@ﬁoepevgsasmmn@@ecqrgead@anm@ﬂ%@ g&}@dﬁétréé?gaéaoae@ m nut es.
This yielded generally a dark-col oured sol ution, sonet | mes

cont ai ned soRBdpFBEi pRERIVST PRCE BapFed FAGETE Fcycypdvkaciaddedhend t he
sol ution was ssti-ke@dti9k,. another 15 mn. Imedi ately hereafter, part of
.this 2G WO 02/1111339, P /EPglll’W 419 sol uy on was used in the

ol i gomri sati on PLRRTR Y Fa61 3T fHe QFobRFEIESet 1n 2

A i goneri sat baRchxpestt@nt siHdrieganehé Sa4tOn, axpeeciepbss wedred carried out in

15 1it t eel d th ket | i th
Eﬁeatl nlg/ Ezgolsl %5055#. Je‘?ﬁllr}]lf’l %Ibg: & %IVI J AT O% gglﬁgg%\% LﬁfbﬁaerFe/ gas

stirrer and baﬁhbese;a@ted gife: salnmabarbyrm]m ppee, Opsolintt ei st eel aut ocl ave
(as indicat odch0, Jobher Jofdhd DEAES6HTRLIANL O, ! BE GERELL In order

to 10 renove traces of water fromthe reactor, It was evacua ed over ni ght
at <100 pa, amezp€, Thehramctigtivdgtsermvenged by introducing 250 m tol uene

and MAO (0. 3-1. 2A9t§9|é’téLQLr{')aba.L%dr§HQ§§&‘1’9€ht Stithbl BY; 8bmS0G HNder ni trogen
pressure of 0.4-0.5 MPa for mn. The reactor contents 15 were di schar ged

via a tap i n*ERELHAReCIHE kfehéeéﬂ‘tléélt%}ebyT’f@“fdeéfépéllnﬁ/agfe%uat ed to 0.4

kPa and | oadednhy the 260 dﬁdé@'t%eﬂéactﬂviﬂﬁ aRS@a8h1gsd- sydtren reactor, and
heated to 40C and gressurl sed gp i%%i ene to_the gressure i ndi cat ed in
f£he

Table 1 or in theRgesTFHptith 2 B PEY REHE. 2 THEA NRG-LWHt i on
(typically 005 grbmmtm 7da tcraebbeaatms was: ficrablgddetlo t o0 tdhwerboeact or and
the stirring vas continued far ra £s (f I Ideoglltrereactor t he
amounts of s8IVBRt aHd were ha v%d% e Cat aI 88y st e€Mi%r epar ed as
descri bed above anddunaet meﬁnamantbasrmme@edunnaﬂfajallw1 was i ntroduced

into the sti rd ggllggg%%l;“ on%faﬂﬁknggﬁé%%ds%%t amL ;Wi ch, was rinsed tw ce

with 10 m [uene e catal yst solution resulted in an

_exot herm (geﬁéﬁahwam)*%eqmmeﬁeé@h%@d%m e WEARged erichuts€ and was
30 fohhowed By rapi diesiablishment of the tenperature indicated in Table 1.
Tenper ature and Eressure were nonitored throughout the reaction, as well as
et hyl ene consunpttofeY it 12 tedli Fhaf nihg-he (%‘ﬁ@t aht Ust g lerfe Gr essur e.

Af ter consunipiga- ¢2[6€<ﬂi’ha\/lCHaliﬁ_T/B_lﬁx&h¥i@D}Eyl]tphﬁlaZne ¥ 1241110339

PCT/ EPOL/ f 17- L19 onerisation s.,sto id venti of the
et hyl ene, de@&ﬁ?Fﬁbn he® prisuddts Wgt h?‘ée's)‘%todl a¥1803E¥&?Fb?P e using a
tap in the basaudt-FherauticHrdwetibxposeues of Thie tsxbemeftoiadi reor esul ted

in rapid deactivation of 5 C er o] exyl benzene
(0. 5- gg fatgl i %Fcég?\% ésstoaén(:tglred%t %k%/%e %ﬁéf gg b Flrﬁe‘rIj acrraostr}n?%of C4- C30
ol efins Was datlechpnal dyowdes oifr ematdyr apiay lfSr tm say, heavy wax,

are being formed which may be cumbersome due to clogging,
etc. of the plant and/or its work-up train. Such solids
normally require processing by isomerisation and

30 disproportionation with, for example, 2-butene to arrive

at internal olefins in the economically attractive range

(Cg — Ca0)-
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whi ch the K-factor was determ ned by regression analysis, 10 using the
C6-C28 data. Fromthis regression analysis, the theoretical contents of
C3p- C100 svompuessit s, i.e. waxy solids, was cal cul ated. The@8€THRVHHI®
reported in Table 1. The anmount of solids in the product was determ ned as
15 follows. The cyude reactlon product_was ¢ ntrlfu ﬁ%at 4000 rpmfor 30

mn after which t R STEE UpiFeforayd %espa}ireach?PeS ° | Gt sty

consi sting of asthivitpl ef i rissset aleyenetahpsias nisn@t dreunt oofa Ipamumital efins
was m xed wt 0 ace nd of f n,a glass filter 20
(porosity P3) th leo(f1 Cgaéaolgﬁ't% Lbﬁ%%;ﬁ%% RS ﬂl%hgurs at 70 C at <1 kPa,
wei ghed and its <03® p,meem sngentiom nedl byrqyadec hldrat vgreapiy dhea

1, 2-di chl or obepzeng: OF oAt Wthebhosobenzens %@' QA eTatlel altéﬂe solids. The
amounts of solids reported’in Tabl'e 1 are the isolated 25 solids having a
carbon nunber 13u2Binghehe dcaney @fakbeintRVETt e i ABHrva¥hdkene anongst all

hexene i somer @e@ageﬁ@@ E&'t’%{é \é%céﬂpé'ﬂj;rl Indadegeneiampnggt: al | dodecene
i soners were eval uat ed ﬁ/ .CC anal ?/SIS andg ar.e reported in Table 1. 30

Exanpl e A (conpar &t9Ve) ¥ rion 2cSRAFERS I (rdparad CackoTRify &t

WO A- 99/ 02472) compaesipiwy)ed in toluene in an exper| rrent siml ar to 28 WO

02/11(1339 PCT/EPL|I| /117 .19 Ex eri nment % %f 9 02472. The
Yﬁds °k- F5t

catal ySt gave an ot 7Yoner i'Safl 5 IRTXI U 0.774, as
derived from rfegmessatoivednal ysis using the C6 - C28 contents, determ ned by

