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present invention generally relates to a novel process for selective
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[0002] Linear a-olefins are versatile intermediates and building blocks for
the chemical industry. Their main applications are as comonomers for
polyethylene (C,-Cs), feedstock for surfactants (C;5-Cso), and plasticizers (Cq-
Ci0). Hydrocarboxylation of the C4-C3 a-olefins with cobalt-carbonyl/pyridine
catalysts gives predominantly linear carboxylic acids. The acids and their esters
are used as additives for lubricants. The C4-C;y a-olefins are hydroformylated to
odd-numbered, linear primary alcohols, which are converted to surfactants or to
polyvinyl chloride (PVC) plasticizers with phthalic anhydride. Oligomerization
of (preferably) 1-decene using BF; catalysts gives oligomers that are used as
synthetic lubricants, which are known as poly-a-olefins (PAQO) or synthetic
hydrocarbons. The C,(.C;, a-olefins can be epoxidized by peracids; this opens

up a route to bifunctional derivatives or ethoxylates as nonionic surfactants.

[0003] a-Olefins are produced worldwide at a rate of ca. 4x10° Ib/year,
predominantly through oligomerization of ethylene because of the high product
quality and the good availability of ethylene. [Vogt, D. In Applied Homogeneous
Catalysis with Organometallic Compounds; Cornils, B., Herrmann, W. A, Eds:
VCH Publishers: 1996; Vol. 1: pp 245-256. (b) Parshall, G. W.; Ittel, S. D. In
Homogeneous Catalysis: The Applications and Chemistry of Catalysis by

| n. Honpageneous Catal ysis: The |ications
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Conpl exes; John Wley & Sons: New York, 1992; pp 68-72. (c) Skupi kﬂ J.
Chem Rev._ 1991, 91, 613). Current industrial conmercial proceé Qﬁe
a-ol ef ms WOHBLT82Rul 2-Flory distribution, wherein the S-FPEBRSPHIES] s
calculated fromthe ratio C'+2 to C. conpounds in the product mxture, also
known as the chain growh factor ((x). Oh2r routes to a-olefins in
decreasing i nportance are paraffin wax cracking, paraffin dehydrogenation,
and al cohol dehydration. [0004) The wi de application and increasi ng need
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Catal ysis wt n tallic Conmpounds. Cornils, B.; Herrmann, W A. Eds.
VCH Publ i cat iag‘?@(’?%gay%wn'lg%, p. 220.] [00051 Ot her applications for

a-ol efins include feedstocks for surfactants (Cl2-C20) and pl astici zers
(C6-C10). Hydrocarboxyl ation of the C6-C8 a-ol efins

[0004] The wide application and increasing need for a-olefins, as
comonomers for polyolefins will cause the linear olefin market to grow. Linear
a-olefins are very versatile intermediates and building blocks for the chemical
industry. The lower C4-C; a-olefins are mainly used as comonomers for
polyethylene. Small amounts of up to 3% a-olefins are used to produce high-
density polyethylene (HDPE) with a higher environmental stress/crack resistance
and a slightly reduced density (0.959-0.938 g/cm®) compared with the
homopolymer (0.965-0.955 g/cm®). Higher quantities of 4-12 % a-olefins are
added to produce linear low density polyethylene (LLDPE) with considerably
reduced density (0.935-0.915 g/cm®), for which 1-butene and 1-hexene are
preferred in the gas-phase process and 1-octene in the liquid phase. [Vogt, D.
Applied Homogeneous Catalysis with Organometallic Compounds. Cornils, B.;
Herrmann, W. A. Eds. VCH Publications, New York. 1996, p. 220.]

[0005] Other applications for a-olefins include feedstocks for surfactants
(C12-Cyp) and plasticizers (Cg-C, ). Hydrocarboxylation of the C4-Cg a~olefins
with cobalt carbonyl/pyridine catalysts gives predominantly linear carboxylic
acids. The acids and their esters are used as additives for lubricants. The C4-C,q
a-olefins are hydroformylated to odd-numbered linear primary alcohols, which

are converted to polyvinyl chloride (PVC) plasticizers with phthalic anhydride.
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catal yst i s high-temperature elimination step, the a-olefins are displaced by ethylene at

about 300 °C and 1MPa. In this stoichiometric reaction sequence, a Poisson

distribution of a-olefin products is obtained. The main disadvantage of this

process is the large amount of aluminum alkyls needed in an industrial plant. To

overcome this drawback, the following processes were developed.

[0006] An alternative process based on the Aufbau principle uses a one-
step catalytic procedure, where chain growth and elimination occur
simultaneously in the same reactor. About 0.4% wt. of AlEty (with respect to
ethylene reacted) is needed. For this process solvent heptane is used, at about
200 °C and 25 MPa cthylene pressure. After the reaction, the catalyst is
destroyed by hydrolysis. In this catalytic reaction, a Schulz-Flory distribution of

a-ojefin is obtained.

[0007] A variation of this second method is based on a combination of
stoichiometric and catalytic chain-growth reactions. Unifying these two parts
with a transalkylation step allows very efficient control of the a-olefin chain

lengths. The first oligomerization step uses a catalytic one-step process similar



destroyed by hydrolysis. In this catalytic reaction, a Schul z-Fl or
distribution of a-olefin is obtained. [0007] A variation of thl’lsmﬁgg[@nd
met hod i va?ﬁs d_gon a conbination of stoichionetric and cat alét ic
chai n- growt H P8%) ons. Unifying these two parts with a trBRENFRSEI3 on
step allows very efficient control of the a-olefin chain I|engths. The first
ol igonerization step uses a catalytic one-4step process simlar 12 JUN 2006
WO 03/ 072529 PCT/ US03/03853 -4 to the first process. The process is operated
at 160-275 C and 13-27 MPa of ethylene pressure. After the reaction, the
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the aluminum alkyls. These alkyls are fed into a chain-growth reactor, where

they are grown with ethylene to long-chain aluminum alkyls, which are recycled

to the transalkylation stage. Because of the recycle, co-oligomerization of

product a-olefins with ethylene yields considerable amounts of branched olefins.

The higher molecular weight C4-Cy3 fraction, especially, consists of only 63%

linear a-olefins. The problem associated with both of the aforementioned

processes is that they are done under stoichoimetric conditions and exhibit very

low yields of a-olefins.

[0009] Another commercially available process is based upon the second
basic reaction and produces poly-a-olefins by the oligomerization of ethylene.
This process is known as the Shell Higher Olefin Process (SHOP). Catalysts
used in this process are neutral Ni(II) complexes bearing bidentate monoanionic
ligands [(a) Peuckert, M.; Keim, W. Organometallics 1983, 2, 594. (b) Keim,
W.; Behr, A.; Limbacker, B.; Kruger, C. Angew. Chem. Int. Ed. Engl. 1983, 22,
503. (c) Keim, W.; Behr. A.; Kraus, G. J. Organomet. Chem. 1983, 251, 377. (d)
Peuckert, M.; Keim, W. J Mol. Catal. 1984, 22, 289. (¢) Keim, W.; Schulz, R.
P. J. Mol. Catal. 1994, 92, 21]. This ethylene oligomerization process combines

oligomerization of ethylene, isomerization of the higher a-olefin products and



basi c reaction and produces poly-a-olefins by the oligonerization of
ethylene. This process is known as the Shell Hi gher Oefin Prpg gl 7{06HOP) .
Cat al ysts %qs]@)g in this process are neutral N (1) conplexes bearing

bi dent at e Bi%Mi ¢ 1igands [(a) Peuckert, M: Keim W ®CIABOHEBAT | cs
1983, 2, 594. (b) Keim W, Behr, A ; Li nbacker, B.; Kruger, C. Angew.
Chem Int. Ed. Engl. 1983, 22, 503. (c¢) Kefim W, Behr. A ; Kraus, G J.
Organonet. Chem 1983, 251, 377. (d) Peuckert, M; Keim W J. MIl. Catal.
1984, 22,289. (e) Keim W; Schulz, R P. J. M. Catal. 1994, 92, 21 ].
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fractionated desire n33ered | i near a-ol efins. Another
probl em associated with such oli gorrerl zation is that undesirable branching
and nmultiple isoneric olefins often result, thereby requiring a separate
fractionati of0@i0p whi drobkenmadsociated with the aforementioned ethylene

oligomerization process are that ethylene is a very expensive feed material and
that the resultant a-olefins (i.e., C4~Csq') have to be fractionated to yield the
desired carbon numbered linear ¢-olefins. Another problem associated with
such oligomerization is that undesirable branching and multiple isomeric olefins
often result, thereby requiring a separate fractionation step which is both

expensive and results in substantially lower selectivity yields of the desired

linear a-olefin,

SUMMARY OF THE INVENTION

[0011] The present inventors have unexpectantly discovered a novel
catalytic process for selective “coupling” of terminal olefins with ethylene to
manufacture linear o-olefins in high yields with respect to ethylene and
selectivity without the need for fractionation as discussed above. The unique
process according to the present invention permits the ‘designing’ of a single
carbon number linear a-olefin, while using, in part, less costly raw materials
than expensive ethylene. This unique catalysis process can be used to make Cg -

C,¢ olefins by sequential coupling reactions using an a-olefin and ethylene,



expensive and results in substantially |lower selectivity yields of the
desired linear a-olefin. SUMARY OF THE | NVENTI ON [0011] The pt2g8hi00b

i nventors pectantly di scovered a novel catalytic process for

sel ective ngﬁﬁﬁﬂ%é of ternminal olefins with ethylene to ®&AH4¥bFd
linear a-olefins in high yields with respect to ethylene and selectivity
w thout the need for fractionation as di scussed above. The uni que process
according to the present invention permts the designing' of a single
carbon nunber linear a-olefin, while using, in part, less costly raw
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| arger a-olefins, as required in the ethyl ene oligonerization process.

[0012] The present invention also provides many additional advantages which
shal | becone[@2}r ent e'ﬁleqﬁsseﬂttinvlerﬁiﬂmﬂso [podxiidés tamyi aqidéitionaladdyantagps ocess
for selectively coupllng a-ol efins propyl ene, 1-butene, 1-pentene,

1- hexene, 1- Wingheshal thC(!DQ@PEﬁ@PthWC ibed\hedol¥. wherein the a-ol efms are
used with ethylene so as to produce the desired linear C6-Cro a-olefins in
hi gh yield. The catal ytic process according to the present i nvention

Punber of -t MBS P et GptF R RFSdest For eyl ool et R, of
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ethylene, wherein the a-olefins are used with ethylene so as to produce the

desired linear C4-C, a-olefins in high yield. The catalytic process according to
the present invention provides for a unique method for converting a-olefins
having a carbon number of, for example, C,, to linear a-olefins having a carbon
number of C,,.,, wherein n is an integer from about 3 to about 20. For example,
this process provides for the coupling of: 1-butene with etﬁylene to produce 1-
hexene, or 1-hexene with ethylene to produce 1-octene, or 1-octene with
ethylene to produce 1-decene. The present invention utilizes a unique
organometallic catalyst that is capable of producing: (a) a C,., linear a-olefin
from ethylene and a C, a-olefin; and/or (b) o-olefin products wherein every
product contains at least one C, fragment stemming from a reactor C, reactor

- feed.

[0014] In general, the process for producing a linear a-olefin according to
the present invention comprises: reacting a feed comprising a stoichiometric
excess of a terminal C, olefin with ethylene in the presence of an orgénometallic |
catalyst to produce a C,» linear o~olefin, wherein said catalyst is capable of |
producing a Schulz-Flory distribution of less than about 0.8 as observed for

ethylene oligomerization and wherein n is an integer between about 3 to 20.



this process provides for the coupling of. 1-butene with ethylene to produce
1 hexene, or 1-hexene with ethylene to produce 1-octene, or 1-ociqqqumg1

et hyl ene to produce 1-decene. The present invention utilizes a unique
organonetal lic catalyst that is capable.of producing: (a) a C'+2 |inear
a-olefin fromethylene and a C. a-olefin; and/or (b) a-olefin products
wherein every product contains at |east one C' fragnent stenmng froma
reactor C,, reactor feed. [0014] In general, the process for producing a

| inear a-olefin according to the present invention conprises: reacting a

feed conpri sj st oi ¢f] :L ] X¢ 0 termnal olefin with
ethylene in w@s;r esen@gkgﬂéﬁgg?laﬁﬂb‘ﬁé&gﬁrh’@ Seiczﬁéa*égfn%s gﬁ?‘&'}uce a C'+2
linear a- ol etbisistifesPCNSBihlefhs leys] propyleaBaibaredle, 1 jenttiel Nheat -
Schul z-Fl ory distri utign o%o | ess th%npa gut 0.8 a?ébb?erved for e%?’hlyl ene
ol i goneri zat heptenedndh ercténe and mixtmrasnhergef, sbeh that theaprodtuctiiiear 200lefin2 JUN
2006 -7 [00151 The termnal olefin_is preferably selected fromthe group

consi sting ofs sciecied Tom Begrrwg corsiging of 6 o Snzlinganqrolsfins, prefermbbn€s

1- hexene, 1- heptene and.1l-o ne.and gy xtures.thereof such that the
roduct | 1 neariogiprer qrenps Bt ha8 b cotaRine f s Rwe BEfitng Ofleses 1o o
linear a- ol eferih$paliviefugy will be Gllized; HbrcipieRtably, ol flell Rontamiing i, 2 feed
containing a mxture of three or less termnal olefins will be utilized,
nore pref er aplefin wilk beytibzad ai ning a single olefin will be utilized. [0016]
The coupling step is preferably conducted at a tenperature in the range
fromabout -100 to about 250C, nore preferably between about room
tenperature [epispout 1TREcodplingsiep tiprefatallyn@niicted auphémgeraha ih the

conducted at a pressure from about_ O %sig (0 Pa) .to about 30,000 psig (2.1
x 108 Pa), range from about -100 to about 250°C, more preferably between about room

temperature to about 100°C., The pressure during the coupling step is conducted
at a pressure from about 0 psig (0 Pa) to about 30,000 psig (2.1 x 10° Pa),
preferably between about 0 psig (0 Pa) to about 10,000 psig (7.0 % 107 Pa), most
preferably between about S psig (3.5 x 10* Pa) to about 3,000 psig (2.1 x 107 Pa).

[8017) The terminal olefin to ethylene typically has a molar ratio in the
range between about 2:1 to about 1,000:1, preferably between about 10:] to
about 100:1.

