WD 03/ 072529 PCT/ US03/ 03853 SELECTI VE COUPLI NG OF TERM NAL OLEFINS W TH
ETHYLENE TO MANUFACTURE LI NEAR ALPHA- OLEFI NS [0001] The present invention
gener al | yweedzat7reRot o a novel process for selective coupl irgodosisssai nal
olefins with ethylene to manufacture linear a- olefins in the presence of
organonetal lic coupling catal ysts. BACKGROUND OF THE | NVENTI ON [ 0002]

Linear a-olefins are versatile internedi ates and buil ding bl ocks for the
chemi cal industry. Their nmain applications are as conononers for

pol yet hyl ene (C4-C8), feedstock for surfactants (Cl2-C20), and plasticizers
(C6- C10). Hydrocarboxylation of the C6-C8 a-olefins with

cobal t - car bonyl / py, | carboxylic
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al cohol s, which are converted to surfactants or to polyvinyl chloride
(PVC) plasticizers with phthalic anhydride. digonerization of
(preferably) 1-decene using BF3 catal ysts gi ves ol i gorrers that are used as
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of the high product ‘quality and the good avai Fabl Tty of ethylene. [Vogt,

D. In Applied Hom)geneous Cat al yS| s with Organonetallic Conmpounds;
Cornils, B. ) C PubI i shers: 1996; Vol. 1: pp
245- 256. (B3 JRY d
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In Hormgeneous Cat al ysis: The

[0002] Linear a-olefins are versatile intermediates and building blocks for
the chemical industry. Their main applications are as comonomers for
polyethylene (C4-Cs), feedstock for surfactants (C;,-Ca), and plasticizers (Cg-
Ci0). 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; 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 (PAO) 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] o-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.; Iitel, S. D. In
Homogeneous Catalysis: The Applications and Chemistry of Catalysis by



WD 03/ 072529 PCT/ US03/ 03853 -2 Soluble Transition Metal Conpl exes; John
Wley & Sons: New York, 1992; pp 68-72. (c) Skupinska, J. Chem Rev. 1991,
91, 613].wouwsrer®2oi ndustrial conmmrercial processes give a-rdTfS3®3858th a
Schul z-Fl ory distribution, wherein the S-F constant is calculated fromthe
ratio Cn+2 to C' conpounds in the producty_m xture, also known as the chain
gromh factor (a). Other routes to a-olefins in decreasing inportance are
paraffin wax cracking, paraffin dehydrogenation, and al cohol dehydrati on.
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compared with the honopol yner (0.965-0.955 g/cnB). Hi gher quantities of
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(LLDPE) with considerably reduced density (0.935-0,915 g/cnB), for i ch

1- but ene andlecrepsing inpeidangs ase parattnwax ¢acking, pyad gﬁﬂwﬁgg@%&?mﬁa t ene

in the |iqui has .Vogt, D. Applied Honogeneous Catalysis with

Or ganonet al I"ﬂﬁ‘ﬂ@ﬁ%}}ﬁqﬁggn@m s, B.; Herrnmann, W A Eds. VCH

Publ i cati ons, New York. 1996, p. 220.] [0005] O her applications for

a-ol efins include feedstocks for surfactants (Cl2-C20) and pl astici zers
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car bonyl / pyri di ne catal ysts gives predom nantly |inear carboxylic
comonomers for polyolefins will cause the linear olefin market to grow. Linear

o-olefins are very versatile intermediates and building blocks for the chemical
industry. The lower C4-Cg a-olefins are mainly used as comonomers for
polyethylene. Small amounts of up to 3% o.-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-Cy) and plasticizers (C¢-Cyg). Hydrocarboxylation of the C¢-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 C¢-Cyg
o-olefins are hydroformylated to odd-numbered linear primary alcohols, which

are converted to polyvinyl chloride (PVC) plasticizers with phthalic anhydride.



acids. The acids and their esters are used as additives for lubricants. The
C6-Cl0 a-olefns are hydrofornylated to odd-nunbered |inear primary

al cohol s, wahisaii2s2ar e converted to pol yvinyl chloride (PVOPqilesBisiszer s

wi th phthalic anhydride. WO 03/072529 PCT/US03/03853 -3 digonerization of
(preferably) 1-decene, applying BF3 cat a_I?/_sts, gives oligoners used as
synthetic |ubricants known as pol y-a-ol efins (PAO or synthetic

hydr ocarbons. The Cl10-Cl2 a-ol efins can be epoxidi zed by peracids; this
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products is obtalned. The main di sadvantage of this process is the |large
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drawback, the follow ng processes were devel oped. [0006] An aI,tlg nabisve
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hydrolysis. tighli&fhpefelidllinhitafi6RslepOthe @-oRefi drefdigplicadi by ethyleriean of
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 AlEt; (with respect to
ethylene reacted) is needed. For this process solvent heptane is used, at about
200 °C and 25 MPa ethylene pressure. After the reaction, the catalyst is
destroyed by hydrolysis. In this catalytic reaction, a Schulz-Flory distribution of

a~olefin 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



a-olefin is obtained. [0007] A variation of this second nethod is based on
a conbination of stoichionetric and catal ytic chain-growh reactions.

Uni fyi ng wWoesa7tsee parts wth a transal kyl ation step al | cea/vsBp3ssBfi ci ent
control of the a-olefin chain Ilengths. The first oligonerization step uses
a catalytic one-step process simlar V\D_Q13_/ 072529 PCT/ US03/03853 -4 to the
first process. The process is operated at 160-275 C and 13-27 MPa of

et hyl ene pressure. After the reaction, the catalyst is destroyed by

hydrol ysis. [0008] The product mixture, consisting mainly of CA- ClP
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stoichionetric part of the reaction, operating at about 100 C and 20 Mra.
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al um num al These alkyls are fed into a chai n-grow eactor, where
they are gr qitilléddndesoputstad into theQy-Clyand GibCy fitactiahkyThe latter candree
recycled to the transal kyl ation stage. Because of the recycle, .
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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-C,5 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



This process is known as the Shell H gher Aefin Process (SHOP). Catalysts
used in this process are neutral N (I11) conpl exes bearing bidentate
nonoani onw® o3la7ganads [ (a) Peuckert, M; Keim W O ganonetrdl/vsns/0iss383, 2,
594. (b) Keim W, Behr, A ; Linbacker, B.; Kruger, C. Angew. Chem Int.
Ed. Engl. 1983, 22, 503. (c) Keim W; Behr. A ; Kraus, G J O ganonet.
Chem 1983, 251, 377. (d) Peuckert, M; Keim W J. MIl. Catal. 1984, 22,
289. (e) Keim W, Schulz, R P. J Mol . Catal. 1994, 92, 21 ]. This
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Anot her probl em associated with such oligonerization is that undesirable
branching and nultiple isomeric olefins often result, thereby requiring a
separate fraggiojnat i orPrebmsMysotiates! with the eﬁomnemtwmwimihykmal ts in

substantiall'y | ower selectivity yields of the desired .near a-o|efin.
oligomerization process are that ethylene is a very expenswe feed material and

that the resultant o-olefins (i.e., C4~Cso') have to be fractionated to yield the
desired carbon numbered linear c-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 a-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 Ce -

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



SUMVARY OF THE | NVENTI ON [ 00111 The present inventors have unexpectantly
di scovered a novel catalytic process for selective "coupling" of term nal
ol efi ns wwmdwosartsegbene to nmanufacture |inear a-ol efins in HdTgwsogiosdsss wit h
respect to ethylene and selectivity without the need for fractionation as
di scussed above. The unique process accgrding to the present invention
permts the "designing' of a single carbon nunber |inear a-olefin, while
using, in part, less costly raw materials than expensive ethylene. This
uni que catal ysis process can be used to make C6 - Cl10 ol efins by sequenti al
coupl i ng r epoovided thasithe caplefinds 8t ethalamectheyebyayoidipedhe @?Q‘%i@

PCT/ US03/ 03853 -6 provided that the a-qlefin js not_ ethylene thereby
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et hyl ene ol i gomerization process. [0012] The present invention also

provi des many additional advantages which shall becone apparent as
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a-olefins (e.g.,” propy tene, 1-pentene, 1-hexene, 1-heptene and

1-oct ene) “&ﬂhchQEQWbé@@new?mehﬂaiﬂﬁmﬁb@ﬂé@kﬂ& are used with ethylene so
as to produce the desired [i1near C6-Cl0 a-olefins in high yield. The

catal ytic process according to the present invention provides for a unique
met hod for converting a-ol efins_ having a_carbon nunber  of,

for.ex | e,
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desired linear C¢-Co 0-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 1 is an integer from about 3 to about 20. For example,
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-octene with
ethylene to produce 1-decene. The present invention utilizes a unique
organometallic catalyst that is capable of producing: (a) a Cpiz linear a-olefin
from ethylene and a C; a-olefin; and/or (b) a-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 o-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 orgainometallic |
catalyst to produce a C,; linear a-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.



organonetal lic catal yst that is capable of producing: (a) a G +2 |inear
a-olefin fromethylene and a C' a-olefin; and/or (b) a-olefin products
wher ei n ewaros/o7pmnoduct contains at | east one C' fragnent stcmwsoag3dssom a
reactor C' reactor feed. [0014] In general, the process for producing a
linear a-olefin according to the preseng_invention conprises: reacting a
feed conprising a stoichionetric excess of atermnal C" olefin wth
ethylene in the presence of an organonetallic catalyst to produce a C +2
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1- butene, 1 exene, eptene and 1-octene and m xtures
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A

singl e ol eférmindl dlefins wtill heasdizedp63 piktferablyyal cenlaining asingler abl y
conducted at a tenperature_in the range from about -100 to about 250C

nor e preferahﬁylﬁgfhééﬁﬂﬁﬁéut room tenperature to about 100C. The pressure
during the coupling step is conducted at a pressure fromabout O to about
30,000 psig, preferably between about 0 to about 10,000 psig, nost

pref er abl y en ab is SrORABIS cBnd il Q6d & a TRpératiFe dathe! ef i n
to ethyl enemigﬁcal I ngfaes&gb%ggﬁéﬁlg?’iro i rllﬂfhe P
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 to about 30,000 psig, preferably between about 0 to

about 10,000 psig, most preferably between about 5 to about 3,000 psig.

[0017] 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 10:1 to
about 100:1.