GC. 4 is left out, 5 re j n latility

hi nders reliable - rrlé%rshﬁr%nen?gﬁ%gf%fgt aﬁ@%? E;E phe rléé% \aft:?e given in
Table 1. From{thingakafiictlor a C20 - C28 fracti on of 19 7 0ow. and a C30 -
ClOp fraction of t. .0 n,be ted., The anount
of solids 10 >Qgﬁ%%1@rtégtgqsetah3eégée§%lnﬁ%gﬁ\%gssgg f E)‘E@élcl'.ll[le{?‘heget hyl ene

i ntakeld s ass@hfd to be equal to the total ollgorrerlsatlon product, i.e. C4
- Cl100 ol efins). Fhihgr&£of rigbar abgseddiain té}@l@ls%rbbumg%h%wtatses greatly
from Schul z- Fl ory, gl Vi ng rise to Irger th an expecte nmounts 15 of higher
mol ecul ar wei §RtSEompotdS mHE2e 20 ok P Y Sidids °E deviation is also clear
fromFigure 1 in ahi Ctthd h@erreg&eﬁ&\mi\t}anaieyﬁamusstewmm axérgr aphically
(for 12 observatl o d a d standsEnos rrar AJ(_)l 53 IedB
(conparati ve) 36“(% Ao erro HIR: 1R an “exper T nen ]tveél 5? to
Experi?fent nuwbee d_&e:d ukdilnlge staonfla WO e @8/AB2432, sim | ar phenorrena wer e
observed (see co r np Tab| of T anount of
solids (having an%gr on nu%gr‘ égl&g%};&lsso alt?jé% %9 %!dﬁ)t ggxt otal 25
product, whi | Btdpich hevasasivgedf ovee 4 fremdtemulef @l?BGS(b’f'sm@ér was@rfromt he
6 - Cog cont gphSe by JLHIRRSI @NppRpl ysis) a C30 - Cl00 fraction of 7.0 o
wt. on total product has to be expected. Hence, a clear deviation from
Schul z- Fl ory di stFiBUanen, (9§i- v Fiise) (45 Sa PHar-§erd PG 3O18M0hi gh

mol ecutsar wei @Bﬁt&i}m}@ﬂﬂs mohaButak CaH el anBn8T89¢cat V3 102/k111339
PCT/ EPQL/ 07~19, .

) 1n order to reduce water and oxygen content to
<1l ppm.
2,6-Diacetylpyridine, 2,6~diformylpyridine, 2,4,6-
trimethylaniline, 4-tert-butylaniline, 2,6-
30 difluorocaniline, 2,6-dichlorcaniline and anhydrous iron
(IT) chloride are available ex. Aldrich.
The oligomers obtained were characterised by Gas

Chromatography (GC), in order to evaluate oligomer
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regression analysis using the C6 - C28 contents, as given in Figure 2 also
shows a clear deviation from Schulz Flory distribution at higher carbon
nunber s (Wore2db@3sebservations R2 - 0.98 and standard error PETERG)N741%

Exanpl e C (conparative) Exanple C was carried using the non-symretri cal
iron conplex 3 which is in accordance with our co-pending European Patent
Appl i cation NE:St@dBOtH3B. BsingdetEcofdPt POREC ST PaParatihearhde ment i oned
Exanpl e B. 1GJxpenrnhgephabnsed@idphiar ecgivelond: Tabl e 1. The regression
anal ysis for Exanple C, using the Cq C%B coqntent,j, as shown in Figure 3,
gives a nearly p&PRERE Sthut z{BGFy ~dPEEHi Butition Sdverabhb whol® range of

ol i gonmers. Thtikkhaetor 0S29u7AAn(tleanal2dbhsetraratd Ong5REAm 151 engtst00 and

. standard err = 02).. . This is firmed . th mount. . of . .. 80l ids >C28
i sol at éd on %t& QBVO ﬁ"é%e%‘fs %acé(%%)%\)\n’ ?g%ﬁggle%nsecteﬁgeﬁ#%? b\r,%g;‘?/ gs rise to
a C30 Cl100 fdeaetcicdnnohehpt et wotd :g@REF Csat noriadr cdmperefuge 2 Wt . (the
fact that le sQlni > . . sal d retically expected is
due to thei rs%éfl %gi ﬂ?w&lg% ?%egnéeo%%&g%g- %F%nﬁ%oo %ghe <C28 ol igoners).
Experinment 1 lExgeci/ménate; webngariemedratvreén 10 iferedst earimiteool ave at
an et hyl ene pressuLe 9f dqfrdPa, and anén: L SIPe{AdhE e 0kacllss Usi,Ng the
symetrical ?,6-bis-[1(2,6-difluorophenylimno)ethyl yridine iron[l1]
chl orille conpltéx evsy, LWwAReh 3Pharcdeéoraah? iiten toha—presEirn3aifent i on,
under conditi@nseshail atah@atde vihevasesthoned (gegpar athv&rdxanpl e A
Experinmental details 30 are given in Table 1. The regression analysis for
Experinent 1,calgbpgtipe wextugpg henteéatds ¢f vids &4near I8ieddns WO
112/ U11339 PCI/EPI | 1/ 117~ I rfect Schul z-Flory distribution over the
whol e range df*8 Plj%ﬁé?%?‘ ’%Jﬁoé“ %]fea?_t%o?f’? yﬁ%%’g#@%‘owhiﬁﬁo& ré\}ati ons R2 -
1.00 and st andai@reLhar tie Ol re thitad g%f@r&! rdze@\%ﬁa/ dihegiamount cof waxy
solids >C28 isolated on total product of <0.1 0 ., Whereas the K-factor
gi ves 16i se t cccal301ig00efisxtion rowdtiot al Totdlgdmedusat i eerer oduct of 0.1 0
wt. In conclusion it rra%ybe stated that_no, deviation from Schul z-Fl ory

di stribution 95ESIBLBRGeY WRITH THoAnEPALERI30 150 PhE Por iEta8o26f * | ess hi gh

mol ecul ar wei ght TRLOGUELS: +& LEAPRE SeN:Md t 1 (LOMRaRhaLLNE) arktRyR es A-B.
This has the advantage of nore straightforward processin | ess cl oggi ng by

.solids in thélgl &6E8DENHSPRIE G (Pt Fai A dhdortess hedrfswme

repr ocess: Ing a?fon@isglha)mml @@&lé%énel&s\mbgbgf@m i % thel e0detaIhe o e;:hnol ogy

econonically feasible). Besides these advantages over (conparative

B le A 1% HE°3. GonF SRTASKE G FRGOFBArSt T aPel kOF) BYet ditie

symretri cal itowarder Lvedacadpblysicd edcoordimgtian.t he present invention are

nore 20 effici entrln% B@ﬁpgr ed t han that g& a(Jé:o ar %tegnvgl Exarrp‘lgiechc,a whi |l e at
A

the sane tine catd STV eyrear(lD tgjéflectl vi]iy r emar n %Jluglglh.