[0018]} The reaction step is preférably a catalytic coupling of said
terminal olefin and said ethylene to form said linear a-olefin. It is also
preferred that the reaction step be performed in the presence of a solvent. The
solvent is preferably at least one solvent selected from the group consisting of:
sthane, propane, butane, pentane, hexane, toluene, cyclohexane, cyclopentane,
tetralin, methylene chloride, chlorobenzene, chloroform, o-dichlorobenzene,
carbon dioxide and mixtures thereof. |

[0019] The catalyst is preferably a transition metal-based catalyst selected
from the group consisting of: Group 6 metals, Group 3 metals, Group 9 metals,



preferably between about 0 psig (0 Pa) to about 10,000 psig (7.0 x 107 Pa),
nost preferably between about 5 psig (3.5 x 104 Pa) to about 3 PQON 28069
(2.1 x 107 )3,07[28917] The termnal olefin to ethyl ene typical l{iﬁﬁ has a nol ar
ratio in the range between about 2:1 to about 1,000:1, pref&Fdby*1§8t ween
about 10:1 to about 100:1. [0018] The reaction step is preferably a
catalytic coupling of said termnal olefi®-and said ethylene to formsaid
linear a-olefin. It is also preferred that the reaction step be perforned
in the presence of a solvent. The solvent is preferably at |east one

sol vent sele PR Anshst 4 - ]
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m xtures thereof. [0019] The catalyst is preferably a transiti'on netal-based
cat al yst sel eftddonfinnniritherizatiorpcatalysiss Brogkludrt ty@ecumansitiom nrdtal, catalysts, 8
metals, Goup 9 netals, WO 03/072529 -8 1 2 JUN 2006 PCT/US113/03853 Group
10 netal s, GeRPreebacatalystsupseudotstrahedral mickel complex catadysts.smdfuri on
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ter n pseudot @bt akedela purk StetedRdRA’ eeometicit atfhbemeie ASAGRS détailedr uct ure
of the metal conplex, i't does not exclude a pure "tetrahedral"™ geonetrical
ar rangenent . désariptiordef psduddtettdedrilpande fotind dp &% petens HelB0F8 8 dweneine f ound

in US patent 6180788 herein
_ incorporated by reference.

[0020] The process according to the present invention is either a

continuous, semi-continuous or batch type process.

[0021] Finally, the linear C,., a-olefin of the present invention is formed
from the reaction product of a stoichiometric excess of a terminal C, olefin with

ethylene in the presence of an organometallic catalyst.

[0022] Other and further objects, advantages and features of the present
invention will be understood by reference to the following specification in
conjunction with the annexed drawings, wherein like parts have been given like

numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Fig. 1 is a graph plotting coupling versus oligomerization reaction
for Examples 9, 10 and 13 for the purpose of demonstrating that as the feed ratio
of 1-pentene to ethylene changes, the ratio of coupled product (C7) to ethylene

dimerization product (C4) also changes;



I ncorporated by reference. [0020] The process according to the present
invention is either a continuous, sem-continuous or batch typeqpgr AR
10021] Finally, the linear C'+2 a-olefin of the present invention is forned
fromthe reaction product of a stoichigoetric excess of a termnal C' olefin
with ethylene in the presence of an organonetallic catalyst. [0022] O her
and further objects, advantages and features of the present invention wll
be understood by reference to the follow ng specification in conjunction

wi th the annexed draw ngs, wherein |ike parts have been given |ike nunbers.

BRI EF DESCRI P OF T W N 023] Fig. 1 is a graph _plotting_coupling
versus ol igo b?f\iationlil;% lsi%ﬁ%;g?% oTRR ﬁgp&gngjf’eri'eﬁ mer T} IFACTOR pose
of denonstratfppxhidiesas stdia d:98d ratio of | -pentene to ethylene changes,
the ratio of coupled product (C/) to ethylene dinerization product (CA4)

al so changes; 1 2 JUN 2006 -9 [0024] Fig. 2 is a graph plotting coupling
versus ol igo | zation_jeaction of Exanples 4, 5 and 6; and [0025] Fig. 3
is a graph pﬁﬁ{’#ﬁng cogrbg'?%iﬁ %@FEQEEW%M%Y%W? FEAUOPIRAQhp| es
16 ,17 and 1%01,%@:@%%%&1;@5 PREFERRED EMBCDI MENTS [ 00261 The present

I nvention provides met hod tfor producing linear a- olefins by contacting
ethylene with a-ol efins, such as propyl ene, |-butene, 1- pentene, 1-hexene,
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[0026] The present invention provides a method for producing linear o-
olefins by contacting ethylene with a-olefins, such as propylene, 1-butene, 1-
pentene, 1-hexene, 1-heptene, 1-octene or 1-decene, under cenain temperature
and pressure conditions conducive to forming coupled products while
minimizing or totally eliminating, any polymer or ethylene-only containing
coproduct. Generally, in this process c-olefins, such as as propylene, 1-butene,
l-pentene, 1-hexene, 1-heptene, 1-octene or 1-decene, are used in excess -
compared to ethylene. The mole ratio of a-olefins, such as 1-butene, 1-hexene,
l-octene or 1-decene, to ethylene is typically from abour 2:1 1o abour 1000:1,
preferably about 10:1 to about 100:1.

[0027] The process for coupling a-olefins and ethylene according to the
present invention in order to yield desired linear a-olefins in one step is
conducted at a temperature in the range from about -100 to about 250°C, more
preferably between about room temperature to about 100°C, aud at pressures
from about D psig (0 Pa) to about 30,000 psig (2.1 x 10° Pa), more preferably
between about 0 psig (0 Pa) to about 10,000 psig (7.0 x 107 Pa), most preferably
between about 5 psig (3.5 x 10° Pa) 10 abour 3,000 psig (2.1 x 107 Pa).

[0028] Furthermore, catalytic coupling according to the present invention

may take place in a solvent, neat (e.2., no solvent and hiquid condensed olefin),



mnimzing or totally elimnating, any polynmer or ethylene-only containing
coproduct. Generally, in this process a-olefins, such as as propy] ¢gie7006

1- but ene, -@g@tﬁne, 1- hexene, 1-heptene, 1l-octene or 1l-decene, are used in
excess con%ér “t0 ethylene. The noble ratio of a-ol efins, BGENS@}3833ut ene,
1- hexene, 1l-octene or 1-decene, to ethylene is typically fromabout 2:1 to
about 1000:1, preferably about 10:1 to -alfbut 100:1 [00271 The process for
coupling a-ol efins and ethyl ene according to the present invention in order
to yield desired linear a-olefins in one step is conducted at a tenperature
i n the rangegyf BetHse {4 9 : 2 eViipout
room temergrliégrgag' aboﬁ'}é%godé?ﬁgﬁggg? 8%%?52%52313,1‘@1;}3%&3?&1}? Igﬁtgg?g (0 Pa)
to about 30,d0plipgiigcbaducted 108 sbhjent phase, purildeablywentdatoheds) babatd ndt psi g
(0 Pa) to about 10,000 psig (7.0 x 107 Pa), nost preferably between about 5
psig (3.5 x limitedjo ethaabopropanpednitant,pentant, heddr, kelpeng,0nrdphesanther nor e,

catal ytic coupling according to the presepnt |nvention take place in a
sol vent, neé:ﬁ’CLQP. tane, (etEain, sgthy e@ﬁm&&bﬁa&ﬁgwnﬁ gﬁiqutfaor&u@-a UN 2006
WO 03/ 072529;.- 3 - QL N Ase .g., olefin in gas phase
and cat al ystd‘?‘ﬁgf‘ﬁ’gyggﬁgfagﬁ‘i‘ig}"%‘%%‘@"@%ﬁ%ﬁ? g ?éfconduct ed in a sol vent
phase, suitable solvents include, but are not Ilimted to ethane, propane,

but ane, pentane, hexane, tol uene, cycl ohexane, cyclopentane, tetralin,

net hyl ene cljo0z9de, chCouplixeirethe gasphasetsyuitesar salidtdtalysbena eatalyst anbon
di oxi de and m xtures thereof. [0029] Coupling in the gas_phase requires a
sol i d cat al ystoligrsuppest. SSypported catalystsihave bgpo desc br Exxor &hgnyiealds have

been descri bg?i(sj phgseEézﬁgpys?Pe%mngﬁngsas described in US Patent 5,554,704 which is

herein incorporated by reference. US Patent 5,554,704 teaches a process for

producing a supported catalyst. The supported catalyst can then be used in a
solvent free system wherein gas phase a-olefin and ethylene are passed through
a fixed bed of catalyst. The condensed a-olefin product is then separated from

the system.

[0030] The process of the instant invention can be carried out in a
continuous, semi-continuous or batch manner. The continuous process involves
the continuous addition of reactants and catalyst components to the reactor with
simultaneous removal of the product. For a gas phase process, the catalyst may
be charged to the reactor prior to the introduction of the reactants and removal of
the products. Alternatively, the a-olefin, solvent and catalyst components can be
charged to the reactor with ethylene semi-continuously added to the reactor as it
is consumed. Conversely, in a batch process, all the components of the reaction
are charged to the reactor and reacted until the complete consumption of the

limiting reagent (i.e., ethylene).

[0031] Catalysts useful in the present invention preferably exhibit an S-F
(Schulz-Flory) constant of less than about 0.8 as observed for ethylene

oligomerization, wherein the S-F constant is calculated from the ratio Cp,,t0 C;



gas phase catal yst technol ogy as described in US Patent 5,554,704 which is
herein incorporated by reference. US Patent 5,554,704 teaches a pypgesdibor
pr oduci ng ed catalyst. The supported catal yst can then be used in a
sol vent fpgg%g@2?2%1mherein gas phase a-ol efin and et hyl enePGQIES4SEEY
through a fixed bed of catal yst. The condensed a-ol efin product is then
separated from the system [00301 The prldcess of the instant invention can
be carried out in a continuous, sem -continuous or batch manner. The

conti nuous process involves the continuous addition of reactants and

cat al yst COIUa,Qﬂlg&h?d R ﬁ@grétﬁ%hﬁ& tldlso &) Hwntﬁrtﬁe‘éggfne Yith é‘Qétg} th%%a

product. For a ‘gas phase process, the catalyst may charged t

reactor pri uiok@pieferdblV rsetittéd dtalitstdxdibie an SAR iconstadt HEERY MarPabouthe
products. Alternatively, the a-olefin, solvent and catal yst conponents can

be char ged (.65 with thosetcatalydts bxhibityd g are SsE wonstant ofalos (05 adtbsd beimg he
reactor as it is consuned. Conversely, in a batch process, all the
conponent s Jnostiefered.i on  are charged to the reactor and reacted until the
conpl ete consunption of the limting reagent (i.e., ethylene). [0031]

Cat al ysts useful in the present invention preferably exhibit an S-F

(schul - F1onghasps! oty B3 8yhdAo IR BfeRRnEsy ity | enc

ol i goneri zat"l on, consta IS ca e ratio Co+2
to C" 12 Jléu;ﬁﬂqge;V\D 03/ 172529 -11 PCT/ US03/ 03853 compounds in the product
m xture, also kKknown as the chain gromh factor (a). WMre preferably,
sel ected catal ysts exhibit an S-F constant of |ess than about 0.65 with
t hose catal ysts exhibiting an.S-F constant oJ bouyt 0.5 or. | ess bejng

D ag'ansmon metal compound wherein the transition metal is a

Group 6, 8, 9, 10 or 11 metal or mixtures thereof;

2) in the event that the transition metal compound is not in the
oxidation state of zero or that it possess a monoanionic ligand selected from the
group consisting of: hydride, substituted or unsubstituted C, to C;o hydrocarbyl,
alkoxide, aryloxide, amide, halide, phosphide, or Group 14 metalloids, an
activator (also referred to as a co-catalyst) is preferably added to generate the
active transition metal/activator complex, said activator being in amounts
sufficient to activate the transition metal compound. The activator is typically
present in a stoichiometric amount up to 10,000:1 activator:transition metal

complex.

[0033] The strong propensity of transition metal-based catalysts to
undergo a-hydrogen elimination reactions has largely relegated this class of
catalysts to applications in dimerization and oligomerization processes. Some of

these catalysts and processes are discussed below:

e Chromium trimerization catalyst
e Brookhart type Ni and Pd catalysts

e Pyridine bisimine Fe or Co complexes



nost preferred. [0032] In general, suitable catalysts that exhibit thﬁ:ﬁ?
characteristics conprise: 1) a transition nmetal conpound wherein thé 006
transitionh‘{@tuﬁl Ls a Goup 6, 8 9, 10 or 11 netal or mxtures thereof; 2)
in the eveMC ¥4 ®Phe transition metal conpound is not in t RET/EMBHFoN
state of zero or that it possess a nonoanionic |igand selected fromthe
group consisting of. hydride, substituted - unsubstituted C, to C30
hydrocar byl , al koxi de, aryl oxi de, am de, halide, phosphide, or Goup 14
netalloids, an activator (also referred to as a co-catalyst) is preferably
added to gengs ahg-BBEM Githly¥@ transition netal /activator conplex, said
activator being in anbunts” sufficient to activate the transition netal
compound. Tha apljlidiflerie taalysli cal |y present in a stoichionmetric amount up
to 10,000:1 activator:transition nmetal conplex. [0033] The strong
propensity ofe t SheHiHigher Gd¢fid Poocess (SHOR)ycatalysts under go a- hydrogen -
elimnation reactions has largely relegated this class of catalysts to
applications in dinerization and oligonerization processes. Sone of these

I di d bel.ow. Ch ' I, i '
catal yet - ordofRdFc Ty aRkaliG (pataanat etine SPFRAPLINERGERE oo
compl exes 1 %&H%%H&@ &Qcﬁﬁégﬁgﬁ%? -12 N -BBIMcatal ysts Ni -t hi ol ene

catal ysts

Chromium Trimerization Catalyst

[0035] May include chromium complexes as disclosed in US-A-4,668,838
; US-A-5,814,575 and US-A-4,777,315 (which are incorporated herein by
reference), which comprise a mixture of a chromium compound, an aluminoxane
and a third component selected from hydrocarbyl isonitriles, amines and ethers.
Still other catalysts may comprise a mixture of MAQ, polydentate phosphine and
chromium salt. Other catalysts, such as, triazacyclohexane complexes of
chromium catalyst as disclosed in Kohn, R. D. et al. Angew. Chem. Int. Ed.
2000, 39, 4337 (incorporated herein by reference), are also useful in the process

according to the present invention.
M (II) a-diimine Complexes (“Brookhart” type Ni catalysts)

R R

N N>—</ are
NG T\
Br/ \Br



Shel | Hi gher O efin Process (SHOP) catal ysts PCT/US03/03853 [0034

I 'lustrative, though not [imting exanples of suitable catalyst s1 2iJi12006e

t hose descw' lﬂg@ Qg& ow. Chrom um Trinerization Catal yst [00351 May i ncl ude
chroni um coér)rp %38 as disclosed in USA-4, 668,838 ; US A FEUSEABHg
US-A-4,777,315 (which are incorporated herein by reference), which conprise
a mxture of a chrom um conpound, an al unihoxane and a third conponent

sel ected from hydrocarbyl isonitriles, amnes and ethers. Still other

catal ysts may conprise a mxture of MAO pol ydentate phosphine and chrom um

catal yst oo HUSBIYCcq BROGhAR o’ HAAC YRR AR ABRRKCRIAD 2t PHTI™ o
4337 (i ncorparcﬁhﬁﬁleh&f Pl@x%( tﬁﬁ@m)fo@ﬁ&@ﬁwﬁﬁg'orw éﬂlﬁe(-zﬂ% g8s
n Il mne rookhart

according to the prese I nventi on npl exes

type N cat ajngebenddnt e r o, Ry Z004% 9 -13
P>C/J'Ip'/ USs03/ 038153 Fgr()Bdgi BB%%%%EOB% 322 Orggtﬁahilgggalu%tg | Eggﬁgé@gﬁm c Ni(Il)

and Pd(11) hydiocaibyd, steqohydescarbyl, ahd selbstitetetl dreteriohydtdcarisilt WhelN or Pd
and each R |s i.ndependent]y sel ected from hydr ogen, hal qQgen, hydr ocar byl ,
substi t ut ed diigpineligands lackiagdndiy and atheysub saﬁwnésjwtusmxm resulting

het er ohydr Ocﬁiaﬁl-bas\/\g s?stems produce a Schuiz-Flory distribution of ethylene oligomers.
Treatment of the Ni(II} dibromide complexes with MAQO, modified MAO
(methyl isobutyl aluminoxane), or aluminum alkyl activators, such as, Et,AlCl in
toluene generates active cationic catalysts that oligomerize ethylene to produce a
Schulz-Flory distribution of linear «-olefins. Reaction conditions can be
adjusted within the noted parameters to yield selectivity as high as 96% for
linear a-olefins. Catalysts which exhibit these features are described in U.S.
Patent Nos. 5,880,323, 6,034,259 and U.S. Patent Application No. 08/590,650,

all incorporated by reference herein.