[0018] The reaction step is preferably 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: ethane,
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 8 metals, Group 9 metals,



range between about 2:1 to about 1,000:1, preferably between about 10:1 to
about 100:1. [0018] The reaction step is preferably a catalytic coupling of
sai d ternwoais/o7zd2ef in and said ethylene to formsaid | i neacTassmBeidssn. 1t is
al so preferred that the reaction step be perforned in the presence of a
sol vent. The solvent is preferably at |egst one solvent selected fromthe
group consisting of. ethane, propane, butane, pentane, hexane, tol uene,
cycl ohexane, cyclopentane, tetralin, nethylene chloride, chlorobenzene,
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[ 0021] Fina ear C'+2 a-olefin of the present invention is forned
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;



fromthe reaction product of a stoichionetric excess of a termnal Cn
olefin with ethylene in the presence of an organonetallic catalyst. [0022]
QG her andwiowstohesn9 obj ects, advantages and features of the RUTEG®BH38S3
invention will be understood by reference to the follow ng specification in
conjunction with the annexed draw ngs, wherein like parts have been given
li ke numbers. BRI EF DESCRI PTION OF THE W NGS [0023] Fig. 1 is a graph
glg)o]'gtl nghcoupl i ng ve][sgs ol i goneri zation reaction for Exanpl es 9, 10 and
or the pu se o enpnstrating that as the feed.ratio. ent ene
to ethylenel Q@i‘ﬂges HHe- 2&1@@%’[}1 gL PUPLIBE VeSS O 2omeTiA Péﬁ%&mn
di meri zati o oduc&is(égﬁ 4)6 anges WO 03/ 072529 PCT/ US03/ 03853 -9
[ 0024] Fig. gagp ‘?ﬂ ’taf coupling versus oligonerization reaction
for Exanples 4, 5 and 6; and [0025] Fig. 3 is a graph plotting coupling
versus ol igonerization reaction for Exanples 16,17 and 18. DESCRI PTI ON OF
THE PREFERREGDZ3{BODI MENES3 ﬁi)@gﬁiphT;bleﬂmmm]ﬂlmgmﬁesuS Qilgqmnmamm raactedrhod
for producing |inear a- ol efins by contacting ethylene with a-ol efins, such
as propyl endor Expmplasel6 17 anght&ne, 1- hexene, 1-heptene, 1-octene or
1-decene, under certain tenperature and pressure conditions conducive to
form ng coupl ed products while mnimzing or totally elimnating, any
pol ymer or g RR%WDD@EN’I@ ly, in this process
a-ol efins, - yHente . e, 1- hexene, 1-heptene,
1-octene or 1- decene are used in excess

[0026] The present invention provides a method for producing linear o~
olefins by contacting ethylene with o-olefins, such as propylene, 1-butene, 1-
pentene, 1-hexene, 1-heptene, 1-octene or 1-decene, under certain 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 a-olefins, such as as propylene, 1-butene,
1-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,
1-octene or 1-decene, to ethylene is typically from about 2:1 to about 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, and at pressures
from about 0 to about 30000 psig, more preferably between about 0 to about
10,000 psig, most preferably between about 5 to about 3000 psig.

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

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



conpared to ethylene. The nole ratio of a-olefins, such as 1-butene,

1- hexene, 1-octene or 1-decene, to ethylene is typically fromabout 2:1 to
about 100Wwaole3o7gsef erably about 10:1 to about 100:1. [O002#cTTise3pssssess for
coupling a-olefins and ethylene according to the present invention in
order to yield desired linear a-olefins. jgu.one step is conducted at a
tenperature in the range from about -100 to about 250C, nore preferably
bet ween about roomtenperature to about 100C, and at pressures from about

Eﬁ t ;g’h:frﬁﬁi BFETe gﬁ%%_ﬁéqfé@iéﬁ efpghers bhielit i dg8h Be s8R Bk . WheR®
nmore, ¢ . ; 2. |
ake ol ace. PASIEK A diCHE ih A REER LAY shabIESORCARAMEIITY Bt hie ot oy

ol efin), VOQHLiHSARaRCProihe, B3RS, pentthe) hekimey tolasn@wystohemage, ol ef i n
3t in th

in gas phase and catal yst e solid phase). Wen coupling is conducted
in a sol ventyglbpemtaneictralih emstiylenet chloride, shéorobegrzeneechloroformaPt ed t o

et hane, propane, butane, pentape,. hexgne, toluene, .cycl ohexane

cycl opent andichlerobgnzene, ﬁéﬁh@?l(ﬁ%déﬁpgrm%‘}reﬁm%F%enzene, chl oroform o-
di chl orobenzene, carbon dioxide and m xtures thereof. [0029] Coupling in

the gas phase requires a solid catalyst or a catalyst on a solid support.

Support ed CmﬁngtS h?’@g?@%ﬁggﬁégﬁé ﬂgﬁeiraqlﬁi‘é@é‘sémﬁﬁétﬁl@lst 6r a gamlyshage

catal yst technology a Pat ent 5,554,704 which is herein

i ncor por at eg Sblfidrsﬁ?ﬁf)ﬂ.n&lp biSePatiystShdbmbheendlasedbedin Bxpow Chemicalis
produci ng a suppor

?h r 3 nge n; Ffﬁggﬁigﬁg&ééﬁbtﬁgg ﬁéé@ﬁ%ﬂgﬂﬁ %%?‘l&ngﬁh%‘é% P"&‘P]g B:ggeh "
separ at ed f hEHRID incorporatecﬁ)y LR ence NS BRSNS 3443700 @hlbsY HAUELs fof then
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 o-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 Cpto C,



the system [0030] The process of the instant invention can be carried out
in a continuous, sem -continuous or batch manner. The continuous process
i nvol ves wihes/oozmbi nuous addition of reactants and cat al ystiCeusoposssats to
the reactor with sinultaneous renmoval of the product. For a gas phase
process, the catalyst may be charged tqﬁthe reactor prior to the

i ntroduction of the reactants and renova the products. Alternatively,
the a-olefin, solvent and catal yst conponents can be charged to the
reactor with ethylene sem - contrnuously dded to the reactor .as i IS

consuned. CeeupeaRrds/in the produgtapixprscalse kngyn asithe chalg sawih fagtoy

Consumpt | on VB PRECRIG rqﬁﬁﬁefﬁg%%bﬁ s Gt B GF et f%%%ﬁr%ta ysts

useful in t@%s%ﬁﬁ?ﬂésé%Yﬁ?&tg%ghﬁlﬁﬁgﬁﬁ@'-F ﬁ&bﬁtéf@dbu@o':s orrégmemgﬂ ory)

constant of Téss than serve for ethylene oligonerization,
wher ei n t hemastofetBgt@nt is calculated fromthe ratio C ,+2 to C, WO

03/ 072529 PCT/ US03/03853 -11 conpounds in the product m xture, also known
as the chain growth factor (a) More preferably, selected catal ysts

exhibit an S-F constant of t out h t e cata sts

exhi biting HO3ZIF con I?Sﬁ@eré SHB%@? cetagv%? t}}agggl?@\lfthasea@g rred.
[0032] In general suitabl e catal ysts that exhibit these char acteri stics
conpri se: %nsr tion metal conpound wherein the transition netal is a
G oup 6, 8, 9, 10 or 11 netal or mxtures thereof; 2) in the event that the

transition netal conpound is not in the
1) a transition 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



oxidation state of zero or that it possess a nonoanionic |igand sel ected
fromthe group consisting of: hydride, substituted or unsubstituted Cl to
C30 hydr owardsyl72529 al koxi de, aryl oxi de, am de, halide, phosui/d®3/08853 G oup
14 netalloids, an activator (also referred to as a co-catalyst) is
preferably added to generate the activeipransition netal/activator

conpl ex, said activator being in anobunts sufficient to activate the
transition netal corrpound The activator is typically present in a

stoi chionetric t to 10,000: 1 activator:transition netal conplex.
[0033] The $tr Hm Y of transition netal -based catal ysts to

under go a- hydr m.n n reactions has largely relegated this class
of catal ys%‘s ﬁg(ﬁ?ﬁﬁ ecﬁ?ﬁ%%tg in dinerization and oligonerization

processes. Qo tlaﬂo\éésf Sq.EgP ERSRRRes are discussed bel ow
Chromumtri rren'?Pzaplgn cata yst SS(o 2 pe NI and Pd catal ysts
Pyridine bisimne Fe or Co conpl exes WD 03/ 072529 PCT/ US03/ 03853 -12-

Ni -BBI M catal ysts N -thiolene catalysts Shell Hi gher Q efin Process
(SHOP) cat aI[9634;] [oosdnuasuratw, ihaughenotilimiiing eramplenp suitpblx satplisss of

sui tabl e cataly r{feﬁ dlée(u;\cise descri bed bel ow. Chrom um Trinerization
Cat al yst [0@@@}1 tfd ¥'8% um conpl exes as disclosed in

US- A-4,668',838 ; US-A-5,814,575 and US-A-4,777,315 (which are
i ncor por at ed her ei n by

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 MAO, 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 (D) a-diimine Complexes (“Brookhart” type Ni catalysts)

Q@



reference), which conprise a mxture of a chrom um conpound, an al um noxane
and a third conponent selected from hydrocarbyl isonitriles, am nes and

et hers. ®toddo7zzbher catal ysts may conprise a mi xture of NE@/UPekys3ent at e
phosphine and chromumsalt. Qher catal ysts, such as, triazacycl ohexane
conpl exes of chrom um catal yst as disclggsed 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 (Il) a-diimne

Compl exes ("Brookhart" type N catalysts RRR ./ NN_Br/ Br
03/ 072529 PEI03603/ osmoihmtymssqtahrc@ § n WWM@D&?}%%/&IDncl ude

cationic N (I1), and Pd(L1) -di i i ne conpl exes. .].n e ve,formyl.a Mis
either Ni oro-BHIHAR CRBPICHES; 3ﬂ%%gfé%‘é%ﬁjéwl%/ﬁ§bﬁ f‘éﬁ’f’ééﬂﬂr ﬁﬁf ke 15
hal ogen, hydrocarhyl . substi.t 0 , , and
substituted lﬂg?@rnaﬁ%}f 8@&?%& ﬁ‘j&ﬁﬂ’éfr‘{ﬁ gg‘%}’ %%L@éhi 1&2‘%@?%%%@%&%‘%% aryl
Ortho subst ifydeth sildtsupstitbd hdrirdpgarstasbit EWBeRr oduce a
Schul z-Fl ory |(gt%a?l|) ﬁgfﬁﬁg}fdﬂe)tbﬁ??gne ol i g(l)mars. Tr Zat ment” of the Ni(11)
di broni de cqiiphiensdizands fadidy bulkyi driyborth\substitedrity bre wseidythd restiimgnoxane) ,
or alum num al kyl activators, such as, Et2A1CL in toluene generates active
cationic caﬂﬁll([lgibgs@m&}tst@ns goerdice 2eSchulzfdery digiribubianod ethyleps gligomess. y
di stribution, of |inear, a: fi.ns. action_condi t can. | NSt ed
wi thin the roegassod e 4bgimaf %‘EP@@E‘?%/W% MAY,; ‘Bﬂagge%glg@% or
(methyl isobutyl aluminoxane), or aluminum alkyl activators, such as, Et,AlICl in
toluene generates active cationic catalysts that oligomerize ethylene to produce a
Schulz-Flory distribution of linear a-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:




| i near 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, 65W,0 o3al7ts20 ncor por at ed, by reference herein. Pyridirga/isoesisdasae Fe or
Co Conplexes: R, NRL R I I R \ NMNC1/\1 R3 R3 WD 03/072529