Varian 300 or 400 MHz apparatus.
Catalyst Components

25 1. Preparation of 2,6-bis-[l-{Z2-methylphenylimino)
ethyl]lpyridine iron[II] chloride complex (X)
X was prepared according to the method disclosed in WO-A-
99/02472.
2. Preparation of 2,6-bis-[1-(2~ethylphenylimino)

30 ethyllpyridine iron[II] chloride complex (XI)
XI was prepared according to the method disclosed in WO-
A-99/02472.

19



Experiment 2 Experinment 2 is a repeat of Experinent 1, but now 25 using a
differently prepared iron conplex 5 . Experinental details are nentioned in
Table 1. @xe/@yd3 n, regression analysis using the C6 - C2BCUSROKITHE gi ves
a nearly perfect Schulz-Flory distribution, as shown in Figure 4, having
K-factor of O 482% 0,fk0b L pwi reg L St Gs for 12
observations: 3I'?2 i 1. Ooltagﬁc?%s?gn%a%m ggr%? E?%ﬁ%?ﬂy%@ér‘gﬁlﬁu ?—OI)—‘I ory

di stribution e&habklfraastilpreddbye tHe i sol ated anbunt of 31 WO
112/111133) PCT/ EPUL/117~19 waxy sol ids >C28 , which is lower than the
amounts cal cul ated fromthe K-factof. |t is clear that the catal yst derived
fromconplex 5 shows an even hi ity than that derived from
complex 5. 5 Experinent 3 Experi a repeat of Experinment 2, but at
an average ethyl ene pressure of_ 1.1 MPa. Experinental details are nentioned
in Table 1. Once again, regressi nal ysis using the C6 -- C28 contents
gives a nearly 10 perfect Schul z ry distribution, having K-factor of
0.503 and the followi ng regression statistics for 12 observations: R2 =
1.00 and standard error = 0.01. The Schul z-Flory distribution is yet again
confirmed by the isolated amount of (Waxy solids >C28, which is |ower than
15 theganounts cal culated fromthe K-factor. Experinent 4 In this
Experinment, 132 nnol of conplex 3 and 155 nnol of conplex 5 were m xed and
activated and?t$ePiacaiyieararise has’ Smplby8d™ael hrend Kyl%erfe pressure of
1.6 MPa 20 at:/Qfetiisididi1an@. 25l 74 re seek aMbosl avee diescaxear ipent al
details are given in Table 1. Fromthe Turn Over Frequency (T.OF.) it is
concl uded t hat®Hdth ¥y ged usPecat Al YEtss sqr8téBhpat f o1 SGHR 'e§¢RVEE her and
tlhath colnrp:c ex Sn€ad mlanrakn??ziﬁd bﬂdﬁ%ét%@&@shmph@iﬁl&igpmoeaQ R0 0f | t he

al pha gl efin m xture. nor . produced w catal yst a on Conpl ex 3.
Appl i c@ti on of®%° caacfdaelcgs&%ﬁi %f’g{'lérq éﬂaﬁ‘elrﬁ%?%?éagéé f% %efgfirbi lity of an
al pha ol ef i n fahufaacitar ithg prbdcass,washiresbvedi bt avaduig tSeveakpha ol efin
puri ty (see Tahl & L3 30 bXREEL OB 3 EXPGELIRAL 2 44 U (g0nsGopl ex 7 was
carried out in %tl- itTe st de autoé)I aveé, “using a nod o(f i'ron conpl ex

addi ti on/ act i yahdomirsd nithar ‘homtbatcodeser s kedss (32 1r, W@-4,12/ B11133|

PCT/ EP(11 /117.11"J Experinent nunber 20 of WD A-99/02472. To that end 5.0
g of a toluenedsolwtirgaml,ivoge canphex By(d0) 7 empof(si,ran, caaplex 7 in 9.0
g dry tol uene% was added to the 1-litre autoclave, |oaded with 25D m of
tol uer® and 42574 GF MG Be)sed- Thblse BHfoMebxperitretital3fdet'8its). The
regression anglysis,f oy, Experinent 5, using the Cg - C28 contents, gives a

nearly perfect Schul z-Flory distrjbutign _over the ol e range of oligoners,
as shown in Figurd ®3rfhéo fﬁf:t%?E]i_s(2028%1%1‘18?&1321%%9\}5?38?15 R2 - 0.99
and ethyl]-6-[1-(4-tert-butylphenylimino)ethyl]pyridine (2)
25 Z |
SN
N N
30

(2)
Monoimine (1, 2.8 g, 10 mmol) and 4-tert-butylaniline

(1.49 g, 10 mmol) were dissolved in 100 ml of toluene. To
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10 standard error = 0.02). The Schul z-Flory distribution is yet again
confirmed by the isolated anount of waxy solids >C28, which is |ower than

t he amounwv® eabgul ated fromthe K-factor. Experinent G 15 Heapemitoend 6 was
carried out in a 1-litre steel autoclave at an ethylene pressure of 1.6 MPa
and a tenperature of 50C, using the symetrical 2,b-bis-[(2,6

di f | uor ophenytiind mo)liypheny| 3hetdyddulpyr stenes i arah[a Eialthhashsle sonpl ex

(9), which is_i ccardance with .t 2 resent inventi.on, _under conditions
S 1ar Lo HE BHOCORERLF BBl CHrsarSt v kb el T R EBETT ment o
details are giteenling Fabl 8 dayTheittegddssion ahalopsd Af apl Expest nent 1,
using the C6 :. C ent iV fact | z: Fl ory.
di stribution over %t’hce&%%h@ﬁgt%%%dga%ogeggﬂ%F%{ggﬁ%r%' 'Ph%?gﬁ %%1&5?%? 0. 575
(for 12 obsertiim ispdgeR2 wag, poneiril shavdand. ePlrorresigue2yas Timshed
confirnmed by (e aERURLLOf 2M@XYe SQ)Jtd3 13628 58] aligdn@h  t 012 4 product of
0.3 %uv, whereas the K-factor gives rise to C30 G oo fraction on total

ol i goneri sat ilord pr dédét of Mixedwtiin3BeHéhre, HroMikeViCACLon & rsor

Schul z-Flory distribution is observed, which translates to the formation of
| ess hi gh 33 (dWOHRPYYEBBO PCH BR(11HU7RISHmol dcdbar twelghtPypripduct s in

conpari son w (compat.ati v les A-B._In conclusion, it y be stated
t hat using sy—} 2 r(idéa?E{Z,%?]E?’s[%}-( ,(g-’d'i%‘ﬁal %]é%yl iér]n%ﬁe)(&r k§T1 i ne 5 iron
catal et s, ethy2ene,oBHgorer s Ta&P b, pBadused, ac.cer dispg3tp e )Schul z- Fl ory
distribution while these catal ysts have the advantage that they can be

synt hesi sed 'Z'Wésreéailve{h%- e spr &l obisi)y descri bed non symetri cal
catal ysts devel o S S O-These experinents prove the

benefi ci al effecﬁgﬁ%?%ﬁig}énoﬁg—g@hﬁg\’/ééfwith the catal yst systems of the
present i nveritdigethid phgpy bimiath )&#idwe | -fhése(4nmmvenents are of najor

i nportance f } t tyi fs 10 3ot WO
(12/1 1&1339 %Aué:tﬁ}%%f%% TEET T %ﬂ@]lg?ggﬁﬁ)eﬁl\%ﬁg.] %ﬁ?éﬁﬁ% 1' 2Ex. B