Pyridine bisimine Fe or Co Complexes:




diimne ligands | acking bulky aryl ortho substituents are used, the
resulting N (11)-based systems produce a Schul z-Flory distri butq{ @niunf006

et hyl ene ' Treatnment of the Ni(l11) dibrom de conpl exes with MAQ,
nodi fi ed gqg/f%-?%yl i sobutyl al umi noxane), or al um num al KGT/Va8¥43$%% or s,

such as, Et2Al1Cl1 in toluene generates active cationic catal ysts that

ol i goneri ze ethylene to produce a Schul zi&kory distribution of |inear

a-ol efms. Reaction conditions can be adjusted within the noted paraneters to
yield selectivity as high as 96%for |inear a-olefins. Catal ysts which

exhi bit thes tures Ad5586 RSB viii : t ;

6,034, 259 an ‘{} 8 “pat SR AR é@?@ﬁkﬁéﬁé%ﬂﬁg%lwﬁ o G be el ay |
reference hepRbbmeRyhiiohRatysts Gtesrdiie @' thEpréRapimeation LI tht d8oiR06 WO
03/ 072329 PCT/US03/ 03853 -14 [00371 Fe (I1) or Co (1l)-pyridine bisimne
conpl exes cafoeahula Meisieithér Ke ordTo gndreaclred RorRg and(Resis sndepamddintly t o t he
present invention. In the above  foemula Mis either Fe_or. Co and each of

o 00 LTI o s R, o
oy ocubya kSl Pudtent Gt of ot ot T
LL?EST gr r'tegu‘glé’fr&P%" Q&Fﬁjﬁﬂz ﬁ%ﬂ%g?g? %@h&yﬁgrm aﬁé@b‘! gp%?t? Y ez'rrl]%aagd
usi ng fornyl %5??3?‘ ﬁ%ﬁ?%@?%&%ﬂﬁ?ﬂ%@?'ﬁ%ﬁ lr’lig%ﬁlzmgab\?yr}g%ﬁgm Eﬁ})?{léijt o] Y

et hyl ene ol i geaBrdingles us digahy bulldisaiedgcddisy 9481ihg tivibkho kubdtitaents on the
pyri di nebi si m ne | igands the resultant iron catalysts oligonerize ethylene

to |inear aimingfaryband by usingafarahilpyidigh instead of geesylpysidingta favoyable

Catalysts w sEhQﬁ to ethylene oligomers occurs. By reducing the steric bulk of these
pyridinebisimine ligands the resultant iron catalysts oligomerize ethylene to
linear a-olefins with remarkably high activity and selectivity. Catalysts with
these features are disclosed in WO 99/02472, WO 00/58320, WO 00/69869, and
WO 00/73249 (which are incorporated herein by reference). Catalyst have also
appeared in Small, B.L. et.al. J. Amer. Chem. Soc. 1998, 720, 7143 and
Britovsek, G. I. P. et.al. Chem. Commun. 1998, 849 (incorporated herein by
reference), are also useful in the process according to the present invention. The
turnover frequencies are dependent on catalyst structure, ethylene pressure, and

temperature.

Ni-BBIM Catalysts

[0038] Ni-BBIM catalyst complexes, when used with an activating
cocatalyst, provides a catalyst composition, which is useful herein for the

coupling of a-olefins with ethylene in accordance with the present invention.

[0039] The Ni-BBIM catalyst complexes are formed by the reaction of a

group ten metal salt, preferably a nickel metal salt and a nitrogen ligand having a



t hese features are disclosed in WO 99/02472, WO 00/58320, WO 00/ 63&&2@ and
WO 00/ 73249 (which are i ncor porated herein by reference). Cat aI % g al so
appear ed |\g %g@ld et.al. J. Amer. Chem Soc. 1998,120, 7143 and
Britovsek," & B et "al. Chem Conmun. 1998, 849 (incor pdH &N N8I n by
r ef erence) are also useful in the process according to the present
invention. The turnover frequencies are ldependent on catal yst structure,

et hyl ene pressure, and tenperature. N -BBIM Catalysts [00381 N -BBIM

catal yst conpl exes, when used with an activating cocatalyst, provides a

cat al yst conpefbdértate, WildiateStrideaiaté, dieheitidentite hitfog 6291@ id8ndPhciiv
with ethylene in accordance with the present i nventi on 039J The N -BBIM

cat al yst conquicatedgstaneh fasmettiybgluimtexane ékiagi'MAQL'). group ten netal salt,
preferably a nickel netal salt and a nitrogen |igand having a 1 2 JUN 2UU6
WO 03/ 1172529 -15 PCT/ US03/ 03853 nonodentate, bidentate, tridentate, or

”}“Emdbltﬁ JORh] *97Eh§ iRt at Bl el o pirieE S%ﬁli“% PRy pletal
or o a1 SRS gl S o ﬁg@%@?ﬁth}g’é&éﬁ FO o 28 Bt T

consi sting ahdegérdéntly $eleétedsfroml thel glop cafaeitiigedf Hadides Chyditde,t Mifhiygh C12
al kyl . Cl1 through C12 aI koxy, C3 through Cl2 cycl oal kyl, C3 through C12

cycl oal koxy,acatatés, hdratesaCesthraughoCyy alioyhxCdéhrough dbpt alkoxy eCh ibraughl G ng
di ol efns and cycl ool efins, and any other noiety_ into.  which a nononer, can

insert. L i<yslealkylogen- thsaugh nCmg cxpeetoxyat &yLbithiglates.e carbon monoxide,

cyanate, olefins including diolefins and cycloolefins, and any other moiety into
which a monomer can insert. L is a nitrogen-containing monodentate, bidentate,
tridentate or multidentate ligand having two or more nitrogen atoms, and M is

nickel, palladium or piatinum.

[0041] Preferably, X and X' are independently selected from the group

consisting chloride and bromide. More preferrably, X equals X'.
[0042] Hence, in a preferred catalyst complex, L may have the formula

A(ZR*),A' or AA' wherein A and A' are amine segments independently selected -

from the group consisting of:

R3



tridentate or multidentate |igand having two or nore nitrogen atons, and M
is nickel, palladiumor platinum [0041] Preferably, X and X areqg JUN 2006

[ ndepende%by@ﬁ S§t ed fromthe group consisting chloride and brom de. Mre
preferrably, X équals X. [00421 Hence, in a preferred catal §ST/USBHPBEL, L
may have the formula A(ZR*)mA'" or AA" wherein A and A are am ne segnments

i ndependently selected fromthe group colfststing of R2 R R3 WD 03/ 072529
-16 R RBRIN r L R R3IR3, and 1 2 JUN 2006 PCT/ US03/03853 wherein R

i s independently selected fromthe group consisting of hydrogen, ClL through
C12 al kyl, C3 througg, C12 cycloal kyl, aryl, and trifluoroethyl; R2 and R3
are independenﬁtal y sefectlgd fromthe group consisting of hydrogen, Cl1 through

N
/ }\__
/gz N/
R3 R2
R2 FI“
N
Nf ‘
R3
, and
R2 R2 RIH
/\____N

R3 R3

wherein R1 is independently selected from the group consisting of hydrogen, C,
through C;, alkyl, C; through C,; cycloalkyl, aryl, and trifluoroethyl; R2 and R3
are independently selected from the group consisting of hydrogen, C, through
C;» alkyl, C; through C,; cycloalkyl, C, through C;, alkoxy, F, Cl, SO;, C,
through C,; perfluoroalkyl, trimethylsilyl, and N(CH3),. Z is carbon and R* is
independently selected from the group consisting of hydrogen, C, through C,;
alkyl, C; through C; cyclo alkyl, aryl, C, through C;; alkoxy, F, Cl, SO, C,



Cl2 alkyl, C3 through Cl12 cycloalkyl, Cl through Cl12 al koxy, F, d, 503, Qi}
through C12 perfluoroal kyl, trinmethylsilyl, and N(CH3)2. Z is car bbﬁ -@Ndn

i ndepe el ected fromthe group consisting of hydro en Cl through
c2  al kyra%dgs‘t7¥rﬁgugh Cl2 cyclo alkyl, aryl, CL through CLBCHURRMSSIE o

503, C1 N R2 1 2 JUN 2006 WO 03/ 072529 PCT/ US03/ 113853 - 17 through C12
perfluoroal kyl, trinmethylsilyl, and N(CH3)IZ- Finally, mequals an integer
from1l to 22, preferably, mequals 1 to 12. [0043] Anong the various
nitrogen | i gands, the following ligands are particularly preferred:

1, 1" -Dbi s(1- megdng baigvy!
1,1 -bis(1- butyl enzr dlg%&-a&{ %g%%th ﬁﬁs’gnd 2, %Uﬂ%%S(Fmally, m equals an

et hyl benzi ni dﬂtngrﬁ‘onil)tbl”ahfmtbrablﬁ mlleth@lstl-tbutzll pyridine, 2,2'-bipyridine,
4,4' - dinethyl-2,2" -bipyridy 4,4' -di et hyl -2, 2" - bi pyri dyl,
5,5 -dinmethyl-2,2"- bipyridyl, 6,6 -tert-butyl-2,2' drpyrrdyl

27. E;fjing? ﬁ;:y'lft&tﬁ ohe hahts 'im%é%geogshgﬁt?@ts?é i maioﬂ‘%rf@]rla?@ftﬂ drsaﬁés are

4, 7- 2,9

10 phoﬁaﬁtnhrmﬁﬂyinagfﬁﬁﬁéﬁghspbenzr mqldaz %112 eﬁ}quémﬁgg oxy ne,
-(1-et hy(llj'rgéztﬂﬁ_ 1 yi@'ebqb%‘llﬁls(iﬁeﬂi@%nzﬁm%azgléﬁﬁ pekitane; and 2,2 -bts(?.-(l-

aIkbeenzinu
2, 2" - bi s( 1- oeths benvd it alad - 99%& h@rt)ﬂ@ﬁédhteﬁ%\ﬁylpyndme 2, 2'-b1p3'ridine 4.4'-
3, 3" -bi s(1-butyl benzi m dazol - pent ane, ethylenedi am ne
bi pi peri di nedimigthiy]- N'-bluyrldpl,r ameﬁt h‘ydmdthybﬁé’&bmmbfl N, N S'Nlmeﬂn}d 2,2
tetraet hyl et er . tetraethyl - | rQpranedi am n
N, N -di- ter € ut §4*1 > s V"
_ @ﬁ F.%»B DU 7e2 iRV Gty lout 14 iRhsk B ad, | 1210
N, N-di butyl - fshénanﬂuolme, 2,7—dimethyl-1,10-phenanthrolme, 5,6-dimethyl-1,  10-
phenanthroline, 4,7-diphenyl-1, 10-phenanthroline and 2,9-dimetyl-5,7-

diphenyl-1, 10-phenanthroline, 1,1'-bis(1-methylbenzimidazol-2-yl)-1"-

methoxyethane, 3,3'-(1-ethylbenzimidazol-2-~yl)-pentane, 2,2"-bis{2-(1-
alkylbenzimidazol-2-yl)}biphenyl, 2,2'-bis(1-octylbenzimidazole-2yl)biphenyl,
and  3,3'-bis(1-butylbenzimidazol-2yl)1"-pentane, ethylenediamine, 2,2'-
bipiperidine, N, N, N, N'-tetramethylethylenediamine, N, N, N, N-
‘tetraethylethylenediamine, N, N, N', N'-tetraethyl-1,3-propanediamine, N,N'-di-
tert-butylethylenediamine, N,N'-dibutyl-1,6-hexanediamine, N,N-dibutyl-1,3-
propanediamine, N,N'-diethylethylenediamine, N,N'-diphenylethyienediamine

and 1,4-diazabicyclof2,2,2Joctane and mixtures thereof.

[0044] The 1,1'-bis(1-methylbenzimidazol-2-yl)-1"-methoxymethane
ligand has the following structure:

Saoren



propanedi am ne, N, N -di et hyl et hyl enedi am ne, NN-di phenyl et hyl enedi am ne and
1, 4- di azabi cycl o[ 2, 2, 2] oct ane and mi xtures thereof. [00441 The 12 JUN 2008
1,1 -bis( 11-,‘;33 nzi m dazol -2-yl)-1 "-met hoxynet hane |igand has the

f ol | owi ng str‘fj‘@%&g: 1 2 JUN 2006 WD 03/ 072529 -18 PCT/ US03F6FEEE3PWIA5] The
1,1 - bi s(1-butyl benzi m dazol -2y1) pentane |igand has the follow ng
structure: C4H9 041-19 C4H9 [0046] The -18-

2,2 -bis(2-(1-ethyl benzi m dazol -2-yl)) bi phenyl |igand has the follow ng
structure: [0047] The catal yst may al so be the reaction product of the
conposition f1Ng th r yb_g; g\/_bg,ﬁ@', ; L n
activating cy(jg‘!{%ll yst. erﬁl’ﬁep’gctﬁilé\sat [ nglbgg%lgttﬁglggésltmngyﬁ%g\éggl g%tgrég %l?%mﬂ%ehe
group consi stfoll@wiig shttykerl unoxanes, al umi num al kyl's, al um num hal i des,

al kyl alum num halides, Lew s acids, alkylating agents, and m xtures
thereof. More preferably, the activating cocatalyst is nmethyl alunoxane.
[0048] Lew s acids other than any of the foregoing |ist and the m xtures of
t he foregoing cap al sg beflused.jn cqgpjunction with alkylating agents, such

as nethyl nggnesny iyl lithium Exanples of such Lew s
acids are those c|
R'™ is 12 JUNRQ0&Y

g tothe fornula: R'" 3B, where each

C4Hy CyHy
[6046] The 2,2'-bis(2-(1-ethylbenzimidazol-2-yI))biphenyl ligand has the
following structure:

[0047] The catalyst may also be the reaction product of the composition
having the formula LMX(X")n, as defined above, and an activating cocatalyst.
The activating cocatalyst may be selected from the group consisting of
alkylalumoxanes, aluminum alkyls, aluminum halides, alkyl aluminum halides,
Lewis acids, alkylating agents, and mixtures thereof. More preferably, the

activating cocatalyst is methyl alumoxane.