PCT/ US03/ 03853 -14 [0037] Fe (I1) or Coigll)-pyridine bisimne conplexes
can al so be used as oligomerization catalysts according to the present
invention. In the above foenula Mis either Fe or Co and each of Rl, R2,

and R3 is independentl sel ected from hydrogen, hal ogen, hydrocarbyl,
substi tuted [ﬁ9§7]ocar byﬁ(e, (It &p §Hy By BEMaSINIRR FOTPINSSt o be tsed as

h h .. As. Ll pe- '
el | ad um catigeysraTioRd AR arSlralet e B BRRIST I8 GERLyR
retarding chiglfufd AR Gfhck ®eRR0) nd cAUEDE RPITES ha R iE ikipoRRLNTP

Accordingly, "as Iigand 'k i's reduced by vdrying the ortho substituents on
the imne aelctanohyhydropen,ieloydhydrboashylnaibstitited hpdetoattpyly i di ne, a

favorable shift to ethylene oligoners occurs. By reducing the steric bulk
O pSoe pimtaoplscsatyienid i bceirarhy Assisaryskior i gorvr 2
sel ect i vi t y diimaingthased njgkoh angd lﬁ’éHédiﬂéh%IF]é@thF@l l?g:]h‘qgg% e ﬁ'ﬁ%ﬁg‘g@ 6etEnik72,
b Do 20320 Kt POt il GeP B 6B hlfH 1 Far WERLPRERERE. Mot
Accordingly, as ligand bulk is reduced by varying the ortho substituents on the
jmine aryl and by using formylpyridine instead of acetylpyridine, a favorable
shift 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, 120, 7143 and
Britovsek, G. J. 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



appeared in Small, B.L. et.al. J. Amer. Chem Soc. 1998, 120, 7143 and
Britovsek, G J. P. et.al. Chem Commun. 1998, 849 (incorporated herein by
ref erenceyo @roe22bso useful in the process according to tlrETpU®SOsHs3
invention. The turnover frequencies are dependent on catal yst structure,
ethyl ene pressure, and tenperature. N-PBRI M Catalysts [0038] N -BBI'M

cat al yst conpl exes, when used with an activating cocatalyst, provides a
catal yst conposition, which is useful herein for the coupling of a-olefins

e o NeeR RO E k. PSR Mh G g ol 2
o7t a0l ¥ BoblaiL ol Al nsalh stlodul GSRenAgRd Tavi n0 8 VO 031072526

nitrogen |igand and activating cocatalyst such as nethyl al unoxane
(a.k.a., "MAQ'). [0040] The conposition of this catalyst is preferably a
transition p@A40] conplhexcomypositionref this watadyst Ns rxierablywndrasisition agial s o

or 1. X and X are, independent]y ted ., fromth ou nsi,s¢i ng. of

hal i des, hy&em@iex haying 8&0@8@%%3&99%36@ ‘%:f%ﬁﬁ%% o a&ﬁ%l arcey

t hrough C12. al kox r 0 : t h y koxy,

aryl, thiol Q#@?Hgﬁtgﬁg%gezg ?1-8% %h?: aﬁd gbh%i%%l?ﬁg %%ﬁ’d?&éﬁgg’oﬁg@%s. and

cycl ool efi ngecaid BBYtES, NES tHBLEA )C,) RlIE1, @)ithFoushneNoaRox9aC;ithé®igh Cy is a

ni trogen-containing nonodentate, bidentate, tridentate or nultidentate

li gand havi egclowtkydr Gprikrotighr @encydeatkoxyndry i thiolaiesk elarbqualtheunoxideor

plati num [0041] Preferably, X and X are, i ndepe?_dent Ia/ selected fromthe

group 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 platinum.

[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:

R2 T1
' N
N:f"
R3



consisting chloride and brom de. Mre preferrably, X equals X [0042]
Hence, in a preferred catal yst conplex, L nay have the formula A(ZR*), nA
or AN whews o3/042:2md A' are am ne segnents independently sal@uwwdio3dssom t he
group consisting of: R RL | N R3 WO 03/072529 PCT/US03/03853 -16- R2
RL R3I N NRIR RZRL R3and RZfZ R R3 R3 wherein Rl is

i ndependently selected fromthe group consisting of hydrogen, ClL through
Cl2 al kyl, C3 through C12 cycloal kyl, aryl, and trifluoroethyl; R2 and R3
are independently selected fromthe group consisting of hydrogen, Cl

t hrough Cl12 al kyl, R€3 t hrough C12 cycl oal kyl, Cl through C12 al koxy, F,
d, S8, Cl s Rl

|
N

/ ;\_
Q-
R3 . R2

R2 R
I
N
N'f :
e , and
R2 R2 'T"
N
Nx’
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
Cy, alkyl, Cs through Ci, cycloalkyl, C; through C;; alkoxy, F, Cl, SOs, C,
through C;, perfluoroalkyl, trimethylsilyl, and N(CHs),. Z is carbon and R¥* is
independently selected from the group consisting of hydrogen, C, through Ci,
alkyl, Cs through Cj, cyclo alkyl, aryl, C; through C;, alkoxy, F, Cl, SO;, C;



t hrough Cl12 perfluoroal kyl, trinmethylsilyl, and N(CH3)2. Z is carbon and R*
is independently selected fromthe group consisting of hydrogen, Cl

t hrough CN® o3al7dseb, C3 through Cl12 cyclo al kyl, aryl, Cl troTousyb/o$3E2

al koxy, F, d, S03, Cl1 WO 03/072529 PCT/ US03/03853 -17 through Cl12
perfluoroal kyl, trinmethylsilyl, and N(CH3)2. Finally, mequals an integer
from1l to 22, preferably, mequals 1 to 12. [0043] Anong the various
nitrogen |ligands, the following ligands are particularly preferred:

T T bt o( 1. okeben Reeveliyh sl and MR Spinally, m equals an
o 27 L i pyr | dhe ZO' ﬁ‘%ﬁ Ui RRpRab0, %ghp&?.ﬁ(}"ﬁ%y' prridine

4, 4' - di et hyl - 2 2' -bipyridyl, 5,5 -dinethyl-2,2"- bipyridyl,
6,6'-tert-butyl -2, 2 dlpyrldyl 4, 4' dlphenyl 2,2 -bi pyridyl, 10-
phenant hr ol |[0943]2 7- di Amtomg| e, iz@mpmammmbgﬂmlhgaads Sﬂ& dmlinwingl llgandSOare

phenant hrol i ne, 7-di phenyl -1, 10-phenant hrol.i 9 dl -
di phenyl - 1pal@0t}iﬁﬂﬁant hrigefereed: 1, 1" - bi s( 1 lmi%W@ &ZQilbr}jﬁ)‘ﬂ

gfwf)ggﬁtzr %‘5@@9 y@a 1@%; Byijﬁgﬂé butyﬁ)%%lzlmld}e/lzg)l f}% tpaerﬁ?dne and 5) bih 5%2 ((}
35 bia(L. S bRBTBH AR D LR e Bfoysiding, 22-iomdige, 44"

bi pi peri di ”%hm@thr?mZ N—blp%ldkllet r arwnhaih@éthyl Eaedilfyﬂdw,, N, 58'-di¥nethil-2,2'-

tetraet hyl et hyl enledi'am née N -tetraethyl -1, 3- propanedi am ne

N, N -di - tebipyidyll et ﬁ,ﬁr-mrebu@mm ~dipyHitlyki b&;%ﬁlmwyhéﬂéMrm ne, 1,1

NN i phenypliennybeiiham sd-daiil s frekeabr@yeltes 2. 25 OHg-bna 10-

m ﬁé? Lgiyhggﬁgm tthlcl)ﬁleél] I,bﬁdlph%nylt-)i,s( %Onﬁ&%ﬁﬁaﬁh@ dags! '2":9ydiﬁfe%yl-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-y1)}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'-diphenylethylenediamine
and 1,4-diazabicyclo[2,2,2]octane and mixtures thereof.

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

eslee

/



| i gand has the follow ng structure: \ 1 Ol / 0 W 03/072529

PCT/ US03/ 03853 -18 [0045] The 1,1'-bis(1-butyl benzi m dazol -2yl) pentane

| i gand hawads@72$20! | owi ng structure: H CA C4HO CAHO [ 004 @ CTThe®3/03853

2,2 -bis(2-(1-ethyl benzi m dazol - 2-yl)) bi phenyl ligand has the follow ng
structure: | \ ~ CH S [0047] The catalygt may also be the reaction
product of the conposition having the formula LMX(X )n, as defined above,
and an activating cocatalyst. The activating cocatal yst may be sel ected

fromthe group consisting of _alkylalunmoxanes, glum num al kyl s | um,num
hal i des, al IIQ&%]I um nL;FHehaHd%{l'%E@WW@gPI'ZVﬁyIPQP%& ié@ﬂfls,%aﬁnﬁhe

m Xt ures th%reﬁof. More preferably, the activating cocatalyst is nethyl

al unoxane. [ ﬁ‘élfng;g%l f¢i ds other than any of the foregoing list and the
m xtures of the foregoing can also be used in conjunction with al kyl ating
agents, such as nethyl magnesium chloride and nethyl |ithium Exanples of
such Lewis acids are tlgse conpounds corresponding to the fornula: R'"3B,
where each RZ

CaHy |
CyHy CyHy
[0046] The 2,2'-bis(2-(1-ethylbenzimidazol-2-yl))biphenyl ligand has the
following structure:

@g Yy b

C,Hs

[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””;B, where each R™ is



-19 independently sel ected from hydrogen, silyl, hydrocarbyl,

hal ohydrocarbyl, al koxi de, aryl oxide, am de or conbination thereof, said
R'" havi ngaus/res280 nonhydrogen atoms. [0049] It is to becpmsienssased by
those skilled in the art, that the above fornula for the preferred Lews
acids represents an enpirical formula, apd that nany Lewis acids exist as
dimers or higher oligomers in solution or in the solid state. Qther Lews
acids which are useful in the catalyst conpositions of this invention wll

be apparent to th Kil|led in th . [0 | ti '
2horemy staoe i it afs S ST b
materi a | i ncl udes t Em i is '

and i nor gan?]im eoWg@&dqﬁgn@%pglg%gmﬁﬁéﬁg}ht@%gy ggﬂvdggmbceha&ggg E@uts& 30%

material s Sﬂﬁﬁﬁgg%ﬁﬁﬁﬂé.e”e pol yolefin or polyneric conpounds. The
support materidl y also be any other organic material that has an

av;ariaget particle si ZFI greﬁter t han approxi mately 10 m cron. These

catal ysts are general |y physisorbed on the support, . The catal ysts gan al so

be SUppgeré?' mes o poisotes beepprecadted byr Hyase liﬁd {th %éﬁal?l}%‘tﬁ’@oéﬁﬂv&x i s

supporte .silica. ,To prepare a.su rted |y . 114, e Lt l.san

can enpl oy¥9¥mﬁﬁ%$’ég?ﬁﬁpfﬁ§%’§.eé E@Wlé?gﬁIrSPreégﬁg@sg&lgﬁfg?ﬁ%ﬁlgb vgrﬁléiuch

as tol uenem;a?l? Lb&m%raec')?%sr @%spéls Eitr)iférg%rtﬂi' G| B onisdrs h sBIuERINV& - theGolidat or
n then be adde t

l'i ke MAO cal to obtaln a Suspension. The support materi al
such as si ki CRRet Dewidacidddeblich Tare usefil tinethe catalpstcedihpositions ed this r oom
tenperature for 1 hour and the solvent evaporated under high vacuumto
i sol at e powisrentiFhevillshepanparent todhess skilledin theeit-be used to do coupl i ng
[Jegct :Dotns.t[0051] O her exanples of suitable activators are discussed in

. S. Paten

[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
supported 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
WO 03/ 072529 PCT/ US03/ 03853 -20 Serial Nos. PCT/US97/10418 and

PCT/ US96/ e@/@Md72:2b| i ncorporated by reference herein. N -HdT/wd0ensss3

Catal ysts [0052] A variety of N -thiolene catalysts can be used to catal yze
the a- olefin and ethyl ene coupling taughg.-.herein. For exanple, in the
presence of MAO nickel conplexes, such as, nickel dithiocarbamate, nickel
di thi ol ene, and nickel 1, 3-dithioketonate conplexes efficiently catalyze

the coupling of.a- o ' hyl t. preparation is

descri bed i %65181 g@ﬁdi’ﬁf;@ﬁa?ﬂgéwﬁmm@%ﬁﬁéﬂ&wﬁﬁtg‘ik%/. on, Seri al
No 10/02197 eife.kérﬁcg l.%éﬁper 30, 2000, entitled "Method for oligonerizing
olefins to formhigher ol efins 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 sulfur-containing contam nants. For exanpl e,

t he cat al yt INi-thialen¢ Catalystai ckel bis (1, 2- di phenyl et hyl ene-
1,2-dithiolate), e.g., N (S2C2Ph2)2 is only slightly inhibited by n-propyl
mer capt an and t hi ophene. The sulfur-tolerant feature of these sulfur-

Fepor tod calQ5aY o+ nds SHFRND o UeioiBhe XaR RS (it udfd B oBARZeME 01 !
requiring %ﬁﬁp%ﬁeeth?%ecécﬁ%mmgptau RITBeRIRANIF &S eRimples Kl the Opfiek &S of

i nclude nic di thi ol ene and nickel” dithi ocarbamate conpl exes,

Ni ( S2C2Ph2) MAQyidiREAoTmARR$2 sudh aS2aiBel2dithioeartyandates1dmi abilhivlesy.cind.

[0053] The N -thiolene catalyst conposition may conprise an activating

co- cat al yst nigkel al,dediffiaketonatei agmplexes opffisiently satglyzathe cqupling 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,Phy); 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,Phy),,

Ni[S,C2(CF3): ]2, Ni(S,CNBu,),, and Ni(S,;CNBu,)(PPh3)Cl.

[0053] The Ni-thiolene catalyst composition may comprise an activating
co-catalyst and a compound having the formula MIS,C(R'R®)], or
MIS,Ce(R'R*R*R*)],, 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( RLR2R3R4)] 2, wherein Mis a transition netal, Ra, Ro, R, R2, R3 and
R4 may be the sane or different and are are independently selected from

t he groupwacmns2®gbi ng of hydrogen, electron w thdraw ng grrRIpss0anssss3
unsubstituted and substituted hydrocarbyl groups; and an activating
cocatal yst. Such conpounds WO 03/072529_#CT/ US03/ 03853 -21 having fornul as
(1) MS2C2(RaR)]2 and (1) M S2C6(R1IRZR3R4)]2 are known in the art as

nmet al dithiolene conmpounds. Dithiolene is a conmonly used nane for

[0054] compbinee bl MG e Pt BRIl Al o i
sui tabl e Som@gwaﬁh il dhePL Rt RS ISR ol R Rl

obt ai ned C|a source repared as desc accordi ng to

met hods knowrm_ehétiti61adé br béfmnéqumeth@élam retaed dlthildtes.obt ai ned
comercially. Typical exanples of how to nmake the dithiolene conpounds of

formula (1) can be found in the literature, as disclosed |n Schrauzer, et

al., J.ACS., Vol. 87 (7) 1483 9 orated by .reference
herein. Ani 054t comScumpe %tgm‘ia? a)t’d@]énm % by a drtE'aEetaic é‘

g? t :: ,sa!]t Aw?fit?l;blar 6@1@%1%‘%‘“?% 18}1%?@{?%)1%: %gk%eadﬁr% O por a‘fh hﬁgf% Pe er ence
herei n. Theﬂg)gxiftcf)ﬁim&%Fd‘I‘sﬁﬁrJeQ rdi“ﬂrg;l)e(rbﬂ hs'&s&?@&ﬁﬁé&k&n@%o%bﬁ@ﬂs Ridown

ei ther che 'y or electrochem'cally. Additionally, compounds of fornula

(1) may beiprbeueed The sdeceofaastatsah alghtbei obthin8d dahmetrcidldy. GTm@abgz
to Wang, et al., and Davison, et al., Inorganic Syntheses,_ Vol.
(1967), bot kxamplesrofdrew o nigkertbe slithielene spmipeundg of formula (T) can "bé found *

in the hterature, 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.A.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.

Ra
ﬁs
M
S b
M[S,Co(R*R)],

(1)



MSb 2 MS2C2(RaRb)12 (1) WD 03/072529 PCT/US03/03853 -22- -1 SR2 1
3SRAR2 MS2C6(RLIR2ZR3R4)]12 (11) [0055] The structural fornmula for the
transiti owonstoabs2bi s(di t hi ol ene) conpounds are shown aboweT/wsosossssl a (1)
for MS2C2(RaRb)]2 and in Fornula (I1) for M S2C6( RLR2ZR3R4)]2. In formul a
(I), Mis a transition netal, preferablyjyeither Fe, Co, N, Pd or Pt. Most
preferably, Mis Ni. Ra and Ro nay be the sane or different, and are

i ndependent |y sel ected from hydrogen, el ectron- w thdraw ng groups

i ncl udi ng those that are or contain heterocyclic, cyano, carboxylate,
carboxylic ester, ketR" nitro, and sul fonyl groups, and hydrocar byl

groups, includi gguns bst iR%lt d, fully substituted, and partially
substituted al k7 \ eycho al kyl, al kenyl and aryl groups. Preferably, Ra
and R b will el e wi t hdrawi ng groups, nore preferably, cyano groups
or hal o substiTHt ed RS, ven nore preferably, halo substituents such
as fluoro group$ §nd rost R%)r ferably, Ra and Rb will be C173 or CN

R4
M[S,CsR'R’R’RY)],

(1)

e,

[0055] The structural formula for the transition metal bis(dithiolene)
compounds are shown above in Formula (I) for M[SzCz(RaRb)]z and in Formula
(I1) for M[S2C¢(R'R’R’R*)],. 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 preferably, cyano groups or halo substituted groups,
even more preferably, halo 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 also is a transition metal with the
same characteristics as described for formula (I). RY, 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



[ 0056] Another type of N -thiolene catalyst conplex is a dithiolene
conpound that contains benzene dithiolato |igands, represented by the
structurewde/fzaoul a (11) above. In the formula (11), M @cI0OUS03/03853
transition metal with the sane characteristics as described for formula
(1). R, R2, R3, and R4 ny be the same.gy.different and are each

I ndependently sel ected from hydrogen, electron- w thdrawi ng groups as
descri bed above, and unsubstituted or fuIIy or partly substituted

03 07252 petgsoprelssest) WKy sEF Loy s s Befreco
carbon atong( b]t'ﬂ}ﬁ %1. dél%&@&@(tnthcﬁé tg?&lrpsar PréfefHl thémg}(g\ﬂ; qymangalo

groups. PrePer group 1s a [ 0057]" Thus,

Ni -thiol ene al yst corrpl ex can 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 ferab th hal o- al k

E_retE irgblby {Q{g ?corrpolﬁ’é‘sa @'emﬁ’&?’gégﬁwﬁﬁgﬂ 30X %@Piﬁeag’é' %Eﬁt@o%tn gllte
Is[1,2-bis ) et t rﬁﬁfe | s 058

The acti vat ﬁ?gi 20631% Fﬁébray Eglllege e@tlg%ﬂ?r gérlttlgt hEeO&0 x st | n [aO ]

al kyl al um nexypestedal, %B&Whl@le{ta’ wher@thedubstituent isctﬁﬁaryiibkﬁlkyl gkwp rmme

halides, Lew s acids, alkylating agents, and m xtures thereof. Preferably,

the activat prujembbatthbya]ﬂ(yl sgroap higl al haﬂxom:lkyh@ro@momc} migst mretembiyeﬂ@

cat al yst conpl exes described above may al g pported e suppo
materi al i scmﬂén@bl yisa p@eousb}ﬁZ@@?lPh?n@Aﬁ chmie | udegmpo \5‘?1‘5] i O, ngt

limted to, 1 s[D5S 1s{tr1ﬂ(1)1)((){rc9rrelgﬂ1y )%thcyler%q?,2-&%18&@6fm%&'1 QbiffRtmdThe support

[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 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 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 o-olefin with ethylene that may contain contaminants.