(conp)l2Ex. Ccomplex (3)

=
«
N

N\FE/N

/éi I\ <

g Cl
(3)

20 In an inert atmosphere a solution of 1.5 g diimine
(2, 3.6 mmol) in 100 ml dichloromethane was added to 420
mg FeClo (3.3 mmol) in 150 ml dichloromethane. The
mixture was stirred for one week. The developed blue
precipitate was isolated by filtration and dried in

25 vacuo. Yield 1.5 g (84%) of iron complex (3). 1H—NMR

(Cl2CDCDCl2, broad signals) & 79.3 (1H, Py-Hy ), 77.7

(1H, Py-Hg), 27.0 (1H, Py-Hp), 20.7 (3H, Me), 17.3 (6H,
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(conp) Ex. 1lron Conpl exl 13397204959i n React or (nnol ) Reacti on
Timel11211817657(m n) Ethenel. 6 (16)1.6 (16)1.6 (16)1.6 (16)PressureMra

(bar (a) ) Eweera3392352. 2352. 2117. 5consuned( Tot al . Product) PCT/EP01/07419

(9g) Tsol at ed14. 1288. 2322. 892. 1Product <C30(g) | sol at ed25. 439. 023. 4<0. 1Sol i ds
>C28(~J) Sol i ds >C2853. 811. 16. 6<0. 1on Et hene( % ) C30-100 "

onl2.27.08. 20M&Tet &b . Pr btuctA(tlal- c14.3 (2H, ArH), 1.2 (9H, Bu’), -2.6

Ar 8 AR o Gl < etoro T

purityg8. 496. 598. 2OSpoHf Htgn 3F 2, W12/ LIP3 TS dTABLEr dplfepritimdho)

PCT/ EPI 1 1/ U7~19 E{ngggélg J;l% ) 2Ex. 3Ex. 413Iron Conpl ex i n395928287React or
(nmol ) Reacti on kf‘ % mn Et hene Pressurel.6 (16)1.1 (11)1.6 (16) MPa
(bar(a)) Et hene consunmed117.3117. 958. 9(T al Product)(g)lsol ated

Product84. 598. 452. 8<C30 ( g )Isol at ed @ ds<0. 1<0. 1n. d. >C28 (g) Sol i ds >C2g

on<0. 1<0. 1n. d. Et hene (owt)C30 | 00 o Nal u 16. 1n. d. Product (calc'
d(%w)T.OF

(mol C2=/ 1. 67E+071. 03E+071. 19E+07 h K- f r 0. 9820. 5030. 69551- Co=
purity96.994.998. 0( % ) 1- C12= puri 9? 890 295.0(%) 3G ~'~~0 02/011331

TABLE 1 (cont'd) PCT/EP(II/f17~19 Exarrp No. Ex 54Ex. 66lron Conplex in
React or 108008G20( nnol ) Reacti on Ti ne m n 1096Et hene Pressure2.6 (16)2.G
(26) MPH{ bar ( af) Br Reaeseokiredng. 11710 51.Tot%al® Preductnd (4)%sol ated Product
<C3014. 776. 4( @) k3@based: Sald d3 36285 0;02 3( ghSahi agrg@mlved in 50

Et hene22. 60. 3 %Nt)EC30 100 on Tot al 2.70. 4Pr oduct gcal c' (%) T.O F

(mol CL=/ nol Fhp4. saBiene gde khps e htitiarp “4516! %‘?‘51131@65136&5| pgre

(%t ) 97. 087. 23@@53 pmﬁetxy st} R6. 898.3 BBfs, WOch 1&1&&4]1&303{ oPCROERT [t/ 07~19

Ex [ t t .50C, F 460 t | ,
using 111 ot are St ulingassuhe dt e esa bt oo e hen AL e Rt

Det er nisned. 5widsCasméowet qit viarud. 5-Thd re ssideel waatonysaﬁ/aelh@atjalfysm prepar ed
according to WO A-99/02472. Carried out at 70€¢ nplex 7 in tol uene
(wi t hout pre-8EPpvati onjicddded to My téfi%ene H1W%r(é3%ﬁl3[ A3191{%%k] ratio of
750. 10 5 Conmbi nation of two_Schul z-Flory K-factors. Due to relatively | ow
activity sever@t #ddiRYdim rof - B_cbmplidk %éfqﬂp}e& 43 & FAL] AFRE] ratio =
500 38 WO %13%1&9 343h9 ArH

' ), 2.44 (s, 6H, Me). ‘PF-NMR (CDClz) & -
123.6
20 7. 2,6-bis-[1-(2,6-difluorophenylimino)ethyl} pyridine

iron{II] chloride complex (5)

2 F Cl/Fe\C|F

(5)

In an inert atmosphere 493 mg diimine (4, 1.27 mmol) was
dissolved in 50 ml THF. FeClo (162 mg , 1.28 mmol) in 10

30 ml THF was added. After stirring for 16 h at room

temperature, the solvent was removed in vacuo. Toluene
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ChAIl MS PCTIEPI/07~1") 1. A bis-arylimnepyridine |igand of formula
(V), (V) wherein RR-R5 and R7-R9 and R12-R19 are each, 5 independently,
hydr ogen, wapi2ioossal | y substituted hydrocarbyl, an inert furnett/pralo7gooup, or
any two of RI-R3, R7-Rg and R12-RI q vicinal to one another taken together
may forma ring, and R6, RO, R11 and R15 are identical and are sel ected
from fl uorine(poo okl oriate adli@d2. The hhrampeicibhepys iwlinea sliigasd pgcordi ng
to daim1l, eiei Rl - R3 %ed%d{g%nﬁt R4 an 525. are nmethyl; R7-Rg and
R12-R q are hytrofen “HndRESC RO RIT RE RTE GF 51 1Ubriens® 3. A

bi s-arylimne | gl izgan ccor di I , MWherein R -R3 are
hydr ogen; R4 g%%li &grdé %%eg;I%FR(%QR%%%%O%%E% % arljgrl \#ﬂyﬁr ogen; and R6,
R10, R11 and Rib,@@Edlobroed higrals)ssaryls niaigpyyi-dj,ne, [3gand accordi ng
to Caim1, wherein R-R3 are hydrogen; R4 and R5 are hydrogen; R7-R9 39
WO 02/ 611339 POT/ BPPILY ,/ 1377 419H arfkHRL.2-R1l4 6 af 21 hydiogen22and (&, R 0 R11
~and R15 are chlorine.;s5. A bis-arylimnepyridine MXn conplex conprising a

| i gand accor diegNo- any-BMB ¢FlO0&0¢E21-& - Whérein Mis a 5 nmetal atom
selected fromFe and Co, nis 2 or 3, and X is halide, optionally
substituted hydr ccardylateabkepadeti@amade2,6rbhydiide, 6. A