[0048] Lewis acids other than any of the foregoing list and the mixtures of
the foregoing can also be used in conjunction with alkylating agents, such as
methyl magnesium chloride and methyl lithium. Examples of such Lewis acids

are those compounds corresponding to the formula: R™’3B, where each R™ is



-19 PCT/ US03/ 03853 i ndependently sel ected from hydrogen, silyl, gﬁjﬁﬂgﬁnﬁ)yl ,
hal ohydrocar byl, al koxi de, aryl oxide, am de or conbination ther >osald

R'" havin nonhydrogen atons. [00491 It is to be appreciated by
t hose sKki ?Y‘lé"gf”?"ﬁz-‘t%ﬁe art, that the above formula for the pPEIP/éIIS?%(EST_‘}EWi s

acids represents an enpirical fornula, and that nany Lew s acids exist as
di mers or higher oligoners in solution ofl19n the solid state. Qther Lew s
acids which are useful in the catalyst conpositions of this invention wll
be apparent to those skilled in the art. [00501 The conposition descri bed

above may al g eRted" St B HvdrSchel e us
mat eri al whi cﬁe ﬁ}: u s,s E%te i ?%Igt Q?fﬁrﬁe{lg?@g,, iynor%anfé g%&!}gg?ootﬁgtf}g, and
i norgani ¢ chdlokides arylogids)pnide oBCembihatioibtherbsh) dadd REST haviagnap @oi30 s
such as pol ystyrene polyolefin or polynmeric conpounds. The support materi al
may al so be nonhysirdgen sfogami c naterial that has an average particle size

greater than approximately 10 m cron. These catalysts are generally
physi sorbed on the support. The catal ysts can al so be supported on

Mesopor ous tals. Preferabl h | e

silica. To @g’gg’e a sﬁp%ot?)t gg %Bféﬁ@gﬁﬁgfhﬁossém%%rtb?s%ﬁ%ggﬁmee%%‘%?
known techni fiyfia FOY tRXpEM:Ped L3N YEfdsSlepifesknts e B idal Fefufis ankiOhyene
can be prepare y m Xxi the catal yst with solvent. Activator |ike MAO can
t hen be addegiahy lewisiagids etisipendingrs o’fﬂﬂ%lﬁmﬂigdmmtiﬁrsio&htimuohimﬁxe solid ca
can then be added. The m xture is _tgpi cal stirred at roomtenperature for
1 hour and tdfates oDvhert Lewisarids svhighcee usefH inatbeueatalyst sompositispsdfithisThe

supported material c then be used to,¢ oupling reactions. [00511 O her
exanpl es of BYFRUGH ?ﬂ@l%@tﬁh%%‘&dﬁi‘g’é@?ﬁrﬂ S. Patent

[0050] The composition described above may also be supported. The
support material is preferably a porous material which includes, but is not
limited to, inorganic oxides, talc, and inorganic chlorides. The support material
may also be resinous materials such as polystyrene polyolefin or polymeric
compounds. The support material may also be any other organic material that
has an average particle size greater than approximately 10 micron. These
catalysts are generally physisorbed on the support. The catalysts can also be
supportéd on mesoporous materials. Preferably, the catalyst complex is
supported by silica. To prepare a supported catalyst, the skilled artisan can
employ known techniques. For example, catalyst slurry in solvent such as
toluene can be prepared by mixing the catalyst with solvent. Activator like
MAO can then be added to obtain a suspension. The support material such as
silica can then be added. The mixture is typically stirred at room temperature for
1 hour and the solvent evaporated under high vacuum to isolate powder. The

supported material can then be used to do coupling reactions.

[0051] Other examples of suitable activators are discussed in U.S. Patent

6,037,297 and 5,198,401 to Stibrany et al.; 5,198,401. and PCT Application



6, 037,297 and 5, 198,401 to Stibrany et al.; 5,198,401. and PCT Application 1
2 JUN 2006 WO 03/072529 PCT/US03/ 03853 -20 Serial Nos. PCTIUS97/11P408108hd
PCT/ US96/ Q é84 all incorporated by reference herein. . N -thiolene

Cat al yst s 35’]7252\’ variety of Ni-thiolene catalysts can be B§EYSPHIaL al yze
the a- olefin and ethylene coupling taught herein. For exanple, in the
presence of MAQ nickel conplexes, such-28- nickel dithiocarbamate, nickel
di thi ol ene, and nickel 1, 3-dithioketonate conplexes efficiently catalyze
the coupling of a- olefnms and ethylene. The catal yst preparation is
described in P | peTANd t | L. on, Seri al
No- 10/ 021076 P Eg0s T 099 730 TR At IRy o7t Alincdrpota b0, o

ol efins to fgasferdniceM@ieidl efi ns using sulfur-containing and sul fur-tol erant
catal ysts, which is incorporated herein by reference. These catal ysts show
sone degree of tolerance to sul fur-containing contam nants. For exanpl e,
the catal ytic_activi t& of nickel bis (1,2- diphenylethylene-

1, 2- di t hi ol -aDdythiolene Caglysts coph2)2 is only slightly inhibited by n-propyl
mer capt an and t hi ophene. The sulfur-tolerant feature of these sulfur-
conatining catal ysts presents potentially significant advantages over other

reported cat S that ' eql: Hi ol h i 5
requiring ez'?)oes?ii ve f&?@@ﬁhfwﬂé@#gégfgq%?tgs%% ﬁ%ﬁigééltacﬁéﬁgg&é@&
i ncl ude ni CkSlcﬁ_rﬁhﬁﬂ“&huf_l%ﬁe pﬂh?kﬁlu i Hek@far Pam {1£ 488 presence of
Ni (S2C2Ph2) 2, Ni [ S2C2(CF3) 2] 2, N (S2CRBu2)2, and N ( S2CNBu2) (PPh3)Cl. [0053]
The Ni -t hi ol M#¥O; afcitel stomplepess stcho as,nmigk ebdiphiosertamatet nickel dighiodenes andl yst
and a conpound having the formula M S2C2(RaRb)]2 or

nickel 1,3-dithioketonate complexes efficiently catalyze the coupling of a-

olefins and ethylene. The catalyst preparation is described in co-pending and
commonly owned U.S. Patent Application, Serial No 10/021976 filed October
30, 2000, entitled "Method for oligomerizing olefins to form higher olefins using
sulfur-containing and sulfur-tolerant catalysts, which is incorporated herein by
reference. These catalysts show some degree of tolerance to sulfur-containing
contaminants. For example, the catalytic activity of nickel bis (1,2-
diphenylethylene-1,2-dithiolate), e.g., Ni(S,C,Ph,), is only slightly inhibited by
n-propyl mercaptan and thiophene. The sulfur-tolerant feature of these sulfur-
conatining catalysts presents potentially significant advantages over other
reported catalysts that are poisoned by sulfur in the olefin stream thus requiring
expensive feed clean-up. Some examples of nickel complexes include nickel
dithiolene @ and nickel  dithiocarbamate  complexes, Ni(S,C,Ph;),,
Ni[S,C2(CF3), b, Ni(S;CNBu»),, and Ni(S;CNBu, )(PPh;)CI.

[0053] The Ni-thiolene catalyst composition may comprise an activating
co-catalyst and a compound having the formula M[SZCZ(R’Rb)]z or
M[S:Cs(R'R’R’RY],, wherein M is a transition metal, R, R®, R!, R? R® and R*
may be the same or different and are are independently selected from the group
consisting of hydrogen, electron withdrawing groups and unsubstituted and

substituted hydrocarbyl groups; and an activating cocatalyst. Such compounds



M S2C6( R R2ZR3R4)]2, wherein Mis a transition netal, Re, Ro, R, R2, R3 and
R4 may be the sane or different and are are independently sel md[gﬁﬁromthe
group co&s(%ﬁ:{/‘i'@gzﬁof hydr ogen, el ectron w thdraw ng groups and ubstituted
and substitu ydrocarbyl groups; and an activating cocdFa{KpE#38&ch
conmpounds WD 03/072529 -21 12 JUN Bob PCT/US03/03853 having formulas (1)

M S2C2(R3R)] 2 and (11) M S2C6(R R2R3R4)F2lare known in the art as metal

di t hi ol ene conpounds. Dithiolene is a commonly used nane for

1, 2-enedithiolate or benzene-1,2-dithiolate and related dithiolates. [00541

Co d I i ' I
e e R R e R e

f rom comrer ¢habrtssunetad dithigiempesmgomsdsd ePithidienke &ra contimenly aisedtmaagtsfdenown
in the art. The source of netal can al so be obtained commercially. Typical
exanpl es of lnbenedithwlase ondenrene- bledithiolatg andoelated difhelates. (1) can be found
inthe literature, as disclosed in Schrauzer, et al., J.ACS., Vol. 87 (7),
1483-9 (1965), incorporated by reference herein. Anions of conpounds of

formula (11 n be ' ' : ~ei thiols
and their a %?%Qs, as r@?‘?ﬁgﬁ?&ﬁ%‘%&ﬂgéﬁ%’?& (ﬁghﬁf))g)és%b %ﬁ%@bgé e?(ﬂll)lég
4870-5 (196GhjtableGouPe of Ri¢tal\with afsuitaPRSRECLD ligdhe, WRith' mhy fer 6Btained
formula (11) is accessible by oxidation, either chenmically or

el ect r ochenifrmah lcpmrAdrtiali somatdsyor preparedredsdestribed motaerding to meesthbds knowmced
by the processes taught in U S Patent No. 6,120,692 to Wang, et al., and
Davi son, et imithe artorkfunseursy mftmetal capoalso e, obtaiwed commercidbh  Typical

| ncor_por al egx%p[eesfc?tr fiow to r}relgkeé fie dithiolene compounds of formula (I) can be found

in the literature, as disclosed in Schrauzer, et al., J.A.C.S., Vol. 87 (7), 1483-9
(1965), incorporated by reference herein. Anions of compounds of formula (II)
can be made by reacting a metal salt with arene-1,2-dithiols and their analogs, as
taught in Gray, et al., J.LA.C.S., Vol. 88 (21), 4870-5 (1966), incorporated by
reference herein. The neutral form of formula (II) is accessible by oxidation,
either chemically or electrochemically. Additionally, compounds of formula (I)
may be produced by the processes taught in U.S. Patent No. 6,120,692 to Wang,

et al., and Davison, et al., Inorganic Syntheses, Vol. 10, 8-26 (1967), both

incorporated by reference herein.

| ne
)
M

S/\(‘b 2
MIS,Co(R*R")],

(1)



MS MS2C2(RWRb) 12 (1) 1 2 JUN 2006 WO 03/ 072529 -22 MSZCG(R1R2R3R4)]IZ
PCT/ US03/ 03853 [ 0055] The structural formula for the transition nkyal 2006

bi s(dithi _conpounds are shown above in Formula (1) for S2C2(WR) ] 2
and in Fo(r‘k'ﬁl%g’}m(’?f) for M S2C6(R R2R3R4)J2. In fornula (I)?CM%@"&&"(‘-’
transition netal, preferably either Fe, Co, Ni, Pd or Pt. Mst preferably,
Mis Ni. Re and Ro may be the sane or dif2erent, and are independently

sel ected from hydrogen, electron- w thdrawi ng groups including those that
are or contain heterocyclic, cyano, carboxylate, carboxylic ester, keto,

nitro, and sul fonyl gups, and hydrocarbyl groups, including
unsubstituted, fully \ostitiued, and partially substituted al kyl, cyclo
al kyl , al kenyl Sary ps\. Preferably, Wand R b will be electron-

wi t hdrawi ng groups, ¥ pr ef ey abl y, cyano groups or hal o substituted
groups, even re p abl y, ] hal o substituents such as fluoro groups and

) 3 | be CF3 or CN. [0056] Another type of
Ni -t hi ol ene cat a )&t cqp &X ifs, a dithiolene conmpound that contains benzene
dithiolato |igants, reRresent ?by the structure in formula (11) above. In
the formula (11), Malso is a transition netal with the sane

characteri stiyC 2 dgr formula (I). R, R2, R3, and R4 ny be the
same or di ffmmgge@%kﬂﬁndependent |y selected from hydrogen,

el ectron-
(1)

[0055] The structural formula for the transition metal bis(dithiolene)
compounds are shown above in Formula (I) for M[SgCg(RaRb)]z and in Formula
(1) for M[S:C(R'R*R’RY}. In formula (I), M is a transition metal, preferably
either Fe, Co, Ni, Pd or Pt. Most preferably, M is Ni. R® and R® may be the
same or different, and are independently selected from hydrogen, electron-
withdrawing groups including those that are or contain heterocyclic, cyano,
carboxylate, carboxylic ester, keto, nitro, and sulfonyl groups, and hydrocarbyl
groups, including unsubstituted, fully substituted, and partially substituted alkyl,
cyclo alkyl, alkenyl and aryl groups. Preferably, R® and R ® will be electron-
withdrawing groups, more prefefably, cyano groups or halo substituted groups,
even more preferably, haio substituents such as fluoro groups and most

preferably, R and R® will be CF; or CN.

[0056] Another type of Ni-thiolene catalyst complex is a dithiolene
compound that contains benzene dithiolato ligands, represented by the structure
in formula (II) above. In the formula (II), M alsc is a transition metal with the
same characteristics as described for formula (I). R', R?, R?, and R* my be the
same or different and are each independently selected from hydrogen, electron-

withdrawing groups as described above, and unsubstituted or fully or partly -
substituted hydrocarbyl groups including alkyl, cycloalkyl, alkenyl, and aryl



wi t hdrawi ng groups as descri bed above, and unsubstituted or fully or partly
substituted hydrocarbyl groups including al kyl, cycloal kyl, al kenyl JUuNaliok
aryl 1 2 0;89@ 5}/\0 03/ 072529 -23 PCT/ US03/ 03853 groups, pref erablé’}/_ W th
substituent "4V ’Th%e carbon atons of the hydrocarbyl group RGHAYS04{0g8s3

el ectron-w t hdrawi ng groups. Preferably, the group is a halo group. [0057]
Thus, the N -thiolene catal yst conpl ex cal be any transition netal
bis(1,2-enedithiolate). The N -thiolene catalyst conplex is preferably a
substituted 1, 2-enedithiolate where the substituent is an aryl or alkyl

group, nore gﬁ@lﬁﬁé,epﬁﬁb&bﬂﬁ avith kitlbstfuenps &t the Matlsordlakoths A5 O W hydfodbil
preferably the " conpound is the bis(dithiobenzil) nmetal conpound or the

bi s[ 1, 2- bi s(group | that aretdlgdtyat-mithdnewing? grinpsi oPatfotablyt e goomound hpl058]
The activating cocatal yst may be selected fromthe group consisting of

al kyl al um n@&é¥s, al um num al kyl s, al um num hal i des, al kyl alum num

hal i des, Lewi s acids, al kylating agents, and m xtures thereof. Preferably,
the activating cocatal yst is methylal um noxane. [0059] The Ni-thiol ene

catal yst co Tﬁbg‘?‘gs desphidqfe RMFOIERY cfﬁ%t gﬁnplr?]e‘ép Eglé tg@dang'Tt?&s?ﬁ'&P B{eftal

material is " pr _rablyaﬁorous materi al | _ ut s not Trmted
to, I norganibkis(@x2-¢asdithialate). and TheoNjathislend | eutalges - cohslesup gireferablyerd al
may al so be resinous materials such as polystyrene polyolefmor polymeric
conmpounds. TFhbstitupedi 12-enadithialaterwherd the shbstiingnias lasraryl guaikyl greuphate t hat
has an average.particle size greater than gpproximtely 10 mcron.  These
catal ysts abEcigEpiyaths s BEGHbH 8 %rh%lPr@?l@dpﬂB?‘%Pa 1898ta Pyefesatlynthy so

compound is the  bis(dithiobenzil) metal compound or the

bis[1,2-bis(trifluoromethyl)ethylene-1,2-dithiolato] metal compound.