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



material may al so be resinous materials such as pol ystyrene pol yolefin or
pol ynmeri c conpounds. The support material nmay al so be any other organic
mat eri al Woad3/hzr9an average particle size greater than amomossosmssssy 10
m cron. These catalysts are generally physisorbed on the support. The
catal ysts can also be supported on neso%%rous materials. In a nore
preferred enbodi nent, the conposition is supported by silica. [0060] The
met hod taught herein utilizing Ni-thiolene catal yst conpl exes

advant ageougldfud@HR! €9, 3afdfBihk \CYHS, H,6, 002 alkyines! anbsulfiondditaining

contam nants. HencCe, the coupling proceeds with non-pure a-olefin feeds.
Such cont ancompoant) SH8h@F 15,39 nRETANIBE3 S0EBES, thicpenes end deriMativeso
paraffins, C2H2, H20, C02, al kynes, and sul fur-containing conmpounds, such
as H2S, rrerﬂmwafas, sul fides, thiopenes and derivatives thereof. Shell

Hi gher O efin Process (SHOP) Catal ysts: [0061] Catalysts used in this
process are neutral nickel (Il1) conplexes bearing bidentate nonoanionic

l'i gands. Th%h@ilg—_'ﬁ%igef_@)tl@ﬂ?%ﬂ&e@ﬁ ggﬂm)@gtglgstsprepar ed in situ froma nickel
salt, e.g. T phosphorus oxygen ligand |ike

o-diphenylphosphinobenzoic’acid. Catal ysts which have been described as
useful as SHOP type cataléfts are described in U S  Pa ?nt Nos, 3, 635, 937,
3, 637, 636, POM, 523 Adalyssased i this procesyars peavel aicks) (Hirempliaesher ei n.

oL R R GRS B e R s MR AS 1293, 2
5o user ul PREPoRRE R 0 AeickRiiht CEORRSRRIR R il crence) are
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.,



I nventi on.
ethylene in

[ 0062] The process according to the present invention utilize

adm xture with single or mxed linear a-olefin feeds or

I nexpensi we® 03iRest9 i somer feeds, such as butene raffi nat edinego30ssspri se
bet ween about 15 to about 25% 1-butene. The present invention is furthe
described in the follow ng non- |imting28xanples. Exanple 1 Preparation
1, 1' bi s(1-hydrobenzi m dazol - 2yl) net hane (HBBIM [ 0063]

1, 1' bi s(1- hydrobenzi m dazol - 2yl ) met hane (HBBI M was prepared by the

procedure r
WD 03/ 07252
product was

248.29; np 331C

7.16(q. J= 5 s = 2H) Lz, AIR T 56(a2) 3,136, MR, S
150. gs,q 139%{;]%9?2&})9{187125&%3 7.2H)HZ BT (lczlzm): EXWR EREHTS)

SEFlol IR o0 38108 ol wlp resbenzgd i, Yo

SRR ALY A i 38 LSRR

t oac) . anple 2 Preparati

5. Ri= 0.28 (

of 1,1 bis( JZ-.ﬂ(tsyIH@,rfiCrNNﬂZQCDZSO)@E@) anlé (@, dput, BRI, 1150089]7.Rf= 00 ¢
(8.06 Mol ) quantity of HBBIM (product of Exanple 1) was dissolved in c
20 mL of dr Y.2Z%BBoagter Ar. Then 2.0 g of NaH (80% dispersion in mneral

oil) was added slowy under a positive flow of Ar and allowed to stir for
an additional hour. Then 2.60 nL (24.2 mml) of 1- bronobutane was added

dropwi se. The m xture was stirred at {Qom erature for one hr foll owed
by an additional 1 hr at 40C. Upon c e reaction was

Preparation of 1,1°bis(1-butylbenzimidazol-2yl)pentane,(tributBBIM)

[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. Cy7H36Ny, FW = 416.61; mp 82-83°C "H NMR (CDCy3) 6 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,
4H), 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 (CDCl3) 5 151.8, 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).

S

S
r

A,

on

a.



guenched 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
wat er anwaldioees2bn a vacuum oven, then recrystallized fr@aorasmssssse of
cycl ohexane and acetone. C27H36N4, FW = 416.61; np 82-83C 1H N MR (CDC13)
b 7.79(m 2H), 7.24(m 6H), 4.88(t, J=_3¢9 Hz, 1H), 4.16(dsep, J= 5.0 Hz,
J=40.9 Hz, 4H), 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). 13C NNIR
(CDC13) S 151.8, 142.4, 135.6, 122. 6§ 122|! 119.6, 109.7, 44.0, 40.9,
31.5, 31.2, 30.1, 22.5, 20.0, 14.0, 1 3—073(Et05\c) WD 03/ 072529

PCT/ US03/ 0385
[1, 1" bis(1- bu%?%g’ﬁs %gz or- [Zlcf) pent an@ﬁ}%@ﬁ@ (ﬁﬁo)l-Zy(lj)peHltane]glckel(II)

[Ni (tributBBIMC12] [0065] A dREléridé PN#ZribueBBIND@N]i ty of N Cl2. 6H20 was
dissolved in 20 nL of absolute ethanol to give a yell owgreen sol ution.
Then 190 ng (0.46 mmol) of tributBBl Mwas added foll owed by the addition

For ca. 5 miM0ethon chdlRiae (b o anmDiraity BF ML PRacuesafiue iy of
by, 'pSmWZﬁeCng@%&da‘%é%gﬁféﬁwé‘i@%ﬁx@i%@g?w et DK PR (B4 Fow

X-ray cryst fi%lln%%f@ﬂot?ib%tBBMnfaﬁm foliowwediR( the addliffor £ D690 of\trléth 114. 1050
A ¢ = 14.3130 ~3=97. 2200, y=900,V=2817. 80. Exanple 4 Ooupl i ng
Reacti on of otthdoineme. The laollﬁtlb;alvmdldamdq@ gm(tterreﬂux)tbm M @i Upon

cooling violet dichroic blades formed and 227 mg of solid was collected by

filtration and washed with triethylformate followed by pentane. (98%),

C57H36CoNyNi, FW = 546.22; mp 324-325°C (decomp.); X-ray crystallographic

data: monoclinic, P2(1), a=14.0690 A, b= 14.1050 A, ¢ = 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(1-butylbenzimidazol-2yl)pentanenickel(II) 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



Catalyst [0066] A glass lined Parr reactor was | oaded in an argon-filled
gl ove box, wth [ 1,1 bis(1-butylbenzim dazol-2yl)pentane]nickel (1)

di chl ori dwo (3Mi7¢t29i but BBI M) C12] conpl ex (86 ng, FW 546. 22,PCli/&s03x3858" 2

mol es) (product of Exanple 3) followed by the addition of 2.05 g of 30%
MAO solution in toluene (AI/N = 673) apgd-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 (nole ratio of pentene to ethyl ene

RP it 2oCV ARG Qi AR Ahe B Rettn, The Ry gk 4 Sttt ity >

reactor. Thggixgure was stirred for 30 mnutes roomtenperature. The
product was analyzed by gas chromat ography- mass spectronetry GC anal ysi s
of the product showed peaks due to heptenes al ong WD 03/ 072529

PCT/ US03/ 03853 -27 with peaks due to butenes and hexenes. The nole ratio
of heptenes to butenes was 2. 8 Exanﬁ Ql‘fﬁupl i ng Reaction of 1- Pentene

with Ethylen trlbu ClZ I 0

Parr reactor aﬂé&’lhl“%aﬁééftwp ?W‘Tl’eﬁ?ﬁlﬁghﬁbﬁg %@{Wtﬁiﬁﬁﬁd)w

1, 1' bi s(1- butyl benzi m dazol - 2y| )pent a%a%%ﬁel (1) dichloride

[Ni (tributBBIMC12] conplex (83 ng, F .22, 1.51 x 10-2 mmol es) (product
of Exanple 3) followed by 2.044 g of 30% MAO solution in toluene (AI/N =
696) and the Parr reactor was taken to a hood containing the controller for
the reactof0047 the a@dglass tined Papaicadtor wRisdoadgskintasrargandiliedgloveg bexhy| ene

(mole with [1,1°bis(1-butylbenzimidazol-2yl)pentane Jnickel(Il) dichloride
[Ni(tributBBIM)CL,] complex (83 mg, FW 546.22, 1.51 x 102 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(tributyIBBIM)Cl,
Catalyst
[0068] A glass lined Parr reactor was loaded in an argon-filled glove box,

with [1,1°bis(1- butylbenzimidazol-2yl)pentane]nickel(Il) dichloride
[Ni(tributBBIM)C,] 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 =



ratio of pentene to ethylene = 20.1) was wei ghed. The reactor solution was
stirred (stirring rate 500 RPM) at 25C and the contents of additional
vessel wawoO @ddestot o the reactor. The m xture was stirred Fawus®8/0s8saut es at
room tenperature. The product. was anal yzed by gas chronmat ogr aphy- nass
spectronmetry. GC anal ysis of the product2ghows peaks due to heptenes al ong
w th peaks due to butenes and hexenes. The nole ratio of heptenes to
butenes was 6.0. Exanple 6 Coupling Reaction of 1-Pentene with Ethylene

Using N (tri | BB 0 ' iine R or was
oaded i ﬁ, ar?%:’ égﬁ%%%éﬁreg%ﬁ%gékm[t% ﬁ‘l‘[‘f‘?‘%{tg’%@é RS Ebeifer 5P

but yl benzi mreé&ef.-laxéh)arzﬂmﬁ&mk@bpmbslg irr.rpTgh&%%udﬁoﬂ ettt RBlMaG02]
conplex (85 ny, FW546.22, 1.55 x 10" ' es) (produc of Exanpl e 3)

fol |l owed by of pRoteead cBRei\S SlIwis weighed: dheeasctOAbdlition was\ebrkdl 072529
PCT/ US03/ 03853 - 28 696) and the Parr reactor was  taken to a hood

cont ai ni ng t(séringate FOQKEM) at 32°C apd theoeontents o addiionabressebwas addeds g

wel ghed.  Thao A ERRGHots R FER g ee S 5o 3 iR AL FooiR sShodRhgy The 250
and the Contpzpaﬁct%daf'%ﬁyl % g%@&%&na}ﬁ%%rg?ﬂ?—?ﬂasstspﬁrtg@#ﬁgpﬁﬁf an(;tﬂﬂﬁs

m xt ure was Irrre tes at tenmpera product was

anal yzed by ofage 9%@1&&1@@&926&%’:08}%:{@ gy withpeahsldysits butsnet had
product shows peaks due to heptenes along with peaks due to butenes and

hexenes. Théenehes. r'Eh¢ modé ratapotheptenes toldenes wass10.2. 2. Exanple 7

Example 7
Synthesis of 2,6-bis[(2-methylphenylimino)methylJmethyl 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 (CDCl); 6 = 8.58 (s, 2H; N=CH), 8.34 (d, 2H; pyrH?), 8.31 (t, 1H;
pytH%), 7.26-7.03 (m, 8H; ArH), 2.41 (s, 6H; ArCH;). °C NMR (CDCly);
159.34, 154.80, 149.84, 137.16, 132.37, 130.43, 126.84, 126.81, 126.55, 122.82,
117.50, 17.87 (ArCHj3). Mass spectrum (m/e): 313.