[bis-arylimn idin LLat compl.ex conprisi.n | i gand accordi ng
Lo any one of (0 MRS A1pRERLE L TS CERR LRy HRcer ¢ an
olefin; Mis aomptett &t'om selected fromFe and Co, NC is a noncoordinating
anion and p+gq is 2 or 3, matching the fifoRymal oxidation of said nmetal atom
L is alheutral Lew s donor nolecul g =Q, 1, or 2. 15 7. A process for
t he production of al pha-ol efins, which _confgilses contacting one or nore
conpl exes according to Claim5 w et hirk'eng{_and a second conpound which is
capabl e of transferring an optionally’s b\g,’fi tuted hydrocarbyl or hydride

group to said netal atomM and 20 which is also capable of abstracting an
X group fromsaid netal atom at a temegrf;\ture in the range of -100C to
300C . 8. A process for the production'of’ al pha-ol efins, which conprises

cont acf{s Ng ONgn O4n MY S tCAFRLEYBEr &CL W ARG oh00 256 €@} MeZ1W b, et hyl ene and
a second conpound which is capable of transferring an optionally

substituted hydsdcairbyd. Somlhygdhanel graoup lbalgasddebtital aattofubMioandta third

. conmpound whi ch.is_capabl.e of ,abst¥ i X from.said | atom
at a tenperat g?% T%at’?]hlgnl%aenéé% '%?%%%C%Eo%gé%?&& mixﬁ}s“légeggeﬁgr t he

producti on of mal phkuagieefands 6 sonpensingg Jbet acswhigimnéloe nore

[b's’aryl'n]nﬁpgéiﬁgﬂgié'kgs isolated by centrifugation, washed three

20 times with toluene and dried in vacuo. Yield 210 mg
1

{(87%) of iron complex 5’. H-NMR (CD2Cls, broad signals)

§ 76.7 (2H, Py-Hy ), 37.6 (1H, Py-Hp), 16.8 (4H, ArH),

~10.2 (2H, ArH), -20.3 (6H, MeC=N). T2F-NMR (CD,Cl,)
& -75.
25 8. Preparation of 2,6-bis-[(2,6-dichlorophenylimino)

methyl]pyridine (6)

oL O
Cl Cl
(6)

30
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WO 112/1111339 PCT/ E P111 /117-t 19 MYp.Zn ] [NC ] q conpl exes accordi ng
to daim6 wth ethylene at a tenperature in the range of -100C to 300C.

10. A prosassya@ssordi ng to any one of Cains 7-9, wherein parapreoompiexes
are contacted with one or nore additional conplexes that may be suitably
enpl oyed in the production of alpha olefins. .| | A& A A & A A& A A9. A

& A3&. AN. AY&. ARSARG: ikigienlicaNbAZR AR YIRR. (Aa 9A0 7TAA&MIRO LD, FER.2A 6-Aa. A
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vy B} At e~ } xsmhb] W U] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ~
<=CHI | JUXsdpwemts39 Y] U] | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]rsajereloadita] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca! di qu{ ~$dr s$zuoj d_Yrmhc”VY] U] U]
cal] cal] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca]aj'a:]@ai] tad to dryness. The residue was dissolved in
$7_uvGH| ) *wekf cﬁL;ZJ eal raboad ralcptal cakoghealfa) ralea] cal cal cal o
a]ca]ca]ca]c ca ca] caj ca] ca] ca] ca] éa
'\ al pQR] ' QST} Chﬁ?c" V8@ ] @é] @ﬁ?@la]%a] caj caU] ca] ca] ca] ca] ca) ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] c8a] ca] ca] ca] ca] cal ca caI T =].~oWab} xsni d_Z] U] ]]
ca] ca] ca] ca] cal cd*CRPCAFéar caf cal e @afc‘a]ﬁ F%“ﬂ"é’é]lﬁ‘a]’e 4T ca] ca] ca] ca]
ca] ca] a] ca] cajrealy@a] @Rlkchyl]lpyridine (8)
I bcl n{ | opt wwzupkf a\ Whi d_Z] ] ca] ca] ca] ca] ca] ca] ca] c*a] c”a] c™a] ca] ca] ca] ca]ca
“]calcal]calc a] a] ] ca] ca] ca] ca] ca] ca] ca] ca] ca
FG~-./112g| wr 2 a ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] cla] ca] @a] ca] ca]ca] ca]ca]ca]cal [\)/2=Q(BZ{vqgl gb] X]]] ca]ca]ca
] ca] ca] ca] ca] ca] ch] ¢al dajca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] c”a] ca] ca] ca]
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In an inert atmosphere a solution of 32 mg FeCl, ( 0.25
mmol) in 0.5 ml ethanol was slowly added to a solution of
166 mg diimine ( isomeric mixture of 8, 0.32 mmol) in 4
ml toluene. The blue precipitate was isolated by

5 centrifugation, washed three times with toluene and dried

in vacuo. Yield 160 mg (~100 %) of iron complex 9.

lI—I—NMR (CD»Cly, broad signals, selected data) & 70.4 (2H,

Py-Hp ), 60.7 (1H, Py-Hp), 16.8 (4H, ArH), 8.6 (4H, ArH),
-12.9 (2H, ArH). 19F-NMR (CDyCl,) & -67.5

10 13. Methylaluminoxane (MAO)
The MAO-solution (10.1 % wt. in toluene, [Al] 4.97 2

oN

wt.) used was ex. Witco GmbH, Bergkamen, Germany.