[0058] The activating cocatalyst may be selected from the group
consisting of alkylaluminoxanes, aluminum alkyls, aluminum halides, alkyl
aluminum halides, Lewis acids, alkylating agents, and mixtures thereof.

Preferably, the activating cocatalyst is methylaluminoxane.

[0059] The Ni-thiolene catalyst complexes described above may also be
supported. The support material is preferably a porous material which includes,
but is not limited to, inorganic oxides, talc, and inorganic chiorides. The support
material may also be resinous materials such as polystyrene polyolefin or
polymeric compounds. The support material may also be any other organic
material that has an average particle size greater than approximately 10 micron.
These catalysts are generally physisbrbed on the support. The catalysts can alsol
be supported on mesoporous materials. In a more preferred embodiment, the

composition is supported by silica.

[0060] The method taught herein utilizing Ni-thiolene catalyst complexes
advantageously couples a-olefin with ethylene that may contain contaminants.

Hence, the coupling proceeds with non-pure a-olefin feeds. Such contaminants



be supported on nesoporous materials. In a nore preferred enbodi nent, the
conposition is supported by silica. [0060] The nethod taught her &iZnJUN 2006

utilizi ng N LAl ne catal yst conpl exes advantageously couples a-olefin
with et hyl\glr?e"wta#a%%?rray contai n contaminants. Hence, the coﬂg R B eeds
with non-pure a-olefin feeds. Such contanmppants 1 2 JUN 2006 WO 03/072529
PCT/ US03/ 03853 -24 include H2, CO paraffins, CH2, H20O COX2, al kynes, and
sul fur-containing conpounds, such as H2S, nercaptans, sulfides, thiopenes
and derivatives _thereaof. Shell Hi.ﬁher O efin_Process, (SHOP) Catal ysts:

[00611 Cat al ipstudaHedCOn peratiing, Grdds 10,4 Qe @lkynesn apd shlfpn-contagipg exes

beari ng bidentate noani oni.£ .l i gands. The. nickel. catal ys are. typically
prepared in S{PROYR SH%F‘EE@-S’ gg%rpgpt@p@_sulﬁ&qgeﬁngmrbqsi%@f&%\@% eghel ating
phosphor us i gand |i ke o-di phenyl phosphi nobenzoic acid. Catalysts

whi ch have been descri bed as useful as SHOP type catal ysts are described in
U S. Patent Nos. 3,635,937, 3,637,636, 3,676,523 and 4,528,416, all

i ncorporated by reference herein. Catal yst have al so appeared in Peukert, M
et.al. O ganShel HighesOlefBsPratesSBHOR)Catalystset . al . J. Organonet. Chem
1983, 251, 377, Keim W Angew. Chem Int. Ed. Engl. 1983, 22, 503
(incorporated herein by reference), are also useful in the process

" L IR L Pt B R5 R i BR0RR, Bl e o
i _ol ef in: - e . . o
raffinates. (rarrmaaEnate MFFRETHERLRAL The ARIE! ceBRSt aibtipiciy™ ! on€

prepared 1in situ from a nickel salt, e.g. nickel chloride, and a chelating

phosphorus oxygen ligand like o-diphenylphosphinobenzoic acid. Catalysts
which have been described as useful as SHOP type catalysts are described in
U.S. Patent Nos. 3,635,937, 3,637,636, 3,676,523 and 4,528,416, all
incorporated by reference herein. Catalyst have also appeared in Peukert, M.
et.al. Organometallics 1983, 2, 594, Keim, W. et.al. J. Organomet. Chem. 1983,
251,377, Keim, W. Angew. Chem. Int. Ed. Engl. 1983, 22, 503 (incorporated
herein by reference), are also useful in the process according to the present

invention.

[0062] The process according to the present invention utilizes ethylene in
admixture with single or mixed linear a-olefin feeds or inexpensive mixed
isomer feeds, such as butene raffinates that comprises between about 15 to about
25% 1-butene. The present invention is further described in the following non-

limiting examples.

Example 1
Preparation 1,1’bis(1-hydrobenzimidazol-2yl)methane (HBBIM)

[0063] 1,1’bis(1-hydrobenzimidazol-2yl)methane (HBBIM) was prepared
by the procedure reported in the literature [Vyas, P., C.; Oza, C.,K.; Goyal, A.,



25% 1-butene. The present invention is further described in the fall omﬁ nﬁg
non- liniting exanples. Exanple 1 Preparation 12 JUN 200

1, 1' bi s(1- dazol - 2y1) met h HBBI 0063
1,1 bi 221 %’ﬂ'ﬁ@gﬂ I%Zi& 2%%% hane EHBBIm \[NaS p]repar RCT/HGOY4{8s3

procedure reported in the literature [Vyai C.; Oza, C, K ; Coyal, A,
1 2 JUN 2006 WD 03/ 072529 PCT/ US03/ 03853-495 K. Chem and I nd.

1980, 287-288] . The product was recrystallized from acetone/ethanol m xture.
C15H12N4, FW = 248.29; np 331C (decorrp.) 1H NVR (CD3SO2CD3) 5 7.53(q, J=
3.1 Hz, 4H), K.Akdm., addIrad 1988, 28HRR84L. 'ch(pl;odﬁbbwas Eecﬁfﬁtalhmﬂ)frdmc NNR
(CDSSO CD3) 8 150.6, 139.1, 121.9, 115. : t(iEt oac) ., le 2
Pr epar ati on @ﬁem;lﬂfﬁﬂl@'@hml;ﬂebgwdima‘ldaﬁw %B)%%rmpﬁél?@r( Q‘EQIBBDI\/H 41 A
2.00 g (8.06 mol yuan t|t of HBBI M_( pr.oduct 121 was dissol ved
in ca. 20 rrL(GDa&ﬁz @%J/ﬁ ITHeAH). - &&Jmhl(ﬁep/& Yidprlss P i n

m ner al 0|I) i.tive flow n dto
stir for an & ﬁ%i%ééﬁwﬂfé@ﬁgé é@p}rg_ 1@9;é3%llﬁlcﬁ& 1]1% ﬂm\gne was
added dr opwi ?? @I anture was stirred at roomtenperature for one hr

fol |l oned by %\ PBFbnal 1 hr at 40C Upon cooling the reaction was
quenched with water and then further diluted with 400 nL of water to give a

sticky solid which was collected by filtration and washed repeatedly with

water and dried in a vacuunm oven, theExag%ygt allized froma m xture of
cycl ohexane and acetone. C27H36N4i FW= 1, nmp 82-83C 'H NMR (CDC13) 8
7.79(m Preparation of 1,1’bis(1- butylbenzun1dazol-2yl)pentane,(trlbutBB

[0064] A 2.00 g (8.06 mmol) quantity of HBBIM (product of Example 1)
was dissolved in ca. 20 mL of dry DMSO under Ar. Then 2.0 g of NaH (80%
dispersion in mineral oil) was added slowly under a positive flow of Ar and
allowed to stir for an additional hour. Then 2.60 mL (24.2 mmol) of 1-
bromobutane was added dropwise. The mixture was stirred at room temperature
for one hr followed by an additional 1 hr at 40°C. Upon cooling the reaction was
quenched with water and then further diluted with 400 mL of water to give a
sticky solid which was collected by filtration and washed repeatedly with water
and dried in a vacuum-oven, then recrystallized from a mixture of cyclohexane
and acetone. Cy7HigN,, FW = 416.61; mp 82-83°C 'H NMR (CDC;3) & 7.79(m,
2H), 7.24(m, 6H), 4.88(t, J= 7.9 Hz, 1H), 4.16(dsep, J= 5.0 Hz, J = 40.9 Hz,
4HD), 2.59(m, 2H), 1.44(m, 4H), 1.16(m, 4H), 1.10(m, 2H), 0.99(m, 2H), 0.89(t, J

= 6.8 Hz, 3H), 0.61(t, J= 7.0 Hz, 6H). >C NMR (CDC);) 6 151.8, 142.4, 135.6, .
122.6,122.0,119.6, 109.7, 44.0, 40.9, 31.5, 31.2, 30.1, 22.5, 20.0, 14.0, 13.4. Rf
= (.73 (EtOAc).



2H), 7.24(m 6H), 4.88(t, J= 7.9 Hz, 1H), 4.16(dsep, J= 5.0 Hz, J= ﬂﬁ ?m]k-lz,
4H), 2.59(m 2H), 1.44(m 4H), 1.16(m 411), 1.10(m 2H), 0.99(m1 N
0.89(t, J .= 6. , 3H), 0.61(t, J= 7.0 Hz, 6H). 13C NWR (CDCl3) 8 151.8,
142. 4, 13§W8}g"%§§%6, 122.0, 119.6, 109.7, 44.0, 40.9, 31.5PCTASHIN 1
22.5,20.0, 14.0, 13.4. Rf =0.73 (EtQAc). 1 2 JUN 1006 WD 93/072529 -26
PCT/ US03/ 03853 Exanpl e 3 Catal yst Synt hesi2é:-

[1,1" bi s(1-butyl benzi m dazol -2yl ) pent ane] ni ckel (11) dichloride

[Ni (tributBBI MC12] [0065] A 100 ng (0.42 nmol) quantity of Nl Cl12. 6H20 was

di ssolved in 20 nL of absolute et ha”OExhﬁlgb‘Bi‘ a yel |l ow-green sol ution.
Then 190 ng (0.46 mmol) of tributBBI d followed by the addition of
1 mL of tri et hyCatabystiByrthesisefl, This(dcbutylbenziasnidazel-2yl)penaeitiekeKIHux for
ca. 5 mn. Upon cooling violet dichroic blades forned and 227 ng of solid
was collected by filtration afithiprddedNigtributBBIMY)Chbr nate fol [ owed by
pentane. (98%, C27H36CL2NANi, FW = 546.22; np 324-325C (deconp.); X-ray
crystal l ographic data: nonoclinic, P2(1), a = 14.0690 A, b = 14.1050 A c

14.3 130 A, @ndd, O = 5 V.= 7 > i
Reacti on of 1-Perntene vfil4 t% ﬁoéﬁgwgl%e oll%%ueﬂﬁ] rqtﬁg% %ag %Haqc{}gt
[0066] A gl agg hi nsfthbsalte EfRAGbPTo %ﬁr& d PARRA drferfSolatieR " Thén 11 99 ngik QY 86 OX,
with [1,1 bis(1-butyl benzi m dazol -2yl ) pentan€] ni ckel (I'1) dichloride

mmol) of tributBBIM was added followed by the addition of 1 mL of triethyl

orthoformate. The solution was heated to gentle reflux for ca. 5 min. Upon

cooling violet dichroic blades formed and 227 mg of solid was collected by
filtration and washed with triethylformate followed by pentane. (98%),
C27H36C12NgNi, FW = 546.22; mp 324-325°C (decomp.); X-ray crystallographic
data: monoclinic, P2(1), a= 14.0690 A, b=14.1050 A, c = 14.3130 A, o= 90°,
B =97.220° y=90°V =2817.80.

Example 4
Coupling Reaction of 1-Pentene with Ethylene Using Ni(tributylBBIM)Cl,
Catalyst
[0066] A glass lined Parr reactor was loaded in an argon-filled glove box,

with [1,1 ’bis(l-butyibenzimidazol-2yl)pentane]nickel([[) dichloride
[Ni(tributBBIM)Cl, ] complex (86 mg, FW 546.22, 1.57 x 102 mmoles) (product
of Example 3) followed by the addition of 2.05 g of 30% MAO solution in
toluene (Al/Ni = 673) and the Parr reactor was taken to a hood containing the
controller for the reactor. In the addition vessel 12.12 g 1-pentene and 0.653 g
ethylene (mole ratio of pentene to ethylene = 7.42) was weighed. The reactor
solution was stirred (stirring rate 500 RPM) at 25°C and the contents of the
addition vessel was added to the reactor. The mixture was stirred for 30 minutes
at room temperature. The product was analyzed by gas chromatography-mass

spectrometry. GC analysis of the product showed peaks due to heptenes along



[Ni (tributBBIMC 21 conplex (86 ng, FW546.22, 1.57 x 10.2 mmol es) (product
of Exanple 3) followed by the addition of 2. 05 g of 30% MAO sol utzﬁg

t ol uene (Agid\ygll— 673) and the Parr reactor was taken to a hood C

the contr V2% the reactor. In the addition vessel 12. ‘P"Héﬁ’t ene
and 0.653 g ethylene (nole ratio of pentene to ethylene = 7 42) was

wei ghed. The reactor solution was stirred’¢stirring rate 500 RPM at 25C
and the contents of the addition vessel was added to the reactor. The

m xture was stirred for 30 mnutes at roomtenperature. The product was
anal yzed by gdth pédksrtiieog mnesrmrthexepest TROMGIE ratie ofihapteatstPbutehes
product showed peaks due to heptenes along 1 2 JUN 2006 03/ 072529

PCT/ US03/ 0385&s-29. wi t h peaks due to butenes and hexenes. The nole ratio of
heptenes to butenes was 2.8. Exanple 5 Coupling Reaction of 1-Pentene with
Et hyl ene Using N (tributyl BBIMC12 Catalyst [00671 A glass lined Parr

reactor was | oaded in an argon-filled 1 | ove,bax, wth
[1, 1' bi s( 1- but yl benzi ni dazol - 2y1)penta§émﬂéﬁ§|(||) di chl ori de

of Exarpl o 3) PorTupRERE §E1-Eotehl o R piche Dellie TR IPTRIERIARR L

696) and the Parr reactor was taken t o @atidpst containing the control I er for
the reactor. In the addition vessel 12.10 g |I-pentene and 0.241 g ethyl ene
(mole ratio ofpentene to ethylene = 20.1) was wei ghed. The reactor solution

vessel was MU to" ¢ e ElenBned Pamrsariok pipsdonted T i1 Aespnr BHed elarerkives  at
room with [1,1°bis(1-butylbenzimidazol-2yl)pentane]nickel(IT) dichloride
[Ni(tributBBIM)Cl,] complex (83 mg, FW 546.22, 1.51 x 10 mmoles) (product
- of Example 3) followed by 2.044 g of 30% MAO solution in toluene (Al/Ni =
696) and the Parr reactor was taken to a hood containing the controller for the

reactor. In the addition vessel 12.10 g 1-pentene and 0.241 g ethylene (mole
ratio of pentene to ethylene = 20.1) was weighed. The reactor solution was
stirred (stirring rate 500 RPM) at 25°C and the contents of additional vessel was
added to the reactor. The mixture was stirred for 30 minutes at room
temperature. The product was analyzed by gas chromatography-mass
spectrometry. GC analysis of the product shows peaks due to heptenes along

with peaks due to butenes and hexenes. The mole ratio of heptenes to butenes

was 6.0.
Example 6
Coupling Reaction of 1-Pentene with Ethylene Using Ni(tributy]BBIM)Cl,
Catalyst
[0068} A glass lined Parr reactor was loaded in an argon-filled glove box,

with [1,1°bis(1- butylbenzimidazol-2yl)pentaneinickel(II) dichloride
[Ni(tributBBIM)Cl,] complex (85 mg, FW 546.22, 1.55 x 102 mmoles) (product
of Example 3) followed by 2.05 g of 30% MAO solution in toluene (Al/Ni =



tenperature. The product was anal yzed by gas chromat ogr aphy- nmass
spectronetry. GC anal ysis of the product shows peaks due to hept griegilatlihg
wi th peaks g’u to_butenes and hexenes. The nole ratio of heptenes to_butenes
was 6.0. BX ﬁﬁf"éz-“@ Coupl i ng Reaction of 1-Pentene with EthyPERYSPEPHET

Ni (tributyl BBIMCl2 Catalyst [00681 A glass lined Parr reactor was | oaded
in an argon-filled glove box, with [1,1#8s(1-

but yl benzi m dazol - 2y1l) pent ane] ni ckel (11) dichloride [N (tributBBI M Cl2]
conplex (85 ngy, FW546.22, 1.55 x 10.2 mml es) (product of Exanple 3)

fol | oned by 398pagd dhe Pafioryh€dos otastiakoen ioa hobd eoataidinghe Tontrdllér firth@006
WO 03/ 072529 PCT/ US03/ 03853 -28 696) and the Parr reactor was taken to a
hood cont ai nireaptomdn @oradditior vessel 1236 g I quntane. and0 477 gicthyiene (mede ehitid 2. 35
g 1-pentene and 0.097 g ethyleng (nole ratio_of pentene o ethylene = 51)
was wei ghed. OfRentedgdosids ﬁﬁﬁ)%Wgtg%eﬁleJhe(%qapwiSHﬁﬂm\éfas-ebrrmim at

25C and the ntents.o o) o~Nessel was add .0t reactor.,he

m xture was g%ﬁ%ﬁ%%@ﬁ%ﬁf@é (;Fnagl&?‘rf?r?ete 'é'r?eittd?ﬂdtéﬁoﬁg‘fesfﬁmch%gs
anal yzed by ¢ag, aegﬁ?@ﬂ{ 1 %s%ﬁﬂ%ﬁrﬁf@ﬂ'}ﬂiﬂu&@ aﬁ%bﬂﬁe@x htutd©The
product shows peaks due to heptenes along w th peaks due to butenes an
hexenes. The pigdifct Wads dhalyzdielpy gaechiomAuepls-Mass 24 e i hesi s
of 2, 6-bi s[(g- met hy(l@her?gzi m nogmat hyl | netgﬁgl §pyri dsi’h%g [0006 1 Theaﬁlali%and was

synt hesi zed bfthaoprodyct shows peaks ductonetpienkesaflongwittopealsidi@ tojbutehescandil .