Synt hesi s of 2, 6-bis[(2-nethyl phenylim no)nethyljnethyl pyridine [00691
The ligand was synthesized following the literature nethod of Britovvsek
G J. P. wwoa@ln22chem Eur. J. 2000, 6, 2221), which is i rroarysssassss
herein by reference. o-Toluidine (0.99 g, 9.25 mml, 2.5 equiv) was added
to a solution of 2,6-difornylpyridine (§5 g, 3.7 mmol) in absol ute
ethanol (20 nL) at roomtenperature. The product precipitated i medi ately
and the mxture was stirred at roomtenperature for 18 h. The product was
filtered, washed with cold ethanol d dri § in a vacuum oven (50 O
overnight. Yield 67.4% 1H NWR (CDC 8.58 (s, 2H, N=CH), 834(d

22T Sl I e fiRpS iR thon @

126. 84, 126.81, 126.55, 122.82, 117.5hlodide87 (Ar CHB) Mass spectrum
(me): 313. WD 03/072529 PCT/ US03/03853 -29 Exanple 8 Synthesis of
2, 6-bi s[ (2- et hyl phenyl i m no) net hyl ] met hyl pyridyliron(ll) chloride

[0070] The nt hesi zed fo | owi ture met
b ovsek GIOBTOIE, of “Hhe cqmemler o isgplion ns B et et s, g
1.01 mmol) I a 2 si on of
2,6- bis[( ZBﬁg?K%ep gn;ﬁfin&\t%});@%}?ﬁ’ F]ﬁtr jrN%(/)l()bbé)’rl 213 ?(ggé%lzézﬁﬁ nmol )
in n- but anﬁimb@&v@éiaii@sﬂowe@m&fen%ta%l 120 &I 4SBT, Q0 silpehsioa dfu,eed dar k
blue. After stirring at 80 Cfor 30 min, the reaction mxture was all owed
t odcoolj to brsﬁ(ﬂmteelmyiphamjdnmlmﬁmeﬂtyl]meiﬂiybpymdmgr(ﬂ 31Thg I@&omol) inetune was
reduced to 3 nlL_and diethyl ether dded t tate th d
whi ch was butanol was added dropwise at 88@8 aTheereact(l)or? ;nel%u% turned dark blue. uet.

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-methylphenylimino)methyl Jmethyl pyridyliron(II) 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



subsequent|ly washed three tinmes with diethyl ether and dried in vacuum
oven. Yield: 100% Exanple 9 Coupling Reaction of 1-Pentene with Ethylene
Usi ng 2, 6w @jof 229 met hyl phenyl i m no) met hyl ] nmet hyl pyri dylramovgoBh3ssshl ori de
Catalyst [0071] A glass lined Parr reactor was | oaded in an argon-filled
gl ove box, 2,6-bis[(2-nmethyl phenyli m no}oret hyl ] methyl pyridyliron(ll)
chloride conplex (63 ng, FW341.43, 1.84 x 10"2 nmmol es) (product of
Exanple 8) followed by 2.01 g of 30% MAO solution in toluene (Al /Fe = 564)

and the Parr |14 : r the
eactor. |y W HEBErE MprE IR ph Bl RS AUI Rikcho THERLAL ko oF

(nol e ratiohgf,te@gm@agtehgs%gmp_ne = 10.9) was wei ghed. The reactor
solution was stirred (stirring rate 500 RPM at 25C and the contents of
additional vessel was added to the reactor. The m xture was stirred for 30

m nutes at roomtenperature. The product was anal yzed by gas
chr omat ogr aphy- mass spectronetry. GC 17 of the product shows peaks WO

but cnes. and hexorcauPirie ResetoR ¥ 1:PoReRRTHRE R4S Ph e BEREIEY", °
& 10, 2o IFREFS AT inelhDAIARR ity Pl L2
A glass lined Parr reactor was |oaded in an argon-filled .gl ove box,
2, 6-bi s[ (2-net hyl phenyl i m no) met hyl ] met hyl pyridyliron(ll)_chloride conplex
(60 ny, Fw $007243, 1. 75 glassbined Papi rseytor frasdoadedin axangondiliyd glovedbmgd by

2;6-bis[(2-methylphenylimino)methyl]methyl pyridyliron(Il) chloride complex

(60 mg, FW 341.43,1.75 x 102 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 1-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

[0073] 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 P4SIIO in 70 ml 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.



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
addi ti on wes®al725242. 211 g 1-pentene and 0. 143 g et hyl ene (raalesosasdse of
pentene to ethylene = 34.2) was weighed. The reactor solution was stirred
(stirring rate 500 RPM at 25C and the-8bntents of additional vessel was
added to the reactor. The m xture was stirred for 30 m nutes at room
tenperature. The product was anal yzed by gas chromatography-nmass

SPect r Omet r yy %c@gﬁgyéme%gﬁ@ex Efé)ﬂﬂﬁ{feh:i}fréri‘gﬁylleE%“%ﬁr ﬁHfat{] heRiIguss gal ong

w th peaks enes an exenes rati eptenes to

but enes was 3159/ HaxedBhdehoiny, P’ MleBIBVVisl{chesforn); 866;l682, 417,
[ Ni (SZCZPhZ)(Z Coiorrpl ex [007?? Ee conpl ex was s;(nt hesi zed foGI;I oW ng t he

literature BR7ThdH,&70 Mohrauzer and Mayweg -(J. Am Chem Soc. 1965, 87,
1483). Benzoin (10g) was reflux with 15 g of P4S10 in 70 ml of di oxane for
2 h. During this tine the thiophosphoric esters of dithiobenzoin are

formed and hydrogen sulfide is evol ﬁ %z I!E t2he cooled and filtered

reaction solution 5 g of N Cl2. 6H20 of water was added and the

reaction m xt aQ
PCT/ US03/ 0385? @%@ﬁ%ﬁ?kﬁg?ygtlanﬁ%?%{v@gh%ﬂ#gle& g‘rsgd/%%gzg};?%%?ll ected

by filtration. Yield 4.5 g (35% ba§Ni(Se@,Bhs)zloi n), np 292 C dec. WW-Vis
(chloroform; 866, 602, 417, 377, 316, 270 nm Exanple 12 Coupli ng
Reaction of 1-Pentene with Et hyl ene Bi s(dithiobenzil) N ckel

[N (S2€2 th}(?ﬂ% 4] 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 102
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 pentene 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)methyl]jmethyl pyridyliron(II) chloride Catalyst

[0075] A glass lined Parr reactor was loaded in an argon-filled glove box,
2,6-bis[(2-methylphenylimino)methyljmethyl pyridyliron(II) chloride complex
(6.8 mg, FW 398.12, 1.71 x 102 mmoles) (product of Example 8) followed by
2.025 g of 30% MAO solution in toluene was added (Al/Fe = 526) and the Parr



[0074] A glass lined Parr reactor was |oaded in an argon-filled gl ove box,
Bi s(dithiobenzil) N ckel [N (S2C2Ph2)2 conplex (86 ng, FW542, 1.58 x 10"2
mrol es) (wooadwors2ef Exanpl e 11) followed by 2.012 g of 30%dVAB0305938i on in
toluene (AI/Ni = 656) and the Parr reactor was taken to a hood containing
the controller for the reactor. In an adgi.tion vessel 12.197g 1-pentene
and 0.43 8 g ethylene (nole ratio of pentene to ethylene = 11.14) was

wei ghed. The reactor solution was stirred (stirring rate 500 RPM at 25C

eact o

and the contents of di tional ve |. was ,added to the .. The

m xture was rE"[“?tf's’lF &St elléc}lo ?'n%r‘?t‘?\flieéosrgf‘ln?r&ﬂsa s 8%@?@‘%?‘& {h‘?hﬁeab‘{o&d uﬁf s
I db . - i

D ocer - shaior PEREPI2AT8MLERERC ST 08 B Y enPRnBIGR 1 Blniefie 1o

hexenes. Thetligabe =061 9o Pf waberligher Thelvi@sesoltidondwas stiradhterrind rate

Coupl i ng React1on of 1-Pentene wth Ethylene Using 2, 6-bis[(2-

met hyl phenyl5000 RPMptany23°CGrantlythepyontdytsi oHadditionahifonnele waat addest to [the75)
A glass lined Parr_reactor was |oaded jn ebn argon-filled B)%I ove box,
I

2, 6- bi s[ ( 2- F8YT- phBe NI YYASt SHIFSHrdORA H}‘PP@;?IT% R empareiirgie Théml ex
6.8 , FW398.12 1.71 "2 b
Y025y of  FORRROVetalEb R By el Butiab R he ot OB oGS oY
VO 03/ 072529, ¢ #&ﬁf& QREw3 peaﬁs’ldﬁ@@&g%ﬁeﬂ@ssabﬁg SVth ?eﬁcsh&%%cﬁ@ﬁ%ﬁéi‘hﬂ& t he

controller for the reactor. "I n the addition veSsel 12.178 g 1-pentene and

0. 08 g et hylleRrends ollee nvlé eatitf oflesptemss todbutetdsyas®d to 81 tol) was wei ghed.
The reactor solution was stirred (stirring rate 500 RPM at 25C and the

contents of additional funnel was added to the

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

NH;
AN H
I + 2 —_— l |
N N N
o o U

[0076] 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

T

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%).



reactor. The m xture was stirred for 30 mnutes at roomtenperature. The
product was anal yzed by gas chromat ography-nass spectronetry. GC anal ysi s
of the produsto7sizows peaks due to heptenes al ong wth peakTdus®3nsssbut enes
and hexenes. The nole ratio of heptenes to butenes was 24 to 1. Exanple 14
Synt hesi s of 2, 6-bi s(phenylimno)nmethyl)}3pyridine NH2 HN H N+ 2 OH CHO
[ 0076] 2, 6-pyridine dicarboxal dehyde (0.3071 g, 2.3 mvl) was added to a
solution of aniline (0.5292 g, 5.7 mmol) in absolute ethanol (20 ni) at
room tenperature. 0.5 nL of formc ' hen added to t he above
solution. The mxture was stirred a%m%er,ature for 65 h. The
product was filter eSynthesiside,eubié lighine) plyrRlydirda (Y chlbrédée/acuum oven
(50 C) overnight yiesel"lldi ng O. 2245 (glm(ﬁeﬁ 29 . 91% %lg;monglgg PCT/ US03/ 03853
-33 Exampl e 15 Synthesis of 2,6-bis (phenylimno) pyridyliron(ll) chloride