Catalyst system preparation

Catalyst preparation was carried out under nitrogen
15 in a Braun MB 200-G dry box.
The iron complex (typically about 10 mg) was placed
in a reaction vessel; the MAO-solution (4.0 g), of the
above mentioned grade, was added and stirred for 2
minutes. This yielded generally a dark-coloured solution,
20 which sometimes contained some precipitate. Thereafter
toluene (9.0 g) was added and the solution was stirred

for another 15 min. Immediately hereafter, part of this
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equ1pped 0.5-1litre steel auntoclave {as indicated in Table

1 and the description of the experiment). In order to

10 remove traces of water from the reactor, 1t was evacuated
overnight at <10 Pa, at 70°C. The reactor was scavenged
by introducing 250 ml toluene and MAO (0.3~1.2 g
solution) and subsequent stirring at 50°C under nitrogen
pressure of 0.4-0.5 MPa for 30 min. The reactor contents

15 were discharged via a tap in the base of the autoclave.
The reactor was evacuated to 0.4 kPa and loaded with 250
ml toluene, in the case of a 1l-litre reactor, and heated
to 40°C and pressurised with ethylene to the pressure
indicated in Table 1 or in the description of the

20 experiment. The MAO-solution (typically 0.5 g for the 1-
litre reactor) was then added to the reactor and the
stirring was continued for 30 minutes (for the 0.5-litre
reactor the amounts of solvent and MAO wexre halved). The
catalyst system prepared as described above and in an

25 amount as described in Table 1, was introduced into the
stirred reactor using an injection system, which was
rinsed twice with 10 ml toluene. Addition of the
catalyst solution resulted in an exotherm (generally 5-
20°C), which reached a maximum within 1 minute and was

30 fellowed by rapid establishment of the temperature
indicated in Table 1. Temperature and pressure were
monitored throughout the reaction, as well as ethylene
consumption, whilst maintaining a constant ethylene

pressure. After consuming a certain volume ethylene, the
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which the K~factor was determined by regression analysis,

10 using the Cg-Cpg data. From this regression analysis,

the theoretical contents of C30-Cqypg components, i.e.

waxy solids, was calculated. These data are reported in
Table 1.
The amount of solids in the product was determined as
15 follows. The crude reaction product was centrifuged at
4000 rpm for 30 min after which the clear upper layer was
decanted. The lower layer consisting of solid olefins,
toluene and a minor amount of liquid olefins was mixed
with 500 ml acetone and filtered off over a glass filter

20 (porosity P3). The solid product was dried for 24 hours
at 70 °C at <1 kPa, weighed and its <C3g contents

determined by gas chromatography of a 1,2-dichlorobenzene
or a 1,2,4-trichlorcbenzene solution of the solids. The

amounts of solids reported in Table 1 are the isolated
25 solids having a carbon number >Csg.

The relative amounts of the linear l-hexene amongst
all hexene isomers and the relative amount of l-dodecene
amongst all dodecene isomers were evaluated by GC
analysis and are reported in Table 1.

30 Example A (comparative)

Iron complex XI (prepared according to WO-A-99/02472)

was employed in toluene in an experiment similar to
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oligomerisation product, i.e. C4 - Cigg olefins). This

corroborates that the distribution deviates greatly from

Schulz-Flory, giving rise to larger than expected amounts
15 of higher molecular weight compounds, i.e. solid waxes.

This deviaticon is also clear from Figure 1 in which the

regression analysis is represented graphically (for 12
observations R2 = 0.97 and standard error = 0.07).

Example B (comparative)

20 Using the iron complex X in an experiment similar to
Experiment number 13 of Table 1 of WO-2-99/02472, similar
phenomena were observed (see comparative Example B in
Table 1 for details). The amount of solids (having a
carbon number > Cpg) isolated was 11.1 % wt. on total

25 product, whilst on the basis of the K-factor of 0.737 (as

derived from the Cg - Csg contents by regression

Q

analysis) a C3g - Cyigg fraction of 7.0 % wt. on total

product has to be expected. Hence, a clear deviation from
Schulz-Flory distribution, giving rise to a larger amount

30 of high molecular weight compounds than calculated. The
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complex 3 which is in accordance with our co-pending

symmetrical iron

European Patent Application No. 00301036.0, under
conditions similar to the above-mentioned Example B.

10 Experimental details are given in Table 1. The
regression analysis for Example C, using the Cg - Cpg

contents, as shown in Figure 3, gives a nearly perfect

Schulz-Flory distribution over the whole range of
oligomers. The K-factor is 0.747 (for 12 observations R2
15 = 1.00 and standard error = 0.02). This is confirmed by

the amount of waxy solids >Cpg isolated on total product

of 6.6 % wt., whereas the K-factor gives rise to a C3g -

o

Cipq fraction on total oligomerisation product of 8.2 %

wt. (the fact that less solids >C»g are isolated than
20 theoretically expected is due to their solubility in the
toluene-solution of the <Csg oligomers) .

Experiment 1

Experiment 1 was carried out in a l-litre steel
autoclave at an ethylene pressure of 1.6 MPa and a
25 temperature of 50°C, using the symmetrical 2,6-bis~[1-
(2, 6-difluocrophenylimino)ethyl] pyridine iron[II]
chloride complex (5), which is in accordance with the
present invention, under conditions similar to the above-
mentioned (comparative) Example A. Experimental details

30 are given in Table 1. The regression analysis for

Experiment 1, using the Cg - Cpg contents, gives a nearly
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In conclusion it may be stated that no deviation from
Schulz-Flory distribution is observed, which translates
10 to the formation of less high molecular weight products
in comparison with (comparative) Examples A-B. This has
the advantage of more straightforward processing (less
clogging by solids in the plants and its work-up train)
and of less need for reprocessing of high molecular
15 weight olefins (to render the technology economically
feasible). Besides these advantages over (comparative)
Examples A-B, the 2,6-bis-[1-(2,6~
difluorocarylimine)alkyl]lpyridine symmetrical iron derived
catalysts according to the present invention are more
20 efficiently prepared than that of (comparative) Example
C, while at the same time catalyst activity and

selectivity remain high.

Experiment 2

Experiment 2 is a repeat of Experiment 1, but now
25 using a differently prepared iron complex 5’.

Experimental details are mentioned in Table 1. Once
again, regression analysis using the Cg - Cpog contents

gives a nearly perfect Schulz-Flory distribution, as

shown in Figure 4, having K-factor of 0.482 and the
30 following regression statistics for 12 observations: R2 =

1.00 and standard error = 0.01. The Schulz-Flory

distribution is again confirmed by the isolated amount of
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5 Experiment 3

Experiment 3 is a repeat of Experiment 2, but at an
average ethylene pressure of 1.1 MPa. Experimental

details are menticned in Table 1. Once again, regression
analysis using the Cg - Cpg contents gives a nearly

10 perfect Schulz-Flory distribution, having K-factor of
0.503 and the following regression statistics for 12
observations: R?> = 1.00 and standard error = 0.01. The
Schulz-Flory distribution is yet again confirmed by the

isolated amount of waxy solids >Cpg, which is lower than

15 the amounts calculated from the K-factor.

Experiment 4

In this Experiment, 132 nmol of complex 3 and 155
nmol of complex 5 were mixed and activated and the mixed
catalyst was employed at an ethylene pressure of 1.6 MPa

20 at 70°C, using a 0.5-litre steel autoclave. The
experimental details are given in Table 1. From the Turn
Over Frequency (T.0.F.) it is concluded that both types

of catalysts are compatible with each other and that
complex 5 can be employed to increase the Cy4-Cjg content

25 of the alpha olefin mixture normally produced with
catalysts based on Complex 3. Application of a catalyst
mixture largely increases the flexibility of an alpha
olefin manufacturing process, whilst maintaining the
alpha olefin purity (see Table 1).