Chem Eur. 12000, 6. 2221), i I S incarporated
( hexenes. The mo%f): rat},\gqotc ertenes to bugcenes was 10.2.

Example 7
Synthesis of 2,6-bis[(2-methylphenylimino)methyllmethyl pyridine

[0069] The ligand was synthesized following the literature method of
Britovvsek G. J. P. et al. (Chem. Eur. J. 2000, 6, 2221), which is incorporated
herein by reference. o-Toluidine (0.99 g, 9.25 mmol, 2.5 equiv) was added to a
solution of 2,6-diformylpyridine (0.5 g, 3.7 mmol) in absolute ethanol (20 mL)
at room temperature. The product precipitated immediately and the mixture
was stirred at room temperature for 18 h. The product was filtered, washed with
cold ethanol and dried in a vacuum oven (50 °C) overnight. Yield 67.4%. 'H
NMR (CDCl3); & = 8.58 (s, 2H; N=CH), 8.34 (d, 2H; pyrH?), 8.31 (t, 1H;
pyrH?), 7.26-7.03 (m, 8H; ArH), 2.41 (s, 6H; ArCH;). °C NMR (CDCl,);
159.34, 154.80, 149.84, 137.16, 132.37, 130.43, 126.84, 126.81, 126.55, 122.82,
117.50, 17.87 (ArCH3;). Mass spectrum (m/e): 313.



herein by reference. o-Toluidine (0.99 g, 9.25 mvol, 2.5 equiv) was added to
a solution of 2,6-difornylpyridine (0.5 g, 3.7 mol) in absol ut et A&n8H
(20 L) a&&oom;enperature. The product precipitated i medi ately and the
m xt ure D YNP8d at room tenperature for 18 h. The prodBET/YREY' ¥ tered,
washed with cold ethanol and dried in a vacuumoven (50 C) overnight. Yield
67.4% 'H NWR (CDCI3); 5 = 8.58 (s, 2H -R2cH), 8.34 (d, 2H, pyrH3), 8.31
(t, 1H, pyrH4), 7.26-7.03 (m 8H, ArH), 2.41 (s, 6H ArCH3). 13C NWR
(CDCI3); 159.34, 154.80, 149.84, 137.16, 132.37, 130.43, 126.84, 126.81,

126.55, 122.82, 117.50, 17.87 (ArCH3)E egectrum (me): 313. 12 JUN
200b WD 03/ 072529 PCT/ US03/ 03853 - 29 Synt hesi s of

2, 6- bi s[ (2- mretSynthiesisydfi 216y [(Rtthythylphéyylimino ))ayéthylngéthyl pyhidylirde(JIP070]

The conpl ex was synthesized following the literature method of Britowsek G
J. P. et al. (Chem Eur. J. 2000, 6, 22¢hlorideeci2 (0.1282 g, 1.01 mml) was
di ssolved in hot n-butanol (20 nL) at 80 T. A suspension of 2, 6-

bi s[ (2- net hyl phenyl i m no) net hyl ] met hyl pyridine (0.317 g, 1.08 mml) in n-

butanol was dr opw i c%p%qrﬁ% ﬁgﬁhéﬁg@ f&fbvﬁin?ttﬂé ‘ﬁtél’dﬁﬂ?%ﬂeﬁé& {a?l ue.

After stirring at’ 80 C reaction mxture was a 0 cool

to room tenBiitaivisek 6NY. B! étrdl (@ HE P9 P 20009, 222t IFACLy (0. 4282 was preduced
to 3 nlL and diethyl ether was added to precipitate the product, "which was

subsequent | y mvashjesias disselviedirhotwtbutanat(B9/mE) be80 &0dAdnispension vfi2i6+sm oven.
Yield: 100% Exanple 9 L. . )

bis[(2-methylphenylimino)methyljmethyl pyridine {0.317 g, 1.08 mmol) in »-

butanol was added dropwise at 80 °C. The reaction mixture turned dark blue.,

After stirring at 80 °C for 30 min, the reaction mixture was allowed to cool to

room temperature and stirred overnight. The reaction volume was reduced to 3

ml and diethyl ether was added to precipitate the product, which was

subsequently washed three times with diethyl ether and dried in vacuum oven.

Yield: 100%.

Example 9
Coupling Reaction of 1-Pentene with Ethylene Using 2,6-bis[(2-

methylphenylimino)methyllmethyl pyridyliron(II) chloride Catalyst

[0071] A glass lined Parr reactor was loaded in an argon-filled glove box,
2,6-bis[(2~methyl§henylimino)methyl]methyl pyridyliron(Il) chloride complex
(63 mg, FW 341.43, 1.84 x 102 mmoles) (product of Example 8) followed by
2.01 g of 30% MAO solution in toluene (Al/Fe = 564) and the Parr reactor was
taken to a hood containing the controller for the reactor. In an addition vessel
12.155 g 1-pentene and 0.447 g ethylene (mole ratio of pentene to ethylene =
10.9) was weighed. The reactor solution was stirred (stirring rate 500 RPM) at
25°C and the contents of additional vessel was added to the reactor. The mixture
was stirred for 30 minutes at room temperature. The product was analyzed by

gas chromatography-mass spectrometry. GC analysis of the product shows peaks



Coupling Reaction of 1-Pentene with Ethylene Using 2, 6-bis[(2-

net hyl phenyl i m no) met hyl ] met hyl pyridyliron(l1) chloride Catal ﬁz JUh%hEl] A
glass i ne\@m?«{] actor was |oaded in an argon-filled glove

2, 6-bi s[ (2- e Shenyl i mi no) met hyl 1 met hyl pyridyliron(il) &’HTGIrSP{{%”%rrm ex
(63 ng, FW 341. 43 1.84 x 10.2 mol es) (p/ti\ﬁduct of Exanple 8) followed by
2.01 g of 30% MAO solution in toluene (Al 564) and the Parr reactor was
taken to a hood containing the controller for the reactor. In an addition
vessel 12.155 g 1-pentene and 0.447 g ethylene (nole ratio of pentene to
ethyl ene = doe &) heptenesalpngdyitiTpeakdat to bstenas and hesenest i Thenholes tatior ohg
rate 500 RPM at 25C and the contents of additional vessel was added to the
react or. ThelePEnes © bylgaeswesAel for 30 ninutes at roomtenperature. The
product was anal yzed by gas chromat ography-nmass spectronetry. GC anal ysis
of the product shows peaks WD 03/072529 -30 1 2 JUN 2006 PCT/ US03/ 03853 due

to heptenes along with peaks due to b ] m hexenes. The nole ratio of
hept enes to butenes was 4.2. Exanple %@i—ng Reaction of 1-Pentene with

Et hyl ene using 2, €di iﬁ@ReﬁEﬁBﬁ|omleP¥htéﬁerWitliEEfWILﬁEhbiﬂg d,Btththon(l 1)
n

chl ori de Cat al yst [0072] A glass lined Parr reactor was

argon-filled gl amthyl;xhen)ﬂuﬁmn)nit(thyﬂmdtﬁybpyngdyln'nn@fmhlqmdeﬂdmlyst
pyridyliron(ll) chloride conplex (60 ng, FW341.43, 1.75 x 10.2 mol es)
(product of Exanple 8) followed by 2.00 g of 30% MAO solution in toluene

(A e = SO0, 1o bt RS R ek ool B0 SRl o0 85
2,6-bis[(2-methylphenylimino)methyl}methyl pyridyliron(II) chioride complex
(60 mg, FW 341.43, 1.75 x 10 mmoles) (product of Example 8) followed by
2.00 g of 30% MAO solution in toluene (Al/Fe = 590) and the Parr reactor was
taken to a hood containing the controller for the reactor. In an addition vessel
12.211 g I-pentene and 0.143 g ethylene (mole ratio of pentene to ethylene =
34.2) was weighed. The reactor solution was stirred (stirring rate 500 RPM) at
25°C and the contents of additional vessel was added to the reactor. The mixture
was stirred for 30 minutes at room temperature. The product was analyzed by
gas chromatography-mass spectrometry. GC analysis of the product shows
peaks due to heptenes along with peaks due to butenes and hexenes. The mole

ratio of heptenes to butenes was 13.

Example 11
Synthesis of Bis(dithiobenzil) Nickel [Ni(S;C,Ph;), Complex

[06073] The complex was synthesized following the literature method of
Schrauzer and Mayweg (J. Am. Chem. Soc. 1965, 87, 1483). Benzoin (10g) was
reflux with 15 g of P;;S@ in 70 m! of dioxane for 2 h. During this time the
thiophosphoric esters of dithiobenzoin are formed and hydrogen sulfide is
evolved. To the cooled and filtered reaction solution 5 g of NiCl,.6H,0 in 20 ml

of water was added and the reaction mixture was heated on a steam bath for 2 h.



12.211 g 1-pentene and 0.143 g ethylene (nmole ratio of pentene t? e‘g@éﬂgﬁe =
34.2) was wei ghed. The reactor solution was stirred (stirring rat(; M
at 25C aqgogllj!,ﬁnggjntents of additional vessel was added to the reactor.
mxture was Stitred for 30 ninutes at room tenperature. THETYWIIES was
anal yzed by gas chromatography-nmass speﬁtrorretry. GC anal ysis of the
product shows peaks due to heptenes al o d‘vm'th peaks due to butenes and
hexenes. The nole ratio of heptenes to butenes was 13. Exanple 11 Synthesis
of Bis(dithiobenzil) N ckel [N (S2C2Ph2)2 Conplex [0073] The conpl ex was
synt hesi zed Black evystajs ofi¢h¢ comp foenbd dndfcollsctied by Bitration. Neldd. S g. Am

Chem Soc. ,, 87,, 1483) . .Benzoj 09) s..reflux wwth 15 of P4S10 in
70 M of di igg%ebmﬂozlbﬁnzgyﬂ ?ﬁ«? éétqg%%mt@h]@fﬂf@%ﬂb%@ 5 414, of

di thi obenzo?gféﬁﬁf%fqed and hydrogen sulfide is evolved. To the cool ed and
filtered react? 5o uPfhbn 5 g of NNC12.6H20 in 20 mMl of water was added
and the reaction m xture was heated on a steambath for 2 h. 1 2 JUN 2006 WO
03/ 072529 PCT/ US03/03853 -31 Black crystals of the conplex are forned and

collected by filtration. Yield 4.5 g Eﬁ@ﬁi@é@ned on benzoin), np 292 C dec.
UV-Vis (chloroform; 866, 602, 417, : ., 270 nm Exanple 12 Coupling
Reaction of 1-Genpling Readtiont of/1-dentdie pitlt EthyleneiBiy(dithikbenzily Nid@lPh2) 2]
[0074] A glass lined Parr reactor was_loaded in an argon-filled gl ove box,
Bi s(dithi obenzil) Nickel [N (S2C2Ph2y¥i( hakel (86 my, FW542, 1.58 x 10-2

[0074] A glass lined Parr reactor was loaded in an argon-filled glove box,
Bis(dithiobenzil) Nickel [Ni(S,C,Ph,), complex (86 mg, FW 542, 1.58 x 107
mmoles) (product of Example 11) followed by 2.012 g of 30% MAO solution in
toluene (Al/Ni = 656) and the Parr reactor was taken to a hood containing the
controller for the reactor. In an addition vessel 12.197g 1-pentene and 0.438 g
ethylene (mole ratio of pentené to ethylene = 11.14) was weighed. The reactor
solution was stirred (stirring rate 500 RPM) at 25°C and the contents of
additional vessel was added to the reactor. The mixture was stirred for 30
minutes at room temperature. The product was analyzed by gas
chromatography-mass spectrometry. GC analysis of the product shows peaks
due to heptenes along with peaks due to butenes and hexenes. The mole ratio of

heptenes to butenes was 3.6.