HI NV | HHH + FeCl2 1 | Ir NNI N, -Fe ~N CI/ Cl [0077] FeCl2
(0.0666 g, 0.5 mmol) was dissolved in hot n-butanol (20
’ X
H N/ H
| I +  FeCl,
O O
[0077] FeCl, (0.0666 g, 0.5 mmol) was dissolved in hot n-butanol (20

mL) at 80 °C. A suspension of 2,6-bis (phenylimino) pyridine (0.15 g, 0.5
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: 0.170 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



m.) at 80 T. A suspension of 2,6-bis (phenylimno) pyridine (0.15 g, 0.5
nmml ) in n-butanol was added dropwi se at 80 T. After stirring at 80 C for
30 mn, Waoeosrezebi on m xture was allowed to cool to roomrcEms®sasssse and
stirred overnight. The reaction volume was reduced to a 3 nL and di et hyl
ether was added to precipitate the pradyet, which was subsequently washed
three tines wth diethyl ether and dried in vacuumoven. Yield: 0.170 g
(87.5%. Exanpl e 16 Coupling Reaction of 1-Pentene with Ethylene Using

e e
(pr ot of Picpet P A5y AR 2k oty RBprdptivais hectpletn, SF BoT9KES

of 30% MAO gpinH proviiuichshéhs! pasks @ @dapteredlalrg withOfdaksatug tbitatdiasrand
reactor was taken to a hood containing the controller for the reactor. 1In

t he additi ohexereselTHembkSragiolofjmptance tahutedes wasd .t hyl ene (nole 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 additional funnel was
added WO 03/072529 PCT/ US03/03853 -34 . 15 reactor. The m xture was
stirred for 30 minutes at room tenperafatte—Fhe product was anal yzed by
gas chromat Ogbﬁgmi @@éctﬁﬁ?ﬁf 1 P&itée with BOR/¥eé Usid ZIHJBlsF(Emdﬁyhnﬁhe
peaks due to he ﬁ al ong with peaks due to butenes and exenes

mol e rati o of heptenes to but engsyrid@irongll)ehdowitle 17 Coupl i ng Reactlon of
1-Pentene with Ethylene Using 2,6-bis (phenylimno)

[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 102 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(I) chloride complex (6.8 mg, FW 370.07,
1.84 x 102 mmoles) (product of Example 15) in 1.03 g of dichloromethane,



pyridyliron(ll) chloride [0079] A glass lined Parr reactor was | oaded in an
argon-filled glove box, 2,6-bis (phenylimno) pyridyliron(ll) chloride
conpl ex (W@o3mg2s26W 370. 07, 1.95 x 10"2 nmol es) (product rafT/EA0ORSE 15) in
1.07 g of dichloronethane, followed by 2.0044 g of 30% MAO solution in

tol uene was added (Al/Fe = 533) and thesfarr reactor was taken to a hood
containing the controller for the reactor. |In the addition vessel 12.294 ¢
1-pentene. and 0.159 g ethylene (nole ratio of pentene to ethylene = 30)

25C and t nefbnweh P HRI0GG L YRAMED SUEGE D Lkl 19 pqddd pADED S50
m xture was,gf kid erfrgéctgpgfgh RilleRStotH h6 PO ETREE ﬁiélé(ﬁltro;[m fopﬂ&?é?%tgﬁlas

anal yzed by gas chromat ogr y-mass spectronetry. GC analysis o

product shofs theaddittbrevésehepéfes lapamnenevaht ek g ethylene (nulematioanid
hexenes. The nole ratio of heEtenes to butenes was 2.4. Exanple 18 Coupling
Reacti on of pentenatterathylenn <=4Rytpehewes ivrighed- Hihe 1epsion aolugHoyvas stirred

2?5‘0:.3?# 1} etstistipedanns00 RN & 25 CraT i gy adfRA R AT "
6. F 7 . 1.0 I i

2008 o of e RtreBttor Ehe it S St T ERyteSRoaih s@hpeflie; THS) 11

2.0103 g of P&Q?@cmssﬂi;ﬂyismby Ba$ ehr@ngopRmphydehass (pdtiometrn66C analysishe

Parr reactor was taken to a hood containing the controller for the reactor.
In the addi bf tre prslet show peaky dueptorheptencsredong voth peaksidpedadutenssandat i o

of pentene to ethylene = 48 tao. 1) was w%ighed. The reactor solution was
stirred hexenes. "The mole ratio of heptenes to butenes was 3.6.

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

NH,

| ~
+ 2 —_—
Hac\c N/ C/CH3
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[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-mL 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.



(stirring rate 500 RPM at 25C and the contents of additional funnel was
added to the reactor. The m xture was stirred for 30 m nutes at room

t enper at uw@ 0302529 pr oduct was anal yzed by gas chr onmat ogr ap/Usso3853
spectronetry. GC analysis of the product shows peaks due to heptenes al ong
w th peaks due to butenes and hexenes..3ge nole ratio of heptenes to
butenes was 3.6. Exanple 19 Synt hesis of

2, 6-bi s[1- (2-met hyl phenyl i m no)ethyl] pyridine NH2 H3BC NI N | CH3 + 2
H3CQ\ CH3 NN 11 O O [0081] The Iigﬁng ﬁgzgynt hesi zed follow ng the
literature method of Britowsek G Jr2p! . (Chem Eur. J. 2000, 6,

2221). O Tolgyidip& ?, 9. 6.9id1-(29m ¢83Ap iBhYlinTo Pidy1iFeh{T) ehlozid
2, 6-acetyl pysrﬂngl neS § b 6ﬁ6£838 ﬁ%ﬁ? in91mat h)gﬂgﬁpf)go (%'L) agﬂ? oolr(n)(}i ¢
tenperature. 1-nL fornmic acid was then added to the above solution. The
sol ution was refl uxe
product was fil teredl and dried in a vacuum oven (50 O bverni ght. Yield
21% Mass spectts s 7 Cxanpl e 20
Synt hesi s of 2, 6-bfs[1-(24met hyl phenydanmi neyethyl ] pyrildylfirof(11) chloride

H3C YON---'-- NH3C N '~ N fe—N
SOl 7510

[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 n-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”2 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 controller 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)



+ FeC12 NNI1 I N/\ N C C [0082] The conplex was synthesized foll ow ng
the literature nmethod of Britowsek G J. P. et al. (Chem Eur. J. 2000, 6,
2221) . Few®wla03(00252856 g, 1.46 nmol) was di ssolved in hot rrdusssosssg30 nl)
at 80 T. A suspension of 2,6- bis[l|-(2-nethyl phenylimno)ethyl] pyridine
(0.5 g, 1.46 mmol ) in n-butanol was add&d-dropwi se at 80 T. After stirring
at 80 Cfor 30 min, the reaction mxture was allowed to cool to room
tenperature and stirred overnight. The reaction volunme was reduced to a 3

. and di et gyhssbheld YRS cBHRAR bP JBARfA iRl WA aBIQHYS the WA, "WFhe

subsequent | y was three tines wt yl ether and dried 1n vacuum
oven. Yiel dpi@nré6wag (B4 forE3anpliutdd aCavphi ngnperanireon Thie prdduoct engs wi t h

Et hyl ene Using 2, 6-bi s[1-(2- nethyl phenyli m no) et hyl l_g%]yri dyliron(Ill)

chl ori de Catahlyzed beams|chrombtagsaphiynmdsPepactiogmettyorG alysagefitheprgduct
-filled gl , 2, 6-Dbi - (2- net hyl ph i m th

o 1t by by o (EbapPRt e T PN SIS BB benss s
duct of l. f 30% MAO sol uti in tol

(product o %ggtﬁggg}m%ﬁéif% Y 4ad339 O solution in toluene

was added (H’? e 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 ethylene = 11.2
to 1) was wei ghed. The reactor sol utBxamplke22irred (stirring rate 500 RPM
WD 03/ 072529 PCT/ US03/03853 -37 at 25C and the contents of additi onal
funnel was added to the reactor. The

[0084] If one compared the results from coupling Examples 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 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 a-



m xture was stirred for 30 mnutes at roomtenperature. The product was
anal yzed by gas chronmat ogr aphy-nass spectronetry. GC anal ysis of the
product woosw7peaks due to heptenes along with peaks due Rax/iseB@ssss and
hexenes. The nole ratio of heptenes to butenes was 23.7. Exanple 22 [0084]
I f one conpared the results from couplingg Exanples 9, 10 and 13, it is
clear that as the feed ratio of 1-pentene to ethylene changes, the ratio of
coupl ed product (C7) to ethylene dinerization product (C4), i.e., C7//IC4

ratio also g 0 . ¢ 3 [0085]
I f one corrpgfeza ?%gﬁfﬁge W%lﬁﬁgtéo % |a%' beéi egpcthgoﬁﬂﬁrgé féaaﬁéﬁ‘ﬁ‘i?c{lﬁd@ cl ear
that as theg f]ﬁﬁﬁ'luhﬂﬂn?xeﬁfzaﬁm?@ﬂh@@? Bl%oﬁhm W@Nﬁﬁﬁd‘%%atél ﬁs @d i o coupl ed
product (C7) to ethylene dinerization product (C4), /’CA ratio al so
changes, as catabywts, INi-BBIM eatalystsii ehidderfeQady stk fand ISH@quawlyasts ha@hessul t s
from coupling Exanples 16 ,17 and 18, it is clear that as the feed ratio

of 1-pent en@anabysépﬁmpécﬁ@smhg@tgvat@h@an be peppastdpmea et Rartiercand sush
t hyl di d t
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catal ysts t hﬁ{teﬁ@lqﬂ&eM@NId4I_Of coupling reaction include chromum
trimerization catalyst, Brookhart type Ni and Pd catal ysts, Fe
[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.



catal ysts, N -BBIMcatalysts, N thiolene catalysts and SHOP catal ysts.
These catal yst conplexes with activator can be supported on a porous
carrier awd suwobs29supported catal ysts may be enpl oyed for rRoaugsossgss3
reactions. Preferred supports include alumna, silica, crosslinked
polymers, ionic |liquids, and nesoporous.3gmterial |ike MCM41. [0088] Wile
we have shown and descri bed several enbodinents in accordance with our
invention, it is to be clearly understood that the sane are susceptible to
nuner ous chéﬂmpparent to one skilled in the art. Therefore, we do not
wi sh to be to the details shown and described but intend to show
all changes and nodifications which cone within the scope of the appended
claims. WO 03/072529 PCT/US03/03853 -39- CLAIMS: 1.- A process for

producing a Iinear a'f]?!efArpféEés%ffoﬁ?fmfdc&ﬁgSa line@agidlefin avHicte dompripes:si ng a
stoichionetric excess of atermnal C' olefmwth ethylene in the presence
of an organonetallic catalyst to produce a C,,+2 linear a-olefin, wherein
said catalyst is capable of producing a Schul z-Fl or of legs than out
0.8 as observed for eteastinga fepd GompIistg 3 891 é"r‘é?l“‘r?s?nofgteré‘ﬁ‘n? eger

bet b tg, 20, 2. Th - i : 7
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| efins. 3.Tha: i - : . . | of
" at T east Conditar SEPRERT Fefifi dald b enphMEi T pfodiig biichbaLlorg! €1 1 7
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an integer between about 3 to 20.