30 Experiment 5

Experiment 5 with iron complex 7 was carried out in a
l1-litre steel autoclave, using a mode of iron complex

addition/activation similar to that described in
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&1?:%'{(&' f,) - W3ﬂ-0§/°ft§€;>)/](ﬁenl'e Js@&’%%é(tbnl%oﬂ%ﬁﬁ%_(f)& g@x@f (1100 i J&g‘g of iron
éﬁgibg}f?gf‘.‘”( f‘é&@%%ﬂ %n( %50 g( dry(tolu(en_e) W& Qal 0eE O3

10011 10%4H & (hudodDoe & 1(0edeB0W R 150 Y11 Q%81 (3nd 1 4rkD%. [5&g( br! 1A% | & () -
| {a@_@10!!! ) %

, " 1Q0 & () - . . .
#10%4| ()_[[f %%@#%f%;%)ﬁg%!Tﬁ@&E}quﬁéﬁy%&Fglifl. The regression

analysis for Experiment 5, using the Cg - Csg contents,

gives a nearly perfect Schulz-Flory distribution over the

whole range of oligomers, as shown in Figure 5. The K-
factor is 0.851 (for 12 obsexrvations R2 = 0.99 and

10 standard error = 0.02). The Schulz~-Flory distribution is

yet again confirmed by the isclated amount of waxy solids
>Cpg, which is lower than the amounts calculated from the

K~factor.

Experiment 6

15 Experiment 6 was carried out in a l-litre steel
autoclave at an ethylene pressure of 1.6 MPa and a
temperature of 50°C, using the symmetrical 2,6-bis-[(2,6-
difluorophenylimino) (phenyl)methyl] pyridine iron[II]
chloride complex (9), which is in accordance with the

20 present invention, under conditions similar to the above-
mentioned Comparative Experiment A. Experimental details
are given in Table 1. The regression analysis for
Experiment 1, using the Cg — Czg contents, gives a nearly
perfect Schulz-Flory distribution over the whole range of

25 oligomers. The K-factor is 0.575 (for 12 observations R?
= 0.99 and standard error = 0.02). This is confirmed by
the amount of waxy solids >Cpg isolated on total product

of 0.3 %wt, whereas the K-factor gives rise to a Ciy -

Cio0 fraction on total oligomerisation product of 0.4 %wt.

30 Hence, no deviation from Schulz-Flory distribution is

observed, which translates to the formation of less high
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()-110% &"PyecY d@% (FS108% V&) PP1o9: bR T-%10% U () - gQz[ 9MB7
1001 YY" 109%&R(¢ @mpaﬁéﬂiﬁhlJEX@ﬁPﬂEWYRﬂB%UU& ()-1T&YY"10% U
U& () -1 1YY" 109U () g R0 W, (1 ) may 505« @ 20! End £ 904 () - 910%: () - 10
symmetrical 2,6-bis[l-(2,6~-dihaloarylimine)alkyl]pyridine
5 iron catalysts, ethylene oligomers can be produced
according to a Schulz-Flory distribution while these
catalysts have the advantage that they can be synthesised
more readily than the previously described non-
symmetrical catalysts developed for this purpose.
10 These experiments prove the beneficial effects which
can be achieved with the catalyst systems of the present
invention. As explained above, these improvements are of
major importance for the economic attractiveness of the

process.
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10=109%&' ()- F1Z"10% & ()-!F1Z7"109%& (FABLE<: @10!!&10% & ()-!, 109%& ()-!,

109& ()-!,
u& ()-(1]1>3@

10% u u& () -+ 10% U& () - &10% U& () - Ha?~_@
10111 $"F" 10941& ()-2!$"F"109%Li 1i & ()-2 10% U& ()-10% U& ()-, 10% U& ()-,!10%

0 10 U =10%
Example No.

Ex. A
(comp)

1,2

Ex. B
2
(comp)

Ex. C

(comp)

Ex. 1

Iron Complex
in Reactor
(nmol)

Reaction Time
(min)

Ethene
Pressure
MPa (bar(a))

Ethene
consumed
{Total
Product) (g)
Isolated
Product <Cj3p
(g)

Isolated
Solids >Cszg
(9)

Solids >Cog

on Ethene
(Bwt)

C30p-100 ©n
Total Product
(calc’d)

(Swt)

T.O.F
(molCp=/
molFe*h)
K~factor
1-Cg= purity
(Bwt)

1-Cio= purity
(swt)

113

112

1.6 (16)

7.98E+06

0.774

99.5

98.4

397

118

1.6 (16)

352.2

288.2

39.0

11.1

1.62E+07

0.737

99.1

96.5

204

176

1.6 (16)

352.2

322.8

2.10E+07

0.747

99.7

98.1

959

57

1.6 (16)

117.5

92.1

<0.1

<0.1

0.1

4.58E+06

0.497
97.9

93.5




U& ()-410% U& ()-"F"10% & ()-2!"F" 1090JU& () - 2!
"F"10% F- & ()-2! 4TnN/ S! 10% h& () -

h& () - &10%mE2/60839 10 U 10 UT}[ 9nN/
| F"10941& ()-!F'10% h(h& ()-!F" 10%41& ()-!F"10%41& ()-3ml0% hé& ()-y10%

| L3MLO% L& () - @31F"10% h& ()-F.:10% )& ()- @ m0% h& ()-!0&
10%h h& ()- & 10%:,& ()-qb@! ! yFARE®AL &copt’ @L0% UL () -1"10% U8 () - &10%

h& ()-=t> AmV
u& () -

"F"10% - & () -2
10% h& ()-S10% h& ()- 10% h& ()-f 3" &10%

PCT/EP01/07419

10 h 10 h 10 hl =10% h& ()-q Kl zX6b@
| # F" 10%U#UE () -$! F" 10% (& () - $!

& ()-$! "yl
U& ()-!F" 109

F'10% S-S& ()-$! F'10%
10% & ()- yl"10% =&'|()- I[W z[[PE: ' 10 U L0 U 10 UY=10%

i %Il Mo F& () -[H:F" 20%a& [(Bx $!'F" 10%JUE, () ;%63
Iron Complex in 395 928 287
Reactor (nmol)

Reaction Time 38 26 37

(min)

Ethene Pressure 1.6 (16) 1.1 (11) 1.6 (16)
MPa (bar(a))

Ethene consumed 117.3 117.9 58.9
(Total Product)

(g9)

Isolated Product 84.5 98.4 52.8
<C3p (9)

Isolated Solids <0.1 <0.1 n.d.
>Cog (9)

Solids >C28 on <0.1 <O.1 n-d.
Ethene (%wt)

C30-100 on Total 0.1 0.1 n.d.
Product (calc’d)

(%wt)

T.0.F (molCp=/ 1.67E+07 1.03E+07 1.19E+07
molFe*h)

K-factor 0.482 0.503 0.695°
1-Cg= purity 96.9 94.9 98.0
(Bwt)

1-Cqo= purity 92.8 90.2 95.0
(%wt)
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10% & () -!
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10%@& () - &109
kCLOY@ () - 7,
1)) ? KCOmLOY@:
10CTLO%@& () -
k@movg: ()
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komLove () - 7]
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7
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OnO%EE: drjsuihed] f gpqr s~(120: CLOY%@E

0@ ()-7, ORQUeE ()-7, Oj

(g)

r)oglug% QCN:?O o

¢ToY&l Product)
0%
P O

Isolated Solids >Csg
(g)

Solids >Cog on Ethene
Swt)

C3p-100 on Total

Product (calc’d) (%wt)

T.0.F (molCo=/ molFe*h)
K-factor
1-Cg= purity (%wt)

1-Cy12= purity (%wt)

£k, OﬂOW@L

L0F0@mL 09!
1§, CLOY@

1768§16

4.38E+05

0.851
97.0

96.3

ks 7, ETLOYGE
(@' ‘ )_ Z ‘m”!