Example 13
Coupling Reaction of 1-Pentene with Ethylene Using 2,6-bis[(2-

methylphenylimino)methyllmethyl pyridyliron(II) chloride Catalyst

[0075] A glass lined Parr reactor was loaded in an argon-filled glove box,
2,6-bis[(2-methylphenylimino)methylimethyl pyridyliron(II) chloride complex
(6.8 mg, FW 398.12, 1.71 x 107 mmoles) (product of Example 8) followed by
2.025 'g of 30% MAO solution in toluene was added (AUFe = 526) and the Parr



mol es) (product of Exanple 11) followed by 2.012 g of 30% MAO sol uti on in
toluene (AI/Ni = 656) and the Parr reactor was taken to a hood c B‘ﬁj
the contrghl the reactor. In an addition vessel 12.1 ent ene and
0.438 ¢ ‘QPO‘I%#RQ% nole ratio of pentene to ethylene = 11. 1&%%&%3 "WEN ghed.
The reactor solution was stirred (stlrrlng rate 500 RPM at 25C and the
contents of additional vessel was added-Bé-the reactor. The mixture was
stirred for 30 mnutes at roomtenperature. The product was anal yzed by gas
chr omat ogr aphy-mass spectronetry. GC anal ysis of the product shows peaks
due to hept epert® aag takeh tpeakidodUsortai eheconfdlleefenehe réfcofolIa it i 0
of heptenes to butenes was 3.6. Exanple 13 Coupling Reaction of 1-Pentene
with Et hyl enaddisiongvessel- 11.378 2 l-nventeplemmer/DSrg cthy teseH(yglewnatiplof pentene to

ridyliron(ll) chlorijde tal yst 1007 gl ass |iped Parr, reactor was
F)c/) ade)d/ in aﬁ,eg\)y Fifl gulgawgs,ggv %‘hc reactor solution was stirred (stu‘rmg rate

?eﬁsbhéF(zw”SéQy@Rﬂ%??xﬁ%n”% tﬁﬁo%%itf ¥ P ettt simmst o7 SEF sictiBsy
T2 308 2006 s/ 0% 3 e PR BT 4P S st 1om, Eféﬁ%m?%?fgt e

cont ai ni ng t feodued tway hﬁl?fiéd b?rhg?asr SaonftoglaphyiRasagsidtiomety ¢S 6E aﬂ;gl $168 0
1-pentene and 0.08 g ethylene (nole ratio of pentene to ethylene = 6 tol)
was wei ghed. offthe preductshows pealonduato heptenesialoagiwith m)gaksadae té(bﬁltdﬂéB/pandt
25C and the contents of additjonal funnel was added_to the reactor. The

m xture was Bexenesd Fhermoty ratioueidieptenesdghutengsaras 24 & 1The  product was
anal yzed by gas chromat ogr aphy- mass spectronetry. GC anal ysis

Example 14
Synthesis of 2,6-bis(phenylimino)methyl) pyridine

NH
R
L) — Y
= N N
OH N CHO O O

[6076] 2,6-pyridine dicarboxaldehyde (0.3071 g, 2.3 fnmol) was added to
a solution of aniline (0.5292 g, 5.7 mmol) in absolute ethanol (20 mL) at room

temperature. 0.5 mL of formic acid was then added to the above solution. The
mixture was stirred at room temperature for 65 h. The product was filtered,
washed with cold ethanol and dried in a vacuum oven (50 °C) overnight yielding
0.2245 g (34.2%).



of the product shows peaks due to heptenes along with peaks due to butenes
and hexenes. The nole ratio of heptenes to butenes was 24 to 1.1 Efinille 14
Synt hesi s of 2, 6-bis(phenylimno)nmethyl) pyridine + 2 [007%] 2 G-Pé{ﬁi di ne
di car boxaMRAE D, 3071 g, 2.3 mMol) was added to a sol utFiCIACIPORPI i ne
(0.5292 g, 5.7 mol ) in absol ute ethanol 0O mL) at room tenperature. 0.5
mL of formc acid was then added to the above solution. The m xture was
stirred at roomtenperature for 65 h. The product was filtered, washed with
cold ethanol and dried in a vacuumoven (50 C) overnight yielding 0.2245 g
(34.29% . 1 2 JUN 2006 WD 03/ 072529 PCE: (IM53 -33 + FeCl2 [0077] FeCl2
(0.0666 g, 0.5 mmol) was dissolved in hot n-butanol (20 nlL) at 80 T. A
suspensi on of 2, 6- biSynthesis of 2:6-his) (pbenylimino) pynidydiron(l3) chleside i n

n- but anol was added dropwise at 80 T. After stirring at 80 C for 30 mn,
the reaction mxture was allowed to cool "'to roomtenperature and stirred
overni ght. The reaction volune was reduced to a 3 nL and di ethyl ether was
added to precipitate the product, which was subsequently washed three tines

wi th diethyl ether d ied in vacuum oven. Yield: 0.170-0%87.5% . Exanple
16 Coupling Reactiorn of [1-Pentene wth Ethylene Using 2, |—b|/s (phenyl i m no)
} H

pyridyliron(ll) H H

+ FeCl, ————

| | |
N I NM'*“Fe"/ N
Cl/ \CI
[0077] FeCl, (0.0666 g, 0.5 mmol) was dissolved in hot »-butanol (20

mL) at 80 °C. A suspension of 2,6-bis (phenylimino) pyridine (0.15 g, 0.5
mmol) in rz-butanol was added dropwise at 80 °C. After stirring at 80 °C for 30
min, the reaction mixture was allowed to cool to room temperature and stirred
overnight. The reaction volume was reduced to a 3 mL and diethyl ether was
added to precipitate the product, which was subsequently washed three times
with diethyl ether and dried in vacuum oven. Yield: 0.170 g (87.5%).

Example 16
Coupling Reaction of 1-Pentene with Ethylene Using 2,6-bis (phenylimino)
pyridyliron(II) chloride
[0078) A glass lined Parr reactor was loaded in an argon-filled glove box,

2,6-bis (phenylimino) pyridyliron(II) chloride complex (6.5 mg, FW 370.07,
1.76 x 102 mmoles) (product of Example 15) in 1.03 g of dichloromethane,
followed by 2.068 g of 30% MAO solution in toluene was added (Al/Fe = 609)
and the Parr reactor was taken to a hood containing the controller for the reactor.
In the addition vessel 12.173 g 1-pentene and 0.414 g ethylene (mole ratio of
pentene to ethylene = 11.8) was weighed. The reactor solution was stirred

(stirring rate 500 RPM) at 25°C and the contents of additional funnel was added



[0078] A glass lined Parr reactor was |oaded in an argon-filled gl ove box,
2,6-bis (phenylimno) pyridyliron(ll) chloride conplex (6.5 ng, i:ﬁé_@ﬁ%@?
1.76 x 10-2 mmol es) (product of Exanple 15) in 1.03 g of dichlor ane,
fol | owed bYOYHBEZ of 30% MAO sol ution in tol uene was added®CTA/SORE3853 600)
and the Parr reactor was taken to a hood containing the controller for the
reactor. In the addition vessel 12.173 g34-pentene and 0.414 g et hyl ene
(nmole ratio of pentene to ethylene = 11.8) was wei ghed. The reactor
solution was stirred (stirring rate 500 RPM) at 25C and the contents of

addi tional fiigl regeforadaROmimarehvs Shrred Th 86 imintitesZatbrobh® t atire MTTHR)
pyridyliron(ll) chloride WO 03/072529 -34 1 2 JUN 2006 PCT/ US03/03853 to the

reactor. Theproductveasivasalyzéd bgckasachréfatograples-nedssrspeotrbaauer aGO analibi
product was anal yzed by gas chromat ography-mass spectronetry. GC anal ysis
of the produéf ﬂmmmiméagewa@@aks)duem bepfened aloggwith neelik dud tie butensstasdes
and hexenes, The e lriig)ﬁﬁio of heptenes to butenes s 1.3. Exanple 17
Coupl i ng ReabeX@hEsorlhe HTY tERGS IONRENES; s i\g{g bi s (phenylim no)
pyridyliron(ll) chloride [0079] A glass |lined Parr reactor was |oaded in an
argon-filled glove box, 2,6-bis (phenylimno) pyridyliron(ll) chloride
conplex (7.2 ng, FW370.07, 1.95 X 1Gey, £p) (product of Exanple 15) in
1.07 g of dichloronethane, followed X g of 30% MAO solution in
tol uene was afdaglipgl Reactiob88)-Partdnt witiPBthyleae W sing\26-bis Kphenyliraike)d
containing the controller for the reactor.

pyridyliron(II) chloride

[0079] A glass lined Parr reactor was loaded in an argon-filled glove box,
2,6-bis (phenylimino) pyridyliron(II) chloride complex (7.2 mg, FW 370.07,
1.95 x 10 mmoles) (product of Example 15) in 1.07 g of dichloromethane,
followed by 2.0044 g of 30% MAO solution in toluene was added (Al/Fe = 533)
and the Parr reactor was taken to a hood containing the controller for the reactor.
In the addition vessel 12.294 g 1-pentene and 0.159 g ethylene (mole ratio of
pentene to ethylene = 30) was weighed. The reactor solution was stirred (stirring
rate 500 RPM) at 25°C and the contents of additional funnel was added to the
reactor. The mixture was stirred for 30 minutes at room temperature. The
product was analyzed by gas chromatography-mass spectrometry. GC analysis
of the product shows peaks due to heptenes along with peaks due to butenes and

hexenes. The mole ratio of heptenes to butenes was 2.4.

Example 18
Coupling Reaction of 1-Pentene with Ethylene Using 2,6-bis (phenylimino)
pyridyliron(II) chloride
[0080) A glass lined Parr reactor was loaded in an argon-filled glove box,

2,6-bis (phenylimino) pyridyliron(IT) chloride complex (6.8 mg, FW 370.07,
1.84 x 107 mmoles) (product of Example 15) in 1.03 g of dichloromethane,



In the addition vessel 12 294 g 1-pentene. and 0.159 g ethylene (nmole ratio
of pentene to ethylene = 30) was wei ghed. The reactor sol ut i on ViadUNsH0Er r ed
(stirring RPM at 25C and the contents of additional funnel was
added to t\ﬁ{e)%}ragggg The mixture was stirred for 30 ni nutREsF/U03{0d%
tenperature. The product was anal yzed by gas chr omat ogr aphy- nmass
spectronetry. GC analysis of the produc‘t hows peaks due to heptenes al ong
wi th peaks due to butenes and hexenes. The nole ratio of heptenes to

but enes was 2.4. Exanple 18 Coupling Reaction of 1-Pentene with Ethylene
Usi ng 2, 6- bifollawethly 200103) g of $0V4IMA Owolition ihtonentewh9ada¢d CAYFass566ned

Parr reactor was | oaded in an argon-filled glove box, 2,6-bis (phenylimno)
pyridyliron(@nd ﬂmi?anr@a;:t@bwps; tgkendo @ hapd mmaumg)me contellex footte reactoes)

03/ 072520 - 8 BrPRohowsed ?ipgax‘éad&s%“é?%" ol zodione leamlsuiabin of
cont ai ni ng. (RTE K 6fiards 298 o Dy Betfidg, S Bl 863

1-pent ene ar(@u?nﬁl%%ﬁ SUIRP t(@teaﬂcﬁ&ieocdiﬁente%ﬁa%ﬁ;dxﬁl Fhiiel] S04 addt o

1) was wei ghed e reactor sol ution was stirred (stirring rate 500 RPM at

25C and t he toahtesactonfTironitiuedaias istifed | ford mitires att oo tenparatige. THee
m xture was stirred for 30 m nutes at roomtenperature. The product was

anal yzed by preduehwaswnalyzeghy @hmpwogmbyfmasm@mnm GSf anhlysis
product shows aks due.to he alon eak to but enes an
hexenes. Th&% ePfPQF?toshWSr@%&(é ﬁl‘-:‘g ?@eB go aks due o butenes an

hexenes. The mole ratio of heptenes to butenes was 3.6.

Example 19
Synthesis of 2,6-bis[1-(2-methylphenylimino)ethyl] pyridine

NHz

Sy X CHy
o L - —— | |
N N N N N
a8 sqlibe
o] 0 .
[0081} The ligand was synthesized following the literature method of

Britovvsek G. J. P. et al. (Chem. Eur. J. 2000, 6, 2221). O-Toluidine (19.70 g,
0.1838 mol) was added to a solution of 2,6-acetylpyridine (3 g, 0.01838 mol) in
methanol (30 mL) at room temperature. 1-mlL formic acid was then added to
the above solution. The solution was refluxed for 72 h and cooled in the freezer
for 24 h.  The product was filtered and dried in a vacuum oven (50 °C)
overnight. Yield 21%. Mass spectrum (m/e): 341.



Exanpl e 19 Synthesis of 2,6-bis[1-(2-nethylphenylinno)ethyl] pyridine +

[ 0081] The |igand was synt hesi zed following the literature net hod bl NZUUB
Britovvse et al. (Chen. Eur. J. 2000, 6, 2221). i dine. (19.70
g, O. 183@%@07\%\5239 added to a solution of 2,6-acetyl pyridi r%% 0@{"3"6301838
mol) in nethanol (30 mL) at roomterrpera%g 1-nmL formc acid was then
added to the above solution. The solutid vvas refluxed for 72 h and cool ed
in the freezer for 24 h. The product was filtered and dried in a vacuum
oven (50 C) overnight. Yield 21% Mass spectrum (me): 341. 1 2 JUN 2006 WO
03/ 072529 -36 PCT/ US03/ 03853 Exanpl e &ﬁ;gid@&i s of :
2, 6-bi s[ 1-(2- et hyl phenyl i m no)ethyl] pyridy |ronugllwlf chloride + FeCl2
[0082] The c&ymtbesiseod ZGhisids2-methyiphemyhiminedethyllpyridylirenfBoehloride
Britovvsek G J. P. et al. (Chem Eur. J. 2000, 6, 2221). Fed 2 (0.1856 g,
1.46 mol) was dissolyed in hot n-butanol (30 nL) at 80 C _A éuspension of

2,6- bis[1l-(2-nmethylp ehlmno)ethyl] pyridine (0.5 g, 1./6 1) in
n-butanol was agdded sg,at 80 T. After stirring at %0 Clfor 30 min,
the reaction m xtu ovvedto coaol to roomterrpe étlrred
overni ght. The reackion vl ume was'ré&8ftced™o a3 nL et her was
added to precigpitate the prgducy, which was subse y e tinmes
with diethyl etheg and dried vacuum oven. Yi el O7¢ t(84

[0082] The complex was synthesized following the literature method of

Britovvsek G. J. P. et al. (Chem. Eur. J. 2000, 6, 2221). FeCl, (0.1856 g, 1.46
mmol) was dissolved in hot #-butanol (30 mL) at 80 °C. A suspension of 2,6-
bis[ 1-(2-methylphenylimino)ethyl] pyridine (0.5 g, 1.46 mmol) in n-butanol was
added dropwise at 80 °C. After stirring at 80 °C for 30 min, the reaction mixture
was allowed to cool to room temperature and stirred overnight. The reaction
volume was reduced to a 3 mL and diethyl ether was added to precipitate the
product, which was subsequently washed three times with diethyl ether and dried
in vacuum oven. Yield: 0.5762 g (84%).

Example 21
Coupling Reaction of 1-Pentene with Ethylene Using 2,6-bis[1-(2-

methylphenylimino)ethyl] pyridyliron(II) chloride Catalyst

[0083] A glass lined Parr reactor was loaded in an argon-filled .glove box,
2,6-bis[ 1-(2-methylphenylimino)ethyl] pyridyliron(II) chloride complex (7.6 mg,
FW 468.19, 1.62 x 10 mmoles) (product of Example 20) followed by 2.07 g of
30% MAO solution in toluene was added (Al/Fe = 660) and the Parr reactor was
taken to a hood containing the con&oller for the reactor. In the addition vessel
12.072 g 1-pentene and 0.432 g ethylene (mole ratio of pentene to ethylene =
11.2 to 1) was weighed. The reactor solution was stirred (stirring rate 500 RPM)



Exanpl e 21 Coupling Reaction of 1-Pentene with Ethylene Using 2, %ﬁ] h&s(z-
net hyl phenyl i m no)ethyl] pyridyliron(ll) chloride Catalyst [0083 Ng

| i ned Par was | oaded in an argon-filled gl ove box,
2, 6- bi s[1“(‘§ﬁﬁr@®| phenyl i mino)ethyl] pyridyliron(I1) chl oPCAPHMIFEx (7.6

ng, FW468.19, 1.62 x 10-2 mmol es) (pro ct of Exarrple 20) followed by 2.07
g of 30% MAO solution in toluene was ad d (Al/Fe = 660) and the Parr
reactor was taken to a hood containing the controller for the reactor. In
the addition vessel 12.072 g 1-pentene and 0.432 g ethylene (nole ratio of
pentene to ettifi°€hend th&]coﬂt@rﬂsl)fmhhtlmlgﬁmnclm addedt tor theoteactom The
stirred (stiryi ng rate 500 ;Rg 2 JUN 2006 WO 03/072529 -37 PCT/ USQ3/ 03553
at 25C and BN v@stgtum 5.310 SRANIES Rt BPOTalSRRAIRAUTE 0 The prgdaf«towvasme

t t f t t {

Thal yred by BabZeflbon s rafialbimans ot SPbHERRET B G anrlSiSo R Hretfitoauce
h k t Th
. p“éene?‘lﬁz*sé’&?*éﬁfég ol yAELS dcld SRR shART ek o TR The
conpar ed thqnoleauhbsoﬁﬂepmmgw@bumeEWm 9, 10 and 13, it is clear that

as the feed ratio of 1-pentene to ethylene changes, the ratio of coupled
product (C7) to ethylene dinerization product (C4), i.e., C//C4 ratio also

changes, as shown in Fig. 1, attacheg her_eEo Exanpl e 23 [0085] If one
conpare the results from coupling Ex 225 and 6, it is

[0084] If one compared the results from coupling Examples 9, 10 and 13,
it is clear that as the feed ratio of l-pentene to ethylene changes, the ratio of
coupled product (C7) to ethylene dimerization product (C4), i.e., C7/C4 ratio

also changes, as shown in Fig. 1, attached hereto.