2. The process according to claim 1, wherein said terminal -

olefin is selected from the group consisting of C; to C g olefins.

3. The process according to 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 o.-

olefin is selected from the group consisting of: Cs to Cy; linear a-olefins.

5. The process according to claim 4, wherein said linear a-

olefin is selected from the group consisting of: C-Cy linear a-olefins.

6. The process according to claim 1, wherein said reaction step

is conducted at a temperature in the range from about -100 to about 250°C.

7. The process according to claim 1, wherein said temperature is

in the range between about room temperature to about 100°C.



4. The process according to claim1, wherein said |inear cc- olefinis
selected fromthe group consisting of. C5 to C22 |inear a-olefins. 5. The
process awoon3di7zgoto claim4, wherein said |linear a- ol ef irCT/8S03@5836t ed
fromthe group consisting of. C6-Cl0 linear a-olefins. 6. The process
according to claim1l1, wherein said reactygn step 1is conducted at a
tenperature in the range from about -100 to about 250C. 7. The process
according to claiml1l, wherein said tenperature is in the range between

about room tenperature,to-about 100C. 9 . - 40 8.
The process accordi ng%'o gﬁ]aﬁ Of?sg\ﬂggp%%ggéa?%ﬁgéagﬁ%gé\lgs%%gdppe%?gg%Sihe uct ed
at a pressuriﬁﬁi)ﬁdlmt@@%ép%skﬁrea@&%a Bt Q0 aB8411930,000 pbig. Pr ocess accor di ng
to claiml, erein said pressure is in the range fromabout O to about
10, 000 psig. 10. The process according to claim1, wherein said pressure is
in the range fromabout 5 to about 3,000 psig, 11. The process according
to cl aib m 1, wherein sd.d tldemreaess ascerding toclaimyl, srhereip| said pressweiis inn t he
range betwe about_.2:1.to out 1 1. .12. The process according to
claimi, mZﬂ%F%gﬁaﬁ%%}%’fﬁBP %PB? P@Pépé{am ene rrgl ar ratiois i ngt he
range between about 10:1 to about 100:1. 13. The process according to
claim1, wherein said reaction step is a catalytic coupling of said

termnal olefin and sajgd aHeyprebesstaech@ing satdim!li, wrieia-sai®pressuréds i he
process according to claim1l1, wherein said reaction step is perforned in
t he presencdhotamgesivdbmertiout 5 to about 3,000 psig.

11. The process according to claim 1, wherein said terminal

olefin to ethylene molar ratio is in the range between about 2:1 to about 1,000:1.

12. The process according to claim 1, wherein said terminal

olefin to ethylene molar ratio is in the range between about 10:1 to about 100:1.

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-dichlorobenzene, carbon dioxide and mixtures thereof.

16. The process according to claim 1, wherein said

organometallic catalyst is a transition metal-based catalyst selected from the



15. The process according to claim 14, wherein said solvent is selected
fromthe group consisting of: ethane, propane, butane, pentane, hexane,

t ol uene, wyxisgpheeane, cycl opentane, tetralin, methylene chHcrisie3sss3

chl orobenzene, chloroform o-dichlorobenzene, carbon dioxide and m xtures
thereof. 16. The process according to clgim 1, wherein said organonetallic
catalyst is a transition netal -based catal yst selected fromthe WO

03/ 072529 PCT/ US03/03853 -41 group consisting of. Goup 6 netals, Goup 8

nmetal s, Goup 9 netal . I I '

t hereof 17. 1@ f)‘?rgi%i%g %%&gj %gmggatlsglcgqo%?fg{d B%Sér(%ﬁhﬁ sgzrln%{atlga@r}\}sqﬁhe%on
net al - based ,caiRl F3bup $1 In&alsArmaixteRk eigdredf. f rom the group consisting of:
chromumtrimerization catalysts, Brookhart type transition netal

catal ysts, pyridine bisimne iron or cobalt conplexes, N BBIM catalysts,
Ni -thi ol ene catalysts and SHOP catal ysts. 18., The process according to
claim 17 wherein sai d I{7r addiereeess gseendingsitoeelaignd § V?Pr%ls@ﬁé!"af@éfmi ses an

ot al - bas e Tyl SR fat i elsiagt B b R S AREOL 0T o ng o
claim 19 ‘“’f‘%ﬁf&ﬂnﬁﬁk&g%ﬁ&&ﬁéﬁ @?tal}%?st ?r% dr?t}?est}dﬂsﬁ?elﬁﬂié%rch&@yﬁ%t al yst.
ordi ng arm 17,

21. The process acc to cC erei'n said NiBBIM catal yst has

the formul aphM{n€ Disimideedtan or oteduedapRxes, NiBBIM nchtalystisgNi+thidégrendent | y
selected fromthe gr ougm)consi sting of halides, hydride, triflate,

acet at es, boatalysts aigl SHOBeglalyGt2 al kyl, CL through C12 al koxy, C3 through
Cl2

18. The process according to claim 17 wherein said transition

metal-based catalyst further comprises an activator.

19. The process according to claim 17 wherein said transition

metal-based catalyst is a supported catalyst.

20. The process according to claim 19 wherein said supported

catalyst is a silica supported catalyst.

21. The process according to claim 17, wherein said NiBBIM
catalyst has the formula LMX(X'), wherein n equals 0 or 1; X and X' are
independently selected from the group consisting of halides, hydride, triflate,
acetates, borates, C; through C, alkyl, C; through C;, alkoxy, Cs through Cy,
cycloalkyl, Cs through C;; cycloalkoxy, aryl, thiolates, carbon monoxide,
cyanate, olefins, and any other moiety into which a monomer can insert; M is
selected from the group consisting of nickel, palladium, and platinum and L is a
nitrogen-containing monodentate, bidentate, tridentate or multidentate

ligandwith one or more nitrogen atoms.



cycl oal kyl, C3 through Cl12 cycl oal koxy, aryl, thiolates, carbon nonoxi de,
cyanate, olefins, and any other noiety into which a nononer can insert; M
is sel ecwaxbsforzarwt he group consisting of nickel, palladi war/esedopdsati num
and L is a nitrogen-containing nonodentate, bidentate, tridentate or
multidentate |igandwth one or nore nit-r4agen atons. WO 03/ 072529

PCT/ US03/ 03853 -42 22. The process according to claim17, wherein said
pyridine bisimne iron or cobalt conplex is a Fe(l1)-pyridine bisimne or

Co(ll)-pyridine bisi e “ng

Cl C1 R3 R3 where R %%2 f’l‘i’@g}o%s%?égog(gg ependgylﬁr se eg?lrgrﬁzomthe
group consi Sélbl'ﬁQineCifmthjémorﬁﬁle&Q@ﬁ Fe@ﬂﬁ?@ﬁdwanﬁM@%ﬂ@ME% yridine
hydrocarbyl, heterohydrocarbyl, ~and substituted heterohydrocarbyl. 23. The

process accdnslmmgetamnoplaxﬂmﬁmgvﬂlerfennulaal d pyridine bisinmne iron or
cobalt complex is a Fe(ll)-pyridine bisimne or Co(ll)-pyridine bisimne
conplex is selected fromthe group consisting of 2,6-bis[1-(2-

met hyl phenyl i mi no) et hyl ] pyridylir 1) chloride: 2,6-bis[(2-

met hyl phenyl i m no) net hyl ] pyri dyl I)chloride; and mi xtures thereof. 24.
The process according to claiml1lff, whgrein said Brookhart type transition
netal catalyst is a catal ywt_h f oyRyul a

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 cobalt complex is a Fe(I)-pyridine bisimine or Co(II)-pyridine
bisimine complex is selected from the group consisting of 2,6-bis[1-(2-
methylphenylimino)ethyl]pyridyliron (II) chloride: 2,6-bis[(2~
methylphenylimino)methyl]pyridyliron(I)chloride; and mixtures thereof.

24. The process according to claim 17, wherein said Brookhart

type transition metal catalyst is a catalyst having the formula

R

G@



RRR N \NR Br/ Br WD 03/072529 PCT/ US03/03853 -43 \Were Mis N or Pd
and each R is independently selected from hydrogen, haol ogen, hydrocarbyl,
subst i t ut e dsydesagar byl , het erohydrocarbyl and substitut e@tT/US03/03853

het er ohydrocar byl . 25. The process of claim 17 wherein said N -thiolene
catalyst is selected fromthe group of -gatal ysts consisting of a catal yst
having the formula Ra S MSb 2 MS2C2(RaRb)]2 (I) RL SRR S R4 R2
M S2C6( RIR2R3R4)]2 (I1) wherein Mis a transition netal selected fromthe

g oup cons! Sk 0 5781 0£P4 anleaciR Rin ot e OB e same o

di fferent, rogen

el ect ron- wi thdiesnHyarcddfisyll AWstitiedhiRtardhetafohydioddd3nd7 2529
PCT/ US03/ 03853 Y y }h yat A
substituted heterohydrocarbyl.

25. The process of claim 17 wherein said Ni-thiolene catalyst is

selected from the group of catalysts consisting of a catalyst having the formula

. Ra
1
M
S b
M[S,C,(R*RD)];

(1)

Rl
3
S R4 R 2
MI[S,CsRRZR*RH],

(1)

wherein M is a transition metal selected from the group consisting of Fe, Co,
Ni, Pdor Ptand R®and R® may be the same or different, and are independently

selected from hydrogen, electron-withdrawing groups including those that are or



-44 contain heterocyclic, cyano, carboxylate, carboxylic ester, keto,
nitro, and sulfonyl groups, and hydrocarbyl groups, including

unsubst i t wioeas/o7é2bl y, or partially substituted al kyl, cydar/esosyssssal kenyl
and aryl groups. 26. The process of claim24 wherein Wand Rb are cyano
groups, and halo substituted groups. 2%44Fhe process according to claim
17, wherein said SHOP catalyst is selected fromneutral N (Il) conpl exes
beari ng bidentate nonoanionic |igands. 28. The process according to claim

1, wherein t&shtindedsfocyslic, VyhhE! catbG8NhfeN Lz ' S bat ch
type process. 29. The S?ocl:%?g of ccI a(ig}gnnzg’ \}\h%érg)é %gggéfg%égdénq*ggg’r%lﬁ{)s are CN
groups and ssilfbriydigoowpshand hytedtaryd wosupss;, tndirdingrungpbstituted, fully, or

partially substituted alkyl, cyclo alkyl, alkenyl and aryl groups.

26. The process of claim 24 wherein R? and R are cyano groups,

and halo substituted groups.

27. The process according to claim 17, wherein said SHOP
catalyst is selected from neutral Ni(II) complexes bearing bidentate 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 cyano groups are CN

groups and said halo substituted groups are CF; groups.