6k28, CMLO%EE]

be7, $(, / 0678
1.6 (16)

117, EmlO%@:

0.

0.3

0.4

2.88E + 05

0.575
87.2

78.1

37

M!lO@é-&%()-L"ﬁlO@ﬁ&f()-91096&f()- 10B

)-7,1?PE. 10B
@I()-7! }84

O-7, $M\:
_E+: CLO%@E, (

) -7, OmLO%@&' (
0%@& () -7, Cm



KCmlO%@&' () -7, yZ;
4: COmMLOY@& () -7, CmLOY%@& () -7, CmlO%@& () -7, CmlO%@&' () -7, CmlO%@&' ()-7,) ?
knT*) ? kCWO@36) - 7, CLO%@&' () - 7, CrLO%@& () - 7, CmiLO%@& () - PCTRPORRIL ) - 7, ) ?
kyQ0) CnLO%@&' ()-7,) ?

0 ' _ 0 ' _ 0 ! _ o) ! - 0 ! -
KOOV () -1 TG ()7, CU0NEE () [ GTIQNGE, (), GTiQues ()7 ™) a0
KCmLO%@&' () - 74300000 (Lh- o Cad 00 (g7 1O OLEBS { 91/ ayrtlotl &g 0%@& () - 7, Gml0

%@ ()-7, CrlO%@& () -.7,). 2 KOyloY@& () -7, Cmlo%@& () - 7, CLO%@ () - 7,
hN4) 8101&00/@‘%¥, é%&@%?% e ()-7, cm(Lz)O/@' 0)-7,) ?()

KCnLO%&&' () -7 QY& . ( - :

| &} A24) cmmdb%‘g%g(t) b?,‘z‘arr%%f@: ()-7, OMLO%@ () -7, (COrLOY%@&: ()-7,)?

k Cril O%&&: ()'71, &af9ed out in 0.5-litre steel autoclave.

<i b)) CnCnLO%a&' () - 7, CLOYga&' () - 7, CnLO%@&' () - 7, CnllO%a&' () - 7, CnlO%a&' () -7, ) ?
kCmMLOY@&' () - 7, <zhGEitOp) Eptndd %@ (x)i g Cort OMERA 99/02@TR0%EE () - 7, CrLO%E@& (
)-7, CmlO%&@&' () -7, OmMO%a& ()-7,)? kFGSX] af yzZ;

5) CCCnL0%4a& % )Gak {iEmil OU@eRat) 7 FCOML0%&@’ () - 7, CmLlO%a&' () -7, CnllO%a& ()-7,)?
kf gqrstuvnT*) ?
KOTLOUG () - 7, GFr%@x (7) 17, ORLOSE! (WH-tRoCHLDYGRA () LVALGI0Y@Aes - 79) ?
kv|} ~yQ0) CmLO%a&' ()-7,)7 . .
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B2+01>?@\cGH5210% & () - #210% &

()-#2109% & () - ##3
Jwz1098 & ()-#210% & () - #gK052 10 &x10% & () - #z1 - #210% & () - #210% & (
)- ##3 JW(210% & ()-#|\ 8054#F7 Y Ry Ry Ris

IJW 2109 & () -#z10% & () -#z210% &
JWwz109% & () -#z10% & () -#z10% & ()
Jz10% & ()-#z10% & () - ##3 V)
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&10% & _()-10!10! &10! 1 =109 & ()-z10% & ()-#)#3 Jw\'j gxyaEyX7z10
S HL0% & () - ' nAePargsRkiy) -1 %%e&f()’PFié%@/g%Y (JUOS{t gf%%l&' ()-iM7" .
" G HLI0% & () - 'H%c&rbyi ) HO W rt) FuncCh tHAN & dyp,! HHOUh& (Yo ekt 7' .
GHIOW & ()-'HI0Y & () -'. _

R1-R3, R7-Rg and Rj32-Riy4 vicinal to one another taken

)-#210% & () - ##3 Jw DO5#3 Jz10% & () - ##3
-#2109% & () - #hHO5#3

L+1

together may form a ring, and Rg, Rip, Ri1 and Rjs are

identical and are selected from fluorine or chlorine.

10 2. A bis-aryliminepyridine ligand according to Claim 1,
wherein Ri-R3 are hydrogen; Rq and Rs are methyl; Ry-Rg
and Rip-R14 are hydrogen; and Rg, Rig, R11 and Rjg are

fluorine.

3. A bis-aryliminepyridine ligand according to Claim 1,
15 wherein R;~R3 are hydrogen; R4 and Rg are phenyl; R7-Rg
and Rjp—-Rj4 are hydrogen; and Rg, Rig, Ri1 and Rjg are

fluorine.

4. A bis-aryliminepyridine ligand according to Claim 1,

wherein Rj-R3 are hydrogen; Ry and Rs are hydrogen; R7-Rg
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wherein Y is a llgand which may insert an olefin; M is a
metal atom selected from Fe and Co, NC is a non-

coordinating anion and p+q is 2 or 3, matching the formal
oxidation of said metal atom; L is a neutral Lewis donor
molecule and n = 0, 1, or 2.

15 7. A process for the production of alpha-olefins, which
comprises contacting one or more complexes according to
Claim 5 with ethylene and a second compound which is
capable of transferring an optionally substituted

hydrocarbyl or hydride group to said metal atom M, and
20 which is also capable of abstracting an X group from

sald metal atom, at a temperature in the range of -100°C

to 300°C.

8. A process for the production of alpha-olefins, which

comprises contacting one or more complexes according to
25 Claim 5 with ethylene and a second compound which is

capable of transferring an optionally substituted

hydrocarbyl or hydride group to said metal atom M, and a
third compound which is capable of abstracting an X

group from said metal atom, at a temperature in the range
30 of -100°C to 300°C.
9. A process for the production of alpha-olefins,

comprising contacting one or more [bis-aryliminepyridine
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