Example 23

[0085] If one compare the results from coupling Examples 4, 5 and 6, it is
clear that as the feed ratio of 1-pentene to ethylene changes, the ratio coupled
product (C7) to ethylene dimerization product (C4), i.e.,, C7/C4 ratio also

- changes, as shown in Fig. 2.

Example 24

[0086] If one compare the results from coupling Examples 16 ,17 and 18,
it is clear that as the feed ratio of 1-pentene to ethylene changes, the ratio
coupled product (C7) to ethylene dimerization product (C4), i.e,, C7/C4 ratio

also changes, as shown in Fig. 3.

[0087] These examples clearly demonstrate that conventional

oligomerization catalysts can be used as effective coupling catalyst to make o-



clear that as the feed ratio of 1-pentene to ethyl ene changes, t1th@7dg§)l
coupled product (C7) to ethylene dinerization product (C4), i.e.]

ratio als h as shown in Fig. 2. Exanple 24 [0086] If o conpare the
resul ts f%%@gﬁgﬁ'ng Exanples 16 ,17 and 18, it is clear tpﬁgﬁjesé{%’"%%ﬁ% f eed

ratio of 1l-pentene to ethyl ene changes, thg ratio coupled product (C7) to
et hyl ene dinerization product (C4), i.e. ,'3 7/ C4 ratio al so changes, as
shown in Fig. 3. [0087] These exanples clearly denonstrate that conventi onal
ol i goneri zation catal ysts can be used as effective coupling catal yst to nmake
a 1 2 JUN 206kfilife. Sichhe of fxdcaallstdShat ddrBddsed R cuplingrea&ivreingludedhe

catal ysts that can be used for coupling reaction include chromum

trimerizati oshroamisny timepzaben satalysyoBragkbartdype Niang Bd catalyses, keat al yst s,

Ni - BBl M catal ysts, Ni. fhiolene catalystg and S ca s.. These__ catal yst
Conpl exeo. v eXansts N BETRL GG, D hidlenc ratalysts Stk SHES faraliais Thest
supported ca I i ti r

supports i né@&égs& g?%‘%}g& \giﬁﬁiagﬁe{f&g? gé%ﬁ?%ﬁég&g%(ﬁ gﬁgdré&alﬁ%ﬁ%ﬁr%&ﬁglgh and
MeS0por ous el cdthlyRrs VRN Bb ek B8 FMN Yot PR faRed yped
sever al enbogi?ﬁrgﬁe? (i:%hisgf:scor dancee }vgm ?h g%cihﬁ’%%tl:&gn,oi t i sft o0 be cl ergérol y
under st ood t hafluddalusaine, siliea, qrussiimiicd jodymers) iomic digiiids) anganesuporoasnt t o
one skilled in the art. Therefore, we do not wish to be limted to the

detai |l s showmaieralddecM@dd4but intend to show all changes and
nmodi fications which come within the scope of the appended clains.

[0088] While we have shown and described several embodiments in
accordance with our invention, it is to be clearly understood that the same are
susceptible to numerous changes apparent to one skilled in the art. Therefore,
we do not wish to be limited to the details shown and described but intend to
show all changes and modifications which come within the scope of the

appended claims.



1 2 JUN 2006 -39 CLAIMS: 1. A process for producing a |inear a-olefin which
conprises: reacting a feed conprising a termnal C. olefin with ethylene in
a molar ratio of from10:1 to 1000:1 in the presence of a transi tfjilofiNi8ftal
based catal yst selected fromthe groumsconsisting of chromumtrinerization
catal ysts, Brookhart type transition netal catalysts, pyridine bisimne
iron or cobalt conplexes. NNBBIM catalysts, N -thiolene catalysts and SHOP
catal ysts to produce a C+2 linear a-olefin, wherein said catalyst is

capabl e of producing a Schul z-Flory constant of |ess than 0.8 as observed
for ethylenegligpserizati on and wherein n is an integer between 3 to 20. 2.
The process according to claiml1l, wherein said terminal olefinis selected
fromthe group consisting of C3 to C20 olefins. 3_ The process according to

claim2, wherein said terminal ojefin is at.least,.one selected.fromthe
group consisting of. propylene, 1‘{‘8{&‘:%5&3???'5’% § ﬂn%',‘“ii"h"g‘i@%‘é", ® _hept ene
and 1-oct enecomgrisgsxt ures thereof. 4. The process according to claiml.

wherein said linear a- olefin.ig selected fro he, aroup consi sting of. C5
to Cu linear a-olefi nsmﬂ%h@eﬁf%%%mmmﬁénﬂﬁ ¢! tg{']e%fé‘raei n said
linear a- ol afdlarirats of B ad:1ftoQ0D0:Dén Gie Puges@tF iatiansifodinet{basaiatdlpgar
a-olefins. 6. The process accordin o, claiml, wherein said reaction step
i s conduct edS&Feted TERIRE BIOHP SORTPUY é%Fm‘quenWJz%éw. e process
accor di ng t otfedidisition WMl eitlyss) 1oridiR Bisindtelifch drTobdlt édiEplEBINIERINEEN T OOM
tenperature to 100C._ 12 JUN 100b .

catalysts, Ni-thiolene catalysts and SHOP catalysts 1o produce a C,4; linear a-glefin,

wherein said catalyst is capable of producing a Schulz-Flory constant of less than 0.8

as observed for ethylene oligomerization and wherein n is an integer between 3 to 20.

2. The process according to claim 1, wherein said terminal
olefin is selected from the group consisting of C3 10 C 3¢ olefins.

3. The process according 1o claim 2, wherein said terminal
olefin is at least one selected from the group consisting of: propylene, 1-butene,1-
pentene, 1-hexene, 1-heptene and 1-octene and mixtures thereof.

4, The process according to claim 1, wherein said linear c-
olefin is selected from the group consisting of: Cs to Cy; linear a-olefins.

5. The process according to claim 4, wherein said linear o~

olefin is selected from the group consisting of: C¢-C,p linear a-olefins.

6. The process according to claim 1, wherein said reaction
step is conducted ar a temperature in the range from -100 10 250°C.

7. The process according to claim 1, wherein said

temperature is in the range berween room temperature to 100°C.



-40 8. The process according to claim1l, wherein said reaction step is
conducted at a pressure fromO psig (0 Pa) to 30,000 psig (2.1 x 108 Pa). 9.
The process according to claim1, wherein said pressure is in thg % 3ihHod
fromO psig (0O Pa) to 10,000 psig (7.0-%01407 Pa). 10. The process according
to claim1, wherein said pressure is in the range from5 psig (3.5 x 10 Pa)
to 3,000 psig (2.1 x 10" Pa). 13. The process according to claim1l, wherein
said reaction step is a catalytic coupling of said termnal olefin and said
ethylene to formsaid linear a-olefin. 14. The process according to claim
1, wherein said reactio step isperforned in the pre e\r)g% .of 4 sol vent .
15. The process accorditig to cl ai FPLETCCHREFETIHNE 1Y Haun [y whgein seid Jeacgiope
from the grougiexisrshdictddgt afpresaica@&dm 0 psig PEPL.to D006 Bsig BN A0E Pa) hexane,

t ol uene, cycl ohexane, cycl opentane, tetralin, nethylene chloride,

chl orobenzene, chl orof orm o-dichl orobenzene, carbon di oxi de and m xtures

thereof. 18. The process accor di Nghé Procésdiabokdinh & @hith £alHbreih kAQSI tiON
net al - based catal yst _further corrgr i_seéﬁan activator. 19. The process

accor di ng t o REFSEPER % inyhs ranes from P psig (3 Re)i 1010000 erig (7 B Pekt al'yst is a
supported catal yst. 20. The process according to claim 19 wherein said
supported catalyst is a silica supported catalyst. 21. The process according
to claim1, wherein sail® N BBl M cEReITQ%ass Ages tofcdpimm N, vhersig seid" wherein n
equals 0 or jiircs)ﬁuﬁrigiﬁﬁeiﬁglﬁ%nJﬁJblsngng'lﬁiPa)to3,000psig (2.1 x 107 Pa).

13. The process according to claim 1, wherein said reaction
step is a catalytic coupling of said terminal olefin and said ethylene to form said linear
a-olefin.

14. The process according to claim 1, wherein said reaction

step is performed in the presence of a solvent.

15. The process according to claim 14, wherein said
solvent is selected from the group consisting of: ethane, propane, butane, pentane,
hexane, toluene, cyclohexane, cyclopentane, tetralin, methylene chloride,

chlorobenzene, chloroform, o-dichiorobenzepe, carbon dioxide and mixmres thereof,

18, The process according to claim 1 wherein said
transition metal-based catalyst further comprises an activator.

19, The process according to claim 1 wherein said
transition metal-based catalyst is a supported catalyst.

20. The process according 10 claim 19 wherein said

supported catalyst is a silica supported catalyst.

21. The process according to claim 1, wherein said
NiBBIM catalyst has the formula LMX(X"), wherein n equals 0 or 1; X and X are



I ndependent|ly selected fromthe group consisting of halides, hydride,
triflate, acetates, borates, Cl through Cl1Z al kyl, Cl1 through Clﬁ g hqm%,
C3 through C12 cycl oal kyl, C3 through Cl2 cycl oal koxy, aryl, thi ; tes,
carbon nonoxi de, cyanate, and olefins;-4yl-is selected fromthe group

consi sting of nickel, palladium and platinumand L is a

ni trogen-cont ai ni ng nonodentate, bidentate, tridentate or nultidentate
ligand with one or nore nitrogen atons. 22. The process according to claim
1, wherein said pyridine bisimne iron or cobalt conplex is a

Fe(ll d | th
F ) Py Bt 8.8 Gl Y S5 RS BRIRSH R e
consi sting ofbordws Cydeongh@alioh, thmumeuquysubmught@\d cynloslkgl By |

e L AN M CUREE I D2 —-

is a Fe(ll)- pylebwd ponbihs igfoupeofsistiag(dfinjckel) pall=divie abd platinnm @ Tpisex sel ect ed

fromthe group consisting of 2 6b|
met hyl pheny| |“g??ﬁf? H?ﬂ"%i/ﬂ" % ‘%‘%H}d&ﬂa&@f mpligdasiate figand with one

met hyl pheny! i fidr@nitiighy htbayg! i dyI [ ron(l nchl ori de; and m xtures thereof. 24.
The process according to claim1l, wherein said Brookhart type transition
netal catalyst is a catalyst having the formula 1 2 JUN 2006 -42 RR ~//

gx\\ R\ 22. The process according to claim 1, wherein said
pyridine bisimine iron or cobalt complex is a Fe(Il)-pyridine bisimine or Co(II)-

pyridine bisimine complex baving the formula

where R1, R2, and R3 are each independently selected from the group consisting of
hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl, and
substituted heterohydrocarbyl.

23, The process according to claim 22 wherein said
pyridine bisimine iron or coball complex is a Fe(Il)-pyridine bisimine or Co(II}-
pyridine bisimine complex selected from the group consisting of 2,6-bis[1-(2-
methylphenylimino)ethyl]pyridyliron (II) chloride; 2,6-bis[(2-
methylphenylimino)methyljpyridyliron(il)chloride; and mixtures thereof.

24. The process according 1o claim 1, wherein said
Broockhart type transition metal catalyst is a catalyst baving the formula



/d NBr/ \Br where Mis Ni or Pd and each R is independently selected from
hydr ogen, hal ogen; hydracarbyl, substituted hydracarbyl, beteroh?@nﬂﬂdmgyl
and substituted heterohydrocarbyl. 25. The process of claim1 wherein said
Ni -thiolene catalyst is selected fromd4he group of catalysts having the
formula , KS2C2 WRb)12 (I) RL S R2 S 4 *R (lI1) 1 2 JUN 2006 -43 wherein M
is atransition netal selected fromthe group consisting of Fe, Co, N, Pd
or Pt and R and R' may be the same or different, and are independently
selected from hydrogen, electron-w thdrawi ng groups including those that
are or contain heterocyclic, cyano, carboxylare, carboxylic ester. keto,
nitro, and sul fonyl groups, and hydrokarbyl ®roups, including

unsubstituted, fully, or partially subs\ituted alkyl, cyclo alkyl, alkenyl

and aryl groups. 26. The pR f cla wher d Rb are cyano
groups, and hal o substituted 4 [ Qgess cording to claim1.
wherein said SHOP //

where M is Ni or Pd and each R is independently selected from bydrogen, halogen, -
hydrocarbyl, substineted hydrocarbyl, heterchydrocarbyl and substited
heterchydrocarbyl.

25. The process of claim 1 wherein said Ni-thiolene
caralyst is selected from the group of catalysts having the formula

Ra
<)
M
Sjglb 2
M[S,CR*R)],
(1)

Rl
S L R |,
M[S,CsR'R’R’RY)]
(1)



catalyst is selected fromneutral N (l1) conpl exes bearing bidentare
nonoani oni ¢ |igands. 28. The process according to claiml1l, wherein the
process is either a continuous, sem -continuous or batch type pro&as.ﬂJ.N .
The process of claim26 wherein said hal3a substituted groups are CF3

gr oups.

wherein M is a transition metal selected from the group consisting of Fe, Co, Nj, Pd
or Ptand R®and R® may be the same or different, and are independently selected
from hydrogen, electron-withdrawing proups including those that are or contain
heterocyclic, cyano, carboxylate, carboxylic ester, keto, nitro, and sulfonyl groups,
and hydrocarbyl groups, including unsubstituted, fully, or partially substituted alkyl,
cyclo alkyl, alkeny] and aryl groups.

26, The process of claim 25 wherein R® and R* are cyano

groups, end halo substituted groups.

27. The process according to claim 1, wherein said SHOP
catalyst is selected from neurral Ni(II) complexes bearing bidentale monoanionic
ligands.

28. The process according to claim 1, wherein the process

is either a continuous, semi-continuous or batch type process.

29. The process of claim 26 wherein said halo substituted
groups are CF3 groups.





